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8313-01, Session 1

Mammography screening: its benefits, risks, 
and continuing controversy
R. E. Hendrick, Univ. of Colorado Denver (United States)

Screening mammography is one of the most studied medical exams, yet 
its remains highly controversial. Proponents of screening mammography 
point out that both randomized controlled trials and service screening 
results demonstrate a statistically significant mortality benefit from regular 
screening mammography of women starting at age 40. Proponents 
also note that early detection of breast cancer also reduces the cost 
and morbidity of treatment. Critics of screening mammography, on the 
other hand, emphasize its risks, including false positive exams, recalls 
for follow-up exams, biopsies of non-cancerous lesions, overdiagnosis, 
missed breast cancers, and radiation-induced breast cancers. This talk 
compares the benefits and risks of screening mammography, discusses 
the controversial 2009 United States Preventive Services Task Force 
(USPSTF) recommendations for screening, and presents newer results 
that call these recommendations into question. The talk also discusses 
the highly polarized politics of screening mammography, the effect of the 
screening debate on new technologies, and the number of women’s lives 
that are affected by this devastating disease.

8313-02, Session 1

An object specific and dose-sparing scatter 
correction approach for a dedicated cone-
beam breast CT system using a parallel-hole 
collimator
K. Yang, G. Burkett, J. M. Boone, UC Davis Medical Ctr. (United 
States)

X-ray scatter is a common cause of image artifacts for cone-beam 
CT systems due to the expanded field of view and degrades the 
quantitative accuracy of measured Hounsfield Units (HU). Due to the 
strong dependency of scatter on the imaging object, it is crucial to 
measure the scatter signal for each object. We propose to use a beam 
pass array (BPA) composed of parallel-holes within a tungsten plate to 
measure scatter for a dedicated breast CT system. A complete study of 
the performance of the BPA was carried out. As the goal of this study 
is to explore the feasibility to measure and compensate for scatter 
signal for each individual object, different clinical study schemes were 
investigated, including full rotation scan with BPA, discrete projections 
acquired with BPA followed by interpolation for full rotation. Different 
sized cylindrical phantoms and breast shaped polyethylene phantoms 
were tested for the robustness of the proposed method. Following 
previous studies, physically measured scatter signals were converted into 
scatter to primary ratio (SPR) at discrete locations through the projection 
image. A complete noise-free 2D SPR was generated from these discrete 
measurements. SPR results were compared to Monte Carlo simulation 
results and scatter corrected CT images were quantitatively evaluated 
for “cupping” artifact. With the proposed method, a reduction of up to 47 
HU of “cupping” was observed. In conclusion, the proposed BPA method 
demonstrated effective and accurate object specific scatter correction 
with the main advantage of dose-sparing compared to beam stop array 
(BSA) approaches.

8313-03, Session 1

Potential for cone beam scatter imaging in 
screening mammography
L. Peerzada, L. Hassan, W. Zhou, C. A. MacDonald, Univ. at 
Albany (United States)

X-ray coherent scatter is dependent upon the molecular structure of the 
scattering material and hence allows differentiation between tissue types 
with potentially much higher contrast than conventional absorption-
based radiography. For example, adipose, fibroglandular and infiltrating 
ductal carcinoma have been shown by other authors to have peaks in 
coherent scatter at momentum transfer coordinates of 1.1, 1.5 and 1.6 
nm-1, corresponding to 9, 12, and 13 degrees, respectively, for the 17.5 
keV K alpha line of a Mo tube source. The coherent scatter cross-section 
for carcinoma was shown to be 40% higher than fat and 20% higher 
than glandular tissue. Coherent-scatter computed tomography has 
been used to produce images based on the x-ray scattering properties 
of the tissue. However, the geometry for CT imaging requires a thin fan 
beam and multiple projections and is incommensurate with screening 
mammography. 

In this work we demonstrate that a system using a wide slot beam and 
simple anti-scatter grid is adequate to differentiate between 9o and 
12o scatter peaks to remove the fat background from the coherent 
scatter image. Adequate intensity in the coherent scatter image can 
be achieved at the dose commonly used for screening mammography. 
This technique would provide an inexpensive, low dose, simultaneous 
adjunct to conventional screening mammography to provide a 
localized map of tissue type that could be overlaid on the conventional 
transmission mammogram. Limited depth information is obtainable 
from the stereoscopic viewing angles. Comparisons between phantom 
measurements and Monte Carlo simulations show good agreement.

8313-04, Session 2

A fast scatter field estimator for digital breast 
tomosynthesis
O. Diaz, Univ. of Surrey (United Kingdom); D. R. Dance, K. C. 
Young, The Royal Surrey County Hospital NHS Trust (United 
Kingdom) and Univ. of Surrey (United Kingdom); P. Elangovan, 
Univ. of Surrey (United Kingdom); P. R. Bakic, Univ. of 
Pennsylvania (United States); K. Wells, Univ. of Surrey (United 
Kingdom)

Digital breast tomosynthesis (DBT) is a promising alternative approach 
to overcome the limitations of tissue superposition found in full-field 
2D digital mammography. However, due to the absence of anti-
scatter grids in DBT, accurate scatter estimation for each projection is 
necessary for modelling the image reconstruction stage. In this work 
we identify the limitations associated with scatter estimation using 
spatial invariant scatter kernels, in particular at the edge region where 
such methods result in scatter overestimation. Such approaches show 
an overestimation of scatter-to-primary ratio of over 50% at the edges 
when compared with results from direct Monte Carlo simulation. This 
problem was found to increase with projection angle. Simulation work 
presented here shows that this overestimation in scatter is largely due to 
air gap between the curved breast edge and the detector. We propose 
a new fast, accurate scatter field estimator for use in DBT which not 
only considers the breast thickness and primary incidence angle, but 
also accounts for scatter exiting the breast edge region and traversing 
an air gap prior to absorption in the detector. The new scatter estimator 
demonstrates a reduction of this discrepancy to a mean value of 10% 
at the edge of a breast phantom for a projection angle of 0o. Moreover, 
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the time required for generating scatter has dropped from approximately 
15 hours using Monte Carlo simulations for 109 photons to just a few 
minutes per projection.

8313-05, Session 2

Optimization of continuous tube motion 
and step-and-shoot motion in digital breast 
tomosynthesis systems with patient motion
R. J. Acciavatti, A. D. Maidment, The Univ. of Pennsylvania 
Health System (United States)

In digital breast tomosynthesis (DBT), a reconstruction of the breast 
is generated from projections acquired over a limited range of x-ray 
tube angles. There are two principal schemes for acquiring projections, 
continuous tube motion and step-and-shoot motion. Although 
continuous tube motion has the benefit of reducing patient motion by 
lowering scan time, it has the drawback of introducing blurring artifacts 
due to focal spot motion. The purpose of this work is to determine the 
optimal scan time which minimizes this trade-off. To this end, the filtered 
backprojection reconstruction of a sinusoidal input is calculated. At 
various frequencies, the optimal scan time is determined by the value 
which maximizes the modulation of the reconstruction. Although prior 
authors have studied the dependency of the modulation on focal spot 
motion, this work is unique in also modeling patient motion. It is shown 
that because continuous tube motion and patient motion have competing 
influences on whether scan time should be long or short, the modulation 
is maximized by an intermediate scan time. This optimal scan time 
decreases with object velocity and increases with exposure time. To 
optimize step-and-shoot motion, we calculate the scan time for which 
the modulation attains the maximum value achievable in a comparable 
system with continuous tube motion. This scan time provides a threshold 
below which the benefits of step-and-shoot motion are justified. In 
conclusion, this work optimizes scan time in DBT systems with patient 
motion and either continuous tube motion or step-and-shoot motion by 
maximizing the modulation of the reconstruction.

8313-06, Session 2

Optimizing configuration parameters of 
a stationary digital breast tomosynthesis 
system based on carbon nanotube x-ray 
sources
A. Tucker, The Univ. of North Carolina at Chapel Hill School of 
Medicine (United States); X. Qian, E. Gidcumb, J. Lu, O. Zhou, 
The Univ. of North Carolina at Chapel Hill (United States); D. 
Spronk, F. Spranger, XinRay Systems Inc. (United States); J. Kuo, 
S. Ng, Real-Time Tomography, LLC (United States)

The conventional Digital Breast Tomosynthesis (DBT) uses a single 
x-ray source which is rotated over a limited angle arc. The stationary 
Digital Breast Tomosynthesis System (s-DBT) has advantage over the 
conventional DBT systems as there is no motion blurring of the projection 
images associated with the x-ray source motion. We have successively 
developed a prototype s-DBT scanner by retrofitting a Hologic Selenia 
Dimension rotating gantry tomosynthesis scanner with a distributed 
CNT x-ray source array (Qian 2009). The linear CNT x-ray source array 
consists of 31 x-ray generating focal spots which can be electronically 
programmed. This allows the flexibility and easy implementation of 
novel tomosynthesis scanning with different scanning parameters 
and configurations. Here we report the initial results of imaging quality 
dependence on the acquisition parameters including the number of 
projections, angular spacing, total angular span of the projection views, 
the dose distribution between different projections, and the total dose. 
Mammography and tomosynthesis phantoms are used to evaluate the 
image quality qualitatively. In addition, the line spread function and 
modulation transfer function of a line wire phantom is used to further 

evaluate the image quality. Reconstruction is done with a dynamic 
3D image reconstruction software package developed by Real Time 
Tomography, LLC (Villanova, PA). Preliminary results show that the image 
quality can be improved with optimization of imaging configuration 
parameters.

8313-07, Session 2

Image acquisition considerations for 
dual-energy contrast-enhanced breast 
tomosynthesis
M. L. Hill, Univ. of Toronto (Canada) and Sunnybrook Research 
Institute (Canada); J. G. Mainprize, Sunnybrook Research 
Institute (Canada); S. Puong, A. Carton, R. Iordache, S. L. Muller, 
GE Healthcare France (France); M. J. Yaffe, Univ. of Toronto 
(Canada) and Sunnybrook Research Institute (Canada)

Dual-energy contrast-enhanced digital breast tomosynthesis (DE CE-
DBT) image quality is affected by a large parameter space including the 
tomosynthesis acquisition geometry, imaging technique factors, the 
choice of reconstruction algorithm, and the subject breast characteristics. 
The influence of most of these factors on reconstructed image quality 
is well understood for DBT. However, in CE imaging, the intravenous 
administration of a contrast agent presents a unique challenge because 
the subject breast characteristics are actually changing over time during 
a DE CE-DBT exam due to the contrast agent uptake kinetics. In this 
work we experimentally evaluate the sensitivity of the reconstructed 
image quality to timing of low-energy (LE) and high-energy (HE) images 
and changes in iodine concentration during image acquisition. For 
four contrast uptake patterns, a variety of acquisition protocols were 
tested with different timing and geometry. The influence of the choice of 
reconstruction algorithm was also assessed as a comparison between 
SART and FBP. Image quality was evaluated in terms of the lesion signal-
difference-to-noise ratio (LSDNR) in the central slice of DE CE-DBT 
reconstructions. Results suggest that for maximum image quality, the 
LE and HE image acquisitions should be made within one x-ray tube 
sweep, as separate LE/HE tube sweeps can degrade LSDNR. Although 
for larger lesions (i.e. 9.5 mm), a greater number of projections (i.e. 15 
vs. 9) increases LSDNR, the small benefit may not be justified, as the 
associated longer acquisition time can lower the quantitative potential 
and decrease the image quality compared to acquisition with fewer 
projections.

8313-08, Session 2

Development of a task-based strategy for 
optimized contrast enhanced breast imaging: 
analysis of six imaging techniques for 
mammography and tomosynthesis
L. C. Ikejimba, N. Kiarashi, Y. Lin, B. Chen, Duke Univ. Medical 
Ctr. (United States) and Duke Univ. (United States); S. V. 
Ghate, Duke Univ. Medical Ctr. (United States); M. Zerhouni, 
Computerized Imaging Reference Systems, Inc. (United States); 
J. Y. Lo, E. Samei, Duke Univ. Medical Ctr. (United States) and 
Duke Univ. (United States)

Digital breast tomosynthesis (DBT) is a novel x-ray imaging technique 
that provides 3D structural information of the breast. In contrast to 2D 
mammography, DBT minimizes tissue overlap potentially improving 
cancer detection and reducing number of unnecessary recalls. The 
addition of a contrast agent to DBT and mammography for lesion 
enhancement has the benefit of providing functional information of 
a lesion, as lesion contrast uptake and washout patterns may help 
differentiate between benign and malignant tumors. This study used 
a task-basted method to determine the optimal imaging approach 
by analyzing six imaging paradigms in terms of their ability to resolve 
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iodine at a given dose: conventional mammography and tomosynthesis, 
temporal subtraction mammography and tomosynthesis, and dual energy 
subtraction mammography and tomosynthesis. Imaging performance 
was characterized using a detectability index d’, derived from the system 
modulation transfer function (MTF), an imaging task, and the noise 
power spectrum (NPS). The task modeled a 10 mm lesion containing 
iodine concentrations between 2.1 mg/mL and 8.6 mg/mL. MTF was 
obtained using an edge phantom, and the NPS was measured over 
several exposure levels, energies, and target-filter combinations. Using a 
structured phantom (CIRS), d’ was generated as a function of dose and 
iodine concentration. In general, higher dose gave higher d’, but for the 
lowest iodine concentration and lowest dose, dual energy subtraction 
tomosynthesis and temporal subtraction tomosynthesis demonstrated 
the highest performance.

8313-09, Session 2

Experimental quantification of lesion 
detectability in contrast enhanced dual 
energy digital breast tomosynthesis
Y. Hu, W. Zhao, Stony Brook Univ. (United States)

Digital breast tomosynthesis (DBT) is a three-dimensional (3D) x-ray 
imaging modality that has recently been employed to increase lesion 
conspicuity through the removal of overlying tissue. Recently, a great 
deal of work has been devoted to the development of contrast enhanced 
(CE) DBT. Radio-opaque materials (e.g. iodine) are injected into 
patients with suspicious breast lesions, with the goal of differentiating 
malignant tumors from benign by imaging the contrast uptake signature 
associated with angiogenesis. Either temporal or dual energy (DE) 
subtraction may be performed to further remove structural noise from 
the images. Studies have modeled the efficacy of DE decomposition 
in photon counting tomosynthesis devices and others have measured 
this effect using structured phantoms. The current work quantifies the 
change in power-law noise after DE subtraction using mastectomy 
specimens. Additionally, iodine contrast phantoms will be placed within 
the mastectomy specimens to determine the effect of DE technique 
and subtraction on the signal-difference-to-noise ratio (SdNR). Finally, 
to increase SdNR, we determine optimal detector design parameters to 
maximize detective quantum efficiency (DQE).

8313-10, Session 3

Comparing human observer performance in 
detecting micro-calcifications with energy 
weighting and photon counting breast CT
K. S. Kalluri, M. Mahd, Univ. of Massachusetts Lowell (United 
States); S. J. Glick, Univ. of Massachusetts Medical School 
(United States)

Breast CT (BCT) using a photon counting detector (PCD) has a number 
of advantages that can potentially improve clinical performance. Previous 
computer simulation studies showed that the signal to noise ratio (SNR) 
for micro-calcifications is higher with energy weighted photon counting 
BCT as compared to cesium iodide energy integrating detector (CsI-
EID) based BCT. CsI-EID inherently weighs the incident x-ray photons 
in direct proportion to the energy (contradicting the information content) 
which is not an optimal approach. PCD do not inherently weigh the 
incident photons. By choosing optimal energy weights, higher SNR can 
be achieved for micro-calcifications and hence better detectability. In this 
simulation study, forward projection data of a numerical breast phantom 
with micro-calcifications inserted were acquired using CsI-EID and 
PCD. The PCD projections were optimally weighed, and reconstructed 
using filtered back-projection. We compared observer performance in 
identifying micro-calcifications in the reconstructed images using ROC 
analysis. ROC based results show that the average area(s) under curve(s) 
(AUC) for AUC PCD based methods are higher than the average AUC 
CsI-EID method.

8313-11, Session 3

Development of a dynamic 4D 
anthropomorphic breast phantom for 
contrast-based breast imaging
N. Kiarashi, Duke Univ. Medical Ctr. (United States) and Duke 
Univ. (United States); Y. Lin, W. P. Segars, S. V. Ghate, L. C. 
Ikejimba, B. Chen, J. Y. Lo, L. W. Nolte, E. Samei, Duke Univ. 
Medical Ctr. (United States)

Mammography is currently the most widely accepted tool for detection 
and diagnosis of breast cancer. However, the sensitivity of mammography 
is reduced in women with dense breast tissue due to tissue overlap, 
which may obscure lesions. Digital breast tomosynthesis with contrast 
enhancement reduces tissue overlap and provides additional functional 
information about lesions (i.e. morphology and kinetics), which in 
turn may improve lesion characterization. The performance of such 
techniques is highly dependent on the structural composition of the 
breast, which varies significantly across patients. Therefore, optimization 
of breast imaging systems should be done with respect to this patient 
versatility. Furthermore, imaging techniques that employ contrast require 
the inclusion of a temporally varying breast composition with respect 
to the contrast media kinetics to enable the optimization of the system. 
To these ends, we have developed a dynamic 4D anthropomorphic 
breast phantom, which can be used for optimizing a breast imaging 
system by incorporating material characteristics. The presented dynamic 
phantom is based on two recently developed anthropomorphic breast 
phantoms, which can be representative of a whole population through 
their randomized anatomical feature generation and various compression 
levels. The 4D dynamic phantom is incorporated with the kinetics of 
contrast media propagation in different tissues and can realistically 
model benign and malignant lesions. To demonstrate the utility of the 
proposed dynamic phantom, contrast-enhanced breast tomosynthesis 
was simulated where a ray-tracing algorithm emulated the projections, a 
filtered back projection algorithm was used for reconstruction, and dual-
energy and temporal subtractions were performed and compared.

8313-12, Session 3

Mammogram enhancement using multienergy 
x-ray
J. Kwon, H. Oh, S. Kim, Y. Sung, S. Lee, Samsung Advanced 
Institute of Technology (Korea, Republic of)

This paper proposes a new method to improve contrast of a 
mammogram using multi-energy x-ray images. The x-ray attenuation 
differences among breast tissues increase as incident photons have 
lower energy. Thus an image obtained by a narrow low energy band 
has higher contrast than a wide energy band image. The proposed 
mammogram enhancement utilizes this fact using multi-energy x-ray 
images. Low frequency components of a low energy band image 
and high frequency components of a wide energy band image are 
incorporated to achieve high contrast and low noise. Nonsubsampled 
contourlet transform (NSCT) is employed to decompose an image into 
multi-scale and multi-directional data. NSCT overcomes the shortage 
of directions of wavelet by expressing the smoothness along contours 
sufficiently. The outcome of the transform is a low-pass subband and 
multiple band-pass directional subbands. First, the low-pass subband 
coefficients of a wide energy band image are substituted by that of a low 
energy band image. Before the modification, the low energy band image 
is processed to have higher contrast and sharp details. Next, for the 
band-pass directional subbands, locally adaptive bivariate shrinkage of 
contourlet coefficients is applied to suppress noise. Bivariate shrinkage 
functions exploit interscale dependency of coefficients. The resulting 
mammogram has considerably enhanced local contrast and shows clear 
fibroglandular tissue structures. Experimental results illustrate that the 
proposed method produces a high contrast and low noise image, as 
compared to the conventional mammography based on a single energy 
image.
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8313-13, Session 3

Algorithmic scatter correction in dual-energy 
digital mammography for calcification 
imaging
X. Chen, Xi’an Jiaotong Univ. (China); R. M. Nishikawa, The 
Univ. of Chicago (United States); S. Chan, The Hong Kong 
Polytechnic Univ. (Hong Kong, China); B. A. Lau, The Univ. of 
Chicago Medical Ctr. (United States); L. Zhang, The Hong Kong 
Polytechnic Univ. (Hong Kong, China); X. Mou, Xi’an Jiaotong 
Univ. (China)

X-ray scatter leads to erroneous calculations of dual-energy digital 
mammography (DEDM). The purpose of this work is to design an 
algorithmic method for scatter correction in DEDM without extra 
exposures or lead sheet. In this paper, a scatter correction method for 
DEDM was developed based on the knowledge that scatter radiation in 
mammograms varies slowly spatially and most pixels in mammograms 
are non-calcification pixels. The scatter correction method was 
implemented on a commercial full-field digital mammography system 
with a phantom of breast tissue equivalent material. The pinhole-array 
interpolation scatter correction method was also implemented on the 
system. We compared the background dual-energy (DE) calcification 
signals in the three DE calcification images: image with scatter correction 
using our algorithmic method, image with scatter correction using 
pinhole-array interpolation method, and image without scatter correction. 
Results show that the background signal in the DE calcification image 
can be reduced. The rms of background DE calcification image signal 
of 1105μm with scatter-uncorrected data was reduced to 187μm 
and 253μm after scatter correction, using our algorithmic method 
and pinhole-array interpolation method, respectively. The range of 
background DE calcification signals using scatter-uncorrected data was 
reduced by ~80% with scatter-corrected data by algorithmic method. 
The proposed algorithmic scatter correction method is effective, it has 
similar or even better performance than pinhole-array interpolation 
method in scatter correction for DEDM. Moreover, this method is 
convenient and there is no extra exposure.

8313-14, Session 3

Photon-counting spectral phase-contrast 
mammography
E. Fredenberg, Royal Institute of Technology (Sweden) and 
Philips Women’s Healthcare (Sweden); E. Roessl, T. Koehler, U. 
van Stevendaal, Philips Research Labs. (Germany); I. Schulze-
Wenck, N. Wieberneit, Philips GmbH Healthcare (Germany); 
M. Stampanoni, Paul Scherrer Institut (Switzerland) and Univ. 
and ETH Zürich (Switzerland); Z. Wang, Paul Scherrer Institut 
(Switzerland); R. A. Kubik-Huch, N. Hauser, Kantonsspital Baden 
AG (Switzerland); M. Lundqvist, Philips Women’s Healthcare 
(Sweden); M. E. Danielsson, Royal Institute of Technology 
(Sweden); M. Åslund, Philips Women’s Healthcare (Sweden)

Phase-contrast imaging is an emerging technology that may increase 
the signal-difference-to-noise ratio in medical imaging. One of the most 
promising phase-contrast techniques is Talbot interferometry, which, 
combined with energy-sensitive photon-counting detectors, enables 
spectral phase-contrast imaging. We have evaluated a realistic system for 
spectral phase-contrast mammography by cascaded-systems analysis. 
For an optimized system, phase contrast improved detectability at the 
resolution limit for microcalcifications and tumor structures compared 
to absorption contrast. This result was supported by images of human 
mastectomy samples that were acquired with a conventional detector. 
The optimal incident energy was slightly higher than in absorption 
contrast, and with a sharper optimum. In addition, detectability may be 
substantially improved by energy weighting, which for phase contrast 
turned out to have a slightly weaker energy dependence (E^-2) than 

absorption contrast (E^-3), and had a maximum at the setup design 
energy. Spectral material decomposition was not facilitated by phase 
contrast, but phase information may be used instead of spectral 
information.

8313-15, Session 4

Investigation of active matrix flat-panel 
imagers (AMFPIs) employing thin layers of 
polycrystalline HgI2 photoconductor for 
mammographic imaging
H. Jiang, Q. Zhao, Y. El-Mohri, L. E. Antonuk, Univ. of Michigan 
(United States)

Active matrix flat-panel imagers (AMFPIs) have become ubiquitous 
in a wide variety of medical x-ray imaging applications, including 
mammography. While AMFPIs offer many advantages, their performance 
is limited by relatively modest system gain compared to electronic 
additive noise, especially at low x-ray exposures. One possible 
pathway for overcoming this limitation involves the use of high gain 
photoconductors such as mercuric iodide (HgI2), which has the potential 
to improve system gain by an order of magnitude compared to a-Se 
(the only photoconductor material presently used in direct detection 
AMFPIs). In this presentation, the performance of prototype, direct 
detection AMFPIs, employing thin layers of a screen-printed (SP) form 
of polycrystalline HgI2 and operated under mammographic irradiation 
conditions, will be reported. The prototypes incorporate a direct detection 
AMFPI array with a pixel format of 1024 × 1024, a pixel pitch of 127 μm 
and a design that facilitates the use of HgI2 without the usual underlying 
barrier layer. Polycrystalline SP-HgI2 provides distinct advantages 
compared to a-Se, including higher density and lower ionization energy at 
much lower bias voltage. The material properties of thin-films of SP-HgI2 
result in a favorable combination of low leakage current and high x-ray 
sensitivity. The performance of the prototypes under various irradiation 
conditions will be reported in terms of x-ray sensitivity, lag, spatial non-
uniformity, MTF, NPS and DQE. In addition, DQE results will be compared 
to theoretical calculations based on a cascaded systems analysis. This 
research is supported by grant NIH-2-R44-CA09910403A1.

8313-16, Session 4

Effective detective quantum efficiency (eDQE) 
and effective noise equivalent quanta (eNEQ) 
for system optimization purposes in digital 
mammography
E. Salvagnini, UZ Leuven (Belgium) and SCK•CEN (Belgium); 
H. Bosmans, UZ Leuven (Belgium); L. Struelens, SCK•CEN 
(Belgium); N. W. Marshall, UZ Leuven (Belgium)

Effective detective quantum efficiency (eDQE) and effective noise 
equivalent quanta (eNEQ) were recently introduced to broaden the notion 
of DQE and NEQ by including system parameters as focus blurring 
and system scatter rejection methods. This work investigates eDQE 
and eNEQ normalized for the mean glandular dose (eNEQMGD) as a 
means to characterize and make an optimal choice between different 
exposure parameters for a digital mammographic system. The eDQE 
was measured for Mo/Mo, Mo/Rh and W/Rh anode/filter combinations, 
with and without anti-scatter grid, for poly(methyl methacrylate) (PMMA) 
thicknesses of 20, 40, 60 and 70 mm. The modulation transfer function 
(MTF) used to calculate eDQE and eNEQ was measured from an edge 
positioned at 20,40,60,70 mm above the table top without scattering 
material in the beam. The grid-in eDQE results for all A/F settings were 
greater than those for grid-out for 40, 60 and 70 mm of PMMA. For 20 
mm, eDQE is higher without grid, showing a maximum difference of 9%. 
Contrarily, the eNEQMGD results were higher for grid-out than grid-in, 
with a maximum difference of 61% for all A/F combinations and PMMA 
thicknesses. The W/Rh combination gave the highest eNEQMGD for all 
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thicknesses of PMMA compared to the other A/F combinations (for grid-
in and grid-out). In particular, eNEQMGD for W/Rh was 56% and 47% 
higher, with and without grid respectively, compared to the other A/F 
combinations. Present concepts confirm results of alternative methods 
(e.g. signal difference to noise-ratio method) and allow detailed study of 
the contribution of different system components.

8313-17, Session 4

Lesion characterization using spectral 
mammography
B. Norell, Philips Women’s Healthcare (Sweden); E. Fredenberg, 
B. Cederström, Royal Institute of Technology (Sweden); K. 
Leifland, Unilabs AB (Sweden); M. Lundqvist, Philips Women’s 
Healthcare (Sweden)

We present a novel method for characterizing mammographic findings 
using spectral imaging without the use of contrast agent. With a 
statistical framework, suspicious findings are analyzed to determine 
if they are likely to be cystic lesions or not. To evaluate the method, a 
phantom with breast equivalent material compositions was designed. 
Furthermore, preliminary results using clinical images are presented.

8313-18, Session 4

Investigating the relationship between 
calcification cluster detection in digital 
mammography and threshold gold thickness 
measurements
L. M. Warren, A. Mackenzie, NCCPM, The Royal Surrey County 
Hospital NHS Trust (United Kingdom); J. Cooke, Jarvis Breast 
Screening and Diagnostic Ctr. (United Kingdom); R. Given-
Wilson, St George’s Healthcare NHS Trust (United Kingdom); M. 
G. Wallis, Cambridge Breast Unit (United Kingdom) and NIHR 
Cambridge Biomedical Research Ctr. (United Kingdom); D. P. 
Chakraborty, Univ. of Pittsburgh (United States); D. R. Dance, K. 
C. Young, NCCPM, The Royal Surrey County Hospital NHS Trust 
(United Kingdom) and Univ. of Surrey (United Kingdom)

European Guidelines for quality control in digital mammography specify 
acceptable and achievable standards of image quality (IQ) in terms of 
threshold gold thickness using the CDMAM test object. However there 
has been little evidence relating such measurements to cancer detection. 
This work investigates the relationship between micro-calcification 
(MC) detection and threshold gold thickness. An observer study was 
performed using a set of 162 Hologic Selenia images (81 normal and 81 
with 1-3 inserted MC clusters). These images were copied and modified 
to simulate five additional IQs. The different IQs corresponded to different 
digital detectors (CR and DR), different dose levels and image processing 
algorithms. Observers marked the location of suspicious regions, 
assigning a 5-point score for confidence that the suspicious region was 
a MC cluster. The data was analysed using JAFROC analysis giving the 
area under the AFROC curve. Threshold gold thickness (thresh_gold) was 
calculated for 0.1 and 0.25mm gold disc diameters on CDMAM images 
at the same IQs. There was a significant reduction in detection for CR 
images compared with DR; the AFROC area decreased from 0.83 to 0.63 
(p<0.0001). Detection was also sensitive to dose. There was no difference 
in detection between the two image processing algorithms. There was 
good correlation between MC detection and thresh_gold, R2=0.71 and 
R2=0.87 for 0.1mm and 0.25mm disc diameters respectively, indicating 
that thresh_gold is a good predictor of MC detection. Since the majority 
of IQs were above the minimum standard despite large variations in MC 
detection current EU guidelines may need revising.

8313-19, Session 4

Model-based estimation of breast percent 
density in raw and processed full-field 
digital mammography images from image-
acquisition physics and patient-image 
characteristics
B. M. Keller, D. L. Nathan, E. F. Conant, D. Kontos, Univ. of 
Pennsylvania School of Medicine (United States)

Breast percent density (PD%), as measured mammographically, is one 
the strongest known risk factors for breast cancer. While the majority of 
studies to date have focused on PD% assessment from digitized film 
mammograms, digital mammography (DM) is becoming increasingly 
common, and would allow for direct PD% assessment at the time of 
imaging. Given that either raw or post-processed mammograms are 
available in different clinical and research settings, a PD% assessment 
tool applicable to either type of digital mammogram becomes critical. 
This work investigates the accuracy of a generalized linear model-based 
(GLM) estimation model in directly estimating PD% from either raw 
or post-processed digital mammograms, utilizing image acquisition 
physics, patient characteristics and gray-level intensity features of the 
specific image. The model was trained in a leave-one-woman-out fashion 
on a series of 81 cases for which bilateral MLO digital mammography 
images acquired from a GE Senographe FFDM unit (GE Healthcare) 
were available in both raw and post-processed format. Feature selection 
to predict PD% was performed on a per-fold basis. A trained breast-
imaging radiologist provided ground truth for PD%, separately from raw 
and post-processed images. Performance of the GLM PD% estimation 
model was good for both processed (Pearson’s correlation r=0.89, p 0.5). 
Model-based prediction of PD% could allow for a repeatable estimation 
of breast density readily available at the time of imaging, thus providing a 
rapid risk assessment tool for clinical practice.

8313-20, Session 4

Realistic simulation of breast mass 
appearance using random walk
A. Rashidnasab, P. Elangovan, M. Yip, Univ. of Surrey (United 
Kingdom); K. C. Young, D. R. Dance, The Royal Surrey County 
Hospital NHS Trust (United Kingdom); K. Wells, Univ. of Surrey 
(United Kingdom)

The aim of the present work was to develop a method for simulating 
breast lesions in digital mammographic images. Based on the visual 
appearance of real masses, three dimensional masses were created 
using a 3D random walk method where the choice of parameters (number 
of walks and number of steps) enables one to control the appearance 
of the simulated mass. This work is the first occasion that the random 
walk results has been combined with a model of digital mammographic 
imaging systems which takes into account appropriate physical 
image acquisition processes representing a particular digital X-ray 
mammography system. A preliminary assessment of the appearance 
of these masses is presented, which will be used to guide realistic 
parameter selection for a more detailed validation study to be presented 
in the final paper. Preliminary expert radiological feedback suggests 
that simulated masses assessed as having real appearance are mostly 
irregular with ill-defined margin and therefore suggestive of malignancy 
and would be recalled.
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8313-21, Session 5

Improved diagnostic differentiation of renal 
cystic lesions with phase-contrast computed 
tomography (PCCT)
P. B. Noel, M. S. Willner, A. Fingerle, J. Herzen, D. Münzel, D. 
Hahn, E. J. Rummeny, F. Pfeiffer, Technische Univ. München 
(Germany)

The diagnostic quality of phase-contrast computed tomography (PCCT) 
is one the unexplored areas in medical imaging; at the same time, it 
seems to offer the opportunity as a fast and highly sensitive diagnostic 
tool. Conventional computed tomography (CT) has had an enormous 
impact on medicine, while it is limited in soft-tissue contrast. One 
example that portrays this challenge is the differentiation between 
benign and malignant renal cysts. In this work we report on a feasibility 
study to determine the usefulness of PCCT in differentiation of renal 
cysts. A renal phantom was imaged with a grating-based PCCT system 
consisting of a standard rotating anode x-ray tube (40 kV, 70 mA) and a 
Pilatus II photon-counting detector (pixel size: 172 μm). The phantom is 
composed of a renal equivalent soft-tissue and cystic lesions grouped 
in non-enhancing cyst and hemorrhage series and an iodine enhancing 
series. The acquired projection images (absorption and phase-contrast) 
are reconstructed with a standard filtered backprojection algorithm. For 
evaluation both reconstructions are compared in respect to contrast-
to-noise ratio (CNR), signal-to-noise ratio (SNR), and subjective image 
quality. We found that with PCCT a significantly improved differentiation 
between hemorrhage renal cysts from contrast enhancing malignant 
cysts is possible. If comparing PCCT and CT with respect to CNR and 
SNR, PCCT shows significant improvements. In conclusion, PCCT has 
the potential to improve the diagnostics and characterization of renal 
cysts without using any contrast agents. These results in combination 
with a non-synchrotron setup indicate a future paradigm shift in 
diagnostic computed tomography.

8313-22, Session 5

Towards thick-object medical imaging with 
liquid-metal-jet x-ray sources
D. H. Larsson, P. A. C. Takman, U. Lundström, A. Burvall, H. M. 
Hertz, Royal Institute of Technology (Sweden)

Many biological applications, such as small-animal imaging and 
mammography require x-ray energies in the few-10-keV range. For 
high-resolution imaging, high-brightness microfocus sources are required 
in this energy range. Liquid-metal-jet anodes show promise to take 
electron-impact x-ray microfocus sources to unprecedented brightness, 
thereby enabling novel applications such as phase-contrast imaging. 
The x-ray brightness is proportional to the e-beam intensity (kW/mm2) 
and the major limiting factor for classical microfocus tubes is the thermal 
loading capacity, ultimately causing melting of the anode material. Liquid-
metal-jet sources circumvent this limitation by using a regenerative 
anode target. Current systems are typically based on liquid alloys such 
as Ga/In/Sn1. The emission spectrum is dominated by the 9.2 keV Ga 
line while the other elements contribute marginally. However, in order to 
allow examination of few-cm thick biological samples higher energies are 
required. In the present paper we demonstrate a high-brightness liquid-
metal-jet microfocus source for continuous operation in the few-10-keV 
regime. The source is based on a In/Ga-anode system which has strong 
line emission at 9.25 and 10.26 keV (Ga K  and K ) as well as 24.21 and 
27.27 keV (In K  and K ). We operate it at 40 W with a 7×7 μm2 FWHM 
x ray spot. This corresponds to a power loading of 5.7 W/ m or a power 
density of 1000 kW/mm2, a factor of ~10 higher than present microfocus 
sources2. We describe and characterize the source and its performance. 
Furthermore, we demonstrate its capabilities by high-resolution imaging 
of a mammography phantom as well as an angiography phantom.

8313-23, Session 5

Anode thermal analysis of high power micro 
focus CNT x-ray tubes for in-vivo small 
animal imaging
J. Shan, O. Zhou, J. Lu, The Univ. of North Carolina at Chapel Hill 
(United States)

CNT micro focus x-ray tubes have been demonstrated as a novel 
technology for in-vivo small animal imaging. Its fast and easy switching 
capacity enables the simultaneous respiratory and cardiac gated 
prospective CT imaging of free breathing animals with high temporal 
resolution. To achieve high signal-to-noise ratio, micro focus CNT x-ray 
source operating at high pulse power is desired. The thermal loading of 
the anode focus spot is a limiting factor determining the maximum power 
of the tube. In this paper, we developed a reliable simulation model to 
quantitatively analyze the anode heat load of CNT x-ray source. The 
anode temperature distribution is simulated using finite element analysis. 
The model is validated by comparing simulation results for micro-focused 
x-ray tube with experimental results by Grider et al. We investigated 
the relationship between maximum power and effective focal spot size 
for CNT micro-CT system running at DC and pulse mode. Our results 
shows that when operating at pulse mode for gated in-vivo image, the 
maximum power of CNT x-ray source can be significant higher than that 
operating in DC mode. The maximum power, P(in W)=kf_s (in μm), is 
found to be linearly increasing with the effective focal spot size f_s. The 
linear coefficient k varies from 0.96 to 2.2 W/μm for anode angle between 
20 and 6 degree. For example, at 10 degree anode angle and 100 μm 
effective focal spot, CNT x-ray can operate at 153 W with 10ms temporal 
resolution, this is a factor of two higher than previously thought possible.

8313-24, Session 5

Series of 4D adult XCAT phantoms for 
imaging research and dosimetry
J. Bond, J. Frush, C. Eckersley, C. H. Williams, Duke Univ. 
(United States); D. J. Tward, J. T. Ratnanather, M. I. Miller, The 
Johns Hopkins Univ. (United States); E. Samei, W. P. Segars, 
Duke Univ. (United States)

We previously developed a technique to rapidly create patient-specific 
4D phantoms based on CT imaging data using innovative methods in 
computational anatomy. In this study, we utilize this technique to create a 
series of 50 adult phantoms of varying body mass indices. We collected 
patient datasets (chest-abdomen-pelvis) from the Duke CT database 
covering a wide range of body types. The datasets were segmented 
using software developed in our laboratory to create initial phantoms. 
Template models for the head, arms, and legs were added onto the initial 
models to make them whole-body. We then used the Large Deformation 
Diffeomorphic Metric Mapping (LDDMM) to complete each phantom 
by mapping a fully constructed template anatomy (male or female) to 
match the anatomical framework provided by patient CT data. Through 
this method, a patient specific phantom with thousands of anatomical 
structures and modeling cardiac and respiratory motions was created. 
Some structures not even visible in the patient data were approximated, 
giving a more complete model. Each new phantom was checked for 
anatomical accuracy and predicted organ volumes were compared to 
ICRP values. The phantoms developed in this work provide useful tools 
as virtual subjects in medical imaging research. To demonstrate this 
ability, we show example simulation studies in different modalities using 
publicly available simulation packages. The phantoms also provide a 
vital tool for patient-specific dose calculation, enabling more accurate 
radiation risk estimation and more informed protocol design for adult 
patients undergoing CT examinations as shown in a separate SPIE 
abstract.
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8313-25, Session 5

New head equivalent phantom for task and 
image performance evaluation representative 
for neurovascular procedures occurring in the 
Circle of Willis
C. N. Ionita, B. Loughran, A. Jain, S. N. Swetadri Vasan, D. R. 
Bednarek, S. Rudin, Toshiba Stroke Research Ctr. (United States)

Phantom equivalents of various human anatomy are routinely 
used for imaging system evaluation or dose calculations. The 
various recommendations on the generic phantom structure given 
by organizations such as the AAPM, are not always accurate 
when evaluating a very specific task. We have found a significant 
underestimation of the x-ray parameter selection by the automatic 
exposure control (AEC) system, when comparing the AAPM head 
phantom containing 3 mm of aluminum to actual neuro-endovascular 
image guided interventions (neuro-EIGI) occurring in the Circle of Willis. 
To build a more accurate phantom for neuro-EIGI, we reevaluated the 
amount of aluminum which must be included in the phantom. Human 
skulls were imaged at different angles, using various angiographic 
exposures at kV’s relevant to neuro-angiography. An aluminum step 
wedge was also imaged under identical conditions, and a correlation 
between the gray values of the imaged skulls and those of the aluminum 
step thicknesses was established. The average equivalent aluminum 
thickness for the skull samples in the Circle of Willis region was found to 
be ~13 mm. The results showed no significant changes in the average 
equivalent aluminum thickness with kV or mAs variation. When a uniform 
phantom using 13 mm aluminum and 25 cm acrylic was compared with 
an anthropomorphic head phantom the x-ray parameters selected by 
the AEC system were practically identical. These new findings indicate 
that for this specific task, the amount of aluminum included in the head 
equivalent must be increased substantially from 3 mm to a value of 13 
mm.

8313-26, Session 6

Preliminary results from a first preclinical 
x-ray phase-contrast CT scanner
A. Velroyen, A. Tapfer, M. Bech, Technische Univ. München 
(Germany); B. Pauwels, P. Bruyndonckx, X. Liu, A. Sasov, 
SkyScan N.V. (Belgium); F. Pfeiffer, Technische Univ. München 
(Germany)

Conventional absorption-based x-ray imaging of biomedical samples 
provides only weak soft-tissue contrast. This limitation can be addressed 
by phase-contrast imaging, which exploits the phase shift that x-rays 
undergo when passing through an object. The phase shift, apparent in 
a minimal angular refraction of the x-ray, can be measured by grating-
based interferometric methods at laboratory x-ray sources. Using this 
technique, improved soft-tissue contrast can be achieved and great 
potential for medical imaging is anticipated. As a first step towards 
clinical implementation, we have developed a grating-based compact 
preclinical phase-contrast CT scanner with rotating gantry, from which 
we present the first results of soft-tissue samples.

The grating interferometer transforms the angular deviation of the x-ray 
passing through a sample into an intensity modulation at the detector. 
The data is reconstructed using a generalized filtered-backprojection 
algorithm that accounts for the cone-beam geometry of the compact 
scanner. The scanner allows for phase-sensitive tomographic imaging of 
biomedical samples and rodents. First phantom studies were conducted 
to investigate performance, accuracy and quantitativeness of the 
scanner for phase-contrast and absorption-based tomographic scans. 
In particular, the effect of the rotational movement of the gantry on the 
interferometric image acquisition, as well as temperature stability, is 
characterized.

First scans of biological samples clearly show the improved soft-
tissue contrast and hence prove the feasibility of phase-contrast x-ray 

tomography with a compact rotating gantry system. Besides these first 
imaging results, preliminary small-animal ex-vivo scans are shown. We 
believe that this work represents an important milestone in translating 
phase-contrast from bench to bedside.

8313-27, Session 6

X-ray fluorescence molecular imaging with 
high sensitivity
G. Cao, J. Lu, O. Zhou, The Univ. of North Carolina at Chapel Hill 
(United States)

X-ray fluorescence molecular imaging (XFMI) could be an alternative 
to existing molecular imaging modalities providing high sensitivity and 
good spatial resolution. However, high sensitivity at a few tens of μg/mL 
can be reached only with monochromatic synchrotron x-rays. In typical 
laboratory setting using conventional x-ray sources XFMI has been 
reported to reach about 10mg/mL sensitivity only. In this paper, using a 
carbon nanotube (CNT) x-ray source and an energy-sensitive detector we 
demonstrated the detection of x-ray fluorescence signals from a mouse-
sized object containing iodine solution at 50μg/mL concentration. We 
further demonstrated that simultaneous detection of multiple elements 
(i.e. multiplexing) is feasible by detecting x-ray fluorescence signals from 
50μg/mL indium solution. In our setup, to achieve 50μg/mL sensitivity 
the required minimum radiation dose was 2cGy for iodine and 5cGy for 
indium, respectively. XFMI has the high potential to become a cost-
effective molecular imaging modality for small-animal models with high 
sensitivity, multiplexing capacity, and low radiation dose.

8313-28, Session 6

Investigations on x-ray luminescence CT for 
small animal imaging
C. T. Badea, Duke Univ. Medical Ctr. (United States); I. N. 
Stanton, Duke Univ. (United States); S. M. Johnston, G. A. 
Johnson, Duke Univ. Medical Ctr. (United States); M. J. Therien, 
Duke Univ. (United States)

X-ray Luminescence CT (XLCT) is a hybrid imaging modality combining 
x-ray and optical imaging in which x-ray luminescent nanophosphors 
(NPs) are used as emissive imaging probes. NPs are easily excited using 
common CT energy x-ray beams, and the NP luminescence is efficiently 
collected using sensitive light based detection systems. XLCT can be 
recognized as a close analog to fluorescence diffuse optical tomography 
(FDOT). However, XLCT has remarkable advantages over FDOT due to 
the substantial excitation penetration depths provided by x-rays relative 
to laser light sources, long term photo-stability of NPs, and the ability 
to tune NP emission within the NIR spectral window. Since XCLT uses 
an x-ray pencil beam excitation, the emitted light can be measured and 
backprojected along the x-ray path during reconstruction, where the 
size of the X-ray pencil beam determines the resolution for XLCT. In 
addition, no background signal competes with NP luminescence (i.e., no 
auto fluorescence) in XLCT. Currently, no small animal XLCT system has 
been proposed or tested. This report investigates an XLCT system built 
and integrated with a dual source micro-CT system. A novel adaptive 
sampling/reconstruction paradigm that results in approximately 90% 
more efficient scanning is proposed. Our preliminary results indicate 
that a basic CT-like reconstruction is able to recover a map of the NP 
locations and differences in NP concentrations. Further analysis and 
testing is needed to determine sensitivity limits for a given x-ray power. 
The current status of this technology having the potential to revolutionize 
in vivo luminescence imaging will be presented.
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8313-29, Session 6

Evaluating the dose effects of a longitudinal 
micro-CT study on pulmonary tissue in 
C57BL/6 mice
S. A. Detombe, J. Dunmore-Buyze, I. E. Petrov, M. Drangova, 
Robarts Research Institute (Canada)

Background: Micro-computed tomography offers numerous advantages 
for small animal imaging, including the ability to monitor the same 
animals throughout a longitudinal study. However, concerns are often 
raised regarding the effects of x-ray dose accumulated over the course 
of the experiment. In this study, we scan C57BL/6 mice multiple times 
per week for six weeks, to determine the effect of the cumulative dose on 
pulmonary tissue at the end of the study.

Methods/Results: C57BL/6 male mice were split into two groups 
(dose group=10, control group=10). The dose group was scanned 
(80kVp/50mA) each week for 6 weeks; the weekly scan session had three 
scans. This resulted in a weekly dose of 0.84Gy, and a total study dose 
of 5.04Gy. The control group was scanned on the final week. Scans from 
weeks 1 and 6 were reconstructed and analyzed: overall, there was no 
significant difference in lung volume or lung density between the control 
group and the dose group. Similarly, there were no significant differences 
between the week 1 and week 6 scans in the dose group. Histological 
samples taken from excised lung tissue also showed no evidence of 
inflammation or fibrosis in the dose group.

Conclusion: This study demonstrates that a 5 Gy x-ray dose accumulated 
during a longitudinal micro-CT study has no significant effects on the 
pulmonary tissue of C57BL/6 mice. As a result, the many advantages of 
micro-CT imaging, including rapid acquisition of high-resolution, isotropic 
images in free-breathing mice, can be taken advantage of in longitudinal 
studies without concern for negative dose-related effects.

8313-30, Session 6

A liquid xenon detector for PET applications: 
simulated performance
A. Miceli, J. Glister, TRIUMF (Canada); A. Andreyev, D. Bryman, 
The Univ. of British Columbia (Canada); L. Kurchaninov, P. Lu, 
A. Muennich, F. Retire, TRIUMF (Canada); V. Sossi, The Univ. of 
British Columbia (Canada)

A novel gamma ray detector for micro-PET applications was developed. 
The detector consists of a trapezoidal liquid xenon (LXe) time projection 
chamber (TPC) and 32 large area avalanche photodiodes (LAAPD) for 
the measurement of ionization charge and scintillation light produced 
by the interaction of photons in liquid xenon. A LXe micro-PET scanner 
made of twelve LXe sectors was simulated to evaluate its imaging 
performance. Detector response and detection rate were modeled. 
Events depositing energy in multiple locations were reconstructed with a 
Compton reconstruction algorithm. The simulated data were stored in a 
list-mode file and reconstructed with the maximum likelihood expectation 
maximization iterative algorithm (MLEM). Simulation results indicate an 
absolute sensitivity at the center of the field of view (FOV) of 12.6% and a 
3D position resolution </= 0.8 mm (FWHM) throughout the FOV.

8313-31, Session 6

Non-contact detection of ultrasound applied 
to biomedical photoacoustic tomography and 
ultrasonography
G. Rousseau, A. Blouin, J. Monchalin, National Research Council 
Canada (Canada)

The use of photoacoustic tomography (PAT) and ultrasonography (US) 

is often precluded by the need for a physical contact between the 
ultrasound probe and the tissue. A direct contact is a major drawback 
for important potential applications such as surgical procedures on 
human beings and small animal imaging in research laboratories. Laser-
ultrasonics is a well established optical technique for the non-contact 
generation and detection of ultrasound in industrial materials. In this 
paper, the remote optical scheme used in industrial laser-ultrasonics is 
adapted to allow non-contact probing of ultrasound in biological tissues 
while remaining below laser exposure safety limits. Both non-contact PAT 
(NCPAT) and non-contact US (NCUS) are implemented using a single-
frequency detection laser emitting suitably shaped pulses and a confocal 
Fabry-Perot interferometer in differential configuration. It is shown that an 
acceptable sensitivity is obtained while remaining below the maximum 
permissible exposure (MPE) of biological tissues. Results obtained ex 
vivo with chicken breast and calf brain specimens show that sub-mm 
endogenous and exogenous inclusions can be detected at depths 
exceeding 1 cm.

8313-32, Session 7

A comparison of dual kV energy integrating 
and energy discriminating photon counting 
detectors for dual energy x-ray imaging
A. S. Wang, N. J. Pelc, Stanford Univ. (United States)

Dual energy imaging enables material decomposition and requires 
attenuation measurements with at least two different energies. Today’s 
clinically available implementations use two separate exposures, at a low 
and high tube voltage (dual kV). Photon counting x-ray detectors (PCXDs) 
are an alternative technology that takes advantage of an x-ray source’s 
broad spectrum by counting the number of transmitted photons at each 
energy from a single exposure. The richness of the information contained 
in these measurements can depend heavily on the detector’s energy 
response, itself dependent on count rate. We compare the material 
decomposition precision of dual kV with energy integrating detectors to 
that of realistic PCXDs.

We model the three primary effects that degrade PCXD performance: 
count rate limitations, energy resolution, and spectrum tailing. For 
example, the high flux rates required for clinical imaging pose a serious 
challenge for PCXDs. The Cramer-Rao Lower Bound is used to predict 
the lowest possible material decomposition variance as a function of 
these detector imperfections. For dual kV and photon counting, we 
determined the optimal kV, mAs, and filtration for a broad range of 
imaging tasks, subject to dose and tube power constraints. We found 
that a well-optimized dual kV protocol performs on par with today’s 
PCXDs. For dual kV protocols, it is helpful to increase the energy 
separation between the spectra by increasing the kV separation and 
adding filtration. For PCXDs, the detector’s count rate capabilities must 
be increased and the spectrum tailing reduced for photon counting 
to become a competitive technology at the high intensities of clinical 
imaging.

8313-33, Session 7

First results from a hybrid prototype CT 
scanner for exploring benefits of quantum-
counting in clinical CT
S. G. Kappler, T. Hannemann, E. Kraft, B. Kreisler, D. 
Niederloehner, K. Stierstorfer, T. Flohr, Siemens AG, Healthcare 
(Germany)

We introduce a novel hybrid prototype scanner built to explore benefits 
of the quantum-counting technique in the context of clinical CT. The 
scanner is equipped with two measurement systems. One is a CdTe-
based counting detector with 22cm field-of-view. Its revised ASIC 
architecture allows configuration of the counter thresholds of the 225μm 
small sub-pixels in chess patterns, enabling data acquisition in four 
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energy bins or studying high-flux scenarios with pile-up trigger. The 
other one is a conventional GOS-based energy-integrating detector from 
a clinical CT scanner. The integration of both detection technologies 
in one CT scanner provides two major advantages. It allows direct 
comparison of image quality and contrast reproduction as well as 
instantaneous quantification of the relative dose usage and material 
separation performance achievable with counting techniques. In addition, 
data from the conventional detector can be used as complementary 
information during reconstruction of the images from the counting device. 
In this paper we present CT images acquired with the hybrid prototype 
scanner, illustrate its underlying conceptual methods, and provide first 
experimental results quantifying clinical benefits of quantum-counting CT.

8313-34, Session 7

Comprehensive evaluation of a silicon 
strip detector for photon-counting spectral 
computed tomography
C. Xu, M. E. Danielsson, S. Karlsson, Royal Institute of 
Technology (Sweden); C. Svensson, Linköping Univ. (Sweden); H. 
Bornefalk, Royal Institute of Technology (Sweden)

We are developing a novel silicon strip detector for photon-counting 
spectral computed tomography (CT). The detector is aligned in edge-on 
geometry with a pixel size of 0.4 × 0.5 mm-2. The detector strips are 
divided into 16 segments with exponentially increasing lengths along the 
edge-on direction. The segments with individual electrodes and readout 
channels result in similar count rates in all segments; such a solution 
helps overcome high X-ray flux problem encountered clinically. The 
second version ultra fast application specific integrated circuit (ASIC) has 
been developed to process the pulses induced by interacting photons. 
In the first version of the ASIC, a few problems have been identified; 
a relative large channel-channel threshold variation, unsmooth DAC 
linearity and rate-dependent DC offset, etc. The preliminary tests show 
that these effects have been reduced significantly in the new version of 
the ASIC.

A comprehensive characterization has been performed to study the 
performance of the detector with the second version of the ASIC 
connected. We measured the noise level, channel-channel threshold 
variation and gain of the detector by the threshold scan method and 
show how the detector performance is affected by the variation of 
temperature and bias voltage. With an arbitrary waveform generator, 
we studied the relationship between input and output count rates 
by injecting Poisson distributed pulses (electrical and laser) into the 
ASIC. The energy resolution of the detector has also been investigated 
experimentally with electrical pulses by including charge sharing effect 
and cross talk induced from neighboring pixels. Additionally, the count 
rate linearity of the detector has been measured using real X-ray.

8313-35, Session 7

Pulse pileup statistics for energy sensitive 
photon counting detectors with pulse height 
analysis
K. Taguchi, S. Srivastava, Q. Tang, The Johns Hopkins School of 
Medicine Outpatient Ctr. (United States); B. S. Caffo, The Johns 
Hopkins Bloomberg School of Public Health (United States); J. 
S. Iwanczyk, N. E. Hartsough, W. C. Barber, DxRay, Inc. (United 
States); J. Cammin, The Johns Hopkins School of Medicine 
Outpatient Ctr. (United States)

Photon counting statistics with pulse pileup effects (PPE) have been 
investigated for detection schemes with two assumptions: a fixed 
deadtime (i.e., non-paralyable and paralyzable detection schemes) and 
a delta pulse shape. Analytical expressions have been developed which 
shed light on interesting findings: (1) the variance becomes smaller than 

mean with PPE; and (2) the variance-to-mean ratio (VMR) of narrow 
energy windows remains very close to 1. 

In this study, we experimentally investigate VMR with PPE with a variable 
deadtime (i.e., true pulse height analysis) and bipolar and unipolar pulse 
shapes with a long tail in addition to the above cases. We will use Monte 
Carlo simulation for a systematic study and a physical photon counting 
detector to confirm the results.

8313-36, Session 7

Extension of cascaded systems analysis 
to energy-resolving photon-counting x-ray 
detectors: The effects of conversion gain on 
the detective quantum efficiency
J. Tanguay, I. A. Cunningham, Robarts Research Institute 
(Canada)

A generalized approach to describing transfer of signal and noise 
through medical imaging systems has been developed over the past 
several years in which image-forming processes are represented in 
terms of serial and parallel cascades of amplified point processes. Using 
stochastic point process theory, we extend cascaded systems analysis 
(CSA) into the energy domain to describe noise in energy-resolving 
photon-counting (EPC) x-ray detectors. Conversion to secondary quanta 
in an x-ray detector is represented as a random shift along the energy 
axis, analogous to the random spatial relocation of a scattered x-ray. We 
refer to this process as an energy scatter stage. Expressions describing 
the transfer of the autocovariance function and noise power spectrum 
(NPS) through energy-dependent quantum selection and energy scatter 
stages are derived and a simple model of a photon-counting x-ray 
detector that includes the effects of quantum selection and conversion to 
secondary quanta is presented. It is demonstrated that for detectors with 
smaller gain factors, the photon-counting approach results in a lower 
NPS (and therefore higher detective quantum efficiency) than that for the 
energy-integrating approach. At higher gain values the NPS for photon-
counting and energy-integrating approaches are equal.

8313-37, Session 7

Spectral response compensation for photon-
counting clinical x-ray CT using sinogram 
restoration
S. Srivastava, J. Cammin, G. S. K. Fung, B. M. W. Tsui, K. 
Taguchi, The Johns Hopkins School of Medicine Outpatient Ctr. 
(United States)

The x-ray spectrum recorded by a photon-counting x-ray detector 
(PCXD) is distorted due to the following physical effects which are 
independent of count rate: a finite energy-resolution, Compton scattering, 
charge-sharing, K-escape, etc. If left uncompensated, the spectral 
response (SR) of a PCXD due to the above effects will result in image 
artifacts and inaccurate material decomposition. We propose a new SR 
compensation (SRC) algorithm using the sinogram restoration approach. 
In the other work for SRC [3], a slower optimization method that requires 
numerous function evaluations was used; in contrast, our algorithm uses 
an efficient conjugate gradient method in which the first and second 
derivatives of the cost functions are directly calculated analytically. In 
this study, we validate the performance of the proposed algorithm using 
computer simulations and predict image quality and dose with various 
PCXDs with different SR’s and different number of energy bins. Results 
can be used to guide new detector designs in the future. Simulations 
show that for a fixed dose, image noise is independent of the photopeak 
width and the number of energy bins; rather, it is dependent on 
“photopeak fraction,” which is the fraction of photons measured near the 
photopeak. The radiation dose necessary to achieve a certain contrast-
to-noise could decrease by 40% by increasing the photopeak fraction 
from 33% to 67%.
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8313-38, Session 7

An empirical method for correcting the 
detector spectral response in energy-
resolved CT
T. G. Schmidt, Marquette Univ. (United States)

Energy-resolving photon-counting detectors have the potential for 
improved material decomposition compared to dual-kVp approaches. 
However, material decomposition accuracy is limited by the nonideal 
spectral response of direct-conversion detectors. This work proposes 
an empirical method for correcting nonideal spectral response, including 
spectrum-tailing effects. Unlike previous correction methods which 
relied on synchrotron measurements, the proposed method can be 
routinely performed on the scanner. The proposed method estimates a 
spectral-response matrix from x-ray projection measurements of a range 
of thicknesses of two or more calibration materials. Once estimated, 
the spectral-response matrix is incorporated into conventional material 
decomposition algorithms. A simulation study investigated feasibility 
of the proposed method. The spectral-response matrix was estimated 
from simulated projection measurements of PMMA, aluminum, and 
gadolinium. An energy-resolved acquisition of a thorax phantom with 
gadolinium in the blood pool was simulated assuming a five-bin detector 
with realistic spectral response. Energy-bin data was decomposed in 
the Compton, photoelectric, and gadolinium basis projections with 
and without the proposed correction method. Basis images were 
reconstructed by filtered backprojection. Results demonstrated that the 
nonideal spectral response reduced the ability to distinguish gadolinium 
from materials such as bone, while images reconstructed with the 
proposed correction method successfully depicted the contrast agent. 
The proposed correction method reduced errors from 9% to 0.6% in 
the Compton image, 90% to 0.6% in the photoelectric image and 40% 
to 6% in the gadolinium image when using a three-material calibration. 
Overall, results support feasibility of the proposed spectral-response 
correction method.

8313-39, Session 8

Resolution enhancement of computed 
radiography images using two orthogonal tilts
S. I. Pollmann, Robarts Research Institute (Canada) and The 
Univ. of Western Ontario (Canada); C. J. D. Norley, X. Yuan, D. W. 
Holdsworth, Robarts Research Institute (Canada)

Limitations to the spatial resolution of current digital x-ray systems 
are bounded by the physical characteristics of the x-ray detector. 
However, the need to image smaller structures provides motivation 
to develop high-resolution x-ray detector systems for use with 
computed radiographic, and tomographic x-ray systems. We report 
the implementation of a tilted detector technique (TDT) to attain near 
isotropic resolution enhancement by combining two orthogonal image 
views, acquired with existing detector hardware tilted at a fixed angle.

Images were acquired using a ceiling-mounted x-ray unit (Proteus XR/a, 
GE Medical Systems, 50kVp, 250mAs). Images were digitized using a 
Fujifilm Capsula X CR system, from a 35x43cm detector cassette placed 
on an angulated stand, featuring a 3520x4280 image matrix with an in-
plane pixel spacing of 0.1mm. Three images were acquired: two for use 
with our TDT; and one for comparison, with no detector tilt. Performance 
was determined by using two line-pair phantoms (Models 07-521 and 07-
533, Nuclear Associates) placed orthogonally to each other in the field of 
view. Custom software corrected for perspective distortion, co-registered 
and combined the tilted-detector images into a single higher-resolution 
image.

Following unwarping and co-registration, the limiting spatial resolution of 
an image obtained via the weighted combination of the two orthogonal 
views (8 lp/mm) is found to be superior to that of a single view acquired 
with no detector tilt (5 lp/mm). 

This novel technique shows significant improvement in the spatial 

resolution of x-ray image acquisitions, using existing x-ray components 
and detector hardware.

8313-40, Session 8

Ba2CsI5:Eu: a new bright scintillator for high 
frame rate x-ray imaging
H. B. Bhandari, V. Gelfandbein, E. Ovechkina, S. R. Miller, V. V. 
Nagarkar, Radiation Monitoring Devices, Inc. (United States)

The next generation of medical, security, industrial and scientific 
X-ray imaging systems demands a high performance scintillator with 
outstanding properties of high sensitivity, high resolution, high brightness, 
high speed, and favorable energy of light emission. Here we report on 
Ba2CsI5:Eu, a novel high-performance scintillator well suited for such 
radiography, fabricated as a thin film via physical vapor deposition 
(PVD) onto a suitable (typically radiolucent) substrate. Ba2CsI5:Eu is a 
bright scintillator with an estimated light yield of ~100,000 photons/MeV. 
While the peak X-ray excited emission wavelength of both crystalline 
and thin film Ba2CsI5:Eu are 430 nm, the emission spectrum of the 
thin film form shows significant broadening compared to the crystal 
sample. This implies that the emission properties can be tailored to 
match the sensitivities of photodetectors such as CMOS, CCDs or a-Si:H 
flat panels. The density of Ba2CsI5:Eu (5.04 gm/cm3) is higher than 
traditional sensors such as CsI:Tl (4.5 gm/cm3), and thus affords higher 
stopping power. Our PVD-deposited films exhibit structured cross-
sections, which can be optimized either for high spatial resolution in 
RMD’s Amorphous Microcolumnar StructureTM (AMSTM) form or for high 
light output in our Crystalline Microcolumnar StructureTM (CMSTM) form. 
The decay characteristics of Ba2CsI5:Eu demonstrate < 0.05% afterglow 
at 2 ms following X-ray excitation, making it ideally suited for high frame 
rate applications such as fluoroscopy and cone beam CT (CBCT). 
An overview of the film’s physical, chemical, scintillation and imaging 
properties will be presented.

8313-41, Session 8

A robust small-signal approach to measuring 
the detective quantum efficiency of 
radiographic detectors in a clinical setting
M. McDonald, Robarts Research Institute (Canada); H. K. Kim, 
Pusan National Univ. (Korea, Republic of); J. H. Henry, London 
Health Sciences Ctr. (Canada); I. A. Cunningham, Robarts 
Research Institute (Canada)

While the DQE is a widely accepted measure of detector “dose 
efficiency”, it is not normally used in quality assurance programs due to 
the difficulty in obtaining linear image data on some systems. A method 
of measuring the DQE is described that can be used on systems that 
provide either linear or non-linear image data, making the DQE a practical 
candidate for routine evaulations. The method uses a small-signal 
approach and therefore describes the MTF and image noise associated 
with low-contrast image structures. It is shown that on our test system, 
which provides both linear and processed (inverted logarithmic scaling 
and adaptive edge enhancement) image data from the same x-ray 
exposures, the small-signal approach gives the same MTF and DQE as 
the conventional IEC 62220-1 method when using linear image data. 
The same DQE is obtained when using the small-signal approach with 
processed image data. This provides validation of the small signal 
approach, and confirms that the DQE can be measured even on systems 
that do not provide linear image data. Of possibly greater importance, 
it confirms that the non-linear post processing on the test system did 
not affect the DQE, giving confidence that the DQE is a robust measure 
of detector “dose efficiency” that can be determined without access to 
linear image data, and is therefore a strong candidate for routine system 
testing programs in a clinical environment.
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8313-42, Session 8

Evaluation of intracranial aneurysm coil 
embolization in phantoms and patients 
using a high resolution microangiographic 
fluoroscope (MAF)
C. N. Ionita, A. Jain, B. Loughran, S. N. Swetadri Vasan, D. R. 
Bednarek, E. Levy, A. Siddiqui, L. N. Hopkins, S. Rudin, Toshiba 
Stroke Research Ctr. (United States)

Intracranial aneurysm (IA) embolization using Gugliemi Detachable 
Coils (GDC) under x-ray fluoroscopic guidance is one of the most 
used approaches for the treatment of such malformations. During 
such a procedure GDC’s are guided via micro-catheter and deposited 
in the aneurysm dome. Deposition accuracy is very important and 
could benefit tremendously from the higher resolution imagers such 
as the micro-angiographic fluoroscope (MAF). IA’s treatment using 
GDC’s was simulated using an anthropomorphic head phantom which 
includes aneurysms. GDC’s were deposited in steps of 3 cm and the 
procedure was imaged with a Flat Panel imager and the MAF. To quantify 
the changes, an ROI was selected over the aneurysm location and 
histograms were calculated after each step. Detector performance for 
this specific task was quantified by calculating the cross-correlation 
coefficients (CCC) between histograms at successive steps and between 
each step and the initial histogram (no GDC). For the FP, after 4 steps, the 
CCC between successive steps was practically one, indicating that there 
were no significant changes in the observed images. For MAF the CCC 
was < 1 even after 10 steps (30 cm GDC), indicating observable changes. 
Further, the proposed quantification method was applied for evaluation 
of seven patients imaged using the MAF, yielding similar results (CCC<1 
after last GDC deposition). The proposed method was used to evaluate 
two detector performances for IA treatment using GDC’s, indicating that 
MAF can offer far better guidance during such procedures.

8313-43, Session 8

Region-of-interest micro-angiographic 
fluoroscope detector used in aneurysm and 
artery stenosis diagnoses and treatment
W. Wang, Toshiba Stroke Research Ctr. (United States) and 
Univ. of Florida (United States); C. N. Ionita, Y. Huang, B. Qu, 
A. S. Panse, A. Jain, D. R. Bednarek, S. Rudin, Toshiba Stroke 
Research Ctr. (United States)

Due to the need for high-resolution angiographic and interventional 
vascular imaging, a Micro-Angiographic Fluoroscope (MAF) detector with 
a Control, Acquisition, Processing, and Image Display System (CAPIDS) 
was installed on a detector changer, which was attached to the C-arm of 
a clinical angiographic unit at a local hospital. The MAF detector provides 
high-resolution, high-sensitivity, and real-time imaging capabilities and 
consists of a 300 μm-thick CsI phosphor, a dual stage micro-channel 
plate light image intensifier (LII) coupled to a fiber optic taper (FOT), and 
a scientific grade frame-transfer CCD camera, providing an image matrix 
of 1024×1024 35 μm square pixels with 12 bit depth. The changer allows 
the MAF region-of-interest (ROI) detector to be inserted in front of the 
Image Intensifier (II) when higher resolution is needed during angiographic 
or interventional vascular imaging procedures, e.g. endovascular stent 
deployment. The CAPIDS was developed and implemented using 
Laboratory Virtual Instrumentation Engineering Workbench (LabVIEW) 
software and provides a user-friendly interface that enables control 
of several clinical radiographic imaging modes of the MAF including: 
fluoroscopy, roadmapping, radiography, and digital-subtraction-
angiography (DSA). The total system has been used for image guidance 
during endovascular image-guided interventions (EIGI) for diagnosing 
and treating artery stenoses and aneurysms using self-expanding 
endovascular stents and coils in fifteen patient cases which have 
demonstrated benefits of using the ROI detector. The visualization of the 
fine detail of the endovascular devices and the vessels generally gave 

the neurosurgeons confidence on performing neurovascular interventions 
and in some instances contributed to improved interventions.

8313-44, Session 9

Dose and scatter characteristics of a novel 
cone-beam CT system for musculoskeletal 
extremities
W. Zbijewski, The Johns Hopkins Univ. (United States); A. 
Sisniega, Univ. Carlos III de Madrid (Spain) and The Johns 
Hopkins Univ. (United States); J. J. Vaquero, Univ. Carlos III de 
Madrid (Spain); N. Packard, R. A. Senn, D. Yang, J. Yorkston, 
Carestream Health Technology and Innovation Ctr. (United 
States); J. A. Carrino, The Johns Hopkins Outpatient Ctr. (United 
States); J. H. Siewerdsen, The Johns Hopkins Univ. (United 
States)

A novel cone-beam CT (CBCT) system was developed with unique 
capabilities for musculoskeletal imaging (e.g., weight-bearing extremities 
and combined radiographic / volumetric imaging). The compact 
geometry and short scan orbit raise new considerations regarding 
elevated, heterogeneous x-ray scatter distributions (even for small 
anatomical sites - e.g., knee or wrist) and non-uniform dose distribution. 
These effects were investigated via measurements and GPU-accelerated 
Monte Carlo (MC) simulation. The combination provided a powerful 
basis for characterizing patient-specific dose distributions, investigating 
antiscatter grids, and examining distinct contributions of coherent and 
incoherent scatter in artifact correction. Measurements show that the 
dose from the short-scan orbit (0.16 mGy/mAs at isocenter) varies from 
0.24 to 0.09 mGy/mAs on the periphery (all 90 kVp) agreeing with MC 
within 10-15%. MC calculations of dose in patient-specific anatomy 
confirmed such heterogeneity and highlighted the elevated energy 
deposition in bone (~5-10x) compared to soft-tissue. Scatter-to-primary 
ratio (SPR) was ~1.5-2 for the knee at 90 kVp and increased significantly 
at lower energy (~2-fold increase in SPR at 60 kVp). A 10:1 antiscatter 
grid provided significant scatter reduction (~3-fold decrease in SPR) 
and major improvement in soft-tissue contrast without increasing dose; 
however, a linear grid imparted additional heterogeneity in the scatter 
distribution - a ~2-fold increase in the ratio of coherent to incoherent 
scatter with increased spatial variation. Scatter correction using MC-
generated scatter profiles demonstrated significant improvement in 
cupping and streaks. Physical experimentation combined with GPU-
accelerated MC simulation provide a sophisticated, practical approach 
in identifying low-dose techniques, optimizing scatter correction, and 
evaluating patient-specific dose.

8313-45, Session 9

Low-dose and scatter-free cone-beam CT 
imaging: a simulation study
X. Dong, Georgia Institute of Technology (United States); X. Jia, 
Univ. of California, San Diego (United States); T. Niu, L. Zhu, 
Georgia Institute of Technology (United States)

Cone-beam CT (CBCT) is widely used in current radiation therapy 
for its large volume coverage. However, excessive imaging dose and 
poor image quality becomes two bottlenecks of CBCT. In this work, 
we proposed a practical, low-dose and scatter-free CBCT imaging 
method, which uses a beam blocker in the CBCT system for dose 
reduction and scatter measurement, and an iterative algorithm for 
accurate reconstruction without primary compensation. Lead strips in 
the longitudinal direction are inserted between the x-ray source and 
the object. Blocking the incident rays results in imaging dose reduction 
onto the patient as well as strip shadows on the detector. Scatter is 
then accurately estimated by interpolation and scatter-corrected CT 
images are obtained from sparse-view blocked projections using iterative 
reconstruction with total variation regularization. The proposed method 
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is evaluated using simulation studies. On the Shepp-Logan phantom, our 
approach reduces the reconstruction error from over 220 HU to below 
20 HU, with the dose reduction up to 94%. Our method combines the 
strengths of two cutting-edge methods on solving the dose and scatter 
problems in CBCT. Simulation study shows promising results with 
significant dose reduction and image quality.

8313-46, Session 9

Initial results with a multisource inverse-
geometry CT system
J. Baek, N. J. Pelc, Stanford Univ. (United States); B. De Man, 
J. Uribe, D. D. Harrison, J. Reynolds, B. Neculaes, L. Inzinna, A. 
Caiafa, GE Global Research (United States)

The multi-source inverse-geometry CT (MS-IGCT) system is composed of 
multiple sources and a small 2D detector array. The initial prototype MS-
IGCT system was built using a single module of 2×4 x-ray sources and 
a 2D detector array, producing 75 mm in-plane field-of-view (FOV) and 
160 mm z-coverage in a single gantry rotation. To evaluate the system 
performance, experimental data were acquired from several phantoms 
and a post-mortem rat. Before the image reconstruction, geometric 
calibration, data normalization, beam hardening correction and detector 
spectral calibration were performed. For reconstruction, the projection 
data were rebinned into a full cone beam data set, and the FDK algorithm 
was used. The reconstructed volumes from the upper and lower source 
rows shared an overlap volume which was combined in image space. 
The reconstructed image of the uniform cylinder phantom showed good 
uniformity of the reconstructed values without any artifacts. The rat data 
were also reconstructed reliably. The initial experimental results from 
this rotating-gantry MS-IGCT system demonstrated its ability to image a 
complex anatomical object without any significant image artifacts and to 
achieve large volumetric coverage in a single gantry rotation.

8313-47, Session 9

Region-of-interest reconstruction on flat-
panel angiography systems with the ATRACT 
algorithm
F. Dennerlein, A. K. Maier, Siemens Medical Solutions GmbH 
(Germany)

Two-dimensional (2D) fluoroscopy on flat-panel X-ray systems is an 
established imaging modality often used in the interventional room. In 
many applications, projection data are obtained with the X-ray beam 
collimated closely to the region-of-interest (ROI) within the patient, 
primarily to save radiation dose. Acquired projection images are then 
often highly truncated, i.e., the boundaries of the patient are not captured 
in the images.

With the growing use of interventional mirco devices such as stents, 
coils, and flow-diverters, 3D tomographic imaging on flat-panel systems 
is becoming a more and more important application. Especially flow-
diverters often have low x-ray absorption due to their lightweight design; 
they are barely visible in the 2D fluoro projections, but can be clearly seen 
in the tomographic images. As interventional procedures are becoming 
more complex, 3D scans are more frequently used, and limiting the total 
radiation dose is an increasingly important issue [1]. Hence, the concept 
of performing also 3D scans with both lateral and axial collimation 
became more and more appealing in the recent years. In this manner, 
only the patient’s ROI is being scanned, thus leading to a dramatic 
reduction of patient dose [2].

However, tomographic reconstruction from laterally truncated projection 
images is a challenging task. Most practicallyused reconstruction 
algorithms need to involve heuristics that explicitly extrapolate a smooth 
signal outside the detector boundary [3, 4] to be able to process such 
truncated data. In a recent paper [5], however, a filtered-backprojection 
algorithm was presented that is intrinsically less sensitive to data 

truncation and does not involve an explicit extrapolation scheme.

So far, this algorithm (ATRACT) was evaluated on simulated data only. 
In this paper, we will investigate for the first time the performance of 
ATRACT on real projection data acquired with an inventional C-arm CT 
system.

8313-48, Session 9

Feasibility study of 3D cardiac imaging using 
a portable conebeam scanner
I. E. Petrov, Robarts Research Institute (Canada); P. A. Helm, 
Medtronic Navigation (United States); M. Drangova, Robarts 
Research Institute (Canada)

Purpose: While the Medtronic O-arm was developed for image-guidance 
applications during orthopedic procedures, it has potential to assist in 
cardiac surgical and electrophysiological applications; the purpose of 
this study was to evaluate the feasibility of using this mobile conebeam 
imaging system for cardiac imaging. 

Methods: Two pigs were scanned using the O-arm. Projection data 
from four breath-held scans were combined to obtain cardiac gated 3D 
images of the heart. Images were acquired during the infusion of contrast 
agent and while tracking the pig’s electrographic signal. Both standard 
and high-definition modes of the O-arm were evaluated. Projection 
data were retrospectively combined to generate images corresponding 
to systole and diastole; different acceptance windows (100 to 400 ms) 
were investigated. The contrast to noise ratio (CNR) between blood and 
myocardium was compared for the different gating strategies, when 
different numbers of scans (between 1 and 4) were combined. 

Results: Gated cardiac images were successfully reconstructed with as 
few as two scans combined (CNR of approximately 2.5) and a window 
of 200 ms.. Fewer streak artifacts and improved image quality were 
achieved when selecting views based on the minimum time from the 
selected time point in the cardiac cycle, rather than a fixed window; in 
this case the effective temporal window increased to about 400 ms. (two 
scans). 

Conclusion: The O-arm has the potential to be used as a mobile 
cardiac imaging system, capable of three-dimensional images. Further 
developments to speed up the gantry rotation may result in improved 
image quality during shorter scan times.

8313-49, Session 9

Breathing motion compensated 
reconstruction for C-arm cone beam CT 
imaging: initial experience based on animal 
data
D. Schäfer, Philips Research (Germany); M. Lin, Philips Research 
North America (United States); P. Rao, R. Loffroy, E. Liapi, 
The Johns Hopkins Univ. School of Medicine (United States); 
N. J. Noordhoek, P. G. Eshuis, A. Radaelli, Philips Healthcare 
(Netherlands); M. Grass, Philips Research (Germany); J. 
Geschwind, The Johns Hopkins Univ. School of Medicine (United 
States)

C-arm based tomographic 3D imaging is applied in an increasing number 
of minimal invasive procedures. Due to the limited acquisition speed for 
a complete projection data set required for tomographic reconstruction, 
breathing motion is a potential source of artifacts. This is the case 
for patients who cannot comply breathing commands (e.g. due to 
anesthesia). Intra-scan motion estimation and compensation is required. 
Here, a scheme for projection based local breathing motion estimation 
is combined with an anatomy adapted interpolation strategy and 
subsequent motion compensated filtered back projection. The breathing 
motion vector is measured as a displacement vector on the projections of 
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a tomographic short scan acquisition using the diaphragm as a landmark. 
Scaling of the displacement to the acquisition iso-center and anatomy 
adapted volumetric motion vector field interpolation delivers a 3D motion 
vector field per voxel. Motion compensated filtered back projection 
incorporates this motion vector field in the image reconstruction process. 
This approach is applied in animal experiments on a flat panel C-arm 
system delivering improved image quality (lower artifact levels, improved 
tumor delineation) in 3D liver tumor imaging.

8313-50, Session 10

New consistency theorem of motion 
contaminated projection data and 
applications in motion artifacts correction
J. Tang, Z. Qi, T. P. Szczykutowicz, G. Chen, Univ. of Wisconsin-
Madison (United States)

In recent years, iterative image reconstruction algorithms have received 
much interest in x-ray CT imaging. Images reconstructed by the 
conventional filtered backprojection algorithm are often used as seed 
images to start the iterations. This paper presents a new consistency 
property of the measured CT projection data and the forward projected 
data from a motion contaminated image reconstructed using an analytical 
image reconstruction algorithm. It is theoretically proven and numerically 
validated that, when the measured projection data is not redundant, 
the measured projection data is consistent with the forward projected 
data of a reconstructed image using analytical image reconstruction 
algorithms, no matter whether motion artifacts are present in the image 
or not. However, when there is redundancy in the measured projection 
data, the consistency depends on the choice of weighting function used 
for the redundant data. The forward projected data is always consistent 
with those projections given a weight of 1 in the reconstruction, no matter 
what weighting schemes are used. For the measured projection data with 
a weight smaller than 1, the forward projected data is consistent with the 
weighted sum of redundantly measured projection data. With this new 
found property, some potential issues of directly using FBP images as 
seed images for iterative algorithms are discussed and corresponding 
solutions are also proposed.

8313-51, Session 10

Efficacy of fixed filtration for rapid kVp-
switching dual energy x-ray systems: 
experimental verification
Y. Yao, A. S. Wang, N. J. Pelc, Stanford Univ. (United States)

Purpose: The dose efficiency of dual energy imaging can be improved if 
the speactra are filtered to increase spectral separation. Our preliminary 
simulations showed that a fixed Gd filter can be efficacious in rapid 
kVp-switching systems. We conducted physical experiments on a table 
top x-ray system to verify the performance improvement before moving 
forward to a real CT scanner.

Methods: We chose a commercial Gd2O2S screen as our filter and 
used an acrylic-copper step wedge phantom. Data were collected at 70 
and 125 kVp, with and without the filter. The tube current was adjusted 
to make the exposure rate with and without the filter to be roughly the 
same. The data were decomposed into basis material images and the 
variance of the decomposition was measured for each acrylic-copper 
thickness pair. Simulations were done with the same experimental 
settings for comparison and validation.

Results: The experiments verified that a Gd filter can reduce the variance 
at fixed dose. The variance reduction is monotonically stronger as the 
object becomes more attenuating.

Conclusions: This study demonstrates the potential of fixed Gd filtration 
to improve the dose efficiency and material decomposition precision for 
rapid kVp-switching dual energy systems.

8313-52, Session 10

Image-based synthetic CT: simulating 
arbitrary low dose single and dual energy 
protocols from dual energy images
A. S. Wang, C. Feng, N. J. Pelc, Stanford Univ. (United States)

While the imaging protocol determines radiation dose and image quality, 
it is difficult to find the lowest dose protocol (kVp, mAs, filtration) that 
provides appropriate diagnostic quality images. Recently, we developed 
a method for retrospectively synthesizing CT scans of arbitrary protocols 
using a previously acquired dual energy scan that relies on projection 
space data. Here, we propose a new variant of synthetic CT that only 
requires reconstructed dual energy images to simulate realistic images 
from arbitrary low dose protocols.

Axial scans of a phantom were acquired on a GE CT750 HD system at 
80 kVp and separately at 140 kVp, enabling material decomposition. 
Additional scans at 100 and 120 kVp and at different exposures were 
made to compare with synthesized results. Raw data for any spectrum 
can be estimated by forward transmission through the material 
decomposition images, but these have degraded spatial resolution. 
To avoid blurring, the synthesized image is represented as a linear 
combination (i.e., mixed or blended image) of the 80/140 kVp images. 
Noise is then added so that the total noise matches the expected noise 
of the simulated protocol (estimated from forward transmission). For the 
studied object, the resulting synthesized images are indistinguishable 
from the actual images.

Synthetic CT enables users to visualize the impact of protocol changes 
on the contrast and noise of CT scans, which can be used to develop 
lower dose protocols by demonstrating dose/noise/protocol trade-
offs. Our new image domain implementation significantly increases the 
accessibility of synthetic CT to potential users.

8313-53, Session 10

A method for modulation transfer function 
determination from blood vessel profiles 
measured in computed tomography
Y. Nakaya, Shizuoka Cancer Ctr. Research Institute (Japan); Y. 
Kawata, N. Niki, Univ. of Tokushima (Japan); H. Ohmatsu, N. 
Moriyama, National Cancer Ctr. Hospital East (Japan)

The quantitative characterization of the performance of CT systems is 
important for comparing the effects of different scan and reconstruction 
parameters, for comparing between different CT systems, and for 
evaluating the accuracy of size and density measurements of fine details 
in CT images. The modulate transfer function (MTF) has been used 
widely to characterize the spatial frequency response (spatial resolution) 
of a CT system. In this work, we present a model-dependent method 
for determining the MTF in the scan plane obtained by CT system from 
profiles of human anatomical structures such as blood vessel measured 
by clinical measurement conditions without magnified reconstruction. 
In general, the MTF is calculated most commonly from the point spread 
function (PSF) obtained by scanning a thin wire phantom. The PSF 
measurement requires a high-contrast cylinder object with an appropriate 
thin diameter and the sampling frequency, as required by the Nyquist 
theorem, of at least twice the cutoff spatial frequency of the MTF. 
However, under the clinical measurement conditions, the measurement 
requirements of the PSF are not sufficient. Thus, we propose to solve 
the MTF estimation from blood vessel profiles via the correction of 
background bias surrounding the blood vessel image and the PSF 
modeling on the basis of the symmetric Lèvy function that generalizes 
Gaussian and Lorentzian functions. MTF estimations were performed 
for cylindrical tube phantoms with three different diameters (1 mm, 2 
mm, and 3 mm) injected by solution of contrast material and human 
blood vessels measured by the clinical measurement conditions. We 
demonstrate the potential usefulness of the method for estimating the 
MTF from blood vessel profiles measured in CT systems.
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8313-54, Session 10

Adaptive nonlocal means filtering based on 
local noise level for CT denoising
Z. Li, L. Yu, J. D. Trzasko, J. G. Fletcher, C. H. McCollough, A. 
Manduca, Mayo Clinic (United States)

Radiation dose from CT scans is an increasing health concern in the 
practice of radiology. Higher dose scans can pro-duce clearer images 
with high diagnostic quality, but may increase the potential risk of 
radiation-induced cancer or other side effects. Lowering radiation dose 
alone generally produces a noisier image and may degrade diagnostic 
perfor-mance. Recently, CT dose reduction based on non-local means 
(NLM) filtering for noise reduction has yielded promis-ing results. 
However, traditional NLM denoising operates under the assumption 
that image noise is spatially uniform noise, while in CT images the noise 
level varies significantly within and across slices. Therefore, applying 
NLM filtering to CT data using a global filtering strength cannot achieve 
optimal denoising performance. In this work, we have devel-oped a 
technique for efficiently estimating the local noise level for CT images, 
and have modified the NLM algorithm to adapt to local variations in 
noise level. The local noise level estimation technique was compared 
with a validated “noise-insertion” tool and the results match very well. 
The modified NLM algorithm provides more effective denoising of CT 
data throughout a volume, and may allow significant lowering of radiation 
dose. Both the noise map calculation and the adaptive NLM filtering can 
be performed in times that allow integration with the clinical workflow.

8313-55, Session 11

Theoretical framework for the dual-energy 
cone-beam CT noise-power spectrum, NEQ, 
and tasked-based detectability index
G. J. Gang, W. Zbijewski, J. W. Stayman, The Johns Hopkins 
Univ. (United States); J. A. Carrino, The Johns Hopkins 
Outpatient Ctr. (United States); J. H. Siewerdsen, The Johns 
Hopkins Univ. (United States)

Purpose: The optimization of dual-energy CT (DECT) is challenged by 
the lack of a theoretical foundation for image quality. This work reports 
and validates a quantitative framework that models dual-energy imaging 
performance in familiar Fourier domain metrics such as the noise-power 
spectrum (NPS) and noise-equivalent quanta (NEQ), and demonstrates 
the utility of such in relation to specific imaging tasks.

Methods: The model extends an existing framework of signal and noise 
propagation in DE projection radiography and cone-beam CT (CBCT) 
to include an algorithm-specific DE decomposition step. The model 
was validated against experimental measurements of NPS from DE 
decomposed images from a DE-CBCT imaging bench simulating the 
geometry of a dedicated musculoskeletal scanner. The resulting DE NPS 
and NEQ were used to derive detectability index as an objective function 
in optimizing imaging performances for a variety of relevant tasks for 
contrast-enhanced musculoskeletal imaging. The optimal energy pairs, 
dose allocation, and tissue cancelation factor were identified.

Results: Theoretically calculated NPS demonstrate good agreement 
with experimental measurements for a wide range of kVp pairs and dose 
allocation factors. Large energy separation was shown to maximize DE 
image contrast (e.g., [60,130] kVp yielding a factor of 1.8 increase in 
iodine-muscle contrast in a bone cancelled image compared to [90,130] 
kVp). Choosing dose allocation (i.e., the fraction of total dose imparted 
in the low-energy image) to minimize voxel noise favors a higher fraction 
(55~65% of the total dose) imparted in the high-energy CBCT acquisition. 
Detectability for a mid-frequency iodine stimulus against muscle was 
optimized at an energy combination of [60,110] kVp and dose allocation 
of 0.38. 

Conclusions: A task-based theoretical model was established for DE 
CBCT and demonstrated utility in optimizing a broad range of acquisition, 
reconstruction, and decomposition parameters. The model provides a 

new, valuable framework for maximizing DE CBCT performance and 
minimizing radiation dose.

8313-56, Session 11

CT performance as a variable function of 
resolution, noise, and task property for 
iterative reconstructions
B. Chen, S. Richard, Duke Univ. (United States); X. Zhou, 
Siemens Medical Solutions USA, Inc. (United States); O. 
Christianson, E. Samei, Duke Univ. (United States)

The rapid development of CT technology and the increasing demand for 
patient dose reduction require an effective and efficient tool for evaluating 
CT performance. In this study, the detectability index (d’) was employed 
for the evaluation of iterative reconstruction (IR) in CT, using metrics 
that characterize the basic performance of the system and the imaging 
task. Modulation transfer function (MTF) and noise power spectrum 
(NPS) were measured from a newly developed phantom (Duke Phantom) 
to represent the resolution and noise performance of the system as a 
function of contrast, noise, and patient size. The imaging task was also 
incorporated by a task function to model a wide variety of detection 
tasks, various sizes and contrasts. Measurements of d’ was compared 
between two IRs (IRIS and SAFIRE) and conventional filtered back-
projection (FBP) at various dose levels. Results showed that compared 
to FBP, IRIS and SAFIRE reduced noise by 25-35%, as calculated by the 
area under NPS. Furthermore, the peak frequency of the NPS was shifted 
towards lower frequency in IRs by 0.1 mm-1, reflecting a difference 
in texture between IRs and FBP images. Results for the detectability 
index showed equivalent performance at lower dose levels with IRs, 
indicating a possible dose reduction. This study provides a framework 
for the systematic evaluation of IRs in CT, enabling the identification of 
optimal operating dose point with iterative reconstructions. This work 
is supported in part by grants from RSNA QIBA initiative and Siemens 
Medical Solution.

8313-57, Session 11

Detection performance study for cone-beam 
differential phase contrast CT
K. Li, N. B. Bevins, J. N. Zambelli, Z. Qi, G. Chen, Univ. of 
Wisconsin-Madison (United States)

X-ray phase sensitive imaging methods have seen tremendous growth 
and increased interest in recent years. Each method has its advantages 
and disadvantages, but all have shown the ability to improve detection 
of various objects because the additional phase measurements. Of the 
various methods, grating-based differential phase contrast computed 
tomography (DPC-CT) imaging has shown greater quantitative and 
diagnostic capabilities than traditional absorption CT. Although it 
has been shown that DPC-CT provides superior contrast of certain 
materials such as acrylic, one question has not been fully addressed to 
date is whether DPC-CT can provide improved accuracy in detecting 
low contrast masses using the same radiation dose as that given in 
absorption CT. The detectability is not only related to contrast noise ratio, 
but also to the noise texture. The purpose of this study is to investigate 
low contrast objects’ detectability in cone beam DPC-CT. Studies for 
all three planes (axial, sagittal, coronal) were carried out, as all three 
planes could potentially be used in clinical practice for a 3D image. 
The results demonstrate that DPC-CT exhibits an anisotropic noise 
texture. The noise power spectrum for each plane supports this result, 
showing anisotropic spatial frequency coverage. The effect of this result 
is demonstrated through ROC analysis, where the sagittal and coronal 
views produce better detectability than the axial view.
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8313-58, Session 11

Correlation between model observer and 
human observer performance in CT imaging 
when lesion location is uncertain
S. Leng, L. Yu, L. Chen, J. C. Ramirez Giraldo, C. H. McCollough, 
Mayo Clinic (United States)

The purpose of this study is to investigate how well model observer 
can correlate with human observer in the lesion detection task when 
the location of lesion is uncertain in CT imaging. A 35 × 26 cm oblong-
shaped water phantom was scanned with and without two cylindrical 
rods (3 mm and 5 mm diameters) to simulate lesions with -15HU 
contrast. Scans were repeated 100 times with the rods and 100 times 
without for each of 4 dose levels. Signal and background images were 
generated by selecting ROIs with 128x128 pixels, with the location of 
signal in each ROI randomly distributed. Human observer studies were 
conducted as three medical physicists identified the presence or absence 
of lesion in each image and scored confidence level with a 6-point scale. 
ROC curves were fitted and area under curve (AUC) was calculated. 
The same data set was also analyzed using a Channelized Hottelling 
model observer with Garbor channels. The performance of human 
observer and model observer was compared. The Peason’s product-
moment correlation coefficients were 0.994 and 0.998 for 3mm and 5mm 
diameter lesions, indicating that model observer performance was highly 
correlated with the human observer performance for different size of 
lesions and different dose levels when signal location is uncertain. These 
results provide the potential of using model observer that correlates with 
human observer to assess CT image quality, optimize scanning protocol 
and reduce radiation dose.

8313-59, Session 12

Significance of including field non-
uniformities such as the heel effect and beam 
scatter in the determination of the skin dose 
distribution during interventional fluoroscopic 
procedures
V. Rana, K. K. Gill, S. Rudin, D. R. Bednarek, Univ. at Buffalo 
Toshiba Stroke Research Ctr. (United States)

The current version of the real-time skin-dose tracking system (DTS) 
that we have developed assumes the exposure is contained within the 
collimated beam and is uniform except for inverse-square variation. This 
presentation investigates the significance of factors that contribute to 
beam non-uniformity such as the heel effect and of backscatter from 
the patient to areas of the skin inside and outside the collimated beam. 
Dose-calibrated Gafchromic film (XR-RV3, ISP) was placed in the beam 
in the plane of the patient table at a position 15 cm tube-side of isocenter 
on a Toshiba Infinix C-Arm system. Exposures were made with the film in 
contact with a block of 20-cm solid water and suspended in air without 
backscatter, both with and without the table in the beam. Scans of the 
film with a flatbed scanner provided dose profiles and comparison of 
the profiles for the various conditions allowed a determination of field 
non-uniformity and the extra-beam scatter contribution. With the solid 
water in place, the beam was measured to decrease by about 35% 
on the anode side of the field due to the heel effect. Backscatter falloff 
at the beam edge was about 10% from the center and extra-beam 
backscatter decreases slowly with distance from the field, being about 
10% of the beam maximum at 5 cm from the edge. Determination of 
the magnitude of these factors will allow them to be included in the 
skin-dose-distribution calculation and should provide a more accurate 
determination of peak skin dose for the DTS.

8313-60, Session 12

MCNP simulation of absorbed energy and 
dose by iodinated contrast agent
W. He, Clemson Univ. (United States); E. Mah, W. Huda, Medical 
Univ. of South Carolina (United States); H. Yao, Clemson Univ. 
(United States)

The purpose of this study is to investigate the absorbed dose and energy 
by iodinated contrast medium in diagnostic radiology. A simulation 
geometry in which an inner sphere (d = 0.2cm, 1cm, 5cm) filled with 
iodinated contrast medium (or water) is located at the center of a 
20cm diameter water sphere was used in simulations performed with 
MCNP5 codes. Monoenergetic x-rays with energies ranging from 40 
to 80keV from a cone beam source were utilized and contrast medium 
concentration ranged from 100 to 1mg/ml. Absorbed dose ratio (RD) 
to inner sphere and total absorbed energies ratio (RE) to the whole 
phantom with and without iodinated contrast medium were investigated. 
The maximum RD was ~13 for the 0.2cm diameter sphere with 100mg/
ml contrast medium. The maximum RE was ~1.05 for the 5cm diameter 
contrast sphere at 80keV with 100mg/ml contrast medium. Under the 
same incident photon energy, increasing the inner sphere size from 
0.2cm to 5cm caused a ~63% increase in the RD on average. Decreasing 
the contrast medium concentration from 100 to 10 mg/ml caused a 
decrease of RD of ~ 76%. A conclusion was reached that although local 
absorbed dose increase caused by iodinated contrast agent could be 
high; the increase in total absorbed energy is negligible.

8313-61, Session 12

CTDIvol: a suitable normalization for CT dose 
conversion coefficients at different tube 
voltages?
H. Schlattl, M. A. Zankl, C. Hoeschen, Helmholtz Zentrum 
München GmbH (Germany)

Reliable estimates for patient doses for CT examinations are desirable 
for the patients themselves as well as for new epidemiological studies. 
It has been shown that dose conversion coefficients normalized to 
CTDIvol provide rather scanner independent quantities. In this work, 
it is demonstrated that this normalization provides also tube voltage 
independent values by simulating axial CT scans of a seven-year old 
infant and an adult. The differences in the effective dose conversion 
coeffcients per CTDIvol between 80 and 120 kV is for most body heights 
below 5%. Only at the height of the testes and the thyroid the difference 
can be as large as 15%.

8313-62, Session 12

The relationship between organ dose and 
patient size in tube current modulated adult 
thoracic CT scans
M. Khatonabadi, D. Zhang, J. Yang, J. J. DeMarco, C. H. 
Cagnon, M. McNitt-Gray, Univ. of California, Los Angeles (United 
States)

Recently published AAPM Task Group 204 developed conversion 
coefficients that use scanner reported CTDIvol to estimate dose for fixed 
tube current body CT exams. However, most clinical exams use tube 
current modulation (TCM). Therefore, the purpose of this study was to 
investigate the correlation between organ dose and patient size in adult 
chest CT scans using TCM.

Data from 32 adult chest scans (17 female, 15 male) acquired on a 64 
slice scanner (Siemens Sensation 64) using TCM (CareDose4D) were 
obtained. Voxelized models with contoured lung and breast tissue 
were created for each patient to allow Monte Carlo simulations; each 
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simulation used the patient’s actual TCM data to estimate organ doses. 
Several size metrics were obtained including perimeter, lateral width, A-P 
thickness and effective diameter (SQRT(lateral width x AP thickness)). 
Estimated organ doses normalized by scanner reported CTDIvol were 
plotted versus each size metric. CTDIvol values were also plotted versus 
size. 

Looking at each gender separately, for male models normalized lung 
dose showed a better linear correlation (r^2=0.91) with effective diameter, 
while female models showed higher correlation (r^2=0.59) with anterior-
posterior thickness. Lung dose was consistently higher in females with 
similar size measurements as males which could be due to shape or 
composition differences between genders in the chest region. CTDIvol 
versus size showed a better exponential correlation (r^2=0.84) than 
actual organ dose (r^2= 0.5), indicated that scanner output does not 
differentiate between gender. Further studies will look into different 
metrics that take into account the patient’s composition, such as 
attenuation.

8313-63, Session 12

Estimation of patient size-related, scanner-
independent dose and risk conversion 
coefficients for abdominopelvic CT: a study 
based on 92 patients
X. Tian, X. Li, W. P. Segars, D. Frush, E. Samei, Duke Univ. 
Medical Ctr. (United States)

A.PURPOSE: Recently, the concerns over CT radiation risk have brought 
about efforts to track CT dose and to optimize CT protocols. These 
efforts can greatly benefit from knowledge of dose and risk estimates 
associated with each patient and each CT examination. Recent studies 
have suggested the feasibility of patient-specific dose and risk estimation 
using size-related and scanner-independent dose and risk conversion 
coefficients [1][2]. The purpose of this work was: (a) to estimate 
patient-specific radiation dose and risk index in abdominopelvic CT for 
representative patients encompassing all ages and weight percentiles, 
(b) to examine the dependence of dose and risk index conversion 
coefficients on patient size and CT scanners.

B.METHODS: The study included 42 pediatric patients (age: 5 week to 15 
years; weight range: 2-41kg; 23 male, 19 female) and 50 adult patients 
(age: 31 years to 58 years). Whole-body computer models were created 
from patients’ clinical CT data, which included most of the radiosensitive 
organs defined by ICRP Publication 103. A prelimary study was first 
performed on 50 patients (42 pediatric patients, 8 adult patients). 
MDCT scanners from two commercial manufacturers were included: 
LightSpeed VCT, General Electric Medical Systems, WI; SOMATOM 
Definition Flash, Siemens Medical Solutions, Germany. A pre-validated 
Monte Carlo program (PENELOPE, Universitat de Barcelona) were used 
to simulate an abdominopelvic scan for each scanner. Similar protocols 
were used across scanners (LightSpeed: 120 kVp, 1.4 pitch, 40 mm 
collimation, medium bowtie; Definition Flash: 120 kVp, 1.375 pitch, 38.4 
mm collimation, narrow bowtie). The CTDIvol-to-organ-dose conversion 
coefficients (h factor) were estimated and compared with published data 
[2]. The organ dose values were used to calculate effective dose and 
risk index (a gender and age dependent coefficient to evaluate life-long 
cancer risk), from which the DLP-to-effective dose (k factor) and DLP-
to-risk index (q factor) conversion coefficients were derived. To better 
represent the effect of patient size on dose and risk values, two body 
size indices: abdominal-pelvis diameter and BMI were compared. The 
h, k, and q factor were correlated with both patient diameter and BMI 
value using exponential regression analysis. The discrepancies between 
simulated and estimated value using patient diameter and BMI as a 
predictor were calculated and compared. 

C.RESULTS: As shown in Fig. 1 (a)-(c) and Fig. 2 (a)-(c), for large and 
centrally located organs, CTDIvol-normalized-organ dose decreased 
exponentially with increasing patient size across genders. The variation 
across scanners was less than 9%. The conversion coefficient agreed 
well with published result [2]. However, for partially irradiated organs 
(Fig. 1 (d), Fig. 2 (d)), some variation still existed across scanners. 

The DLP-normalized-effective dose value (k factor) also decreased 
exponentially with increasing patient size (Fig. 1 (e), Fig. 2 (e)). The DLP 
normalized risk index value (q factor) was affected by patient size, age 
and gender. The variation for both factors across scanners was less than 
10%. As shown in Table I, patient abdominal-pelvis diameter seemed 
to be a better predictor for dose and risk values (average exponential 
correlation coefficient =0.97) than BMI (average exponential correlation 
coefficient =0.84) for pediatric patients. However, as shown in Table II, 
BMI predicted dose with 20% maximum discrepancies and risk with 35% 
maximum discrepancy.

D.NEW WORK: Previous work related to patient-specific dose and cancer 
risk estimation was performed either on a limited number of patient 
models or on a certain type of scanner. To our knowledge, this work is 
one of the first attempts to include a large number of pediatric and adult 
models for multiple scanners. Besides, it further compared the accuracy 
of using BMI value and abdominal-pelvis diameter as a predictor of dose 
and risk values for abdominal-pelvis CT scans. 

E.CONCLUSIONS: CTDIvol-normalized-organ dose (h factor), DLP-
normalized-effective dose (k factor) and DLP-normalized-cancer risk (q 
factor) in abdominal CT were independent across scanners, and were 
exponentially correlated with patient size. Abdominal-pelvis diameter 
seems to be a better predictor than BMI for pediatric patients with 
larger regression coefficient and less prediction discrepancy. This 
study demonstrated the feasibility of estimating patient-specific dose 
and cancer risk requiring only the knowledge of patient’s size, age and 
gender. This work was supported by a grant from National Institutes of 
Health grant (R01 EB001838).

8313-64, Session 13

Model-based 3D image reconstruction of 
objects with inexactly known components
J. W. Stayman, Y. Otake, S. Schafer, A. J. Khanna, J. L. Prince, J. 
H. Siewerdsen, The Johns Hopkins Univ. (United States)

Because tomographic reconstructions are ill-conditioned, algorithms that 
incorporate additional knowledge about the imaging volume generally 
have improved image quality. This is particularly true when measurements 
are noisy or have missing data. This paper presents a general framework 
for inclusion of the attenuation contributions of specific component 
objects known to be in the field-of-view as part of the reconstruction. 
Components such as prosthetic implants, surgical devices, and tools 
may be modeled explicitly as being part of the attenuating volume but 
are inexactly known with respect to their locations, poses, and possible 
deformations. The proposed reconstruction algorithm, referred to 
as Known-Component Reconstruction (KCR), is based on this novel 
parameterization of the object, a likelihood-based objective function, and 
alternating optimizations between registration and image parameters 
to jointly estimate the both the underlying attenuation and unknown 
registrations. The KCR approach is applied to low-dose cone-beam 
CT data with spine fixation hardware present in the imaging volume. 
Such data are particularly challenging due to photon starvation effects 
in projection data behind the metallic components. Imaging scenarios 
using both rigid and non-rigid registrations of known components are 
presented. The proposed algorithm is compared with traditional filtered-
backprojection and penalized-likelihood reconstructions and found 
to provide substantially improved image quality. Whereas traditional 
approaches exhibit significant artifacts that complicate detection of 
breaches or fractures near metal, KCR provides good visualization of 
anatomy right up to the boundary of surgical devices.
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8313-65, Session 13

Compensation of nonlinear distortions in 
photon-counting spectral CT: deadtime loss, 
spectral response, and beam hardening 
effects
J. Cammin, S. Srivastava, Q. Tang, The Johns Hopkins School 
of Medicine (United States); W. C. Barber, J. S. Iwanczyk, N. E. 
Hartsough, DxRay, Inc. (United States); K. Taguchi, The Johns 
Hopkins School of Medicine (United States)

Photon counting detectors are an emerging technology for spectral 
computed tomography. They have the potential to improve tissue 
contrast and specificity, reduce dose, and enable novel applications for 
k-edge and functional imaging. In this presentation various non-linear 
distortions are investigated that affect the image quality in photon-
counting spectral CT: deadtime losses and spectral response, inherent 
to the new technology, and beam hardening artifacts that stem from the 
use of a polychromatic x-ray source. These effects are corrected and 
compensated for by performing calibration measurements. Techniques 
from material decomposition are applied to reconstruct images at 
a desired energy. We propose two methods to synthesize a single 
monoenergetic image from photon counting data with multiple energy 
bins. Parameters can be optimized to maximize a given image quality 
index. The procedures are evaluated on phantom data acquired on 
an experimental CT scanner with photon-counting detectors with two 
energy thresholds.

8313-66, Session 13

A fully four-dimensional, iterative motion 
estimation and compensation method for 
cardiac CT
Q. Tang, J. Cammin, S. Srivastava, K. Taguchi, The Johns 
Hopkins School of Medicine (United States)

A new class of fully 4-dimensional image reconstruction algorithm 
for cardiac CT was developed. The proposed method is an iterative 
algorithm that alternates two methods, motion estimation (ME) method 
and motion compensated reconstruction (MCR) method. 

 The ME method is estimates the cardiac MVF using elastic image 
registration between the reference phase and other phases. The motion 
of heart was modeled by the linear combination of cubic B-spline basis 
function. The sum of squared difference and spatial and temporal 
regularization terms were chose as the cost function, which is minimized 
by an iterative coordinate decent-type conjugate gradient method. 

The MCR method (Schafer’s method) reconstructs cardiac images using 
the MVF estimated by ME method. The reconstructed images will be fed 
to ME in the next iteration. The ME and MCR were performed alternately 
till convergence was achieved.

Accuracy of the proposed method was evaluated using 3 patient data 
acquired by a 64-slice CT scanner. The heart rates of the patients 
ranged between 52 and 88 beats-per-minute. The motion artifacts were 
significantly decreased by the proposed method, and the degree of 
improvement increased as the iteration progressed

8313-67, Session 13

A new image reconstruction method to 
improve noise properties in x-ray differential 
phase contrast computed tomography
K. Li, N. B. Bevins, J. N. Zambelli, G. Chen, Univ. of Wisconsin-
Madison (United States)

The noise properties of differential phase contrast CT (DPC-CT) 
demonstrate some peculiar features. It has been both theoretically and 
experimentally demonstrated that the noise variance of DPC-CT scales 
with spatial resolution following an inverse first order relationship. This is 
in stark contrast to absorption CT, where the noise variance scales with 
spatial resolution following an inverse third power. On the other hand, 
the noise power spectrum (NPS) of DPC-CT is dominated by low spatial 
frequencies and demonstrates a singular behavior when approaching 
zero frequency. This focuses the peak noise power the low spatial 
frequencies and high-frequency spatial noises are suppressed. This is in 
contrast to the absorption CT case where the NPS smoothly transitions 
to zero at zero frequency. The singular behavior of the DPC-CT NPS 
visually affects image noise texture and may hinder observer perceptions. 
In this paper, a method is been proposed to improve the noise properties 
in DPC-CT and potentially improve observer performance. Specifically, 
the low frequency part of the filtering kernel used in reconstruction has 
been regularized to modify the noise power in the low spatial frequencies. 
This results in a high-pass filter of the image. The high-pass filtered 
image is combined with the original image to generate the final image. 
As a result of these two operations, the noise power is shifted to the 
high spatial frequency direction to improve visual perception while image 
reconstruction accuracy is well maintained. Experimental phantom results 
are presented to validate the proposed method.

8313-68, Session 13

Investigation of statistical iterative 
reconstruction for dedicated breast CT
A. Makeev, S. J. Glick, M. Das, Univ. of Massachusetts Medical 
School (United States)

We investigated feasibility of using Statistical Iterative Reconstruction 
(SIR) Penalized Maximum Likelihood (PML) algorithm for dedicated low-
dose breast X-ray Computed Tomography. Compared to commonly used 
Filtered Back-Projection (FBP) SIR provides a number of advantages, 
including, better modeling of photon statistics for low-exposure doses, 
reduced streak-like artifacts for incomplete sampling with circular 
orbit breast CT, better handling of truncated projections for imaging 
volumes of interest. Ordered Subsets version of the PML algorithm was 
implemented and compared against the FBP in terms of 1) resolution 
vs. noise performance, 2) reconstruction of the anthropomorphic 
digital breast phantom. PML reconstruction produces noticeably 
better resolution-noise tradeoff and fewer artifacts in the subsampled 
reconstructions.

8313-69, Session 13

Accelerating ordered-subsets image 
reconstruction for x-ray CT using double 
surrogates
J. H. Cho, J. A. Fessler, Univ. of Michigan, Ann Arbor (United 
States)

Conventional ordered-subsets (OS) methods for regularized image 
reconstruction involve computing the gradient of the regularizer for 
every subset update. When dealing with large problems with many 
subsets, such as in 3D X-ray CT, computing the gradient for each subset 
update can be very computationally expensive. To mitigate this issue, 
some investigators use unregularized iterations followed by a denoising 
operation after updating all subsets [1]. Although such methods save 
computation, their convergence properties are uncertain, and since they 
may not be minimizing any particular cost function it becomes more 
difficult to design regularization parameters. Furthermore, it is known 
that inserting filtering steps into unregularized algorithms can lead to 
undesirable spatial resolution properties [2]. Our goal here is to reduce 
the computational cost without inducing such problems. We propose 
a new OS-type algorithm that is derived using optimization transfer 
principles. The proposed method allows the gradient of the regularizer to 
be updated less frequently, and thus reduces the computational expense 
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when many subsets are used. Our derivation leads to an appropriate 
correction term that accounts for the fact that the regularizer gradient 
is updated less frequent than every sub-iteration. Simulations and a 
phantom experiment show that the proposed method reconstructed 
images with compatible image quality within reduced computation time.

8313-70, Session 14

3D biopsy for tomosynthesis: simulation of 
prior information reconstruction for dose and 
artifact reduction
Y. Lin, S. V. Ghate, E. Samei, Duke Univ. (United States)

As tomosynthesis provides 3D information with comparable dose 
level to that of standard mammography, it may be possible to use it 
for breast biopsy. However, multiple imaging required for biopsy may 
involve excessive dose levels. At the same time, metal artifacts can 
negatively impact the quality of the procedure. In this paper, we propose 
a three-step scheme to perform 3D biopsy using tomosynthesis with 
low dose and without metal artifacts. In the first step, a convention 
tomosynthesis scan is performed. The acquired tomosynthesis image 
is then used as a scout to localize target volume, and determine the 
shortest needle path without hitting major vessels. In the second step, 
two post-fire stereotactic images are obtained at +25°and -25°angular 
levels, respectively. With these two images, GPU-driven fast coarse-
to-fine searching strategy is employed to retrieve needle’s exact 
location and orientation. Finally, a synthetic 3D artifact-free biopsy 
image set is generated by combining the breast spatial information 
from tomosynthesis and needle geometry information from stereotactic 
images. Comparing with post-fire tomosynthesis scan, our method 
shows potential for significant dose reduction. Additionally, it can 
eliminate the image degradation caused by metal artifacts, and 
substantially improve the image quality. A simulation was conducted to 
verify our method.

8313-71, Session 14

Differential phase contrast tomosynthesis 
imaging
K. Li, N. Bevins, J. Zambelli, G. Chen, Univ. of Wisconsin School 
of Medicine and Public Health (United States)

The development of differential phase contrast imaging using 
conventional x-ray tubes has spurred great interest in the medical 
imaging community. It has been shown to provide higher contrast 
than absorption imaging in some cases, and in this work we translate 
these advantages to tomosynthesis imaging. A general framework for 
reconstruction of images from differential phase contrast projection 
data has been proposed and implemented using data from a grating-
based x-ray phase contrast tomosynthesis system. Reconstructed 
tomosynthesis images from differential phase contrast data are 
shown, using both a direct backprojection technique and an FBP 
reconstruction method. From the results it is seen that phase contrast 
tomosynthesis can separate superimposed phase objects. Phase 
contrast tomosynthesis reconstruction was shown to provide equivalent 
spatial resolution to absorption contrast tomosynthesis while providing 
complementary information.

8313-72, Session 14

Generalized filtered back-projection for 
digital breast tomosynthesis
K. Erhard, M. Grass, Philips Research (Germany); S. Hitziger, 
A. Iske, Univ. Hamburg (Germany); T. Nielsen, Philips Research 
(Germany)

Filtered back-projection (FBP) has been commonly used as an efficient 
and robust reconstruction technique in tomographic X-ray imaging during 
the last decades. While FBP algorithms provide fast and accurate image 
reconstruction in tomographic X-Ray imaging whenever the source 
trajectory is complete and sufficiently many projections are acquired, 
they perform worse on limited angle tomographic data and yield severe 
artefacts such as the loss of the average value and edge sharpening 
along the source trajectory. These artefacts can be weakend with the 
use of iterative reconstruction techniques since these kind of algorithms 
succesively update the reconstructed image in order to reduce the 
mismatch between measured projection data and the reprojections 
generated from the current image. In this work, a generalized FBP 
algorithm is presented, which uses the filtered projection data of all 
acquired views for back-projection along one direction in order to 
compute an image that is similar to an iteratively calculated one. The 
proposed method requires the computation of geometry-dependent 
filter kernels that provide an efficient reconstruction algorithm with an 
accuracy comparable to iterative techniques, which will be demonstrated 
on simulated breast tomosynthesis data. Moreover, due to the filter 
computation as the pseudo-inverse operator, the reconstructed image 
provides an optimal solution in the least-squares sense, which minimizes 
the error between the measured data and the reprojections of the 
reconstructed image.

8313-73, Session 14

Effect of postreconstruction filter strength 
on microcalcification and mass detection 
at different imaging doses in digital breast 
tomosynthesis: human and model observer 
studies
M. Das, Univ. of Houston (United States); C. M. Connolly, S. 
J. Glick, H. C. Gifford, Univ. of Massachusetts Medical School 
(United States)

Improving the visibility of microcalcifications (MCs) and masses in 
tomographic breast imaging has been an area of intense research in the 
last few years. Various approaches to this problem include optimizing 
the hardware, reconstruction methods, filtering and display options. 
In this paper, we assess the impact of postreconstruction filtering on 
MC detection at various dose levels. DBT images were simulated using 
a rigorous computer simulation applied to realistic breast phantoms. 
Images were reconstructed with the Felkamp FBP algorithm. A 3D 
Butterworth postreconstruction filter was then applied. LROC observer 
studies were conducted for images acquired with 0.7, 1.0 and 1.5 mGy 
doses. As expected, MC detectability fell with reduced dose. At the 
same time, the best MC detection for a given dose was obtained with 
unfiltered images. This suggests that the poor detection performance 
due to the increased noise levels associated with lower dose cannot be 
overcome with postfiltering. The complete paper will also exam the effect 
of postfiltering on mass detection and will use the human observer study 
results as a gold standard to compare the performance of a visual search 
model observer under development.

8313-74, Session 14

Multiscale regularized reconstruction for 
enhancing microcalcification in digital breast 
tomosynthesis
Y. Lu, H. Chan, J. Wei, L. M. Hadjiiski, C. Zhou, Univ. of Michigan 
Health System (United States)

Digital breast tomosynthesis (DBT) holds strong promise for improving 
the sensitivity of detecting subtle mass lesions. Detection of 
microcalcifications is more difficult because of high noise and subtle 
signals in the large DBT volume. It is important to enhance the contrast-
to-noise ratio (CNR) of microcalcifications in DBT reconstruction. A 
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major challenge of implementing microcalcification enhancement in DBT 
reconstruction is to preserve the image quality of masses, especially 
those with ill-defined margins and subtle spiculations. We are developing 
a new multiscale regularization (MSR) method for the simultaneous 
algebraic reconstruction technique (SART) to improve the CNR of 
microcalcifications without compromising the quality of masses. The 
regularization method analyzes the frequency bands of the image via 
wavelet decomposition and applies different degrees of regularization to 
different frequency bands to preserve features of signals and suppress 
noise. Regularization is constrained by a characteristic map to avoid 
smoothing subtle microcalcifications. The characteristic map is generated 
via image feature analysis to identify potential microcalcification locations 
in the DBT volume. The MSR method was compared to the non-convex 
total p-variation (TpV) method and SART without regularization (NR) in 
terms of the CNR and the FWHM of calcifications and mass spiculations 
in DBT scans of human subjects. The results demonstrated that SART 
regularized by the MSR method was superior to the TpV method for 
subtle microcalcifications in terms of CNR enhancement. The MSR 
method preserved the quality of subtle spiculations better than the TpV 
method in comparison to NR.

8313-75, Session 15

Exact and efficient computation of noise 
covariance for fan-beam FBP reconstructions 
that use rebinning to parallel-beam geometry
A. Wunderlich, F. Noo, The Univ. of Utah (United States)

X-ray CT data collected in fan-beam geometry is often rebinned to 
parallel-beam geometry before image reconstruction. In this work, 
we propose an exact, efficient method to analytically calculate the 
covariance between image pixels for an FBP reconstruction when 
such a rebinning step is performed. As a special case, the method also 
enables calculation of image variance. Our approach builds on a previous 
investigation of noise covariance for direct fan-beam FBP reconstruction, 
and encompasses commonly used variants of parallel-beam rebinning 
algorithms that include data interleaving steps to process fan-beam data 
acquired with either a quarter-detector offset or a flying focal spot. The 
accuracy of the variance and covariance calculation results is validated 
through comparison with Monte Carlo estimates.

8313-76, Session 15

Incorporation of noise and prior images in 
penalized-likelihood reconstruction of sparse 
data
Y. Ding, J. H. Siewerdsen, J. W. Stayman, The Johns Hopkins 
Univ. (United States)

Many imaging scenarios involve a sequence of tomographic acquisitions 
to monitor change, raising concerns about imparted radiation dose. 
Dose reduction strategies include acquiring fewer projections or lowering 
x-ray fluence per projection. Both techniques require specialized 
reconstructions (e.g., PICCS for sparse data or statistical methods for 
noisy data) to maintain image quality with reduced-fidelity data. We 
present an approach that uses both a noise model and prior imagery 
to reconstruct simultaneously undersampled and low-fluence data. A 
lung nodule surveillance scenario is investigated and we demonstrate 
improved image quality over traditional approaches that are subject to 
streak artifacts or reduced spatial resolution.

8313-77, Session 15

A preliminary investigation of reduced-view 
image reconstruction from low-dose breast-
CT data
J. Bian, X. Han, The Univ. of Chicago (United States); K. Yang, 
UC Davis Medical Ctr. (United States); E. Y. Sidky, The Univ. of 
Chicago (United States); J. M. Boone, UC Davis Medical Ctr. 
(United States); X. Pan, The Univ. of Chicago (United States)

Prototypes of dedicated breast CT scanners have been built and are 
under evaluation. Analytic algorithms such as FDK are currently used for 
image reconstruction, which generally require data collected at a large 
number of views and also result in low-SNR projection data because of 
the limited total exposure. It was suggested that iterative algorithms can 
potentially improve image quality for low-SNR data by both researchers 
and manufacturers. In this work, we investigate optimization-based 
iterative algorithms for image reconstruction from low-SNR data in breast 
CT. We conduct both physical phantom experiments and clinical patient 
data acquisition using a dedicated breast CT scanner. We formulate the 
reconstruction problem as a constrained minimization of the image total 
variation (TV), and use algorithms based upon the adaptive steepest 
descent and projection-onto-the-convex-set (ASD-POCS) scheme to 
solve the optimization problem. Using the algorithms developed, we 
reconstructed images from the collected phantom and patient data. We 
carried out preliminary image reconstruction studies from both full-view 
and reduced-view low-SNR breast CT data and study how the image 
quality changes with number of views. Because the FDK algorithm is 
currently used clinically for image reconstruction in breast CT, images 
reconstructed with the proposed algorithms are compared with those 
obtained with the FDK algorithm. Results of these studies suggest that 
optimization-based algorithms may potentially improve image quality 
over the FDK algorithm for low-SNR breast-CT data.

8313-78, Session 15

Preliminary investigation of image 
reconstruction from sparse-view C-arm data
Z. Zhang, J. Bian, X. Han, The Univ. of Chicago Medical Ctr. 
(United States); J. J. Manak, Jr., GE Global Research (France); 
E. Y. Sidky, X. Pan, The Univ. of Chicago Medical Ctr. (United 
States)

C-arm Cone-beam CT (CBCT) is used frequently in image-guided surgery 
(IGS) procedures because it can be used conveniently for determining the 
current position and status of the target and surrounding tissues inside 
the patient. During the past decade or so, there has been tremendous 
interest in using C-arm systems as a cone-beam CT (CBCT) unit to 
yield tomographic images, which are reconstructed from projection 
data acquired over an angular range of as small as 180 degrees plus 
fan angle (known as a short-scan). In this work, we investigate image 
reconstruction from patient head data set acquired with a GE C-arm 
system by use of the TV-minimization algorithm. The real patient data 
were collected at 587 views uniformly over a short-scan angular range 
of 193.8 degrees and sparse-view data sets were extracted from the 
full data set at 294, 147 and 84 views which also uniformly distributed 
over the short-scan angle. We have modified and applied both TV-
minimization and FDK algorithms to reconstruct images from the 
short-scan data and sparse-view data sets. The results show that by 
using optimization-based reconstruction algorithms tailored to the C-arm 
system, one can reduce image artifacts in reconstructions from full data 
and reconstruct images of potential practical utility from the short scan 
sparse-view data sets.
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8313-79, Session 15

Reduced memory augmented Lagrangian 
algorithm for 3D iterative x-ray CT image 
reconstruction
M. G. McGaffin, S. Ramani, J. A. Fessler, Univ. of Michigan 
(United States)

Although statistical image reconstruction methods for X-ray CT can 
provide improved image quality at reduced patient doses, computation 
times for 3D axial and helical CT are a challenge. Rapidly converging 
algorithms are needed for practical use. Augmented Lagrangian methods 
based on variable splitting recently have been found to be effective 
for image denoising and deblurring applications. These methods are 
particularly effective for non-smooth regularizers such as l1 norms 
and total variation methods. However, when standard “split Bregman” 
methods are applied directly to 3D X-ray CT problems, numerous 
auxiliary variables are needed, leading to undesirably high memory 
requirements. For minimizing regularized, weighted least-squares (WLS) 
cost functions, we propose a new splitting approach for CT, based on 
the alternating direction method of multipliers (ADMM), that has multiple 
benefits over previous methods: (i) reduced memory requirements, 
(ii) effective preconditioning using modified ramp/cone filters, (iii) 
accommodating very general regularizers including edge-preserving 
roughness penalties, total variation methods and sparsifying transforms 
like wavelets. Numerical results show that the proposed algorithm 
converges more rapidly than conventional algorithms, and that the cone 
filter is particularly effective for accelerating convergence.

8313-80, Poster Session

Automatic detection of rotational centers 
from projection data for micro-tomography in 
synchrotron radiation
Y. Pan, F. De Carlo, X. Xiao, Argonne National Lab. (United 
States)

Determination of the rotation axis position in tomographic projection 
images is critical to perform a correct reconstruction. Rotational centers 
in micro-tomography may shift by several microns after the initial 
calibration due to various factors such as temperature variation, sample 
system stability and sample loading procedures. Automatic detection 
of rotational centers after data acquisition is therefore crucial for 
accurate and efficient reconstruction, and it is commonly implemented 
at various synchrotron facilities. We propose to implement a reliable 
cross correlation method on the projections of 0 and 180 degree to 
automatically re-align the rotation axis at data collection time. For this 
purpose, several issues, such as the flat-field correction for the imaging 
system and the irregular data near projection boundaries, are handled to 
increase the stability achieving 1 pixel alignment. The method is shown 
from experimental results to be accurate, efficient and stable.

The results from automatic detection are mostly within one pixel 
difference from manual/operator detection results. Following the data 
collection we developed an automatic sub-pixel rotational centering 
method. Intermediate results from this final process are generated 
for user inspection. The proposed method is able to detect rotational 
center shifts within 1.2 minutes for high-resolution projections of 
size 2048×2048. It is also shown to be stable for static samples in 
complicated cases. The proposed method fits seamlessly into the current 
framework of beamline 2-BM at the Advanced Photon Source, Argonne 
National Laboratory. It may save 5 minutes for partial reconstruction and 
5-10 minutes for manual detection without sacrificing accuracy. Sub-pixel 
rotational center shift will be described in details in the full manuscript.

8313-81, Poster Session

Ring artifact removal for micro-tomography in 
synchrotron radiation
Y. Pan, F. De Carlo, X. Xiao, Argonne National Lab. (United 
States)

Ring artifacts are common in tomography reconstructions. These artifacts 
may arise, in microtomography using synchrotron radiation, from dead 
pixels in CCD detectors, damaged scintillator screens and instabilities 
of the synchrotron beam. Ring artifact removal is therefore an important 
task. We apply an image inpainting algorithm to the sinogram data to 
reduce ring artifacts in reconstructions. The applied image inpainting 
algorithm is advantageous because it utilizes the directional information 
of level lines, as well as the intensity information, in the sinogram data. 
Preliminary experimental results show that the proposed method is able 
to compensate both the missing directional information and the distorted 
intensity information, which may lead to accurate reconstructions. 
A big improvement in reconstruction image qualities is achieved for 
microtomography using the proposed method. A thorough comparison of 
the proposed method with respect to existing methods will be provided 
in the full manuscript, along with its possible GPU implementation for 
efficiency.

8313-82, Poster Session

An efficient method to estimate noise in 
computed tomography images
A. Thran, E. Roessl, R. Proksa, Philips Research Innovative 
Technologies (Germany)

Image noise is an important parameter when optimizing CT system 
parameters. For example in multi-energy CT the statistical error in 
material images is of high interest. It has been shown that the statistical 
error of individual line integrals can be quantified by the Cramer-Rao 
lower bound, but it is not straightforward to estimate the noise in 
the corresponding material images, since for an exact calculation a 
large number of projections has to be taken into account. This paper 
introduces a way to approximate the image noise by using noise 
estimates of only a few line integrals. The method is exemplified using 
simulated dual energy CT data, and the results are shown to coincide 
with Monte Carlo outcomes. The method provides a fast alternative to 
Monte Carlo simulations in order to calculate the image noise depending 
on various system parameters, which is very helpful, e.g., for system 
design.

8313-83, Poster Session

Data normalization method for a multisource 
inverse geometry CT system
J. Baek, N. J. Pelc, Stanford Univ. (United States)

The multi-source inverse-geometry CT(MS-IGCT) system is composed of 
multiple sources and a small 2D detector array. Each source is activated 
sequentially and covers a small portion of the field-of-view (FOV) and a 
full FOV reconstruction is acquired by combining projection data from all 
sources. During the data acquisition, the intensity of each x-ray source 
could change, e.g. because of instability in the power supply, leading to 
artifacts in the reconstructed image. To reduce the image artifacts, we 
developed a data normalization algorithm for the MS-IGCT system. The 
projection data of each source shares an overlap region in 2D Radon 
space with another source. Thus, substantially same projection data can 
be generated from different sources at different gantry positions. Since 
at least one source can illuminate a reference channel and therefore its 
data can be easily normalized. This normalized projection data can be 
used to normalize the raw data of another source with which it shares 
an overlap region. By performing this normalization process sequentially, 

Conference 8313: Physics of Medical Imaging



22 SPIE Medical Imaging 2012 · spie.org/mi

the intensity variations of all sources can be corrected. The proposed 
method was tested with Shepp-Logan phantom using 10% random 
source intensity fluctuations. While the reconstructed image showed 
image artifacts that result from uncorrected fluctuations, after applying 
the proposed normalization algorithm, image artifacts were removed.

8313-84, Poster Session

Noise-reduction for helical CT using coupled 
projections
Y. Fan, J. Ma, H. Zhu, Y. Liu, Stony Brook Univ. (United States); 
H. Lu, Fourth Military Medical Univ. (China); Z. J. Liang, Stony 
Brook Univ. (United States)

One of the applicable approaches to reduce the X-ray radiation on patient 
can be achieved by using a low-mAs on the tube current, while, the 
image will be inevitably degraded by the excessive noise. In our previous 
studies, we investigated a Karhunen-Loeve (KL) domain penalized 
weighted least-squares (PWLS) strategy to restore the sinogram data 
at low mAs levels. Three neighboring projections with each of them 
a 2-dimendional (2D) image acquired along the helical trajectory are 
considered by the KL-PWLS strategy. Promising results have been 
observed over simulation data acquired at low-dose and ultra low-dose 
levels. However, due to the movement along the direction of axis rotates, 
the correlations among those projections are inevitably impaired. As a 
result, the reconstructed images will be blurred with using this strategy, 
which are not desired in the clinic applications. 

In this work, we improved previous work by using the correlated 
information from coupled projections. Two 1-dimensional (1D) 
projections, which called coupled projections (CP), with each elements 
ware carefully selected within a full circle according to the geometry 
were composed, together with the 1D projection to be processed, are 
adaptively treated by the KL-PWLS strategy. This method has been 
implemented and tested on computer simulated sinograms which mimic 
low-dose CT scans. The reconstructed images by the presented strategy 
demonstrated the potential of ultra low-dose CT application.

8313-85, Poster Session

The effect of source position accuracy on 
image quality in helical MDCT 3D image 
reconstruction
A. C. Dhanantwari, Philips Medical Systems (United States); Q. 
Wang, Cornell Univ. (United States); N. Soni, Philips Medical 
Systems (United States)

In helical CT, the projection data is acquired while the scanned object is 
translated in the z-direction as the source-detector combination rotates 
in the x-y plane. For pristine image reconstruction, accurate reporting of 
the relative source position is required. However, in practical situations 
many factors contribute to inaccuracies in this reporting.

This study evaluates the effect of reported source location errors on 
reconstructed image quality. A series of projection data of an analytical 
phantom was generated with various forms of source position z-location 
errors according to 16-, 32- and 64-row cone-beam CT geometries. 
The source of position reporting errors was divided into 2 categories: 
(a) sample measurement errors and (b) clocking errors. On each of the 
scanner geometries, a baseline level of 0.1 mm of quantization accuracy 
and 1 millisecond of sampling accuracy was considered. Images from 
projections with error are compared with the accurate projections (at 
accurate source locations) in the axial, sagital and coronal planes. 

Comparisons across the detector row geometries suggest that the image 
quality of the 64-row geometry is affected the most while the image 
quality of the 16-row geometry is affected the least. The conclusion is 
that artifacts from mis-reporting of the source location in helical scans 
appear predominantly in the sagital/coronal planes. Artifacts become 
more prevalent as the detector coverage becomes larger. Further these 

artifacts are dependent on the frequency content of the structures that 
are being imaged.

8313-86, Poster Session

4D iterative reconstruction in cardiac CT
H. K. Bruder, Siemens Medical Solutions GmbH (Germany); R. 
Raupach, J. Sunnegardh, Siemens HealthCare (Germany); M. 
Sedlmair, K. Stierstorfer, T. G. Flohr, Siemens Medical Solutions 
GmbH (Germany)

In this paper, a 4D iterative reconstruction scheme is developed to 
reduce noise and/or allow for a reduction of radiation exposure in 
multi-slice cardiac CT. In our implementation, image volume data sets 
are sampled at temporal positions adjacent to an optimized cardiac 
phase (best phase). Nonlinear regulari¬zation priors operate on a 4D 
cube surrounding each voxel in 4D space, reducing image noise while 
maintaining temporal resolution and spatial image sharpness. 

The temporal resolution of image data is maintained despite the usage 
of temporal data that can sub-stantially exceed the reconstruction range 
of the best phase recon¬struction. Consequently, the noise statistic is 
significantly improved because non-correlated image data at different 
temporal positions are utilized.

To reduce the high computational load, the iterative regularization 
in 4D can be transferred to image space. Raw-data based Iterative 
Reconstruction - to reduce artifacts due to the non-exactness of the 
backprojector - is decoupled from regularization and restricted to only 
those projection data belonging to the best phase reconstruction.

Finally, the image formation is achieved by a normalized combination of 
the low frequency part of the raw data based Iterative Reconstruction 
at cardiac best phase and the high frequency part of the image-based 
regularization image at best phase.

We demonstrate the potential of noise reduction on basis of clinical 
cardiac CT data. As an example, for cardiac dual source CT (DSCT) data, 
a noise reduction up to 70% was achieved. Even in case of a very high 
and irregular heart beat with average heart rate of 115 bpm the high 
temporal resolution of DSCT could be maintained.

8313-87, Poster Session

Prior image constrained compressed sensing: 
a quantitative performance evaluation
P. Theriault Lauzier, J. Tang, G. Chen, Univ. of Wisconsin-
Madison (United States)

The appeal of compressed sensing (CS) in the context of medical 
imaging is undeniable. In MRI, it could enable shorter acquisition times 
while in CT, it has the potential to reduce the dose of ionizing radiation 
imparted to patients. However, images reconstructed using a CS-based 
approach often show an unusual texture and a loss in spatial resolution. 
The prior image constrained compressed sensing (PICCS) algorithm has 
been shown to enable accurate image reconstruction at lower levels 
of sampling. This study systematically evaluates an implementation of 
PICCS applied to myocardial perfusion imaging with respect to two 
parameters of its objective function. The prior image parameter alpha 
was shown here to yield an optimal image quality in the range 0.4 to 
0.5. A quantitative evaluation in terms of temporal resolution, spatial 
resolution, noise level, noise texture, and reconstruction accuracy was 
performed.

8313-88, Poster Session

Variance estimation of x-ray CT sinogram in 
radon domain
J. Ma, Z. J. Liang, Y. Fan, Stony Brook Univ. Medical Ctr. (United 
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States); Y. Liu, Stony Brook Univ. (United States); J. Huang, 
Southern Medical Univ. (China); L. C. Li, College of Staten Island 
(United States); W. Chen, Southern Medical Univ. (China)

Low-dose x-ray computed tomography (CT) is clinically desired. 
However, the quality of low-dose CT image is severely degraded due

to excessive photon quantum noise and electronic noise. It is known 
that accurate noise modeling is a fundamental issue for low-dose CT 
imaging, such as statistical iterative image reconstruction and statistics-
based singoram restoration. In this paper, we first studied the statistical 
moment properties of the noise model in CT projection domain wherein 
the noise of detected signal is considered as quantum photon noise 
plus background electronic noise. More importantly, we derived a new 
formula to estimate the mean-variance relationship in Radon domain 
by using Taylor explanation. To test the presented variance estimation 
formula, an anthropomorphic torso phantom was scanned repeated by a 
commercial scanner at five different mAs levels from 100 down to 17. The 
experimental results demonstrate that the electronic noise is significant 
when low-dose scan is performed or the number of detected photons 
is limited. As an important conclusion of the presented study, electronic 
noise effect should be considered in low-dose CT reconstruction.

8313-89, Poster Session

Investigation of temporal resolution required 
for CT coronary angiography
K. Ohashi, Nagoya City Univ. (Japan) and Kanazawa Univ. 
(Japan); K. Ichikawa, Kanazawa Univ. (Japan); T. Kawai, Y. 
Shibamoto, Nagoya City Univ. (Japan)

Sub-second multi-detector computed tomography systems (MDCTs) 
offer great potentials for improving cardiac imaging. However, since 
the temporal resolution of such CT systems is not sufficient, blurring 
and artifacts occurred by fast cardiac motion are still problematic. The 
purposes of this study were to investigate the accurate measurement 
method of temporal resolution (TR) of the cardiac CT and required TR for 
obtaining better coronary CT angiography (CTCA).

We employed a dual source CT system (Somatom Definition, Siemens), 
which has various temporal resolution modes (83, 125, and 165 msec) 
of electro-cardiogram (ECG)-gated scanning. The temporal sensitivity 
profiles (TSPs) were measured by a new method using temporal impulse 
generated by metal ball (impulse method). The CTCA images of two 
hundreds patients with heart rates (HRs) from 36 to 117 beat per minute 
(bpm) were perceptually evaluated using a 4-point scale scoring.

The TSP of each mode could be measured accurately by the impulse 
method, and it was validated that the nominal TR for each mode was 
correct. The temporal modulation transfer functions (MTFs) calculated 
from the TSPs were effective to evaluate the TSPs. The 165-msec TR 
mostly available on recent MDCTs was sufficient for only low HR (< 60 
bpm). The 125-msec TR was sufficient for low and middle HRs (< 80 
bpm) on left coronary arteries, and insufficient on right coronary arteries. 
The 83-msec TR was insufficient for only very fast motion of right 
coronary arteries at high HR more than 80 bpm.

8313-90, Poster Session

Imaging performance in differential phase 
contrast CT compared with conventional CT-
modulation transfer function and noise power 
spectrum
X. Tang, Y. Yang, S. Tang, The Winship Cancer Institute of Emory 
Univ. (United States)

The x-ray differential phase contrast (DPC) CT is emerging as a new 
technology with the potential for extensive preclinical and clinical 
applications. The signal detected in the DPC-CT is projection of the 

derivative refraction of an object to be imaged, which leads to the 
substitution of the ramp filtering with the Hilbert filtering in image 
reconstruction using filtered backprojection (FBP) algorithms. In general, 
the performance of an imaging system is jointly determined by its signal 
property (modulation transfer function-MTF) and noise property (noise 
power spectrum-NPS), in which the filter kernel employed by the FBP 
algorithm may play a significant role. Via system analysis, modeling 
and simulated phantom study, we have found and reported that, owing 
to the adoption of the Hilbert filtering, the noise property of DPC-CT 
characterized by NPS differs substantially from that of the conventional 
attenuation-based CT. In this work, through system analysis, modeling 
and simulated phantom study again, we investigate the signal behavior 
of DPC-CT characterized by its MTF and compare it with that of the 
conventional CT. It is believed that, through an investigation into both 
signal and noise properties, the imaging performance of the DPC-CT 
and its advantages over the conventional attenuation-based CT can be 
thoroughly and insightfully understood.

8313-91, Poster Session

Quantification of ring artifact visibility in CT
M. Persson, B. Meyer, H. Bornefalk, M. E. Danielsson, Royal 
Institute of Technology (Sweden)

Ring artifacts in CT occur when there are systematic differences in the 
detection efficiency between detector elements. Calibration schemes 
must be assigned to the raw data to decrease the amount of artifacts. 
When these calibration schemes are developed there is a need for 
assessing their efficiency without having to resort to time consuming 
observer studies. We study a metric for assessing the severity of ring 
artifacts and by a simple observer study determine cutoff values above 
which rings are clearly visible and below which they are not.

With the advent of multiple bin photon counting detectors, where flat field 
correction algorithms are more complex than in non-spectral CT systems, 
adequate reduction of count rate discrepancies between detector 
elements will increase in importance. This fuels the need for a proper 
metric with corresponding cutoff values both of which are presented in 
this work.

8313-92, Poster Session

Image quality evaluation of iterative CT 
reconstruction algorithms: a perspective from 
spatial domain noise texture measures
J. H. Pachon, Duke Univ. (United States); G. Yadava, D. Pal, J. 
Hsieh, GE Healthcare (United States)

Non-linear iterative reconstruction (IR) algorithms have shown promising 
improvements in image quality at reduced dose levels. However, IR 
images sometimes may be perceived as having different image noise 
texture than traditional filtered back projection (FBP) reconstruction. 
Standard linear-systems-based image quality evaluation metrics 
are limited in characterizing such textural differences and non-linear 
image-quality vs. dose trade-off behavior, hence limited in predicting 
potential impact of such texture differences in diagnostic task. In an 
attempt to objectively characterize and measure dose dependent 
image noise texture and statistical properties of IR and FBP images, 
we have investigated higher order moments and Haralicks Gray Level 
Co-occurrence Matrices (GLCM) based texture features on phantom 
images reconstructed by an iterative and a traditional FBP method. In 
this study, the first 4 central order moments, and multiple texture features 
from Haralick GLCM in 4 directions at 6 different ROI sizes and four 
dose levels were computed. For resolution, noise and texture trade-
off analysis, spatial frequency domain NPS and contrast-dependent 
MTF were also computed. Preliminary results of the study indicate that 
higher order moments, along with spatial domain measures of energy, 
contrast, correlation, homogeneity, and entropy consistently capture the 
textural differences between FBP and IR as dose changes. These metrics 
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may be useful in describing the perceptual differences in randomness, 
coarseness, contrast, and smoothness of images reconstructed by non-
linear algorithms.

8313-93, Poster Session

Modeling scattered radiation from dose 
compensator in CT by forced detection 
Monte Carlo simulation
N. Bazargani, R. A. Thompson, Philips Healthcare (United 
States); Y. Yagil, Philips Healthcare (Israel)

We model the scatter radiation from the dose compensator in x-ray 
computed tomography (CT) using Monte Carlo (MC) simulation. To the 
best of our knowledge, this is the first study that uses MC simulation to 
model and investigate the scatter radiation from the dose compensator 
in CT. Dose compensators in CT serve to minimize the radiation dose 
received by the patient, but there is some degree of scatter radiation 
from the dose compensator which can reach detectors and result in 
image quality degradation. This scattered radiation impacts high contrast 
edges such as bone-soft tissue and tissue-air interfaces, similar to the 
well known off-focal radiation from the X-ray tube. Since detectors 
are far from the scatter source and have small solid angle, traditional 
MC is not efficient. To increase the computation efficiency of the MC 
simulation, a variance reduction technique called forced detection (FD) 
is implemented. The FD increases the efficiency of our MC simulation 
by a factor of 42,800. We find the dose compensator scatter to primary 
ratio (SPR) from MC simulation. The SPR ranges from a few percent to 
14% across the detector. Simulations of water phantoms indicate that 
contamination by this scatter radiation can lead to significant effects 
along edges as large as 15-20 HU, necessitating the need for correction. 
We demonstrate a method for correction of this effect in filtered back 
projection reconstruction and show that the correction following a typical 
off-focal approach can significantly reduce the level of the artifact along 
the edge of the phantom.

8313-94, Poster Session

The CTDOR geometry: an optimized data 
treatment to demonstrate its potential
C. Brunner, O. Tischenko, H. de las Heras, Helmholtz Zentrum 
München GmbH (Germany); B. C. Renger, Technische Univ. 
München (Germany); H. Schlattl, C. Hoeschen, Helmholtz 
Zentrum München GmbH (Germany)

In order to decrease the patient’s radiation exposure from Computed 
Tomography, the new CT geometry CTDOR has been invented. It 
consists of two data sets: A conventional arc or flat panel detector and 
a mask ring with shieldings on the outside and detectors on the inside 
separated by windows. Combined with the reconstruction algorithm 
OPED, it has the theoretical potential to decrease the dose about 50 % 
while providing the same image quality as conventional systems. First 
steps to evaluate this theory were done with a mask ring demonstrator 
combined with a conventional C-arm device. Although the quality of 
the demonstrator is limited, this set-up was supposed to demonstrate 
how the combination of the two data sets works in principle. Preliminary 
results from earlier studies, however, provided images of rather poor 
quality. This work presents better images obtained with an optimized 
data treatment. We showed that most artifacts are eliminated and that 
we get sharper images with higher contrast compared to the images 
reconstructed from the single data sets and compared to the earlier 
study. Regarding the limitations of the set-up, the resulting images were 
remarkably good. CTDOR is therefore a promising method, which is 
worth to perform further studies.

8313-95, Poster Session

Accelerated augmented Lagrangian method 
for few-view CT reconstruction
J. Wu, X. Mou, Xi’an Jiaotong Univ. (China)

Recently, an elegant and promising theory of compressed sensing(CS) 
shows that a high-quality signal or image can be reconstructed from 
far fewer measurements than what is usually required by the Nyquist 
sampling theorem, provided that the signal or image is known to be 
sparse. It is encouraging that the image reconstruction in CT can be 
cast as a compressed sensing problem based on l1 norm minimization 
constrained by projection data. A challenge of utilizing the idea of 
“CS” consists of developing the efficient algorithm for the optimization 
problem.In this paper, we propose an accelerated augmented 
Lagranigian method (ALM) for few-view CT reconstruction with total 
variation regularization. Experimental phantom results demonstrate that 
the accelerated augmented Lagranigian method not only reconstructs 
high quality image from few-view projection data but also converges fast 
to the optimal solution.

8313-96, Poster Session

Relevance of MTF and NPS in quantitative CT: 
towards developing a predictable model of 
quantitative performance
B. Chen, S. Richard, E. Samei, Duke Univ. (United States)

The quantification of CT images provides valuable information for disease 
diagnosis and staging. However, the precision of the quantification is 
protocol, system, and technique dependent and remains uncertain 
for a given imaging study. To efficiently investigate the quantitative 
precision and find an optimal operating point, it is important to develop 
a predictable model based on basic system parameters. In this study, a 
Fourier-based metric, the estimability index (e’) was proposed as such a 
predictor, and validated across a variety of imaging conditions. To obtain 
the ground truth of quantification precision, an anthropomorphic chest 
phantom with synthetic spherical nodules were imaged on a 64 slice 
CT scanner across a range of protocols (i.e. mAs and reconstruction 
algorithms). The volumes of nodules were quantified from the images 
using clinical software, with the precision of the quantification calculated 
accordingly. To predict precision, the e’ was calculated from modulation 
transfer function (MTF) and noise power spectrum (NPS) of the system 
and an iteratively trained task function, and showed a strong correlation 
(R2=0.9655) with the measured precision across all dose levels and 
reconstruction algorithms. The findings indicate that e’ can serve as an 
effective predictor for volume quantification. This study provides a useful 
framework for quantification-oriented optimization of CT protocols. This 
work was supported in part by RSNA QIBA initiative and GE Healthcare.

8313-97, Poster Session

Investigation of image quality, geometric 
deformation and HU calibration in cone beam 
computed tomography (CBCT) using a new 
phantom
C. Blendl, M. Selbach, C. Uphoff, Fachhochschule Köln 
(Germany); J. M. Voigt, M. Fiebich, Technische Hochschule 
Mittelhessen (Germany)

Purpose: Flat panel-based cone beam computed tomography (CBCT) 
is developing to be state-of-the-art technique in several medical 
disciplines such as dental and otorhinolaryngological imaging. Dental and 
otorhinolaryngological CBCT systems offer a variety of different field-
of-view sizes with up to 17.0 cm. This makes it difficult to use existing 
phantoms, such as the CatPhan, for image quality investigations because 
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of the large diameter of more than 20.0 cm. In this work we present a 
new phantom specially designed for CBCT system and its practical 
evaluation. Materials and methods: The phantom provides measurements 
of MTF, SNR, NPS, HU calibration and geometric deformation. To 
investigate the practicability the phantom was scanned using dedicated 
CT-scanners, 3D C-arm und digital volume tomographs. The acquired 
axial image stacks were analyzed using a dedicated computer program, 
which is provided as ImageJ plugin. The MTF was compared to other 
methodologies such as a thin wire or a sphere. The HU values were also 
computed by using an electron density phantom.Results and conclusion: 
Using this phantom the MTF was computed for all slices. SNR, NPS and 
HU-value are computed for 6 different materials. No other phantom could 
deliver such amount of information. A unique feature of this phantom is to 
compute the geometric deformation of the 3D-volume image. This gives 
the chance to improve accuracy in e.g. dental implant planning. Another 
convenient feature is that the phantom needs to be scanned only one 
with otorhinolaryngological volume tomographs to be fully displayed.

8313-98, Poster Session

Onboard cone beam CT with flexible image 
trajectories to improve image quality and 
longitudinal coverage: simulation and 
phantom study
D. Yang, J. Tan, H. Li, S. M. Goddu, H. Li, Washington Univ. in St. 
Louis (United States)

Onboard CBCT for radiation linear accelerators suffers from limited 
longitudinal coverage and various image quality problems, especially at 
wider cone angles. Such problems prevent CBCT being applied in full 
potentials for many clinical cancer sites, including head-neck, and for 
many quantitative applications, including tumor response evaluation and 
daily radiation dose computation. 

We propose to use CBCT with flexible X-ray source trajectories to 
overcome these limitations. The core idea is to combine gantry rotation 
with simultaneous couch motion. Longitudinal coverage can therefore be 
extended without limitation. Image quality can be enhanced by applying 
advanced exact CBCT reconstruction algorithm. However, unlike 
diagnostic CT where helical CBCT is widely used, LINAC onboard CBCT 
because gantry can only rotate within 360 degrees and couch table 
cannot move during gantry rotation. To solve the hardware problem, we 
program the new Varian TrueBeam LINAC machine in developer mode to 
realize simultaneous gantry and couch motion so to simulate any flexible 
scan trajectories. We also implemented CBCT simulation algorithms 
with digital phantoms to support any flexible source trajectories. We 
implemented and improved Katsevich exact reconstruction algorithm 
for image reconstruction from projection data obtained in phantom 
simulations.

We have studied a few different source trajectory models including 
double circle, helical and saddle. The initial digital phantom results were 
encouraging. The longitudinal coverage was extended. Image quality 
has been improved using Katsevich reconstruction algorithm. Physics 
phantom studies on TrueBeam LINAC machine is our next step.

8313-99, Poster Session

Investigation of Fourier transform-based 
phase-retrieval approach for dynamic 
differential phase-contrast cone beam CT 
imaging
W. Cai, R. Ning, Y. Yu, J. Liu, Univ. of Rochester Medical Ctr. 
(United States)

The phase stepping algorithm is commonly used for phase retrieval in 
grating-based differential phase-contrast (DPC) imaging, which requires 
multiple intensity images to compute one DPC image. It is not efficient for 

data acquisition, especially in the case of dynamic imaging using either 
DPC imaging or DPC-based cone beam CT (DPC-CBCT) imaging. A 
Fourier transform-based approach has been developed for fringe pattern 
analysis in optics, and it was recently implemented into a synchrotron-
based DPC tomography system. In this research, this approach is further 
developed for a bench-top DPC-CBCT imaging system with a hospital-
grade x-ray tube. The key idea is to separate carrier fringes and object 
information in Fourier domain of the interferogram and to reconstruct 
the differentiated phase information using the object information. 
Only one interferogram is required for phase retrieval at a cost of 
spatial resolution. The fringes of moiré patterns are used as the carrier 
fringes, and a phantom is scanned to evaluate the approach. Various 
interferograms with different carrier fringe frequencies are investigated 
and the reconstruction image quality is evaluated in terms of contrast, 
noise and sharpness. The results indicate that the DPC images can be 
effectively retrieved using the Fourier transform-based approach and the 
reconstructed phase coefficient showed better contrast compared to 
that of attenuation-based contrast. The spatial resolution is acceptable 
(~2 lp/mm) in the phantom studies although it is not as good as the 
results of phase-stepping approach. The Fourier transform-based phase 
retrieval approach is able to greatly simplify data acquisition, to improve 
the temporal resolution and to make it possible for dynamic DPC-CBCT 
imaging. It is promising for perfusion imaging where spatial resolution is 
not a concern.

8313-100, Poster Session

Investigation of source grating stepping for 
differential phase-contrast cone-beam CT 
(DPC-CBCT) system
J. Liu, R. Ning, W. Cai, Y. Yu, Univ. of Rochester Medical Ctr. 
(United States)

In a Differential phase contrast (DPC) imaging system, the phase 
stepping method is widely used to obtain DPC images. However, DPC 
imaging requires a high mechanical precision to perform phase stepping, 
which is one order higher than the period of phase grating. Given that 
phase grating period is generally 2-4 um, the requirement of mechanical 
accuracy and stability are very demanding (<0.5um) and difficult to meet 
in a system with rotating gantry. In this paper, we present a method 
that is able to greatly relax the requirement of mechanical accuracy and 
stability by stepping the source grating rather than the analyzer grating. 
This method is able to increase the system’s mechanical tolerance 
without compromising image quality and make it feasible to install the 
system on a rotating gantry. It is also able to increase the grating shifting 
precision and as a result improve the reconstructed image quality. 
Mechanical tolerance investigation and image quality investigation at 
different phase stepping schemes and different dose levels will be carried 
out on both the original modality and the new modality, the results will be 
evaluated and compared. We will deliberately create random mechanical 
errors in phase stepping and evaluate the resulting DPC images and 
DPC-CBCT reconstructions. The contrast, noise level and sharpness will 
be evaluated to assess the influence of mechanical errors. By stepping 
the source grating, the system is expected to tolerate an error of 6-7 
times bigger than that with analyzer grating stepping.

8313-101, Poster Session

Geometric calibration using bundle 
adjustment for cone-beam computed 
tomography devices
A. Ladikos, W. Wein, White Lion Technologies AG (Germany)

In this paper we present a novel geometric calibration procedure for 
cone-beam computed tomography (CBCT) devices with arbitrary 
geometry using a calibration phantom containing steel beads. In contrast 
to typical calibration procedures the position of the beads does not 
have to be known precisely as it is also recovered during calibration. In 
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addition, the arrangement of the beads inside the phantom is very flexible 
and does not have to follow hard constraints. The bead centers are 
extracted with subpixel precision from the projection images while taking 
the absorption properties of the calibration phantom into account. Based 
on the recovered center positions and phantom geometry, the projection 
geometry is computed for every projection image. This geometry can be 
arbitrary and does not have to lie on a specific path, e.g. a circle. This 
allows to calibrate devices with reproducible mechanical errors in the 
gantry movement. We present an evaluation of the point extraction and 
the calibration procedure on ground-truth data and show reconstruction 
results on a device calibrated using the proposed calibration method.

8313-102, Poster Session

Assessment of the central artefact in cone 
beam CT imaging with an offset geometry
G. Zhang, R. Jacobs, H. Bosmans, UZ Leuven (Belgium)

The ‘central artefact’ is commonly seen in cone beam computed 
tomography (CBCT) in case of an offset scanning geometry. This study 
evaluates the hypothesis that such artefact is caused by the rotationally 
asymmetric distribution of scatter. Predictions were examined by use 
of a Monte Carlo-based simulation model in conjunction with a simple 
experimental design. The model accounted for the entire imaging chain 
and was parameterized according to the Scanora 3D (Soredex, Finland) 
CBCT system. Computational cylinder phantoms of different cross-
sections and internal structures were simulated under various symmetric 
and asymmetric settings. The integrated commercial software tool was 
employed for image reconstruction. Results confirmed the scatter was 
the source for the central artefact. It was also found that the artefact 
was particularly apparent with the algebraic iterative reconstruction. 
The extent of asymmetry, by either the object’s structure or eccentric 
placement, was much more influential than the effect of the truncated 
field of view. The findings have also been further validated with 
computational anatomical phantoms. The computer simulation approach, 
as adopted in this study, is efficient and has a wide application to CBCT.

8313-103, Poster Session

Low kV rotational 3D x-ray imaging for 
improved CNR of iodine contrast agent
D. Schäfer, M. Ahrens, Philips Research (Germany); P. G. Eshuis, 
Philips Healthcare (Netherlands); M. Grass, Philips Research 
(Germany)

The contrast of iodine to soft tissue (water) decreases with higher 
tube voltage in reconstructed 3D X-ray images. Improved acquisition 
protocols with a tube voltage of about 80 kV for imaging iodine have 
been proposed earlier for diagnostic CT imaging. We investigate the 
contrast-to-noise ratio (CNR) and the CNR-to-dose ratio (CDR) for 
different concentrations of iodinated contrast agent inserts in water 
background. The tube voltage of the protocol is lowered from 123 kV to 
83 kV in 10 kV steps. A series of measurements with 16 different settings 
of tube voltage, current and filter settings are investigated. The weighted 
computed tomography dose index CTDIW for the new protocol settings 
is measured.

Four protocols with tube voltages between 83 kV and 103 kV and 
similar X-ray dose are compared to the original protocol. A low contrast 
phantom, containing a water filled cylinder with 5 tubes of different 
mixtures of iodine contrast inside a 32 cm PMMA ring, is imaged with 
each protocol. Increased contrast of the iodine filled tubes to the water 
background is clearly visible in the reconstructed volumes for lower 
tube voltage and less copper filtering. The best results are obtained 
with the (83 kV, 561 mA, 0.4 Cu) - protocol. This protocol may improve 
iodine contrast agent visibility in various 3D imaging applications. For 
large patients a higher tube voltage, e.g. the (103 kV, 325 mA, 0.4 Cu) 
- protocol, may be used to avoid tube power limitations at 83 kV. This 
protocol still has improved iodine imaging compared to the 123 kV 
protocol and a larger tube power reserve.

8313-104, Poster Session

Development of optimized segmentation map 
in dual-energy computed tomography
K. Yamakawa, H. Ueki, Hitachi, Ltd. (Japan)

Dual energy CT (DECT) is expected to be useful in precise segmentation. 
DECT based segmentation is performed as follows. First, X-ray 
irradiations with two different energy levels are performed on objects, 
and two corresponding CT images with different attenuation coefficient 
values are measured. Then, tissues are segmented and visualized by 
applying a predetermined segmentation map to the previously measured 
attenuation coefficient values. One serious problem in conventional 
DECT is that the segmentation is deteriorated in some cases because the 
segmentation map is applied without considering how tube voltage and 
current affect the measurement. For a precise segmentation in DECT, we 
propose using a segmentation map created considering the influence of 
the tube voltage and current. Our approach models distribution of the 
error caused by the quantum noise included in the measured attenuation 
coefficient values. This model is used to calculate the possible ranges of 
attenuation coefficients values of tissues and create maps. Furthermore, 
we propose optimizing the combination of tube voltage and current to 
maximize the segmentation accuracy, while keeping the total irradiation 
dose constant. We performed phantom experiments on DECT with the 
above-proposed segmentation map and confirmed that the error rate 
is reduced to 13.5 percent from 37.4 percent. Therefore, the presented 
method will enable accurate segmentation, while keeping the total 
irradiation dose constant.

8313-105, Poster Session

Absolute measurement of effective atomic 
number and electron density using dual-
energy computed tomography images
D. Kim, H. Kim, C. Lee, H. Cho, H. Park, S. Lee, Y. Choi, Y. Kim, 
S. Park, Yonsei Univ. (Korea, Republic of)

The dual-energy computed tomography (CT) process can be adopted 
when low- and high-voltage images are mapped to low- and high-
voltage CT number diagrams in clinical applications. In the process, CT 
image values can be described as effective atomic number and electron 
density using the dual-energy equation. Although many studies have 
been reported for the effective atomic number and electron density 
measurements, it is unclear how the effective atomic number and 
electron density images compared to the images indicated with HU 
affected the image quality. The purpose of this study was to measure 
absolute effective atomic number and electron density using a dual-
energy CT technique and evaluate the contrast-to-noise ratio (CNR) 
values. A Polymethyl methacrylate (PMMA) phantom was used for 
the experimental measurements. For the effective atomic number 
assessment, the measurements of the PMMA and water demonstrated 
small discrepancies of 3.28% and 5.56%, respectively. For the electron 
density measurement, the experimental errors of PMMA and water were 
7.83% and 4.00%, respectively. The trend obtained when comparing 
the HU values and absolute values such as effective atomic number 
and electron density demonstrates that the CNR of the HU values is 
higher than that of the absolute values. With contrast media having low 
concentration, it is remarkable that the effective atomic number image 
occasionally has higher CNR values than the HU images. In this study, 
small discrepancies between the experimental values and known values 
were obtained. The CNR values provided meaningful results for the 
absolute measurements in a dual-energy CT technique.
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8313-106, Poster Session

Feasibility study to demonstrate cardiac 
imaging using fast kVp switching dual-energy 
computed tomography: phantom study
P. Madhav, Y. Imai, S. Narayanan, A. Keely, S. Dutta, N. Chandra, 
J. Hsieh, GE Healthcare (United States)

Dual-energy computed tomography is a novel imaging tool that 
has the potential to reduce beam-hardening artifacts and enhance 
material separation over conventional imaging techniques. Dual-energy 
acquisitions can be performed by using a fast kVp technology to switch 
between acquiring adjacent projections at two distinct x-ray spectra (80 
and 140 kVp). These datasets can be used to further compute material 
density and monochromatic images for better material separation and 
beam-hardening reduction by virtue of the projection domain process, 
respectively. The purpose of this study was to evaluate the feasibility of 
using dual-energy in cardiac imaging for myocardial perfusion detection 
and coronary artery lumen visualization. Data was acquired of the heart 
phantom, which consisted of two chambers and aorta filled with iodine 
(500 HU @ 120 kVp), a defect region between the aorta and chamber 
(40 HU @ 120 kVp), two Iodine-filled vessels (400 HU @ 120 kVp) of 
different diameters with 2 mm sized high attenuation (hydroxyapatite) 
plaques (HAP), and a 30-cm water equivalent body ring around the 
heart phantom. ECG-gated prospective single-energy and ECG-
gated prospective dual-energy imaging were performed. Dual-energy 
ECG-gated cardiac protocols are currently under development and 
investigation. Results showed that the generated monochromatic images 
had minimal beam-hardening artifacts which improved the accuracy and 
detection of the myocardial defect region. Material density images were 
useful in differentiating and quantifying the actual size of the plaque and 
coronary artery lumen. Overall, this study shows that dual-energy cardiac 
imaging will be a valuable tool for cardiac applications.

8313-108, Poster Session

Accurate material quantification in dual 
energy CT
G. Shechter, Philips Medical Systems Technologies Ltd. (Israel); 
A. Thran, Philips Research Innovative Technologies (Germany); T. 
Katchalski, Philips Medical Systems Technologies Ltd. (Israel)

Clinical CT applications such as oncology follow-up using iodine maps 
require accurate contrast agent (CA) quantification within the patient. 
Unfortunately, due to beam hardening, the location of CA materials 
like iodine on the HU-HU plane used in dual energy systems can vary 
for different patient sizes and surrounding composition. In this paper 
we present a novel method that handles this problem. Compared to 
the two-base model of R. E. Alvarez and A. Macovski, Phys. Med. 
Biol. 21, 733 (1976), our method takes into account accurately the CA 
attenuation profile. Our method is applicable for different dual energy 
scanners, e.g. fast kVp switching and or dual layer detector array and 
is fully compatible with image domain material analysis. In this paper 
we explain the concept of landmarks used by our method, and give the 
mathematical formulation of how to calculate them. We demonstrate by 
scans of various phantoms shapes and by simulations, the robustness 
and the accuracy of the iodine concentration quantification obtained by 
our method.

8313-109, Poster Session

Iterative image reconstruction in spectral CT
D. Hernandez, E. Michel, H. S. Kim, J. G. Kim, B. H. Han, M. H. 
Cho, S. Y. Lee, Kyung Hee Univ. (Korea, Republic of)

Scan time of spectral CTs is much longer than conventional CTs due to 
limited number of x-ray photons detectable by photo-counting detectors. 

However, the spectral pixel information in spectral CT has much richer 
information on physiological and pathological status of the tissues 
than the CT-number in conventional CT, which makes the spectral CT 
one of the promising future imaging modalities. One simple way to 
reduce the scan time in spectral CT imaging is to reduce the number 
of views in the acquisition of projection data. But, reducing the number 
of views may result in poor SNR and strong streak artifacts which can 
severely compromise the image quality. We have applied iterative image 
reconstruction methods to the spectral CT and we have compared the 
iterative reconstruction methods with the filtered back-projection method 
in image quality. We obtained the spectral CT projection data from a lab-
built spectral CT consisting of a single CdTe photon counting detector, a 
micro-focus x-ray tube and scan mechanics. We obtained the projection 
data based on the first-generation scan geometry, that is, linear 
scanning of the detector followed by the rotation of the imaging object 
in the azimuthal direction. For the image reconstruction, we used the 
filtered back-projection (FBP), the simultaneous iterative reconstruction 
technique (SIRT), and the total variation minimization based on conjugate 
gradient method (CG-TV). From the imaging of the iodine containing 
phantoms, we have observed that SIRT and CG-TV are superior to the 
FBP method in terms of SNR and streak artifacts.

8313-110, Poster Session

Equal-dose comparison of spectral CT 
mono-energy photon counting versus energy 
integration dual kVp
J. E. Tkaczyk, V. Lobastov, D. D. Harrison, P. M. Edic, H. Gao, GE 
Global Research (United States); D. Rubin, GE Healthcare (Israel)

The image quality entitlement is evaluated for multi-energy bin photon 
counting (PC) spectral CT relative to that of dual kVp (dkVp) imaging. 
Physics simulations of X-ray projection channel data and CT images are 
used to map contrast-to-noise metrics for medically relevant anatomical 
phantoms. The benefits are quantified under ideal and non-ideal detector 
conditions so as to establish specifications for detector quality. Dose 
optimization on the order of 2X for iodine CNR is uniquely possible for 
PC by utilizing low kVp scanning in a way not possible with conventional 
dkVp. In another case studied, strict dose equivalence is maintained 
by use of a composite spectrum for PC simulation that combines 
simultaneously the two kVp excitations used sequentially for dkVp. In 
this case, mono-energetic imaging of iodine contrast agent is shown to 
achieve 40% higher dose efficiency for photon counting compared to 
dual kVp.

8313-111, Poster Session

A comparison of sampling strategies for dual 
energy micro-CT
X. Guo, S. M. Johnston, G. A. Johnson, C. T. Badea, Duke Univ. 
Medical Ctr. (United States)

Micro-CT has become a powerful tool for small animal research. 
Exogenous contrast agents, most commonly based on iodine, are used in 
micro-CT for various applications. But despite advancements in contrast 
agents, single-energy micro-CT is still limited for the separation of two 
different materials that share similar gray scale intensity values as in the 
case of bone and iodine. Dual energy micro-CT offers a solution to this 
separation problem while eliminating the need for pre-injection scanning. 
Various dual energy micro-CT sampling strategies are possible, including 
1) sequential scanning at two energies, 2) simultaneous dual source 
acquisition, or 3) single source with kVp switching. But, no commercial 
micro-CT system exists in which all these sampling strategies have been 
implemented. This study reports on the implementation and comparison 
of these scanning techniques implemented on the same small animal 
imaging system. Furthermore, we propose a new sampling strategy 
that combines dual source and kVp switching. Post-sampling and 
reconstruction, a simple two-material dual energy decomposition was 
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applied to differentiate iodine. The results indicate the time differences 
and the potential problems associated with each sampling strategy. Dual 
source scanning allows for the fastest acquisition, but is prone to errors 
in decomposition associated with imperfect geometric alignment of the 
two imaging chains. KVp switching prevents these types of artifacts, but 
requires more time for sampling. In our implementation, the acquisition 
times were 16 minutes for sequential scanning, 8 minutes. For the 
combined dual source kVp switching methods the sampling time as 11 
minutes.

8313-112, Poster Session

A spectral calibration technique for x-ray CT
S. M. Johnston, G. A. Johnson, C. T. Badea, Ctr. for In Vivo 
Microscopy (United States)

Spectral reconstruction algorithms for x-ray CT require an accurate 
spectral model of the system, including the spectrum of the photons 
emitted by the source and the spectral sensitivity of the detector. 
Although these components of the spectral model have been 
characterized in previous studies, there might be additional components 
that are unaccounted for, such as the inherent filtration of the x-ray 
source and the detector. In this study, we present a technique for 
measuring the inaccuracies in the spectral model and accounting for 
them. This technique entails the acquisition of photon measurements 
with several materials placed between the source and the detector, and 
the solution of a linear system of equations. We test the accuracy of this 
technique in simulations, and demonstrate its potential to improve the 
results of spectral reconstruction.

8313-113, Poster Session

Task based weights for spectral computed 
tomography
M. M. Yveborg, M. E. Danielsson, H. Bornefalk, Royal Institute of 
Technology (Sweden)

Both projection- and image based energy weighting, which maximize the 
pixel signal-to-noise ratio (SNR), or the

contrast-to-noise-ratio (CNR) in the final image, are pixel based and do 
not account for the spatial frequency dependence of signal and noise in 
a spectrally resolved CT system. Neither do they account for the complex 
correlation structure between detector elements and bins that arise in 
pulse height discriminating systems and how this affects detectability 
of a certain target. Using pixel based measures when optimizing the bin 
weight factors will result in the same weighting scheme when imaging 
objects with a large fraction of high spatial frequencies and those with 
predominantly low spatial frequency content.

We show how to take the spatial frequency dependency of signal and 
noise transfer for each bin, and the spatial frequency composition of a 
target, into account when determining optimal task based weights for 
spectral CT imaging by applying cascaded system analysis to a model 
of a spectrally resolved photon counting silicon CT detector system. We 
calculate the 2D slice detectability index using the optimal task based 
weights and compare it to the 2D slice detectability index calculated 
using image- and projection based weights. The method is illustrated 
on synthetic data and the gain achievable is estimated by making some 
plausible assumptions regarding scatter and charge sharing.

8313-114, Poster Session

Interior tomography with radial Hilbert 
filtering and a priori information in a tiny 
circular area
S. Tang, X. Tang, Y. Yang, Emory Univ. (United States)

In this paper, we first derive a differential backprojection (DBP) formula 
with the Hilbert filtering along radial direction (namely radial Hilbert 
filtering). Then, using the projection onto convex sets (POCS) method, 
we propose to solve the interior tomography problem with a priori 
information in a tiny circular area that may be readily available in clinical 
practice. In comparison to the POCS based interior tomography method 
published in Ref. [1], the benefit of the proposed algorithm is that the 
required tiny a priori information can be significantly less, because the 
origin of the local polar coordinate system used to carry out the interior 
tomography can be placed at the center of a tiny circular area with its 
x-ray attenuation property known (e.g., an air bubble). The projection 
data acquired by a physical computed tomography (CT) scanner are 
utilized to evaluate and verify the proposed method’s performance. The 
preliminary results show that the proposed interior tomography method 
with radial Hilbert filtering and a priori information in a tiny circular area 
can be potentially more useful in clinical practice and preclinical research.

8313-115, Poster Session

On the numerical implementation of 
discrete finite Hilbert transform for image 
reconstruction
Y. Yang, X. Tang, S. Tang, Emory Univ. (United States)

The finite Hilbert transform plays an essential role in the recently 
developed ROI image reconstruction methods, and the accuracy of 
the numerical methods for calculating the finite Hilbert transform has a 
significant impact on the performance of the reconstruction algorithms. 
A number of numerical approaches have been developed to carry out 
the Hilbert transform. In this study, we evaluate the existing Hilbert filters, 
including the implementations with the linear and sinc interpolation 
in spatial domain and the one directly using its expression in the 
frequency domain, with a focus on their applications for the ROI image 
reconstruction using the Shepp-Logan phantom. Excellent agreement 
between the true phantom and the images reconstructed with Hilbert 
filters corresponding to the linear and sinc interpolation in spatial domain 
is observed, which shows that the finite Hilbert filter carried out in the 
spatial domain with linear or sinc interpolation is the choice better than 
the direct implementation in the frequency domain. Moreover, preliminary 
data shows that the finite Hilbert filter implemented with the linear 
interpolation exhibits slightly better noise performance than the one 
implemented with the sinc interpolation.

8313-116, Poster Session

Sampling conditions for gradient-magnitude 
sparsity based image reconstruction 
algorithms
E. Y. Sidky, The Univ. of Chicago Medical Ctr. (United States); J. 
Joergensen, Technical Univ. of Denmark (Denmark); X. Pan, The 
Univ. of Chicago Medical Ctr. (United States)

Reduction of scanning dose for computed tomography (CT) protocols

has received much attention in recent years. As a result a lot of effort has 
been directed to image reconstruction algorithm research, particularly 
iterative methods, for dealing with the high noise levels in the data, 
which result from reducing X-ray source intensity. Another approach that 
has shown some promise is to reduce the number of projection views. 
This latter approach of projection view reduction exploits sparsity in the 
gradient-magnitude of the object function. While both strategies are 
being pursued within the framework of iterative image reconstruction, it 
is likely that both strategies need to be combined in a trade-off study. In 
order to help determine the parameter range for such a trade-off study, 
we seek to characterize the sampling conditions for exploiting gradient-
magnitude sparsity methods. We seek the number of views necessary 
for accurate image reconstruction by constrained, total variation (TV) 
minimization, which is the optimization problem suggested in the 
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compressive sensing (CS) community for exploiting gradient magnitude 
sparsity. There is no theoretical result that applies to the discrete X-ray 
transform. Thus, we attempt to characterize this link through simulation 
studies by accurately solving constrained, TV minimization on simulated 
CT data from phantoms with realistic sparsity levels for breast CT. Our 
preliminary results indicate that constrained, (TV) minimization needs only 
N/4 projections to reconstruct an NxN pixel array with realistic sparsity in 
the image gradient magnitude.

8313-117, Poster Session

Non-uniform noise spatial distribution in CT 
myocardial perfusion and a potential solution: 
statistical image reconstruction
P. Theriault Lauzier, J. Tang, G. Chen, Univ. of Wisconsin-
Madison (United States)

Myocardial perfusion scans are an important tool in the assessment of 
myocardial viability following an infarction. Cardiac perfusion analysis 
using CT datasets is limited by the presence of so-called partial scan 
artifacts. The cause of these artifacts has been hypothesized to be 
variations in beam hardening and scatter artifacts between different 
short-scan angular ranges. In this research, another mechanism for 
fluctuations in the reconstructed attenuation is investigated: non-
uniform noise spatial distribution. Images reconstructed using filtered 
backprojection (FBP) are subject to this effect. Statistical image 
reconstruction (SIR) is proposed as a potential solution. A numerical 
phantom with added Poisson noise was simulated and a swine was 
scanned in vivo to study the effect of FBP and SIR on the spatial 
uniformity of the noise distribution. It was demonstrated that images 
reconstructed using FBP often show variations in noise on the order of 
50% between different time frames. This variation is mitigated to about 
10% using SIR. The noise level is also reduced by a factor of 2 in SIR 
images.

8313-118, Poster Session

Acceleration of ML iterative algorithms for CT 
by the use of fast start images
K. M. Brown, S. Zabic, Philips Healthcare (United States); T. 
Koehler, Philips Research Innovative Technologies (Germany)

This report develops a new strategy for the acceleration of a maximum 
likelihood (ML) iterative reconstruction algorithm for CT, by selecting 
a starting image which is closer to the solution of the ML algorithm 
than the commonly used filtered backprojection image. The starting 
image is obtained by passing both the acquired projection data and the 
reconstructed volume though a novel de-noising algorithm which uses 
the same image regularizing penalty function as the ML reconstruction. 
Clinical examples suggest that a savings of 7-10 iterations of the 
separable paraboloidal surrogates algorithm per volume is possible when 
using this new acceleration strategy.

8313-119, Poster Session

Edge-preserving metal artifact reduction
E. Meyer, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); R. Raupach, Siemens Medical Solutions GmbH 
(Germany); M. Lell, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); B. T. Schmidt, Siemens Medical Solutions GmbH 
(Germany); M. Kachelriess, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany)

The problem of metal artifact reduction (MAR) is almost as old as clinical 
CT itself. When metal implants are present in the field of measurement, 

severe artifacts degrade the image quality and the diagnostic value of CT 
images. 

In this work frequency split metal artifact reduction (FSMAR), a 
conceptually new MAR method is presented which ensures efficient 
reduction of metal artifacts at high image quality even close to implants. 
Many typical methods for MAR simply replace unreliable parts of the 
projection data by inpainting. FSMAR combines an inpainting-based 
MAR method (normalized metal artifact reduction (NMAR)) with a 
frequency split approach. NMAR is a method which introduces less 
new artifacts which may result from interpolation errors. Frequency split 
approaches were used in CT for example in reference [IEEE Transactions 
on Nuclear Science 52, pp. 247-255 (feb. 2005)] to reduce conebeam 
artifacts. Our algorithm combines the high frequencies of an uncorrected 
image, where all available data were used for the reconstruction with 
the more reliable low frequencies of an image which was corrected with 
a NMAR. FSMAR is tested for patient data sets with different metal 
implants. The study includes patients with hip prostheses, dental fillings, 
a neuro coil, and a spine fixation (scanned with a modern clinical dual 
source CT scanner). In contrast to other MAR methods, FSMAR yields 
images without the usual blurring close to implants. The algorithm is 
computationally inexpensive compared to iterative methods and fast 
enough for application in clinical routine.

8313-120, Poster Session

Metal artifact reduction in x-ray computed 
tomography by using analytical DBP 
algorithm
Z. Wang, H. Kudo, Univ. of Tsukuba (Japan)

This paper investigates a common metal artifacts problem in X-ray 
computed tomography (CT). The artifacts in reconstructed image may 
render image non-diagnostic because of inaccuracy beam hardening 
correction from high attenuation objects, satisfactory image could not 
be reconstructed from projections with missing or distorted data. In 
traditionally analytical metal artifact reduction (MAR) method, firstly 
subtract the metallic object part of projection data from the original 
obtained projection, secondly complete the subtracted part in original 
projection by using various interpolating method, thirdly reconstruction 
from the interpolated projection by filtered back-projection (FBP) 
algorithm. The interpolation error occurred during the second step 
can make unrealistic assumptions about the missing data, leading 
to prominent error in the reconstructed images. We proposed a 
differentiated back-projection (DBP) type MAR method by instead of 
FBP algorithm with DBP algorithm in third step. In FBP algorithm the 
interpolated projection will be filtered on each projection view angle 
before back-projection, as a result the interpolation error is propagated 
to whole projection. However, the property of DBP algorithm provide a 
chance to do filter after the back-projection in a Hilbert filter direction, 
as a result the interpolation error affection would be reduce and there 
is expectation on improving quality of reconstructed images. In other 
word, if we choose the DBP algorithm instead of the FBP algorithm, 
less contaminated projection data by interpolation error would be used 
in reconstruction. A simulation study was performed to evaluate the 
proposed method using a given phantom.

8313-121, Poster Session

Analytical fan-beam reconstruction algorithm 
for free-form trajectory with plus-minus 
weighting scheme
Z. Wang, E. A. Rashed, H. Kudo, Univ. of Tsukuba (Japan)

This paper focuses on fan-beam image reconstruction from free-form 
X-ray source trajectory in computed tomography (CT). As in major 
standard image reconstruction methods, the weighting function of the 
redundant projection data should be carefully considered. The data 
redundancy reduction principle aims to compute the projection data only 
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one time during image reconstruction. Usually, an X-ray line that passes 
through the object point intersects with the radiation source trajectory 
more than once time. For the symmetric closed circular trajectory, 
because each X-ray line passing through an object point would intersect 
with the source trajectory twice, the weighting function of 0.5 is used 
to handle this problem. However, normally there is no known symmetry 
property for the free-form X-ray source trajectory. In order to estimate 
the weighting function we have to calculate the number N of intersection 
between each X-ray line and every object points, then the weighting 
function is set to be 1/N such that the summation of weighting operator 
corresponding to a single X-ray line is the unity. However, the calculation 
of N is difficult and computationally expensive. In this paper we proposed 
a new scheme for a robust control of the redundant projection data for 
both closed and open trajectories. Instead of calculation of N, we assign 
each intersection point a plus or minus sign according to the proposed 
weighting function. As a result of summation of successive signs, they 
cancel out each other and finally equal to the unity. Numerical study was 
performed to evaluate the proposed weighting scheme using standard 
Shepp-Logan phantom with butterfly trajectory.

8313-122, Poster Session

General analytical reconstruction formula for 
fan-beam computed tomography
Z. Wang, H. Kudo, Univ. of Tsukuba (Japan)

This paper focuses on the problem of fan-beam image reconstruction 
by using analytical algorithm. The fundamental principle of fan-beam 
X-ray computed tomography (CT) is to reconstruct the object from 
its known projection. Now there are two basic types of analytical 
reconstruction formulas what are filtered back-projection (FBP) and 
differentiated back-projection (DBP). Both approaches are used in two 
dimensions fan-beam projection for various practice application, and 
each type has its own advantage properties. There are several papers 
discuss the theory analysis and application introduction, however, 
according to our knowledge there is no previous discussion about the 
internal mathematical relation between the FBP and DBP algorithm. 
Our derivation of the reconstruction formula from fan-beam projection 
is from the starting point of parallel-beam projection. During the formula 
derivation we used the equality between the Hilbert transform of object`s 
2D Radon transform and the Hilbert transform of fan-beam projection. 
The traditional FBP algorithm includes two steps: First apply a Ramp filter 
on the projection data, secondly back-project the filtered projections. 
Because the Ramp filter can be divided into a single Hilbert filtering step 
plus a derivative step, we consider rewriting the reconstruction formula 
by relocating the Hilbert filtering step after the back-projection step. We 
found the derived reconstruction formula is same as the DBP algorithm. 
We also present another two reconstruction formulas by relocating the 
derivative step or both the Hilbert filtering step and derivative step after 
the back-projection step. The four different styles of formulas could 
represent almost all existent analytical reconstruction algorithm for fan-
beam CT.

8313-123, Poster Session

Ellipse-line-ellipse source trajectory and its 
R-line coverage for long-object cone-beam 
imaging with a C-arm system
Z. Yu, The Univ. of Utah (United States) and Friedrich-Alexander-
Univ. Erlangen-Nürnberg (Germany); F. Noo, The Univ. of Utah 
(United States); G. Lauritsch, F. Dennerlein, Siemens Medical 
Solutions GmbH (Germany); J. Hornegger, Friedrich-Alexander-
Univ. Erlangen-Nürnberg (Germany)

Over the last decade, significant progress has been made in terms of 
treatment of diseases using minimally-invasive procedures. This progress 
was facilitated through multiple refinements of the imaging capabilities 
of C-arm systems in the interventional room, and more sophisticated 

procedures may become feasible by further refining the performance of 
these systems. Our primary focus is to eliminate two strong limitations 
of the current circular cone-beam imaging approach: cone-beam 
artifacts and limited extent of the volume covered in the direction of the 
patient bed. To solve this problem, we seek a source trajectory that (i) 
is complete in terms of Tuy’s condition, (ii) can be periodically-repeated 
without discontinuities to allow long-object imaging, (iii) is practical, and 
(iv) offers full R-line coverage (an R-line is a line that connects any two 
source positions). A trajectory that satisfies all of our constraint is the 
Arc-Extended-Line-Arc (AELA) trajectory. Unfortunately, this trajectory 
does not allow smooth, continuous scanning at reasonable dose. In this 
work, we propose a new data acquisition geometry: the Ellipse-Line-
Ellipse (ELE) trajectory. This geometry satisfies all of our constraints 
along with the attractive feature that smooth, continuous scanning at 
reasonable dose is enabled.

8313-124, Poster Session

Quantitative evaluation of ASiR image quality: 
an adaptive statistical iterative reconstruction 
technique
E. Van de Casteele, Univ. Antwerpen (Belgium); P. Parizel, Univ. 
Hospital Antwerp (Belgium); J. Sijbers, Univ. of Antwerp (Belgium)

Adaptive statistical iterative reconstruction (ASiR) is a new reconstruction 
algorithm used in the field of medical X-ray imaging. This new 
reconstruction method combines the idealized system representation, as 
we know it from the standard Filtered Back Projection (FBP) algorithm, 
and the strength of iterative reconstruction by including a noise model in 
the reconstruction scheme. It studies how noise propagates through the 
reconstruction steps, feeds this model back into the loop and iteratively 
reduces noise in the reconstructed image without affecting spatial 
resolution. In this paper the effect of ASiR on the contrast to noise ratio 
is studied using the low contrast module of the Catphan phantom. The 
experiments were done on a GE LightSpeed VCT system at different 
voltages and currents. The results show reduced noise and increased 
contrast for the ASiR reconstructions compared to the standard FBP 
method. For the same contrast to noise ratio the images from ASiR can 
be obtained using 60% less current, leading to a reduction in dose of the 
same amount.

8313-125, Poster Session

Statistical CT noise reduction with multiscale 
decomposition and penalized weighted least 
square in projection domain
S. Tang, X. Tang, Y. Yang, Emory Univ. (United States)

Statistical noise reduction approaches are proposed for x-ray computed 
tomography (CT) imaging at low-dose exposure. The proposed method 
begins by converting the image domain isotropic diffusion partial 
differential equation (PDE) into the projection domain. Through a multi-
scale analysis scheme based on the iterative diffusion process, each 
projection view is decomposed over scales. To suppress noise in the 
decomposed projection at each scale, three penalized weighted least 
square (PWLS) methods with the penalty corresponding to Random 
Markov Field (MRF), Soft Thresholding (ST) and Laplace are developed. 
The projection data acquired by a physical CT scanner are utilized to 
evaluate the performance of the proposed statistical CT noise reduction 
methods. The preliminary results show that the proposed methods can 
substantially reduce noise in CT images, while the clinically relevant 
details in the reconstructed images can be well maintained.
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8313-126, Poster Session

Low-dose computed tomography image 
reconstruction from under-sampling 
data based on weighted total variation 
minimization
Y. Liu, Stony Brook Univ. (United States); J. Ma, Y. Fan, Z. Liang, 
Stony Brook Univ. Medical Ctr. (United States)

This paper introduced a novel method to reconstruct the low-dose 
computed tomography (LDCT) image based on weighted total variation 
minimization. Previous work has shown that the CT image can be 
reconstructed from under-sampling data by minimizing the total variation 
(TV) of image with some constraints. Considering the anisotropic 
property of the voxels, we proposed a weighted total variation (WTV) 
minimization algorithm, which can more accurately reconstruct image 
from under-sampling data and also be more robust to the noise for 
low-dose imaging. By introducing the anisotropic weight to the TV, the 
neighbor voxels’ intensities are compared to that of the concerned voxel 
individually. For small differences, a higher weight will be given, whereas 
a smaller weight will be given for large differences. The anisotropic weight 
can inhibit the artifacts that are caused by noise and under-sampling 
reconstruction. The proposed method was evaluated by computer 
simulation, where Shepp-Logan phantom was used. In noise free cases, 
20 projections were enough to accurately reconstruct the phantom 
image by the WTV approach while the filtered backprojection (FBP) 
reconstruction failed. In noise cases, different levels of Poisson noise 
were added to the noise-free sinogram. The local signal to noise ratio 
(SNR) and global SNR were computed to evaluate the robustness of the 
algorithm to the noise. The simulation results showed that WTV can have 
much higher global SNR compared to TV. The relationship between the 
number of views of WTV algorithm and the mean square error (MSE) of 
the reconstructed images were also discussed in this paper in order to 
find the minimum required projection numbers to obtain an adequate 
reconstruction image for low-dose CT applications.

8313-127, Poster Session

Iterative CT reconstruction using shearlet-
based regularization
B. Vandeghinste, B. Goossens, Ghent Univ. (Belgium); J. De 
Beenhouwer, Ghent Univ. (Belgium) and Univ. of Antwerp 
(Belgium); A. Pizurica, S. Vandenberghe, Ghent Univ. (Belgium); 
S. G. Staelens, Ghent Univ. (Belgium) and Univ. of Antwerp 
(Belgium)

Total variation (TV) minimization has been extensively researched for 
image denoising and sparse view reconstruction. TV minimization 
methods show superior denoising performance for simple images (with 
little texture), but result in texture information loss when applied to more 
complex images. It could thus be beneficial to use other regularization 
approaches within medical imaging. We propose a regularization method 
for convex problems, based on a split-Bregman approach, which is 
able to incorporate all regularization terms. In this work, we include a 
proof-of-concept study where the discrete shearlet transform is used as 
regularizing term. The sparsity needed for compressed sensing problems 
is obtained by L1-regularizing the shearlet coefficients. We show results 
for this method in comparison to the same framework but with TV as 
the regularization term on noisy and on sparse-view preclinical data. 
We show that shearlet-based regularization outperforms TV-based 
regularization in CT. Although the obtained noise level is the same as 
with TV, there is no staircasing effect visible and the edges have been 
correctly reconstructed. The reconstructions show a higher resolution 
than with TV-based regularization. This method will allow us to decrease 
the acquisition times in micro-CT and subsequently decrease the imaging 
dose, without perceptual loss in image quality.

8313-128, Poster Session

Spatial-temporal total variation regularization 
(STTVR) for 4D-CT reconstruction
H. Wu, J. Hornegger, Pattern Recognition Lab. (Germany) and 
Graduate School in Advanced Optical Technologies (SAOT) 
(Germany)

Four dimensional computed tomography (4D-CT) is very important for 
treatment planning in thorax or abdomen area, e.g. guiding radiation 
therapy planning. The respiratory motion makes the reconstruction 
problem ill posed. Recently, compressed sensing theory uses sparsity 
as a prior to solve the problem and improves image quality considerably. 
However, the images at each phase are reconstructed individually. The 
correlations between neighboring phases are not considered in the 
reconstruction process. In this paper, we propose the spatial-temporal 
total variation regularization (STTVR) method which not only employs 
the sparsity in the spatial domain but also in the temporal domain. The 
algorithm is validated in XCAT thorax phantom. The Euclidean norm of 
the reconstructed image and ground truth is calculated for evaluation. 
The results indicate that our method improves the reconstruction quality 
by more than 50% compared to standard ART.

8313-129, Poster Session

Comparison between a new reconstruction 
algorithm (OPED) and filtered backprojection 
(FBP) for MDCT data
B. C. Renger, P. B. Noel, Technische Univ. München (Germany); 
O. Tischenko, Helmholtz Zentrum München GmbH (Germany); 
E. J. Rummeny, Technische Univ. München (Germany); C. 
Hoeschen, Helmholtz Zentrum München GmbH (Germany)

Previously the Orthogonal Polynomial Expansion on the Disk (OPED) 
algorithm was presented. Further, in prototype experiments in 
combination with the CT D`or geometry feasibility was demonstrated. In 
this study we implemented OPED with a clinical Scanner, and evaluated 
the potential using phantom studies.

All studies were acquired on a Siemens Somatom 64 (Erlangen, 
Germany) scanner, where raw projection data were reconstructed with 
the conventional FBP reconstruction and the OPED algorithm. OPED 
allows one to use fan beam geometry directly without any additional 
procedures such as interpolation or rebinning if using the CT D`or 
geometry. In particular, OPED describes an approximation of the image 
function as a sum of polynomials using Chebychev polynomials. For 
performance evaluation, the Catphan phantom 600 was imaged. OPED 
Images where reconstructed using C++ and MATLAB® .We measured 
uniformity, MTF and CNR for different dose levels and compared these to 
standard FBP images reconstructions with different filter kernels.

The integration and interpretation of the MDCT projection data for the 
OPED algorithm was accomplished. Reconstruction time is about 6 s 
on Quad-Core 3 GHz Intel Xeon processor. Typical artifacts are reduced 
when applying OPED. Using OPED the MTF maintains constant over the 
whole FOV. Uniformity and CNR are equal compared to FBP.

Advantages of OPED were demonstrated by applying the algorithm to 
projections images from a clinical MDCT scanner. In the future, we see 
OPED applications for low-dose or limited angle geometries to reduce 
the radiation dose while improving diagnostic quality of the reconstructed 
slices.
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8313-130, Poster Session

System optics in both backprojection and 
forward projection for model-based iterative 
reconstruction
I. A. Hein, A. A. Zamyatin, Toshiba Medical Research Institute 
USA (United States)

Iterative reconstruction (IR) algorithms for CT reconstruction have 
become feasible in the past few years due to increases in computing 
power, and many flavors and implementations of IR can be found in 
the literature. Some of the reported advantages of IR algorithms over 
standard filtered backprojection (FBP) include improved resolution and 
better noise performance, thereby allowing for lower patient dose. IR 
algorithms can be separated into two general categories: those that 
include system optics models, commonly referred to as model-based 
IR, and those that do not. A model-based IR algorithm theoretically 
further improves the performance of IR, since errors due to ignoring 
system optics are corrected. Current model based algorithms only 
incorporate system optics in the forward projection of IR, but not in the 
backprojection. Theoretically, including system optics in backprojection 
should allow for deconvolution of the source and provide better 
resolution than when optics is included only in forward projection. The 
purpose if this feasibility study was to investigate possible resolution 
improvement of IR with full system optics model (IR-FSOM) in 
backprojection as well as forward projection with the OS-SART algorithm. 
Simulated projection data was generated for a 1.0 mm bead with source 
larger than the bead, in this case 6.0 mm, to see if the 1.0 mm bead 
diameter can be recovered in reconstruction with IR-FSOM. Results show 
that IR-FSOM recovers the bead diameter, while IR with system optics 
model only in forward projection does not.

8313-131, Poster Session

Experimental validation of an OSEM type 
iterative reconstruction algorithm for inverse 
geometry computed tomography
T. Funk, S. Burion, B. P. Wilfley, A. Tepe, D. Menig, Triple Ring 
Technologies, Inc. (United States)

Iterative reconstruction methods have emerged as a promising avenue 
to reduce dose in CT imaging. Another less known advance is the 
development of inverse geometry CT (IGCT) imaging that promises 
significant dose reductions by changing the acquisition geometry of the 
CT scan. 

Here we show that IGCT data can be reconstructed using iterative 
methods thereby combining two novel methods to reduce dose.

The prototype IGCT scanner uses the scanning beam digital X-ray 
system - an inverse geometry fluoroscopy system with a 9000 focal 
spot x-ray source and a small photon counting detector. 90 fluoroscopic 
projections or superviews spanning an angle of 360 degrees were 
acquired of anthropomorphic phantom mimicking a 1 year old boy. The 
superviews are reconstructed with our custom iterative reconstruction 
algorithm. We are using an ordered subset expectation maximization 
(OSEM) algorithm initially developed for nuclear medicine applications. 
The normalization term is calculated based on flatfield data acquired 
without a phantom. 15 subsets are used and total of 6 complete 
iterations have been performed.

Initial reconstructed images show faithful reconstruction of anatomical 
details. Good edge resolution with good noise properties are observed.

Overall we show OSEM reconstruction of measured IGCT data and we 
believe that this is an important milestone in the development of inverse 
geometry CT.

8313-132, Poster Session

A volumetric reconstruction algorithm for 
stationary source inverse-geometry CT
S. S. Hsieh, N. J. Pelc, Stanford Univ. (United States)

Stationary source inverse-geometry CT (SS-IGCT) has been proposed 
as a new system architecture that has several key advantages over 
traditional cone beam CT (CBCT). One such advantage is the potential 
for acquiring a large volume of interest with minimal cone-beam artifacts 
and with very high temporal resolution. We anticipate that SS-IGCT 
will use large, stationary source arrays, with gaps in between separate 
source array modules. These gaps make reconstruction challenging 
because most analytic reconstruction algorithms assume a continuous 
source trajectory. SS-IGCT is capable of producing the same dataset 
as a traditional scanner taking multiple overlapping axial scans, but with 
three segments of the views missing from each axial scan because of 
gaps. We propose a volumetric reconstruction algorithm and examine 
the feasibility of this concept. Our reconstruction algorithm handles 
the gaps in two stages. First, the missing rays are estimated using 
available data and geometric considerations, allowing us to produce a 
first-stage reconstruction. The missing data are then re-estimated by a 
forward projection step. These new estimates are quite good and the 
reconstruction can be handled using any algorithm that supports multiple 
parallel axial scans. Although inspired by iterative reconstruction, our 
algorithm only needs one “iteration” of forward- and back- projection in 
practice and is efficient. Simulations of a thorax phantom were performed 
showing the efficacy of this technique and the ability of SS-IGCT to 
suppress cone-beam artifacts compared to conventional CBCT. The 
noise and resolution characteristics are comparable to that of CBCT.

8313-134, Poster Session

A preliminary investigation of 3D 
preconditioned conjugate gradient MAP 
reconstruction for cone-beam CT
L. Fu, K. Zeng, T. M. Benson, B. De Man, GE Global Research 
(United States); Z. Yu, G. Cao, J. Thibault, GE Healthcare (United 
States)

Model-based iterative reconstruction methods based on maximum a 
posteriori (MAP) estimation have been recently introduced to multi-slice 
CT scanners. The model-based approaches have shown promising 
image quality improvement at reduced radiation dose compared to 
conventional FBP methods, but the associated long computation time is 
a major challenge to their routine use in clinical environments. 

Among the various choices of optimization algorithms, simultaneous 
update methods such as conjugate gradient appear to have a higher level 
of parallelism to take full advantage of multi- or many-core computing 
hardware. Fast convergence speeds of preconditioned conjugate 
gradient (PCG) algorithms have been demonstrated in studies of 3D 
emission and 2D transmission reconstruction, but its application in 
3D cone-beam CT reconstruction has not been reported. Additional 
challenges in 3D PCG reconstruction for cone-beam CT include the 
large size of clinical CT datasets, inherently shift-variant and incomplete 
sampling, and the requirement for fast convergence speed to produce 
high resolution images. 

In this paper, we apply a PCG algorithm to 3D transmission 
reconstruction for multi-slice CT. The MAP cost function is defined by 
a data-weighted least-squares term to models statistical variations 
in the transmission measurements, combined with a q-generalized 
Gaussian Markov random field prior to suppress image space noise 
while preserving sharp transition at anatomical boundaries. We simulate 
a multi-slice axial scan of an XCAT phantom and the preliminary results 
promising convergence speed with improved image quality compared 
to FBP. The effects of preconditioner, regularization strength, and cone 
angle will be evaluated.
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8313-135, Poster Session

A fast forward projection approach for 3D 
iterative metal artifact suppression
A. Souza, Carestream Health, Inc. (United States)

Despite the advance of iterative reconstruction methods in reducing 
metal artifacts, Feldkamp (FDK) based algorithms continue to be the 
most widely used CT reconstruction in medicine. While computationally 
efficient, FDK performs poorly in the presence of metallic objects. 
Projection-completion algorithms have been used to suppress metallic 
artifacts and, hence, improve image quality in FDK reconstruction. Here, 
we present a three-dimensional adaptive filtering method that performs 
projection completion. It takes into account the metal content fraction 
in the voxel and applies a correction in the projections. This algorithm 
uses a fast, simple, forward-projection method to obtain accurate metal 
probability regions in the projection space. We compare our results with 
those obtained using projection completion by linear interpolation on 
dental cone-beam CT.

8313-136, Poster Session

GPU-based cone-beam reconstruction using 
wavelet denoising
K. Jin, Korea Institute of Industrial Technology (Korea, Republic 
of); J. B. Park, DRGEM Corp. (Korea, Republic of)

The noise resulted in low-dose projection in repetitive cone-beam CT 
(CBCT) scans decreases the image quality and lessens the accuracy of 
the diagnosis. Thus, noise reduction of the CT images makes the disease 
diagnosis procedure more efficient. To improve the image quality of 
low-dose CT imaging, statistical reconstruction with accurate modeling 
of the noise is more effective. However, image filtering and enhancement 
during the entire reconstruction process exactly may be challenging 
due to high performance computing. In many circumstances, the short 
scan time of CBCT is followed by a time consuming reconstruction. The 
standard reconstruction algorithm for CBCT data is the filtered back-
projection, which for a volume of size 512x512 takes up to 15 minutes 
on a standard system. To speed up reconstruction, massively parallel 
architecture of current graphical processing unit (GPU) is a platform 
suitable for acceleration of mathematical calculation. In this paper, we 
focus on accelerating wavelet denoising and Feldkamp-Davis-Kress 
(FDK) back-projection using general-purpose processing on GPU. 
We utilize compute unified device architecture (CUDA) platform and 
describe corresponding FDK reconstruction based on CUDA technique. 
We evaluated our implementation on clinical data sets. Resulting 
implementation of wavelet denoising is able to process a 1024x1024 
sized image within 2 ms, except data loading process. And finally, our 
GPU-based CBCT implementation reconstructs a 512x512x512 volume 
from 400 projections, each sized 1024x1024, in less than 1 minute

8313-137, Poster Session

The 3D CT image reconstruction based on 
multi-thread scheduling using multi-GPU
Y. Zhu, Y. Zhao, X. Zhao, Capital Normal Univ. (China)

Aiming at large data reconstruction in volume CT, this paper expresses 
a concept that the complete reconstruction process should not only 
include the computation part on GPUs but also the data reading and 
(especially) storage parts. The confliction between these two parts 
is the parallelization of GPU computing and the serialization of data 
storage onto hard disk. Observing this point, we propose a multi-thread 
scheduling (MTS) method to realize the FDK algorithm, which based 
on “the time covering between data transmission and calculation”, to 
coordinate the computing and storage time. In this method we use 
multi-threads to control GPUs and a separate thread to accomplish 
data storage: the computing threads reconstruct images in parallel and 

the store thread saves the result data onto hard disk according to the 
sort of weights of each computing thread, which is decided by a thread 
scheduling strategy, so as to cover the calculation and data storage in 
time process. In addition, we use the four-channel texture to maintain 
symmetrical projection data in CUDA framework, meanwhile, summation 
of four-channel reconstruction data is accomplished on GPUs, which was 
used to be done on CPU in previous work. This technique can reduce the 
calculation time significantly. Numerical experiment shows that the time 
cost of the whole process with our method is almost the same as the 
data storage time cost.

8313-138, Poster Session

Characterization of Adaptive Statistical 
Iterative Reconstruction (ASIR) in low 
contrast helical abdominal imaging via a 
transfer function based method
D. Zhang, X. Li, B. Liu, Massachusetts General Hospital (United 
States)

Since the introduction of ASIR, its potential in noise reduction has 
been reported in various clinical applications. However, the influence of 
different scan and reconstruction parameters on the trade off between 
ASIR’s blurring effect and noise reduction in low contrast imaging has 
not been fully studied. Simple measurements on low contrast images, 
such as CNR or phantom scores could not explore the nuance nature 
of this problem. We tackled this issue using a method which compares 
the performance of ASIR in low contrast helical imaging based on an 
assumed filter layer on top of the FBP reconstruction results. Transfer 
functions of this filter layer were obtained from the noise power spectra 
(NPS) of corresponding FBP and ASIR images that share the same other 
scan and recon parameters. 2D transfer functions were calculated as 
sqrt(NPS_ASIR(u,v)/NPS_FBP(u,v)). Synthesized ACR phantom images 
were generated by filtering the FBP images with transfer functions 
corresponding to specific (FBP, ASIR) pairs, and were compared with the 
ASIR images. It can be shown that the transfer functions could predict 
the deterministic blurring effect of ASIR on low contrast objects, as well 
as the degree of noise reductions. Based on this method, the influence of 
dose level, scan field of view (SFOV), display field of view (DFOV), ASIR 
level, and Recon Mode on the behavior of ASIR in low contrast imaging 
was studied. It was found that ASIR level, dose level, and DFOV play 
dominant roles in determining the behavior of ASIR comparing to the 
other two parameters.

8313-140, Poster Session

Anatomy-based PET image reconstruction 
using nonlocal regularization
V. Nguyen, S. Lee, Paichai Univ. (Korea, Republic of)

We propose a new nonlocal regularization method for PET image 
reconstruction with the aid of high-resolution anatomical images. 
Unlike conventional reconstruction methods using prior anatomical 
information, our method using nonlocal regularization does not require 
additional processes to extract anatomical boundaries or segmented 
regions. The nonlocal regularization method applied to anatomy-based 
PET image reconstruction is expected to effectively reduce the error 
that often occurs due to signal mismatch between the PET image and 
the anatomical image. We also show that our method can be useful for 
improving the image resolution. To reconstruct the high-resolution image 
that represents the original underlying source distribution effectively 
sampled at a higher spatial sampling rate, we model the underlying PET 
image on a higher-resolution grid and perform our nonlocal regularization 
method with the aid of the side information obtained from high-
resolution anatomical images. Our experimental results demonstrate 
that, compared to the conventional method based on local smoothing, 
our nonlocal regularization method improves the resolution as well as 
the reconstruction accuracy even with the imperfect prior anatomical 
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information or in the presence of signal mismatch between the PET 
image and the anatomical image.

8313-141, Poster Session

SPECT reconstruction with nonuniform 
attenuation from highly under-sampled 
projection data
J. Wen, C. Li, K. Zhang, H. Dong, W. Li, Beijing Institute of 
Technology (China); Z. J. Liang, Stony Brook Univ. (United States)

Single photon emission computed tomography (SPECT) is an important 
nuclear medicine imaging technique and has been using in clinical 
diagnoses. The SPECT image can reflect not only organizational 
structure but also functional activities of human body, therefore diseases 
can be found much earlier. In SPECT, the reconstruction is based on 
the measurement of gamma photons emitted by the radiotracer. The 
number of gamma photons detected is proportional to the dose of 
radiopharmaceutical, but the dose is limited because of patient safety. 
There is an upper limit in the number of gamma photons that can 
be detected per unit time, so it takes a long time to acquire SPECT 
projection data. Sometimes we just can obtain highly under-sampled 
projection data because of the limit of the scanning time or imaging 
hardware. How to reconstruct an image using highly under-sampled 
projection data is an interesting problem. One method is to minimize 
the total variation (TV) of the reconstructed image during the iterative 
reconstruction. In this work, we developed an OSEM-TV SPECT 
reconstruction algorithm, which could reconstruct the image from highly 
under-sampled projection data with non-uniform attenuation. Simulation 
results demonstrate that the OSEM-TV algorithm performs well in SPECT 
reconstruction with non-uniform attenuation.

8313-142, Poster Session

Analytical SPECT reconstruction algorithm 
for helical cone-beam geometry using ray-
driven technology
J. Wen, K. Zhang, C. Li, H. Dong, Beijing Institute of Technology 
(China); Z. J. Liang, Stony Brook Univ. (United States)

Single photon emission computed tomography (SPECT) provides 
functional information of the interested organs. Such information is 
very helpful in the early detection of diseases. However, the resolution 
of SPECT is low. The cone-beam SPECT reconstruction can improve 
the photon density and spatial resolution of the reconstructed image. 
In practice, because of the data sufficiency and scanning efficiency, 
helical cone-beam geometry is preferred. The iterative helical cone-
beam reconstruction is time-consuming; the analytical methods are 
considerably faster and more efficient in clinic. Due to the attenuation 
of gamma photons, the analytical SPECT reconstruction problem is 
more complicated. Attenuation should be compensated for to obtain 
quantitative results. In this paper, based on the Novikov’s reconstruction 
formula and our Ray-driven Technology, we present an analytical SPECT 
reconstruction algorithm for helical cone-beam geometry using Ray-
driven Technology. The simulation results demonstrate the accuracy and 
robustness of our method.

8313-143, Poster Session

A graphical processing unit based 
tomographic projection operator calculation 
for a content adaptive mesh model
F. Massanes, J. G. Brankov, Illinois Institute of Technology 
(United States)

In this paper we explore the capabilities of a graphical processing unit for 
fast calculation of a tomographic projection operator in content-adaptive 
mesh models (CAMM). We explore the use of two distinct methods, ray-
tracing and mesh element projection, to calculate the projection operator 
implemented on both classical computers and a Graphical Processing 
Unit (GPU). Both methods have already been proposed in the literature 
for 2D and 3D tomographic image reconstruction using a CAMM for 
emission tomography (EM). However, there was no clear comparison 
between both methods. This paper will address this issue for the 2D case 
comparing both methods in the resulting projection operator model and 
execution time.

8313-144, Poster Session

Linearization and reconstruction of nonlinear 
diffuse optical tomographic image
S. K. Biswas, R. Kanhirodan, R. M. Vasu, Indian Institute of 
Science (India)

Diffuse Optical Tomography (DOT) is one of the ways to probe highly 
scattering media such as tissue using low-energy near infra-red light 
(NIR) to reconstruct the optical property distribution. The interaction of 
the photons in biological tissue is non-linear and is well established by 
diffusion theory. The solution of the non-linear problem can be improved 
by modeling and optimizing the cost functional. The cost functional is 
f(x)= x(Transpose)Ax -bx + c and after minimization, the cost functional 
reduces to Ax = b. The spatial distribution of optical parameter can be 
obtained by solving the above equation iteratively for x. As the problem 
is non-linear and ill-posed, there will be a error or correction terms for x 
at each iteration. A linearization strategy is proposed for the solution of 
the nonlinear ill-posed inverse problem associated with DOT by linear 
combination of system matrix and error in solution. 

Propagating the error (e) information (obtained from previous iteration) to 
the minimization function f(x), we can rewrite the minimization function as 
f(x; e) = (x+e)(Transpose)A(x+e) -b (x+e) + c. The revised cost functional 
is f(x; e)=f(x) + e(Transpose)Ae. The self guided spatial weighted prior (B 
lambda AIe(Transpose)e) error (e, error in estimating x) information along 
the principal nodes facilitates a well resolved dominant solution over 
the region of interest. The local minimization reduces the spreading of 
inclusion and removes the side lobes, thereby improving the contrast, 
localization and resolution of reconstructed image which has not been 
possible with conventional linear and regularization algorithm.

8313-145, Poster Session

Efficient reconstruction method for 
bioluminescence tomography based on two-
step iterative shrinkage approach
W. Guo, K. Jia, Beijing Univ. of Technology (China); J. Tian, D. 
Han, Institute of Automation (China); X. Liu, Beijing Univ. of 
Technology (China); P. Wu, Institute of Automation (China); J. 
Feng, Beijing Univ. of Technology (China); X. Yang, Institute of 
Automation (China)

Among many molecular imaging modalities, Bioluminescence 
tomography (BLT) is an important optical molecular imaging modality. 
Due to its unique advantages in specificity, sensitivity, cost-effectiveness 
and low background noise, BLT is widely studied for live small 
animal imaging. Since only the photon distribution over the surface is 
measurable and the photo propagation with biological tissue is highly 
diffusive, BLT is often an ill-posed problem and may bear multiple 
solutions and aberrant reconstruction in the presence of measurement 
noise and optical parameter mismatches. For many BLT practical 
applications, such as early detection of tumors, the volumes of the light 
sources are very small compared with the whole body. Therefore, the 
L1-norm sparsity regularization has been used to fully take advantage 
of the sparsity prior knowledge and alleviate the ill-posedness of the 
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problem. Iterative shrinkage (IST) algorithm is an important research 
achievement in a field of compressed sensing, and widely applied in 
sparse signal reconstruction. However, the convergence rate of IST 
algorithm depends heavily on the linear operator. When the problem 
is ill-posed, it becomes very slow. In this paper, we present a novel 
sparsity regularization reconstruction method for BLT based on the 
two-step iterated shrinkage approach. By employing Two-step strategy 
of iterative reweighted shrinkage (IRS) to improve IST, the proposed 
method shows faster convergence rate and better adaptability for BLT. 
The simulation experiments with mouse atlas were conducted to evaluate 
the performance of proposed method. By contrast, the proposed method 
can obtain the stable and comparable reconstruction solution with less 
number of iterations.

8313-146, Poster Session

Iterative reconstruction integrating SART and 
FBP on photoacoustic imaging
X. Liu, Northeastern Univ. (China); J. Tian, D. Han, Institute of 
Automation (China); W. Guo, Beijing Univ. of Technology (China); 
X. Ma, C. Qin, X. Yang, Institute of Automation (China)

Photoacoustic(PA) imaging(PAI) is a noninvasive biomedical imaging 
modality for visualizing the internal structure and function of soft tissues. 
Image reconstruction in PAI requires the solution of an inverse source 
problem, where the source represents the optical energy absorption 
distribution in the object. Analytical Fourier methods such as filtered 
back projection (FBP), and iterative methods such as Algebraic 
Reconstruction Techniques, have been considered in the past by 
several workers in the field of PAI reconstruction. However, there are 
few articles combing them can be found. In this paper we present a 
combined iterative reconstruction algorithm to recover the distribution of 
optical absorption coefficients. Such a combination of the simultaneous 
algebraic reconstruction technique (SART) algorithm and the FBP 
algorithm bears the promise to improve the image quality of fast but not 
accurate. The different between the present proposal and traditional 
SART algorithm is that we computer a full error image with FBP, which is 
used to projection differences between original image and reconstruction 
and to update the solution in each iteration step. The combined iterative 
reconstruction algorithm works well in rectification of the measurement 
and converges quickly onto an accurate estimate of the distribution of 
absolute absorption coefficients. Numerical simulations demonstrate that 
the proposed algorithm effectively reduces the artifacts and blurs, and 
yields better quality of reconstruction image than that with FBP algorithm 
in terms of both accuracy and robustness to noise. In addition, a physical 
experiment that will be done with our experiment equipment system 
further demonstrates the potential of the proposed algorithm in practical 
applications.

8313-147, Poster Session

Fast proximity algorithm for MAP ECT 
reconstruction
S. Li, Sun Yat-Sen Univ. (China); A. Krol, SUNY Upstate Medical 
Univ. (United States); L. Shen, Y. Xu, Syracuse Univ. (United 
States); D. H. Feiglin, SUNY Upstate Medical Univ. (United 
States)

Emission computed tomography (ECT) could be modeled by g=Af+r, 
where g is observed data, A is the system matrix, f is radiotracer 
distribution, r are counts due to cosmic rays. We consider the 
following minimization problem for Maximum a Posteriori (MAP) ECT: 
f*=argmin K-L(f) + l|f| + Xc(f), where K-L is Kullback-Leibler divergence 
between observed and expected detector counts, l is regularization 
hyperparameter, e is a vector with all components equal 1, |f| is total 
variation (TV) norm, Xc(f) is characteristic function of convex set C. We 
characterize the minimizer f* using proximity operator followed by Picard 
iteration to numerically solve the resulting fixed-point scheme that leads 

to a proximity algorithm. In the next step, we introduce an appropriate 
preconditioner to accelerate its convergence speed. We investigated 
performance of our algorithm vs. Expectation Maximization (EM)-TV with 
SPECT data obtained for Shepp-Logan phantom at two noise levels: 9% 
and 40%. The bias-noise curves were obtained for a large uniform region 
of interest and optimal hyperparameters were estimated. Our algorithm 
outperforms EM-TV especially at very high noise level. For our 40% noisy 
data, we observe that coefficient of variation is lowered from 9.55% to 
4.97% without increasing bias and while preserving spatial resolution.

8313-148, Poster Session

Information theoretic discrepancy based 
iterative reconstruction (IDIR) algorithm for 
dual energy x-ray systems
K. E. Jang, J. Lee, K. Lee, Y. Sung, S. Lee, Samsung Advanced 
Institute of Technology (Korea, Republic of)

In dual energy computed tomography (DECT), two sets of projection data 
are acquired using two independent X-ray spectra. Since the attenuation 
characteristic of a material without a K-edge in a typical medical X-ray 
energy range is accurately described by the linear combination of the 
photoelectric attenuation and the Compton scatter, the DECT allows 
the differentiation of one material from another. However, the material 
decomposition (MD) is still a challenging problem in DECT, since 
two data sets from distinct X-ray spectra are not spatially aligned in 
practices. To avoid this problem, the MD is often calculated after volume 
reconstructions, where the monochromatic approximation of the data 
acquisition model is employed. The accuracy of the MD is, therefore, 
limited due to the erroneous ignorance of the energy dependency in the 
data acquisition model. In this paper, we present the information theoretic 
discrepancy based iterative reconstruction (IDIR) algorithm for an 
accurate MD in dual energy X-ray systems. The generalized information 
theoretic discrepancy (GID) measure is newly employed as the objective 
value. Based on the GID, a cost function for the material-selective 
reconstruction is derived, which accounts the exact polychromatic model 
of transmission tomography. Furthermore, the separable surrogate 
function is constructed, which may allow an accelerated implementation 
using the parallel computing techniques. Since the spectral model of 
measured data are explicitly considered, the accurate MD is possible 
even for misaligned data sets. In numerical experiments with the dual 
energy CT, the proposed method showed superior reconstruction 
performance over the conventional approach.

8313-149, Poster Session

A FBP-type analytic segmentation method for 
x-ray CT images from cone-beam projection 
data
Z. Li, B. Yazici, Rensselaer Polytechnic Institute (United States)

In many medical and non-medical applications, the reconstructed X-ray 
CT images are subjected to automated pattern recognition algorithms 
that require segmentation of the images. A typical data processing 
chain includes image reconstruction, followed by a segmentation step 
and pattern analysis. In this paper, we introduce a FBP-type image 
segmentation method applied to cone-beam projection data that 
bypasses the image reconstruction step. Our method first parameterizes 
the cone-beam transform so that the resulting transform is a Fourier 
Integral Operator (FIO). We next present a filtered-back projection (FBP) 
type method to recover and enhance the visible singularities (edges) 
of the object to be imaged. The FBP-type segmentation involves a 
backprojection step that is given by the L2-adjoint of the FIO and a 
filtering step. We design the filter so that the resulting point spread 
function of the FBP operator is a differential operator behaving in a 
desirable manner for each pixel reconstructed. While we focus primarily 
on segmentation of X-ray CT images from cone-beam projections, the 
method is applicable to other type of applications where the projection 
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data are modeled as FIOs, such as synthetic aperture radar, sonar and 
geophysical imaging.

8313-150, Poster Session

Use of a graphic processing unit (GPU) to 
facilitate real-time 3D graphic presentation 
of the patient skin-dose distribution during 
fluoroscopic interventional procedures
V. Rana, S. Rudin, D. R. Bednarek, Toshiba Stroke Research Ctr. 
(United States)

We have developed a dose-tracking system (DTS) that calculates the 
radiation dose to the patient’s skin in real-time by acquiring exposure 
parameters and imaging-system-geometry from the digital bus on a 
Toshiba Infinix C-arm unit. The cumulative dose values are then displayed 
as a color map on an OpenGL-based 3D graphic of the patient for 
immediate feedback to the interventionalist. Determination of those 
elements on the surface of the patient 3D-graphic that intersect the 
beam and calculation of dose for these elements in real-time demands 
fast computation. Reducing the size of the elements results in more 
computation load on the computer processor and therefore a tradeoff 
occurs between the resolution of the graphics patient and the real-time 
performance of the DTS. The speed of the DTS for calculating dose 
to the skin is limited by the central processing unit (CPU) and can be 
improved by using the parallel processing power of GPUs. Here, we 
compare the performance speed of GPU-based DTS software to that 
of the current CPU-based software as a function of the resolution of the 
patient graphics. Results show a tremendous improvement in speed 
using the GPU; while an increase in the spatial resolution of the patient 
graphics resulted in slowing down the computational speed of the DTS 
on the CPU, the speed of the GPU-based DTS was hardly affected. This 
GPU-based DTS can be a powerful tool for providing accurate, real-
time feedback about patient skin-dose to physicians while performing 
interventional procedures.

8313-151, Poster Session

Dosimetric consideration for patients with 
dental filling materials undergoing irradiation 
of oral cavity using rapid arc: challenges and 
solution
N. Mail, Y. Barakati, M. A. Khan, F. M. Saeedi, N. Safadi, S. M. 
Ghamdi, A. Saoudi, National Guard Health Affairs (Saudi Arabia)

The purpose of this study was to demonstrate the discrepancies between 
the dose calculation (treatment planning system) and delivery in a patient 
undergoing RapidArcTM radiotherapy for oral cavity in the presence of 
high density dental filling material (DFM). The presence of DFM creates 
uncertainties in CT number and creates long streaking artifacts which 
greatly affect the dose distribution inside the oral cavity. The influence of 
extensive dental filling artifacts on dose distribution was performed using 
a geometrically well-defined head and neck IMRT-verification phantom 
(PTW, Feiburg, Germany) together with inserts from DFM (Amalgam, 11.3 
g/cm3). The phantom was scanned using Siemens SOMATOM Sensation 
CT Simulator (Siemens, AG, Germany) under standard imaging condition 
for the head and neck (120 kVp, 300 mAs and voxel size 1×1×2 mm3). 
Three plans for Rapid Arc were calculated in the Varian Eclipse System 
(VES) to treat oral cavity using the same CT dataset, 1) raw CT image, 
2) streaking artifacts were replaced with a mask of 10 HU and, 3) 2 cm 
thick 6000 HU compensator (a volume around the DFM in VES to create 
extra attenuation). The compensator calculation is purely based on 
measured PDD% data acquired with and without DFM. The dose delivery 
and distribution for the three plans was verified using Gafchromic EBT2 
(International Specialty Product, Wayne, NJ, USA)film measurements. 
The use of compensator resulted in a significant improvement in dose 
distribution throughout the PTV.

8313-152, Poster Session

Radiation dose reduction in computed 
tomography perfusion using spatial-temporal 
Bayesian methods
R. Fang, Cornell Univ. (United States); A. Raj, P. Sanelli, Weill 
Cornell Medical College (United States); T. Chen, Cornell Univ. 
(United States)

In current computed tomography (CT) examinations, the associated 
X-ray radiation dose is of significant concern to patients and operators, 
especially CT perfusion (CTP) imaging that has higher radiation dose 
due to its cine scanning technique. A simple and cost-effective means 
to perform the examinations is to lower the  milliampere-seconds (mAs) 
parameter as low as reasonably achievable in data acquisition. However, 
lowering the mAs parameter will unavoidably increase data noise and 
degrade CT perfusion maps greatly if no adequate noise control is 
applied during image reconstruction. In this paper, a new scheme for 
the reconstruction of the tissue concentration curve is proposed to 
restore hemodynamic parameters from ultra-low mAs noisy CT perfusion 
imaging.

To capture the essential dynamics of CT perfusion, a simple piecewise 
parametric model of the residual function is used, and then the 
model parameters are estimated from a Bayesian formulation of prior 
smoothness constraints on perfusion parameters. From the fitted residual 
function, reliable CTP parameter maps are obtained from low dose CT 
data. The merit of this scheme exists in the combination of analytical 
piecewise residual function with Bayesian framework using a simpler 
prior spatial constrain for CT perfusion application. 

When applying to an independent testing dataset of 21 patient cases 
from a research PACS, this dynamic spatial-temporal Bayesian model 
yielded an increase in signal-to-noise-ratio (SNR) of 78% and a decrease 
in mean-square-error (MSE) of 40%. The results demonstrated the 
feasibility of applying spatial-temporal Bayesian model scheme to 
restoring perfusion maps using low-dose CTP examinations.

8313-153, Poster Session

Dose reduction evaluation of model-based-
iterative-reconstruction (VeoTM): lesion 
detection performance using a practical 
human-observer-based scoring method
G. Yadava, A. Cohen, J. Fan, P. Sainath, J. Hsieh, GE Healthcare 
(United States)

With advancements in computation speed, iterative reconstruction 
methods are emerging as powerful dose reduction technique in 
computed tomography (CT) applications. Non-linear and task-specific 
nature of iterative reconstruction methods pose significant limitation 
on objective image-quality (IQ) evaluation metrics (e.g., noise, spatial-
resolution, low-contrast-resolution, slice-thickness etc.) as they lack in 
adequately incorporating the effect of patient shape, anatomical noise, 
and clinically relevant diagnostic task, e.g., detection of abnormal 
pathology. Many of the existing psychophysical experiments are very 
expensive to conduct and subject to a combinatorial explosion, making 
routine human experiments impractical. In an effort to develop a realistic 
assessment of imaging-performance in clinically relevant diagnostic 
task, a practical human-observer-based scoring method was developed 
to quantify not only the probability of true lesion detection, but also 
an average detection score as an indicator of quality of detection in 
complex tasks. The method was applied to evaluate dose reduction 
capability of model-base-iterative-reconstruction (VeoTM) in a lever-
lesion detection task compared with standard filtered-back-projection 
(FBP) reconstruction. An anthropomorphic abdomen phantom with 
simulated hyper-vascular liver-lesions of clinically relevant sizes and 
contrast-levels was used to emulate low-contrast-lesion-detection task. 
Human observer-based imaging performance assessment of the two 
reconstruction technologies at two kVp’, patient-sizes and dose-levels, 
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“full dose” (corresponds to an average dose level in routine abdominal 
CT) and 1/4th of “full dose”, was carried out. Results of the study and 
statistical significance tests indicated that average-probability-of-
detection and average-detection-score at full dose FBP and 1/4th dose 
VeoTM are comparable, whereas at the same full dose VeoTM shows 
improved detection performance.

8313-154, Poster Session

Diagnostic accuracy at several reduced 
radiation dose levels for CT imaging in the 
diagnosis of appendicitis
D. Zhang, M. Khatonabadi, H. J. Kim, Univ. of California, Los 
Angeles (United States); C. M. Jude, Olive View-UCLA Medical 
Ctr. (United States); E. J. Zaragoza, Santa Monica-UCLA Medical 
Ctr. and Orthopaedic Hospital (United States); M. Lee, M. Patel, 
Olive View-UCLA Medical Ctr. (United States); C. Poon, Univ. of 
California, Los Angeles (United States); M. Douek, Santa Monica-
UCLA Medical Ctr. and Orthopaedic Hospital (United States); D. 
Andrews-Tang, Olive View-UCLA Medical Ctr. (United States); 
L. Doepke, Univ. of California, Los Angeles (United States); 
S. McNitt-Gray, University of California, Los Angeles (United 
States); C. H. Cagnon, J. J. DeMarco, M. McNitt-Gray, Univ. of 
California, Los Angeles (United States)

Purpose: While several studies have investigated the tradeoffs between 
radiation dose and image quality (noise) in CT imaging, the purpose of 
this study was to take this analysis a step further by investigating the 
tradeoffs between patient radiation dose (including organ dose) and 
diagnostic accuracy in diagnosis of appendicitis using CT. 

Methods: This preliminary study was IRB approved and utilized data 
from 20 patients who underwent clinical CT exams for indications 
of appendicitis. Medical record review established true diagnosis of 
appendicitis, with 10 positives and 10 negatives. A validated software 
tool used raw projection data from each scan to create simulated images 
at lower dose levels (70%, 50%, 30%, 20% of original). An observer 
study was performed with 4 radiologists reviewing each case at each 
dose level in random order over several sessions. Readers assessed 
image quality and provided confidence in their diagnosis of appendicitis, 
each on a 5 point scale. Liver doses at each case and each dose level 
were estimated using Monte Carlo based methods.

Results: Overall diagnostic accuracy varies across dose levels: 98%, 
94%, 91%, 92% and 90% across the 100%, 70%, 50%, 30% and 20% 
dose levels respectively. And it is 97%, 93%, 93%, 93% across the 15-
20mGy, 10-15mGy, 5-10mGy, and 0-5mGy liver dose ranges respectively. 
Only 4 out of 600 cases were rated “unacceptable” for image quality. 

Conclusion: This preliminary study demonstrated tradeoffs between 
radiation dose and diagnostic performance and indicated that: (a) modest 
dose reductions may result in slight changes in diagnostic performance 
and (b) even at large dose reduction levels, reader performance is 
maintained at surprisingly high levels.

8313-155, Poster Session

An investigation of the iterative 
reconstruction method iDose4 on a Philips CT 
Brilliance 64 using a Catphan 600 phantom
M. Olsson, Scanias Univ. Hospital (Sweden); K. Norrgren, Philips 
Healthcare (Sweden)

The number of CT examinations giving a relatively high patient exposure 
is increasing. It is therefore important to optimize the imaging conditions 
at these investigations. Many steps have been taken to reduce the 
radiation doses in CT examinations. Currently much work is related 
to iterative image reconstruction methods as alternative to the filtered 

back projection method. The aim of this work was to evaluate quality 
parameters in images from a CT (Philips Brilliance 64) equipped with the 
iterative reconstruction method iDose4 using a Catphan 600 phantom 
with and without body simulating ring.

CT scans using abdomen protocol were taken with various tube currents 
and tube voltage and keeping collimation and pitch unchanged for all 
scans. All collected data were reconstructed with different levels of 
iDose4 (Level 2, 4, 6) and traditional filtered back projection. Image 
quality parameters were evaluated using AutoQA Lite TM (Version 2.3 
2007 Iris QA, LLC). Results from the study shows that the iterative 
reconstruction method decreases the noise with 15-45% compared with 
filtered back projection depending on which level of iDose4 is used. The 
percentage reduction in noise level is the same with and without body 
simulating ring. Low contrast and spatial resolution are only marginally 
affected by the method of reconstruction. However by reducing the 
image noise, the detectability can be improved. Our conclusion is that 
there is great potential to reduce the noise and thereby improve the 
image quality by using iterative reconstruction methods. This can also 
be used to lower radiation dose and maintain image quality or improve 
image quality.

8313-156, Poster Session

Dose reduction potential with photon 
counting CT
X. Wang, A. A. Zamyatin, D. Shi, Toshiba Medical Research 
Institute USA (United States)

Electronic noise becomes a major source of signal degradation in low-
dose clinical CT. In current energy integrating CT detectors electronics 
adds a noise of constant variance, which is negligible at high counts but 
is significant at low counts. With a photon counting detector (PCD) and 
its pulse height discrimination capability, on the other hand, electronic 
noise has little to no impact on measured signal. PCDs are known 
for their abilities to provide useful spectral information. However, little 
research has been done to investigate PCD’s dose reduction potential for 
diagnostic CT. In this work we investigate dose reduction using photon 
counting detectors. We perform polychromatic simulations of both energy 
integrating and photon counting CT, and compare results with both 
analytic (FBP) and iterative reconstruction (IR). We show that PCDs have 
potential for dose reduction in conventional clinical CT examinations, 
when spectral information is not required.

8313-157, Poster Session

Experimental evaluation of the pile-up trigger 
method in a revised quantum-counting CT 
detector
E. Kraft, Siemens AG, Healthcare (Germany); F. Glasser, CEA-
LETI-MINATEC (France); S. G. Kappler, D. Niederloehner, 
Siemens AG, Healthcare (Germany); P. Villard, CEA-LETI-
MINATEC (France)

The application of quantum-counting detectors in clinical Computed 
Tomography (CT) is challenged by very large X-ray photon fluxes present 
in modern systems. Situations with sub-optimal patient positioning or 
scanning of small ob¬jects can cause unattenuated exposure of parts 
of the detector. The typical pulse durations in CdTe/CdZnTe sensor 
range in the order of several nanoseconds, even if the detector design 
is optimized for high-rate applications by using high sensor depletion 
voltages and small pixel sizes. This can lead to severe pile-up of the 
pulses, resulting in count efficiency degradation or even ambiguous 
detector signals. The recently introduced pile-up trigger method solves 
this problem by combining the signal of a photon counting channel with a 
signal indicative of the level of pile-up. Latter is obtained with a photon-
counting channel operated at threshold energies beyond the maximum 
ener¬gy of the incident photon spectrum so that its signal arises purely 
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from pulse pile-up. We present an experi¬men¬tal evaluation of the 
pile-up trigger method in a revised quantum-counting CT detector and 
compare our results to simulations of the method with idealized detector 
properties.

8313-158, Poster Session

Investigation of ultra low-dose scans in the 
context of quantum-counting clinical CT
T. Weidinger, T. M. Buzug, Univ. zu Lübeck (Germany); G. S. K. 
Fung, Johns Hopkins Univ. School of Medicine (United States); S. 
G. Kappler, Siemens Medical Solutions GmbH (Germany); B. M. 
W. Tsui, Johns Hopkins Univ. School of Medicine (United States); 
K. Stierstorfer, T. Flohr, Siemens Medical Solutions GmbH 
(Germany)

We investigate image quality and noise properties of CT systems with 
energy integrating and quantum counting detectors in an extensive 
simulation of the complete scanning and reconstruction process. 
The simulation chain encompasses modeling the X-ray source, beam 
attenuation in the patient and calculation of the detector response, 
subsequent image preprocessing and reconstruction for both, energy 
integrating and quantum counting detectors. A realistic digital phantom 
of the human body based on non-uniform rational B-Splines is employed 
in the simulated scans. The simulation-based, theoretical evaluation 
is validated by experiments with a novel prototype quantum counting 
scanner and a conventional device with energy integrating CT detector. 
We demonstrate and quantify the improvement of image quality 
achievable with quantum-counting techniques in CT examinations with 
ultra-low X-ray tube currents and strong attenuation.

8313-159, Poster Session

Graphics processing unit (GPU) 
implementation of image processing 
algorithms to improve system performance 
of the control acquisition, processing and 
image display system (CAPIDS) of the micro-
angiographic fluoroscope (MAF)
S. N. Swetadri Vasan, Univ. at Buffalo (United States) and 
Toshiba Stroke Research Ctr. (United States); C. N. Ionita, 
Toshiba Stroke Research Ctr. (United States); A. H. Titus, A. N. 
Cartwright, Univ. at Buffalo (United States) and Toshiba Stroke 
Research Ctr. (United States); D. R. Bednarek, Toshiba Stroke 
Research Ctr. (United States); S. Rudin, Univ. at Buffalo (United 
States) and Toshiba Stroke Research Ctr. (United States)

We present the image processing upgrades implemented on a Graphics 
Processing unit (GPU) in the Control Acquisition, Processing And 
Image Display System (CAPIDS) for the custom Micro Angiographic 
Fluoroscope (MAF) detector. Most of the image processing currently 
implemented in the CAPIDS system is pixel independent; that is, the 
operation on each pixel is the same and the operation on one does not 
depend upon the result from the operation on the other, allowing the 
entire image to be processed in parallel. GPU hardware was developed 
for this kind of massive parallel processing implementation. Thus for an 
algorithm which has a high amount of parallelism, a GPU implementation 
is much faster than a CPU implementation. The image processing 
algorithm upgrades implemented on the CAPIDS system include flat 
field correction, temporal filtering, image subtraction, roadmap mask 
generation and display window and leveling. A comparison between the 
previous and the upgraded version of CAPIDS has been presented, to 
demonstrate how the improvement is achieved. By performing the image 
processing on a GPU, significant improvements (with respect to timing or 
frame rate) have been achieved, including stable operation of the system 

at 30fps during a fluoroscopy run, a DSA run, a roadmap procedure and 
automatic image window and leveling during each frame.

8313-160, Poster Session

An image-based approach to low-dose CT 
simulation
J. H. Kim, C. Kim, Z. Yang, Seoul National Univ. College of 
Medicine (Korea, Republic of); C. Heo, Seoul National Univ. 
(Korea, Republic of)

An image-based low-dose simulation method for CT is presented which 
does not require patient raw data. A virtual sinogram is generated by 
performing line integral of the CT number-based attenuation value using 
CT scan parameters available in the literature, and a separate noise 
sinogram is generated using a noise model which incorporating X-ray 
photon flux depending on mAs, bowtie filter profile, system electronic 
noise, and the virtual sinogram. A synthetic noise CT data is generated 
by applying FBP of the noise sinogram using an appropriate filter 
depending on reconstruction kernel of original CT. Finally, a simulated 
low-dose CT image is generated by adding the synthetic noise CT data 
to the original CT data. 

An anthropomorphic chest phantom was scanned with four different mAs 
levels(20, 40, 100, 200 mAs), and the developed method was applied to 
the highest dose image to simulated lower dose images. Comparison of 
standard deviation on selected ROIs showed an acceptable agreement 
with less than 15% difference, and other texture features exhibited no 
statistical differences between real low-dose and simulated low-dose CT 
data.

In conclusion, the proposed image-based low-dose CT simulation 
method might be a useful tool for assessing low-dose CT application in 
various clinical settings even when patient sinogram is not available.

8313-161, Poster Session

Practical considerations for intensity 
modulated CT
T. P. Szczykutowicz, C. Mistretta, Univ. of Wisconsin-Madison 
(United States)

In x-ray imaging, the dose level for a given projection image must be 
high enough to avoid photon starvation. As most patients, for a given 
projection, contain regions of vastly different attenuation properties, 
the dose level is often far higher than is required for some regions 
and inadequate for others. Through the use of intensity modulation of 
the incident photon flux this problem can be mitigated. In this paper, 
two practical issues pertaining to intensity modulated CT (IMCT) are 
demonstrated and their causes are theoretically derived. As IMCT can 
be enabled using a number of various techniques, the use of a system 
of attenuating wedges is considered here. The first practical issue is the 
presence of scatter radiation. It is shown that scatter radiation produces 
ring artifacts due to a mismatch in the frequency of the scatter and 
the wedge attenuation in the CT normalization procedure. The second 
practical issue concerns the generation of a uniform CNR image under 
different scanning geometries. It is shown that if a uniform CNR image is 
desired, the required SNR distribution exiting the patient will depend on 
the scanning geometry. In addition, a method to correct for the scatter 
induced ring artifacts is presented that relies on assuming the scatter 
signal is equal on each side of the modulation boundaries.
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8313-162, Poster Session

Performance investigation of a hospital-grade 
x-ray tube differential phase-contrast cone-
beam CT (DPC-CBCT) system for soft tissue 
imaging
Y. Yu, R. Ning, W. Cai, J. Liu, Univ. of Rochester Medical Ctr. 
(United States)

Differential phase contrast technique could be the next breakthrough 
in the field of CT imaging. While traditional absorption-based X-ray 
CT imaging is inefficient at differentiating soft tissues, phase-contrast 
technique offers great advantage as being able to produce higher 
contrast images utilizing the phase information of objects. Our long term 
goal is to develop a gantry-based hospital-grade X-ray tube differential 
phase contrast cone-beam CT (DPC-CBCT) technology which is able 
to achieve higher contrast noise ratio (CNR) in soft tissue imaging 
without increasing the dose level. Based on the micro-focus system built 
last year, a bench-top hospital-grade X-ray tube DPC-CBCT system 
is designed and constructed. The DPC-CBCT system consists of an 
X-ray source, i.e. a hospital-grade X-ray tube and a source grating, a 
high-resolution detector, a rotating phantom holder, a phase grating 
and an analyzer grating. Three-dimensional (3-D) phase-coefficients 
are reconstructed, providing us with images enjoying higher CNR 
than, yet equivalent dose level to, a conventional CBCT scan. Three 
important aspects of the system are investigated: a) The noise property 
of the reconstruction image with regard to dose levels, b) the impacts 
of different phase stepping schemes, i.e. 4 steps to 8 steps, on the 
reconstruction images, and c) the influence of magnification or position 
of the phantom on image quality, chiefly CNR. The investigations are 
accomplished via phantom study.

8313-163, Poster Session

Preliminary performance measurements from 
a second generation diffraction enhanced 
imaging system
D. M. Connor, Jr., E. B. Cole, Medical Univ. of South Carolina 
(United States); Z. Zhong, Brookhaven National Lab. (United 
States); C. A. Parham, The Univ. of North Carolina at Chapel Hill 
(United States); E. D. Pisano, Medical Univ. of South Carolina 
(United States)

Purpose: The goal of this study was to begin quantifying the performance 
of a second generation diffraction enhanced imaging (DEI) system 
designed to reduce imaging time from our first generation system.

Background: DEI, a phase contrast x-ray imaging modality, generates 
images with enhanced soft tissue contrast at a lower dose than 
conventional radiography. Our group has previously reported on an x-ray 
tube-based DEI system, but a substantial gap remained between the 
imaging time of that system and that of a clinical DEI system.

Method: A high power, rotating anode x-ray tube was integrated into this 
second generation DEI system along with an image intensifier to improve 
photon counting efficiency. Phantoms were imaged to measure the 
contrast from features with a range of indices of refraction. Images were 
acquired using a tube power of 10 kW (125 kVp, 80 mA) at the silicon 
[333] reflection with the analyzer crystal at its half-reflectivity point.

Results: Our preliminary results show comparable image contrast to 
the first generation DEI system. Nylon wires of 0.15 mm diameter and 
features that differ in physical density from the surrounding material by 
less than 20% were visualized. Imaging time averaged 1.2 hrs, with 250 
seconds of x-ray-on time from the pulsed source. This corresponds to 
a reduction in imaging time of 4X and reduction of x-ray-on time of 60X 
from the initial prototype system. 

Conclusions: These early results from our second generation diffraction 
enhanced imaging system show significant reduction in imaging time 
with preservation of DEI contrast.

8313-164, Poster Session

Microfrabricated tags for the radiographic 
detection of retained foreign objects during 
surgery
T. C. Marentis, A. Tripathi, N. Chronis, Univ. of Michigan (United 
States)

Gossypibomas are foreign objects forgotten in the human body during 
an operation. They present a major source of morbidity and mortality 
to patients as they are difficult to visualize in plain radiographs and 
therefore difficult to recover. Here we propose the use of microfabricated, 
miniaturized tags (footprint of <4mm2) to increase the visibility of 
potential foreign bodies on radiographs. These tags can be easily 
recognized by a radiologist or a computer aided detection (CAD) 
algorithm. They comprise of three radiopaque microspheres placed in 
a triangular configuration inside a biocompatible radiolucent polymer 
(polydimethylsiloxane (PDMS)). To study the effect of material properties 
on the visibility of these tags on radiographs, we used tungsten carbide 
(WC) and stainless steel (SS) microspheres of various diameters. WC tags 
provided higher x-ray attenuation than SS ones. We furthermore imaged 
WC tags with microsphere diameters of 1.0, 0.8, 0.63 and 0.25 mm over 
different lucite thicknesses (0-7 inches) and a pelvis phantom, ensuring 
overlap with osseous structures. All the WC tags were visible against 
all backgrounds. We also obtained the signal to noise ratio and the 
smallest resolvable distance between two adjacent microspheres placed 
against the pelvis phantom and calculated the resolution in line pairs per 
millimeter. We estimated that tags comprising of 0.4 mm diameter WC 
microspheres 1.3 mm apart will be well visible regardless of orientation 
with respect to the x-ray beam.

8313-165, Poster Session

Evaluation of automatic exposure 
control performance in full-field digital 
mammography systems using contrast-detail 
analysis
I. M. Suarez Castellanos, The George Washington Univ. (United 
States); R. V. Kaczmarek, C. C. Brunner, K. Chakrabarti, U.S. 
Food and Drug Administration (United States)

Full Field Digital Mammography (FFDM) is increasingly replacing screen-
film systems for screening and diagnosis of breast abnormalities. It has 
become a standard with FFDM systems to use the Automatic Exposure 
Control (AEC) mode which selects technique factors to optimize 
dose and image quality. The purpose of this study is to evaluate AEC 
performance of an FFDM system at different thicknesses using predicted 
human observer Contrast-Detail curves (C-D curves). C-D curves were 
generated for each AEC mode available in the FFDM system under study 
for phantoms with equivalent x-ray attenuation properties of 3.2 cm, 6 cm 
and 7.5 cm thick breasts. A CDMAM phantom was used to generate C-D 
curves that may be compared with ideal curves generated using a metric 
referred to as the k-factor (product of the thickness and the diameter of 
the smallest correctly identified disks in the CDMAM phantom). Previous 
observer studies have indicated that k-factor values of 60 to 80 μm2 are 
particularly useful in demonstrating the threshold for object detectability 
for detectors used in digital mammography systems. Thus, our results 
were compared to ideal C-D curves corresponding to these k-factors. 
Our concern is that low contrast objects may not be detected. Our results 
show that for thicker breasts, there is a wider range of signal sizes above 
the 80 μm2 curve when using the AEC mode, apparently indicating that 
the system is mostly optimized for breasts of standard size.
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8313-166, Poster Session

Shape analysis of simulated breast 
anatomical structures
F. Contijoch, J. M. Lynch, The Univ. of Pennsylvania Health 
System (United States); D. D. Pokrajac, Delaware State Univ. 
(United States); A. D. Maidment, P. R. Bakic, The Univ. of 
Pennsylvania Health System (United States)

Recent advances in high-resolution 3D breast imaging, namely, digital 
breast tomosynthesis and dedicated breast CT, have enabled detailed 
analysis of the shape and distribution of anatomical structures in the 
breast. Such analysis is clinically important, since the projections of 
breast anatomical structures make up the parenchymal pattern in clinical 
images which can mask the existing abnormalities or introducing false 
alarms; the parenchymal pattern is also correlated with the risk of cancer. 
As a first step, we have performed shape analysis of an anthropomorphic 
software breast phantom. Previously, we developed a method for 
generating software breast phantoms based upon competitive interaction 
of simulated tissue compartments, which results in irregular shapes that 
qualitatively mimic the real breast anatomy. The shape analysis was 
performed by fitting ellipsoids to the simulated tissue compartments. The 
ellipsoidal semi-axes were calculated by matching moments of inertia of 
each individual compartment and of an ellipsoid. The distribution of Dice 
coefficients, measuring volumetric overlap between the compartment and 
the corresponding ellipsoid, was used to characterize various classes of 
phantoms with qualitatively distinctive appearance. The influence on the 
phantom appearance by several simulation parameters was assessed. 
We observed strong correlation between the mean Dice coefficient and 
the input parameter defining initial compartment orientation. A similar 
relationship was observed between the variance in Dice coefficients and 
the parameter defining the relative compartment size. The proposed 
shape analysis should be extended to clinical breast images, and used to 
inform the selection of simulation parameters for improved realism.

8313-167, Poster Session

Dose sensitivity of three methods of image 
quality assessment in digital mammography
J. B. Hummel, M. Kaar, R. Hoffmann, Medizinische Univ. Wien 
(Austria); H. Kaldarar, Wilhelminenspital Vienna (Austria); F. 
Semturs, P. Homolka, M. Figl, Medizinische Univ. Wien (Austria)

Purpose: Image quality assurance is one of the key issues in digital 
mammography. Although image quality can always be improved by 
increasing dose this mechanism is restricted by limiting values given 
by the standards. Therefore, it is crucial for system adjustment to 
detect improvements of the image quality parameters even with small 
changes in dose. This dose sensitivity was tested for three image quality 
evaluation methods. The European protocol requires the use of the 
CDMAM phantom which is a conventional contrast-detail phantom, while 
in North America the American College of Radiology (ACR) accreditation 
phantom is proposed. The German PAS 1054 phantom is based on the 
idea to measure the noise-equivalent number of quanta (NEQ).

Method: We varied the dose within the range of clinical use. For the ACR 
phantom the examined parameter was the number of detected objects. 
With the CDMAM phantom we chose the diameters of 0.13, 0.20, 0.31 
and 0.5 mm and recorded the threshold thicknesses relatively to the 
ones gained at 40 mAs. With respect to the PAS 1054 measurements we 
evaluated the NEQ at typical spatial frequencies to calculate the relative 
changes.

Results: NEQ versus dose increment shows a linear relationship and 
can be described by a linear function (R^2=.998). Every current-time 
product increment can be detected. With the ACR phantom the number 
of detected objects increases only in the lower dose range and reaches 
saturation at 100mAs. The CDMAM can detect a 50% increase in dose 
confidently although the parameter increase is not monotonous.

8313-168, Poster Session

Modeling realistic breast lesions using 
diffusion limited aggregation
A. Rashidnasab, P. Elangovan, M. Yip, Univ. of Surrey (United 
Kingdom); K. C. Young, D. R. Dance, NCCPM, The Royal Surrey 
County Hospital NHS Trust (United Kingdom); K. Wells, Univ. of 
Surrey (United Kingdom)

Synthesizing the appearance of malignant masses and inserting these 
into digital mammograms can be used as part of a wider framework for 
investigating the radiological detection task in X-ray mammography. 
However, the randomness associated with cell division within cancerous 
masses and the associated complex morphology challenges the realism 
of the modeling process. In this paper, Diffusion Limited Aggregation 
(DLA), a type of fractal growth is proposed and utilized for modeling 
breast lesions. Masses of different sizes, shapes and density were 
grown by controlling DLA growth parameters either prior to growth, 
or dynamically updating these during growth. Preliminary radiological 
feedback suggests this may be a promising approach for lesion 
simulation, paving the way for their use in a full validation study.

8313-169, Poster Session

The effect of breast positioning on breast 
compression in mammography: a pressure 
distribution perspective
M. Dustler, I. Andersson, D. Förnvik, A. Tingberg, Lund Univ. 
(Sweden)

Standard procedure at mammography is to compress the breast in order 
to improve image quality, better separate tissue components and reduce 
patient dose. Traditionally, compression guidelines have been based on 
applied force, rather than actual thickness reduction. Structures such as 
the pectoral muscle are stiffer than breast tissue and if compressed along 
with it, as in the MLO-projection, might absorb much of the applied force. 
This study investigated the difference in compression of breasts before 
and after they were repositioned to exclude 1 cm of the juxtathoracic 
part. Six women were included in this initial study, with more to be 
included before presentation. The distribution of compression pressure 
was measured using thin FSR (Force Sensing Resistor) pressure sensors 
attached to the compression paddle. Breast thickness and compression 
force was measured by the mammographic device. In all six cases the 
breast was thinner and had a higher mean pressure distributed over a 
larger area after repositioning. This indicates that the inclusion of the 
pectoral muscle and other juxtathoracic structures in the MLO-projection 
substantially affects pressure distribution and prevents compression 
of the breast. The results suggest that the exact positioning of the 
MLO-projection should be carefully evaluated in order to find a balance 
between breast compression and tissue inclusion.

8313-170, Poster Session

Local spectral adaptive multitaper method 
with bilateral filtering for spectrum analysis of 
mammographic images
G. Wu, Sunnybrook Research Institute (Canada) and Univ. of 
Toronto (Canada); J. G. Mainprize, Sunnybrook Research Institute 
(Canada); M. J. Yaffe, Sunnybrook Research Institute (Canada) 
and Univ. of Toronto (Canada)

Estimation of the image power spectrum is fundamental to the 
development of a figure of merit for image performance analysis. 
We are investigating a new multitaper approach to determine power 
spectra which provides a combination of low variance and high spectral 
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resolution near the frequency of interest. To further reduce the variance, 
the spectrum estimated by the proposed Local Spectral Adaptive 
Multitaper Method (LSAMTM) is subsequently smoothed in frequency 
domain by bilateral filtering, while keeping the frequency resolution intact. 
This tool will be especially valuable in power spectrum estimation of 
images that deviate significantly from uniform white noise. 

The performance of this approach will be evaluated in terms of spectral 
stability, variance reduction, bias and frequency precision. It will be 
compared to the conventional power spectrum method in several typical 
situations, including the noise power spectra (NPS) measurements 
of simulated projection images of a uniform phantom and NPS 
measurement of real detector images of a uniform phantom for two 
clinical digital mammography systems. 

Examination of spectrum variance versus frequency resolution and bias 
indicates that the LSAMTM with bilateral filtering technique is superior 
to the conventional estimation methods in variance reduction, frequency 
resolution and in the prevention of spectrum leakage. It has the ability 
to keep both low variance and narrow bandwidth near the frequency 
of interest. With less than 3% increase of overall bias, up to 87% more 
variance reduction can be achieved with proper filtration. No sacrifice of 
frequency precision has been observed.

8313-171, Poster Session

Design of a contrast enhanced dual energy 
tomosynthesis system for breast cancer 
imaging
T. Mertelmeier, M. D. Hörnig, L. Bätz, Siemens AG, Healthcare 
(Germany)

Digital breast tomosynthesis*) (DBT) is a three-dimensional X-ray imaging 
modality that has the potential to decrease the superimposition effect 
of breast structural noise, thereby increasing lesion conspicuity. To 
further improve breast cancer detection, our work has been devoted to 
develop a prototype for contrast enhanced dual energy tomosynthesis 
(CEDET)*). CEDET involves the injection of an iodinated contrast agent 
and measures the relative increase in uptake of contrast in the suspected 
breast cancer lesion. Either temporal or dual energy subtraction 
techniques may be used to implement CEDET. Both the 2D contrast 
enhanced dual energy mammography and 3D can be applied.

Here we present the design of a CEDET system consisting of two 
additional high-energy filter materials in addition to the standard Rh 
filter, which is used for the low-energy acquisitions. A quality factor of 
squared signal-difference-to-noise-ratio of iodine per pixel area and 
average glandular dose as a function of breast thickness had been used 
to optimize the filter material, the filter thickness, and the tube voltage. 
The average glandular dose can be calculated from the entrance surface 
air kerma using computed conversion coefficients DgN for the used X-ray 
spectra. We also present the results of DQE measurements of the a-Se 
detector involved. Finally, results of phantom tests for a basic system 
characterization and comparison with the simulations will be shown.

* Breast tomosynthesis and contrast enhanced dual energy 
tomosynthesis are investigational practices and are limited by U.S. law to 
investigational use. They are not commercially available in the U.S.

8313-172, Poster Session

Motion artifacts in dual-energy contrast-
enhanced mammography
N. Allec, S. Abbaszadeh, Univ. of Waterloo (Canada); J. M. Lewin, 
Univ. of Colorado Denver (United States); K. S. Karim, Univ. of 
Waterloo (Canada)

Several strategies have been investigated to acquire both low and 
high energy images for contrast-enhanced mammography (CEM) 
simultaneously. However, for the dual-energy technique where the 
existing conventional mammography infrastructure can be leveraged, low 

and high energy images are acquired using two separate exposures and 
the finite time between image acquisition leads to motion artifacts in the 
combined image. Motion artifacts lead to greater noise in the combined 
image and affect image quality, however the relationship between them is 
not clear. In this study we examine motion artifacts in dual-energy CEM 
and their impact on anatomical noise in the combined image and tumor 
detectability. To study the impact of motion artifacts, a cascaded systems 
model is extended to include such motion artifacts. An ideal observer 
model is used to quantify the performance and CEM images from a 
previous clinical study are used for comparison of the extended model.

8313-173, Poster Session

Measurement of breast density with digital 
breast tomosynthesis
B. Ren, A. Smith, Z. Jing, Hologic, Inc. (United States)

Breast density is known as a strong risk factor for breast cancer. Clinical 
assessment of breast density is done either by radiologist visually or by 
computer program automatically during screening mammography. With 
the rapid development and increased utilization of breast tomosynthesis 
clinically, there is a practical need for tomosynthesis to provide breast 
density measurement of patient similar to that in mammography. 

Quantra is a software package based on physical modeling of 
mammography system, and can perform volumetric assessment of 
breast tissue composition for conventional mammography. In this paper, 
we describe recent development work to extend Quantra to process 
tomosynthesis data, which uses each projection image to calculate the 
breast density. Our development takes advantage of the combo imaging 
mode of Selenia Dimensions that allows both conventional mammogram 
and tomosynthesis images of the same compressed breast to be 
acquired. We use the Quantra result of 2D mammogram as a reference to 
refine the new processing algorithm for tomosynthesis image. This paper 
describes details of the development and provides some preliminary 
results from the new algorithm.

8313-174, Poster Session

Evaluation of clinical performance for the 
prototype digital breast tomosynthesis 
system using effective DQE
Y. Kim, H. Kim, H. Park, Yonsei Univ. (Korea, Republic of); J. 
Choi, Y. W. Choi, T. H. Ham, Korea Electrotechnology Research 
Institute (Korea, Republic of)

Early experience of tomosynthesis application to breast imaging has 
shown the potential of DBT, which might improve the specificity of 
mammography with improved lesion margin visibility and might improve 
early breast cancer detection, especially in women with dense breast. 
The purpose of this study is to characterize the physical properties of 
DBT system and to optimize the exposure condition using effective 
modulation transfer function (eMTF), noise power spectrum (NPS), 
scatter fraction and effective detective quantum efficiency (eDQE) for 
different breast thickness. 

The first generation KERI prototype digital tomosynthesis system for 
breast imaging using CMOS flat panel detector was performed in this 
study. It was found that the spatial frequency dependent metrics depend 
on both the inherent properties of the detector and imaging geometry 
including breast thickness. For thicker breast, eMTF increases due to the 
magnification effects and eDQE decreases as scatter fraction increases 
at fixed tube voltage. Moreover, eMTF shows no significant difference as 
changing tube voltage while eDQE at 27 kVp is relatively degraded. Since 
many factors need to be considered when optimizing a tomosynthesis 
system, this properties of DBT system with different exposure condition 
and phantom geometry could be considerable before building the system 
and application in clinical hospital.
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8313-175, Poster Session

A mathematical framework for including 
various sources of variability in a task-based 
assessment of digital breast tomosynthesis
S. Park, A. Badal-Soler, U.S. Food and Drug Administration 
(United States); S. Young, Univ. of Arizona (United States); K. J. 
Myers, U.S. Food and Drug Administration (United States)

For a rigorous system optimization and evaluation, the need for exploring 
a large space of many different system parameters is immense. However, 
due to the high dimensionality of the problem, it is often infeasible to 
evaluate many system parameters in a laboratory setting. Therefore, it is 
useful to utilize computer simulation tools to narrow down a much smaller 
space of system parameters and then validate the chosen optimal 
parameters by laboratory measurements. With the use of computer 
simulation, one great advantage is that the impact of various sources 
of variability on the system’s diagnostic performance can be studied 
separately and collectively. Previously, we have demonstrated how to 
separate and analyze noise sources using covariance decomposition in a 
task-based approach to the assessment of digital breast tomosynthesis 
(DBT) systems in the absence of x-ray scatter and detector blur. In this 
work, we extend the previous work to include x-ray scatter and detector 
blur. The extended method is comprehensive and it can be used both 
for exploring a large parameter space in simulation and for validating 
optimal parameters, chosen from a simulation study, with laboratory 
measurements.

8313-176, Poster Session

Roadmap for efficient parallelization of breast 
anatomy simulation
J. Chui, The Univ. of Pennsylvania Health System (United States); 
D. D. Pokrajac, Delaware State Univ. (United States); A. D. 
Maidment, P. R. Bakic, The Univ. of Pennsylvania Health System 
(United States)

A roadmap has been proposed to optimize the simulation of breast 
anatomy by parallel implementation, aimed at reducing the time needed 
to generate a software breast phantom. The optimized implementation is 
needed for fast generation of high resolution phantoms to support virtual 
clinical trials of breast imaging systems. We have recently an octree 
based recursive partitioning algorithm for breast anatomy simulation. The 
algorithm has good asymptotic complexity; however, its current Matlab 
implementation cannot provide optimal execution times. Our roadmap 
to efficient parallelization includes the following steps: (i) Transfer the 
current code to a C/C++ platform and optimize it for single-threaded 
implementation; (ii) Modify the code to allow for multithreaded CPU 
implementation using OpenCL; (iii) Further refine and optimize the code 
for a multithreaded GPU implementation. In this abstract, we describe 
our results in optimizing the C/C++ code for single-threaded CPU 
implementation. As the first step of the proposed roadmap we have 
identified a bottleneck component in the Matlab implementation using 
the profiler tool, and created single threaded CPU implementation of the 
algorithm using C/C++’s overloaded operators and standard template 
library. The C/C++ implementation has been compared to the Matlab 
version in terms of accuracy and the simulation time. A 96-fold reduction 
of the duration time was observed in a preliminary test of phantoms with 
200-500 μm voxels. In addition, we have identified several places in the 
code which will be modified to allow for the next roadmap milestone of 
multithreaded CPU implementation. The full conference paper will include 
assessment of the multithreaded implementation.

8313-177, Poster Session

Partial volume effect simulation in software 
breast phantoms
F. Chen, D. D. Pokrajac, X. Shi, F. Liu, Delaware State Univ. 
(United States); A. D. Maidment, P. R. Bakic, The Univ. of 
Pennsylvania Health System (United States)

A modification to our previous simulation of breast anatomy is proposed, 
in order to improve the quality of simulated projections generated 
using software breast phantoms. Anthropomorphic software breast 
phantoms have been used for quantitative validation of breast imaging 
systems. Previously, we developed a novel algorithm for breast anatomy 
simulation, which did not account for the partial volume (PV) of various 
tissues in a voxel; instead, each phantom voxel was assumed to contain 
single tissue type. As a result, phantom projection images displayed 
notable artifacts near the borders between regions of different materials, 
particularly at the skin-air boundary. These artifacts diminished the 
realism of phantom images. One solution is to simulate smaller voxels. 
Reducing voxel size, however, extends the phantom generation time 
and increases memory requirements. We achieved an improvement 
in image quality without reducing voxel size by the simulation of PV 
in voxels containing more than one simulated tissue type. The linear 
x-ray attenuation coefficient of each voxel is calculated by combining 
attenuation coefficients proportionally to voxel subvolumes occupied 
by the various tissues. A local planar approximation of the boundary 
surface is employed, and the skin volume in each voxel is computed 
by decomposition into simple geometric shapes. An efficient encoding 
scheme is proposed for the type and proportion of simulated tissues in 
each voxel. We illustrate the proposed methodology on phantom slices 
and simulated mammographic projections. Our results show that the PV 
simulation has improved image quality by reducing quantization artifacts.

8313-178, Poster Session

Dual-energy CT characterization of x-ray 
attenuation properties of breast equivalent 
material plates
N. Geeraert, GE Healthcare France (France) and Katholieke Univ. 
Leuven (Belgium); R. Klausz, P. Giudici, GE Healthcare France 
(France); L. Cockmartin, H. Bosmans, Katholieke Univ. Leuven 
(Belgium)

Breast density is more and more considered as an important risk 
factor for breast cancer and several quantitative evaluation methods 
of breast density have therefore been proposed The reference material 
for the simulation of the breast attenuation properties of glandular and 
adipose breast tissues is manufactured by a single provider. In order to 
characterize the attenuation properties of these materials, measurements 
have been performed using a CT-scanner in Hounsfield Units (HU). 
Breast-equivalent plates have been imaged in different configurations 
(plates in and orthogonal to slice planes), providing consistent results 
(+/- 1.3 HU). Plates of different sizes and equivalent breast glandular 
contents were measured, demonstrating both a good homogeneity 
within the plates (+/- 1.8 HU) and a good consistency between plates 
of the same nominal glandular content (+/-1.5 HU). In addition, a dual 
energy CT was used to provide mono-energetic HU values from which 
mono-energetic linear attenuation coefficients of water, and glandular 
and adipose equivalent materials were computed. The values for these 
coefficients were found in good agreement with results from literature, 
respectively direct mono-energetic measurements of breast samples, and 
computation by combining published breast tissue atomic compositions 
and linear attenuation coefficients tables. In conclusion, CT was found 
effective for the verification of the breast equivalent material, and the 
homogeneity and consistency of the plates were found satisfactory. 
Furthermore, the most recent spectral CT technology allowed 
demonstrating a good agreement of the attenuation properties of the 
breast-equivalent material plates with state-of-the-art knowledge of real 
breast tissue.
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8313-179, Poster Session

Noise power spectrum and modulation 
transfer function analysis of breast 
tomosynthesis imaging
W. Zhou, S. Xu, L. Cong, J. Fang, Southern Illinois Univ. 
Carbondale (United States); X. Qian, The Univ. of North Carolina 
at Charlotte (United States); Y. Z. Lee, J. Lu, O. Zhou, The 
Univ. of North Carolina at Chapel Hill (United States); Y. Chen, 
Southern Illinois Univ. Carbondale (United States)

The recent commercialization of digital breast tomosynthesis systems 
realizes the clinical applications of this new three-dimensional imaging 
technology. The total dosage of breast tomosynthesis for single patient 
is comparable to that of the traditional mammography. The incomplete 
sampling of tomosynthesis imaging requires understanding of physical 
fundamentals of tomosynthesis and image reconstruction. This 
paper presents our continuous work on image quality analysis for the 
optimization of a new multi-beam breast tomosynthesis system based 
on carbon nanotube X-ray emission technology. Several representative 
tomosynthesis reconstruction algorithms were implemented to 
reconstruct the phantom data. Noise power spectrum and modulation 
transfer function were investigated to evaluate the image quality.

8313-180, Poster Session

Contrast-to-noise ratio improvement in 
volume-of-interest cone beam breast CT
Y. Shen, X. Liu, C. Lai, Y. Zhong, Y. Yi, Z. You, T. Wang, C. C. 
Shaw, The Univ. of Texas M.D. Anderson Cancer Ctr. (United 
States)

Purpose: To demonstrate and estimate the contrast-to-noise ratio (CNR) 
improvement in breast cone beam CT (CBCT) using volume-of-interest 
(VOI) scanning technique.

Methods: In VOI breast CBCT, the breast is first scanned at a lower 
exposure level. A pre-selected VOI is then scanned at a higher exposure 
level with collimated x-rays. The two image sets are combined together 
to reconstruct high quality 3-D images of the VOI. A flat panel detector 
based patient system was built to demonstrate and investigate the 
CNR improvement in VOI breast CBCT. The CNRs of the 8 plastic 
cones (Teflon, Delrin, polycarbonate, Lucite, solid water, high density 
polystyrene, nylon and polystyrene) in a breast phantom were measured 
for images obtained with the VOI CBCT technique and compared to 
those obtained with the standard full field CBCT technique.

RESULTS: CNRs in VOI CBCT images were found to be higher than 
those in regular CBCT images in all plastic cones. The average breast 
dose from the combination of a high exposure VOI scan and a low 
exposure full-field scan was estimated to be lower than that from regular 
full-field scan at standard exposure level. 

CONCLUSION: The VOI CBCT technique allows a VOI to be imaged 
with enhanced image quality with reduced average breast dose as 
compared to regular CBCT technique. The CNRs obtained with the VOI 
CBCT technique were found to be higher than those with regular CBCT 
technique.

8313-181, Poster Session

Information theoretic discrepancy based 
iterative reconstruction (IDIR) algorithm for 
limited angle tomography
K. E. Jang, J. Lee, K. Lee, Y. Sung, S. Lee, Samsung Advanced 
Institute of Technology (Korea, Republic of)

The X-ray tomosynthesis that measures several low dose projections 
over a limited angle range is an emerging modality, since it offers an 
excellent planar resolution with depth-directional information. For the 
oblique part of the scanning orbit, however, the measurements are often 
degraded by the Poisson noise, due to lack of the penetrating power 
of the incident X-ray beam for elongated depth of the object, which 
prevents the implementation of a wide-angle tomosynthesis system. The 
voltage modulation in one scanning orbit may resolve this problem, which 
uses high voltage spectrums with the large penetrating power for outlying 
frames. To retrieve the 3D attenuation volume from 2D projection data 
having energy diversity, we present the information theoretic discrepancy 
based iterative reconstruction (IDIR) algorithm, which accounts the 
polychromatic model of X-ray transmission tomography. In this paper, 
the generalized information theoretic discrepancy (GID) measure is 
newly employed as the objective value of the iterative reconstruction, 
which is the generalized concept of the Kullback-Leibler (KL) divergence. 
By formulating a double minimization problem based on the GID, a 
surrogate function that accounts the heterogeneity of X-ray spectrum 
along projection data is derived. Furthermore, the separable surrogate 
function is constructed, which may allow an accelerated implementation 
using parallel computing techniques. In experiments with a simulated 
tomosynthesis system with the voltage modulation, the proposed 
IDIR algorithm showed superior reconstruction performance over the 
conventional approach. The preliminary result using an experimental 
digital breast tomosynthesis (DBT) system is also presented.

8313-182, Poster Session

Wiener filter for filtered back projection in 
digital breast tomosynthesis
X. Wang, Sunnybrook Research Institute (Canada); J. G. 
Mainprize, Sunnybrook Health Sciences Ctr. (Canada); M. J. 
Yaffe, Sunnybrook Research Institute (Canada)

Conventional filtered back projection (FBP) reconstruction for digital 
breast tomosynthesis (DBT) can suffer from a low signal to noise ratio. 
Image enhancement by Wiener filtering is investigated as a possible 
method to improve image quality. A neighborhood wavelet coefficient 
window technique is used to estimate the noise content of projection 
images and a Wiener filter is applied to the projection images. Because of 
the strong enhancement by the reconstruction filters (ramp, apodization 
and slice thickness), noise at high spatial frequencies can be greatly 
increased. The neighborhood wavelet coefficient window is a non-linear 
technique, which may cause the Wiener filters estimated before and after 
the application of the reconstruction filters to be different. Image quality 
of an FBP reconstruction with and without Wiener filtering is investigated 
using a Fourier-based observer detectability metric (dʹ) for evaluation. 
Simulations of tomosynthesis are performed in both homogeneous and 
anatomic textured backgrounds containing low-contrast masses or 
small microcalcifications. Initial results suggest that improvements in 
detectability can be achieved when the Wiener filter is applied, especially 
when the Wiener filter is estimated for the reconstruction filtered 
projections.

8313-183, Poster Session

Adaptive spatially dependent weighting 
scheme for tomosynthesis reconstruction
Y. M. Levakhina, Univ. of Luebeck (Germany) and The Graduate 
School for Computing in Medicine and Life Sciences (Germany); 
R. M. Duschka, F. Vogt, J. Barkhausen, UniversitaetsKlinikum 
Schleswig-Holstein (Germany); T. M. Buzug, Univ. of Luebeck 
(Germany)

Digital Tomosynthesis (DT) is an x-ray limited-angle imaging technique. 
It allows for reconstruction of an arbitrary number of cross-sectional 
images of an object based on a limited number of two-dimensional, high-
resolution, low-dose projections, acquired over a limited angular range. 
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An accurate image reconstruction in tomosynthesis is a challenging task 
due to the violation of the tomographic sufficiency conditions. A classical 
“shift-and-add” algorithm suffers from blurring artifacts, produced by 
structures located above and below the plane of interest. The artifact 
problem becomes even more prominent in the presence of materials and 
tissues with a high x-ray attenuation, such as bones, microcalcifications 
or metal. The focus of the current work is on reduction of ghosting 
artifacts produced by bones in the musculoskeletal tomosynthesis. A 
novel dissimilarity concept and a modified backprojection (ωBP) with an 
adaptive spatially dependent weighting scheme are presented. Data from 
software phantom, a structured hardware phantom and a human hand 
acquired with a Siemens Mammomat Inspiration tomosynthesis system 
were reconstructed using conventional BP and the new ωBP. The results 
demonstrate the potential of the proposed weighted backprojection 
to reduce the blurring artifacts in musculoskeletal DT compared to the 
non-weighted case. The proposed weighting scheme is not limited to 
the tomosynthesis limited-angle geometry. It can be also adapted for 
Computed Tomography (CT) and included in iterative reconstruction 
algorithms (e.g. SART).

8313-184, Poster Session

Multibeam x-ray tube for stationary digital 
breast tomosynthesis
F. Sprenger, XinRay Systems Inc. (United States); E. Gidcumb, 
J. Lu, X. Qian, The Univ. of North Carolina at Chapel Hill (United 
States); D. Spronk, XinRay Systems Inc. (United States); A. 
Tucker, O. Zhou, The Univ. of North Carolina at Chapel Hill 
(United States)

Multibeam X-ray tubes based on carbon-nanotube (CNT) field emission 
cathodes have made steady technical progress in recent years and are 
becoming a true alternative to conventional X-ray tubes for commercial 
applications. Multibeam sources are very attractive for multiview imaging 
systems (tomosynthesis, CT) and allow the elimination of mechanical 
source movement. Stationary systems reduce scan times and increase 
the spatial resolution. CNT field emission cathodes have the advantage of 
high current density, good lifetime and precise electronic switching.

Performance results from a tube developed for a stationary digital breast 
tomosynthesis device will be presented. The tube is integrated into a 
Hologic scanner from the Selenia Dimensions platform and has been 
used extensively for phantom studies (results also presented in this 
conference). The X-ray tube produces pulses up to 27mA anode current 
and 250ms pulse length from 31 beam positions in an energy range up to 
40kVp. The sources are located on a 30° range (1° spacing). The average 
focal spot size is 0.64x0.61 mm2 (FWHM) which is significantly lower 
than the effective focal spot size from moving source tomosynthesis 
systems. The source array has two active focus electrodes that allow 
adjusting the focal spot size by changing the applied focusing voltage.

We will discuss the temporal variation of the focal spot size and 
pulse shape from the individual beam positions. Measurements of 
the high voltage stability and X-ray spectrum at different energies will 
be presented. The thermal properties of the X-ray tube under several 
application scenarios will be discussed.

8313-185, Poster Session

A stationary digital breast tomosynthesis 
scanner
X. Qian, The Univ. of North Carolina at Chapel Hill (United States); 
A. Tucker, The Univ. of North Carolina at Chapel Hill School of 
Medicine (United States); E. Gidcumb, J. Lu, O. Zhou, The Univ. 
of North Carolina at Chapel Hill (United States); D. Spronk, F. 
Sprenger, XinRay Systems Inc. (United States); Y. Zhang, D. 
Kennedy, T. Farbizio, Z. Jing, Hologic, Inc. (United States)

A prototype stationary digital breast tomosynthesis (s-DBT) system has 
been developed by retrofitting a Hologic Selenia Dimension rotating 
gantry tomosynthesis scanner with a spatially distributed carbon 
nanotube (CNT) x-ray source array. The goal is to improve the system 
spatial resolution by removing the x-ray tube motion induced focal 
spot blurring. The CNT x-ray source array comprises 31 individually 
addressable x-ray beams covering 30° angular span. Each x-ray beam 
has a minimum focal spot size of 0.64x0.61mm (full-width-at-half-
maximum), a stationary W anode operating up to 50kVp, and 1mm 
thick Al filter. The flux from each beam is regulated and varied using a 
dedicated control electronics. The maximum tube current is determined 
by the heat load of the stationary anode and depends on the energy, 
pulse width and the focal spot size used. Stable operation at 28kVp, 
27mA tube current, 250msec pulse width per exposure was achieved 
with extended lifetime. Experimental results have shown that with this 
particular design the projection MTF along the scanning direction is 
increased from ~4.0 lp/mm at 10% MTF in the rotating gantry system 
(measured at 100mAs dose, 4s scan, 15 views at 14 degree coverage 
and 1.08 magnification) to 5.1 lp/mm while the MTF perpendicular to 
the scanning direction remains similar. The difference in the system MTF 
along the scanning direction further increases for imaging protocols with 
a faster scanning time, wider angular coverage, or/and smaller detector 
pixel size. Breast phantoms were imaged and analyzed to evaluate the 
image quality.

8313-186, Poster Session

A new x-ray scatter reduction method based 
on frequency division multiplexing x-ray 
imaging technique
J. Zhang, S. Chang, O. Zhou, J. Lu, The Univ. of North Carolina 
at Chapel Hill (United States)

X-ray scatter may significantly degrade imaging performance in x-ray 
radiography applications, including flat-panel detector-based x-ray 
imaging, tomosynthesis, and cone-beam CT (CBCT), primarily due 
to their large projection field sizes. It results in soft tissue contrast 
reduction, potentially severe image artifacts, and increased patient 
dose. Different approaches have been developed to reduce the 
scatter contributions for x-ray imaging systems, including analytical 
calculation, empirical algorithms, Monte-Carlo simulation, blocker based 
measurement, and slot scan technique. We recently developed a novel 
x-ray scatter reduction method based on nanotechnology-enabled 
frequency division multiplexing x-ray (FDMX) imaging technique. The 
key enabling technology is the carbon nanotube (CNT)-based multi-
beam field emission x-ray (MBFEX) source technology. The proposed 
FDMX imaging system has a MBFEX source with a linear array of 
x-ray tube units. The x-ray radiation from each individual x-ray tube is 
modulated at different frequencies. The collimated x-ray beams passed 
through the object and were captured by a high speed x-ray detector. A 
demultiplexing algorithm was applied to reject the scatter radiation from 
the primary radiation based on their different modulation frequencies. 
Meanwhile, since all the x-ray beams were turned on at the same time 
during imaging (multiplexing), the FDMX imaging method is much faster 
than conventional slot scan method, which relies on a single fan beam 
stepping through the entire object. The x-ray images generated by FDMX 
imaging technique clearly demonstrated improved imaging quality in 
terms of lower scatter-to-primary-ratio (SPR) and higher contrast-to-
noise-ratio (CNR). It shows great potential of improving x-ray imaging 
performance and reducing patient dose.

8313-188, Poster Session

Image fusion algorithm for differential phase 
contrast imaging
E. Roessl, T. Koehler, U. van Stevendaal, Philips Research 
(Germany); N. Hauser, Kantonsspital Baden AG (Switzerland); Z. 
Wang, M. F. Stampanoni, Paul Scherrer Institut (Switzerland)
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Differential phase-contrast imaging in the x-ray domain provides three 
physically complementary signals: the attenuation, the differential 
phase-contrast, related to the refractive index, and the dark-field signal, 
related to the total amount of radiation scattered into very small angles. 
In medical applications, it is of the prime importance to present to the 
radiologist all clinically relevant information in as compact a way as 
possible. Hence, the need arises for a method to combine two or more 
of the above mentioned signals into one image containing all information 
relevant for diagnosis. We present an image composition algorithm that 
fuses the attenuation image and the differential phase contrast image into 
a composite, final image. The merging is performed in such a way that 
the composite image is characterized by minimal noise-power at each 
frequency component. The method is applied to phantom scans and to 
scans of human breast mastectomy samples.

8313-189, Poster Session

Dose reduction by moving a region of interest 
(ROI) beam attenuator to follow a moving 
object of interest
A. S. Panse, S. N. Swetadri Vasan, A. Jain, D. R. Bednarek, S. 
Rudin, Toshiba Stroke Research Ctr. (United States)

Region-of-interest (ROI) fluoroscopy takes advantage of the fact that 
most neurovascular interventional activity is performed in only a small 
portion of an x-ray imaging field of view (FOV). The ROI beam filter is 
an attenuating material that reduces patient dose in the area peripheral 
to the object of interest. This project explores a method of moving the 
beam-attenuator aperture with the object of interest such that it always 
remains in the ROI. In this study, the ROI attenuator, which reduces 
the dose by 80% in the peripheral region, is mounted on a linear 
stage placed near the x-ray tube. Fluoroscopy is performed using the 
Microangiographic Fluoroscope (MAF) which is a high-resolution, CCD-
based x-ray detector. A stainless-steel stent is selected as the object of 
interest, and is moved across the FOV and localized using an object-
detection algorithm available in the IMAQ Vision package of LabVIEW. 
The ROI is moved to follow the stent motion. The pixel intensities are 
equalized in both FOV regions and an adaptive temporal filter dependent 
on the motion of the object of interest is implemented inside the ROI. 
With a temporal filter weight of 5% for the current image in the peripheral 
region, the SNR measured is 47.8. The weights inside the ROI vary 
between 10% and 33% with a measured SNR of 57.9 and 35.3 when the 
object is stationary and moving, respectively. This method allows us to 
save patient dose as well as maintain superior image quality in the ROI 
while tracking the object.

8313-190, Poster Session

Dose reduction in fluoroscopically guided 
procedures using region of interest methods
J. A. Rowlands, Thunder Bay Regional Research Institute 
(Canada); N. Robert, Sunnybrook Research Institute (Canada)

Purpose: The role of fluoroscopic imaging is critical for diagnostic and 
image guided therapy. However, fluoroscopic imaging requires significant 
amounts of radiation leading to increased risk of cancer induction as 
well as non-stochastic effects such as radiation burns. Our purpose is to 
reduce the exposure and dose to the patient by an order of magnitude in 
these procedures by use of the region of interest method. 

Method and Materials: Region of interest fluoroscopy, where by using a 
partial attenuator, the central region of the image has full exposure and 
the peripheral image, there to provide context only, has been reduced in 
exposure rate. It has been shown in several studies to reduce exposure 
rate and dose to the patient by ~2.5 times. Further development of 
the noise level in flat panel imagers is needed before this method can 
achieve a x10 reduction.

A newly designed shutter which permits the exposure of only the region 
of interest at 30 frame/second rate while updating the peripheral image 

at very low frame rates has been made and tested which in principle 
overcomes the DQE(0) loss of the partial attenuator method. 

Results: We have compared the two methods by modeling and 
experiment and determined their fundamental limits. Evaluations of image 
noise, scatter and contrast have been made and the dose area product 
reduction feasible determined. Plans for a full comparative clinical trial 
will be discussed.

Conclusions: Practical solutions to reduction of exposure and dose 
during fluoroscopic procedures have been identified and tested.

8313-191, Poster Session

Dose reduction technique using a 
combination of a region of interest (ROI) 
material x-ray attenuator and spatially 
different temporal filtering for fluoroscopic 
interventions
S. N. Swetadri Vasan, Univ. at Buffalo (United States) and 
Toshiba Stroke Research Ctr. (United States); A. S. Panse, A. 
Jain, Toshiba Stroke Research Ctr. (United States); P. Sharma, 
Univ. at Buffalo (United States) and Toshiba Stroke Research Ctr. 
(United States); C. N. Ionita, Toshiba Stroke Research Ctr. (United 
States); A. H. Titus, A. N. Cartwright, D. R. Bednarek, S. Rudin, 
Univ. at Buffalo (United States) and Toshiba Stroke Research Ctr. 
(United States)

We demonstrate a novel approach for patient dose savings during 
image-guided neurovascular interventions, involving a combination 
of a material x-ray region of interest (ROI) attenuator and a spatially 
different ROI temporal filtering technique. The part of the image under 
the attenuator is reduced in dose but noisy and less bright due to fewer 
x-ray quanta reaching the detector, as compared to the non-attenuating 
(or less attenuating) region. First the brightness is equalized throughout 
the image by post processing and then a temporal filter with higher 
weights is applied to the high attenuating region to reduce the noise, at 
the cost of increased lag; however, in the regions where less attenuation 
is present, a lower temporal weight is needed and is applied to preserve 
temporal resolution. 

A simulation of the technique is first presented on an actual image 
sequence obtained from an Endovascular Image guided Interventional 
EIGI procedure. Then the actual implementation of the technique with 
a physical ROI attenuator is presented. Quantitative analysis including 
noise analysis and integral dose calculations are presented to validate 
the proposed technique.

8313-192, Poster Session

Overcoming x-ray tube small focal spot 
output limitations for high-resolution region 
of interest imaging
S. K. Gupta, A. Jain, D. R. Bednarek, S. Rudin, Toshiba Stroke 
Research Ctr. (United States)

We investigate methods to increase x-ray tube output to enable improved 
quantum image quality with a higher generalized-NEQ (GNEQ) while 
maintaining a small focal-spot size for the new high-resolution Micro-
angiographic Fluoroscope (MAF) Region of Interest (ROI) imaging system. 
Rather than using a larger focal spot to increase tube-loading capacity 
with degraded resolution, we evaluated separately or in combination 
three methods to increase tube output 1) reducing the anode angle and 
lengthening the filament to maintain a constant effective small focal-spot 
size, 2) using the standard medium focal spot viewed from a direction 
on the anode side of the field and 3) increasing the frame rate (frames/
second) in combination with a temporal recursive filter. The GNEQ was 
compared for the MAF for the small focal-spot at the central axis, and for 
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the medium focal-spot with a higher output on the anode side as well as 
for the small focal spot with different temporal recursive filtering weights. 
A net output increase of 4.0 times could be achieved with a 2-degree 
anode angle (without the added filtration) and a 4 times longer filament 
compared to that of the standard 8-degree target. The GNEQ was also 
increased for the medium focal-spot due to its higher output capacity 
and for the temporally filtered higher frame rate. Thus higher tube output 
while maintaining a small effective focal-spot should be achievable using 
one or more of the three methods described potentially with only small 
modifications of standard x-ray tube geometry.

8313-193, Poster Session

Adaptive grid artifact reduction in the 
frequency domain with spatial properties for 
x-ray images
D. S. Kim, Hankuk Univ. of Foreign Studies (Korea, Republic of); 
S. Lee, DRTECH Corp. (Korea, Republic of)

In order to reduce the grid artifacts, which are caused by using the 
antiscatter grid in obtaining x-ray digital images, we analyze the effect 
of applying band-rejection filter (BRF) in the frequency domain. The 
property of the grid artifacts is quite different depending on the shape of 
the original image to be recovered in the spatial domain. Furthermore, 
if the frequency component of the grid artifact is relatively close to that 
of the original image, then simply applying a BRF may seriously distort 
the original image and cause the ringing artifact or blurring near high-
frequency edges. In this paper, we propose an adaptive filtering scheme, 
which can cooperate such a different properties in the spatial domain. In 
order to detect the position of the ringing artifact or blurring, we propose 
the frequency-modulation (FM) model for the extracted signal, which is 
corresponding to a specific grid artifact. An estimation of the position 
image for the ringing artifact is then conducted based on the slope 
detection algorithm, which is commonly used for the FM demodulation 
in the communication area. The FM model enables us to find the ringing 
artifact, of which amplitude is relatively small inside the object. Numerical 
result for real x-ray images shows that applying BRFs in the frequency 
domain in conjunction with the spatial property of the ringing artifact can 
successfully remove the grid artifact less distorting the original image.

8313-194, Poster Session

Two dimensional extensible array 
configuration for EMCCD-based solid state 
x-ray detectors
P. Sharma, S. N. Swetadri Vasan, A. N. Cartwright, A. H. Titus, 
Univ. at Buffalo (United States) and Toshiba Stroke Research Ctr. 
(United States); S. Rudin, Toshiba Stroke Research Ctr. (United 
States) and Univ. at Buffalo (United States)

We have designed and developed from the discrete component level 
a high resolution dynamic x- ray detector to be used for fluoroscopic 
and angiographic medical imaging. The heart of the detector is a 1024 
x 1024 pixel electron multiplying charge coupled device (EMCCD) with 
a pixel size of 13 x 13 μm2 (Model CCD201-20, e2v Technologies, Inc.), 
bonded to a fiber optic plate (FOP), and optically coupled to a 350 μm 
micro-columnar CsI(TI) scintillator via a fiber optic taper (FOT). Our aim 
is to design an array of these detectors that could be extended in two 
dimensions to any arbitrary MxN size to provide a larger field of view 
(FOV). A physical configuration for a 3x3 array is presented that includes 
two major sub-systems. First is an optical front end that includes (i) a 
phosphor to convert the x-ray photons into light photons, and (ii) a fused 
array of FOTs that focuses light photons from the phosphor onto an array 
of EMCCD’s optically coupled using FOPs. Second is an electronic front 
end that includes (i) an FPGA board used for generating clocks and for 
data acquisition (ii) driver boards to drive and digitize the analog output 
from the EMCCDs, (iii) a power board, and (iv) headboards to hold the 

EMCCD’s while they are connected to their respective driver board 
using flex cables. This configuration provides a larger FOV as well as 
region-of- interest (ROI) high-resolution imaging as required by modern 
neurovascular procedures.

8313-195, Poster Session

Optimization of grating designs for x-ray 
differential phase contrast imaging
J. N. Zambelli, K. Li, N. Bevins, G. Chen, Univ. of Wisconsin 
School of Medicine and Public Health (United States)

The proper design of x-ray gratings is key for optimum performance of 
grating interferometer based differential phase contrast imaging. This 
study presents the first numerical comparison between gold absorber 
based gratings and a structured scintillator based grating. Initial results 
indicate that the superiority of one grating design over the other is 
dependent on both the desired operating energy and the maximum depth 
of grating structure that can be fabricated. The results presented can be 
used to guide future system design and applications based on technical 
limitations imposed by grating requirements. Based on these results, 
a new gold filling technique is currently under development to ease 
fabrication of deep, high aspect ratio attenuating structures, allowing 
compact systems with improved dose efficiency compared to existing 
designs.

8313-196, Poster Session

Monte Carlo simulation of photon energy and 
dose-image quality in x-ray imaging
W. He, Clemson Univ. (United States); E. Mah, W. Huda, Medical 
Univ. of South Carolina (United States); H. Yao, Clemson Univ. 
(United States)

Purpose: To investigate the role of x-ray photon energy in determining 
dose and image quality in diagnostic radiology. 

Method: Irradiation geometries consisting of a monoenergetic x-ray 
source (30-80keV), water cylinder (d=12-30cm) and image detector 
were modeled using MCNP5. At the center of the water cylinder is a 
1cm diameter cylinder filled with 10 mg/ml iodinated contrast agent for 
simulating diagnostic imaging. The figure of merit (FOM), defined as the 
signal-difference-to-noise-ratio (SdNR) squared per unit dose to the 
water cylinder, was calculated for each sized cylinder under different 
incident photon energies, based on MCNP computations on the Clemson 
Palmetto cluster. 

Results: Varying the incident photon energy between 30keV and 80keV 
caused variation in SdNR of ~2.4 fold and ~13 fold for the 12cm and 
30cm cylinder respectively. The maximum FOM value was achieved at 
~40keV for 12cm and 18cm water phantoms, and ~50keV for 24cm and 
30cm water phantoms. For the 24cm phantom, under the same amount 
of absorbed radiation dose to the phantom, the SdNR2 value under 
50keV is ~6.9 times higher than that for 30keV, and ~2.2 times higher 
than that for 80keV. For the 12cm phantom, under the same amount of 
absorbed radiation dose to the phantom, the SdNR2 value for 40keV is 
~5.9 times higher than that for 30keV, and ~5.4 times higher than that for 
80keV. 

Conclusion: Image quality measured by SdNR is highest around 40keV 
for small to medium sized water cylinders. Tube voltage could be 
optimized to reduce patient dose with desired image quality.

8313-197, Poster Session

Optimization of exposure parameters for 
pediatric chest x-ray imaging
H. Park, Y. Kim, H. Kim, Yonsei Univ. (Korea, Republic of)
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The pediatric patients are more susceptible to the effects of ionizing 
radiation than adults. Pediatric patients are smaller, more radiosensitive 
than adult patients and many cannot stand unassisted. Their 
characteristics affect the method of imaging projection and how dose 
is optimized. The purpose of this study was to evaluate the eDQE for 
a range of kilovoltage, various SIDs, with and without the grid using 
pediatric chest phantoms, and to optimize the exposure parameters by 
comparing the eDQE results. The effective dose was calculated by using 
PCXMC version 1.5.1. The milliampere-second values for each tube 
voltage were adjusted until the intended effective dose was reached. 
To determine the eDQE, the eMTF was measured using the tilted edge 
method and the scatter fraction was measured for each phantom 
configuration using a beam stop technique. In results, the eMTF appears 
independent of the x-ray tube voltage regardless whether or not a grid 
was used. Most of eNEQ and eDQE values were lower than those with 
a grid. The eDQE showed that 50 kVp had the highest efficiency with 
the phantom for all frequencies, but the eNEQ showed that 60 kVp had 
more effective photons than other tube potentials for constant effective 
dose. These results showed that there may be different focus of attention 
between the eDQE calculated for quantum efficiency and the eNEQ 
calculated for effective number of photons. In conclusion, for pediatric 
patients, the amount of scattered radiation is less, and the amount of grid 
attenuation increased unnecessary radiation dose.

8313-198, Poster Session

X-ray imaging using a consumer grade digital 
SLR camera
N. Winch, Victoria Univ. of Wellington (New Zealand); A. Edgar, 
Victoria Univ. of Wellington (New Zealand) and MacDiarmid 
Institute for Advanced Materials and Nanotechnology (New 
Zealand)

Recent advances in digital SLR camera technology coupled with the 
commercialisation of new caesium bromide (CsBr) needle imaging plates 
has lead to a novel way of capturing x-ray images. The CsBr imaging 
plates work on the storage phosphor or computed radiography principle 
wherein the latent x-ray image is stored on a storage phosphor imaging 
plate as a concentration of trapped electron holes pairs proportional to 
the incident x-ray intensity. Traditionally the image in storage phosphor 
plates is read out sequentially by raster scanning a focussed laser beam 
across the plate, stimulating the electron hole pairs to recombine and 
emitting characteristic luminescence whose intensity is proportional to 
the incident x-ray intensity. In the new technique described here, the 
total image is read out in a single operation by bathing the entire plate 
with stimulating light and capturing the resulting image with a high-end 
consumer-grade digital SLR camera.

This technique has benefits in that it is extremely cost effective, has 
good resolution, is portable, digital in character, and both x-ray and real 
images of the same object can be captured and superimposed. It has 
been developed so far with portable industrial radiography applications 
in mind. The main limiting factor is low light sensitivity as only a small 
fraction of the emitted light (~ 0.5%) actually reaches the camera sensor, 
making it marginal for most medical applications due to the dose needed 
for an acceptable image, although in this regard the new generation of 
CsBr imaging plates is much better than the older generation based on 
BaFBr. However, initial images captured with an imaging plate of dental 
bite-wing dimensions show promise, both in terms of sensitivity and 
resolution of the image. Further work is being undertaken to increase the 
sensitivity making it more acceptable for medical imaging with larger size 
plates, up to 180 x 270 mm in size.

This presentation will give an overview of the technique and discuss the 
current and potential performance envelope in the medical and dental 
context. Some representative images taken by a system based on this 
technique will be shown.

8313-199, Poster Session

Spectrum optimization of a Talbot-Lau 
interferometer towards clinical application
T. Weber, F. L. Bayer, K. Gödel, W. Haas, J. Rieger, A. Ritter, L. 
Wucherer, J. Durst, T. Michel, G. Anton, Friedrich-Alexander-Univ. 
Erlangen-Nürnberg (Germany)

X-ray phase-contrast imaging (XPCI) using a Talbot-Lau interferometer is 
a promising modality to increase soft-tissue contrast in medical imaging 
and has drawn the attention of many groups worldwide. Nevertheless, 
due to the many free parameters to be optimized in a XPCI setup, 
there’s a long way to go to find the optimal geometry, design energy and 
spectrum for a future clinical application.

In this contribution, we present a fast procedure to optimise the visibility 
response of a Talbot-Lau Interferometer with respect to an introduced 
filter material. This is done by performing a virtual filtering of the known 
reference tube spectrum, followed by calculating the visibility using 
the simulated detector and interferometer responses. Additionally, our 
procedure can also be used to optimize the general setup lengths, the 
grating properties or the design energy.

We will present recent results of the optimization process of our lab 
setup, where the simulations predict a visibility increase of approximately 
72% compared to the non-optimized state. Furthermore, we intend to 
perform additional measurements to show the general correctness of our 
predictions.

8313-200, Poster Session

Feasibility study of the sub-pixel scanning 
method for single-exposure x-ray refraction 
imaging by Talbot-Lau interferometer using 
an a-Se direct conversion type FPD
D. Murakoshi, T. Tada, H. Ishii, A. Hashimoto, Y. Kaneko, W. Ito, 
T. Agano, FUJIFILM Corp. (Japan)

We propose a Sub-Pixel Scanning (SPS) method for imaging the 
refraction of X-rays by an object with a single exposure along with a 
concrete embodiment of this method, where deviation procedure for 
X-ray refraction is based on Talbot-Lau interferometry.

The key feature of our SPS apparatus is that the area of the region where 
the G2 grating masks the G1 grating self-image cyclically changes 
by means of G2 rotation with a predetermined angle to G1. Thereby, 
along the several adjoining sub-pixels in each detector pixel, sub-pixel 
data sets reflecting periodic intensity changes can be acquired in a 
single exposure. This periodic intensity change nearly corresponds to 
intensity changes between each phase step in the conventional Phase 
Stepping (PS) method. Accordingly, a refraction image with the pixel 
size corresponding to the width of a sub-pixel set can be constructed by 
calculating the phase shift in each sub-pixel data set.

A prototype imaging system was designed and constructed using 
an amorphous Selenium(a-Se) direct conversion type Flat Panel 
Detector(FPD), to confirm the principles of the SPS method. An image 
acquired by SPS method was comparable to that of the image by PS 
method with multiple exposure, where the imaging conditions, i.e. total 
imaging exposure dose and image resolution, are the same.

The SPS method does not require multiple exposures with the precise 
scanning of gratings at a sub-micrometer pitch employed in the PS 
method. We expect SPS to enable a more practical imaging system to be 
constructed.
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8313-201, Poster Session

DynAMITe: a prototype large area CMOS 
APS for breast cancer diagnosis using x-ray 
diffraction measurements
A. Konstantinidis, Univ. College London (United Kingdom); T. 
Anaxagoras, Univ. of Lincoln (United Kingdom); M. Esposito, 
Univ. of Surrey (United Kingdom); N. M. Allinson, Univ. of Lincoln 
(United Kingdom); R. D. Speller, Univ. College London (United 
Kingdom)

X-ray diffraction studies are used to identify specific materials. Several 
laboratory-based x-ray diffraction studies were made for breast 
cancer diagnosis, kidney stone identification and bone mineral density 
calculations. Ideally a large area, low noise, linear and wide dynamic 
range digital x-ray detector is required to perform x-ray diffraction 
measurements. A high dynamic range detector is preferred to combine 
the information provided by coherent scatter with the primary transmitted 
beam. Recently, digital detectors based on Complementary Metal-
Oxide-Semiconductor (CMOS) Active Pixel Sensor (APS) technology 
have been used in x-ray diffraction studies. Two APS detectors, 
namely Vanilla and Large Area Sensor (LAS), were developed by the 
Multidimensional Integrated Intelligent Imaging (MI-3) consortium to 
cover a range of scientific applications including x-ray diffraction. The 
MI-3 Plus consortium developed a novel large area APS, named as 
Dynamic Adjustable for Medical Imaging Technology (DynAMITe), to 
combine the key characteristics of Vanilla and LAS with a number of extra 
features. The active area (12.8 x 12.8 cm2) of DynaMITe consists of two 
geometrically superimposed grids: 2520 x 2560 fine-pitch grid diodes 
(at 50 μm), named Sub-Pixels, for low intrinsic noise and high spatial 
resolution and 1260 x 1280 large-pitch grid diode (at 100 μm), named 
Pixels, for high dynamic range. Based on the design specifications, 
the Sub-Pixel camera is expected to demonstrate 71-73 dB dynamic 
range and the Pixel array 78 dB. Extra features of the detector can 
further increase the dynamic range. The final paper will demonstrate the 
feasibility of using DynaMITe for breast cancer diagnosis.

8313-202, Poster Session

Spectroscopic dark-field imaging using a 
grating-based Talbot-Lau-interferometer
F. L. Bayer, K. Gödel, W. Haas, J. Rieger, A. Ritter, T. Weber, L. 
Wucherer, J. Durst, T. Michel, G. Anton, Friedrich-Alexander-Univ. 
Erlangen-Nürnberg (Germany)

In recent years X-ray phase-contrast imaging became applicable in 
the hard X-ray regime through the use of a grating-based Talbot-Lau 
interferometer and was demonstrated to be a promising technique 
to gain contrast in different fields of medical imaging. In addition to 
absorption imaging, phase-contrast and dark-field imaging is capable 
to yield completely new information and is able to provide structural 
information about a specimen at a scale much less than imaging 
system-based resolution. Therefore an effective implementation of this 
information in medical imaging applications benefits substantially from 
a detailed look onto interferometer setup based effects on the phase 
signal.

For the calculation of the dark-field signal, the loss in intensity 
modulation, represented by the contrast ratio V/V_0, due to local 
scattering effects within the specimen structure is exploited. By using an 
energy-resolving detector, spectral effects of a X-ray tube spectrum on 
the interferometer image quality can be determined. In this contribution 
we will show first results on spectroscopic dark-field imaging, with a 
focus to the potential utilization on porous bone structure. Measurements 
were carried out using a Talbot-Lau interferometer in connection with a 
hybrid photon-counting semiconductor Timepix detector, which provides 
an adjustable lower threshold for photon detection.

8313-203, Poster Session

X-ray phase contrast angiography using CO2 
as contrast agent
U. Lundström, A. Burvall, D. H. Larsson, KTH Royal Institute of 
Technology (Sweden); L. Scott, Karolinska Institutet (Sweden); 
P. A. C. Takman, H. M. Hertz, KTH Royal Institute of Technology 
(Sweden)

We investigate the possibility of using x-ray in-line phase-contrast 
imaging with gaseous carbon dioxide as contrast agent to visualize small 
blood vessels. Small blood vessels are difficult to image at reasonable 
radiation doses using the absorption of conventional iodinated contrast 
agents. In-line phase contrast is a method of retrieving information 
about the electron density of the sample as well as the absorption, by 
moving the detector away from the sample to let phase variations in the 
transmitted x-rays develop into intensity variations at the detector. Blood 
vessels are normally difficult to observe in phase contrast even with 
iodinated contrast agents since the density difference compared to most 
tissues is small. Carbon dioxide is a clinically accepted x-ray contrast 
agent. The gas is injected into the blood stream of patients to temporarily 
displace the blood in a region and thereby reduce the x-ray absorption 
in the blood vessels. This gives a large density difference which is ideal 
for phase contrast imaging. With the currently available detectors, the 
largest advantage in image quality is obtained at radiation doses of at 
least 20 mGy. For this reason we are currently focusing on small animal 
imaging. We demonstrate the method by imaging the arterial system of a 
rat kidney injected with carbon dioxide both in 2D and with tomography. 
Vessels down to 25 μm have been observed. Simulations show that for 
the same radiation dose this method gives considerably better images 
than absorption contrast for vessels with diameters below 100 μm.

8313-204, Poster Session

Exploration of exposure conditions with a 
novel wireless detector for bedside digital 
radiography
H. Bosmans, J. Nens, L. Delzenne, N. W. Marshall, H. Pauwels, 
R. Oyen, UZ Leuven (Belgium)

We propose and apply an optimization scheme for a new wireless CsI 
based DR detector in combination with a regular mobile X-ray system 
for bedside imaging applications. Three different grids were tested in this 
combination.

Signal-difference-to-noise was investigated in two ways, using a 1mm 
Cu piece in combination with different thicknesses of PMMA and by 
means of the CDRAD phantom using 10 images per condition and the 
automated evaluation of the contrast threshold of the 1.6mm hole. A 
Figure of Merit (FOM), namely SDNR2/Imparted Energy, was calculated 
for a large range of exposure conditions, without and with grid in place. 
The effect of misalignment of the grids was tested via the same FOM.

Signal difference to noise ratios measured with the Cu method correlated 
well with the threshold contrasts from the CDRAD analysis (R2 > 0.9). 
The analysis showed optimal FOM with detector air kerma rates as 
typically used in clinical practice. Lower tube voltages provide higher 
FOM than the higher values but their practical use depends on the 
limitations of X-ray tubes and the associated longer exposure times that 
could increase the frequency of patient motion artefacts. The use of high 
resolution grids should be encouraged, as the FOM increases with 47% 
at 75kV. The switch to (wireless) DR technology for bedside imaging 
could therefore benefit from devices to improve grid positioning or from 
any other procedures to reduce scatter.
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8313-205, Poster Session

Experimental study of the impact of small-
angle scatterers on the x-ray dark field 
imaging contrast mechanism
N. B. Bevins, J. Zambelli, K. Li, Z. Qi, G. Chen, Univ. of 
Wisconsin-Madison (United States)

Interest in grating-based x-ray interferometry has grown rapidly in recent 
years, due in part to the systems ability to simultaneously provide images 
of multiple contrast mechanisms within a single acquisition. In addition to 
the well known absorption and phase contrast images, a third image of 
local small angle scattering known as the dark-field image is produced. 
There are limited published results describing applications of this method 
in medical imaging. In this work, the dark field contrast mechanism is 
examined in the context of medical imaging. Our previously-published 
imaging model for the mechanism is used to describe the projection 
images and image object variables are adjusted to systematically study 
each part of the model. The results demonstrate the effectiveness of 
the model and give insight on how to use the mechanism for medical 
applications.

8313-206, Poster Session

The effect of energy weighting on x-ray 
imaging based on photon counting detector: 
a Monte Carlo simulation
S. Lee, Y. Choi, H. Cho, Y. Lee, H. Ryu, H. Kim, Yonsei Univ. 
(Korea, Republic of)

Photon counting detector based on semiconductor materials is a 
promising imaging modality and provides many benefits for x-ray 
imaging compared with conventional detectors. This detector is able to 
measure the x-ray photon energy deposited by each event and provide 
the x-ray spectrum formed by detected photon. Recently, photon 
counting detectors have been developed for x-ray imaging. However, 
there has not been done many works for developing the novel x-ray 
imaging techniques and evaluating the image quality in x-ray system 
using photon counting detectors. In this study, we evaluate the effect of 
energy weighting on x-ray imaging based on photon counting detector 
and investigate the capability for material decomposition in images 
acquired from integrating, counting, K-edge, and energy weighting 
methods. We designed the x-ray imaging system equipped with CdTe 
(cadmium telluride) detector using Geant4 Application for Tomographic 
Emission (GATE) simulation. The images of phantom were acquired 
with integrating, counting, K-edge, and energy weighting methods. To 
evaluate the image quality, the contrast and coefficient of variation (COV) 
were calculated. The contrast of images acquired with energy weighting 
method was improved compared with those of integrating and counting 
images. The noise of images acquired with energy weighting method was 
decreased compared with those of integrating, counting, and K-edge 
images. In conclusion, it is possible to separate the target material from 
background material using energy weighting method and improve the 
image quality in x-ray system using photon counting detector.

8313-207, Poster Session

Quantitative grating-based x-ray phase 
contrast tomography at 82 keV
M. S. Willner, M. Bech, J. Herzen, D. Hahn, Technische Univ. 
München (Germany); J. Kenntner, J. Mohr, Karlsruher Institut 
für Technologie (Germany); I. Zanette, A. Rack, European 
Synchrotron Radiation Facility (France); T. Weitkamp, Synchrotron 
SOLEIL (France); F. Pfeiffer, Technische Univ. München (Germany)

In the past few years grating-based X-ray phase contrast imaging has 

increasingly aroused interest as the method has been successfully 
adapted to work with laboratory X-ray sources. The high potential to 
significantly improve the soft-tissue contrast compared to standard 
absorption-based tomography and the quantitativeness of the technique 
have been demonstrated at low X-ray energies below 35 keV. However, 
a broad spectrum of applications in industrial testing and/or medical 
imaging needs the operation at higher X-ray energies. Nowadays, 
technical advances in the grating manufacturing process make it possible 
to continuously push the existing energy limitations and open up new 
vistas.

In this work we report on the results of a first quantitative phase contrast 
tomography analysis of a high-energy phantom at 82 keV. The phantom 
consists of well-defined solid materials - acrylic glass (PMMA), teflon, 
glass, polyvivyl chloride (PVC), Ti, Al and Cu - covering a wide range of 
densities and average atomic numbers. For the measurements, it was 
surrounded by water (as a phase-matching environment) and scanned 
with high-resolution at a synchrotron radiation source. 

The reconstructed slices in absorption and phase contrast have been 
analyzed in terms of signal-to-noise ratio (SNR), and the material-specific 
Hounsfield Units in both signals have been determined and compared.

The results show very good agreement to theoretical values, 
complementary image information of the two contrast mechanisms, 
a relative contrast gain, especially for the plastics, and therefore 
consolidate the high expectations on the method for various applications.

8313-208, Poster Session

Performance of a prototype 32x32 pixel 
indirect x-ray imager based on a lateral 
selenium passive pixel sensor
R. Keshavarzi, K. Wang, M. Y. Yazdandoost, K. Shin, F. Chen, S. 
H. Majid, S. Abbaszadeh, K. S. Karim, Univ. of Waterloo (Canada)

Previously, we reported the initial results of a 32x32 passive pixel sensor 
(PPS) with lateral amorphous Selenium MSM (metal-semiconductor-
metal) structure [1]. However, our initial array results were preliminary and 
the resulting images unclear. This publication focuses on methods used 
to improve the images obtained from the array. Sharper images produced 
in sync with the light source are presented in this work. In addition, 
insight into array readout circuitry and capturing a frame from an array is 
discussed. A block diagram of the system is given in figure 1 where an 
ASIC (application specific integrated circuit) made by Indigo (ISC9717) 
was used as part of the analog readout circuitry along with an FPGA 
(field programmable gate array) as an interface between a PC (personal 
computer) and the Indigo chip.

8313-209, Poster Session

Simulation of presampled MTF measurements 
in computed radiography for different scan 
directions
Y. Kawaji, Junshin Gakuen Univ. (Japan); F. Toyofuku, Kyushu 
Univ. (Japan)

Purpose: The modulation transfer function (MTF) in Computed 
Radiography (CR) for the laser scan direction is generally lower than 
that for the plate scan direction. In a CR system, there are a number 
of different mechanisms that cause blurring. We analyzed intrinsic 
system factors of CR that could affect the MTF, such as afterglow during 
readout and the anti-alias filter of analog to digital converter in different 
scan directions. Methods and Materials: Mathematical slit and edge 
images were generated from analytical functions. These images were 
arranged perpendicularly to the laser scan and the plate scan directions, 
respectively. We simulated the influence of the afterglow and the anti-
alias filter by using Microsoft Excel. The MTFs calculated from those 
simulation images were compared with the theoretical MTFs obtained 
analytically. Results: MTFs in the laser scan direction measured with slit 
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and edge techniques were significantly lower than MTFs in the plate scan 
direction because of afterglow and the anti-alias filters. The degree of 
the influence on MTF with respect to afterglow and the anti-alias filters 
was different depending on the measurement technique and the scan 
directions of CR.

8313-210, Poster Session

Noise simulation system for determining 
imaging conditions in digital radiography
R. Tanaka, K. Ichikawa, K. Matsubara, Kanazawa Univ. (Japan); 
H. Kawashima, Kanazawa Univ. School of Medicine (Japan)

This study was performed to develop a computerized method to 
determine appropriate imaging conditions based on simulation image. 
An RQA5 X-ray spectrum was used for determination of input-output 
characteristic and noise power spectrum (NPS) in an indirect-type flat-
panel detector (FPD) system. The relationship between tube current-
time product, exposure dose at the detector surface, and pixel values 
of images was addressed and a conversion function was then created. 
The incident quantum numbers determined from the conversion function 
were input into random values generator and image noise was simulated. 
Simulation images provided at different noise levels were compared with 
the actual images provided by use of the system. In addition, graphical 
user interface was developed to observe images changing image noise 
and exposure dose levels interactively, which have trade-off relationship. 
In the results, it was confirmed that image noise was simulate properly 
both in physical and visual evaluation. The present system could allow 
us to estimate necessary dose from image quality and also to estimate 
image quality from exposure dose. These results suggested that 
appropriate exposure dose could be determined based on necessary 
image quality using the simulation images.

8313-211, Poster Session

Novel silicon x-ray detector with TFT readout
K. Shin, Univ. of Waterloo (Canada); K. Wang, Aptina Imaging 
Corp. (United States); N. Allec, Y. Fang, K. S. Karim, Univ. of 
Waterloo (Canada)

Crystalline Silicon Drift Detectors (SDDs) have been used for 
spectroscopy and particle physics applications since they were first 
reported in the 1980s [1, 2]. However, spatial resolution and a complex 
fabrication process are two major hurdles that prevent SDDs from seeing 
widespread use in diffraction imaging and protein crystallography. To 
overcome the issues with SDDs, we proposed a new type of silicon 
radiation detector integrated with a hydrogenated amorphous silicon 
(a-Si:H) thin film transistor (TFT) readout technology intended for low 
X-ray energy detection with high spatial resolution [3]. This work aims 
to extend our previous effort by examining in detail the operation of 
the proposed integrated silicon TFT detector and to evaluate its X-ray 
sensitive performance via numerical analysis. In this research we simulate 
a 250-μm-thick slightly doped p-type silicon substrate that also functions 
as an X-ray detector integrated with a TFT readout having a channel 
length of 15 μm and a source/drain width of 15 μm. The simulations 
performed focus on the potential distribution and band structure at 
the heterostructure interface between the TFT and the silicon detector, 
and also on the current-voltage characteristics of the TFT due to X-ray 
exposure. Based on simulation results, the expected lower and upper 
limits of performance will be presented. In particular, the feasibility of 
a single 6 keV photon detection (arguably the minimum signal for a 
crystallography application) with such a device will be examined.

8313-212, Poster Session

Spatio-temporal Monte Carlo modeling of 
a-Se detectors for breast imaging: energy-
weighted Swank noise and detective quantum 
efficiency
Y. Fang, Univ. of Waterloo (Canada) and U.S. Food and 
Drug Administration (United States); A. Badal-Soler, U.S. 
Food and Drug Administration (United States); K. S. Karim, 
Univ. of Waterloo (Canada); A. Badano, U.S. Food and Drug 
Administration (United States)

We study the effect of energy weighting in Swank noise and Detective 
Quantum Efficiency (DQE) at zero spatial frequency with a detailed Monte 
Carlo (MC) transport code that includes the three-dimensional spatial 
and temporal transport of electron-hole pairs in semiconductor x-ray 
detectors. The transport model takes into account recombination and 
trapping of carriers including effects of Coulomb forces and external 
applied electric field. We report pulse-height spectra (PHS) for mono-
energetic x rays from 6 to 28 keV photons with 0.5 keV step size, and for 
clinical mammography spectra. A first-approximation electronic noise 
model is included in the simulations. The Swank calculations take into 
account the entire PHS distribution while the DQE(0) is calculated from 
the simulated Swank factor, and quantum efficiency values from the 
PENELOPE database of attenuation coefficients. The simulated DQE(0) 
is based on the entire clinical x-ray spectrum and take into account the 
energy distribution following Tapiovaara and Wagner’s description for the 
weighting of carrier transport processes. Swank and DQE simulations 
for semiconductor detectors can provide insight into the fundamental 
limitations and possible optimization of breast imaging systems.

8313-213, Poster Session

Improved DQE by means of x-ray spectra and 
scintillator optimization for FFDM
I. D. Job, N. D. Taie-Nobraie, C. D. Tognina, I. Mollov, C. Webb, 
R. Colbeth, F. Zoghi, K. D. Gray, Varian Medical Systems, Inc. 
(United States)

This work presents improved imaging performance by the means of 
selecting an X-ray tube anode-filter combination in conjunction with 
scintillator optimization on a full field digital mammography (FFDM) 
system. The FFDM in this work is a Varian PaxScan 3024M. The detector 
technology consists of a 2816 x 3584 a-Si array with a pixel pitch of 83 
um capable of operating up to 3 fps at full resolution. The scintillator 
is a direct deposited columnar CsI(Tl) with tunable performance 
characteristics. The X-ray tube anode-filter combinations of Mo-Mo and 
W-Al together with the scintillator configuration of high resolution (HR) 
were evaluated as well as the Mo-Mo anode-filter combination with the 
high brightness (HB) scintillator. Future work will extend to include the 
W-Al and W-Ag anode-filter combination with the HB scintillator. The 
imaging metrics evaluated were sensitivity, MTF and DQE. The results for 
the HR scintillator with the W-Al anode-filter yielded a DQE(0) of 67%, 
while only a DQE(0) of 50% for the HR scintillator with the Mo-Mo anode-
filter. In addition, the DQE(0) of the HR, W-Al combination was equivalent 
to the DQE(0) of the HB, Mo-Mo combination. The significance of this 
result is highlighted by the sensitivity (ADU/uGy) measurements: 8.6 adu/
uGy, 16.8 adu/uGy and 25.4 adu/uGy for HRMo-Mo, HRW-Al, HBMo-Mo, 
respectively. With a Nyquist frequency of 6 lp/mm, for an 83 um pixel, 
the MTF at 5 lp/mm for HRMo-Mo and HRW-Al is equivalent at 37%, 
while the HBMo-Mo gave 24%. We expect the DQE(0) for the HBW-Al to 
approach 80%. By selecting an anode-filter combination together with 
tunable scintillator configuration options, the performance of the imager 
can be optimized as required by the application.
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8313-214, Poster Session

Characterization of gated selenium x-ray 
detector
S. H. Majid, Univ. of Waterloo (Canada); K. Wang, Aptina Imaging 
Corp. (United States); U. Shafique, N. Allec, K. S. Karim, Univ. of 
Waterloo (Canada)

Amorphous selenium based direct detection X-ray imagers are widely 
used in medical imaging. In direct conversion the incidental X-ray is 
converted to charges directly by the sufficiently thick photoconductive 
layer while in the other type, known as indirect conversion, the 
incidental X-ray is converted to optical photons by a scintillator and then 
transferred to electronic signal. Amorphous selenium is an excellent 
choice for the photoconductive layer because of the reasons that i) 
it has a wide and direct bandgap of 2.22 eV, which makes it suitable 
for direct X-ray conversion material, and ii) it is a poor semiconductor 
material with a large number of defects, which yields very high resistivity, 
hence produces low dark current, typically 10~100 pA/sq-cm. The 
proposed gated selenium X-ray detector has three terminals. Two 
coplanar electrodes are used as charge collection electrodes while 
the top electrode acts as the gate of the device. The photoconductive 
layer is coated on two coplanar electrodes on glass substrate, acting 
as the source and the drain. A third electrode is deposited on top of the 
photoconductor layer, functioning as the gate of the detector.

In this work we present both the simulation results and measurements. 
The simulation result reveals the non-uniformity of the electric field 
distribution within the photoconductor layer. This non-uniform behavior 
of the electric field implies that the detector can be approximated as 
a dual layer device. The top layer acts as the carrier generation layer 
while the bottom layer collects the carriers. The measured transfer and 
output characteristics shows that the device behaves like a three terminal 
device. A further transient characteristics with pulsed light source will be 
added. We previously reported indirect detectors with a thin selenium 
metal-semiconductor-metal photodetector, this work shows that the 
three-terminal architecture overcomes the resolution tradeoffs of indirect 
detection while retains simple device architecture.

8313-215, Poster Session

A high-performance detector using SSPM 
arrays and crystalline microcolumnar CsI:Tl 
for x-ray/gamma-ray imaging and photon 
counting
H. Sabet, G. Prekas, H. B. Bhandari, M. Breen, F. Robertson, G. 
D. Derderian, J. F. Christian, C. Stapels, H. Kudrolli, S. Cool, V. V. 
Nagarkar, Radiation Monitoring Devices, Inc. (United States)

We are developing high-performance detectors using solid-state 
photomultipliers (SSPMs) and structured CsI:Tl scintillators for X- and 
Gamma-ray imaging and photon counting. We use RMD’s proprietary 
methods for synthesizing scintillators in RMD’s Crystalline Microcolumnar 
StructureTM (CMSTM) form, a cost-effective alternative to mechanical 
pixelation. This technique also eliminates the relatively large inter-pixel 
gaps usually present in mechanically pixelated scintillators, resulting in 
practically a 100% fill-factor and, therefore, higher sensitivity compared 
to conventional pixelated arrays. The CMS structures have demonstrated 
excellent crystalline microcolumnar structure, with growth perpendicular 
to the deposition substrate, along with excellent transparency. The 
scintillation performance of synthesized CMS CsI:Tl films has been 
evaluated using conventional methods, and their performance 
characteristics have been studied in combination with SSPMs as well 
as PMTs. Specifically, two categories of SSPMs have been employed: a 
newly developed RMD position-sensitive SSPM with a built-in resistive 
network, and conventional RMD SSPM. In each case, CMS CsI:Tl is 
deposited on a light diffuser substrate with 1 mm thickness, which was 
then optically coupled to the SSPM array under investigation. The sum 
of the four signals is used for energy estimation. Here we report on the 

performance of CMS CsI:Tl/SSPM combinations with various CMS 
structure sizes ranging from 0.1x0.1 mm2 to 0.5x0.5 mm2 in column 
dimensions to achieve high spatial resolution with high light conservation. 
Our data suggest that such detectors are well suited for X-ray/Gamma-
ray photon counting and imaging applications.

8313-216, Poster Session

High performance amorphous selenium 
lateral photodetector
S. Abbaszadeh, N. Allec, K. S. Karim, Univ. of Waterloo (Canada)

Previously metal-semiconductor-metal (MSM) lateral amorphous 
selenium (a-Se) detectors have been proposed for indirect detector 
medical imaging applications. These detectors have raised interest 
due to their simple structure, ease of fabrication, high-speed, low dark 
current, low capacitance per unit area and better light utilization. The 
lateral device structure has a benefit that the electrode spacing may be 
easily controlled to reduce the required bias for a given desired electric 
field. 

In indirect conversion x-ray imaging, the scintillator is coupled to the top 
of the a-Se MSM photodetector, which itself is integrated on top of the 
thin-film-transistor (TFT) array. The carriers generated at the top surface 
of the a-Se layer experience a field that is parallel to the surface, and 
does not initially sweep them away from the surface. Therefore these 
carriers may recombine or get trapped in surface states and change 
the field at the surface, which may degrade the performance of the 
photodetector. In addition, due to the finite width of the electrodes, the fill 
factor of the device is less than unity. 

In this study we examine the fill factor and the effect of lateral drift of 
carriers on the photodetector performance. The impact of field magnitude 
on the performance is also investigated.

8313-217, Poster Session

Amorphous selenium photodetector on a 
flexible substrate for indirect conversion 
medical imaging
S. Abbaszadeh, S. H. Majid, N. Allec, K. S. Karim, Univ. of 
Waterloo (Canada)

Amorphous selenium photodetectors, in both lateral and vertical 
structures, have been investigated for indirect conversion medical 
imaging applications. The low dark current, high responsivity for blue 
light, and possibility for gain are all among the attractive features of these 
devices. Typically these devices are deposited on a solid glass substrate 
and are read out using thin-film-transistors (TFTs). With the advent of 
flexible TFTs, flexible electronics have become a viable technology. 
This technology may be leveraged for flexible imaging, however the 
detection and conversion materials that serve to convert the incident 
x-rays to collectable charge will also need to be flexible. In this paper, we 
investigate the use of amorphous selenium photodetectors on flexible 
substrates and compare their performance with amorphous selenium 
photodetectors deposited on glass.

8313-218, Poster Session

A study of factors limiting spatial resolution 
using a 25 µm pixel pitch direct detection 
amorphous selenium photoconductor
C. C. Scott, N. Allec, K. S. Karim, Univ. of Waterloo (Canada)

An amorphous selenium direct detector with a 25 μm pixel pitch is 
studied for mammography and fluoroscopy applications. In this paper 
we analyze spatial resolution by examining the main contributions to the 
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inherent modulation transfer function (MTF) of amorphous selenium, such 
as primary photoelectron range and x-ray beam obliquity; and determine 
their significance relative to aperture MTF. Improvements in spatial 
resolution provided by a move to a small pixel size are complicated by 
deep carrier trapping. Trapped carriers cause residual charge induction 
across the pixel plane. We examine the significance of this effect on 
spatial resolution. The potential improvements of moving from a larger 
pixel pitch to a 25 μm pixel pitch are studied, including all significant 
effects, at selected pixel pitches.

8313-219, Poster Session

Optimization of hardware-based photon 
rejector to separate electronic noise in the 
photon counting detector
H. Cho, H. Kim, Y. Choi, S. Lee, Y. Lee, H. Ryu, Yonsei Univ. 
(Korea, Republic of)

The aim of this work was to optimize the hardware-based photon rejector 
to acquire high quality image by remove electronic noise from signal 
spectrum. The photon counting detector has a capability of counting 
individual photons with energy information. The electrical noise can be 
eliminated based on the energy information of each photon. However, 
distorted energy spectrum by limited detector count rate forms the image 
with incorrect energy information. In this work, we measured energy 
spectra with various types of photon rejectors at three different tube 
conditions. The results showed that the thick aluminum photon rejector 
have enough capability to separate electronic noise from signal in low 
energy condition. For the high energy, the liquid type photon rejectors 
which made of high atomic number materials were more efficient in 
differentiation of electronic noise than aluminum. We observed optimized 
type of photon rejector that can effectively discriminate electronic noise 
from signal according to the different tube condition.

8313-221, Poster Session

Evaluation of the effect of light guide 
thickness on the uniformity of gamma 
camera: a GEANT4 based Monte Carlo 
simulation with optical photon tracking
R. Haghshenas, S. M. R. Aghamiri, A. Kamali Asl, Shahid 
Beheshti Univ. (Iran, Islamic Republic of)

The aim of this study is to assess the effect of light guide thickness on 
the uniformity of gamma camera. For this propose, a GE DST-Xli camera 
with optical photon tracking was simulated using GEANT4 Monte Carlo 
toolkit. We studied three different configurations including a camera 
with no light guide, a camera with no proper light guide thickness and 
a camera with optimum light guide thickness using a 99mTc planar 
flood field source. These configurations have T/R values of 0, 0.5 and 
1. Where T is the light guide thickness and R is the effective radius of a 
photomultiplier tube (PMT). For each camera configuration both integral 
uniformity and differential uniformity were calculated according to NEMA. 
The results showed that the uniformity of simulated gamma camera 
depends strongly on the thickness of light guide. When T equals R both 
differential and integral uniformity are in the acceptable range and the 
gamma camera produces an acceptable image of the activity distribution 
of flood field source.

8313-222, Poster Session

Improved diagnostics of human cancer by 
grating-based x-ray phase contrast
J. Herzen, M. S. Willner, M. Stockmar, D. Hahn, P. B. Noël, A. 
Fingerle, Technische Univ. München (Germany); A. Sztrókay, 

F. Bamberg, Ludwig-Maximilians-Univ. München (Germany); I. 
Zanette, European Synchrotron Radiation Facility (France); T. 
Weitkamp, Synchrotron Soleil (France); F. Pfeiffer, Technische 
Univ. München (Germany)

The interest in grating-based x-ray phase-contrast imaging is growing in 
the medical imaging community. Currently it is one of the most promising 
candidates for future clinical implementation, as it is extendable to 
conventional x-ray sources. We demonstrate the potential impact of 
the method on clinical diagnostics with cancerous human soft-tissue 
samples. Two types of human soft-tissue, from the breast and liver, 
were analyzed ex-vivo in formalin with high-resolution grating-based 
phase-contrast computed tomography (PCCT) at a synchrotron 
radiation source. Both samples reveal only weak soft-tissue contrast in 
conventional CT. These benchmarking measurements were correlated 
to histopathology - one of the “gold-standards” in medical imaging. 
The results of our study show that PCCT significantly enhances the 
soft-tissue contrast in ex-vivo soft-tissue specimens. One can clearly 
distinguish between healthy and cancerous tissue in the PCCT images. 
Furthermore, even structures inside and around the cancerous tissue 
can be visualized that are invisible in absorption-based CT, such as the 
tumor capsule. The histopathology confirmed the presence of cancerous 
tissue and highly correlates with the PCCT reconstructions. This work 
demonstrates the potential of grating-based PCCT to enhance the 
quality of tumor detection in both human breast as well as liver samples 
by dramatically improving the differentiability of soft-tissue types. This 
significant image quality improvement is possible without any contrast 
agent. In addition, our method provides quantitative, tissue-specific 
absorption and phase-contrast Hounsfield Units, which can be used 
directly for the design of dedicated PCCT phantoms. In conclusion, we 
foresee an improved clinical CT diagnostic with PCCT.

8313-223, Poster Session

Cutting edge imaging of human cochlea by 
industrial high resolution computed micro 
tomography
B. Fischer, P. Krüger, Fraunhofer IZFP Dresden (Germany); A. 
A. Poznyakovskiy, M. Bornitz, T. Zahnert, Universitätsklinikum 
Dresden (Germany)

PURPOSE: Digital Volume Tomography (DVT) in otology is in need of 
supporting data for improvement of diagnostics (a priori information). 
By optimization of our Industrial High Resolution Micro Computer 
Tomograph (microCT, Fraunhofer IZFP), statistical verified, anatomical 
data sets became available.

MATERIALS AND METHODS: To improve the generation of X-ray 
photons we equipped our micro focus X-ray tube (FXE 225, YXLON 
International GmbH) with a high performance transmission target with 
diamond carrier (Diamond Materials GmbH). The higher heat dissipation 
enables a higher applicable power to the target yielding a higher 
photon flux at the same focal diameter of about 1.5 μm and enables 
the collection of an outstanding low-noise raw data set. Additionally, 
our new alignment tool allows post-acquisition correction of adjustment 
incorrectnesses. For the measurement, human temporal bones were 
fixed in 96.4 % ethanol solution (Berkel AHK Alkoholhandel GmbH 
Co. KG). Afterwards the cochlea was drilled out and the semi-circular 
ducts and the ossicular chain were removed. X-ray staining of the soft 
tissue was achieved by putting the specimen into 11 % Iodine solution 
(Betaisodona, Mundipharma GmbH). Due to the shape of the specimen 
three measurements of different regions where performed corrected and 
digitally assembled afterwards. 

RESULTS: By optimization of microCT, we achieve an excellent image 
quality and accuracy. The acquired resolution is about 8.7 μm (voxelsize). 
It provides the basis upon an extensive anatomical study of the human 
inner ear (Figure1). 

CONCLUSION: Application of microCT imaging allows the development 
of reliable statistical and anatomical models. New results will support 
three-dimensional clinical imaging techniques like Digital Volume 
Tomography (DVT) and help to improve diagnostics.
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8313-224, Poster Session

Quantitative task performance of PET/CT 
with ultra-low dose CT attenuation correction
P. E. Kinahan, T. Xia, A. M. Alessio, Univ. of Washington (United 
States); E. Asma, R. Manjeshwar, B. DeMan, GE Global Research 
Ctr. (United States)

We have previously proposed a combination of methods that facilitate 
ultra-low dose CT attenuation correction for PET/CT imaging. These 
methods use both dose reduction and noise/artifact suppression 
techniques. In this study we evaluate the impact of the ultra-low dose CT 
attenuation correction methods on quantitative accuracy of PET images.

Methods. We used CatSim for CT simulations and ASIM for PET 
simulations for multiple i.i.d PET and CT realizations with accurate noise 
and resolution properties. We used the NCAT phantom for both the CT 
(attenuation) and PET (emission) test objects. The attenuation object 
included soft tissue, lung and bone, while the emission object simulated 
the normal background of [F-18]-fluoro-2-deoxy-D-glucose (FDG) uptake 
as well as five focal regions of increased uptake representing typical of 
solid cancerous lesions. We evaluated the impacts of reducing CT dose, 
CT spectral optimization, and CT noise suppression, to change the trade-
offs between the quantitative accuracy of estimating FDG uptake and the 
patient CT radiation dose.

Results. At the minimal mAs levels that can be achieved in CT scanners 
(e.g. 10mAs), there was only a small increase (a few percent) in bias 
and RMSE of the PET image relative to that obtained with a noise-free 
CT scan. As the CT mAs was further reduced, however, the PET bias 
and RMSE increased substantially (> 10x). Optimizing the CT spectra 
and using CT noise suppression methods allowed further reductions in 
CT mAs (e.g. down to 2.5 mAs) without large increases in PET bias and 
RMSE.

Conclusions. It is possible to significantly lower CT radiation dose to the 
patient without degrading the quantitative accuracy of PET imaging when 
using a PET/CT scanner.

8313-225, Poster Session

Development of a pinhole collimator SPECT-
CT system using a CdTe detector
H. Ryu, Y. Lee, S. Lee, H. Cho, Y. Choi, H. Kim, Yonsei Univ. 
(Korea, Republic of)

SPECT system with a co-registered x-ray CT image allows the fusion 
of functional information and morphologic information. In this study, a 
pinhole collimator SPECT system sharing a CdTe detector with a CT was 
designed. Geant4 application for tomographic emission (GATE) v.6 was 
used for the design simulation. Sensitivity and spatial resolution were 
measured to evaluate the system characteristics on an ideal condition.

A pinhole collimator was designed to obtain high spatial resolution and 
better sensitivity. The diameter of the collimator was 0.5 mm, and the 
distance from the center of the field of view (CFOV) was set to 25 mm. 
The source to detector distance was set to 69 mm. The acquisition time 
of each projection was 40 seconds, and 60 projections were obtained for 
tomographic image acquisition. The reconstruction was performed using 
ordered subset expectation maximization (OS-EM) algorithms.

The total system sensitivity was measured in cps/kBq, and the spatial 
resolution was defined by the full width at half maximum (FWHM) from 
the point spread function (PSF) of the point source image. Modulation 
transfer function (MTF) was also measured from the PSF. The spatial 
resolution of the system calculated from the FWHM of Gaussian fitted 
PSF curve was 0.48 mm, and the sensitivity of the system measured 
0.354 cps/kBq from a Tc-99m point source. A phantom study was 
performed to verify the dual modality system design. The system will 
be built as designed, and it can be applied for the pre-clinical imaging 
system.

8313-226, Poster Session

Optimization of high resolution collimator 
with CdTe detector: a simulation study
Y. Lee, H. Ryu, H. Cho, S. Lee, Y. Choi, H. Kim, Yonsei Univ. 
(Korea, Republic of)

Photon counting detectors using cadmium telluride (CdTe) or cadmium 
zinc telluride (CZT) have benefits compared to conventional scintillation 
detectors. Recently, many studies have been conducted using these 
materials to improve the sensitivity and spatial resolution of photon 
counting detectors. The purpose of this study was to optimize the design 
of a collimator to achieve excellent resolution and high sensitivity on 
the gamma camera system based on the CdTe detector. We performed 
a simulation study of the PID 350 (Ajat Oy Ltd., Finland) CdTe detector 
using the Geant4 Application for Tomographic Emission (GATE) 
simulation. This detector consists of small pixels (0.35 × 0.35 mm2). We 
designed two parallel-hole collimators with different shapes and verified 
their usefulness. One was the proposed pixelated parallel-hole collimator 
in which the hole size and pixel size are the same, and the other was the 
hexagonal parallel-hole collimator, which has a hole size similar to that 
of the pixelated parallel-hole collimator. We evaluated the sensitivity, 
spatial resolution, and contrast resolution to determine which parallel-
hole collimator was best on the PID 350 CdTe detector. The sensitivity 
was 22.65% higher for the pixelated parallel-hole collimator than for 
the hexagonal parallel-hole collimator. Also, the pixelated parallel-hole 
collimator provided 10.7% better spatial resolution than the hexagonal 
parallel-hole collimator and contrast resolution was improved by 8.93%. 
In conclusion, we successfully established a high resolution gamma 
camera system with a pixelated parallel-hole collimator.

8313-227, Poster Session

Comparison between pixel array CdTe 
detector and NaI(Tl) detector for ultra-high 
resolution small animal SPECT imaging
S. Park, H. Kim, C. Lee, H. Cho, H. Ryu, Yonsei Univ. (Korea, 
Republic of)

The single-photon emission computed tomography (SPECT) based on 
pixelated Cadmium Telluride (CdTe) detectors has been promising for 
high resolution small animal imaging. 

For the feasibility of our CdTe detector (PID350, AJAT, Finland) in small 
animal SPECT system, we compared our CdTe detector and NaI(Tl) 
detector with the same collimator design in terms of spatial resolution, 
energy resolution, and sensitivity. The CdTe detector size was 44.8 x 
44.8 mm2 and the thickness of this detector was 1 mm. The size of 
NaI(Tl) detector was 52 x 105 mm2 and the thickness was 5 mm. The 
intrinsic spatial resolution of CdTe detector and that of NaI(Tl) detector 
were 0.35mm and 2.3 mm, respectively. The shape of the parallel hole 
collimator and its size were hexagonal and 0.15 mm, respectively. The 
height and septal thickness of the collimator were 20 mm and 0.05 mm, 
respectively.

The Monte Carlo simulations were performed to assess both SPECT 
systems. The spatial resolution of system using CdTe and that of system 
using NaI(Tl) detector were 1.09 mm FWHM and 3.10 mm FWHM, 
respectively. The system sensitivity for our SPECT with CdTe and NaI(Tl) 
detector were 0.152 count/sec/Bq and 0.129 count/sec/Bq, respectively. 
Our simulation results indicated that our SPECT with CdTe detector 
showed better spatial resolution and sensitivity compared to SPECT with 
NaI(Tl) detector. These results demonstrated that the SPECT imaging 
based on pixelated CdTe detector can improve the performance of 
SPECT system for small animal imaging.
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8313-228, Poster Session

Potential diagnostic application of UWB 
microwave imaging
A. Pai, The Univ. of Texas at El Paso (United States) and Oxyent 
Medical (India); R. K. Samala, V. S. Potunuru, S. D. Cabrera, W. 
Qian, The Univ. of Texas at El Paso (United States)

Microwave imaging for medical applications has been of interest for 
many years. Recently microwave imaging for breast cancer detection has 
gained attention due to advances in imaging algorithms, hardware and 
computational power. The breast is relatively translucent to microwaves, 
accessible for imaging and said to have significant electromagnetic 
property contrast between tumors and healthy tissues. But recent 
findings of high heterogeneity of human breast tissue and much lower 
than predicted dielectric contrast between tumors and their host 
tissue have raised questions about the potential utility of stand-alone 
microwave breast imaging techniques. This paper focuses on reiterating 
the feasibility of microwave as a stand-alone detection technique. Using 
Computer Simulation technology, an EM simulator, we have simulated 
microwave breast imaging. Large variations in dielectric, location and 
sizes of tumor are made to replicate actual breast anatomy and reduce 
the classification bias. Nonlinear features were used for classification to 
achieve AROC of 0.98. This model successfully diagnosed small tumors 
thus paving the way for tumor diagnosis trials.

8313-229, Poster Session

Microwave radiometric signatures of 
temperature anomalies in tissue
P. A. Kelly, T. Sobers, B. St. Peter, P. R. Siqueira, Univ. of 
Massachusetts Amherst (United States); G. Capraro, Alpert 
Medical School, Brown Univ. (United States)

Because of its ability to measure the temperature-dependent power 
of electromagnetic radiation emitted from tissue down to several 
centimeters beneath the skin, microwave radiometry has long been 
of interest as a means for identifying the internal tissue temperature 
anomalies that arise from abnormalities in physiological parameters 
such as metabolic and blood perfusion rates. However, the inherent lack 
of specificity and resolution in microwave radiometer measurements 
has limited the clinical usefulness of the technique. The idea underlying 
this work is to make use of information (assumed to be available from 
some other modality) about the tissue configuration in the volume of 
interest to study and improve the accuracy of anomaly detection and 
estimation from radiometric data. In particular, knowledge of the specific 
anatomy and the properties of the overall measurement system enable 
determination of the signatures of localized physiological abnormalities 
in the radiometry data. These signatures are used to investigate the 
accuracy with which the location of an anomaly can be determined 
from radiometric measurements. Signatures that can be interpreted as 
approximations to the system impulse response are also generated and 
used in algorithms for anomaly detection and estimation. The accuracy of 
anomaly identification is improved when the coupling of power from the 
body to the sensor is optimized. We describe the design of a radiometer 
waveguide having dielectric properties appropriate for biomedical 
applications.

8313-230, Poster Session

Sound field directivity in multi-element 
synthetic transmit aperture method for 
ultrasound imaging
Y. Tasinkevych, Z. Klimonda, M. Lewandowski, I. Trots, A. 
Nowicki, Institute of Fundamental Technological Research 
(Poland)

The paper presents modified multi-element synthetic transmit aperture 
(MSTA) method for ultrasound imaging with RF echoes correction taking 
into account the influence of the element directivity, which property 
becomes significant as the element width becomes commensurable with 
the wavelength corresponding to the nominal frequency of the transmit 
signal. The angular dependence of the radiation efficiency of the transmit/
receive aperture is obtained from exact solution of the corresponding 
mixed boundary-value problem for periodic baffle system, modelling the 
transducer array. The directivity is calculated at the nominal frequency 
of the excitation signal and is incorporated into the conventional MSTA 
algorithm. It is implemented as weighted coherent summation in the 
developed method with corresponding weights accounting for the sound 
field directivity. The performance of the developed method is tested 
using FIELD II simulated synthetic aperture data of the point reflectors to 
estimate the visualization depth and lateral resolution. Besides, a FIELD 
II simulated data and measurement data of cyst phantom acquired using 
Ultrasonix SonixTOUCH Research are used for qualitative assessment of 
the imaging contrast improvement. Comparison of the results obtained 
by the modified and conventional MSTA algorithms is given which reveals 
considerable improvement of the image quality in the area neighbouring 
to the transducer’s aperture, and increase of the visualization depth at the 
same time at the cost of slight degradation of lateral resolution, mainly 
near the transducer face.

8313-231, Poster Session

X-ray in-line phase retrieval suitable for 
tomography
A. Burvall, U. Lundström, P. A. C. Takman, D. H. Larsson, H. M. 
Hertz, Royal Institute of Technology (Sweden)

Phase contrast in X-ray imaging offers imaging of fine features at 
lower doses than absorption. Of the phase-contrast methods in use 
in-line phase contrast is interesting due to its experimental simplicity, 
but to extract information on absorption and phase distributions from 
the resulting images, phase retrieval is needed. Many phase-retrieval 
methods suitable for different situations have been developed, but few 
comparisons of those methods done. We consider a sub-group of phase-
retrieval methods that are suitable for tomography, i.e., that use only one 
exposure (for practical experimental reasons) and are non-iterative (for 
speed). In total we have found seven suitable methods in the literature. 
All, though derived in different ways under different assumptions, follow 
the same pattern and can be outlined as a single method where each 
specific version is marked by variations in particular steps. We summarize 
this unified approach, and give the variations of the individual methods. 
In addition, we outline approximations and assumptions of each method. 
Using this approach it is possible to conclude which specific algorithms 
are most suitable in specific situations and to test this based on 
simulated and experimental data. Ultimately, this leads to conclusions on 
which methods are the most suitable in different situations.

8313-232, Poster Session

An interior-point method for total variation 
regularized positron emission tomography 
image reconstruction
B. Bai, Columbia Univ. (United States)

There has been a lot of work on total variation (TV) regularized 
tomographic image reconstruction recently. Many of them use gradient-
based optimization algorithms with a differentiable approximation of 
the TV functional. In this paper we apply TV regularization in Positron 
Emission Tomography (PET) image reconstruction. We reconstruct the 
PET image in a Bayesian framework, using Poisson noise model and 
TV prior functional. The original optimization problem is transformed to 
an equivalent problem with inequality constraints by adding auxiliary 
variables. Then we use an interior point method with logarithmic barrier 
functions to solve the constrained optimization problem. In this method, 
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a series of points approaching the solution from inside the feasible region 
are found by solving a sequence of subproblems characterized by an 
increasing positive parameter. We use preconditioned conjugate gradient 
(PCG) algorithm to solve the subproblems. The nonnegativity constraint is 
enforced by bend line search. The exact expression of the TV functional 
is used in out calculation. Simulation results show that the algorithm 
converges fast and is insensitive to the values of the regularization and 
reconstruction parameters.

8313-233, Poster Session

SNR analysis of 3D magnetic resonance 
tomosynthesis (MRT) imaging
M. Kim, D. Kim, Yonsei Univ. (Korea, Republic of)

Conventional 3DFT (Fourier Transform) MR imaging needs to combat 
the issues of spatial resolution, SNR, scan time, etc. Here, we adapt 
a new 3D imaging approach, termed MRT (Magnetic Resonance 
Tomosynthesis), which can generate a set of tomographic MR images 
similar to multiple 2D projection images in x-ray. The difference in the 
noise characteristic between the x-ray imaging system and the MR 
system gives us a room for improvement of SNR in MRT. A multiple-
oblique-view (MOV) pulse sequence is designed to acquire the 
tomography-like images used in tomosynthesis process. MRT shows 
reduced tomosynthesis blur due to the acquisition scheme of MOV pulse 
sequence that acquires images at predefined selective excited regions. 
An iterative back-projection (IBP) reconstruction method is used to 
reconstruct the 3D images. The reconstructed images were compared 
with conventional 3DFT images in terms of signal-to-noise ratio (SNR) 
and resolution. The resolution issue is investigated using point-spread-
function (PSF) analysis and the SNR issue is studied on simulation and 
invivo case. The proposed method provides a much higher SNR than the 
conventional 3D imaging method with only a partial loss of slice-direction 
resolution. It is expected that this method can be useful for extremely low 
SNR cases.

8313-234, Poster Session

Overview of the 40-year history of the SPIE 
Medical Imaging meeting
R. M. Nishikawa, The Univ. of Chicago (United States)

I will present the meeting title, editors, the session titles, number of 
papers and number of pages in the proceedings for the 40 years of the 
Medical Imaging meeting at SPIE.

8313-235, Poster Session

Image perception at SPIE: Did you see what I 
saw?
E. A. Krupinski, The Univ. of Arizona (United States)

The Image Perception & Performance Conference has not been a 
separate track of the SPIE Medical Imaging Meeting for 40 years, but 
has been an integral part of the meeting since its inception in a variety 
of ways. Everything discussed at the SPIE Medical Imaging meeting, 
whether overtly discussed or implied, relates back to one fundamental 
idea - developing better tools for radiologists and other clinicians to 
render more effective and efficient diagnostic decisions. This poster will 
highlight some of the trends that I have observed over the past 25 years 
at the SPIE Medical Imaging meeting as they relate specifically to the 
Image Perception & Performance Conference. The Image Perception 
track has covered a wide variety of areas, including Methods for 
Assessing Performance, Mathematical Observer Modeling, Human-
Computer Interface & Ergonomics, Eye-Tracking & Visual Search, and 
Clinical Decision Making. Each of these topics will be highlighted with 
images and brief textual comments.
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8314-01, Session 1

A patient-specific segmentation framework 
for longitudinal MR images of traumatic brain 
injury
B. Wang, M. Prastawa, The Univ. of Utah (United States); A. 
Irimia, M. C. Chambers, P. M. Vespa, J. D. Van Horn, Univ. of 
California, Los Angeles (United States); G. Gerig, The Univ. of 
Utah (United States)

Traumatic brain injury (TBI) is a major cause of death and disability 
worldwide. Robust, reproducible segmentations of MR images with TBI 
are crucial for quantitative analysis of recovery and treatment efficacy. 
However, this is a significant challenge due to severe anatomy changes 
caused by edema (swelling), bleeding, tissue deformation, skull fracture, 
and other effects related to head injury. In this paper, we introduce a 
multi-modal image segmentation framework for longitudinal TBI images. 
The framework is initialized through manual input of primary lesion sites 
at each time point, which are then refined by a joint approach composed 
of Bayesian segmentation and construction of a personalized atlas. The 
personalized atlas construction estimates the average of the posteriors 
of the Bayesian segmentation at each time point and warps the average 
back to each time point to provide the updated priors for Bayesian 
segmentation. The difference between our approach and segmenting 
longitudinal images independently is that we use the information from all 
time points to improve the segmentations. Given a manual initialization, 
our framework automatically segments healthy structures (white matter, 
grey matter, cerebrospinal fluid) as well as different lesions such as 
hemorrhagic lesions and edema. Our framework can handle different sets 
of modalities at each time point, which provides flexibility in analyzing 
clinical scans. We show results on three subjects with acute baseline 
scans and chronic follow-up scans. The results demonstrate that joint 
analysis of all the points yields improved segmentation compared to 
independent analysis of the two time points.

8314-02, Session 1

Comparison of threshold-based and 
watershed-based segmentation for the 
truncation compensation of PET/MR images
T. Blaffert, S. Renisch, Philips Research (Germany); Z. Hu, J. 
Tang, M. Narayanan, Philips Healthcare (United States)

Recently introduced combined PET/MR scanners need to handle the 
specific problem that a limited MR field of view sometimes truncates 
arm or body contours, which prevents an accurate calculation of PET 
attenuation correction maps. Such maps of attenuation coefficients 
over body structures are required for a quantitatively correct PET image 
reconstruction. This paper addresses this problem by presenting two 
methods for the segmentation of a preliminary reconstruction type 
of PET images, time of flight non-attenuation corrected (ToF-NAC) 
images, and outlining a processing pipeline that compensates the arm 
or body truncation with this segmentation. The impact of this truncation 
compensation is demonstrated together with a comparison of the 
two segmentation methods, simple threshold segmentation and a 
watershed algorithm on a gradient image. Our results show that an SUV 
error reduction to clinically acceptable values is robustly achievable by 
truncation compensation.

8314-03, Session 1

Validation of model-based pelvis bone 
segementation from MR images for PET/MR 
attenuation correction
S. Renisch, T. Blaffert, Philips Research (Germany); J. Tang, Z. Hu, 
Philips Medical Systems (United States)

With the recent introduction of combined Magnetic Resonance (MR) 
/ Positron Emission Tomography (PET) systems, the generation of 
attenuation maps for PET based on MR images gained substantial 
attention. One approach for this problem is the segmentation of structures 
on the MR images with subsequent filling of the segments with respective 
attenuation values. A structure of particular interest for the segmentation 
are the pelvis bones. In this work the model-based segmentation of the 
pelvis bones on gradient-echo MR images is investigated. A processing 
chain for the detection and segmentation of the pelvic bones is introduced, 
and the results are evaluated using CT-generated “ground truth” data. 
The results indicate that a model based segmentation of the pelvis bone 
is feasible with moderate requirements to the pre- and postporocessing 
steps of the segmentation.

8314-04, Session 1

Automatic bone segmentation in knee 
magnetic resonance images using a coarse-
to-fine strategy
S. H. Park, Seoul National Univ. (Korea, Republic of); S. Lee, 
SAMSUNG SDI Co., Ltd. (Korea, Republic of); I. D. Yun, Hankuk 
Univ. of Foreign Studies (Korea, Republic of); S. U. Lee, Seoul 
National Univ. (Korea, Republic of)

Bone segmentation from a three dimensional knee magnetic resonance 
(MR) image is a crucial element in monitoring and understanding 
of development and progress of osteoarthritis. Until now, various 
segmentation methods have been proposed to separate the bone from 
other tissues, but it still remains challenging problem due to different 
modality of MR images, low contrast between bone and tissues, and shape 
irregularity. In this paper, we present a new fully-automatic segmentation 
method of bone compartments using relevant bone atlases from a training 
set. To find the relevant bone atlases and obtain the segmentation, a 
coarse-to-fine strategy is proposed. In coarse step, the best atlas among 
the training set and an initial segmentation are simultaneously detected 
using branch and bound tree search. Since the best atlas in coarse step 
is not accurately aligned, all atlases from the training set are aligned to 
the initial segmentation, and the best aligned atlas is selected in middle 
step. Finally, in fine step, segmentation is conducted as adaptively 
integrating shape of the best aligned atlas and appearance prior based on 
characteristics of local regions. For experiment, femur and tibia bones of 
forty test MR images are segmented by the proposed method using sixty 
training MR images. Experimental results show that a performance of the 
segmentation and the registration becomes better as going near the fine 
step, and the proposed method obtain the comparable performance with 
the state-of-the-art methods.
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8314-05, Session 1

Fully automated prostate segmentation in 
3D MR based on normalized gradient field 
cross-correlation initialization and LOGISMOS 
refinement
Y. Yin, S. V. Fotin, S. Periaswamy, J. Kunz, H. Haldankar, N. 
Muradyan, iCAD Inc. (United States); F. Cornud, Ctr. d’Imagerie 
Medicale Tourville (France); B. Turkbey, P. L. Choyke, National 
Institutes of Health (United States)

Manual delineation of the prostate is a challenging task for a clinician due 
to its complex and irregular shape. Furthermore, the need for precisely 
targeting the prostate boundary continues to grow. Planning for radiation 
therapy, MR-ultrasound fusion for image-guided biopsy, multi-parametric 
MRI tissue characterization, and context-based organ retrieval are examples 
where accurate prostate delineation can play a critical role in a successful 
patient outcome. Therefore, a robust automated full prostate segmentation 
system is desired. In this paper, we present an automated prostate 
segmentation system for 3D MR images. In this system, the prostate 
is segmented in two steps: the prostate displacement and size are first 
detected, and then the boundary is refined by a shape model. The detection 
approach is based on normalized gradient field cross-correlation. This 
approach is fast, robust to intensity variation and provides good accuracy to 
initialize a prostate mean shape model. The refinement model is based on 
a graph-search based framework, which contains both shape and topology 
information during deformation. We generated the graph cost using trained 
classifiers and used coarse-to-fine search and region-specific classifier 
training. The proposed algorithm was developed using 261 training images 
and tested on another 290 cases. The segmentation performance using 
mean DSC ranging from 0.89 to 0.91 depending on the evaluation subset 
demonstrates state of the art performance. Running time for the system is 
about 20 to 40 seconds depending on image size and resolution.

8314-06, Session 2

Real-time 2D/3D registration for tumor motion 
tracking during radiotherapy
H. D. Furtado, C. Gendrin, C. Bloch, J. Spoerk, S. Ardjo Pawiro, C. 
Weber, M. Figl, M. Stock, D. Georg, H. Bergmann, W. Birkfellner, 
Medizinische Univ. Wien (Austria)

Organ motion during radiotherapy is one of causes of uncertainty in dose 
delivery. To cope with this, the planned target volume (PTV) has to be larger 
than needed to guarantee full tumor irradiation. Existing methods deal with 
the problem by performing tumor tracking using implanted fiducial markers 
or magnetic sensors. In this work, we investigate the feasibility of using 
x-ray based real time 2D/3D registration for non-invasive tumor motion 
tracking during radiotherapy. 

Our method uses purely intensity based techniques, thus avoiding markers 
or fiducials. X-rays are acquired during treatment at a rate of 5.4Hz. 
We iteratively compare each x-ray with a set of digitally reconstructed 
radiographs (DRR) generated from the planning volume dataset, finding 
the optimal match between the x-ray and one of the DRRs. The DRRs 
are generated using a ray-casting algorithm, implemented using general 
purpose computation on graphics hardware (GPGPU) programming 
techniques using CUDA for greater performance. Validation is conducted 
off-line using a phantom and five clinical patient data sets. The registration 
is performed on a region of interest (ROI) centered around the PTV.

The phantom motion is measured with an rms error of 2.05 mm and mean 
registration time is 220 ms. For the patient data sets, a sinusoidal movement 
that clearly correlates to the breathing cycle is seen. Mean registration time 
is always under 105 ms which is well suited for our purposes.

These results demonstrate that real-time organ motion monitoring using 
image based markerless registration is feasible.

8314-07, Session 2

Robust elastic 2D/3D geometric graph 
matching
E. Serradell, Institut de Robòtica i Informàtica Industrial (Spain); 
J. Kybic, Czech Technical Univ. in Prague (Czech Republic); F. 
Moreno-Noguer, Institut de Robòtica i Informàtica Industrial (Spain); 
P. Fua, Ecole Polytechnique Fédérale de Lausanne (Switzerland)

We present an algorithm for geometric matching of graphs embedded in 
2D or 3D space. It is applicable for registering any graph-like structures 
appearing in biomedical images, such as blood vessels, pulmonary bronchi, 
nerve fibers, or dendritic arbors. Our approach does not rely on the similarity 
of local appearance features, so it is suitable for multimodal registration 
with a large difference in appearance. Unlike earlier methods, the algorithm 
uses edge shape, does not require an initial pose estimate, can handle 
partial matches, and can cope with nonlinear deformations and topological 
differences.

The matching consists of two steps. First, we find an affine transform 
that roughly aligns the graphs by exploring the set of all consistent 
correspondences between the nodes. This can be done at an acceptably 
low computational expense by using parameter uncertainties forpruning, 
backtracking as needed. Parameter uncertainties are updated in a Kalman-
like scheme with each match.

In the second step we allow for a nonlinear part of the deformation, 
modeled as a Gaussian Process. Short sequences of edges are grouped 
into superedges, which are then matched between graphs. This allows for 
topological differences. A maximum consistent set of superedge matches is 
found using a dedicated branch-and-bound solver, which is over 100 times 
faster than a standard linear programming approach. 

Geometrical and topological consistency of candidate matches is 
determined in a fast hierarchical manner.

We demonstrate the effectiveness of our technique at registering 
angiography and retinal fundus images, as well as neural image stacks.

8314-08, Session 2

Nonrigid surface proximity registration of CT 
images considering the influence of pleural 
thickenings
P. Faltin, K. Chaisaowong, RWTH Aachen (Germany); T. Kraus, Univ. 
Hospital Aachen (Germany); T. Aach, RWTH Aachen (Germany)

Given two CT thorax images from the same patient taken at two different 
points in time, a detailed follow-up assessment of pleural thickenings and 
their growth requires a precise registration of the regarded image regions. 
While the spatio-temporal matching of thickenings could be achieved 
by a rigid registration, the direct visual comparison or the combination 
of segmentations from different points in time require a more precise 
registration. We therefore present a new method which provides a non-rigid 
registration of the 3D image data in the region close to the lung surface, 
where pleural thickenings are located. A B-spline based approach is used 
to compensate the non-rigid deformations of the lungs. The control-grid for 
the B-splines is determined using a non-iterative method, which requires 
matched feature points from the registered image pair. Current non-rigid 
registration methods compensate all changes of the lung surface, which 
is in our case explicitly undesired for those changes caused by pleural 
thickenings.

Our approach takes the thickenings into account by choosing feature points 
not directly located on the lung surface. The number of feature points is 
reduced and only strong features are kept for a 3D block matching.
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8314-09, Session 2

Joint estimation of subject motion and tracer 
kinetic parameters of dynamic PET data in an 
EM framework
J. Jiao, Univ. of Oxford (United Kingdom); C. A. Salinas, G. Searle, 
R. N. Gunn, Imanova Ltd. (United Kingdom); J. A. Schnabel, Univ. of 
Oxford (United Kingdom)

Dynamic Positron Emission Tomography (dynamic PET) is a powerful tool for 
quantitative imaging of in vivo biological processes. The long scan durations 
necessitate motion correction to maintain the validity of the dynamic 
measurements, which can be particularly challenging due to the low signal-
to-noise ratio (SNR) and spatial resolution, as well as the complex tracer 
behaviour in dynamic PET. In this paper we develop a novel automated 
expectation-maximisation image registration framework that incorporates 
temporal tracer kinetic information to correct for inter-frame subject motion 
during dynamic PET scans. We employ the Zubal human brain phantom 
to simulate dynamic PET data using SORTEO, in order to validate the 
proposed method for its ability to recover imposed rigid motion. We have 
conducted a range of simulations using different noise levels, and corrupted 
the data with a range of rigid motion artefacts. The performance of our 
motion correction method is compared with pairwise registration using 
normalised mutual information as a voxel similarity measure. To quantify 
registration accuracy, we calculate the target registration error across the 
images. The results show that our new dynamic image registration method 
based on tracer kinetics yields better realignment of the simulated datasets, 
halving the target registration error when compared to the conventional 
method at small motion levels, as well as yielding smaller residuals in 
translation and rotation parameters. We also show that our new method is 
less aected by the low signal in the rst few frames, which the conventional 
method based on normalised mutual information fails to realign.

8314-10, Session 2

Nonrigid registration and classification of the 
kidneys in 3D dynamic contrast enhanced 
(DCE) MR images
X. Yang, P. Ghafourian, P. Sharma, K. Salman, D. Martin, B. Fei, 
Emory Univ. (United States)

We have applied image analysis methods in the assessment of human 
kidney perfusion based on 3D dynamic contrast-enhanced (DCE) MRI data. 
This approach consists of 3D non-rigid image registration of the kidneys 
and fuzzy C-mean classification of kidney tissues. The proposed registration 
method reduced motion artifacts in the dynamic images and improved 
the analysis of kidney compartments (cortex, medulla, and cavities). The 
dynamic intensity curves show the successive transition of the contrast 
agent through kidney compartments. The proposed method for motion 
correction and kidney compartment classification may be used to improve 
the validity and usefulness of further model-based pharmacokinetic analysis 
of kidney function.

8314-11, Session 2

Super-resolution reconstruction for tongue MR 
images
J. Woo, Univ. of Maryland, Baltimore (United States) and The 
Johns Hopkins Univ. (United States); Y. Bai, HeartFlow, Inc. (United 
States); S. Roy, E. Z. Murano, The Johns Hopkins Univ. (United 
States); M. Stone, Univ. of Maryland, Baltimore (United States); J. L. 
Prince, The Johns Hopkins Univ. (United States)

Magnetic resonance (MR) images of the tongue have been used in both 
clinical medicine and scientific research to reveal tongue structure and 
motion. In order to see different features of the tongue and its relation to 

the vocal tract it is beneficial to acquire three orthogonal image stacks---
e.g., axial, sagittal and coronal volumes. In order to maintain both low noise 
and high visual detail, each set of images is typically acquired with in-plane 
resolution that is much better than the through-plane resolution. As a result, 
any one data set, by itself, is not ideal for automatic volumetric analyses 
such as segmentation and registration or even for visualization when oblique 
slices are required. This paper presents a method of super-resolution 
reconstruction of the tongue that generates an isotropic image volume using 
the three orthogonal image stacks. The method uses pre-processing steps 
that include intensity matching and registration and a data combination 
approach carried out by Markov random field optimization. The performance 
of the proposed method was demonstrated on five clinical datasets, yielding 
superior results when compared with conventional interpolation-based 
reconstruction methods.

8314-12, Session 3

Imaging science and cardiology the heart of a 
good partnership
R. Razavi, King’s College London (United Kingdom)

Imaging has developed into an essential part of the management of patients 
with cardiovascular disease. Application of new and innovative imaging 
applications continues to move this field forward both for better diagnosis 
and characterization of patients to plan treatments, and in using imaging 
to guide therapy to get the optimal outcomes. The advances in this area 
require the close collaboration between the biomedical engineers, physicists 
and computer scientists who are developing the algorithms and tools, and 
clinicians who identify the clinical challenges and translate the tools to 
improve patient care. In this presentation I will illustrate in three examples 
how this close partnership has been effective in work that I have been 
involved in over the last 10 years, for patients with congestive heart failure, 
heart rhythm abnormalities and congenital heart disease. I will also set out 
some of the challenges that I think will be important to address in the next 
10 years where imaging can continue to have major impact in improving the 
care of patients with cardiovascular disease.

8314-13, Session 3

Representation of deformable motion for 
compression of dynamic cardiac image data
A. Weinlich, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany) and Siemens AG (Germany); P. Amon, A. Hutter, Siemens 
AG (Germany); A. Kaup, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany)

We present a new approach for efficient estimation and storage of tissue 
deformation in dynamic medical image data like 3-D + t computed 
tomography reconstructions of human heart acquisitions. Tissue 
deformation between two points in time can be described by means of a 
displacement vector field indicating for each voxel of a slice, from which 
position in the previous slice at a fixed position in the third dimension it 
has moved to this position. Our deformation model represents the motion 
in a compact manner using a down-sampled potential function of the 
displacement vector field. This function is obtained by a Gauss-Newton 
minimization of the estimation error image, i. e., the difference between the 
current and the deformed previous slice. For lossless or lossy compression 
of volume slices, the potential function and the error image can afterwards 
be coded separately. By assuming deformations instead of translational 
motion, a subsequent coding algorithm using this method will achieve better 
compression ratios for medical volume data than with conventional block-
based motion compensation known from video coding. Due to the smooth 
prediction without block artifacts, particularly whole-image transforms 
like wavelet decomposition as well as intra-slice prediction methods can 
benefit from this approach. We show that with discrete cosine as well as 
with Karhunen-Loeve transform the method can achieve a better energy 
compaction of the error image than block-based motion compensation 
while reaching approximately the same prediction error energy.
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8314-14, Session 3

Automatic detection of cardiac cycle and 
measurement of the mitral annulus diameter in 
4D TEE images
B. Graser, Deutsches Krebsforschungszentrum (Germany); M. Hien, 
H. Rauch, UniversitätsKlinikum Heidelberg (Germany); H. Meinzer, 
T. Heimann, Deutsches Krebsforschungszentrum (Germany)

Disfunction of the mitral valve is a widespread health issue. In severe cases 
surgical treatment is necessary, during which a physio ring is attached 
to the mitral annulus (MA). For this procedure the MA diameter must be 
determined. This can be done manually using the ultrasound images of 
the 4D transesophageal echocardiogram (4D TEE), however, it is a time 
consuming process. The method we propose in this paper is capable of 
automatically extracting important information from 4D TEE data. For each 
3D time step, the respective cardiac cycle (systole or diastole) is detected. 
This is beneficial for further 3D image processing when a specific cardiac 
cycle time step is needed. Secondly, the MA diameter is measured in 
every systolic time step and an average size is determined for the patient. 
We achieve this by using the graph-cut algorithm and morphological 
operators. The results of our method were compared with manual cardiac 
cycle labeling and MA measurements performed by experts on the 4D 
TEE data. This comparison confirms the proposed method can be used to 
automatically determine an initial suggestion for the surgeons physio ring 
size selection. Also it establishes a base of further quantification of heart 
functions as the segmentations of the left ventricle and atrium are created 
as intermediate results during the process.

8314-15, Session 3

Feasibility of determining myocardial 
transient ischemic dilation from cardiac CT by 
automated stress/rest registration
J. Woo, P. J. Slomka, R. Nakazato, B. Tamarappoo, G. Germano, D. 
S. Berman, D. Dey, Cedars-Sinai Medical Ctr. (United States)

Transient ischemic dilation (TID) of the left ventricle has been shown to 
be highly specific for detection of severe coronary artery disease (CAD). 
This work investigates automated quantification of TID from cardiac CT 
perfusion images. To date, TID has not been computed from CT. Previous 
studies to compute TID have assumed accurate segmentation of the left 
ventricle and performed subsequent analysis of volume change mainly 
on myocardial perfusion Single Photon Emission Computed Tomography 
images. This, however, may limit the accuracy of TID due to potential errors 
from segmentation, perfusion defects or volume measurement from both 
images. Instead, we propose to use registration methods to determine 
TID from cardiac CT scans where deformation field within the structure of 
interest is used to measure the local volume change between stress and 
rest. Promising results have been demonstrated with 7 datasets, showing 
the potential of this approach as a comparative method for measuring TID.

8314-16, Session 3

Localised manifold learning for cardiac image 
analysis
K. Bhatia, Imperial College London (United Kingdom); A. Price, 
MRC Clinical Sciences Ctr. (United Kingdom); J. V. Hajnal, D. 
Rueckert, Imperial College London (United Kingdom)

Manifold learning is increasingly being used to discover the underlying 
structure of medical image data, with applications including ultrasound 
gating, biomarker discovery and image registration. Traditionally, this 
approach operates on whole images or on predetermined, delineated 
structures. However, by comparing whole images using a single measure 
of similarity in this way, information on the locality of differences is lost and 
smaller trends may be masked by dominant global differences. In this paper, 

we propose the use of multiple local manifolds to analyse regions of images 
without any prior knowledge of which such regions are important.

Localised manifolds are created by partitioning images into regular 
subsections with a manifold constructed for each patch. Since it is 
expected that anatomical structures will span or move across regular 
boundaries, adjacent patches are unlikely to be independent of each other. 
We therefore propose a framework for incorporating information from 
the neighbours of each patch in calculating a coherent embedding. This 
generates a simultaneous dimensionality reduction of all patches and results 
in the creation of embeddings which vary based on location in the image. 
The method can be used hierarchically to provide a multiscale embedding 
solution.

We use this framework to extract spatially-varying respiratory and cardiac 
motions from cardiac MR sequences. Although there is a complex interplay 
between these motions, we show how they can be separated on a regional 
basis. We demonstrate the utility of the localised joint embedding over a 
global embedding of whole images and over the embedding of individual 
patches independently.

8314-17, Session 4

HARDI denoising using nonlocal means on S2
A. Kuurstra, S. Dolui, O. V. Michailovich, Univ. of Waterloo (Canada)

Diffusion MRI (dMRI) is a unique imaging modality for in vivo delineation 
of the anatomical structure of white matter in the brain. In particular, high 
angular resolution diffusion imaging (HARDI) is a specific instance of dMRI 
which is known to excel in detection of multiple neural fibers within a 
single voxel. Unfortunately, the angular resolution of HARDI is known to 
be inversely proportional to SNR, which makes the problem of denoising 
of HARDI data be of particular practical importance. Since HARDI signals 
are effectively band-limited, denoising can be accomplished by means 
of linear filtering. However, the spatial dependency of diffusivity in brain 
tissue makes it impossible to find a single set of linear filter parameters 
which is optimal for all types of diffusion signals. Hence, adaptive filtering 
is required. In this paper, we propose a new type of non-local means (NLM) 
filtering which possesses the required adaptivity property. As opposed to 
similar methods in the field, however, the proposed NLM filtering is applied 
in the spherical domain of spatial orientations. Moreover, the filter uses an 
original definition of adaptive weights, which are designed to be invariant to 
both spatial rotations as well as to a particular sampling scheme in use. As 
well, we provide a detailed description of the proposed filtering procedure, 
its efficient implementation, as well as experimental results with synthetic 
and real-life data. We demonstrate that our filter has substantially better 
adaptivity as compared to a number of alternative methods.

8314-18, Session 4

Measures for validation of DTI tractography
S. Gouttard, The Univ. of Utah (United States); C. B. Goodlett, 
Kitware, Inc. (United States); M. Kubicki, Brigham and Women’s 
Hospital (United States); G. Gerig, The Univ. of Utah (United States)

The evaluation of analysis methods for diffusion tensor imaging (DTI) 
remains challenging due to the lack of gold standards and validation 
frameworks. Significant work remains in developing metrics for comparing 
fiber bundles generated from streamline tractography. We propose a set 
of volumetric and tract oriented measures for evaluating tract differences. 
The different methods developed for this assessment work are: an overlap 
measurement, a point cloud distance and a quantification of the diffusion 
properties at similar locations between fiber bundles. The application of the 
measures in this paper is a comparison of atlas generated tractography to 
tractography generated in individual images. For the validation we used a 
database of 37 subject DTI, and applied the measurements on five specific 
fiber bundles: uncinate, cingulum (left and right for both bundles) and genu. 
Each measurments is interesting for specific use: the overlap measure 
presents a simple and comprehensive metric but is sensitive to partial 
voluming and does not give consistent values depending on the bundle 
geometry. The point cloud distance associated with a quantile interpretation 
of the distribution gives a good intuition of how close and similar the 
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bundles are. Finally, the functional difference is useful for a comparison of 
the diffusion properties since it is the focus of many DTI analysis to compare 
scalar invariants. The comparison demonstrated reasonable similarity of 
results. The tract difference measures are also applicable to comparison of 
tractography algorithms, quality control, reproducibility studies, and other 
validation problems.

8314-19, Session 4

Towards automatic quantitative quality control 
for MRI
C. Lauzon, Vanderbilt Univ. (United States); B. S. Caffo, The Johns 
Hopkins Univ. (United States); B. A. Landman, Vanderbilt Univ. 
(United States)

Quality and consistency of clinical and research data collected from 
Magnetic Resonance Imaging (MRI) scanners may become suspect due to a 
wide variety of common factors including, experimental changes, hardware 
degradation, hardware replacement, software updates, personnel changes, 
and observed imaging artifacts. Standard practice limits quality analysis 
to visual assessment by a researcher/clinician or a quantitative quality 
control based upon phantoms which may not be timely, cannot account for 
differing experimental protocol (e.g. gradient timings and strengths), and 
may not be pertinent to the data or experimental question at hand. This 
paper presents a parallel processing pipeline developed towards experiment 
specific automatic quantitative quality control of MRI data using diffusion 
tensor imaging (DTI) as an experimental test case. The pipeline consists of 
automatic identification of DTI scans run on the MRI scanner, calculation of 
DTI contrasts from the data, implementation of modern statistical methods 
(wild bootstrap and SIMEX) to assess variance and bias in DTI contrasts, 
and quality assessment via power calculations and normative values. For 
this pipeline, a power calculation analysis is developed as well as the first 
incorporation of bias estimates in DTI data to improve statistical analysis.

8314-20, Session 4

Using radial NMR profiles to characterize pore 
size distributions
R. Deriche, J. Treilhard, INRIA Sophia Antipolis - Méditerranée 
(France)

Extracting information about axon diameter distributions in the brain is a 
challenging task which provides useful information for medical purposes; 
for example, the ability to characterize and monitor axon diameters would 
be useful in diagnosing and investigating diseases like amyotrophic 
lateral sclerosis (ALS) [6] or autism [7]. In [1], three families of operators 
are defined, whose action upon an NMR attenuation signal extracts the 
moments of the pore size distribution of the ensemble under consideration; 
also a numerical method is proposed to continuously reconstruct a 
discretely sampled attenuation profile using the eigenfunctions of the 
simple harmonic oscillator Hamiltonian - the SHORE basis. The work 
presented here extends this method to other bases that can offer a better 
description of attenuation signal behaviour - in particular, we propose the 
use of the radial Spherical Polar Fourier (SPF) basis. Testing is performed 
to contrast the efficacy of the radial SPF basis and SHORE basis in 
practical attenuation signal reconstruction. The robustness of the method 
to additive noise is tested and analysed. We demonstrate that a low-order 
attenuation signal reconstruction outperforms a higher-order reconstruction 
in subsequent moment estimation under noisy conditions. We propose the 
simulated annealing algorithm for basis function scale parameter estimation. 
Finally, analytic expressions are derived and presented for the action of 
the operators on the radial SPF basis (obviating the need for numerical 
integration, thus avoiding a spectrum of possible sources of error).

8314-21, Session 4

Efficient global fiber tracking on 
multidimensional diffusion direction maps
J. Klein, B. Köhler, H. K. Hahn, Fraunhofer MEVIS (Germany)

Global fiber tracking algorithms have recently been proposed which 
were able to compute results of unprecedented quality. They account for 
avoiding accumulation errors by a global optimization process at the cost 
of a high computation time of several hours or even days. In this paper, we 
introduce a novel global fiber tracking algorithm which, for the first time, 
globally optimizes the underlying diffusion direction map obtained from DTI 
or HARDI data, instead of single fiber segments. As a consequence, the 
number of iterations in the optimization process can drastically be reduced 
by about three orders of magnitude. Furthermore, in contrast to all previous 
algorithms, the density of the tracked fibers can be adjusted after the 
optimization within a few seconds. We evaluated or method for diffusion-
weighted images obtained from software phantoms, healthy volunteers, 
and tumor patients. We show that difficult fiber bundles, e.g., the visual 
pathways or tracts for different motor functions like leg, hip, hand, and 
face can be determined and separated in an excellent quality. Furthermore, 
crossing and kissing bundles are correctly resolved. On current standard 
hardware, a dense fiber tracking result of a whole brain can be determined 
in less than half an hour which is a strong improvement compared to 
previous work.

8314-22, Session 5

Efficient searching of globally optimal and 
smooth multisurfaces with shape priors
L. Xu, Univ. at Buffalo (United States) and The Univ. of Iowa (United 
States); B. Stojkovic, H. Ding, Univ. at Buffalo (United States); Q. 
Song, X. Wu, M. Sonka, The Univ. of Iowa (United States); J. Xu, 
Univ. at Buffalo (United States)

Despite extensive studies in the past, the problem of segmenting globally 
optimal multiple surfaces in 3D volumetric images remains challenging 
in medical imaging. The problem becomes even harder in highly noisy 
and edge-weak images. In this paper we present a novel and highly 
efficient graph-theoretical iterative method based on a volumetric graph 
representation of the 3D image that incorporates curvature and shape prior 
information. Compared with the graph-based method, applying the shape 
prior to construct the graph on a specific preferred shape model allows easy 
incorporation of a wide spectrum of shape prior information.

Furthermore, the key insight that computation of the objective function 
can be done independently in the $x$ and $y$ directions makes local 
improvement possible. Thus, instead of using global optimization technique 
such as maximum flow algorithm, the iteration based method is much 
faster. Additionally, the utilization of the curvature in the objective function 
ensures the smoothness. To the best of our knowledge, this is the first 
paper to combine the shape-prior penalties with utilizing curvature in 
objective function to ensure the smoothness of the generated surfaces 
while striving for achieving global optimality. Comparing to the best existing 
approaches, our method has a much improved running time, yields almost 
the same global optimality but with much better smoothness, which makes 
it especially suitable for segmenting highly noisy images. The proposed 
method is also suitable for parallel implementation on GPUs, which could 
potentially allow us to segment highly noisy volumetric images in real time.

8314-23, Session 5

A shape prior-based MRF model for 3D 
masseter muscle segmentation
T. Majeed, K. Fundana, M. Luethi, Univ. Basel (Switzerland); J. 
Beinemann, Basel Univ. Hospital (Switzerland); P. C. Cattin, Univ. 
Basel (Switzerland)

Conference 8314: Image Processing



TEL: +1 360 676 3290 · help@spie.org 61 

Medical image segmentation is generally an ill-posed problem that can 
only be solved by incorporating prior knowledge. The ambiguities arise due 
to the presence of noise, weak edges, imaging artifacts, inhomogeneous 
interior and adjacent anatomical structures having similar intensity profile as 
the target structure. In this paper we propose a novel approach to segment 
the masseter muscle using the graph-cut incorporating additional 3D 
shape priors in CT datasets, which is robust to noise; artifacts; and shape 
deformations. The main contribution of this paper is in translating the 3D 
shape knowledge into both unary and pairwise potentials of the Markov 
Random Field (MRF). The segmentation task is casted as a Maximum-A-
Posteriori (MAP) estimation of the MRF. Graph-cut is then used to obtain the 
global minimum which results in the segmentation of the masseter muscle. 
The method is tested on 21 CT datasets of the masseter muscle, of which 
are noisy with almost all possessing mild to severe imaging artifacts such 
as high-density artifacts caused by e.g. the very common dental fillings and 
dental implants. We show that the proposed technique produces clinically 
acceptable results to the challenging problem of muscle segmentation, 
and further provide a quantitative and qualitative comparison with other 
methods. We statistically show that adding additional shape prior into both 
unary and pairwise potentials can increase the robustness of the proposed 
method in noisy datasets.

8314-24, Session 5

Segmentation of parotid glands in head and 
neck CT images using a constrained active 
shape model with landmark uncertainty
A. Chen, J. H. Noble, K. J. Niermann, M. A. Deeley, B. M. Dawant, 
Vanderbilt Univ. (United States)

Automatic segmentation of parotid glands in head and neck CT images 
for IMRT planning has drawn attention in recent years. Although previous 
approaches have achieved substantial success by reaching high overall 
volume-wise accuracy, suboptimal segmentations are observed on the 
interior boundary of the gland where the contrast is poor against the 
adjacent muscle groups. Herein we propose to use a constrained active 
shape model with landmark uncertainty to improve the segmentation in this 
area. The results obtained using this method are compared with the results 
obtained using a regular ASM through a leave-one-out experiment.

8314-25, Session 5

Classification of Alzheimer’s disease patients 
with hippocampal shape, wrapper based 
feature selection and support vector machine
J. M. Young, G. Ridgway, K. Leung, S. Ourselin, Univ. College 
London (United Kingdom)

It is well known that hippocampal atrophy is a marker of the onset of 
Alzheimer’s disease (AD) and as a result hippocampal volumetry has been 
used in a number of studies to provide early diagnosis of AD and predict 
conversion of mild cognitive impairment patients to AD. However, rates of 
atrophy are not uniform across the hippocampus making shape analysis 
a potentially more accurate biomarker. This study uses the hippocampus 
from 226 healthy controls, 148 AD patients and 330 MCI patients obtained 
from T1 weighted structural MRI images from the ADNI database. The 
hippocampi are anatomically segmented using the MAPS multi-atlas 
segmentation method, and the resulting binary images are then processed 
with SPHARM software to decompose their shapes as a weighted sum of 
spherical harmonic basis functions. The resulting parameterizations are then 
used as feature vectors in Support Vector Machine (SVM) classification. A 
wrapper based feature selection method was used as this considers the 
utility of features in discriminating classes in combination, fully exploiting the 
multivariate nature of the data and optimizing the selected set of features 
for the type of classifier that is used. The leave-one-out cross validated 
accuracy obtained on training data is 88.6% for classifying AD vs controls 
and 74% for classifying MCI-converters vs MCI-stable with very compact 
feature sets, showing that this is a highly promising method. There is 

currently a considerable fall in accuracy on unseen data indicating that the 
feature selection is sensitive to the data used, however feature ensemble 
methods may overcome this.

8314-26, Session 5

Consistent estimation of shape parameters 
in statistical shape model by symmetric EM 
algorithm
K. Shen, P. T. Bourgeat, J. E. Fripp, Australian e-Health Research 
Ctr. (Australia); F. Meriaudeau, Univ. de Bourgogne (France); O. 
Salvado, Australian e-Health Research Ctr. (Australia)

In order to model an unseen shape surface using statistical shape model 
(SSM), a correspondence between the unseen surface and the model needs 
first to be established, and then the shape parameters can be estimated 
based on this correspondence. The correspondence and parameter 
estimation problem may be modeled probabilistically by a Gaussian 
mixture model (GMM), and solved by expectation-maximization iterative 
closest points (EM-ICP) algorithm. In this paper, we exploit the linearity 
of the principal component analysis (PCA) based SSM, and estimate the 
parameters for the unseen shape surface under the EM-ICP framework. 
The symmetric data terms are devised to enforce the mutual consistency 
between the model reconstruction and the shape surface. The a priori shape 
information encoded in the SSM is also included as regularization. The 
estimation method is applied to the shape modeling of the hippocampus 
using a hippocampal SSM.

8314-28, Session 6

Robust estimation of mammographic breast 
density: a patient-based approach
H. S. Heese, K. Erhard, A. Goossen, T. Bülow, Philips Research 
(Germany)

Breast density has become an established risk indicator for developing 
breast cancer. Current clinical practice reflects this by grading 
mammograms patient-wise (or breast-wise) as entirely fat, scattered 
fibroglandular, heterogeneously dense, or extremely dense based on 
visual perception. Automated or semi-automated methods - working on a 
per-image basis - mimic clinical practice by calculating an area fraction of 
fibroglandular tissue (mammographic percent density). 

We suggest a method that follows clinical practice more strictly by 
recognizing and segmenting the fibroglandular tissue portion directly from 
the joint data of all four available mammogram views (cranio-caudal and 
medio-lateral oblique, left and right), and by subsequently calculating a 
consistently patient-based mammographic percent density estimate.

In particular, each mammographic view is first processed separately to 
determine a region of interest (ROI) for segmentation into fibroglandular 
and adipose tissue. ROI determination includes breast outline detection via 
edge-based methods, peripheral tissue suppression via geometric breast 
height modeling, and - for medio-lateral oblique views only - pectoral 
muscle outline detection based on optimizing a three-parameter analytic 
curve with respect to local appearance.

Intensity harmonization based on separately acquired calibration data is 
performed with respect to compression height and tube voltage to facilitate 
joint segmentation of available mammographic views. A Gaussian mixture 
model (GMM) on the joint histogram data with a posteriori calibration guided 
plausibility correction is finally employed for tissue separation.

The proposed method was tested on patient data from 82 subjects. Results 
show excellent correlation (r = 0.86) to radiologist’s grading with deviations 
ranging between -28 % (q=0.025) and +16 % (q=0.975).
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8314-29, Session 6

Image segmentation using random-walks on 
the histogram
C. Desrosiers, L. Duong, J. Morin, Ecole de Technologie Supérieure 
(Canada)

We present a novel method for the problem of image segmentation, based 
on random-walks. This method shares similarities with the Mean-shift 
algorithm, as it finds the modes of the intensity histogram of images. 
However, unlike Mean-shift, our proposed method is stochastic and also 
provides class membership probabilities. Also, unlike other random-
walk based methods, our approach does not require any form of user 
interaction, and can scale to very large images. To illustrate the usefulness, 
efficiency and scalability of our method, we test it on the task of segmenting 
anatomical structures present in cardiac CT and brain MRI images.

8314-30, Session 6

Normalized gradient fields cross-correlation for 
automated detection of prostate in magnetic 
resonance images
S. V. Fotin, Y. Yin, S. Periaswamy, J. Kunz, H. Haldankar, N. 
Muradyan, iCAD, Inc. (United States); F. Cornud, Ctr. d’Imagerie 
Medicale Tourville (France); B. Turkbey, P. L. Choyke, National 
Institutes of Health (United States)

Fully automated prostate segmentation addresses several problems in 
prostate cancer diagnosis and treatment: it allows objective evaluation of 
multiparametric MR imagery, provides a prostate contour for MR-ultrasound 
(CT) image fusion for computer-assisted biopsy or therapy planning, 
facilitates reporting and enables direct prostate volume calculation. Among 
the challenges in computer analysis of MR images of the prostate are the 
inconsistency in overall image intensity across scanners and the presence 
of non-uniform multiplicative bias field within scans. Furthermore, images 
acquired with the presence of an endorectal coil suffer from localized 
high-intensity artifacts at the posterior part of the prostate. In this work, 
a three-dimensional method for fast automated prostate detection based 
on normalized gradient fields cross-correlation, insensitive to intensity 
variations and coil-induced artifacts, is presented and evaluated. The 
components of the method, offline template learning and the localization 
algorithm, are described in detail.

The method was validated on a dataset of 522 T2-weighted MR images 
acquired at the Molecular Imaging Program, National Cancer Institute, 
USA that was split in two halves for development and testing. In addition, 
29 MR exams from Centre d’Imagerie Tourville, France were used to 
test the algorithm. The method achieved a mean Euclidean distance 
between automatically and manually identified prostate centroids of 
4.06±0.33 mm and 3.10±0.43 mm for the first and second test datasets 
respectively. Moreover, the algorithm provided the centroid within the true 
prostate volume in 100% of images from both datasets. Obtained results 
demonstrate high utility of the detection method for a fully automated 
prostate segmentation.

8314-31, Session 6

Automatic lung lobe segmentation of COPD 
patients using iterative B-spline fitting
D. P. Shamonin, M. Staring, E. M. Bakker, Leids Univ. Medisch Ctr. 
(Netherlands); C. Xiao, Hunan Univ. (China); J. Stolk, J. H. C. Reiber, 
B. C. Stoel, Leids Univ. Medisch Ctr. (Netherlands)

We present a fully automatic lung lobe segmentation algorithm for 
COPD patients. The method enhances fissures, removes unlikely fissure 
candidates, after which a B-spline is fitted iteratively through the remaining 
candidate objects. The iterative fitting approach circumvents the need to 

classify each objects as being part of the fissure or being noise, and allows 
the fissure to be detected in multiple disconnected parts. This property is 
beneficial for good performance in patient data, containing incomplete and 
disease-affected fissures. The proposed algorithm is tested on 22 COPD 
patients, resulting in accurate lobe-based densitometry, and a median 
overlap of the fissure (defined 3 voxels wide) with an expert ground truth of 
0.65, 0.54 and 0.44 for the

three main fissures. This compares to complete lobe overlaps of 0.99, 
0.98, 0.98, 0.97 and 0.87 for the five main lobes, showing promise for lobe 
segmentation on data of patients with moderate to severe COPD.

Keywords: lobes segmentation, B-spline fitting, COPD

8314-32, Session 6

Iterative approach to joint segmentation of 
cellular structures
P. O. Ajemba, R. Scott, J. Ramachandran, Q. Liu, F. M. Khan, J. 
Zeineh, M. J. Donovan, G. Fernandez, Aureon Biosciences, Inc. 
(United States)

Accurate segmentation of overlapping nuclei is key to counting nuclei 
and assessing sub-cellular localization of protein biomarkers in image 
Cytometry and Histology. Current cellular segmentation algorithms 
generally lack fast and reliable methods for separating clumped nuclei. In 
immuno-fluorescence image segmentation, solutions to challenges like 
nuclei misclassification, irregular boundaries, and under-segmentation 
require reliably separating clumped nuclei. This paper presents a fast and 
accurate algorithm for jointly segmenting cellular cytoplasm and nuclei 
and reliably separating overlapping nuclei in histopathology images. The 
algorithm is based on several ideas and is a significant improvement on 
state-of-the-art for this application. First, an adaptive process including 
top-hat filtering, blob detection and distance transforms estimates the 
inverse illumination field and corrects for intensity non-uniformity in the 
source images. Minimum-error-thresholding based binarization augmented 
by statistical stability estimation is then applied prior to seed-detection 
constrained by a distance-map-based scale-selection to identify candidate 
seeds for nuclei segmentation. The nuclei clustering step incorporates 
error estimation based on statistical stability. It produces an error mask and 
enables localized error correction. The final steps include artifact removal 
and reclassification of nuclei objects near the cytoplasm boundary as 
epithelial or stroma. Analysis using 48 realistic phantom images shows that 
overall segmentation accuracy exceeds 96%. Our algorithm significantly 
outperformed two state-of-the-art algorithms in clumped nuclei separation. 
Tests on 926 prostate biopsy images (from 326 patients) show that the 
segmentation improvement obtained in turn improved the predictive power 
of minimum spanning tree nuclei architecture features. The algorithm has 
been deployed in a pathology image analysis application.

8314-33, Session 7

Simultaneous segmentation and statistical 
label fusion
A. J. Asman, B. A. Landman, Vanderbilt Univ. (United States)

Labeling or segmentation of structures of interest in medical imaging 
plays an essential role in both clinical and scientific understanding. Two 
of the common automated techniques to obtain these labels are through 
either intensity segmentation or through multi-atlas based registration and 
label fusion. Fully automated techniques often result in highly accurate 
segmentations but lack the robustness to be viable in many cases. On the 
other hand, label fusion techniques are often extremely robust, but lack 
the accuracy of automated algorithms for specific classes of problems. 
Herein, we propose to perform simultaneous automated segmentation 
and statistical label fusion through the reformulation of a generative model 
to include a linkage structure that explicitly estimates the complex global 
relationships between labels and intensities. These relationships are inferred 
from the atlas labels and intensities and applied to the target using a non-
parametric approach. The novelty of this approach lies in the combination 
of previously exclusive techniques and attempts to combine the accuracy 
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benefits of intensity segmentation with the robustness of a multi-atlas 
based approach. The accuracy benefits of this simultaneous approach 
are assessed using a multi-label multi-atlas whole-brain segmentation 
experiment and the segmentation of the highly variable thyroid on computed 
tomography images. The results demonstrate that this technique has 
significant benefits for certain types of problems and has the potential to 
provide a paradigm shift in which the lines between statistical label fusion 
and automated segmentation are dramatically blurred.

8314-34, Session 7

Manifold learning for atlas selection in 
multiatlas based segmentation of hippocampus
A. K. Hoang Duc, M. Modat, K. Leung, J. Barnes, N. .. Fox, Univ. 
College London (United Kingdom); T. Kadir, Mirada Medical (United 
Kingdom); S. Ourselin, Univ. College London (United Kingdom)

Alzheimer’s disease (AD) severely affects the hippocampus: it loses mass 
and shrinks as the disease advances. Thus delineation of the hippocampus 
is an important task in the clinical study of AD. Because of its simplicity 
and good performance, multi-atlas based segmentation has become a 
popular approach for medical image segmentation. We propose to use 
manifold learning for atlas selection in the framework of multi-atlas based 
segmentation. The framework only benefits when selecting atlases similar to 
the target image. Since manifold learning assigns each image a coordinate 
in low-dimensional space by respecting the neighborhood relationship, it is 
well suited for atlas selection. The key contribution is that we use manifold 
learning based on a metric derived from non-rigid transformation as the 
resulting embedding better captures deformations or shape differences 
between images than similarity measures based on voxel intensity. A target 
image to segment is embedded into an existing manifold by means of the 
out-of-sample extension. The target image is subsequently segmented 
using atlases that are within its neighbors on the manifold. STAPLE is used 
as a label fusion model. The proposed method is evaluated in a leave-one-
out experiment on a set of 110 hippocampus images. Embeddings are 
computed using 3 manifold learning techniques: Isomap, Locally Linear 
Embedding and Laplacian Eigenmaps. We report mean Dice score of 0.9114 
(0.0227) with Isomap. The method was validated against a state-of-the-art 
method for hippocampus segmentation.

8314-35, Session 7

Local SIMPLE multi atlas-based segmentation 
applied to lung lobe detection on chest CT
M. Agarwal, Technische Univ. Delft (Netherlands); E. M. Bakker, 
Leids Univ. Medisch Ctr. (Netherlands); E. A. Hendriks, Technische 
Univ. Delft (Netherlands); B. C. Stoel, J. H. C. Reiber, M. Staring, 
Leids Univ. Medisch Ctr. (Netherlands)

For multi atlas-based segmentation approaches, a segmentation fusion 
scheme which considers local performance measures may be more 
accurate than the one which uses a global performance measure. Since 
segmentation generated using atlas-based segmentation may contain 
a local error because of local failure of the registration. Therefore it is 
reasonable to assign different weights to different local regions, within the 
same input segmentation. We improve upon an existing segmentation 
fusion method called SIMPLE and extend it to be localized and suitable 
for multi-labeled segmentations. In the case of local multi-label SIMPLE, 
an input segmentation is divided into smaller overlapping cubes of pre-
defined size. SIMPLE computes a global performance measure for an 
input segmentation, while local multi-label SIMPLE computes a separate 
performance measure for each local region in an input segmentation. The 
performance measure or weight of voxels with a particular label is computed 
separately within a local region. We demonstrate the algorithm performance 
on 23 CT scans of COPD patients using a leave-one-out experiment. Our 
algorithm performs significantly better (p < 0.01) than majority voting, 
STAPLE, and SIMPLE, with a median overlap of the fissure 0.45, 0.48, 0.55 
and 0.6 for majority voting, STAPLE, SIMPLE, and the proposed algorithm, 
respectively.

8314-36, Session 7

Generalized statistical label fusion using 
multiple consensus levels
Z. Xu, A. J. Asman, Vanderbilt Univ. (United States); B. A. Landman, 
Vanderbilt Univ. (United States) and The Johns Hopkins Univ. 
(United States)

Segmentation plays a critical role in exposing connections between 
biological structure and function. The process of label fusion collects and 
combines multiple observations into a single estimate. Statistically driven 
techniques provide mechanisms to optimally combine segmentations; yet, 
optimality hinges upon accurate modeling of rater behavior. Traditional 
approaches, e.g., Majority Vote and Simultaneous Truth and Performance 
Level Estimation (STAPLE), have been shown to yield excellent performance 
in some cases, but do not account for spatial dependences of rater 
performance (i.e., regional task difficulty). Recently, the COnsensus 
Level, Labeler Accuracy and Truth Estimation (COLLATE) label fusion 
technique augmented the seminal STAPLE approach to simultaneously 
estimate regions of relative consensus versus confusion along with rater 
performance. Herein, we extend the COLLATE framework to account for 
multiple consensus levels. Toward this end, we posit a generalized model of 
rater behavior of which Majority Vote, STAPLE, STAPLE Ignoring Consensus 
Voxels, and COLLATE are special cases. The new algorithm is evaluated 
with simulations and shown to yield improved performance in cases with 
complex regional difficulties. Multi-COLLATE achieves these results by 
capturing different consensus levels. The potential impacts and applications 
of generative model to label fusion problems are discussed.

8314-37, Session 8

Sparse regression analysis of task-relevant 
information distribution in the brain
I. Rish, G. A. Cecchi, IBM Thomas J. Watson Research Ctr. (United 
States); K. Heuton, Univ. of Minnesota, Twin Cities (United States); 
M. N. Baliki, A. V. Apkarian, Northwestern Univ. (United States)

One of the central topics in statistical analysis of fMRI data is discovery of 
brain areas relevant to a given stimuli or mental state. Herein, we focus on 
predictive accuracy as a better relevance measure than traditional voxel 
activations based on univariate voxel correlations with stimulus, that often 
misses important task-related voxel interactions. Since the exhaustive 
search over all subsets of voxels is intractable, sparse (l1-regularized) 
regression is used for learning predictive models simultaneously with 
selection of predictive subsets of voxels. However, multiple well-predicting 
sparse solutions may exist when the variables are highly correlated, which 
leads to the following question: should one expect a sharp boundary 
between task-relevant and task-irrelevant brain areas, or rather a 
widespread distribution of task-relevant information across the whole brain? 
Herein, empirical exploration of such boundary is performed using Elastic 
Net regression when predicting several stimuli and/or behavior variables 
from fMRI, including pain perception, visual stimulus rating, and several 
behavioral measures recorded during videogame playing. Interestingly, 
for most of the tasks, no clear separation between relevant and irrelevant 
areas is observed, with the only exception of a relatively simple auditory 
task. Thus, complex tasks appear to involve most of the brain rather 
than just specific areas, which points in the direction of ``holographic’’ 
information representation for such tasks, while simpler tasks yield more 
clear separation between relevant and irrelevant areas. These observations 
suggest a novel methodological approach that goes beyond traditional 
voxel activation maps and involves a more comprehensive evaluation of 
information spread in the brain.
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8314-38, Session 8

A surface based approach for cortical 
thickness comparison between PiB+ and PiB- 
healthy control subjects
V. Doré, J. E. Fripp, P. T. Bourgeat, Australian e-Health Research 
Ctr. (Australia); O. Acosta Tamayo, Univ. de Rennes 1 (France); G. 
Chetelat, Univ. de Caen Basse-Normandie (France); C. Szoeke, 
Commonwealth Scientific and Industrial Research Organisation 
(Australia); K. A. Ellis, The Univ. of Melbourne (Australia); R. N. 
Martins, Edith Cowan Univ. (Australia); V. L. Villemagne, C. L. 
Masters, D. Ames, C. C. Rowe, The Univ. of Melbourne (Australia); 
O. Salvado, Commonwealth Scientific and Industrial Research 
Organisation (Australia)

B-amyloid has been shown to play a crucial role in Alzheimer’s disease (AD). 
In vivo B-amyloid imaging using [11C]Pittsburgh compound B (PiB) positron 
emission tomography has made it possible to analyze the relationship 
between B-amyloid deposition and different pathological markers involved 
in AD. PiB allows us to stratify the population between subjects which are 
likely to have prodromal AD, and those who don’t. The comparison of the 
cortical thickness in these different groups is important to better understand 
and detect the first symptoms of the disease which may lead to an earlier 
therapeutic care to reduce neurone loss. 

Several techniques have been developed to compare the cortical volume 
and/or thickness between AD and healthy controls (HC) groups. However 
due to the noise introduced by the cortical thickness estimation and by the 
registration, these methods do not allow to unveil any major different when 
comparing prodromal AD groups with healthy control subjects group. To 
improve our understanding of where initial Alzheimer neurodegeneration 
occurs in the cortex we have developed a surface based technique, and 
have applied it to the discrimination between PIB+ and PiB-HC. We first 
identify the regions where AD show high cortical atrophy by computing 
a vertex-wise T-test between AD and PiB-HC. In each of the identified 
discriminating regions, comparisons between PiB+HC, PiB-HC and AD are 
performed. We found some significant differences between PiB+ and PiB-
HC in the hippocampus and in the temporal lobe for both hemisphere and in 
the precuneus and occipital regions only for the left hemisphere.

8314-39, Session 8

Simultaneous cortical surface labeling and 
sulcal curve extraction
Z. Yang, A. Carass, C. Chen, J. L. Prince, The Johns Hopkins Univ. 
(United States)

Automatic labeling of the gyri and sulci on the cortical surface for 
characterization of differences and changes of shape and structure within 
populations is important in neuroimaging. A method to simultaneously 
label gyral regions and extract sulcal curves is proposed. Assuming that 
the gyral regions parcellate the whole cortical surface into contiguous 
regions with certain fixed topology, the proposed method labels the subject 
cortical surface by deformably registering a network of curves that form the 
boundary of gyral regions to the subject cortical surface. In the registration 
process, the curves are encouraged to follow the fine details of the sulcal 
geometry and to observe the shape statistics learned from training data. 
Using the framework of probabilistic point set registration methods, the 
proposed algorithm finds the sulcal curve network that maximizes the 
posteriori probability by Expectation Maximization(EM). The automatic 
labeling method was evaluated on 15 cortical surfaces using a leave-
one-out strategy. Quantitative error analysis is carried out on both labeled 
regions and major sulcal curves.

8314-40, Session 8

fMRI alignment based on local functional 
connectivity patterns
D. Jiang, Zhejiang Univ. (China); Y. Du, H. Cheng, T. Jiang, Y. Fan, 
Institute of Automation (China)

In functional neuroimaging studies, the inter-subject alignment of functional 
magnetic resonance imaging (fMRI) data is a necessary precursor to 
improve consistency across subjects. Traditional structural MRI based 
registration methods cannot achieve accurate inter-subject functional 
consistency in that functional units are not necessarily consistently located 
relative to anatomical structures due to inter-subject functional variability. 
Although spatial smoothing commonly used in fMRI data preprocessing 
can reduce the inter-subject functional variability, it may blur the functional 
signals and thus lose the fine-grained information. In this paper we 
propose a novel functional signal based fMRI image registration method 
by minimizing the difference between local functional connectivity patterns 
of different subjects. Particularly, the brain functional connectivity between 
different brain regions is measured using Pearson correlation. For each 
voxel of an fMRI image, its functional connectivity to voxels in its local 
spatial neighborhood, referred to as its local functional connectivity pattern, 
is characterized by a rotation and shift invariant representation. Based on 
this representation, the spatial registration of two fMRI images is achieved 
by minimizing the difference between their corresponding voxels’ local 
functional connectivity patterns using a deformable model. Experiments 
based on simulated fMRI data have demonstrated that the proposed 
method is more robust and reliable than the existing fMRI registration 
methods, including maximizing inter-subject functional correlations and 
minimizing difference of global connectivity matrices of different subjects, 
and experiments based on real resting-state fMRI data have further 
demonstrated that the proposed fMRI registration method can statistically 
significantly improve functional consistency across subjects.

8314-41, Session 8

A comparison of distributional considerations 
with statistical analysis of resting state fMRI at 
3T and 7T
X. Yang, M. Holmes, A. Newton, V. Morgan, B. A. Landman, 
Vanderbilt Univ. (United States)

Ultra-high field 7T magnetic resonance imaging (MRI) offers potentially 
unprecedented spatial resolution of functional activity within the human 
brain through increased signal and contrast to noise ratios over traditional 
1.5T and 3T MRI scanners. However, the effects physiological and imaging 
artifacts are also greatly increased. Traditional statistical parametric 
mapping theories based on distributional properties representative of 
data acquired at lower fields may be inadequate for new 7T data. Herein, 
we investigate the model fitting residuals based on two 7T and one 3T 
protocols. We find that model residuals are substantively more non-
Gaussian at 7T relative to 3T. Imaging slices that passed through regions 
with peak inhomogeneity problems (e.g., mid-brain acquisitions for the 7T 
hippocampus) exhibited visually higher degrees of distortion along with 
spatially correlated and extreme values of kurtosis (a measure of non-
Gaussianity). The impacts of artifacts have been previously addressed for 
3T data by estimating the covariance matrix of the regression errors. We 
further extend the robust estimation approach for autoregressive models 
and evaluate the qualitative impacts of this technique relative to traditional 
inference. Clear differences in statistical significance are shown between 
inferences based on classical versus robust assumptions, which suggest 
that inferences based on Gaussian assumptions are subject to practical 
(as well as theoretical) concerns regarding their power and validity. Hence, 
modern statistical approaches, such as the robust autoregressive model 
posed herein, are appropriate and suitable for inference with ultra-high field 
functional magnetic resonance imaging.
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8314-42, Session 9

Nearly rigid descriptor-based matching for 
volume reconstruction from histological 
sections
S. Sun, N. De Magalhaes, N. D. Cahill, Rochester Institute of 
Technology (United States)

A common task in the analysis of digitized histological sections is 
reconstructing a volumetric representation of the original specimen. Image 
registration algorithms are used in this task to compensate for translational, 
rotational, scale, skew, and local geometric differences between slices. 
Various systems have been developed to perform volumetric reconstruction 
by registering pairs of successive slices according to rigid, affine, and/
or deformable transformations. To provide a coarse initial volumetric 
reconstruction, rigid transformations may be too constrained, as they do 
not allow for scale or skew; but, affine transformations may be too flexible, 
enabling larger scale or skew factors than physically reflected in the 
histological sections. 

One difficulty with these systems is caused by the aperture problem; even 
if successive slices are registered reasonably well, the composition of 
transformations over tens or hundreds of slices can yield global twisting 
and scale and skew changes that yield a volumetric reconstruction that is 
significantly distored from the shape of the true specimen. The impact of the 
aperture problem can be reduced by considering more than two successive 
images in the registration process. Systems that take this approach use 
global energy functions, elastic spring models, post hoc filtering/smoothing, 
or solutions to shortest-path problems on graphs. 

In this article, we propose a volume reconstruction algorithm that handles 
the aperture problem and yields nearly rigid transformations (i.e., affine 
transformations with small scale and skew factors). Our algorithm is based 
on robust geometric alignment of descriptive feature points (for example, 
using SIFT) via constrained optimization. We will illustrate our algorithm on 
the task of volumetric reconstruction from histological sections of a chicken 
embryo with an embedded tumor spheroid.

8314-43, Session 9

Nonrigid free-form registration using landmark-
based statistical deformation models
S. Pszczolkowski, L. Pizarro Quiroz, R. Guerrero, D. Rueckert, 
Imperial College London (United Kingdom)

In this study, we propose a statistically-based image registration algorithm 
named statistically-based FFD registration. This novel

registration method is a modification of a well-known free-form 
deformations (FFD) approach. Our framework dramatically reduces the 
number of parameters to optimise and only need to perform a single-
resolution strategy to account for coarse and fine local displacements, 
in contrast to the multi-resolution strategy needed by the FFD-based 
registration. This new registration technique uses statistical deformation 
models (SDMs) as a priori knowledge to guide the alignment of a new 
subject to a common reference template. These SDMs account for the 
anatomical mean and variability across a population of subjects. We also 
state that available anatomical landmark information can be encoded within 
SDMs to enforce the alignment of certain anatomical structures. We present 
results in terms of fiducial localisation error, which illustrate the ability of the 
SDMs to encode the landmark position information. We also show that our 
statistical registration algorithm can outperform the FFD-based approach 
in terms of anatomical registration accuracy at a much lower computational 
cost.

8314-44, Session 9

Estimation of rigid-body registration quality 
using registration networks
R. D. Datteri, B. M. Dawant, Vanderbilt Univ. (United States)

Many rigid and affine registration methods rely on optimizing an intensity-
based similarity criterion between images. Once registered, however, it is 
difficult to assess the quality of the registration based solely on the value 
of the similarity measure. Past work in quantitative error analysis relies on 
the availability of fiducial markers. Little work has been done on developing 
techniques that would permit assessing the registration quality between 
images that do not contain fiducial markers without manual intervention. 
In this paper, we present an automatic technique that permits to do so. We 
apply our method to estimate the registration quality of 10 MR and CT pairs 
and 10 MR and MR-contrast pairs. We show that our technique is capable 
of detecting cases with registration error larger than 2°around one axis. 
We also show that our method is better able to identify error in MR to CT 
registrations than popular similarity measures. Work is under way to better 
determine the sensitivity of the technique.

8314-45, Session 9

Registration of 3D spectral OCT volumes 
combining ICP with a graph-based approach
M. Niemeijer, The Univ. of Iowa Hospitals and Clinics (United 
States); K. Lee, The Univ. of Iowa (United States); M. K. Garvin, 
Veterans Affairs Medical Ctr. (United States) and The Univ. of Iowa 
(United States); M. D. Abramoff, The Univ. of Iowa Hospitals and 
Clinics (United States); M. Sonka, The Univ. of Iowa (United States)

The introduction of spectral Optical Coherence Tomography (OCT) scanners 
has enabled acquisition of high resolution, 3D cross-sectional volumetric 
images of the retina. 3D-OCT is used to detect and manage eye diseases 
such as glaucoma and age-related macular degeneration. To follow-up 
patients over time, image registration is a vital tool to enable more precise, 
quantitative comparison of disease states. In this work we present a 3D 
registration method based on a two-step approach. In the first step we 
register both scans in the x-y domain using an Iterative Closest Point (ICP) 
based algorithm. This algorithm is applied to vessel segmentations obtained 
from the projection image of each scan. The distance minimized in the 
ICP algorithm includes measurements of the vessel orientation and vessel 
width to allow for a more robust match. In the second step, a graph based 
method is applied to find the optimal translation along the depth axis of 
the individual A-scans in the volume to match both scans. The cost image 
used to construct the graph is based on the mean squared error (MSE) 
between matching A-scans in both images at different translations. We 
have applied this method to the rigid registration of optic nerve head (ONH) 
centered 3D-OCT scans of the same patient. 10 OCT data set pairs with 
known deformation were used for quantitative assessment of the method’s 
robustness. The registration method was also applied to 12 3D-OCT scans 
of 6 eyes with glaucoma imaged in vivo.

8314-46, Session 9

Elastic registration based on matrix-valued 
spline functions and direct integration of 
landmarks and intensities
S. Wörz, A. Biesdorf, K. Rohr, Ruprecht-Karls-Univ. Heidelberg 
(Germany)

We introduce a new approach for spline-based elastic registration using 
both point landmarks and intensity information. With this approach, both 
types of information and a regularization based on the Navier equation 
are directly integrated in a single energy minimizing functional. For this 
functional, we have derived an analytic solution, which is based on 
matrix-valued non-radial basis functions. Our approach can cope with 
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monomodal and multimodal images. For the latter case, we have integrated 
a computationally efficient analytic similarity measure. We have successfully 
applied our approach to synthetic images, phantom images, and MR 
images of the human brain.

8314-47, Session 9

Minimally deformed correspondences between 
surfaces for intra-operative registration
T. R. dos Santos, C. Goch, A. M. Franz, H. Meinzer, T. Heimann, L. 
Maier-Hein, Deutsches Krebsforschungszentrum (Germany)

Range imaging modalities, such as time-of-flight cameras (ToF), are 
becoming popular for the acquisition of intra-operative data, which can 
be used for registering the patient’s anatomy with pre-operative data 
(e.g. computed tomographies or magnetic resonance imaging). However, 
due to the distortions that appear because of the multi-modal aspect of 
the input surfaces, the noise, and the deformations that may occur in 
the intra-operative environment, we face unreliable surface descriptor 
similarities and unreliable feature points detection, which are crucial for 
most surface matching algorithms. In order to overcome these issues, 
we present a method for automatically finding correspondences between 
surfaces that searches for minimally deformed configurations using a new 
error metric that expresses the quality of a correspondence set based on 
the approximation of the well-know target registration error (TRE). The 
registration error is minimized by a combinatorial analysis through search-
trees. Our method was evaluated with real and simulated data, and showed 
to be reliable for the registration of partial multi-modal surfaces with noise 
and distortions.

8314-48, Session 10

Automatic detection and segmentation of renal 
lesions in 3D contrast-enhanced ultrasound 
images
R. Prevost, Philips France (France) and CEREMADE, Univ. Paris 
Dauphine (France); L. Cohen, CEREMADE, Univ. Paris Dauphine 
(France); J. Correas, Hôpitaux Necker-Enfants Malades (France); R. 
Ardon, Philips Healthcare (France)

Contrast-enhanced ultrasound (CEUS) is a valuable imaging modality in the 
detection and evaluation of different kinds of lesions. Three-dimensional 
acquisitions allow quantitative volumetric assessments and better 
visualization of lesions, but automatic and robust analysis of such images is 
very challenging because of their poor quality. In this paper, we propose a 
method to automatically segment lesions such as cysts in 3D CEUS data.

First we use a pre-processing step, based on the guided filtering framework, 
to improve the image quality.

The detection of the lesions is then performed through a multi-scale radial 
symmetry transform. We compute a criterion indicating the likelihood of a 
pixel to be the center of a dark rounded shape, whose local maxima are 
considered as lesions centers.

Finally, we recover the true lesions volume with multiple fronts propagations 
based on image intensity, using a fast marching method. For each lesion, 
the final segmentation is chosen as the one which maximizes the gradient 
flux through its boundary.

Our method has been tested on several clinical 3D CEUS images of the 
kidney and provide promising results.

8314-49, Session 10

Lesion segmentation and bias correction in 
breast ultrasound B-mode images including 
elastography information
G. Pons, J. Martí, R. Martí, M. Cabezas, Univ. de Girona (Spain); A. 
Di Battista, J. A. Noble, Univ. of Oxford (United Kingdom)

Breast ultrasound (BUS) imaging is an imaging modality used for the 
detection and diagnosis of breast lesions and it has become a crucial 
modality nowadays specially for providing a complementary view when 
other modalities (i.e. mammography) are not conclusive. However, lesion 
detection in ultrasound images is still a challenging problem due to the 
presence of artifacts such as low contrast, speckle, inhomogeneities and 
shadowing. In order to deal with these problems and improve diagnosis 
accuracy, radiologists tend to complement ultrasound imaging with 
elastography data. Following the prominent relevance of elastography in 
clinical environments, it is reasonable to assume that lesion segmentation 
methods could also benefit from this complementary information. This 
paper proposes a novel breast ultrasound lesion segmentation framework 
for B-mode images including elastography information. A distortion field is 
estimated to restore the ideal image while simultaneously identifying regions 
of similar intensity inhomogeneity using a Markov Random Field (MRF) and 
a maximum a posteriori (MAP) formulation. Bivariate Gaussian distributions 
are used to model both B-mode and elastography information. This paper 
compares the fused B-mode and elastography framework with B-mode or 
elastography alone using different cases, including extreme cases, where 
B-mode shows a well defined lesion and where elastography provides more 
meaningful information, showing a significant improvement when B-mode 
images are not conclusive which is the often the case in non cystic lesions. 
Results show that combining both B-mode and elastography information in 
an unique framework makes the algorithm more robust and image quality 
independent.

8314-50, Session 10

Real-time segmentation in 4D ultrasound with 
continuous Max-Flow
M. Rajchl, Robarts Research Institute (Canada) and The Univ. of 
Western Ontario (Canada); J. Yuan, The Univ. of Western Ontario 
(Canada); T. M. Peters, Robarts Research Institute (Canada)

We present a novel continuous max-flow based method to segment the 
inner left ventricular wall from 3D trans-esophageal echocardiography 
images, which minimizes an energy functional encoding two speckle-
modeling distributions and a geometrical constraint in a numerically 
efficient and accurate way. After initialization the method is fully automatic 
and is able to perform at up to 10Hz making it available for image-guided 
interventions.

Results are shown on 4D TEE data sets from patients with pathological 
cardiac conditions.

8314-51, Session 10

Incorporation of texture-based features 
in optimal graph-theoretic approach with 
application to the 3D segmentation of 
intraretinal surfaces in SD-OCT volumes
B. J. Antony, The Univ. of Iowa (United States); M. D. Abramoff, 
The Univ. of Iowa Hospitals and Clinics (United States); M. Sonka, 
The Univ. of Iowa (United States); Y. H. Kwon, The Univ. of Iowa 
Hospitals and Clinics (United States); M. K. Garvin, U. S. Dept. of 
Veterans Affairs (United States)

While efficient graph-theoretic approaches exist for the optimal (with respect 
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to a cost function) and simultaneous segmentation of multiple surfaces 
within volumetric medical images, the appropriate design of cost functions 
remains an important challenge. Previously proposed methods have used 
simple cost functions or optimized a combination of the same, but little 
has been done to design cost functions using learned features from a 
training set. Here, we present a method to design cost functions for the 
simultaneous segmentation of multiple surfaces using the graph-theoretic 
approach. Classified texture features are used to create probability maps, 
which are incorporated into the graph-search approach. The efficiency of 
such an approach was tested on 100 slices obtained from 10 optic nerve 
head centered optical coherence tomography (OCT) volumes obtained 
from 10 subjects that presented with glaucoma. The mean unsigned 
border position error was computed with respect to the average of manual 
tracings from two independent observers and compared to our previously 
reported results. A significant improvement was noted in the overall means 
which reduced from 8.94 ± 3.76μm to 6.9 ± 2.4μm (p < 0.01) and is also 
comparable with the inter-observer variability 8.52 ± 3.61μm.

8314-52, Session 10

Parallel graph search: application to intraretinal 
layer segmentation of 3D macular OCT scans
K. Lee, M. D. Abramoff, The Univ. of Iowa (United States); M. K. 
Garvin, Veterans Affairs Medical Ctr. (United States) and The Univ. 
of Iowa (United States); M. Sonka, The Univ. of Iowa (United States)

Image segmentation is of paramount importance for quantitative analysis 
of medical image data. Recently, a 3-D graph search method which 
can detect globally optimal interacting surfaces with respect to the 
cost function of volumetric images has been introduced, and its utility 
demonstrated in several application areas. Although the method provides 
excellent segmentation accuracy, its limitation is a slow processing speed 
when large volumetric datasets and many surfaces are simultaneously 
segmented. Here, we propose a novel method of parallel graph search, 
which overcomes these limitations and allows the quick detection of 
multiple surfaces. To demonstrate the obtained performance with respect 
to segmentation accuracy and processing speedup, the new approach was 
applied to retinal OCT image data and compared with the performance 
of the former non-parallel method. Our parallel graph search methods 
for single and double surface detection are approximately 267 and 181 
times faster than the original graph search approach and the resulting 
segmentation differences were small as demonstrated by the mean 
unsigned differences between the non-parallel and parallel methods of 
0.0 ± 0.0 voxels and 0.27 ± 0.34 voxels for the single- and dual-surface 
approaches, respectively.

8314-53, Session 11

Automated reconstruction of neural trees using 
front re-initialization
A. Mukherjee, A. Stepanyants, Northeastern Univ. (United States)

The paper proposes a greedy algorithm for digital reconstruction of neural 
arbors using an adaptation of the minimal path technique. While the minimal 
cost path, obtained using the Fast Marching Method, results in a trace with 
the least cumulative cost between two given points, it is not sufficient for 
the reconstruction of neuronal trees from light microscopy images. This 
is because sections of the minimal path can erroneously travel through 
the background with little detriment to the cumulative cost. The proposed 
algorithm grows a neural tree from a specified root by iteratively propagating 
Fast Marching fronts. The speed image used in the Fast Marching Method 
is generated by computing the average outward flux from of the gradient 
vector field. At every iteration, the front is allowed to travel a specified 
distance and the algorithm tracks back from farthest point on the front to 
the tree, producing a candidate extension. Robust likelihood ratio test is 
used to evaluate the quality of the candidate extension by comparing pixel 
intensities along the extension to those in the neighborhood. The qualified 
extensions are appended to the neural tree, the front is re-initialized, and 
the Fast Marching is continued until a stopping criterion is met. To evaluate 

the performance of our algorithm we reconstructed 6 stacks of two-photon 
microscopy images and compared the results to the ground truth manual 
reconstructions by using the DIADEM metric. The average score in these 
preliminary experiments was high - 0.83 out of 1.0.

8314-54, Session 11

Segmentation of anatomical branching 
structures based on texture features and 
conditional random field
T. Nuzhnaya, Temple Univ. (United States); P. R. Bakic, D. Kontos, 
The Univ. of Pennsylvania Health System (United States); V. 
Megalooikonomou, H. Ling, Temple Univ. (United States)

Morphological variability of the breast ductal network is associated 
with subsequent development of abnormalities in patients with nipple 
discharge such as papilloma, breast cancer and atypia. In this work, we 
investigate complex dependence among ductal components to perform 
segmentation, the first step for analyzing topology of ductal lobes. Our 
automated framework is based on incorporating a conditional random field 
with texture descriptors of skewness, coarseness, contrast, energy and 
fractal dimension. These features are selected to capture the architectural 
variability of the enhanced ducts by encoding spatial variations between 
pixel patches in galactographic image. The segmentation algorithm was 
applied to a preliminary dataset of 20 x-ray galactograms obtained at the 
Hospital of the University of Pennsylvania. We compared the performance 
of the proposed approach with fully and semi automated segmentation 
algorithms based on neural network classification, fuzzy-connectedness, 
vesselness filter and graph cuts. Global consistency error and confusion 
matrix analysis were used as accuracy measurements. For the proposed 
approach, the true positive rate was higher and the false negative rate 
was significantly lower compared to other fully automated methods. This 
indicates that segmentation based on CRF incorporated with texture 
descriptors has potential to efficiently support the analysis of complex 
topology of the ducts and aid in development of realistic breast anatomy 
phantoms.

8314-55, Session 11

Liver vessel tree segmentation based on a 
hybrid graph cut: fuzzy connectedness method
X. Chen, National Institutes of Health (United States); M. Sonka, 
The Univ. of Iowa (United States)

In the monitoring of oncological therapy, the prediction of liver tumor 
growth from consecutive CT scans is an important aspect in deciding 
the treatment planning. The accurate segmentation of liver vessel tree is 
fundamental for successful prediction of the tumor growth. In this paper, 
we report a 3D liver vessel tree segmentation method based on the hybrid 
graph cut (GC) / fuzzy connectedness (FC) method. GC is a popular image 
segmentation technique. However, it has problem with segmenting thin 
elongated objects due to the “shrinking bias”. To overcome this problem, 
we propose to impose an additional connectivity prior, which comes 
from the FC segmentation results. The proposed method synergistically 
combines the GC with FC methods. The proposed method consists of two 
main steps. First, the FC method is applied to initially segment the liver 
vessel tree, which provided the connectivity prior for the later GC method. 
Second, the connectivity prior integrated GC method is employed to refine 
the segmented liver vessel tree. The proposed method was tested on 10 
clinical portal venous phase CT data sets. The preliminary results showed 
the feasibility and efficiency of the proposed method.
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8314-56, Session 11

Contrast independent detection of branching 
points in network-like structures
B. Obara, M. Fricker, V. Grau, Univ. of Oxford (United Kingdom)

Robust and efficient enhancement, segmentation, analysis and modeling of 
curve-like structures is a common problem in biomedical image informatics. 
While several algorithms have been developed to extract curvilinear 
structures, the presence of branching points introduces an additional 
difficulty. This is true in particular when branches present different contrast 
levels, due for example to illumination effects or to varying branch width. 

Branching point locations provide significant information about network 
structure, and can be used as an initial step for curve tracing algorithms or 
serve as landmarks for image registration. 

We propose a vector field-based approach to identify branching points 
in biomedical images. A vector field is calculated using a novel contrast-
independent tensor, called the Phase Congruency Tensor (PCT). The PCT 
is produced by combining the outputs from phase congruency measures, 
applied on several orientations.

Non-curvilinear structures, including junctions and ending points, are 
detected using directional statistics on the principal orientation as defined 
by the PCT. 

To evaluate the performance of the proposed approach, we have applied it 
to benchmarking retinal images available on the STARE project’s database. 
Quantitative validation of branching points detection approach based on 
the vector field given by the traditional Hessian-based vesselness and the 
PCT-based vesselness has been performed. The obtained results show the 
efficiency and the robustness of the proposed PCT-based approach against 
changes in contrast, and its ability to detect junctions in highly complex 
images.

8314-57, Session 11

Robust RANSAC-based blood vessel 
segmentation
A. Yureidini, INRIA Lille - Nord Europe (France); E. Kerrien, LORIA 
(France); S. Cotin, INRIA Lille - Nord Europe (France)

Many vascular clinical applications require a vessel segmentation process 
that is able to both extract the centerline and the surface of the blood 
vessels. However, noise and topology issues (such as kissing vessels) 
prevent existing algorithm from being able to easily retrieve such a complex 
system as the brain vasculature. We propose here a new blood vessel 
tracking algorithm that 1) detects the vessel centerline; 2) provides a local 
radius estimate; and 3) extracts a dense set of points at the blood vessel 
surface. This algorithm is based on a RANSAC-based robust fitting of 
successive cylinders along the vessel. Our method was validated against 
the Multiple Hypothesis Testing (MHT) algorithm on 10 3DRA patient data 
of the brain vasculature. Over 30 blood vessels of various sizes were 
considered for each patient. Our results demonstrated a greater ability of 
our algorithm to track small, tortuous and touching vessels (96% success 
rate), compared to MHT (65% success rate). The computed centerline 
precision was below 1 voxel when compared to MHT. Moreover, our results 
were obtained with the same set of parameters for all patients and all blood 
vessels, except for the seed point for each vessel, also necessary for MHT.

The proposed algorithm is thereafter able to extract the full intracranial 
vasculature with little user interaction.

8314-22, Session 12

Pathology: why the future of medicine’s gold 
standard is to go digital
M. J. Becich, Univ. of Pittsburgh (United States)

Pathology is one of the oldest specialties of Medicine, and the investigations 

on the underlying causes of disease can be traced back to the XI century. 
The first optical microscope was only created centuries later, around 1590, 
but it took almost another 100 years before it became the centerpiece for 
the study of disease processes. Today, the optical microscope still reigns 
supreme in the clinical practice, and the diagnoses made under its lenses 
are considered the “gold standard” in Medicine. However, the demands 
facing pathologists are greater than ever, with an aging population, a 
growing number of diagnostic procedures available to clinicians, and a 
litigation-prone society. How can pathologists improve their processes, 
reduce variability and safeguard themselves (by consulting on difficult 
cases) if they still have to rely on glass slides? In this talk we will discuss 
Pathology’s migration towards a digital environment: why it is necessary, 
unavoidable, and may be quite painful, if care is not taken in training 
personnel not to see the digital microscope as a “digital” version of the 
optical microscope. We will discuss the many new opportunities that 
will be opened up by the conversion to a digital environment, such as 
teleconsulting; digital slide storage; and development of computer-aided 
diagnostic systems. We will also review the many challenges that lie ahead: 
image storage, retrieval and transmission; appropriate uses of the digital 
microscope; and securing FDA approval for Whole Slide Imaging devices.

8314-40, Session 12

Automated malignancy detection in breast 
histopathological images
A. Chekkoury, P. K. Khurd, J. Ni, C. Bahlmann, A. Kamen, A. H. 
Patel, L. Grady, Siemens Corporate Research (United States); E. 
A. Krupinski, The Univ. of Arizona (United States); J. P. Johnson, 
Siemens Corporate Research (United States); A. R. Graham, R. S. 
Weinstein, The Univ. of Arizona (United States)

In traditional cancer diagnoses, pathologists examine biopsies to make 
diagnostic assessments largely based on deviations in the cell structures 
and changes in the cell distribution across the tissue. Detection of 
malignancy from histopathological images of breast cancer is a labor-
intensive and error-prone process. Automation of this process is highly 
desirable and would streamline the clinical workflow. In this article, we 
present an efficient Computer Aided Diagnosis system that can differentiate 
between cancerous and noncancerous H&E (hemotoxylin&eosin) biopsy 
samples. The proposed approach aims at extracting relevant features 
that are used to quantify the observed changes in cancer tissue. We 
explore texton-based, network-based and novel morphometric features 
that take advantage of the special shape of the nuclei cells in breast 
cancer histopathological images. In extracting the network-based and 
morphometric features, the exact locations and segmentations of the 
nuclei need to be determined, which is accomplished using Support Vector 
Machine classifiers and the Random Walker algorithm, respectively. The 
proposed approach also uses ECM (Extra Cellular Matrix) - aware graph 
generation that can better discriminate between different anatomical 
structures. Using a Support Vector Machine classifier on these features in 
conjunction with the maximum relevance - minimum redundancy feature 
selection technique, we differentiate between malignant and benign breast 
cancer histological slices. Experiments were conducted using H&E stained 
samples, previously annotated by pathologists. Our method achieved a high 
average sensitivity and specificity.

8314-58, Session 12

Robust alignment of prostate histology slices 
with quantified accuracy
C. Hughes, INSERM, U1032 (France) and CREATIS, CNRS UMR 
5220, INSERM U1044, (France) and Univ. Lyon 1 (France); O. 
Rouviere, Hospices Civils de Lyon (France) and Inserm, U1032 
(France); F. Mege Lechevallier, Hospices Civils de Lyon (France); R. 
Souchon, INSERM, U1032 (France); R. Prost, CREATIS-LRMN INSA 
(France)
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No current imaging technique is capable of detecting with precision 
tumours in the prostate. To evaluate each technique, the histology data 
must be precisely mapped to the imaged data. As it cannot be assumed 
that the histology slices are cut along the same plane as the imaged data is 
acquired, the registration is a 3D problem. This requires the prior accurate 
alignment of the histology slices. 

We propose a protocol in which 3 needles are inserted into the fresh 
prostate, creating internal fiducial markers visible in the histology slices. Our 
algorithm then automatically detects and classifies these markers, enabling 
the automatic rigid alignment of the slices. The accuracy of the algorithm 
was quantified in simulated images, a beef liver sample in which a validation 
marker had been created and 10 prostate specimens. 

The simulated images showed that the algorithm has no associated 
residual error and justified the choice of a rigid registration. In the beef liver 
images, the average accuracy of the alignment was 0.11 ± 0.09 mm at the 
fiducial markers, and 0.63 ± 0.47 mm at the validation marker positioned 
approximately 20 mm from the fiducial markers. Concerning the 10 prostate 
specimens, there were 19.2 histology slices on average per specimen. On 
average, 90.9% of the fiducial markers created were visible in the slices, of 
which 96.1% were automatically and correctly detected. The accuracy of 
the alignment was on average 0.19 ± 0.15 mm at the fiducial markers. The 
algorithm takes 5.46 min on average per prostate specimen.

8314-23, Session 13

Analysis of slide exploration strategy of 
cytologists when reading virtual slides
L. Pantanowitz, A. V. Parwani, E. Tseytlin, C. R. Mello-Thoms, Univ. 
of Pittsburgh Cancer Institute (United States)

Cytopathology is the sub-domain of Pathology that deals with the diagnosis 
of cellular changes caused by disease. Currently in the clinical practice 
cytotechnologists screen glass slides containing fixed cytology material and 
examine the cellular specimen under a microscope; if no abnormalities are 
detected, the specimen is deemed “normal”, otherwise the abnormalities 
are marked with a pen on the slide and sent to a specialized pathologist, a 
cytopathologist, for review and final diagnostic interpretation. As Pathology 
is migrating towards a digital environment, it is important to determine 
whether these crucial screening and diagnostic tasks can be performed 
as well using digital slides as in the current practice. The purpose of 
this work is to make this assessment by using a set of digital slides 
depicting cytological materials of different disease processes in several 
organs, and then analyzing how cytotechnologists, cytopathologists and 
cytotechnology-trainees explored these digital slides. We will (1) collect slide 
exploration data from the cytologists as they navigate the slides, as well as 
record any marks made on the digital slide and all the diagnoses provided; 
(2) convert the dynamic visual search data into a static representation of the 
observers’ exploration strategy using ‘search maps’; and (3) determine and 
compare slide coverage, identification of diagnostic criteria and diagnoses 
made for each group.

8314-24, Session 13

Influence of LCD color reproduction accuracy 
on observer performance using virtual 
pathology slides
E. A. Krupinski, The Univ. of Arizona (United States); L. D. 
Silverstein, Vcd Sciences Inc. (United States); S. F. Hashmi, A. R. 
Graham, R. S. Weinstein, H. Roehrig, The Univ. of Arizona (United 
States)

The use of color LCDs in medical imaging is growing as more clinical 
specialties use digital images as a resource in diagnosis and treatment 
decisions. Telemedicine applications such as telepathology, teledermatology 
and teleophthalmology rely heavily on color images. However, standard 
methods for calibrating, characterizing and profiling color displays do not 
exist, resulting in inconsistent presentation. To address this, we developed a 
calibration, characterization and profiling protocol for color-critical medical 

imaging applications. Physical characterization of displays calibrated with 
and without the protocol revealed high color reproduction accuracy with 
the protocol. The present study assessed the impact of this protocol on 
observer performance. A set of 250 breast biopsy virtual slide regions of 
interest (half malignant, half benign) were shown to 6 pathologists, once 
using the calibration protocol and once using the same display in its “native” 
off-the-shelf uncalibrated state. Diagnostic accuracy and time to render a 
decision were measured. In terms of ROC performance, Az (area under the 
curve) calibrated = 0.8640; uncalibrated = 0.8558. No statistically significant 
difference (p = 0.2719) was observed. In terms of interpretation speed, 
mean calibrated = 4.895 sec, mean uncalibrated = 6.304 sec which is 
statistically significant (p = 0.0460). Early results suggest a slight advantage 
diagnostically for a properly calibrated and color-managed display and a 
significant potential advantage in terms of improved workflow. Future work 
should be conducted using different types of color images that may be more 
dependent on accurate color rendering and a wider range of LCDs with 
varying characteristics.

8314-25, Session 13

Compressing virtual pathology slides: human 
and model observer evaluation
E. A. Krupinski, The Univ. of Arizona (United States); J. P. Johnson, 
Siemens Corporate Research (United States); S. Jaw, A. R. 
Graham, R. S. Weinstein, The Univ. of Arizona (United States)

We aim to improve telepathology images for diagnoses using compression 
based on information about human visual system. Underlying goal is to 
demonstrate utility of a visual discrimination model (VDM) for predicting 
observer performance. 100 ROIs from breast biopsy virtual slides at 5 levels 
of compression (uncompressed, 8:1, 16:1, 32:1, 64:1, 128:1) were shown 
to 6 pathologists to determine benign vs malignant. There was a decrease 
in performance as a function of compression (F = 14.58, p< 0.0001). The 
visibility of compression artifacts in the test images was predicted using a 
VDM. JND metrics were computed for each image including mean, median, 
≥90th percentiles, and maximum. For comparison PSNR and SSIM were 
also computed. Image distortion metrics were computed as a function of 
compression ratio and averaged across test images. All of the JND metrics 
were found to be highly correlated and differed primarily in magnitude. Both 
PSNR and SSIM decreased with bit rate, correctly reflecting a loss of image 
fidelity with increasing compression. Observer performance (Az) was nearly 
constant up to a compression ratio of 32:1, then decreased significantly 
for 64:1 and 128:1 compression. The initial decline in Az occurred around a 
mean JND of 3, Minkowski JND of 4, and 99th percentile JND of 6.5. Virtual 
pathology may be compressible to relatively high levels before impacting 
diagnostic accuracy and the VDM accurately predicts human performance.

8314-41, Session 13

Follicular lymphoma grading using cell-graphs 
and multiscale feature analysis
B. Oztan, Rensselaer Polytechnic Institute (United States); H. Kong, 
M. Gurcan, The Ohio State Univ. Medical Ctr. (United States); B. 
Yener, Rensselaer Polytechnic Institute (United States)

We present a method for the automated histopathological grading of 
follicular lymphoma (FL) images based on a multi-scale feature analysis. We 
analyze FL images using cell-graphs to characterize the spatial organization 
between the cells in tissues. Cell-graphs represent images with undirected 
and unweighted graphs wherein the cell nuclei constitute the nodes and 
the approximate adjacencies of the cells are represented with edges. Using 
the features extracted from nuclei- and cytoplasm-based cell-graphs, 
a classifier defines the grading of the follicular lymphoma images. The 
performance of this system is comparable to that of our recently developed 
system that characterizes higher-level semantic description of tissues 
using model-based intermediate representation (MBIR) and color-textural 
analysis. When tested with three different classifiers, the combination 
of cell-graph based features with the MBIR and color-textural features 
followed by a multi-scale feature selection is shown to achieve considerably 
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higher classification accuracies than any set of these features can achieve 
separately.

8314-42, Session 13

Nucleus fingerprinting for the unique 
identification of Feulgen-stained nuclei
D. Friedrich, RWTH Achen (Germany); M. Brozio, A. A. Bell, RWTH 
Aachen (Germany); S. F. Biesterfeld, A. Böcking, Heinrich-Heine-
Univ. Düsseldorf (Germany); T. Aach, RWTH Aachen (Germany)

DNA Image Cytometry is a method for non-invasive cancer diagnosis 
which measures the DNA content of Feulgen-stained nuclei. DNA content 
is measured using a microscope system equipped with a digital camera 
as a densitometer and estimating the DNA content from the absorption of 
light when passing through the nuclei. However, a DNA Image Cytometry 
measurement is only valid if each nucleus is only measured once.

To assist the user in preventing multiple measurements of the same nucleus, 
we have developed a unique digital identifier for the characterization of 
Feulgen-stained nuclei, the so called nucleus fingerprint. Only nuclei with 
a new fingerprint can be added to the measurement. This fingerprint is 
based on basic nucleus features, the contour of the nucleus and the spatial 
relationship to nuclei in the vicinity. Based on this characterization, a 
classifier for testing two nuclei for identity is presented. 

In a pairwise comparison of ~40000 pairs of mutually different nuclei, 99.5% 
were classified as different. In another 450 tests, the fingerprints of the 
same nucleus recorded a second time were in all cases judged identical. We 
therefore conclude that our nucleus fingerprint approach robustly prevents 
the repeated measurement of nuclei in DNA Image Cytometry.

8314-59, Session 13

Reconstruction of incomplete cell paths 
through a 3D-2D level set segmentation
M. Hariri, J. W. L. Wan, Univ. of Waterloo (Canada)

Segmentation of fluorescent cell images has been a popular technique for 
tracking live cells. One challenge of segmenting cells from fluorescence 
microscopy is that cells in fluorescent images frequently disappear.

When the images are stacked together to form a 3D image volume, the 
disappearance of the cells leads to broken cell paths.

In this paper, we present a segmentation method that can reconstruct 
incomplete cell paths. The key idea of this model is to perform 2D 
segmentation in a 3D framework. The 2D segmentation captures the cells 
that appear in the image slices while the 3D segmentation connects the 
broken cell paths. The formulation is similar to the Chan-Vese level set 
segmentation which detects edges by comparing the intensity value at 
each voxel with the mean intensity values inside and outside of the level set 
surface. Our model, however, performs the comparison on each 2D slice 
with the means calculated by the 2D projected contour. The resulting effect 
is to segment the cells on each image slice. Unlike segmentation on each 
image frame individually, these 2D contours together form the 3D level set 
function. By enforcing minimum mean curvature on the level set surface, 
our segmentation model is able to extend the cell contours right before 
(and after) the cell disappears (and reappears) into the gaps, eventually 
connecting the broken paths. We will present segmentation results of 
C2C12 cells in fluorescent images to illustrate the effectiveness of our 
model qualitatively and quantitatively by different numerical examples.

8314-60, Poster Session

Landmark-based registration from thin plate 
spline to B-spline with incompressible and 
diffeomorphic constraints using finite element 
method
G. Xiong, Stanford Univ. (United States)

Thin plate spline (TPS) and its variants are extensively used in landmark-
based registration problems. Its essence is to extrapolate the known 
deformations at landmarks through smoothing constraints driven by 
physical bending energy minimization. Despite the simplicity and versatility 
of TPS, it has several limitations, such as the global support, necessity 
to solve for dense matrix, inability to incorporate boundary conditions 
and other constraints besides smoothing, e.g. incompressibility and 
diffeomorphism. On the other hand, B-spline, widely adopted in intensity-
based free-form registration, possesses unique features that can help 
overcome these limitations. In this paper, we propose to numerically solve 
the formulation of TPS using finite element method (FEM) with B-spline 
as shape functions, motivated by the isogeometric analysis recently 
developed in the FEM community. Thanks to the compact support nature 
of B-spline, a sparse matrix yields and can be efficiently solved. Optionally, 
incompressibility, i.e. the divergence-free property of the deformation 
field, is satisfied by employing the mixed formulation of displacement and 
“pressure”. Diffeomorphism, i.e. the positivity of deformation Jacobian 
determinant, is enforced by selective stiffening based on linear elasticity. A 
few numerical experiments are provided. Finally, we register CT and MRI 
images of the lung and liver due to respiratory motion.

8314-61, Poster Session

On the construction of topology-preserving 
deformations
D. Apprato, Univ. de Pau et des Pays de l’Adour (France); C. Gout, 
C. Le Guyader, Institut National des Sciences Appliquées de Rouen 
(France)

In this paper, we investigate a new method to enforce topology preservation 
on two/three-dimensional deformation fields for non-parametric registration 
problems involving large-magnitude deformations. The method is composed 
of two steps. The first one consists in correcting the gradient vector field 
of the deformation at the discrete level, in order to fulfill a set of conditions 
ensuring topology preservation in the continuous domain after bilinear 
interpolation. This part, although related to prior works by Karacali and 
Davatzikos (Estimating Topology Preserving and Smooth Displacement 
Fields, B. Karacali and C. Davatzikos, IEEE Transactions on Medical 
Imaging, vol. 23(7), 2004), proposes a new approach based on interval 
analysis and provides, unlike their method, uniqueness of the correction 
parameter $alpha$ at each node of the grid, which is more consistent with 
the continuous setting.

The second one aims to reconstruct the deformation, given its full set 
of discrete gradient vector field. The problem is phrased as a functional 
minimization problem on a convex subset $K$ of an Hilbert space $V$. 
Existence and uniqueness of the solution of the problem are established, 
and the use of Lagrange’s multipliers allows to obtain the variational 
formulation of the problem on the Hilbert space $V$. The discretization 
of the problem by the finite element method does not require the use of 
numerical schemes to approximate the partial derivatives of the deformation 
components and leads to solve two/three uncoupled sparse linear 
subsystems. Experimental results in brain mapping and comparisons with 
existing methods demonstrate the efficiency and the competitiveness of the 
method.
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8314-62, Poster Session

Motion coherent image registration and 
demons: practical handling of deformation 
boundaries
N. D. Cahill, Rochester Institute of Technology (United States)

Much effort has gone into the understanding of regularization in ill-
posed problems in computer vision. Yuille and Grzywacz were among 
the first to propose use of the Gaussian Tikhonov regularizer for image 
registration, illustrating the ideal properties of this regularizer for preserving 
motion coherence. Nielsen et al. later described the intricate connection 
between the Gaussian Tikhonov regularizer and scale space theory; this 
work provided the basis with which Pennec et al. detailed the theoretical 
underpinnings of the Thirion’s Demons algorithm for deformable image 
registration.

The Demons algorithm iteratively computes a force vector field to drive 
the deformation in the appropriate direction, and then smooths the force 
vector field by Gaussian convolution in order to update the deformation. The 
Gaussian convolution step, which can be performed in the Fourier domain 
or via recursive filters, explicitly incorporates motion-coherent regularization 
into the registration algorithm. However, these procedures do not allow for 
ideal treatment of the deformation at the image boundaries. Resolution in 
the Fourier domain forces the choice of periodic boundary conditions which 
do not mimic physical behavior. Recursive filters force the user to decide 
how to extrapolate image data, and they may yield deformations that are not 
endomorphic.

In this article, we illustrate how to remove these limitations and define 
computationally efficient algorithms for motion-coherent registration under a 
wide variety of boundary conditions that enable endomorphic deformations 
and/or physically realistic behavior. The resulting algorithms enable a new 
degree of user control over the behavior of Demons-style motion coherent 
registration algorithms.

8314-63, Poster Session

Image registration method based on 
multiresolution for dual-energy subtraction 
radiography
T. Kawamura, N. Omae, M. Yamada, W. Ito, FUJIFILM Corp. 
(Japan); K. Kawamoto, T. Doi, Osaka Univ. Graduate School of 
Medicine (Japan)

In this paper we propose a novel image registration method for dual-energy 
subtraction radiography. The body motions by heartbeat, breathing and 
patient’s movement during two exposures cause misregistration artifacts on 
a subtracted image. One conventional method can accurately compensate 
a many varieties of motions from large to small using multi-resolution 
technique. This approach, however, does not consider motion directions 
of overlapped structures and thus causes misregistration around the heart 
where pulmonary blood vessels overlap with the heart since they have 
different motion directions. Therefore, we propose a new image registration 
method in order to solve this problem.

Our new method has a registration process that detects the directions of 
the motions for each structure size, and a merging process that integrates 
the deformed results of each structure size. To verify the effectivity of 
the proposed method, we evaluate the image quality of each anatomical 
structure of 31 chest energy subtraction images. As a result, the proposed 
method has proven to be effective to reduce misregistration artifacts of the 
heart, pulmonary blood vessels and ribs more than the conventional method 
does. Reducing these misregistration artifacts would contribute to improve 
diagnostic performance of energy subtraction images.

8314-64, Poster Session

3D-2D registration of cerebral angiograms 
based on vessel directions and intensity 
gradients
U. Mitrovic, Ž. Špiclin, D. Štern, P. Markelj, B. Likar, Z. Miloševic, F. 
Pernuš, Univ. of Ljubljana (Slovenia)

Endovascular treatment of cerebral aneurysms and arteriovenous 
malformations (AVM) involves navigation of a catheter through the femoral 
artery and vascular system to the site of pathology. Intra-interventional 
navigation is done under the guidance of one or at most two two-
dimensional (2D) X-ray fluoroscopic images or 2D digital subtracted 
angiograms (DSA). Due to the projective nature of 2D images, the 
interventionist needs to mentally reconstruct the position of the catheter 
in respect to the three-dimensional (3D) patient vasculature, which is not a 
trivial task. By 3D-2D registration of pre-interventional 3D images like CTA, 
MRA or 3D-DSA and intra-interventional 2D images, intra-interventional 
tools such as catheters can be visualized on the 3D model of patient 
vasculature, allowing easier and faster navigation. Such a navigation may 
consequently lead to the reduction of total ionizing dose and delivered 
contrast medium. In the past, the development and evaluation of 3D-2D 
registration methods for endovascular treatments received considerable 
attention. The main drawback of these methods is that they have to be 
initialized rather close to the correct position as they mostly have a rather 
small capture range. In this paper, a novel registration method that has a 
higher capture range and success rate is proposed. The proposed method 
and a state-of-the-art method were tested and evaluated on synthetic and 
clinical 3D-2D image-pairs. The results on both databases indicate that even 
though that the proposed method is slightly less accurate, it outperforms 
significantly the state-of-the-art 3D-2D registration method in terms of 
robustness, capture range and success rate.

8314-65, Poster Session

Improving point registration in dental 
cephalograms by two-stage rectified point 
translation transform
W. Tam, H. Lee, Tzu Chi Univ. (Taiwan)

Cephalometric analysis requires to detect landmarks on cephalograms. 
Current registration techniques, such as that use scale-invariant feature 
descriptor (SIFT), perform poorly on cephalograms. We proposed to improve 
the registration technique for detecting the landmarks on cephalograms. 
The results were compared with the landmark identified by dental 
professionals. 

Ten digital cephalograms were collected from a dental clinic. Twenty 
orthodontic landmarks were identified by dental professionals on each 
image; one of them was used as a template image. We automatically 
locate the landmarks using a two stages approach, the global registration 
of the interest points between two images and a local registration of the 
landmarks. In the first stage, SIFT was employed to establish point-to-
point matching pairs. The matched points on the input image were treated 
as a set of translation transforms from the original template image. The 
consistence of the translation was controlled by applying a rectification 
factor defined in this study. In the second stage, we localized the search 
within the suspected regions around the landmarks derived by the 
translations in the first stage. Local registrations were rectified and fine-
tuned until the translations close to the identified landmarks were obtained. 

Our method could detect six landmarks with error distance less than the 
2mm golden standard set forth by other researchers.

By improving the consistence of the translations, the performance of 
registration between two images was greatly improved. This method can 
be used as an initial step to locate the regions around the landmarks for 
improving detection in the future work.
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8314-66, Poster Session

Robust registration of sparsely sectioned 
histology to ex-vivo MRI of temporal lobe 
resections
M. Goubran, Robarts Research Institute (Canada) and The Univ. of 
Western Ontario (Canada); A. Khan, C. Crukley, S. C. Buchanan, 
B. Santyr, Robarts Research Institute (Canada); D. Cantor-Rivera, 
Robarts Research Institute (Canada) and The Univ. of Western 
Ontario (Canada); S. de Ribaupierre, S. Mirsattari, R. Hammond, 
The Univ. of Western Ontario (Canada); T. M. Peters, Robarts 
Research Institute (Canada) and The Univ. of Western Ontario 
(Canada)

Surgical resection of epileptic foci is a typical treatment for drug-resistant 
epilepsy, however, accurate pre-operative localization is challenging and 
often requires invasive sub-dural or intra-cranial electrode placement. 
The presence of cellular abnormalities in the resected tissue can be 
used to validate the effectiveness of multi-spectral Magnetic Resonance 
Imaging (MRI) in pre-operative foci localization and surgical planning. If 
successful, these techniques can lead to improved surgical outcomes and 
less invasive procedures. Towards this goal, a novel pipeline is presented 
here for post-operative imaging of temporal lobe specimens involving MRI 
and digital histology, and present and evaluate methods for bringing these 
images into spatial correspondence. The sparsely-sectioned histology 
images of resected tissue represents a challenge for 3D reconstruction 
which we address with a combined 3D and 2D rigid registration algorithm 
that alternates between slice-based and volume-based registration with 
the ex-vivo MRI. We also evaluate four methods for non-rigid within-plane 
registration using both images and fiducials, with the top performing method 
resulting in a target registration error of 0.87 mm. This work allows for the 
spatially-local comparison of histology with post-operative MRI and paves 
the way for eventual registration with pre-operative MRI images.

8314-67, Poster Session

Regularity-guaranteed transformation 
estimation in medical image registration
B. Shi, J. Liu, Ohio Univ. (United States)

When driven only by seeking the geometric correspondence between 
the input image data, image registration is inherently ill-posed with 
infinitely many solutions for a pair of inputs [1]. Therefore, an appropriate 
regularization is necessary for a legitimate medical image registration 
algorithm to keep the estimated transformation meaningful or regular. In 
this paper, we propose a mathematically sound formulation that explicitly 
controls the transformation to keep each grid in meaningful shape over the 
entire geometric matching procedure. The deformation regularity conditions 
are enforced by maintaining all the moving neighbors as Non-Twist grids. 
In contrast to similar work, we differentiate and formulate the convex and 
concave update cases under an efficient and straightforward point-to-line/
surface orientation framework to prevent folding. The equality constrained 
optimization problem is solved by using the augmented Lagrangian 
multiplier method. Experiments on MR images are presented to show the 
improvements made by our model over the popular Demon’s and DCT-
based registration algorithms.

8314-68, Poster Session

Groupwise registration of dynamic cardiac 
perfusion images using temporal information 
and segmentation information
D. Mahapatra, National Univ. of Singapore (Singapore)

Perfusion MRI is a popular non-invasive method for functional analysis 
of the heart. Patient motion and breathing results in displacement and 

deformation of the images, and have to be corrected before image analysis. 
Conventional methods register images to a fixed reference frame without 
making use of the available temporal information. The temporal information 
also provides valuable segmentation information which can be used to 
improve registration as segmentation improves registration and vice-versa. 
We propose a joint segmentation and groupwise registration method that 
makes use of the temporal information from contrast agent flow to register 
the entire image sequence as well as determine the segmentation labels. 

For registration we maximize the smoothness of the intensity signal of each 
pixel using a combination of first and second derivatives. Good registration 
should give a smooth intensity signal. Further, each pixel’s segmentation 
label can be determined from its intensity time plot as each cardiac region 
(right ventricle, left ventricle, etc) has a distinct intensity time profile (e.g., 
the RV shows early peak enhancement than the LV). This information is used 
to ensure that a pixel from a segmentation class has an intensity profile 
similar to the average signal of that particular class. The energy function is 
optimized using B-splines. Experiments on real patient datasets show our 
method leads to improved registration and segmentation accuracy over 
conventional methods solving each problem separately. It is also observed 
that groupwise registration using temporal information has lower registration 
error than conventional pairwise registration methods.

8314-69, Poster Session

Quantitative assessment of mis-registration 
issues of diffusion tensor imaging (DTI)
Y. Li, H. Jiang, S. Mori, The Johns Hopkins Univ. School of 
Medicine (United States)

Image distortion by eddy current and patient motion have been two major 
sources of the mis-registration issue in diffusion tensor imaging (DTI). 
Numerous registration methods have been proposed to correct them. 
However, data quality control of DTI remains an important issue, because 
we rarely measure how much mis-registration existed and how well 
they were corrected. In this paper, we propose a method for qualitative 
reporting of DTI data quality. This registration method minimizes a cost 
function based on mean square tensor fitting errors inside brain and mean 
square errors outside brain. Registration with twelve-parameter full affine 
transformation is used. From the registration result, distortion and motion 
parameters are estimated. Because the translation parameters involves 
both eddy-current-induced image translation and the patient motion, by 
analyzing the transformation model, we separate them by first removing the 
contributions that are linearly correlated with diffusion gradients and then 
applying a particle filter to estimate the motion parameters. We define the 
metrics measuring the amounts of distortion, rotation, translation and tensor 
fitting for registration quality. We tested our method on a database with 64 
normal subjects and established the normal ranges (standards) of each of 
metrics. Finally we demonstrate that how these standards can be used for 
assessing the data quality quantitatively in an example.

8314-70, Poster Session

Using fractional gradient information in 
nonrigid image registration: application to 
breast MRI
A. Melbourne, Univ. College London (United Kingdom); N. D. Cahill, 
Rochester Institute of Technology (United States); C. Tanner, M. 
Modat, D. J. Hawkes, S. Ourselin, Univ. College London (United 
Kingdom)

This work applies fractional differentiation (differentiation to non-integer 
order) to the gradients determined from image intensities for enhanced 
image registration. The technique is used to correct known simulated 
deformations of volumetric breast MR data using two algorithms: direct 
registration of gradient magnitude images and an extension of a previously 
published method that incorporates both image intensity and image 
gradient information to enhance registration performance. Better recovery 
of known deformations are seen when using non-integer order derivatives: 
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half-derivative breast images are better registered when these methods are 
incorporated into a standard diffusion-based registration algorithm. The 
mode of action is likely to be the same as the alternative method tested. 
This method weights the image intensity driven forces by information from 
the gradient of the images; in the same way the half-derivative image 
illustrates a combination of image intensity and image gradient information. 
We plan to extend the method to the non-rigid registration of serial or inter-
subject brain MR and further test the effect of fractional gradient images on 
both objective and computational registration performance.

8314-71, Poster Session

Multi-objective optimization for deformable 
image registration: proof of concept
T. Alderliesten, J. Sonke, The Netherlands Cancer Institute 
(Netherlands); P. A. N. Bosman, Ctr. voor Wiskunde en Informatica 
(Netherlands)

In this work we study and develop a methodology for deformable image 
registration that overcomes a drawback of optimization procedures in 
common deformable image registration approaches: the use of a single 
combination of different objectives. Because selecting the best combination 
is well-known to be non-trivial, we use a multi-objective optimization 
approach that computes and presents multiple outcomes (a so-called 
Pareto front) at once. The approach is inherently more powerful because 
not all Pareto-optimal outcomes are necessarily obtainable by running 
existing approaches multiple times, for different combinations. Furthermore, 
expert knowledge can be easily incorporated in making the final best-
possible decision by simply looking at (a diverse selection of) the outcomes. 
At the basis of the optimization methodology lies an advanced, model-
based evolutionary algorithm that aims to exploit features of a problem’s 
structure in a principled manner via probabilistic modeling. Two objectives 
are defined: 1) maximization of intensity similarity (normalized mutual 
information) and 2) minimization of energy required to accomplish the 
transformation (a model based on Hooke’s law that incorporates elasticity 
characteristics associated with different tissue types). A regular grid of 
points forms the basis of the transformation model. Interpolation extends 
the correspondence as found for the grid to the rest of the volume. As a 
proof of concept we performed tests on a 2D axial slice of a CT scan of a 
breast. Results indicate plausible behavior of the proposed methodology 
that innovatively combines intensity-based and model-based registration 
criteria with state-of-the-art adaptive computation techniques for multi-
objective optimization in deformable image registration.

8314-72, Poster Session

Automatic correspondence detection in 
mammogram and breast tomosynthesis images
J. Ehrhardt, J. Krüger, Univ. zu Lübeck (Germany); A. Bischof, J. 
Barkhausen, Universitaetsklinikum Schleswig-Holstein (Germany); 
H. Handels, Univ. zu Lübeck (Germany)

Two dimensional mammography is the major imaging modality in breast 
cancer diagnosis. The disadvantage of mammography is the projective 
nature of this imaging technique. Tomosynthesis is an attractive modality 
with the potential to combine the high contrast and high resolution of digital 
mammography with the advantages of 3D imaging. In order to facilitate 
diagnostics and treatment in the current clinical work-flow, correspondences 
between tomosynthesis images with previous mammographic exams of the 
same women have to be determined. 

In this paper, we propose a method to detect correspondences in 2D 
mammograms and 3D tomosynthesis images automatically. In general, 
this 2D/3D correspondence problem is ill-posed, because a point in the 
2D mammogram correspond to a (curved) line in the 3D tomosynthesis 
image. The goal of our method is to detect the “most probable” 3D position 
in the tomosynthesis images corresponding to a selected point in the 2D 
mammogram. We present two alternative approaches to solve this 2D/3D 
correspondence problem: a 2D-3D registration method and a 2D-2D 

mapping between mammogram and tomosynthesis projection images 
with a following backprojection. The advantages and limitations of both 
approaches are discussed and the performance of the methods is evaluated 
qualitatively and quantitatively using image data and a software phantom.

8314-73, Poster Session

Liver 2D histology to 3D MR image registration 
using segmentation and point landmarks
J. Oh, Georgia Institute of Technology (United States); D. Martin, 
Emory Univ. (United States); O. Skrinjar, Georgia Institute of 
Technology (United States)

Analyzing liver parenchymal textures on contrast-enhanced-delayed phase 
MR liver volumetric images may represent a foundation for using computer-
aided diagnosis and characterization of chronic liver disease (CLD). In 
order to develop MRI liver texture analysis, spatial correlation between 
liver biopsy sites and corresponding MRI volume should be determined, 
which may be achieved by finding the oblique and warped plane in the MRI 
volume corresponding to the liver biopsy site. For this purpose, we propose 
using liver explant photographic 2D display of biopsy sites taken from liver 
transplant recipient patients and a method for 2D photograph to 3D MRI 
registration that uses segmentation and point landmarks. It is initialized 
using the similarity transform based on point landmarks. For detailed non-
rigid matching, an energy functional consisting of a similarity measure of 
segmented images, terms involving dense and sparse correspondence, and 
a weighted smoothing regularization is minimized in the steepest-descent 
scheme. The application of spatially-varying (inhomogeneous) diffusion 
equation in the regularization energy influences the transformation field in 
vicinity of the point landmarks to more closely match the user-set landmark 
correspondence. The proposed method based on spatially-varying diffusion 
equation produced more accurate boundary matching and locally improved 
matching between corresponding point pairs than using homogeneous 
diffusion equation.

8314-74, Poster Session

An image registration based ultrasound probe 
calibration
X. Li, D. Kumar, S. Sarkar, R. Narayanan, Eigen Inc. (United States)

Reconstructed 3D ultrasound of prostate gland finds application in several 
medical areas such as image guided biopsy, therapy planning and dose 
delivery. In our application, we use an end-fire probe rotated about its 
axis to acquire a sequence of rotational slices to reconstruct 3D TRUS 
(Transrectal Ultrasound) image. The image acquisition system consists 
of an ultrasound transducer situated on a cradle directly attached to a 
rotational sensor. However, due to system tolerances, axis of probe does 
not align exactly with the designed axis of rotation resulting in artifacts in 3D 
reconstructed ultrasound volume.

We present a rigid registration based automatic probe calibration approach. 
The method uses sequence of phantom images acquired at angular 
separation of 180 degrees and registers corresponding image pairs to 
compute the deviation from designed axis. A modified shadow removal 
algorithm is applied for preprocessing. An attribute vector is constructed 
from image intensity and speckle-insensitive information-theoretic feature. 
We compare registration between the presented method and expert-
corrected images in 16 prostate phantom scans. Images were acquired 
at multiple depths, different misalignment settings from two ultrasound 
machines. Screenshots from 3D reconstruction are shown before and after 
misalignment correction. Registration parameters from automatic and 
manual correction were found to be in good agreement. Average translation 
and rotation errors between automatic and manual methods were 0.27 mm 
and 0.65 degree, respectively. The registration parameters also showed 
lower variability for automatic registration (σ_translation = 0.43 mm, σ_
rotation = 0.44 degree) compared to manual approach (σ_translation = 0.52 
mm, σ_rotation = 0.74 deg).
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8314-75, Poster Session

Medical image registration using machine 
learning-based interest point detector
S. Sergeev, Y. Zhao, San Francisco State Univ. (United States); M. 
G. Linguraru, National Institutes of Health (United States); K. Okada, 
San Francisco State Univ. (United States)

This paper presents a novel image registration framework which exploits 
machine learning (ML)-based interest point detection (IPD) algorithm for 
feature selection and correspondence detection. We use a feed-forward 
neural network (NN) with back-propagation as our base ML detector. 
Literature on ML-based IPD is scarce and to our best knowledge no 
previous research has addressed feature selection strategy for IPD purpose 
with cross-validation (CV) detectability measure. Our target application is 
the registration of clinical abdominal CT scans with abnormal anatomies. 
We evaluated the correspondence detection performance of the proposed 
ML-based detector against two well-known IPD algorithms: SIFT and SURF. 
The proposed method is capable of performing affine rigid registrations 
of 2D and 3D CT images, demonstrating more than two times better 
accuracy in correspondence detection than SIFT and SURF. The registration 
performance has been evaluated using manually identified landmark points. 
Our experimental evaluation results shows an improvement in 3D image 
registration quality of 18.92% compared with affine transformation image 
registration method from standard ITK affine registration. This project is a 
work in progress and the current research concentrates on extending the 
framework to work with non-rigid registration cases and on the improvement 
of execution times.

8314-76, Poster Session

Automatic feature-point selection for image 
registration using disparity fitting
D. Conover, M. Loew, The George Washington Univ. (United States)

We will present an algorithm for automatically selecting and matching 
control points for the purpose of registering images acquired using different 
imaging modalities. The modulus maxima of the wavelet transform were 
used to define a criterion for identifying control points. This criterion is 
capable of selecting points based on the size of features in the image. By 
adjusting the scale of the filters in the modulus calculation, this technique 
can be tailored to the specific objects or structures known to occur in each 
image being registered. The control-point matching technique includes 
an iterative method for reducing the set of control-point pairs using the 
horizontal and vertical disparity between the matched pairs of points. 
Least-squares planes are fit to the horizontal and vertical disparity data, 
and control-point pairings are deleted based on their distances from those 
planes. The remaining points are used to recompute the planes. The 
process is iterated until the remaining points fall within a certain distance 
from the planes. Finally, a spatial transformation is performed on the 
template image to bring it into alignment with the reference image. The 
result of the control-point pair reduction is a more accurate alignment than 
what would have been produced using the initial control-point pairs.

8314-77, Poster Session

Vessel segmentation using an iterative fast 
marching approach with directional prior
W. Liao, S. Wörz, K. Rohr, Ruprecht-Karls-Univ. Heidelberg 
(Germany)

This paper introduces a new approach to segment vessels from medical 
images using the fast marching method. Our approach relies on an iterative 
scheme: Starting from a given start point and initial direction, the optimal 
path within a circular region of interest (ROI) around this point is found using 
the fast marching method and a combination of different speed functions. 
Besides using speed functions based on a vesselness measure and the 
vessel radius, we introduce a directional speed function which prefers 

directions close to the predicted direction. The end point of the detected 
path is then used as the new start point to find again the optimal path within 
a new ROI centered around this point. This procedure is repeated until the 
user-specified end point is reached, or some other termination criterion is 
satisfied. The final result is the concatenation of the sequence of paths of 
in the individual ROIs. Our approach has been applied to synthetic and real 
datasets. The experiments show that our approach not only is more efficient 
than a previous fast marching approach but also produces better results 
when dealing with short cuts and crossings in the segmentation of long 
vessels.

8314-78, Poster Session

Adaptive epithelial cytoplasm segmentation 
and epithelial unit separation in 
immunoflurorescent images
J. Ramachandran, R. Scott, P. O. Ajemba, H. Karvir, F. M. Khan, J. 
Zeineh, M. J. Donovan, G. Fernandez, Aureon Biosciences, Inc. 
(United States)

Tissue segmentation is one of the key preliminary steps in the morphometric 
analysis of tissue architecture. In multi-channel immunoflurorescent 
biomarker images, the primary segmentation steps consist of segmenting 
the nuclei (epithelial and stromal) and epithelial cytoplasm from 
4’,6-diamidino-2-phenylindole (DAPI) and cytokeratin 18 (CK18) biomarker 
images respectively. The epithelial cytoplasm segmentation can be very 
challenging due to variability in cytoplasm morphology and image staining. 
A robust and adaptive segmentation algorithm was developed for the 
purpose of both delineating the boundaries and separating thin gaps that 
separate the epithelial unit structures. This paper discusses novel methods 
that were developed for adaptive segmentation of epithelial cytoplasm and 
separation of epithelial units. The adaptive segmentation was performed 
by computing the non-epithelial background texture of every CK18 
biomarker image. The epithelial unit separation was performed using two 
complementary techniques: a marker based, center-initialized watershed 
transform and a boundary initialized fast marching-watershed segmentation. 
The adaptive segmentation algorithm was tested on 926 CK18 biomarker 
biopsy images (326 patients) with limited background noise and 1030 
prostatectomy images (374 patients) with noisy to very noisy background. 
The segmentation performance was measured using two different methods, 
namely; stability and background textural metrics. It was observed that 
the database of 1030 noisy prostatectomy images had a lower mean 
value (using stability and three background texture performance metrics) 
compared to the biopsy dataset of 926 images that had limited background 
noise. The average of all four performance metrics yielded 94.32% accuracy 
for prostatectomy images compared to 99.40% accuracy for biopsy images.

8314-79, Poster Session

Nuclei extraction from histopathological 
images using a marked point process approach
M. S. Kulikova, Institute for Infocomm Research (Singapore); 
A. Veillard, National Univ. of Singapore (Singapore); L. Roux, D. 
Racoceanu, Institute for Infocomm Research (Singapore)

The morphology of cell nuclei is a central aspect in many histopathological 
studies, in particular in the histological grading of cancer. Therefore, the 
automatic detection and extraction of cell nuclei from microscopic images 
obtained from surgical biopsy slides is one of the most important problem in 
digital histopathology.

We propose to tackle the problem using a model based on marked point 
processes (MPP), a methodology for extraction of multiple objects from 
images. The advantage of MPP based models is their ability to take into 
account the geometry of objects; and the information about their spatial 
repartition in the image. Previously, the MPP models have been applied for 
the extraction of objects of simple geometrical shapes.

For histological grading, the pathologists mostly rely on the information 
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about the nuclei pleomorphism. So that, the accurate nuclei delineation 
became an issue of even greatest importance than optimal nuclei detection. 
More recently, the MPP framework has been defined on the space of 
arbitrarily-shaped objects allowing more accurate extraction of complex-
shaped objects. The nuclei often appear joint or even overlap in images. 
The model still allows to extract them as individual joint or overlapping 
objects without discarding the overlapping parts and therefore without the 
significant loss in delineation precision.

In this paper, we also aim to compare the MPP model with two state-of-
the-art methods selected from a comprehensive review of the available 
methods. The experiments are performed using a database of H&E stained 
breast biopsy images covering a wide range of histological grades.

8314-80, Poster Session

A framework of whole heart extracellular 
volume fraction estimation for low dose cardiac 
CT images
X. Chen, R. M. Summers, M. S. Nacif, S. Liu, D. A. Bluemke, J. Yao, 
National Institutes of Health (United States)

Cardiac magnetic resonance imaging (CMRI) has been well validated and 
allows quantification of myocardial fibrosis in comparison to overall mass 
of the myocardium. Unfortunately, CMRI is relatively expensive and is 
contraindicated in patients with intracardiac devices. Cardiac CT (CCT) is 
widely available and has been validated for detection of scar and myocardial 
stress/rest perfusion. In this paper, we sought to evaluate the potential of 
low dose CCT for the measurement of myocardial whole heart extracellular 
volume (ECV) fraction. A novel framework was proposed for CCT whole 
heart ECV estimation, which consists of three main steps. First, a shape 
constrained graph cut (GC) method was proposed for myocardium and 
blood pool segmentation for post-contrast image. Second, the symmetric 
Demons deformable registrations method was applied to register pre-
contrast to post-contrast images. So the correspondences between the 
voxels from pre- to post-contrast images were established. Finally, the 
whole heart ECV value was computed. The proposed method was tested 
on 7 clinical low dose CCT datasets with pre-contrast and post-contrast 
images. The preliminary results demonstrated the feasibility and efficiency of 
the proposed method.

8314-81, Poster Session

Heart region segmentation from low-dose CT 
scans: an anatomy based approach
A. P. Reeves, A. M. Biancardi, Cornell Univ. (United States); D. F. 
Yankelevitz, C. I. Henschke, M. D. Cham, The Mount Sinai Medical 
Ctr. (United States)

Cardiovascular disease is a leading cause of death in developed countries. 
The concurrent detection of heart diseases during low-dose whole-lung CT 
scans (LDCT), performed either because of respiratory disease or as part of 
a screening protocol, hinges on the availability of fully automated methods 
as manual evaluation makes them too costly. The technical challenges 
posed by LDCT scans in this context are mainly twofold: First, there is 
a high level image noise arising from the low radiation dose technique. 
Additionally, there is a variable amount of cardiac motion blurring due to 
the lack of electrocardiographic gating and the fact that heart rates differ 
between human subjects. As a consequence, the reliable segmentation of 
the heart, the first stage toward the implementation of morphologic heart 
abnormality detection, is also quite challenging. An automated computer 
method based on a sequential labeling of major organs and determination 
of anatomical landmarks has been evaluated on a public database of 
LDCT images. The novel algorithm builds from a robust segmentation of 
the bones and airways and embodies a stepwise refinement starting at the 
top of the lungs where image noise is at its lowest and where the carina 
provides a good calibration landmark. The segmentation is completed at 
the inferior wall of the heart where extensive image noise is accommodated. 
This method is based on the geometry of human anatomy and does not 

involve training through manual markings. Using visual inspection by an 
expert reader as a gold standard, the algorithm achieved successful heart 
and major vessel segmentation in 42 of 45 low-dose CT images. In the 3 
remaining cases, the cardiac base was over segmented due to incorrect 
hemidiaphragm localization.

8314-82, Poster Session

Enhanced detection of the vertebrae in 2D CT-
images
F. Graf, R. Greil, H. Kriegel, M. Schubert, Ludwig-Maximilians-Univ. 
München (Germany); A. Cavallaro, Universitätsklinikum Erlangen 
(Germany)

In recent years, a considerable amount of methods have been proposed for 
detecting and reconstructing the spine and the vertebrae from CT and MR 
scans. The results are either used for examining the vertebrae or serve as a 
preprocessing step for further detection and annotation tasks. In this paper, 
we propose a method for reliably detecting the position of the vertebrae 
on a single slice of a transversal body CT scan. Thus, our method is not 
restricted by the available portion of the 3D scan, but even suffices with a 
single 2D image. A further advantage of our method is that detection does 
not require adjusting parameters or direct user interaction. Technically, our 
method is based on an imaging pipeline comprising five steps: The input 
image is preprocessed.

The candidate region of the image is extracted. Then, a set of candidate 
locations is selected based on bone density. In the next step, image features 
are extracted from the surrounding of the candidate locations and an 
instance-based learning approach is used for selecting the best candidate. 
Finally, a refinement step optimizes the best candidate region. Our proposed 
method is validated on a large diverse data set of more than 8000 images 
and improves the accuracy in terms of area overlap and distance from 
the true position significantly compared to the only other method being 
proposed for this task so far.

8314-83, Poster Session

Metastatic liver tumor detection from 3D CT 
images using a level set algorithm with liver-
edge term
J. Miyakoshi, S. Yui, K. Matsuzaki, Hitachi, Ltd. (Japan)

We developed a metastatic liver tumor detection method using a level 
set algorithm with a liver-edge term. The level set algorithm is suitable for 
detection that requires an automated and accurate technique to reduce the 
time it takes to interpret the results. The conventional detection method, 
which is based on shape analysis using the Hessian matrix, tends to miss 
tumors on the edge of liver parenchyma because such tumors have a 
different shape than those in the center: on the edge they are blob-like and 
in the center they are step-like. The proposed method, which we call the 
liver-edge term, improves the accuracy of detection on the edge of liver 
parenchyma by recognizing step-like shapes on an intensity distribution. 
We applied the method to five 3-D CT images and evaluated the accuracy. 
Results showed that the proposed method had an average sensitivity of 
92% compared to the 88% of the conventional method.

8314-84, Poster Session

Fully automatic vertebra detection in x-ray 
images based on multiclass SVM
F. Lecron, M. Benjelloun, S. Mahmoudi, Univ. de Mons (Belgium)

Automatically detecting vertebral bodies in X-Ray images is a very complex 
task, especially because of the noise and the low contrast resulting in 
that kind of medical imagery modality. Therefore, the contributions in 
the literature are mainly interested in only 2 medical imagery modalities: 
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Computed Tomography (CT) and Magnetic Resonance (MR). Few works 
are dedicated to the conventional X-Ray radiography and propose mostly 
semi-automatic methods. However, vertebra detection is a key step in 
many medical applications such as vertebra segmentation, vertebral 
morphometry, etc. In this work, we develop a fully automatic approach for 
the vertebra detection, based on a learning method. The idea is to detect a 
vertebra by its anterior corners without human intervention. To this end, the 
points of interest in the radiograph are firstly detected by an edge polygonal 
approximation. Then, a SIFT descriptor is used to train an SVM-model. 
Finally, each point of interest can be classified in order to detect if it belongs 
to a vertebra or not. Our approach has been assessed by the detection 
of 250 cervical vertebrae on radiographs. The results show a very high 
precision with a corner detection rate of 90.4% and a vertebra detection 
rate of 86.5%.

8314-85, Poster Session

Local label learning (L3) for multi-atlas based 
segmentation
Y. Hao, Institute of Automation (China); J. Liu, Y. Duan, X. Zhang, 
Xuanwu Hospital of Capital Medical Univ. (China); C. Yu, Tianjin 
Medical Univ. General Hospital (China); T. Jiang, Y. Fan, Institute of 
Automation (China)

For subcortical structure segmentation, multi-atlas based segmentation 
methods have attracted great interest due to their competitive performance. 
Under this framework, using deformation fields generated for registering 
atlas images to the target image, labels of the atlases are first propagated 
to the target image space and further fused somehow to get the target 
segmentation. Many label fusion strategies have been proposed and most 
of them adopt predefined weighting models which are not necessarily 
optimal. In this paper, we propose a local label learning (L3) strategy 
to estimate the target image’s label using statistical machine learning 
techniques. Specifically, we use Support Vector Machine (SVM) to learn a 
classifier for each of the target image voxels using its neighboring voxels in 
the atlases as a training dataset. Each training sample has dozens of image 
features extracted around its neighborhood and these features are optimally 
combined by the SVM learning method to classify the target voxel. The key 
contribution of this method is the development of massive locally specific 
classifier for each target voxel with informative texture features which are 
optimally combined by the learning method. The validation experiment of 
segmenting hippocampus for 57 MR images has demonstrated that our 
method generates segmentation results with a dice overlap of 0.908±0.023 
to manual segmentations, statistically significantly better than state-of-the-
art segmentation algorithms.

8314-86, Poster Session

Automated anatomical labeling method 
for abdominal arteries extracted from 3D 
abdominal CT images
M. Oda, B. H. Hoang, Nagoya Univ. (Japan); T. Kitasaka, Aichi 
Institute of Technology (Japan); K. Misawa, Aichi Cancer Ctr. 
Research Institute (Japan); M. Fujiwara, K. Mori, Nagoya Univ. 
(Japan)

This paper presents an automated anatomical labeling method of abdominal 
arteries. In abdominal surgery, understanding of blood vessel structure 
concerning with a target organ is very important. Branching pattern of blood 
vessels differs among individuals. It is required to develop a system that 
can assist understanding of a blood vessel structure and anatomical names 
of blood vessels of a patient. Previous anatomical labeling methods for 
abdominal arteries deal with either of the upper or lower abdominal arteries. 
In this paper, we present an automated anatomical labeling method of both 
of the upper and lower abdominal arteries extracted from CT images. We 
obtain a tree structure of artery regions and calculates feature values for 
each branch. These feature values include the diameter, curvature, direction, 
and running vectors of a branch. Target arteries of this method are grouped 

based on branching conditions. The following processes are separately 
applied for each group. We compute candidate artery names by using 
classifiers that are trained to output artery names. A correction process of 
the candidate anatomical names based on the rule of majority is applied 
to determine final names. We applied the proposed method to 23 cases of 
3D abdominal CT images. Experimental results showed that the proposed 
method is able to perform nomenclature of entire major abdominal arteries. 
The recall and the precision rates of labeling are 79.01% and 80.41%, 
respectively.

8314-87, Poster Session

Computerized analysis of pelvic incidence from 
3D images
T. Vrtovec, Univ. of Ljubljana (Slovenia); M. M. A. Janssen, Univ. 
Medical Ctr. Utrecht (Netherlands); F. Pernu?, Univ. of Ljubljana 
(Slovenia); R. M. Castelein, M. A. Viergever, Univ. Medical Ctr. 
Utrecht (Netherlands)

The sagittal alignment of the pelvis can be evaluated by the angle of pelvic 
incidence (PI), which is constant for an arbitrary subject position and 
orientation and can be therefore compared among subjects in standing, 
sitting or supine position. In this study, PI was measured from three-
dimensional (3D) computed tomography (CT) images of normal subjects that 
were acquired in supine position. A novel computerized method, based on 
image processing techniques, was developed to automatically determine 
the anatomical references required to measure PI, i.e. the centers of the 
femoral heads in 3D, and the center and inclination of the sacral endplate 
in 3D. Multiplanar image reformation was applied to obtain perfect sagittal 
views with all anatomical structures completely in line with the hip axis, from 
which PI was calculated. The resulting PI (mean ± standard deviation) was 
equal to 46.6° ± 9.2° for male subjects (N = 181), 47.6° ± 10.7° for female 
subjects (N = 189), and 47.1° ± 10.0° for all subjects (N = 370). The obtained 
measurements of PI from 3D images were not biased by acquisition 
projection or structure orientation, because all anatomical structures were 
completely in line with the hip axis. The performed measurements in 3D 
therefore represent PI according to the actual geometrical relationships 
among anatomical structures of the sacrum, pelvis and hips, as observed 
from the perfect sagittal views.

8314-88, Poster Session

Incorporation of physical constraint in optimal 
surface search for renal cortex segmentation
X. Li, Institute of Automation (China); X. Chen, J. Yao, National 
Institutes of Health (United States); X. Zhang, J. Tian, Institute of 
Automation (China)

In this paper, we propose an approach for multiple surfaces segmentation 
based on the incorporation of physical constraints in optimal surfaces 
searching [1, 2] . We apply our new approach to solve the renal cortex 
segmentation problem, an important but not sufficiently researched issue. 
In this study, in order to better restrain the intensity proximity of the renal 
cortex and renal column, we extend the optimal surface search approach 
to allow for varying sampling distance and physical separation constraints, 
instead of the traditional constant sampling distance and numerical 
separation constraints. The sampling distance of each vertex-column is 
computed according to the sparsity of the local triangular mesh. Then the 
physical constraint learned from a prior renal cortex thickness is applied to 
the inter-surfaces arcs as the separation constraints. Appropriate sampling 
distance and separation constraints were learnt from 6 clinical CT images. 
After training, the proposed approach was tested on a test set of 10 
images. The manual segmentation of renal cortex was used as the reference 
standard. Quantitative analysis of the segmented renal cortex indicates that 
overall segmentation accuracy was increased after introducing the varying 
sampling distance and physical separation constraints (the average true 
positive volume fraction (TPVF) and false positive volume fraction (FPVF) 
were 83.96% and 2.80%, respectively, by using varying sampling distance 
and physical separation constraints compared to 74.10% and 0.18%, 
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respectively, by using constant sampling distance and numerical separation 
constraints). The experimental results demonstrated the effectiveness of the 
proposed approach.

8314-89, Poster Session

A parametric statistic model and fast algorithm 
for brain MR image segmentation and bias 
correction
T. Zhan, Z. Wei, L. Xiao, L. Qian, Nanjing Univ. of Science & 
Technology (China)

Due to the bias field, the intensity inhomogeneity often exists in magnetic 
resonance imaging (MRI) images, which may cause intensity variations 
even for a single tissue. This problem may severely challenge quantitative 
image analysis algorithms, such as those used for image segmentation 
and registration. Therefore, bias field correction is often a mandatory 
step before quantitative analysis of the image data. In this paper, we 
propose an improved method for simultaneous estimation of the bias 
field and segmentation of tissues for magnetic resonance images, which 
is an extension of the method in [5]. Firstly, according to the smooth 
characteristic of bias field, we model it as a linear combination of a set 
of smooth basis functions. Then we model the distribution of intensity in 
each tissue as a Gaussian distribution, and use the maximum a posteriori 
probability and total variation (TV) regularization to define our objective 
energy function. At last, an efficient iterative algorithm based on split 
Bregman method is used to minimize our energy function at a fast rate. 
The experimental results show that our method can obtain accurate tissue 
segmentation results and estimate a smooth bias field in rapid convergence 
efficiency.

8314-90, Poster Session

Live-wire-based segmentation of (3D) 
anatomical structures for image-guided lung 
interventions
K. Lu, Philips Research North America (United States); Z. Xue, 
Methodist Hospital Research Institute (United States); S. Xu, Philips 
Research North America (United States); S. Wong, Methodist 
Hospital Research Institute (United States)

Computed Tomography (CT) has been widely used for assisting lung cancer 
detection/diagnosis and treatment. In lung cancer diagnosis, suspect 
lesions or regions of interest (ROIs) are usually analyzed in screening CT 
scans, and CT-based image-guided minimally invasive procedures are 
performed for further diagnosis through bronchoscopic or percutaneous 
approaches. Thus, ROI segmentation is a preliminary but vital step for 
abnormality detection, procedural planning, and intra-procedural guidance. 
In lung cancer diagnosis, such ROIs can be tumors, lymph nodes, nodules, 
etc. They may vary in size, shape, and other complication phenomena. 
Manual segmentation approaches are time consuming, user-biased, 
and cannot guarantee reproducible results. Automatic methods do not 
require user input, but they are usually highly application-dependent. To 
counterbalance among efficiency, accuracy, and robustness, considerable 
efforts have been contributed to semi-automatic strategies, which enable 
full user control, while minimizing human interactions. Among available 
semi-automatic approaches, the live-wire algorithm has been recognized 
as a valuable tool for segmentation of a wide range of ROIs from chest 
CT images. In this paper, the traditional 2D live-wire method is revisited 
and improved for 3D ROI segmentation. In the experiments, the proposed 
approach is applied to a set of anatomical ROIs from 3D chest CT images, 
and the results are compared with the segmentation derived from previous 
evaluated live-wire-based approaches.

8314-91, Poster Session

Semi-automatic intracranial tumor 
segmentation and tumor tissue classification 
based on multiple MR protocols
A. Franz, Philips Research (Germany); H. Tschampa, A. Müller, 
Universitätsklinikum Bonn (Germany); S. Remmele, C. Stehning, 
J. Keupp, Philips Research (Germany); J. Gieseke, Philips 
Medizin Systeme GmbH (Germany); H. H. Schild, P. Mürtz, 
Universitätsklinikum Bonn (Germany)

Segmentation of intracranial tumors in Magnetic Resonance (MR) data 
sets and classification of the tumor tissue into vital, necrotic, and perifocal 
edematous areas is required in a variety of clinical applications. Manual 
delineation of the tumor tissue boundaries is a tedious and error-prone 
task, and reproducibility is problematic. Furthermore, tissue classification 
mostly requires information of several MR protocols and contrasts. Here 
we present a nearly automatic segmentation and classification algorithm 
for intracranial tumor tissue working on a combination of T1 weighted 
contrast enhanced (T1CE) and fluid attenuated inversion recovery (FLAIR) 
data sets. Both data types are included in MR intracranial tumor protocols 
that are used in clinical routine. The algorithm is based on a region growing 
technique. The main required user interaction is a mouse click to provide 
the starting point. The region growing thresholds are automatically adapted 
to the requirements of the actual data sets. If the segmentation result is not 
fully satisfying, the user is allowed to adapt the algorithmic parameters for 
final fine-tuning. We developed a user interface, where the data sets can be 
loaded, the segmentation can be started by a mouse click, the parameters 
can be amended, and the segmentation results can be saved. With this user 
interface, our segmentation tool can be used in the hospital on an image 
processing workstation or even directly on the MR scanner. This enables 
an extensive validation study. On the 20 clinical test cases of human 
intracranial tumors we investigated so far, the results were satisfying in 85% 
of the cases.

8314-92, Poster Session

A multidimensional model for localization of 
highly variable objects
H. Ruppertshofen, Fachhochschule Kiel (Germany); T. Bülow, J. 
von Berg, Philips Research (Germany); S. Schmidt, P. Beyerlein, 
Technische Fachhochschule Wildau (Germany); Z. I. Salah, G. Rose, 
Otto-von-Guericke Univ. Magdeburg (Germany); H. Schramm, 
Fachhochschule Kiel (Germany)

In this work, we present a new type of model for object localization 
employing the discriminative generalized Hough transform (DGHT), which 
is well suited for anatomical objects exhibiting large variability in size, 
shape or appearance. The DHGT, which combines the generalized Hough 
transform (GHT) with a discriminative training approach to obtain more 
robust models, is a strong tool for object localization, which can handle a 
rather large amount of variability. However, for some tasks the variability 
exhibited by different occurrences of the target object becomes too large 
to be represented by a single model. To be able to capture this kind of 
variability, several sub-models, representing the modes of variability as 
seen by the DGHT, are created automatically and are arranged in a higher 
dimensional model. These modes are identified on-the-fly during training 
in an unsupervised manner. Following the concept of the DGHT, the sub-
models are jointly weighted employing the discriminative training approach 
with respect to a minimal localization error.

The procedure is tested on a dataset of thorax radiographs with the target 
to localize the clavicles. Due to different arm positions the posture and 
arrangement of the target and surrounding bones differs strongly, which 
hampers the training of a good localization model. Employing the new 
model approach the localization rate improves by 13% on unseen test data 
compared to the standard model.
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8314-93, Poster Session

Improving semi-automated segmentation by 
integrating learning with active sampling
J. Huo, Univ. of California, Los Angeles (United States); K. Okada, 
San Francisco State Univ. (United States); M. S. Brown, Univ. of 
California, Los Angeles (United States)

Grow cut is an interactive segmentation algorithm and it requires quite a 
few user interactions to get satisfactory segmentation result. In this study, 
we will integrate a machine-learning phase with active sampling into semi-
automated segmentation to reduce the user interaction. The innovation in 
this study is to invent the active sampling idea to only focus on the difficult 
structures, instead of using manually contoured tumor as training samples 
as in conventional supervised learning. In this study, we applied the system 
to the glioblastoma multiforme (GBM) brain tumor segmentation, and 
evaluated on a dataset of six cases from a multiple center pharmaceutical 
drug trial. The results showed that the proposed system tremendously 
reduced the user interaction, but had similar segmentation performance.

8314-94, Poster Session

Robust lumen segmentation of coronary 
arteries in 2D angiographic images
M. Polyanskaya, C. Schwemmer, Pattern Recognition Lab. 
(Germany) and Siemens Medical Solutions GmbH (Germany); 
A. G. Linarth, Pattern Recognition Lab. (Germany); G. Lauritsch, 
Siemens Medical Solutions GmbH (Germany); J. Hornegger, Pattern 
Recognition Lab (Germany) and SAOT (Germany)

Diagnosis and treatment of coronary diseases depends on the data 
acquired during angiographic investigations. To provide better assistance 
for angiographic procedures, a segmentation of the lumen is required. A 
new algorithm for vessel centerline computation and lumen segmentation in 
2D projection coronary angiograms is presented. Centerlines are extracted 
by a graph-based optimization technique, which searches for paths with 
minimal costs. The search starts from a source point, which is automatically 
set by the proposed algorithm. A new objective function for determining 
the costs of the graph edges is proposed. It consists of the response from 
the medialness filter and is regularized by the centerline potential function. 
In the medialness filter a vessel cross-section is represented by a 1D 
profile parameterized by center position and radius. The medialness filter 
at a point optimizes gradient-based response over the profile radius. The 
proposed centerline potential function defines a distance from a point to the 
expected centerline. Both the medialness filter and the centerline potential 
function are multi-scale. The entire lumen segmentation is achieved by the 
radii, extracted while the medialness response computation. Application 
to clinical data shows that the presented algorithm segments coronary 
lumen with good accuracy and allows for subsequent assessment of the 
quantitative characteristics (i.e. diameter, curvature, etc.) of the vessels.

8314-95, Poster Session

Extraction of liver volumetry based on blood 
vessel from the portal phase of a CT dataset
A. S. Maklad, M. Matsuhiro, H. Suzuki, Y. Kawata, N. Niki, T. 
Utsunomiya, M. Shimada, Univ. of Tokushima (Japan); N. Moriyama, 
National Cancer Ctr. (Japan)

At liver surgery planning stage, the liver volumetry would be essential for 
surgeons. A main problem at liver extraction is the wide variability of livers 
in shapes and sizes. Since, hepatic blood vessels information varies from 
a person to another and distributed in the liver region, the present method 
uses this information for extraction of liver in two stages. The first stage is 
to extract interactively abdominal blood vessels in the form of hepatic and 
nonhepatic. At the second stage, extracted vessels are used to control 

automatic extraction of the liver region. The method was applied on 50 
datasets of contrast enhanced CT at only the portal phase. These datasets 
include 30 abnormal livers containing 56 tumors of different sizes. 19 tumors 
are located next to the border of the liver and 37 are located inside. A 
reference for all cases is done through a comparison of two experts labeling 
results and correction of their inter-reader variability. Results agree with 
this reference at an average rate of 97.8%. Through application of different 
metrics mentioned at MICCAI workshop in 2007 for liver segmentation, 
it is found that: volume overlap error is 4.4%, volume difference is 0.3%, 
average symmetric distance is 0.7 mm, Root mean square symmetric 
distance is 0.8 mm, and maximum distance is 15.8 mm. These results 
represent the average of overall data and demonstrate an improved 
accuracy compared to current liver segmentation methods. Results show 
a promising method for extraction of liver volumetry of various shapes and 
sizes.

8314-96, Poster Session

Automated segmentation of the pectoral 
muscle in breast MR images using structure 
tensor and deformable model
M. Lee, Chonnam National Univ. (Korea, Republic of); J. H. Kim, 
Seoul National Univ. College of Medicine (Korea, Republic of)

Recently, breast MR images have been used more frequently for diagnosis 
of that area. Several methods have been proposed for segmenting these 
MR images, however, these methods are not dedicated to segmenting 
the pectoral muscle. Therefore, in this paper, we propose a practical and 
general-purpose approach for detecting segmenting in the pectoral muscle 
boundary based on the structure tensor. The segmentation work flow 
comprises four key steps: preprocessing, detection of the region of interest 
(ROI) within the breast region, segmenting the pectoral muscle and finally 
extracting and refining the pectoral muscle boundary. From experimental 
results we show that the proposed method can segment the pectoral 
muscle exactly. In addition, the proposed method will allow the application 
of the CAD and registration for various breast images.

8314-97, Poster Session

A new prostate segmentation approach using 
multispectral magnetic resonance imaging and 
a statistical pattern classifier
B. Maan, F. van der Heijden, Univ. Twente (Netherlands); J. J. 
Fütterer, Radboud Univ. Nijmegen Medical Ctr. (Netherlands)

Prostate segmentation is essential for calculating prostate volume 
and creating patient-specific prostate anatomical models. Automatic 
segmentation methods are preferable because manual segmentation is 
time-consuming and highly subjective. Most of the currently available 
segmentation methods use a priori knowledge of prostate shape. However, 
there is a large variation in prostate shape between patients.

Our approach uses a multispectral data set containing T1, T2 and proton 
density images together with statistical pattern classifiers. We investigate 
the performance of a parametric and a non-parametric classification 
approach by applying a Bayes-quadratic and a k-nearest-neighbor classifier 
respectively. An annotated data set is made by manual labeling of the 
image. Using this data set, the classifiers are trained and evaluated.

The following results are obtained after three experiments. Firstly, using 
feature selection we show that the average segmentation error rates are 
lowest when combining all three images with the k-nearest-neighbor 
classifier.

Secondly, the confusion matrix shows that the k-nearest-neighbor classifier 
has the highest percentage of correctly classified voxels - especially for the 
prostate class. Finally, the prostate is segmented using a k-nearest-neighbor 
classifier. The segmentation result contains errors near the borders of the 
prostate. However, optimization of the annotated data set and adding voxel 
coordinate features should overcome these misclassifications. The current 
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results show that segmenting the prostate using multispectral magnetic 
resonance imaging (MRI) data combined with a k-nearest-neighbor classifier 
is a promising method.

8314-98, Poster Session

Design of spectral filtering for tissue 
classification
A. Narayanan, P. Shah, B. Das, GE India Technology Centre Pvt. 
Ltd. (India)

Tissue characterization from imaging studies is an integral part of clinical 
practice. We describe a spectral filter design for tissue separation in dual 
energy CT scans obtained from Gemstone Spectral Imaging scanner. It 
enables to have better 2D/3D visualization and tissue characterization 
in normal and pathological conditions. The major challenge to classify 
tissues in conventional computed tomography (CT) is the x-ray attenuation 
proximity of multiple tissues at any given energy. The proposed method 
analyzes the monochromatic images at different energy levels, which are 
derived from the two scans obtained at low and high KVp through fast 
switching. Although materials have a distinct attenuation profile across 
different energies, tissue separation is not trivial as tissues are a mixture 
of different materials with range of densities that vary across subjects. To 
address this problem, we define spectral filtering, that generates probability 
maps for each tissue in multi-energy space. The filter design incorporates 
variations in the tissue due to composition, density of individual constituents 
and their mixing proportions. In addition, it also provides a framework to 
incorporate zero mean Gaussian noise. We demonstrate the application 
of spectral filtering for bone-free vascular visualization and calcification 
characterization.

8314-99, Poster Session

Robust left ventricular myocardium 
segmentation for multiprotocol MR
A. Groth, J. Weese, H. Lehmann, Philips Technologie GmbH 
(Germany)

For a number of cardiac procedures like the treatments of ventricular 
tachycardia (VT), coronary artery disease (CAD) and heart failure (HF) 
both anatomical as well as vitality information about the left ventricular 
myocardium are required. To this end two images for the anatomical 
and functional information, respectively, must be acquired and analyzed, 
e.g. using two different 3D MR protocols. To enable automatic analysis, 
a workflow has been proposed which allows to integrate the vitality 
information extracted from the functional image data into a patient-specific 
anatomical model generated from the anatomical image.

However, in the proposed workflow the extraction of accurate vitality 
information from the functional image depends to a large extend on the 
accuracy of both the anatomical model and the mapping of the model 
to the functional image. In this paper we propose and evaluate methods 
for improving these two aspects. More specifically, on one hand we aim 
to improve the segmentation of the often low-contrast left ventricular 
epicardium in the anatomical 3D MR images by introducing a patient-
specific shape bias. On the other hand, we introduce a registration 
approach that facilitates the mapping of the anatomical model to images 
acquired by different protocols and modalities, such as functional 3D MR. 
The new methods are evaluated on clinical MR data, for which considerable 
improvements can be achieved.

8314-100, Poster Session

Supervised classification of brain tissues 
through local multiscale texture analysis by 
coupling DIR and FLAIR MR sequences
E. Poletti, E. Veronese, M. Calabrese, A. Bertoldo, A. Ruggeri, E. 
Grisan, Univ. degli Studi di Padova (Italy)

The automatic segmentation of brain tissues in magnetic resonance (MR) 
is usually performed on T1-weighted images, due to their high spatial 
resolution. T1w sequence, however, has some major downsides when brain 
lesions are present: the altered appearance of diseased tissues causes 
errors in tissues classification. In order to overcome these drawbacks, we 
employed two different MR sequences: fluid attenuated inversion recovery 
(FLAIR) and double inversion recovery (DIR). The former highlights both gray 
matter (GM) and white matter (WM), the latter highlights GM alone.

We propose here a supervised classification scheme that does not require 
any anatomical a priori information to identify the 3 classes, “GM”, “WM”, 
and “background”. Features are extracted by means of a local multi-
scale texture analysis, computed for each pixel of the DIR and FLAIR 
sequences. The 9 textures considered are average, standard deviation, 
kurtosis, entropy, contrast, correlation, energy, homogeneity, and skewness, 
evaluated on a neighborhood of 3x3, 5x5, and 7x7 pixels. Hence, the total 
number of features associated to a pixel is 56 (9 textures ×3 scales ×2 
sequences +2 original pixel values). The classifier employed is a Support 
Vector Machine with Radial Basis Function as kernel.

From each of the 4 brain volumes evaluated, a DIR and a FLAIR slice have 
been selected and manually segmented by 2 expert neurologists, providing 
1st and 2nd human reference observations which agree with an average 
accuracy of 99.03%. SVM performances have been assessed with a 4-fold 
cross-validation, yielding an average classification accuracy of 98.79%.

8314-101, Poster Session

Fast automatic algorithm for bifurcation 
detection in vascular CTA scans
M. Brozio, V. Gorbunova, C. Godenschwager, T. Beck, D. Bernhardt, 
Siemens Medical Solutions GmbH (Germany)

Endovascular imaging aims at identifying vessels and their branches. 
Automatic vessel segmentation and bifurcation detection eases both clinical 
research and routine work.

In this article a state of the art bifurcation detection algorithm is developed 
and applied on vascular computed tomography angiography (CTA) scans 
to mark the common iliac artery and its branches, the internal and external 
iliacs. 

In contrast to other methods our algorithm does not rely on a complete 
segmentation of a vessel in the 3D volume, but evaluates the cross-
sections of the vessel slice by slice. Candidates for vessels are obtained by 
thresholding following by 2D connected component labeling and prefiltering 
by size and position. The remaining candidates are connected in a squared 
distanced weighted graph. With Dijkstra algorithm the graph is traversed to 
get candidates for the arteries. We use another set of features considering 
length and shape of the paths to determine the best candidate and detect 
the bifurcation.

The method was tested on 119 datasets acquired with different CT scanners 
and varying protocols. Both easy to evaluate datasets with high resolution 
and no apparent clinical diseases and difficult ones with low resolution, 
major calcifications, stents or poor contrast between the vessel and 
surrounding tissue were included.

The presented results are promising, in 75.7% of the cases the bifurcation 
was labeled correctly, and in 82.7% the common artery and one of its 
branches were assigned correctly.

The computation time was on average 0.49s+-0.28s, close to human 
interaction time, which makes the algorithm applicable for time-critical 
applications.
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8314-103, Poster Session

Pulmonary lobe segmentation with level sets
A. Schmidt-Richberg, J. Ehrhardt, M. Wilms, R. Werner, H. Handels, 
Univ. zu Lübeck (Germany)

Automatic segmentation of the separate human lung lobes is a crucial task 
in computer aided diagnostics and intervention planning, and required for 
example for determination of disease spreading or pulmonary parenchyma 
quantification.

In this work, a novel approach for lobe segmentation based on multi-region 
level sets is presented. In a first step, interlobular fissures are detected using 
a supervised enhancement filter. The fissures are then used to compute 
a cost image, which is incorporated in the level set approach. By this, the 
segmentation is drawn to the fissures at places where structure information 
is present in the image. In areas with incomplete fissures (e.g. due to 
insufficient image quality or anatomical conditions) the smoothing term of 
the level sets applies and a closed continuation of the fissures is provided.

The approach is tested on nine pulmonary CT scans. It is shown that by 
incorporating the additional force term the segmentation can be improved 
significantly. On average, 83% of the left fissure is traced correctly; the right 
oblique and horizontal fissures are properly segmented to 76% and 48%, 
respectively.

8314-104, Poster Session

Multilevel tree analysis of pulmonary artery/
vein trees in noncontrast CT images
Z. Gao, The Univ. of Iowa (United States); R. W. Grout, E. A. 
Hoffman, The Univ. of Iowa Hospitals and Clinics (United States); P. 
K. Saha, The Univ. of Iowa (United States)

Diseases like pulmonary embolism and pulmonary hypertension are 
associated with vascular dystrophy. Identifying such pulmonary artery/
vein (A/V) tree dystrophy in terms of quantitative measures via CT imaging 
significantly facilitates early detection of disease or a treatment monitoring 
process. A tree structure, consisting of nodes and connected arcs, linked 
to the volumetric representation allows multi-level geometric and volumetric 
analysis of A/V trees. Here, a new theory and method is presented to 
generate multi-level A/V tree representation of volumetric data and to 
compute quantitative measures of A/V tree geometry and topology at 
various tree hierarchies. The new method is primarily designed on arc 
skeleton computation followed by a tree construction based topologic and 
geometric analysis of the skeleton. The method starts with a volumetric 
A/V representation as input and generates its topologic and multi-level 
volumetric tree representations long with different multi-level morphometric 
measures. A new recursive merging and pruning algorithms are introduced 
to detect bad junctions and noisy branches often associated with digital 
geometric and topologic analysis. Also, a new notion of shortest axial 
path is introduced to improve the skeletal arc joining two junctions. The 
accuracy of the multi-level tree analysis algorithm has been evaluated using 
computer generated phantoms and pulmonary CT images of a pig vessel 
cast phantom while the reproducibility of method is evaluated using multi-
user A/V separation of in vivo contrast-enhanced CT images of a pig lung at 
different respiratory volumes.

8314-105, Poster Session

Binary image representation by contour trees
D. B. Aydogan, J. Hyttinen, Tampere Univ. of Technology (Finland)

There is a growing need in medical image processing to analyze segmented 
objects. In this study we are interested in analyzing morphological properties 
of complex structures such as the trabecular bone. Although, there are 
various shape description approaches proposed in the literature, there is 
not an adequate method to represent foreground object(s) morphology with 
respect to the background.

In this article, we propose a way of representing binary images of any 

dimensions using graphs that emphasize connectivity of level-sets to 
foreground and background. We start by calculating the euclidean distance 
transform (EDT) to create a scalar field. Then the contour tree of this 
scalar field is calculated. Contour trees are mostly used to visualize high 
dimensional scalar fields as they can put on view the critical points, i.e: local 
min, max and saddle points; however, their use in representing complex 
shapes have not been studied. We demonstrate the use of our method on 
artificial 2D images having different topologies as well as 3D μ -CT images 
of two bone biopsies. 

We show that the application of contour trees to complex binary data 
particularly prove useful when interpreting pore-networks at micro-scale. 
Further work to quantify foreground and background interconnectivity using 
certain graph theoretical methods is still under research.

8314-106, Poster Session

An automated multimodal object analysis 
approach to coronary calcium scoring of 
adaptive heart isolated MSCT images
J. Wu, E. Lewis, Univ. of Surrey (United Kingdom); J. Giles, 
Conquest Hospital (United Kingdom); G. Ferns, Keele Univ. (United 
Kingdom)

Inter- and intra- observer variability is a problem often faced in computer 
aided diagnosis systems when an expert or observer is tasked with 
assessing the severity of a disease. This issue is keenly felt in coronary 
calcium scoring of patients suffering from atherosclerosis where in clinical 
practice, the observer must identify firstly the presence, followed by the 
location of candidate calcified plaques found within the coronary arteries 
that may prevent oxygenated blood flow to the heart muscle. However, 
it can be difficult for a human observer to differentiate calcified plaques 
that are located in the coronary arteries from those found in surrounding 
anatomy such as the mitral valve or pericardium.

In addition to the benefits to scoring accuracy, the use of fast, low 
dose multi-slice CT imaging to perform the cardiac scan is capable of 
acquiring the entire heart within a single breath hold. Thus exposing the 
patient to lower radiation dose, which for a progressive disease such as 
atherosclerosis where multiple scans may be required, is beneficial to their 
health.

Presented here is a fully automated method for calcium scoring using both 
the traditional Agatston method, as well as the volume scoring method. 
Elimination of the unwanted regions of the cardiac image slices such as 
lungs, ribs, and vertebrae is carried out using adaptive heart isolation. 
Such regions cannot contain calcified plaques but can be of a similar 
intensity and their removal will aid detection. Removal of both the ascending 
and descending aortas, as they contain clinical insignificant plaques, is 
necessary before the final calcium scores are calculated and examined 
against ground truth scores of three averaged expert observer results. The 
results presented here are intended to show the feasibility and requirement 
for an automated scoring method using image processing techniques to 
reduce the subjectivity and reproducibility error inherent with manual clinical 
calcium scoring.

8314-107, Poster Session

Multiscale visual words for texture-based 
cerebellum segmentation
A. Foncubierta-Rodríguez, A. Depeursinge, HES-SO Valais 
(Switzerland); L. Gui, Univ. Hospital of Geneva (Switzerland); H. 
Müller, HES-SO Valais (Switzerland)

Segmentation of the various parts of the brain is a challenging area in 
medical imaging. Advances have been made in generating brain image 
templates that can be registered to automatically segment regions of 
interest in the human brain. However, these methods may fail with some 
subjects if there is a significant shape distortion. This is also the case of 
newborns, where the developing brain strongly differs from adult magnetic 
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resonance imaging (MRI) templates. 

In this work, a texture--based cerebellum segmentation method is 
described. The algorithm presented does not use any prior spatial 
knowledge to segment the MRI images. Instead, the system learns the 
texture features by means of a multi--scale filtering and visual words feature 
aggregation. 

The system is trained and tested with a dataset of 18 adult brain MRIs and 
the experiment is extended to a dataset of 10 newborn MRIs.Results show 
that the use of texture features can be valuable for the task described, and 
can potentially improve robustness of existing shape--based techniques 
for cases with significant shape distortion.To the best of the authors’ 
knowledge, the use of multi--scale visual words has not been used before to 
characterize the texture patterns in MR brain images.

8314-108, Poster Session

Finding seeds for segmentation using 
statistical fusion
F. Xing, The Johns Hopkins Univ. (United States); A. J. Asman, 
Vanderbilt Univ. (United States); J. L. Prince, The Johns Hopkins 
Univ. (United States); B. A. Landman, Vanderbilt Univ. (United 
States)

Image labeling is an essential step for quantitative analysis of medical 
images. Many image labeling algorithms require seed identification in order 
to initialize segmentation algorithms such as region growing, graph cuts and 
the random walker. Seeds are usually placed manually by human raters, 
which makes these algorithms semi-automatic and can be prohibitive for 
very large datasets. In this paper an automatic algorithm for placing seeds 
using multi-atlas registration and statistical fusion is proposed. Atlases 
containing the centers of mass of a collection of neuroanatomical objects 
are deformably registered in a training set to determine where these centers 
of mass go after labels transformed by registration. The biases of these 
transformations are determined and incorporated in a continuous form of 
Simultaneous Truth And Performance Level Estimation (STAPLE) fusion, 
thereby improving the estimates (on average) over a single registration 
strategy that does not incorporate bias or fusion. We evaluate this technique 
using real 3D brain MR image atlases and demonstrate its efficacy on 
correcting the data bias and reducing the fusion error.

8314-109, Poster Session

Hierarchical multiscale segmentation for 
detection of brain lesions in patients with 
multiple sclerosis
A. Galimzianova, Ž. Špiclin, B. Likar, F. Pernuš, Univ. of Ljubljana 
(Slovenia)

Abnormal brain tissue or lesions that emerge and progress in patients with 
multiple sclerosis (MS) are routinely diagnosed and monitored by magnetic 
resonance imaging (MRI). MRI-enabled volumetric analysis of normal and 
abnormal brain tissues allows clinicians to quantitatively assess the stage 
and progression of MS by evaluating measures of lesion load and of brain 
atrophy. For the purpose of volumetric analysis, accurate segmentation of 
normal and abnormal brain tissues from MR images is needed. Automated 
segmentation of the normal, not to mention the abnormal, brain tissues in 
MR images is a very challenging task because the shape and appearance 
of these brain tissues can vary significantly across patients. Moreover, 
MS lesions may appear at different locations in the brain, frequently 
deforming its shape and changing its appearance over time. We propose 
an automated hierarchical multi-scale segmentation method that employs 
non-parametric mean-shift clustering in high-dimensional feature space to 
produce tentative top-down image segmentation. The high-dimensional 
feature space is formed by the intensities of multi-spectral MR images and 
the corresponding spatial features extracted from the MR images. Given the 
top-down image segmentation, the shape and appearance of each segment 
are characterized by computing a comprehensive set of features, which are 
used in subsequent classification step to delineate between different normal 

brain tissues and between the normal and the abnormal brain tissues. The 
proposed method is tested on simulated and real MR images of patients 
with MS to demonstrate its efficacy and versatility in segmenting MS 
lesions.

8314-110, Poster Session

Watershed-based segmentation of the corpus 
callosum in diffusion MRI
P. F. Freitas, L. Rittner, S. Appenzeller, A. Lapa, R. A. Lotufo, Univ. 
Estadual de Campinas (Brazil)

The corpus callosum (CC) is one of the most important white matter 
structures of the brain, interconnecting the two cerebral hemispheres, and 
is related to several neurodegenerative diseases. Since segmentation is 
usually the first step for studies in this structure, and manual volumetric 
segmentation is very time-consuming task, it is important to have a robust 
automatic method for CC segmentation. We propose here an approach 
for fully automatic 3D segmentation of the CC in the magnetic resonance 
diffusion tensor images. The method uses the watershed transform and is 
performed on the fractional anisotropy (FA) map weighted by the projection 
of the principal eigenvector in the left-right direction. The section of the CC 
in the midsagittal slice is used as seed for the volumetric segmentation. 
Experiments with real diffusion MRI data showed that the proposed method 
is able to quickly segment the CC without any user intervention, with great 
results when compared to manual segmentation. Since it is simple, fast and 
does not require parameter settings, the proposed method is well suited for 
clinical applications.

8314-111, Poster Session

Computational intelligence techniques for 
identifying the pectoral muscle region in 
mammograms
H. E. Rickard, R. G. Villao, Coastal Carolina Univ. (United States); A. 
S. Elmaghraby, Univ. of Louisville (United States)

Segmentation of the pectoral muscle is an imperative task in 
mammographic image analysis. The pectoral edge is specifically examined 
by radiologists for abnormal axillary lymph nodes, serves as one of the 
axes in 3-dimensional reconstructions, and is one of the fundamental 
landmarks in mammogram registration and comparison. However, this 
region interferes with intensity-based image processing methods and may 
bias cancer detection algorithms. The purpose of this study was to develop 
and evaluate computational intelligence techniques for identifying the 
pectoral muscle region in medio-lateral oblique (MLO) view mammograms. 
After removal of the background region, the mammograms were segmented 
using a K-clustered self-organizing map (SOM). Morphological operations 
were then applied to obtain an initial estimate of the pectoral muscle 
region. Shape-based analysis determined which of the K estimates to use 
in the final segmentation. The algorithm has been applied to 250 MLO-
view Lumisys mammograms from the Digital Database for Screening 
Mammography (DDSM). Upon examination, it was discovered that three 
of the original mammograms did not contain the pectoral muscle and one 
contained a clear defect. Of the 246 remaining, 95.94% were considered to 
have successfully identified the pectoral muscle region. The results provide 
a compelling argument for the effectiveness of computational intelligence 
techniques for identifying the pectoral muscle region in MLO-view 
mammograms.

8314-112, Poster Session

GrowCut-based fast tumor segmentation for 
3D magnetic resonance images
T. Yamasaki, T. Chen, Cornell Univ. (United States); M. Yagi, Osaka 
Univ. (Japan); T. Hirai, R. Murakami, Kumamoto Univ. (Japan)
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This paper presents a very fast segmentation algorithm based on the region-
growing-based segmentation called GrowCut for 3D medical image slices. 
By the combination of four contributions such as hierarchical segmentation, 
voxel value quantization, skipping method, and parallelization, the 
computational time is drastically reduced from 507 seconds to 9.2-15.6 
seconds on average for tumor segmentation of 256 x 256 x 200 MRIs.

8314-113, Poster Session

Automatic detection of significant and subtle 
arterial lesions from Coronary CT Angiography
D. Kang, Univ. of Southern California (United States); P. J. Slomka, 
R. Nakazato, V. Y. Cheng, J. K. Min, D. Li, D. S. Berman, Cedars-
Sinai Medical Ctr. (United States); C. C. J. Kuo, Univ. of Southern 
California (United States); D. Dey, Cedars-Sinai Medical Ctr. (United 
States)

Visual analysis of three-dimensional (3D) Coronary Computed Tomography 
Angiography (CCTA) remains challenging due to large number of image 
slices and tortuous character of the vessels. We aimed to develop an 
accurate, automated algorithm for detection of significant and subtle 
coronary artery lesions compared to expert interpretation. Our knowledge-
based automated algorithm consists of centerline extraction which also 
classifies 3 main coronary arteries and small branches in each main 
coronary artery, vessel linearization, lumen segmentation with scan-
specific lumen attenuation ranges, and lesion location detection. Presence 
and location of lesions are identified using a multi-pass algorithm which 
considers expected or “normal” vessel tapering and luminal stenosis 
from the segmented vessel. Expected luminal diameter is derived from 
the scan by automated piecewise least squares line fitting over proximal 
and mid segments (67%) of the coronary artery, considering small branch 
locations. We applied this algorithm to 21 CCTA patient datasets, acquired 
with dual-source CT, where 7 datasets had 17 lesions with stenosis 
greater than or equal to 25%. The reference standard was provided by 
visual and quantitative identification of lesions with any ≥25% stenosis 
by an experienced expert reader. Our algorithm identified 16 out of the 17 
lesions confirmed by the expert. There were 16 additional lesions detected 
(average 0.13/segment); 6 out of 16 of these were actual lesions with <25% 
stenosis. On per-segment basis, sensitivity was 94%, specificity was 86% 
and accuracy was 87%. Our algorithm shows promising results in the high 
sensitivity detection and localization of significant and subtle CCTA arterial 
lesions.

8314-114, Poster Session

Automatic segmentation of the liver using 
multiplanar anatomy and deformable surface 
model fitting in abdominal contrast-enhanced 
CT images
Y. Jang, H. Hong, Seoul Women’s Univ. (Korea, Republic of); J. W. 
Chung, Y. H. Yoon, Seoul National Univ. Hospital (Korea, Republic 
of)

To detect focal lesions, plan pre-surgical operation and assess therapy 
response, we propose an effective technique for extraction of liver boundary 
based on multiplanar anatomy and deformable surface model fitting in 
abdominal contrast-enhanced CT images. Our method is composed of four 
main steps. First, for extracting an optimal volume circumscribing a liver, 
lower and side boundaries are defined by positional information of pelvis 
and rib. An upper boundary is defined by separating the lungs and heart 
from CT images. Second, for extracting an initial liver volume, optimal liver 
volume is enhanced by anisotropic diffusion filtering and is segmented 
using adaptively selected threshold value. Third, for removing neighbor 
organs from initial liver volume, morphological opening and connected 
component labeling are applied to multiple planes. Kidney is removed in 
axial planes, whereas stomach and spleen are removed in coronal planes. 
Finally, for refining a liver border, deformable surface model fitting is applied 

to a posterior liver surface and missing left robe in previous step. Then, 
probability summation map which is calculated by regional information of 
the segmented liver in coronal planes is applied to the liver border with large 
variation for restoring an inaccurate liver border. Experimental results show 
that our segmentation method can accurately extract liver borders without 
leakage to neighbor organs in spite of various liver shape and ambiguous 
boundary.

8314-115, Poster Session

A novel approach for three dimensional 
dendrite spine segmentation and classification
T. He, Z. Xue, S. T. Wong, Methodist Hospital Research Institute 
(United States)

Dendritic spines are small, bulbous cellular compartments that carry 
synapses. Biologists have been studying the biochemical pathways 
by examining the morphological changes of the dendritic spines at the 
intracellular level. Automatic dendritic spine detection from high resolution 
images is helpful for morphological studies. In this paper, a novel approach 
is presented for automated detection of dendritic spines in neuron images. 
The dendritic spines are recognized as small objects of variable shape 
attached or detached to multiple dendritic backbones. We explore the 
problem from a different angle to improve model-based methods and apply 
it to the application of dendritic spine detection and segmentation in 3D 
high resolution images of dendritic spines. The nonlinear degeneration 
equation (NDE) is utilized to enhance the difference between dendrite and 
spine in multiple dimensions. Using NDE, the whole neural dendrite is 
simulated to degenerate iteratively, where the shrink rate on dendrite pixels 
is different from spine because of their morphological differences. With this 
property, spine detection and segmentation can be achieved in 3D. Then, a 
feature selection method using Gaussian curvature is applied for separating 
the different types of spines. Finally, we employed the biomimetic pattern 
recognition theory for spine classification. In the experiments, we compared 
quantitatively the spine detection accuracy with previous methods, and the 
results showed the accuracy and superiority of our methods.

8314-116, Poster Session

Segmentation algorithm of colon based on 
multislice CT colonography
Y. Hu, M. S. Ahamed, E. Takahashi, H. Suzuki, Y. Kawata, N. Niki, 
Univ. of Tokushima (Japan); M. Suzuki, G. Iinuma, N. Moriyama, 
National Cancer Ctr. (Japan)

In this paper we proposed segmentation algorithm of colon from abdominal 
computed tomography(CT) of the cleansed and air-inflated colon. Our 
multistage detection method can detect different part of colon. 

The large intestine includes 5 parts and 4 junctions. First we take three 
steps to get good Colon data from CT images. Second we segment the 
right colic flexure, left colic flexure and Sigmoid Descending colon junction. 
Last we find the sacral and detect the rectosigmoid.

This method approach uses and adaptive mathematical morphology 
method, 3D region-growing method, with self-adjusting growing condition 
depending on local variations of the intensity at the air-tissue boundary. We 
apply our segmentation method on 54 cases, each case has tow data. We 
evaluated our result by expert radiologists and our result was fruitful.

8314-117, Poster Session

Automatic segmentation and analysis of fibrin 
network in 3D confocal microscopy images
X. Liu, J. Mu, Univ. of Notre Dame (United States); K. R. Machlus, 
A. S. Wolberg, Univ. of North Carolina at Chapel Hill (United States); 
E. D. Rosen, Indiana Univ. (United States); Z. Xu, M. S. Alber, D. Z. 
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Chen, Univ. of Notre Dame (United States)

Fibrin networks are a major component that provides structural support 
for the formation of growing blood clots. Abnormal fibrin networks that 
are too rigid or too unstable can cause severe bleeding or cardiovascular 
problems. However, current biological studies of fibrin networks do not 
perform quantitative analysis of structural properties (e.g., the density of 
branch points) due to the massive branching structure of the networks. 
In this paper, we present a new approach for segmenting and analyzing 
fibrin networks in 3D confocal microscopy images. We first identify the 
target fibrin network by applying the 3D region growing method with global 
thresholding. We then produce a one-voxel wide centerline for each fiber 
segment along which the branch points and other structural information 
of the network can be obtained. Branch points are identified with a novel 
approach based on the outer medial axis.

Cells within the fibrin network are segmented by a new algorithm that 
combines cluster detection and surface reconstruction based on the alpha 
shape approach. Our algorithm has been evaluated on computer phantom 
images of fibrin networks for identifying branch points. Experiments on 
z-stack images of different types of fibrin networks yielded results that are 
consistent with biological hypotheses.

8314-118, Poster Session

Placental fetal stem segmentation in a 
sequence of histology images
P. V. Athavale, L. A. Vese, Univ. of California, Los Angeles (United 
States); C. M. Salafia, Placental Analytics, LLC (United States)

In this paper we propose a novel algorithm to achieve automatic tracing 
of the fetal stem in a sequence of H&E images, based on an inaccurate 
manual segmentation of a fetal stem in one of the images. This algorithm 
combines global rigid registration, local non-rigid registration and a novel 
‘dynamic’ version of Chan-Vese segmentation. We first use global rigid 
image registration of all the images based on displacement, scaling 
and rotation. This gives us approximate location of the corresponding 
fetal stem in the image that needs to be traced. We then use the rigid 
registration algorithm ‘91locally’92 near this location. At this point, we use 
a fast non-rigid registration based on L^2-similarity measure and diffusion 
regularization to get a better location of the fetal stem. Finally, we have to 
take into account inaccuracies in the initial tracing. This is done by using a 
dynamic version of Chan-Vese segmentation where the coefficients of the 
fitting terms are computed iteratively to ensure that we get a unique stem 
in the segmentation. The segmentation thus obtained can then be used 
as an initial guess to obtain segmentation in the rest of the images in the 
sequence. This constitutes an important step in understanding of the fetal 
stem vasculature.

8314-119, Poster Session

Fully automated 3D prostate central gland 
segmentation in MR images: a LOGISMOS 
based approach
Y. Yin, S. V. Fotin, S. Periaswamy, J. Kunz, H. Haldankar, N. 
Muradyan, B. Turkbey, P. L. Choyke, iCAD, Inc. (United States)

One widely accepted classification of a prostate is by a central gland (CG) 
and a peripheral zone (PZ). In some clinical applications, separating CG 
and PZ from the whole prostate is useful. For instance, in prostate cancer 
detection, radiologist wants to know in which zone the cancer occurs. 
Another application is for multiparametric MR tissue characterization. In 
prostate T2 MR images, due to the high intensity variation between CG 
and PZ, automated differentiation of CG and PZ is difficult. Previously, we 
developed an automated prostate boundary segmentation system, which 
tested on large datasets and showed good performance. Using the results 
of the pre-segmented prostate boundary, in this paper, we proposed an 
automated CG segmentation algorithm based on Layered Optimal Graph 
Image Segmentation of Multiple Objects and Surfaces (LOGISMOS). 

The designed LOGISMOS model contained both shape and topology 
information during deformation. We generated graph cost by training 
classifiers and used coarse-to-fine search. The LOGISMOS framework 
guarantees optimal solution regarding to cost and shape constraint. A five-
fold cross-validation approach was applied to training dataset containing 
261 images to optimize the system performance and compare with a voxel 
classification based reference approach. After the best parameter settings 
were found, the system was tested on a dataset containing another 261 
images. The mean DSC of 0.81 for the test set indicates that our approach 
is promising for automated CG segmentation. Running time for the system 
is about 15 seconds.

8314-120, Poster Session

A unifying graph-cut image segmentation 
framework: algorithms it encompasses and 
equivalences among them
K. C. Ciesielski, West Virginia Univ. (United States) and The 
Univ. of Pennsylvania (United States); J. K. Udupa, The Univ. of 
Pennsylvania Health System (United States); A. Falcão, P. A. V. 
Miranda, Univ. Estadual de Campinas (Brazil)

We present a general graph-cut segmentation framework, in which the 
delineated objects returned by the algorithms optimize the energy functions 
associated with the lp norm, 1≤p≤∞. This is in contrast with many other 
graph-cut representable segmentation methods (such as min-cut/max-flow 
graph cut, random walker, shortest path/geodesic, Voronoi diagram, and 
power watershed/shortest path forest), which optimize the intermediate 
segmentation step, the labeling of scene voxels, but for which the final 
object need not optimize the used energy function. We show that, with 
the above-mentioned restriction, all lp norm optimization problems could 
be reduced to just two optimization problems: one for p=1 (solvable by 
the standard Graph Cut algorithm) and one for p=∞ (solvable by the long 
studied Iterative Relative Fuzzy Connectedness, IRFC, algorithm as well as 
a newly created Power Watershed algorithm). We compare the algorithms 
related to these two optimization problems: l1 optimizing min-cut/max-flow 
graph cut GCsum and two l∞ optimizing algorithms, Power Watershed 
and GGmax. The GGmax algorithm, which provably runs in linear time 
with respect to image size, is based on the optimal path forest approach (a 
version of Dijkstra algorithm) and returns an IRFC object.

8314-121, Poster Session

Automatic 3D segmentation of the kidney in MR 
images using wavelet feature extraction and 
probability shape model
H. Akbari, B. Fei, Emory Univ. (United States)

Numerical estimation of the size of the kidney is useful in evaluating 
conditions of the kidney, especially, if serial MR imaging is performed 
to evaluate the kidney function. This paper presents a new method for 
automatic segmentation of the kidney in three-dimensional (3D) MR images, 
by extracting texture features and statistical matching of geometrical shape 
of the kidney. A set of Wavelet-based support vector machines (W-SVMs) 
is trained on the MR images. The WSVMs capture texture priors of MRI for 
classification of the kidney and non-kidney tissues in different zones around 
the kidney boundary. In the segmentation procedure, these W-SVMs are 
trained to tentatively label each voxel around the kidney model as a kidney 
or non-kidney voxel by the texture matching. A probability kidney model 
is created using 10 segmented MRI data. The model is initially localized 
based on the intensity profiles in three directions. The weight functions are 
defined for each labeled voxel for each Wavelet-based, intensity-based, 
and model-based label. Consequently, each voxel has three labels and 
three weights for Wavelet feature, intensity, and probability models. Using 
a 3D edge detection method the model is re-localized and the segmented 
kidney is modified based on a region growing method in the model region. 
The probability model is re-localized based on the results and this loop 
continues until the segmentation converges. Experimental results with 
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mouse MRI data show the good performance of the proposed method in 
segmenting the kidney in MR images.

8314-122, Poster Session

Automatic organ segmentation on torso CT 
images by using content-based image retrieval
X. Zhou, A. Watanabe, Gifu Univ. School of Medicine (Japan); 
X. Zhou, Nagoya Bunri Univ. (Japan); T. Hara, R. Yokoyama, M. 
Kanematsu, H. Fujita, Gifu Univ. School of Medicine (Japan)

X-ray CT images have been routinely used in clinical diagnosis for lesion 
detection and classification. A modern CT scanner can generate a large 
number of 2D CT slices to show the details of the human body within 
several seconds. However, CT image interpretations (viewing a large number 
of CT slices manually in front of a screen or films for each patient) require a 
lot of time and energy. Therefore, computer-aided diagnosis (CAD) systems 
that can support CT image interpretations are strongly anticipated. As the 
fundamental part of the CAD systems, segmentation of the inner organs 
on CT images is required. This research work aims to develop a universal 
approach that can be used to automatically segment the different organ 
regions on CT images. Instead of the manipulation on the image processing 
techniques, the proposed approach simplified the organ segmentation 
process as a content-based image (atlas) retrieval and organ-pose 
estimation problem. The approach has three processing steps: (1) target 
organ localization; (2) content-based image (atlas) retrieval and organ-pose 
estimation; (3) atlas-driven organ extraction. Two techniques have been 
used in this approach, one is the fast object detection based on machine-
learning and the other is the image retrieval by using the phase correlation 
registration based on Fourier transform. This approach has been used for 
segmenting the liver, left/right kidney, and heart regions on non-contrast 
CT images from 91 patient cases. The efficiency and usefulness of the 
proposed approach were shown from the preliminary experimental results.

8314-123, Poster Session

An improved fuzzy C-means algorithm for 
unbalanced sized clusters
S. Gu, J. Liu, Q. Xie, L. Wang, Wuhan National Lab. for 
Optoelectronics (China)

In this paper, we propose an improved Fuzzy C-Means (FCM) algorithm 
to balance the sensitivity of FCM for unbalanced sized clusters. As we 
know, FCM tends to balance the number of points in each cluster during 
iteration, so the center of smaller cluster is drawn to the adjacent larger 
one, which might lead to bad classification. To overcome this problem, 
the cluster height information is considered to adjust Euclidean distance, 
which is to control the effect of cluster size difference. Experimental results 
demonstrate the improvement of our algorithm in processing clusters with 
greatly different sizes compared to traditional FCM algorithm. The proposed 
method has shown its potential for extracting small objects.

8314-124, Poster Session

Graph representation of hepatic vessel based 
on centerline extraction and junction detection
X. Zhang, J. Tian, X. Li, Institute of Automation (China); K. Deng, 
Xidian Univ. (China)

In the area of computer-aided diagnosis (CAD), segmentation and analysis 
of hepatic vessel is a prerequisite for hepatic diseases diagnosis and 
surgery planning. Accurate hepatic vascular structure detection and 
analysis can provide surgeon with anatomy and measurement information 
for liver surgery planning. Liver surgery planning can reduce the risk of liver 
surgery, such as pre-operative diagnostics, tumor resection and living donor 
transplantations. For planning of these operations, it is crucial to provide 

the surgeon with a patient-individual three-dimensional representation of 
the liver along with its vasculature and lesions. The representation allows 
an exploration of the vascular anatomy and the measurement of vessel 
diameters, following by intra-patient registration, as well as the analysis 
of the shape and volume of vascular territories. Due to inhomogeneous 
structure and noise of hepatic vessel domain and complex vascular trees 
(e.g., thin elongated structures, high number of bifurcations), hepatic 
vessel segmentation and analysis becomes a challenging task that has 
attracted research attention recently. In this paper, we present an approach 
for generation of graph of hepatic vessel based on centerline extraction 
and junction detection. The proposed approach involves the following 
concepts and methods: 1) Flux driven automatic centerline extraction; 2) 
Junction detection on the centerline using hollow sphere filtering; 3) Graph 
representation of hepatic vessel based on the centerline and junction. 
The approach is evaluated on contrast-enhanced liver CT datasets to 
demonstrate its availability and effectiveness.

8314-125, Poster Session

Vessel centerline extraction in phase-contrast 
MR images using vector flow information
Y. Jeong, Karlsruher Institut für Technologie (Germany); S. Ley, 
UniversitätsKlinikum Heidelberg (Germany); R. Dillmann, R. 
Unterhinninghofen, Karlsruher Institut für Technologie (Germany)

To obtain hemodynamic-relevant parameters in case of cardiovascular 
diseases the velocity-encoded magnetic resonance imaging (PC-MRI) 
is used for the non-invasive measurement of the blood flow in terms of 
3D velocity fields. During the segmentation of the vessel lumen in those 
datasets conventional segmentation methods often fail due to reduced 
image quality. In this paper we present a method for the centerline 
extraction of great vessels in PC-MR images using additional features 
extracted from vector flow information. The proposed algorithm can be 
divided in the following steps: the propagation along the vessel course 
by using streamlines and the largest eigenvector, the radial search for the 
vessel boundary, the determination of the center position in the cross-
sectional plane of the vessel and the adjustment of the propagation step 
size subject to the vessel curvature. This is done by using a combination 
of morphology and flow information: the Sobel filtered and the threshold 
filtered image as morphologic features as well as the coherence values of 
the flow vectors and the behaviour of the blood flow streamlines within the 
vessel and around the borders as flow features. The developed algorithm 
was evaluated on clinical PC-MRI datasets with encouraging results. 
The centerline points of the entire aorta as well as corresponding border 
points were successfully extracted for 16 out of 17 examined datasets. 
For the detection of the vessel boundary the features extracted from flow 
information showed to yield more reliable results than morphology features.

8314-186, Poster Session

A fuzzy clustering vessel segmentation method 
incorporating line-direction information
Z. Wang, W. Xiong, W. Huang, J. Zhou, A*STAR Institute for 
Infocomm Research (Singapore); S. K. Venkatesh, National Univ. 
Hospital (Singapore)

Robust and efficient vessel segmentation tools are important for the 3D 
liver analysis in many clinical applications. A novel data clustering based 
vessel segmentation method is proposed for automatic liver vasculature 
segmentation in CT images. Several novelties are presented in this work. 1) 
Our method consists of a novel similarity measure which incorporates the 
spatial context, vesselness information and line-direction information in a 
unique way; 2) The spatial constraints are adaptive to the image content and 
there are no experimentally set parameters in our algorithm. 3) By combining 
the line-direction information and spatial information into the data clustering 
process, the proposed method is able to take care of the fine details of the 
vessel tree and suppressing the image noise and artifacts at the same time. 
The proposed algorithm has been evaluated on the real clinical contrast-
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enhanced CT images, and achieved excellent segmentation accuracy 
without any experimentally set parameters.

8314-126, Poster Session

Longitudinal 3D morphometry study using the 
optimal mass transport
Y. Gao, A. R. Tannenbaum, Georgia Institute of Technology (United 
States)

In the longitudinal study of the progression of a disease or the recover 
process of a treatment plan, often we are interested in seeking the answers 
to three questions: From where, how the situation evolves to its current 
state; To where, how the situation is going to evolve in the future; and 
How far, the evolution of disease/recovery is not always on the same 
pace as time. Hence, given two or more instances along the evolutionary 
path, how far they are from each other in the morphometric sense. In this 
work, we model such morphometry evolution using the theory of optimally 
transportation of mass, and aim at providing the answers to the previous 
questions under such framework. Mathematically, we solve the optimal 
mass transport (OMT) problem by solving the Monge-Ampere equation. 
As a result, instead of few discrete sampling points separated by a fixed 
amount of time, the entire morphometric evolution path can be computed. 
In addition, we can further extrapolate the path to predict the future status 
of the disease or recovery. Thirdly, a measurement for “how advance is the 
disease” or “how well the tissue is recovering” can be defined naturally and 
rigorously. The proposed method is applied on the cases in the traumatic 
brain injury and Huntington disease and both qualitative and quantitative 
results are presented.

8314-127, Poster Session

A framework for longitudinal data analysis via 
shape regression
J. Fishbaugh, The Univ.of Utah (United States); S. Durrleman, G. 
Gerig, The Univ. of Utah (United States)

Traditional longitudinal analysis begins by extracting desired clinical 
measurements, such as volume or head circumference, from discrete 
imaging data. Typically, the continuous evolution of a scalar measurement 
is estimated by choosing a 1D regression model, such as kernel regression 
or fitting a polynomial of fixed degree. This type of analysis not only leads 
to separate models for each measurement, but there is no clear anatomical 
or biological interpretation to aid in the selection of the appropriate 
paradigm. In this paper, we propose a consistent framework for the analysis 
of longitudinal data by estimating the continuous evolution of shape 
over time as twice differentiable flows of deformations. In contrast to 1D 
regression models, one model is chosen to realistically capture the growth 
of anatomical structures. From the continuous evolution of shape, we can 
simply extract any clinical measurements of interest. We demonstrate 
on real anatomical surfaces that volume extracted from a continuous 
shape evolution is consistent with a 1D regression performed on the 
discrete measurements. We further show how the visualization of shape 
progression can aid in the search for significant measurements. Finally, we 
present an example on a shape complex of the brain (left hemisphere, right 
hemisphere, cerebellum) that demonstrates a potential clinical application 
for our framework.

8314-128, Poster Session

3D reconstruction of the scapula from biplanar 
radiographs
P. Lagacé, T. Cresson, N. Hagemeister, Ecole de Technologie 
Supérieure (Canada); F. Billuart, X. Ohl, Ecole Nationale Supérieure 
d’Arts et Métiers (France); J. A. de Guise, Ecole de Technologie 

Supérieure (Canada); W. Skalli, Ecole Nationale Supérieure d’Arts et 
Métiers (France)

Access to 3D bone models is critical for applications ranging from pre-
operative planning to biomechanics studies. This work presents a new 
method for 3D scapula reconstruction from biplanar radiographs, which 
is based on the combination of a parametric model approach and a 
Moving Least Squares (MLS) deformation technique. A parametric scapula 
model was created by fitting geometric primitives (with their descriptive 
parameters) to the CT reconstruction of a dry scapula. These primitives 
were then used to define a set of handles which allow the user to control 
the as-rigid-as-possible deformation of the template model in real-time, 
until optimal correspondence between the actual X-ray images and the 
retro-projection of the deformed model. When applied to 10 dry scapulae, 
the presented method allowed obtaining reconstructions which were on 
average within 1mm of the CT-derived model at specific scapula regions. 
Morphological parameters such as the glenoid’s dimensions and orientation 
were determined with errors of 1o and less than 1mm, on average. This is 
of great interest as the current methods used in clinical practice, which are 
based on 2D-CT, are subject to uncertainties of the order of 5o for glenoid 
version. This method is also of particular interest as it further reduces our 
dependence to CT for 3D reconstruction of bones and clinical parameter 
estimation.

8314-131, Poster Session

Automated detection of pain from facial 
expressions: a rule-based approach using AAM
Zhanli Chen, Rashid Ansari, Diana J. Wilkie, Univ. of Illinois at 
Chicago (United States)

We examine the problem of using video analysis to detect pain from 
facial expressions, an important problem especially for critically ill, non-
communicative patients, and people with dementia. We propose and 
evaluate an automated method to detect the presence of pain manifested in 
patient videos using a unique and large collection of cancer patient videos 
captured in patient homes. The method is based on detecting pain-related 
facial action units defined in the Facial Action Coding System (FACS) that 
is widely used for objective assessment in pain analysis. In our research, 
a person-specific Active Appearance Model (AAM) based on Project-Out 
Inverse Compositional Method is trained for each patient individually for the 
modeling purpose. A flexible representation of the shape model is used in 
a rule-based method that is better suited, when compared with the more 
commonly used classifier-based methods, for application to the cancer 
patient videos in which pain-related facial actions occur infrequently and are 
more subtle. The rule-based method relies on the feature points that provide 
facial action cues and are extracted from the shape vertices of AAM, which 
have a natural correspondence to face muscular movement. In this paper, 
we investigate the detection of a commonly used set of pain-related action 
units in both the upper and lower face. Our detection results show good 
agreement with the results obtained by three trained and certified FACS 
human coders who independently reviewed and scored the action units in 
the cancer patient videos.

8314-132, Poster Session

Tomographic reconstruction of Cerenkov 
photons in tissues through approximate 
message-passing
J. Zhong, J. Tian, X. Yang, C. Qin, Institute of Automation (China)

Solution with adjustable sparsity to tomographic imaging of Cerenkov 
photons is presented in this work. The sparsity of radionuclides’ distribution 
in tissues is an objective but unknown fact, and the inverse model of 
qualitative data is an ill-posed problem. Based on the optimization 
technique, the uniqueness of numerical solution to the ill-conditioned 
compact operator can be guaranteed by use of sparse regularization 
with the approximate message-passing (AMP) method. After absorbing 
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formulations with the AMP, we analyzed the behavior of the hard 
thresholding operator. Iteratively numerical solutions were used to 
approximate the real light source by assuming the number of non-zero 
solution in manual mode. This modified AMP algorithm was performed in 
numerical simulation and physical experiments with 2-[18F]fluoro-2-deoxy-
D-glucose. Experimental results indicated that the proposed method was a 
kind of low-complexity iterative thresholding algorithms for reconstructing 
3D sparse distribution from a small set of optical measurements.

8314-133, Poster Session

Quantization of reconstruction error with an 
interval-based algorithm: an experimental 
comparison
A. Hassoun, O. Strauss, Lab. d’Informatique de Robotique et de 
Microelectronique de Montpellier (France)

SPECT image based diagnosis generally consists in comparing the 
reconstructed activities within two regions of interest. Due to noise in the 
measured activities, this comparison is subject to instability, mainly because 
both statistical nature and level of the noise in the reconstructed activities 
is unknown. In this paper, we experimentally show that an interval valued 
extension of the classical MLEM algorithm is efficient to estimate this noise 
level. The experimental settings consist in simulating the acquisition of a 
phantom composed of three zones having the same shape but different 
levels of activity. The levels are chosen to simulate usual medical image 
conditions.

We evaluate the ability of the interval-valued reconstruction to quantify the 
noise level by testing whether or not it allows the association of two zones 
having the same activity and the differentiation between two zones having 
different activities. 

Our experiment shows that the error quantification truly reflects the 
difficulty in differentiating two zones having very close activity level. Indeed, 
the method allows a reliable association of two zones having the same 
activity level, whatever the noise conditions. However, the possibility of 
differentiating two zones having different levels of activity depends on the 
signal-to-noise ratio.

8314-134, Poster Session

Blind local noise estimation for medical images 
reconstructed from rapid acquisition
X. Pan, X. Zhang, S. Lyu, Univ. at Albany (United States)

Developments in rapid acquisition techniques and reconstruction 
algorithms, such as sensitivity encoding (SENSE) for MR images and 
fan-beam filtered backprojection (fFBP) for CT images, have seen widely 
applications in medical imaging in recent years. Nevertheless, such 
techniques introduce spatially varying noises in the reconstructed medical 
images that may degrade the image quality and hinder subsequent 
diagnostic inspection. Though this may be alleviated with multiple 
scanning images or the sensitivity profiles of imaging device, these pieces 
of information are typically unavailable in clinical practice. In this work, 
we describe a novel local noise level estimation technique based on 
the near constancy of kurtosis of high dimensional signal in band-pass 
filtered domain. This technique can effectively estimate noise levels in 
the pixel domain and recover the noise map for reconstructed medical 
images with nonuniform noise distribution. The advantage of this method 
is that it requires no prior knowledge of the imaging devices and can be 
implemented when only one single medical image is available. We report 
experiments that demonstrate the effectiveness of the proposed method 
in estimating the local noise levels for medical images quantitatively and 
qualitatively, and compare its estimation performance to another recent 
developed blind noise estimation approach.

8314-135, Poster Session

Optimisation of CT reconstruction for the 
registration of CT liver perfusion sequences
B. Romain, V. Letort, Ecole Centrale Paris (France); F. d’Alché-Buc, 
Univ. d’Evry-Val d’Essonne, Lab. IBISC (France); O. Lucidarme, 
Pitié-Salpêtrière Hospital (France); L. G. Rouet, Philips France 
(France)

Objective: CT liver perfusion is frequently used to evaluate tumor evolution 
when patients are undergoing antiangiogenic therapy. Parameters 
depending on longer-term dynamics of the diffusion of the contrast medium 
(e. g. permeability) could help assessing the treatment efficacy. To this 
end, dynamic image sequences are obtained while patients breath freely. 
Prior to any analysis, one needs to compensate the respiratory motion. The 
goal of our study is to optimise the CT reconstruction parameters (filter of 
reconstruction, thickness of image volumes) using our ad-hoc registration 
method. We also aim at proposing relevant criteria allowing to quantify 
the registration quality. Methods: Registration is computed in 4 steps : 
z-global registration (rigid registration along axial axis), multiresolution 
blockmatching (to locally refine the displacements), regularization (gaussian 
filter) and warping (trilinear interpolation). Two new criteria are defined to 
evaluate the quality of registration: one for spatial evaluation (ratio between 
image differences after and before registration) and the other for temporal 
evaluation (smoothness of registered enhanced-intensity curves compared 
to original curves). Results: The two measures decrease after registration 
(58% and 28% average decrase for the best reconstruction parameters for 
the spatial and temporal criteria respectively) which is consistent with visual 
inspection of the images. They are therefore used to determine the best 
combination of reconstruction parameters.

8314-136, Poster Session

Wavelet diffusion based on circular symmetric 
Laplacian mixture model for dental image 
denoising
H. Rabbani, Univ. of Isfahan (Iran, Islamic Republic of); R. Kafieh, 
Iran Univ. of Medical Sciences (Iran, Islamic Republic of); M. 
Foroohandeh, Univ. of Isfahan (Iran, Islamic Republic of)

In this paper, we try to find a particular combination of wavelet shrinkage 
and nonlinear diffusion for noise removal in dental images. We selected 
the wavelet diffusion and modified its automatic threshold selection by 
proposing new models for speckle related modulus. The Laplacian mixture 
model and (bivariate) circular symmetric Laplacian models were evaluated 
and as it could be expected, the latter could make a better model of 
data because of its compatibility with heavy tailed structure of wavelet 
coefficients besides their interscale dependency.

8314-137, Poster Session

Image fusion in x-ray differential phase-
contrast imaging
W. Haas, M. Polyanskaya, F. L. Bayer, K. Gödel, H. G. Hofmann, 
J. Rieger, A. Ritter, T. Weber, L. Wucherer, J. Durst, T. Michel, G. 
Anton, J. Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany)

Phase-contrast imaging is a novel modality in the field of medical X-ray 
imaging. The pioneer method is the grating-based interferometry which has 
no special requirements to the X-ray source and object size. Furthermore, 
it provides three different types of information of an investigated object 
simultaneously - absorption, differential phase-contrast and dark-field 
images. Differential phase-contrast and dark-field images represent a 
completely new information which has not yet been investigated and 
studied in context of medical imaging. In order to introduce phase-
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contrast imaging as a new modality into medical environment the resulting 
information about the object has to be correctly interpreted. The three 
output images reflect different properties of the same object the main 
challenge is to combine and visualize these data in such a way that 
it diminish the information explosion and reduce the complexity of its 
interpretation.

This paper presents an intuitive image fusion approach which allows to 
operate with grating-based phasecontrast images. It combines information 
of the three different images and provides a single image. The approach is 
implemented in a fusion framework which is aimed to support physicians 
in study and analysis. The framework provides the user with an intuitive 
graphical user interface allowing to control the fusion process. The example 
given in this work shows the functionality of the proposed method and the 
great potential of phase-contrast imaging in medical practice.

8314-138, Poster Session

Super-resolution in MRI: Better images faster?
E. Plenge, D. Poot, M. Bernsen, G. Kotek, G. Houston, P. 
Wielopolski, Erasmuc MC (Netherlands); L. van der Weerd, Leids 
Univ. Medisch Ctr. (Netherlands); W. J. Niessen, E. H. W. Meijering, 
Erasmuc MC (Netherlands)

Improving the resolution in magnetic resonance imaging (MRI) is always 
done at the expense of either the signal-to-noise ratio (SNR) or the 
acquisition time. This study investigates whether so-called super-resolution 
reconstruction (SRR) is an advantageous alternative to direct high-resolution 
(HR) acquisition in terms of the SNR and acquisition time trade-offs. An 
experimental framework was designed to accomodate comparison of 
SRR images with direct high-resolution acquisitions with respect to these 
trade-offs. The framework consisted, on one side, of an image acquisition 
scheme, based on theoretical relations between resolution, SNR, and 
acquisition time, and, on the other side, of a protocol for reconstructing SRR 
images from a varying number of acquired low-resolution (LR) images. The 
quantitative experiments involved a physical phantom containing structures 
of known dimensions. Images reconstructed by three SRR methods, one 
based on iterative back-projection and two on regularized least squares, 
were quantitatively and qualitatively compared with direct HR acquisitions. 
To visually validate the quantitative evaluations, qualitative experiments were 
performed, in which images of three different subjects (a phantom, an ex-
vivo rat knee, and a post-mortem mouse) were acquired with different MRI 
scanners. The quantitative results indicate that for long acquisitions times, 
when multiple acquisitions are averaged to improve SNR, SRR can achieve 
better resolution at better SNR than direct HR acquisitions. The qualitative 
experiments clearly show the resolution-enhancing capabilities of SRR, and 
confirms that SRR can indeed modify the trade-off between resolution, SNR 
and acquisition time advantageously.

8314-139, Poster Session

An iterative hard thresholding algorithm for CS 
MRI
R. S. R, M. R. Reddy, Indian Institute of Technology Madras (India)

The recently proposed compressed sensing theory equips us with methods 
to recover exactly or approximately, high resolution images from very few 
encoded measurements of the scene. The traditional ill-posed problem of 
MRI image recovery from heavily undersampled k-space data can be thus 
solved using CS theory. The decrease in the number of acquired samples 
will lead to less scan time and more economic MRI imaging. Differing from 
the soft thresholding methods that have been used earlier in the case of CS 
MRI, we suggest a simple iterative hard thresholding(IHT) algorithm which 
efficiently recovers diagnostic quality MRI images from highly incomplete 
k-space measurements. Based on the observation that MRI images have 
more curved structures in it, the new multiscale redundant systems, 
curvelets and contourlets having high directionality and anisotropy, and 
thus best suited for curved-edge representation are experimented in the IHT 
frame-work for CS MRI reconstruction and their performance is compared. 
The k-space undersampling schemes using variable density sampling 

pattern and the more conventional radial sampling pattern are experimented 
at the same sampling rate to study the effect of encoding scheme on IHT 
CS reconstruction.

8314-140, Poster Session

Image quality improvement through fusion of 
hybrid bone and soft tissue texture filtering for 
3D cone beam CT extremity imaging system
D. Yang, Carestream Health, Inc. (United States); R. A. Senn, 
N. Packard, J. Yorkston, Carestream Health Technology and 
Innovation Ctr. (United States); D. Foos, Carestream Health, Inc. 
(United States)

A flat-panel detector-based cone beam CT system can provide an 
advantage in spatial resolution over a fan beam system, which is due to the 
ability to produce three-dimensional isotropic voxels. However, as a result in 
the increased X-ray coverage along the rotation axis, the scatter increases 
correspondingly. This can lead to a decrease of the low-contrast resolution 
as well as non-uniformity artifacts across the reconstructed image. These 
effects can be minimized with the use of an anti-scatter grid, but further 
software is often desirable. Software scatter correction is generally achieved 
through the subtraction of an estimate of the scatter distribution from the 
corresponding original projection data in the linear space. While the non-
uniformity artifacts are generally improved, a side effect of this subtractive 
process can be an undesirable amplification of the apparent noise.

A non-linear filtering process was proposed for noise suppression, which 
incorporates separate bone and soft tissue texture filtration and respective 
reconstructions, followed by a fusion of the two reconstructions. This allows 
for improvements in the contrast-to-noise ratio in the soft tissue regions 
without compromising the spatial resolution of the bone structures.

8314-141, Poster Session

Quality evaluation for metal influenced CT-data
B. Kratz, S. Ens, C. Kaethner, J. Müller, T. M. Buzug, Univ. zu 
Lübeck (Germany)

In Computed Tomography (CT) metal objects in the region of interest 
introduce data inconsistencies during acquisition. The reconstruction 
process results in an image with star shaped artifacts. To enhance image 
quality the influence of metal objects can be reduced by different metal 
artifact reduction (MAR) strategies. For an adequate evaluation of new 
MAR approaches a ground truth reference data set is needed. In technical 
evaluations, where phantoms are available with and without metal inserts, 
ground truth data can easily be acquired by a reference scan. Obviously, 
this is not possible for clinical data.

In this work, three different evaluation methods for metal artifacts as well 
as comparison of MAR methods without the need of an acquired reference 
data set will be presented and compared. The first metric is based on image 
contrast; a second approach involves the filtered gradient information of the 
image, and the third method uses a forward projection of the reconstructed 
image followed by a comparison with the actually measured projection data.

All evaluation techniques are performed on phantom and on clinical CT 
data with and without MAR and compared with reference-based evaluation 
methods as well as expert-based classifications.

8314-142, Poster Session

Denoising of 4D cardiac micro-CT data using 
median-centric bilateral filtration
D. Clark, G. A. Johnson, C. T. Badea, Duke Univ. Medical Ctr. 
(United States)

Bilateral filtration has proven an effective tool for denoising CT data. The 
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classic filter utilizes Gaussian domain and range weighting functions in 2D. 
More recently, however, other distributions have yielded more accurate 
results in specific applications, and the bilateral filtration framework has 
been shown readily extensible to higher dimensions. In this study, a brute 
force optimization is employed to evaluate the use of several alternative 
distributions for both the domain and range weights: Andrew’s Wave, El 
Fallah Ford, Gaussian, Step, Lorentzian, Huber’s Minimax, Tukey Bi-weight, 
Cosine. Using one phase of the 4D Moby mouse phantom reconstructed 
with noise (sigma ~ 65 HU), a combination of step domain weighting and 
Gaussian range weighting is shown to be optimal, minimizing computation 
time and kernel extent while maximizing the PSNR of the filtered data. 
Several algorithms are then investigated for exploiting the time dimension to 
further improve the PSNR of the denoised data. Performing median filtration 
between neighboring phases and then executing the standard 3D filter is 
shown to yield optimal results, improving the PSNR from 31.45 (optimal 
3D case) to 32.23 while minimizing computational cost relative to direct, 
4D implementations of the filter. To validate the results of these phantom 
studies, the optimal 3D and 4D filters are then applied to in vivo, 4D cardiac 
micro-CT data acquired in the mouse. The results strongly recommend 
these filters for general purpose denoising of 4D cardiac micro-CT as well 
as for applications such as dose reduction and segmentation.

8314-143, Poster Session

Confidence map based super-resolution 
reconstruction
W. El Hakimi, S. Wesarg, Technische Univ. Darmstadt (Germany)

Magnetic Resonance Imaging (MRI) and Computer Tomography (CT) 
usually provide highly anisotropic image data, so that the resolution in the 
slice-selection direction is poorer than the in-plane directions. An isotropic 
high-resolution image can be reconstructed from two orthogonal scans of 
the same object.

While combining the different data sets, all input data are equally weighted, 
which leads to combine original data with interpolated ones without 
considering the fidelity level of each input information. In this paper we 
introduce a novel super-resolution method, which considers the fidelity level 
of each input data by introducing an adaptive confidence map. Experimental 
results on simulated and real data sets have shown the improved resolution 
of reconstructed images, whose resolution approximate the original in-plane 
resolution in all directions. The quality of the reconstructed HR image was 
improved even in presence of noise.

8314-144, Poster Session

Enhancing super-resolution reconstructed 
image quality in 3D MR images using simulated 
annealing
S. U. Rahman, T. Vateva, S. Wesarg, Technische Univ. Darmstadt 
(Germany)

Super-resolution reconstruction (SRR) algorithms are used for getting 
high-resolution (HR) data from low-resolution observations. In Maximum 
a posteriori (MAP) based SRR the observation model is employed for 
estimating a HR image that best reproduces the two low-resolution input 
data sets. The parameters of the prior, called hyper parameters, play a 
significant role in the MAP based SRR. This work concentrates on the 
investigation of the influence of one such parameter, called temperature, 
on the reconstructed 3D MR images. The existing approaches on SRR in 
3D MR images use a constant value for this parameter. We use cooling 
schedule of the simulated annealing for computing the value of the 
temperature parameter at each iteration of the SRR. We have used 3D MR 
cardiac data sets in our experiments and have shown that the iterative 
computation of the temperature which resembles simulated annealing 
delivers better results.

8314-145, Poster Session

A novel iterative nonlocal means algorithm for 
speckle reduction
Y. Zhan, X. Zhang, M. Ding, Huazhong Univ. of Science and 
Technology (China)

Despeckling of medical ultrasound images is a crucial step for facilitating 
interpretation and analysis of ultrasound images. The non-local means 
(NLM) filter has been widely applied for denoising images corrupted by 
the additive Gaussian noise. However, the direct application of this filter to 
denoising the ultrasound images cannot provide satisfactory restoration 
results. To address this problem, a novel iterative non-local means (INLM) 
filter is proposed in this paper to despeckle the ultrasound (US) images. 
In the proposed filter, the speckle noise is firstly transformed into the 
additive white Gaussian noise by square root operation of the ultrasound 
(US) images. Then the decay parameter is semi-adaptively estimated in 
the selected homogeneous regions. Finally, an iterative strategy combined 
with the local clustering method based on the pixel intensities is adopted to 
realize effective image smoothing while preserving image edges. Extensive 
simulations on the synthetic images and real ultrasound images have been 
conducted. Comparisons of the restoration performance of the proposed 
INLM filter and other state-of-the-art despeckling techniques are made. 
The quantitative comparisons of despeckling synthetic images based on 
Peak signal-to-noise ratio (PSNR) show that the INLM filter can provide the 
best restoration performance among all the evaluated filters. The subjective 
visual comparisons of the denoised synthetic and ultrasound images 
demonstrate that the INLM filter outperforms other compared algorithms in 
that it can achieve better performance of noise reduction, artifact avoidance, 
edge and texture preservation and contrast enhancement.

8314-147, Poster Session

Additive Dirichlet models for projectional 
images
S. Williams, M. Bottema, Flinders Univ. (Australia)

Projectional radiography produces images by exposing a remnant beam 
attenuated through absorption. A artefact of these kind of images is that 
two low density structures between source and sensor can produce 
the same image intensity where they overlap as a single high-density 
structure. This can leads to false positives in applications (emph{e.g.} 
screening mammography) where cancer is often associated with high image 
intensities.

Traditional segmentation methods assume a piecewise-uniform model 
which is more suited to natural images. Gaussian mixture models have also 
been used but the usual formulation allows a fixed number of mixtures and 
only one of these contributes to the intensity of each pixel. We propose an 
additive Dirichlet model where the image intensity is given by a weighted 
sum of an arbitrary number of 2-dimensional gaussian distributions.The 
weights are represented a stick-breaking proportions and the gaussians via 
the usual mean and covariance parameters.

Estimating the model parameters uses an expectation-maximization 
algorithm. We maximize the probability of the modelled image with respect 
to the proportions. The distribution used is a highly multivariate normal with 
means given by the original image pixel intensities and the covariance by 
the identity matrix scaled by the variance of the pixel intensities. Estimation 
of the means and covariances of the model components are calculated by 
the usual expectation formulas.

The models utility is shown by its performance in untangling artificial 
projectional images. Na” ive application of the algorithm to a mammogram 
shows promise but also illustrates the need for more sophisticated and 
efficient estimation algorithms to allow the full potential of the model to be 
realised.
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8314-148, Poster Session

Prediction coefficient estimation in Markov 
random fields for iterative x-ray CT 
reconstruction
J. Wang, K. D. Sauer, Univ. of Notre Dame (United States); J. 
Thibault, Z. Yu, GE Healthcare (United States); C. A. Bouman, 
Purdue Univ. (United States)

Bayesian estimation is a statistical approach for incorporating prior 
information through the choice of an a priori distribution for the random 
field. A priori image models in Bayesian image estimation are typically low-
order Markov random fields (MRFs), effectively penalizing only differences 
among immediately neighboring voxels. This limits spectral description to 
a crude low-pass model. For applications where more flexibility in spectral 
response is desired, potential benefits exists in models which accord 
higher a priori probability to content in higher frequencies. Our research 
explores the potential of larger neighborhoods in MRFs to raise the number 
of degrees of freedom in spectral description. Similarly to classical filter 
design, the MRFs coefficients may be chosen to yield a desired pass-band/
stop-band characteristic shape in the a priori model of the images. In this 
paper, we present an alternative design method. In this method, high-quality 
sample images are used to estimate MRFs coefficients by fitting them into 
the spatial correlation of the given ensemble. This method allows us to 
choose weightings that are equivalent to modeling high probability of the 
presence of strong components at particular spatial frequencies existed 
in the sample images. This method has the potential to design the MRFs 
for different tissue types by using sample images with different frequency 
content. In this paper, we consider particularly the preservation of detail in 
bone structure in X-ray CT. Our results show that the inner bone emphasis 
with MRF design is similar to or stronger than the bone detail enhancement 
with the conventional filtered back-projection (FBP) method.

8314-149, Poster Session

Glial brain tumor detection by using symmetry 
analysis
V. Pedoia, E. Binaghi, S. Balbi, A. De Benedictis, E. Monti, Univ. 
degli Studi dell’Insubria (Italy); R. Minotto, Ospedale di Circolo e 
Fondazione Macchi Varese (Italy)

In this work a fully automatic and unsupervised algorithm to detect brain 
tumors by using symmetry analysis is proposed. In recent years a great 
effort of the research in field of medical imaging was focused on brain 
tumors segmentation. The quantitative analysis of MRI brain tumor allows 
to obtain useful key indicators of disease progression. Complex problem 
of segmenting tumor in MRI can be successfully addressed by considering 
modular and multi step approach mimicking the human visual inspection 
process. The tumor detection is often an essential preliminary phase to 
solve successfully the segmentation problem. In the visual analysis of the 
MRI, the first step of the experts cognitive process, is the detection of an 
anomaly respect the normal tissue, whatever its nature. An healthy brain has 
a strong sagittal symmetry feature, that is weakened from the tumor. The 
comparison between the healthy and ill hemisphere, considering that tumors 
are generally not symmetrically placed in both hemispheres, was used to 
detect the anomaly. A clustering method based on energy minimization 
through Graph Cut is applied on the volume computed as a difference 
between the left hemisphere and the right hemisphere mirrored across the 
symmetry plane. Differential analysis involves the loss the knowledge of the 
tumor side. Thought an histogram analysis the ill hemisphere is recognized. 
Many experiments are performed to assess the performance of the 
algorithm on MRI volumes in presence of tumors various in terms of shapes 
positions and intensity levels. The experiments shown good results also in 
complex situations.

8314-150, Poster Session

Automatic segmentation of white matter 
hyperintensities robust to multicentre 
acquisition and pathological variability
T. Samaille, O. Colliot, R. Cuingnet, Univ. Pierre et Marie Curie 
(France) and INSERM (France) and Ctr. National de la Recherche 
Scientifique (France); E. Jouvent, H. Chabriat, Hopital Lariboisière 
(France); D. Dormont, M. Chupin, Univ. Pierre et Marie Curie 
(France) and INSERM (France) and Ctr. National de la Recherche 
Scientifique (France)

White matter hyperintensities (WMH) are commonly seen on T2-weighted/
FLAIR images in elderly people. They are considered as a potential marker 
of vascular pathology, are a risk factor for dementia onset and have been 
associated with motor and cognitive deficits. In this paper, we present a 
method to fully automatically segment WMH from T1 and FLAIR images. 
Iterative steps of non linear diffusion followed by watershed segmentation 
were applied on FLAIR images until convergence. Diffusivity function 
and associated contrast parameter were carefully designed to adapt to 
the case of WMH segmentation. It resulted in simplified FLAIR images 
composed of piecewise constant areas with enhanced contrast between 
lesions and surrounding tissues. Among these homogeneous areas, those 
corresponding to WMH were selected based on two characteristics. First, a 
threshold was automatically computed for intensity selection. Second, areas 
were kept only if located mainly in white matter. White matter segmentation 
was obtained from T1 images through SPM’s Unified Segmentation module 
and refined using information from FLAIR images. False positive areas 
were finally removed based on their proximity with cerebrospinal fluid/
grey matter interface. Evaluation was performed on 67 patients: 24 with 
amnestic mild cognitive impairment (MCI), from five different centres, and 
43 with Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts 
and Leukoaraiosis (CADASIL) acquired in a single centre. Results showed 
excellent volume agreement with manual delineation (Pearson coefficient: 
r=0.97, p<0.001) and substantial spatial correspondence (Similarity index: 
72%±16%). Our method appeared robust to acquisition differences across 
the centres as well as to pathological variability.

8314-151, Poster Session

Labeling of the cerebellar peduncles using a 
supervised Gaussian classier with volumetric 
tract segmentation
C. Ye, The Johns Hopkins Univ. (United States); P. Bazin, Max-
Planck-Institut für Kognitions- und Neurowissenschaften (Germany); 
J. A. Bogovic, S. H. Ying, J. L. Prince, The Johns Hopkins Univ. 
(United States)

The cerebellar peduncles are white matter tracts that play an important 
role in the communication of the cerebellum with other regions of the 
brain. They can be grouped into three fiber bundles: inferior cerebellar 
peduncle, middle cerebellar peduncle and superior cerebellar peduncle. 
Their automatic segmentation on diffusion tensor images enables better 
understanding of the cerebellum and is less time-consuming and more 
reproducible compared with manual delineation. This paper presents a 
method that automatically labels the three fiber bundles based on the 
segmentation results from the diffusion oriented tract segmentation (DOTS) 
algorithm, which achieves volume segmentation of white matter tracts 
using a Markov random field (MRF) framework. We use the DOTS labeling 
result as a guide to determine the classification of fibers produced by 
wild bootstrap probabilistic tractography. Mean distances from each fiber 
to each DOTS volume label are defined and then used as features that 
contribute to classification. A supervised Gaussian classifier is employed to 
label the fibers. Manually delineated cerebellar peduncles serve as training 
data to determine the parameters of class probabilities for each label. 
Fibers are labeled as the class that has the highest posterior probability. An 
outlier detection step removes fiber tracts that belong to noise or that are 
not modeled by DOTS. Experiments show a successful classification of the 
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cerebellar peduncles. We have also compared results between successive 
scans to demonstrate the reproducibility of the proposed method.

8314-152, Poster Session

Intracranial aneurysm growth quantification on 
CTA
A. Firouzian, Erasmus MC (Netherlands); R. Manniesing, Radboud 
Univ. Nijmegen Medical Ctr. (Netherlands); C. T. Metz, S. Klein, 
Erasmus MC (Netherlands); B. K. Velthuis, G. J. E. Rinkel, Univ. 
Medical Ctr. Utrecht (Netherlands); A. van der Lugt, W. J. Niessen, 
Erasmus MC (Netherlands)

Next to aneurysm size, aneurysm growth over time is an important 
indicator for aneurysm rupture risk. Manual assessment of growth is 
a cumbersome procedure, prone to inter-observer variability and not 
sufficiently accurate to observe small changes in aneurysm size. In clinical 
practice, mainly qualitative assessment and/or diameter measurement are 
routinely performed. In this paper a semi-automated method for quantifying 
aneurysm volume growth over time in CTA data is presented. The method 
treats a series of longitudinal images as a 4D dataset. Using a 4D non-rigid 
registration method, deformations with respect to the baseline scan are 
determined. Combined with 3D aneurysm segmentation in the baseline 
scan, volume change is assessed by inspecting the deformation field at the 
aneurysm wall. For ten patients, the results of the method are compared 
with reports from expert clinicians, showing that the quantitative results 
of the method are in line with the assessment in the radiology reports. 
The method is also compared to segmenting the volume in each 3D scan 
individually, showing that the 4D registration method agrees better with 
manual assessments.

8314-153, Poster Session

A field map estimation strategy without the 
noise-bandwidth tradeoff
J. C. Dagher, Dept. of Radiology, Harvard Medical School 
(United States) and Nuclear Medicine and Molecular Imaging, 
Massachusetts General Hospital (United States); A. Bilgin, The Univ. 
of Arizona (United States)

Field inhomogeneity induces severe artifacts in rapid Magnetic Resonance 
acquisitions. For example, in Echo-Planar Imaging (EPI), artifacts include 
geometric distortion and severe signal drop. Correcting for these artifacts 
requires knowledge of the intrinsic field inhomogeneity map. Traditional 
techniques estimate the field maps from a sequence of Gradient Echo 
images acquired at different echo times. A fundamental limitation with 
these methods is the inherent trade-off in the choice of the minimum 
difference between echo times, $Delta$TE. A small $Delta$TE increases 
the ``bandwidth’’ of the estimated field map but decreases its ``quality.’’ One 
direct artifact of this trade-off is induced uncertainty via phase wrapping. 
Available methods employ a moderate choice for $Delta$TE, and attempt to 
reduce the uncertainty in the resulting values via phase unwrapping across 
the spatial dimension. The latter is a computationally expensive NP-hard 
problem, often yielding non-robust solutions. In this paper, we propose a 
joint acquisition-processing solution to the problem of field map estimation. 
Our acquisition method captures data at three echo times carefully chosen 
to yield optimal field map estimation using the corresponding algorithm. 
We show that, over an arbitrary spectral range of inhomogeneity values, 
$Delta$TE is not subject to the stringent noise-bandwidth tradeoff with 
our method. The implications of this result include: improved robustness, 
enhanced spectral estimation and eliminating the need for spatial phase 
unwrapping. Our simulations show orders of magnitude of improvement in 
the quality of field map estimates, as compared to existing methods. Our 
phantom data confirms these impressive gains.

8314-154, Poster Session

Fiber estimation errors incurred from truncated 
sampling in q-space diffusion magnetic 
resonance imaging
B. Wilkins, N. Lee, M. Singh, The Univ. of Southern California 
(United States)

The effect of truncated-sphere sampling commonly used in Diffusion 
Spectrum Imaging to estimate single fiber orientation errors is simulated 
using fully-sampled (7x7x7) q-space data (343 samples), truncated-sphere 
sampling (203 samples), and zero-padding (to 21x21x21 samples), in 
both noise-free and noisy (SNR = 30) scenarios. We show that the error of 
resolving a single fiber direction depends on the fiber orientation relative 
to the “corners of q-space”, which are not sampled when truncated 
sampling schemes are used, and that corner-samples help reduce the error 
in estimating a single fiber orientation (mean error 3.5° versus 3.9° for the 
noise case and zero-padding used). As truncated-sphere sampling requires 
40% less acquisition time, its use could justify the small increase in error. 
A simulated phantom dataset is also developed and used to assess the 
significance of fiber estimation errors over a continuous space of voxels, 
and consequences for fiber tractography. A histogram of the fiber estimation 
error angles, for each of the simulation cases, also shows that zero-padding 
helps reduce average fiber estimation errors.

8314-155, Poster Session

Segmentation of brain tissue in 4D CT images 
using voxel classification
R. van den Boom, M. Oei, S. Lafebre, L. J. Oostveen, A. Meijer, S. 
Steens, M. Prokop, B. van Ginneken, R. Manniesing, Radboud Univ. 
Nijmegen Medical Ctr. (Netherlands)

A method is proposed to segment anatomical regions from 4D computer 
tomography (CT) cerebral patient data. The method consist of a three step 
voxel classification scheme, each step focusing on structures that are 
increasingly difficult to segment. The first step classifies air and bone, the 
second step classifies vessels and the third step classifies white matter, 
gray matter and cerebrospinal fluid. As features the time averaged intensity 
value and the temporal intensity change value were used. In each step, a 
k-Nearest-Neighbor classifier was used to classify the voxels, with k set to 
5. Training data was obtained by placing regions of interest in processed 
images. The method has been applied to ten 4D CT cerebral patient data. 
A leave-one-out experiment showed consistent and accurate segmentation 
results.

8314-156, Poster Session

Discriminating between brain rest and attention 
states using fMRI connectivity graphs and 
subtree SVM
F. Mokhtari, S. K. Bakhtiari, G. Hossein-Zadeh, Univ. of Tehran 
(Iran, Islamic Republic of); H. Soltanian-Zadeh, Univ. of Tehran (Iran, 
Islamic Republic of) and Henry Ford Health System (United States)

Decoding techniques have opened new windows to explore the brain 
function and information encoding in brain activity. In the current study, we 
design a recursive support vector machine which is enriched by a subtree 
graph kernel. We apply the classifier to discriminate between attentional 
cueing task and resting state from a block design fMRI dataset. The 
classifier is trained using weighted fMRI graphs constructed from regions 
activated during the two mentioned states. The proposed method leads to 
classification accuracy of 1. It is also able to elicit discriminative regions 
and connectivities between two states using a backward edge elimination 
algorithm. This algorithm shows the importance of regions including 
cerebellum, insula, left middle superior frontal gyrus, post cingulate cortex, 
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and connectivities between them to enhance the correct classification rate.

8314-157, Poster Session

MITK global tractography
P. F. Neher, B. Stieltjes, Deutsches Krebsforschungszentrum 
(Germany); M. Reisert, Univ. Hospital Freiburg (Germany); I. Reicht, 
H. Meinzer, K. H. Fritzsche, Deutsches Krebsforschungszentrum 
(Germany)

Fiber tracking algorithms yield valuable information for neurosurgery as 
well as automated diagnostic approaches. However, they have not yet 
arrived in the daily clinical practice. In this paper we present an open 
source integration of the global tractography algorithm proposed by 
Reisert et.al. [1] into the open source Medical Imaging Interaction Toolkit 
(MITK) developed and maintained by the Division of Medical and Biological 
Informatics at the German Cancer Research Center (DKFZ). The integration 
of this algorithm into a standardized and open development environment 
like MITK enriches accessibility of tractography algorithms for the science 
community and is an important step towards bringing neuronal tractography 
closer to a clinical application. The MITK diffusion imaging application, 
downloadable from www.mitk.org, combines all the steps necessary for a 
successful tractography: preprocessing, reconstruction of the images, the 
actual tracking, live monitoring of intermediate results, postprocessing and 
visualization of the final tracking results. This paper presents typical tracking 
results and demonstrates the steps for pre- and post-processing of the 
images.

8314-158, Poster Session

ISMI: a classification index for high angular 
resolution diffusion imaging
D. Roettger, D. Dudai, Univ. Koblenz-Landau (Germany); D. Merhof, 
Univ. Konstanz (Germany); S. Mueller, Univ. Koblenz-Landau 
(Germany)

Magnetic resonance diffusion imaging provides a unique insight into 
the white matter architecture of the brain in vivo. Applications include 
neurosurgical planning and fundamental neuroscience. Contrary to diffusion 
tensor imaging (DTI), high angular resolution diffusion imaging (HARDI) 
is able to characterize complex intra-voxel diffusion distributions and 
hence provides more accurate information about the true diffusion profile. 
Anisotropy indices aim to reduce the information of the diffusion probability 
function to a meaningful scalar representation that classifies the underlying 
diffusion and thereby the neuronal fiber configuration. These indices can be 
used to answer clinical questions such as the integrity of certain neuronal 
pathways. In tractography approaches reconstructing neuronal pathways 
using local diffusion orientations, information about the underlying fiber 
distribution can be beneficial to improve the fiber propagation in challenging 
regions such as fiber crossings. Therefore, the accurate classification 
of the underlying diffusion profile is of great interest. However, the 
differentiation between multiple fiber orientations and isotropic diffusion 
is still a challenging task. In this work, we introduce ISMI, an index which 
successfully differentiates isotropic diffusion and single and multiple fiber 
populations. The classifier is based on the orientation distribution function 
(ODF) resulting from Q-ball imaging. We compare our results with the 
well-known general fractional anisotropy (GFA) index using a fiber phantom 
comprising challenging diffusion profiles such as crossing, fanning and 
kissing fiber configurations. Additionally we visualize the results directly on 
the fibers represented by streamtubes using a heat color map.

8314-159, Poster Session

Intrinsic functional connectivity pattern based 
brain parcellation using normalized cut
H. Cheng, D. Song, Institute of Automation (China); H. Wu, Univ. 

of Electronic Science and Technology of China (China); Y. Fan, 
Institute of Automation (China)

In imaging data based brain network analysis, a necessary precursor 
for constructing meaningful brain networks is to identify functionally 
homogeneous regions of interest (ROIs) for defining network nodes. 
Many clustering techniques have been adopted for parcellating the brain 
using resting state fMRI data, including independent component analysis 
(ICA), Gaussian mixture model (GMM), k-means, hierarchical clustering, 
and spectral clustering. Among them, normalized cut is one widely used 
clustering algorithm which groups voxels according to the similarity of 
functional signals. Due to low signal to noise ratio (SNR) of resting state 
fMRI signal, spatial constraint is often applied to functional similarity 
measures to generate smooth parcellation. However, improper spatial 
constraint might alter the intrinsic functional connectivity pattern, thus 
yielding biased parcellation results. To achieve reliable and least biased 
parcellation of the brain, we propose an optimization method for the 
spatial constraint to functional similarity measures in normalized cut based 
brain parcellation. Particularly, we first identify the space of all possible 
spatial constraints that are able to generate smooth parcellation, then 
find the spatial constraint that leads to the brain parcellation least biased 
from the intrinsic function pattern based parcellation, measured by the 
minimal Ncut value calculated based on the functional similarity measure 
of original functional signals. The proposed method has been applied to 
the parcellation of medial superior frontal cortex and cingulate cortex for 
106 subjects based on their resting state fMRI data. The experiment results 
indicate that our method can generate meaningful parcellation results, 
consistent with existing functional anatomy knowledge.

8314-160, Poster Session

Accelerated diffusion spectrum imaging 
via compressed sensing for the human 
connectome project
N. Lee, B. Wilkins, M. Singh, The Univ. of Southern California 
(United States)

Diffusion MRI based tractography is a well-established in-vivo MR imaging 
method for identifying white-matter connections in the human brain. 
Diffusion Spectrum Imaging (DSI) has been developed as a model-free 
approach to solving the so called multiple-fibers-per-voxel problem in 
diffusion MRI. However, inferring heterogeneous microstructures of an 
imaging voxel rapidly remains a challenge in DSI because of extensive 
sampling requirements in a Cartesian grid of q-space. In this study, we 
propose compressed sensing based diffusion spectrum imaging (CS-DSI) 
to significantly reduce the number of diffusion measurements required 
for accurate estimation of fiber orientations. This method reconstructs 
the diffusion propagator of an imaging voxel from 100 variable density 
undersampled diffusion measurements minimizing the l1-norm of the 
wavelet coefficients of the diffusion propagator. The proposed method is 
validated against a ground truth from synthetic data mimicking the FiberCup 
phantom, demonstrating the robustness of CS-DSI on accurately estimating 
underlying fiber orientations from noisy diffusion data. We demonstrate the 
effectiveness of our CS-DSI method on a human brain dataset acquired 
from a clinical scanner without specialized pulse sequences. Estimated 
ODFs from CS-DSI method are qualitatively compared to those from the 
full dataset (DSI203). Lastly, we demonstrate that streamline tractography 
based on our CS-DSI method has a comparable quality to conventional 
DSI203. This illustrates the feasibility of CS-DSI for reconstructing whole 
brain white-matter fiber tractography from clinical data acquired at imaging 
centers, including hospitals, for human brain connectivity studies.

8314-161, Poster Session

Mesial temporal lobe epilepsy lateralization 
using SPHARM-based features of hippocampus 
and SVM
M. Esmaeilzadeh, The Australian National Univ. (Australia); H. 
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Soltanian-Zadeh, Univ. of Tehran (Iran, Islamic Republic of) and 
Henry Ford Hospital (United States); K. Jafari-Khouzani, Henry Ford 
Hospital (United States)

This paper improves the Lateralization (identification of the epileptogenic 
hippocampus) accuracy in Mesial Temporal Lobe Epilepsy (mTLE). In 
patients with this kind of epilepsy, usually one of the brain’s hippocampi 
is the focus of the epileptic seizures, and resection of the seizure focus 
is the ultimate treatment to control or reduce the seizures. Moreover, 
the epileptogenic hippocampus is prone to shrinkage and deformation; 
therefore, shape analysis of the hippocampus is advantageous in the 
preoperative assessment for the Lateralization.

The utilized method for shape analysis is the Spherical Harmonics 
(SPHARM). In this method, the shape of interest is decomposed using a 
set of bases functions and the obtained coefficients of expansion are the 
features describing the shape. To perform shape comparison and analysis, 
some pre- and post-processing steps such as “alignment of different 
subjects’ hippocampi” and the “reduction of feature-space dimension” 
are required. To this end, first order ellipsoid is used for alignment. For 
dimension reduction, we propose to keep only the SPHARM coefficients 
with maximum conformity to the hippocampus shape. Then, using these 
coefficients of normal and epileptic subjects along with 3D invariants, 
specific lateralization indices are proposed. Consequently, the 1536 
SPHARM coefficients of each subject are summarized into 3 indices, 
where for each index the negative (positive) value shows that the left (right) 
hippocampus is deformed (diseased). Employing these indices, the best 
achieved lateralization accuracy for clustering and classification algorithms 
are 85% and 92%, respectively. This is a significant improvement compared 
to the conventional volumetric method.

8314-162, Poster Session

Segmentation of the optic tracts using a high 
dimensional graph-based approach
J. H. Noble, P. D’Haese, B. M. Dawant, Vanderbilt Univ. (United 
States)

In DBS surgery, electrodes are implanted in specific nuclei of the brain to 
treat several types of movement disorders. Pre-operative knowledge of 
the location of the optic tracts may prove useful for pre-operative planning 
assistance or intra-operative target refinement. In this article we present a 
semi-automated method to localize the optic tracts in MR. As opposed to 
previous approaches presented to identify these structures, our methods 
are able to recover the eccentric shape of the optic tracts. This approach 
consists of two parts: (1) automatic model construction from manually 
segmented exemplars and (2) segmentation of structures in unknown 
images using these models. The segmentation problem is solved by finding 
an optimal path in a high-dimensional graph. The graph is designed with 
novel structures that permit the incorporation of prior information from the 
model into the optimization process and account for several weaknesses 
of traditional graph-based approaches. The approach achieved mean and 
maximum surface errors of 0.35 and 1.9 mm in a validation study on 10 
images. The results from all experiments were considered acceptable.

8314-163, Poster Session

Detection of abrupt motion in DCE-MRI
K. Rajamani, D. Shanbhag, R. Mullick, S. Ranjan, U. Patil, GE 
Global Research (India); S. Gupta, GE Global Research (United 
States)

Dynamic Contrast Enhanced MRI (DCE-MRI) is being increasingly used 
as a method for studying the tumor vasculature. It is also used as a 
biomarker to evaluate the response to anti-angiogenic therapies and the 
efficacy of a therapy. The uptake of contrast in the tissue is analyzed using 
pharmacokinetic models for understanding the perfusion characteristics and 
cell structure, which are indicative of tumor proliferation. However, in most 
of these 4D acquisitions the time required for the complete scan are quite 
long as sufficient time must be allowed for the passage of contrast medium 

from the vasculature to the tumor interstitium and subsequent extraction. 
Patient motion during such long scans is one of the major challenges 
that hamper automated and robust quantification. A system that could 
automatically detect if motion has occurred during the acquisition would be 
extremely beneficial. Patient motion observed during such 4D acquisitions 
are often rapid shifts, probably due to involuntary actions such as coughing, 
sneezing, peristalsis, or jerk due to discomfort. The detection of such 
abrupt motion would help to decide on a course of action for correction for 
motion such as eliminating time frames affected by motion from analysis, 
or employing a registration algorithm, or even considering the exam us 
unanalyzable. In this paper a new technique is proposed for effective 
detection of motion in 4D medical scans by determination of the variation in 
the signal characteristics from multiple regions of interest across time. This 
approach offers a robust, powerful, yet simple technique to detect motion.

8314-165, Poster Session

Retinal vessel width measurement at branching 
points using an improved electric field theory-
based graph approach
X. Xu, The Univ. of Iowa (United States); M. D. Abramoff, The Univ. 
of Iowa Hospitals and Clinics (United States); J. Reinhardt, The 
Univ. of Iowa (United States)

We propose an accurate and fully automatic method to measure the vessel 
width at branching points in fundus images. The vessel centerline image is 
used as the initial segmentation of the graph. The vessel centerline image 
is generated from the vessel probability image, which is an earlier work 
in our group. The branching points are detected on the vessel centerline 
image using a series of detection kernels. Crossing points are distinguished 
from branching points and excluded in this study. An electric field theory 
motivated graph construction method is applied to construct the graph. 
This method is inspired by the non-intersecting property of the electric line 
of force. As an improvement of the original method, positive charges at 
infinity and negative charges between branches are added to pull the graph 
columns at the end of the branches towards normal directions. The graph 
for branching vessels and graph for straight vessels are connected smoothly 
by a combined graph. Of the three branches in a branching unit, the one 
closest to the optic disc is automatically detected as the parent branch and 
the other two are regarded as the daughter branches. The location of the 
optic disc is automatically detected using a machine learning technique. 
This method was validated on a set of 100 fundus images and a mean 
branching coefficient of 1.28 was calculated. Example retinal images with 
vessel width measurement result are given.

8314-166, Poster Session

OCT image alignment using diffusion maps
H. Rabbani, R. Kafieh, Isfahan Univ. of Medical Sciences (Iran, 
Islamic Republic of); M. Sonka, The Univ. of Iowa (United States); 
M. D. Abramoff, The Univ. of Iowa Hospitals and Clinics (United 
States)

Preprocessing is the first and one of the most important parts of an image 
processing system. In this paper, we present a new alignment algorithm 
as a preprocessing step for Optical Coherence Tomography (OCT) images 
processing. The proposed method is composed of two steps, first of which 
is a denoising algorithm based on circular symmetric Laplacian based 
wavelet diffusion, and the second part can be described in the terms of 
graph based diffusion map for geometry detection and image alignment 
according to the hyper-reflective complex (HRC) layer. Two methods are 
introduced for geometry detection, one is to find the most probable path in 
the graph by our novel graph-based algorithm, and the second is searching 
for the shortest path. The proposed method for finding the path outperforms 
the conventional shortest path method in this application. Although the 
important aspect of this algorithm is its ability in aligning the strongly 
damaged images that surpasses the previously introduced methods, it also 
runs in a very fast form, against the very low speed of the older diffusion 
based methods.
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8314-167, Poster Session

Predictive compressed-sensing for multislice/
multiframe CT image reconstruction
J. Zhang, J. Wang, G. Xu, Univ. of Wisconsin-Milwaukee (United 
States); J. Thibault, GE Healthcare (United States)

In this paper, we describe a prediction based compressed-sensing 
approach for multi-slice (same time, different locations) or multi-frame (same 
location, different time) CT image reconstruction. In this approach, the 
second slice/frame of a pair of consecutive slices/frames is reconstructed 
through reconstructing the prediction error image between the first and 
second slice/frame, using compressed-sensing. This approach exploits the 
inter-slice/inter-frame correlation and the higher degree of sparsity of the 
prediction error image to achieve more efficient image reconstruction, i.e., 
fewer projections for the same image quality or higher image quality for the 
same number of projections. The efficacy of our approach is demonstrated 
through simulation results.

8314-168, Poster Session

Initial compressed sensing reconstruction 
results for phase contrast CT
T. Gaass, Zentralinstitut für Medizintechnik, Technische Univ. 
München (Germany); M. Bech, J. Herzen, P. B. Noël, A. Tapfer, M. S. 
Willner, F. Pfeiffer, Technische Univ. München (Germany); A. Haase, 
Zentralinstitut für Medizintechnik, Technische Univ. München 
(Germany)

Modern x-ray interferometry opened the possibility to reconstruct phase 
contrast (PC) information, which provides significantly improved soft-
tissue contrast when compared to conventional computed tomography 
(CT). While PCCT significantly ameliorates contrast information, radiation 
dose continues to be an issue when translated to the clinic. Possible dose 
reduction can be achieved by using more efficient reconstruction algorithms. 
In this work, dose reduction is achieved by applying a compressed sensing 
(CS) reconstruction to a highly sparse set of PCCT projections. The applied 
reconstruction algorithm is based on a non-uniform fast Fourier transform, 
where sparse sets of projections are reconstructed with a CS algorithm, 
employing wavelet domain sparsity and finite differences minimization. 
We evaluated this approach with both phantom and real data. Measured 
data from a synchrotron source, as well as a conventional x-ray source, 
were acquired using grating-based interferometry. All sinogram data was 
reconstructed with different under-sampling factors (e.g. 2,4,6,8). The 
resulting reconstructions are compared visually, and quantitatively on 
the basis of standard deviation within different regions-of-interest. The 
assessment of phantom and measured data demonstrated the possibility 
to reconstruct from drastically fewer projections than the Nyquist-theorem 
demands. The measured standard deviations were comparable or even 
lower compared to full dose reconstructions. In this initial evaluation of 
CS-based methods in PCCT, we presented a considerable reduction 
of necessary projections. Thus, radiation dose can be reduced while 
maintaining the superior soft-tissue contrast and image quality of PCCT. 
In the future, approaches such as the presented, will enable 4D PCCT, for 
instance in cardiac applications.

8314-169, Poster Session

A feasibility study for compressed sensing 
combined phase contrast MR angiography 
reconstruction
D. Lee, C. Hong, Yonsei Univ. (Korea, Republic of); M. Lee, Genpia 
Co. (Korea, Republic of); B. Han, Yonsei Univ. (Korea, Republic of)

Phase contrast magnetic resonance angiography (PC MRA) is a technique 
for flow velocity measurement and vessels visualization, simultaneously. The 

PC MRA takes long scan time because each flow encoding gradients which 
are composed bipolar gradient type need to reconstruct the angiography 
image. Moreover, it takes more image acquisition time when we use the PC 
MRA at the low-tesla MRI system. In this study, we studied and evaluation 
of feasibility for CS MRI reconstruction combined PC MRA which data 
acquired by low-tesla MRI system. We used non-linear reconstruction 
algorithm which named Bregman iteration for CS image reconstruction and 
validate the usefulness of CS combined PC MRA reconstruction technique. 
The results of CS reconstructed PC MRA images provide similar level 
of image quality between fully sampled reconstruction data and sparse 
sampled reconstruction using CS technique. Although our results used 
half of sampling ratio and do not used specification hardware device or 
performance which are improving the temporal resolution of MR image 
acquisition such as parallel imaging reconstruction using phased array coil 
or non-cartesian trajectory, we think that CS combined PC MRA technique 
will be helpful to increase the temporal resolution and at low-tesla MRI 
system.

8314-170, Poster Session

Quality assessment of fast wavelet-encoded 
MRI utilizing compressed sensing
Z. Liu, B. S. Nutter, S. D. Mitra, Texas Tech Univ. (United States)

Fast acquisition of MR images is possible through sparse encoding in the 
Fourier/Wavelet domain under the incoherent measurement constraint 
required by the theory of compressed sensing (CS) for stable reconstruction. 
In one such sparse encoding method, we utilize the wavelet tree structure 
to undersample the wavelet-encoded MRI k-spaces with tailored spatially-
selective RF excitation pluses. The resulting undersampled k-spaces contain 
many more significant coefficients than randomly undersampled k-spaces. 
Thus, the quality of CS reconstruction based on these undersampled 
k-spaces is improved, and such an encoding scheme may reduce the 
patient scan time for MRI and fMRI. Using a fully sampled Fourier encoded 
3-D digital brain phantom as the gold standard, a mathematical framework 
with full-reference and visual image quality matrices has been proposed 
to assess the CS reconstruction performance in wavelet-encoded MRI. 
The quality of MR images recovered from undersampled k-space by 
different reconstruction methods is computed. The undersampling rates 
and noise levels in k-space are considered in evaluating the robustness of 
CS reconstruction. The simulation results show that the performance of CS 
reconstruction in wavelet-encoded MRI is more accurate and stable than in 
Fourier-encoded MRI with the same undersampling rate and noise level, at a 
significantly reduced scan time.

8314-171, Poster Session

Compressed sensing of diffusion MRI data 
using Rician statistics
S. Dolui, A. Kuurstra, O. V. Michailovich, Univ. of Waterloo (Canada)

The advent of the theory of compressed sensing (CS) has revolutionized 
multiple areas of applied sciences, among which is medical imaging. 
Thus, in particular, the theory provides a solution to the problem of long 
acquisition times intrinsic in diffusion MRI (dMRI). As a specific instance 
of dMRI, this work is focused on high angular resolution diffusion imaging 
(HARDI) which is known to excel in delineating multiple diffusion flows 
through a given voxel of interest. Unfortunately, many current methods 
of implementation of HARDI require collecting a relatively large number 
of diffusion-encoded images, which is in turn translated in prohibitively 
long acquisition times. As a possible solution to this problem, one can 
undersample HARDI data by using fewer diffusion-encoding gradients 
as it is prescribed by the classical sampling theory, while exploiting the 
tools of CS in order to compensate for undersampling artifacts. Earlier 
reconstruction methods based on such an approach have been developed 
under a Gaussian model for measurement noises, thereby neglecting the 
fact that MRI data follows a Rician distribution. Consequently, in this note, 
we propose a CS-based reconstruction framework of HARDI data using the 
correct Rician statistics. In addition to providing formal developments of 
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the reconstruction algorithm, the paper details a computationally efficient 
numerical scheme which can be used to carry out the reconstruction. 
Finally, we provide an abundance of both simulation and real-life examples, 
which support the viability of the proposed methodology.

8314-172, Poster Session

Model-based blood flow quantification from 
DSA: quantitative evaluation on patient data 
and comparison with TCCD
I. Waechter-Stehle, J. Weese, Philips Research (Germany); A. Groth, 
Philips Technologie GmbH (Germany)

A method to measure blood flow during interventional treatment of 
cerebrovascular diseases is described and validated on patient data. The 
method combines rotational angiography to extract the 3D vessel geometry 
and digital subtraction angiography (DSA) to obtain the flow observations. 
A previously proposed physical model of blood flow and contrast agent 
transport is used to predict the propagation of the contrast agent through 
the vascular system. In an iterative approach, the model parameters, 
including the volumetric blood flow rate, are adapted until the prediction 
matches the observations from the DSA.

For 24 patients, the volumetric blood flow rate was determined from 
angiographic images and for 17 patients, results could be compared 
with transcranial color coded Doppler (TCCD) measurements. The X-ray 
based flow estimates showed a bias of 3% and a correlation of 0.76. 
Reproducibility was clearly better than the reproducibility of the TCCD 
measurements. Overall the results show that it is feasible to model the 
contrast agent transport and to utilize the flow model for blood flow 
quantification. Conclusive validation requires, however, better reference 
measurements than the available TCCD data.

8314-173, Poster Session

Identification of subject specific and functional 
consistent ROIs using semi-supervised learning
Y. Du, H. Li, Institute of Automation (China); H. Wu, Univ. of 
Electronic Science and Technology of China (China); Y. Fan, 
Institute of Automation (China)

Regions of interests (ROIs) for defining the brain network nodes are of 
great importance in brain network analysis of fMRI data. The ROIs are 
typically identified using prior anatomical information, clustering analysis, 
region growing or ICA based methods. However, the methods using prior 
anatomical information overlook inter-subject functional variability, and the 
methods using clustering analysis or region growing only consider local 
information of single ROI. Although ICA based methods can potentially 
extract ROIs of a specific functional network simultaneously, they are 
sensitive to parameters used in ICA computation, such as the number of 
independent components and the threshold used for extracting ROIs. To 
overcome the limitations of existing techniques, a novel method is proposed 
to identify subject specific and functional consistent ROIs for brain network 
analysis using semi-supervised learning. Specifically, a graph theory based 
semi-supervised learning method is adopted to optimize ROIs defined using 
prior knowledge with a constraint of local and global functional consistency, 
yielding subject specific ROIs with enhanced functional connectivity. The 
proposed method has been validated for identifying ROIs of the default 
mode network (DMN) based on resting state fMRI data of 25 normal 
subjects. The comparison results with existing methods have demonstrated 
that the subject specific ROIs identified by the proposed method have 
stronger functional connectivity and the resulting functional connectivity 
network is highly consistent across subjects, indicating that the proposed 
method can better identify brain network ROIs with intrinsic functional 
connectivity.

8314-174, Poster Session

ADHD classification using bag of words 
approach on network features
B. Solmaz, S. Dey, Univ. of Central Florida (United States); R. Rao, 
IBM Thomas J. Watson Research Ctr. (United States); M. Shah, 
Univ. of Central Florida (United States)

Attention Deficit Hyperactivity Disorder (ADHD) is receiving lots of attention 
nowadays mainly because it is one of the common child brain disorders 
and not much information is known about the cause of this disease. In this 
study, we propose to use a novel approach for automatic classification of 
ADHD subjects and normal controls using functional MRI data of resting 
state brain. For this purpose, we compute the correlation between every 
possible voxel pairs within a subject and constructed a network based 
on the high correlation values. Bag of Words (BoW) approach is used to 
represent each subject as a histogram of network features; such as number 
of degrees per voxel or number of k-length cycles for voxel pairs. The 
classification is done using a Support Vector Machine (SVM). 

We tested our approach on 83 subjects of a highly challenging dataset. 
Among them, 22 subjects were diagnosed with ADHD. Using leave-one-out 
cross-validation, the experimental results showed a true positive rate of 
78% at the cost of 39% false positives. To the best of our knowledge, this 
is the first paper to propose BoW approach in any functional brain disease 
classification and we believe that this approach will be useful in analysis of 
many brain related diseases.

8314-175, Poster Session

Measurement of glucose concentration by 
image processing of thin film slides
S. Piramanayagam, E. Saber, Rochester Institute of Technology 
(United States); D. Heavner, Ortho Clinical Diagnostics, Inc. (United 
States)

Measurement of glucose concentration is important for diagnosis and 
treatment of diabetes mellitus and other medical conditions. This paper 
describes a novel image-processing based approach for measuring glucose 
concentration. A fluid drop (patient sample) is placed on a thin film slide. 
Glucose, present in the sample, reacts with reagents on the slide to produce 
a color dye. The color intensity of the dye formed varies with glucose at 
different concentration levels. Current methods use spectrophotometry to 
determine the glucose level of the sample. Our proposed algorithm uses 
an image of the slide, captured at a specific wavelength, to automatically 
determine glucose concentration. 

The algorithm consists of two phases: training and testing. Training datasets 
consist of images at different concentration levels. The dye-occupied 
image region is first segmented using a Hough based technique and 
then an intensity based feature is calculated from the segmented region. 
Subsequently, a mathematical model that describes a relationship between 
the generated feature values and the given concentrations is obtained. 
During testing, the dye region of a test slide image is segmented followed 
by feature extraction. These two initial steps are similar to those done in 
training. However, in the final step, the algorithm uses the model (feature vs. 
concentration) obtained from the training and feature generated from test 
image to predict the unknown concentration. The performance of the image 
based analysis is compared with that of a standard glucose analyzer. The 
project is funded by Ortho Clinical Diagnostics.

8314-176, Poster Session

Cascaded classifier for large-scale data applied 
to automatic segmentation of tibial articular 
cartilage
A. Prasoon, C. Igel, Univ. of Copenhagen (Denmark); M. Loog, 
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Delft Univ. of Technology (Netherlands) and Univ. of Copenhagen 
(Denmark); F. B. Lauze, Univ. of Copenhagen (Denmark); E. Dam, 
BioMed IQ (Denmark); M. Nielsen, Univ. of Copenhagen (Denmark) 
and BioMed IQ (Denmark)

Many classification/segmentation tasks in medical imaging are particularly 
challenging for machine learning algorithms because of the huge amount 
of training data required to cover biological variability. Learning methods 
scaling badly in the number of training data points may not be applicable. 
This may exclude powerful classifiers with good generalization performance 
such as non-linear support vector machines (SVMs). Further, many medical 
imaging problems have highly imbalanced class populations, because 
the object to be segmented has only few pixels/voxels compared to the 
background. This article presents a two-stage classifier for large-scale 
medical imaging problems. In the first stage, a classifier that is easily 
trainable on large data sets is employed. The class imbalance is exploited 
and the classifier is adjusted to correctly detect background with a very 
high accuracy. Only the comparatively few data points not identified as 
background are passed to the second stage. Here a powerful classifier with 
high training time complexity can be employed for making the final decision 
whether a data point belongs to the object or not. We applied our method 
to the problem of automatically segmenting tibial articular cartilage from 
knee MRI scans. We show that by using nearest neighbor (kNN) in the first 
stage we can reduce the amount of data for training a non-linear SVM in the 
second stage. The cascaded system achieves better results than the state-
of-the-art method relying on a single kNN classifier.

8314-177, Poster Session

Digitized tissue microarray classification using 
sparse reconstruction
F. Xing, B. Liu, Rutgers, The State Univ. of New Jersey (United 
States); X. Qi, L. Yang, D. J. Foran, Univ. of Medicine & Dentistry of 
New Jersey (United States)

In this paper, we propose a novel image classification method based 
on sparse reconstruction errors to discriminate cancerous breast tissue 
microarray (TMA) discs from normal ones. Sparse representation is 
employed to reconstruct the samples and separate the benign and cancer 
discs. The method consists of several steps including mask generation, 
dictionary learning, and data classification. Mask generation is performed 
using multiple scale texton histogram, integral histogram and AdaBoost. 
Two separate cancer and benign TMA dictionary is learned using K-SVD. 
Sparse coefficients are calculated using orthogonal matching pursuit (OMP), 
and the reconstructive error of each testing sample is recorded. The testing 
image will be divided into many small patches. Each small patch will be 
assigned to the category which produced the smallest reconstruction error. 
The final classification of each testing sample is achieved by calculating 
the total reconstruction errors. Using standard RGB images, and tested on 
a dataset with 547 images, we achieved much better results than previous 
literature. The binary classification accuracy, sensitivity, and specificity are 
88.0%, 90.6%, and 70.5%, respectively.

8314-178, Poster Session

Global pattern analysis and classification of 
dermoscopic images using textons
M. Sadeghi, Simon Fraser Univ. (Canada); T. K. Lee, The BC Cancer 
Agency Research Ctr. (Canada); M. S. Atkins, Simon Fraser Univ. 
(Canada)

Detecting and classifying global dermoscopic patterns are crucial steps for 
detecting melanocytic lesions from non-melanocytic ones. An important 
stage of melanoma diagnosis uses pattern analysis methods such as 
7-point check list, Menzie’s method etc. In this paper, we present a novel 
approach to investigate texture analysis and classification of 5 classes of 
global lesion patterns (reticular, globular, cobblestone, homogenous, and 
parallel pattern) in dermoscopic images.

Our statistical approach models the texture by the joint probability 
distribution of filter responses using a comprehensive set of the state of the 
art filter banks. This distribution is represented by the frequency histogram 
of filter response cluster centers called textons. We have also examined 
other two methods: Joint Distribution of Intensities (JDI) and Convolutional 
Restricted Boltzmann Machine (CRBM) to learn the pattern specific features 
to be used for textons. The classification performance is compared over 
the Leung and Malik filters (LM), Root Filter Set (RFS), Maximum Response 
Filters (MR8), Schmid, Laws and our proposed filter set as well as CRBM 
and JDI. We analyzed 375 images of the 5 classes of the patterns. The 
effect of the various parameters such as the choice of the filter bank, the 
color space, the size of the texton dictionary, variance and size of the filters 
as well as being rotational or scale invariant is discussed.

Our experiments show that the joint distribution of color (JDC) in the L*a*b* 
color space outperforms the other color spaces with a correct classification 
rate of 86.8% and among the filter banks, our proposed filter set and CRBM 
performed the best.

8314-179, Poster Session

Texture analysis using Minkowski functionals
X. Li, P. Mendonca, R. Bhotika, GE Global Research (United States)

Minkowski Functionals (MFs) are geometric measurements of 3D shapes, 
including volume, surface area, curvature and Euler number. MFs can be 
used as texture descriptors for medical image analysis in the segmentation 
of normal anatomy as well as in the detection/diagnosis of pathology. In 
this paper, we propose a method for fast computation of MFs based on 
integral images, which offers significantly improved accuracy and efficiency 
compared with previous works. In addition, MFs computed using our 
method is used in applications on image segmentation and pathology 
detection. Our experiment results clearly demonstrate the potential of MFs 
in such medical image analysis tasks.

8314-185, Poster Session

A novel online variance based instance 
selection (VBIS) method for efficient atypicality 
detection in chest radiographs
M. A. Alzubaidi, V. N. Balasubramanian, Arizona State Univ. 
(United States); A. C. Patel, Mayo Clinic (United States); S. A. 
Panchanathan, J. A. Black, Jr., Arizona State Univ. (United States)

Chest radiographs are complex, heterogeneous medical images that depict 
many different types of tissues, and many different types of abnormalities. 
A radiologist develops a sense of what textures are typical for each 
anatomic region within chest radiographs by viewing a large set of “normal” 
radiographs over a period of years. As a result, an expert radiologist is able 
to readily detect atypical features. In our previous research, we modeled this 
type of learning by (1) collecting a large set of “normal” chest radiographs, 
(2) extracting local textural and contour features from anatomical regions 
within these radiographs in the form of high-dimensional feature vectors, (3) 
using a distance-based transductive machine learning method to learn what 
it typical for each anatomical region, and (4) computing atypicality scores 
for the anatomical regions in test radiographs. That research demonstrated 
that the transductive One-Nearest-Neighbor (1NN) method was effective 
for identifying atypical regions in chest radiographs. However, the large set 
of training instances (and the need to compute a distance to each of these 
instances in a high dimensional space) made the transductive method 
computationally expensive. This paper discusses a novel online Variance 
Based Instance Selection (VBIS) method for use with the Nearest Neighbor 
classifier, that (1) substantially reduced the computational cost of the 
transductive 1NN method while maintaining a high level of effectiveness 
in identifying regions of chest radiographs with atypical content, and (2) 
allowed the incremental incorporation of training data from new informative 
chest radiographs as they are encountered in day-to-day clinical work.
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8314-180, Poster Session

Low bandwidth eye tracker for scanning laser 
ophthalmoscopy
Z. G. Harvey, Rochester Institute of Technology (United States); A. 
Dubra, Univ. of Rochester (United States); N. D. Cahill, S. Lopez, 
Rochester Institute of Technology (United States)

The incorporation of adaptive optics to scanning ophthalmoscopes 
IAOSOs) has allowed for in vivo, noninvasive imaging of the human rod 
and cone photoreceptor mosaics. Due to light safety restrictions each 
individual image has a very low signal to noise ratio (SNR), and therefore 
a large number of images (N > 50) need to be collected and registered to 
remove the distortions due to involuntary eye motion. The large amplitude 
of involuntary eye motion with respect to the AOSO field of view dictates 
that many more images than those required to improve the SNR need to 
be collected at each retinal location to ensure adequate feature coverage. 
Compensating for eye motion during image acquisition could therefore 
significantly reduce the storage requirements, post-processing times and 
more importantly, subject’s exposure to light. In this paper we present an 
AOSO equipped with an eye tracking system capable of compensating for 
eye drift. Multiple methods for applying the motion compensation using a 
tip-tilt piezo-ceramic driven mirror are evaluated, with the goal of minimizing 
image distortion introduced by the tracking itself. Also, linear, quadratic and 
Kalman filter motion prediction algorithms are implemented and tested using 
sinusoidal motion with varying frequencies, as well as human subjects. The 
the residual motion (i.e. displacement) is used as a metric to compare the 
performance of the different prediction methods, as well as their temporal 
response.

8314-181, Poster Session

Estimation of trabecular thickness in gray-
scale images through granulometric analysis
R. Moreno, M. Borga, Ö. Smedby, Linköping Univ. (Sweden)

This paper extends to gray-scale the method proposed by Hildebrand and 
Rüegsegger for estimating thickness of trabecular bone, which is the most 
used in trabecular bone research, where local thickness at a point is defined 
as the diameter of the maximum inscribed ball that includes that point. 
The proposed extension takes advantage of the equivalence between this 
method and the opening function computed for the granulometry generated 
by the opening operation of mathematical morphology with ball-shaped 
structuring elements of different radii. The proposed extension (a) uses gray-
scale instead of binary mathematical morphology, (b) uses all values of the 
pattern spectrum of the granulometry instead of the maximum peak as used 
for binary images, (c) corrects bias on local thickness estimations generated 
by partial volume effects, and (d) uses the gray-scale as a weighting 
function for global thickness estimation. The proposed extension becomes 
equivalent to the original method when it is applied to binary images. A 
new non-flat structuring element is also proposed in order to reduce the 
discretization errors generated by traditional flat structuring elements. 
Translation invariance can be attained by up-sampling the images through 
interpolation by a factor of two. Results for synthetic and real images show 
that the quality of the measurements obtained through the original method 
strongly depends on the binarization process, whereas the measurements 
obtained through the proposed extension do not. Consequently, the 
proposed extension is more appropriate for images with limited resolution 
where binarization is not trivial.

8314-182, Poster Session

SinoCor: motion correction in SPECT
D. Mitra, D. Eiland, M. A. Abdallah, Florida Institute of Technology 
(United States); R. Bouthcko, G. T. Gullberg, Lawrence Berkeley 
National Lab. (United States); N. S. Schechtmann, MIMA, 
Melbourne (United States)

Motion is a serious artifact in Cardiac nuclear imaging because the scanning 
operation takes a long time. Since reconstruction algorithms assume 
consistent or stationary data the quality of resulting image is affected, 
sometimes significantly, by motion. Even after adoption of the gold standard 
MoCo(R) algorithm from Cedars-Sinai by most vendors, heart motion 
remains a significant challenge. Also, any serious study in quantitative 
analysis necessitates correction for motion artifacts. It is generally 
recognized that human eye is a very sensitive tool for detecting motion. 
However, two reasons prevent such manual correction: (1) it is costly in 
terms of specialist’s time, and (2) no such tool for manual correction is 
available currently. Previously, at SPIE-MIC’11, we presented a simple tool 
(SinoCor) that allows sinograms to be corrected manually or automatically. 
SinoCor performs correction of sinograms containing inter-frame patient 
or respiratory motions using rigid-body dynamics. The software is capable 
of detecting the patient motion and estimating the motion vector from 
scanning geometry parameters. SinoCor applies appropriate geometrical 
correction to all the frames subsequent to the movement-frame in a manual 
or automated mode. For respiratory motion, it automatically smooths 
small oscillatory (frame-wise local) movements. Our current focus is 
on enhancement of SinoCor with the capability to automatically detect 
and compensate for intra-frame motion that causes motion blur on the 
respective frame. Intra-frame movements are expected in both patient 
and respiratory motions. For a controlled study we also have developed a 
motion simulator.

8314-183, Poster Session

Automatic analysis of ciliary beat frequency
M. Figl, J. B. Hummel, Medizinische Univ. Wien (Austria); M. 
Lechner, Fachhochschule Technikum Wien (Austria); W. Birkfellner, 
Medizinische Univ. Wien (Austria)

Ciliary beat frequency (CBF) can be a useful parameter for diagnosis of 
several diseases, as e.g. ciliary dyskinesia. CBF computation is usually 
done using manual evaluation of video sequences, a tedious and not very 
accurate procedure. We used the Lukas-Kanade algorithm for optical flow 
computation and applied this to certain objects chosen by their contrast to 
follow the movements. A frequency histogram allowed for discrimination 
between background/noise and ciliae. The CBF could be found by 
approximating a coordinate of the function by a Fourier series. A series of 
videos could be estimated correctly.
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8314-184, Poster Session

Nonrigid four dimensional cardiac motion 
estimation
Q. Tang, S. Srivastava, J. Cammin, K. Taguchi, The Johns Hopkins 
Outpatient Ctr. (United States)

Cardiac CT is a promising noninvasive imaging modality for cardiac 
diagnosis. However, artifacts due to the cardiac motion degrade the image 
quality. There are two methods to reduce the motion artifacts. One is 
the Electrocardiogram (ECG)-gated cardiac CT reconstruction methods, 
which only utilizes a small part of acquired data. The other one is motion 
compensated reconstruction method, while the motion vector field is 
required beforehand. 

In this work, we propose a non-rigid 4 dimensional (4D) image based motion 
estimation method. The cardiac cycle is divided into 20 phases with a 5% 
R-R interval, and a quiescent cardiac phase with least motion was chosen 
as a reference phase. The reference phase was warped by the MVF, which 
is modeled by linear combination of cubic Bspline functions, and the MVF 
was optimized by minimizing the difference between the warped reference 
phase and other target phases. The spatial and temporal regularization was 
applied to enforce the MVF smooth spatially and temporally. An iterative 
coordinate descent conjugate gradient (ICD-CG) method was developed to 
solve this 4D minimization problem. 

The proposed algorithm was implemented using C and CUDA programming 
and a graphic processing unit board, and its performance was evaluated 
with a cardiac CT patient data. The patient was scanned by a 64-slice CT 
scanner (Sensation64; Forchheim, Germany). We used 20 phases with a 5 
% R-R interval in this experiment.

It took 60 iterations and 110 minutes for one ICD-CG process to converge 
to estimate 4-D MVFs. The results show that the proposed method 
converges fast and generates accurate 4D MVF.
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8315-01, Session 1

Automated detection of retinal disease: when 
Moore’s law meets Baumol’s cost disease
M. D. Abramoff, The Univ. of Iowa Hospitals and Clinics (United 
States) and Univ. of Iowa (United States)

Over the last 40 years, health care expenditures have been outpacing 
wage increases in all other areas of the economy, around the developed 
world. While all other sectors of the economy showed consistent 
productivity gains since at least 1900, physician’s and nurses productivity 
has been generally flat. This paradox was first described by W.J. Baumol 
in 1966, and has since been called Baumol’s cost disease.

You are probably more familiar with Moore’s law, the doubling of 
transistor density on integrated circuits every two years, which has 
led to sustained increases in processing power and memory capacity. 
Moore’s law has resulted in cost-effective productivity increases in most 
areas of the economy through automation. In health care however, the 
introduction of Electronic Health Records, though potentially improving 
quality of health care, is resulting in lower physician productivity. 
Computer Aided Diagnosis, where the physician is assisted by a 
computer, may suffer from the same problem. In other words, health care 
automation has made physicians maybe do better but not more.

Automated detection of retinal diseases, leveraging Moore’s law and 
sophisticated image analysis algorithms, can be employed real time, at 
the point of care, without requiring a physician, and has been shown to 
outperform retinal specialists on several measures. Thus, to for example 
prevent blindness in the 300 million people with diabetes around the 
world at risk for diabetic retinopathy, automated detection seems an 
obvious choice. 

This talk will give my personal view on the state of the art in retinal image 
analysis, after which I will attempt to predict the outcome of ‘Moore vs 
Baumol’.

8315-02, Session 1

Automated detection of cells from 
immunohistochemically-stained tissues: 
application to Ki-67 nuclei staining
H. Cinar Akakin, The Ohio State Univ. Medical Ctr. (United States) 
and Anadolu Univ. (Turkey); H. Kong, G. Lozanski, The Ohio State 
Univ. Medical Ctr. (United States); C. Elkins, J. Hemminger, B. 
Miller, J. Ming, E. Plocharczyk, R. Roth, M. Weinberg, R. Ziegler, 
The Ohio State Univ. (United States); M. N. Gurcan, The Ohio 
State Univ. Medical Ctr. (United States)

An automated cell nuclei detection algorithm is described to be used for 
immunohistochemically-stained tissues. Detection and segmentation 
of positively stained cells and their separation from the background 
and negatively-stained cells is crucial for fast, accurate, consistent and 
objective analysis of pathology images. One of the major challenges is 
the identification, hence accurate counting of individual cells, when these 
cells form clusters. To identify individual cell nuclei within clusters, we 
propose a new cell nuclei detection method based on the well-known 
watershed segmentation, which can lead to under- or over-segmentation 
for this problem. Our algorithm handles over-segmentation by combining 
H-minima transformed watershed algorithm with a novel region merging 
technique. To handle under-segmentation problem, we develop a 
Laplacian-of-Gaussian (LoG) filtering based blob detection algorithm, 
which estimates the range of the scales from the image adaptively. An 
SVM classifier was trained with five features extracted from connected 

region properties such as eccentricity, area, perimeter, convex area and 
perimeter-to-area ratio in order to separate non touching single cells and 
touching cell clusters. Classified clusters are segmented with H-minima 
based watershed algorithm. The resulting over-segmented regions are 
improved with the merging algorithm. The remaining under-segmented 
cell clusters are convolved with LoG filters to detect the cells within the 
touching cell clusters. Cell-by-cell nucleus detection performance is 
evaluated by using manually marked cell locations by eight pathology 
residents. The sensitivity is 89% when the cells are marked as positive at 
least by one resident. It increases to 99% when the evaluated cells are 
marked by all eight residents.

8315-03, Session 1

Automated detection of diagnostically 
relevant regions in H&E stained digital 
pathology slides
C. Bahlmann, A. H. Patel, J. P. Johnson, J. Ni, A. Chekkoury, P. K. 
Khurd, A. Kamen, L. Grady, Siemens Corporate Research (United 
States); E. A. Krupinski, R. S. Weinstein, A. R. Graham, The Univ. 
of Arizona (United States)

We present a computationally efficient method for analyzing H&E 
stained digital pathology slides with the objective of discriminating 
diagnostically relevant vs. irrelevant regions. Such technology is useful 
for several applications: (1) It can speed up computer aided diagnosis 
(CAD) for histopathology based cancer detection and grading by an 
order of magnitude through a triage-like preprocessing and pruning. 
(2) It can improve the response time for an interactive digital pathology 
workstation (which is usually dealing with several GByte histopathology 
slides), e.g., through controlling adaptive compression or prioritization 
algorithms. (3) It can support the detection and grading workflow for 
expert pathologists in a semi-automated diagnosis, hereby increasing 
throughput and accuracy. At the core of the presented method is the 
statistical characterization of tissue components that are indicative 
for the pathologist’s decision about malignancy vs. benignancy, such 
as, nuclei, tubules, cytoplasm, etc. In order allow for effective yet 
computationally efficient processing, we propose visual descriptors 
that capture the distribution of color intensities observed for nuclei and 
cytoplasm. Discrimination between statistics of relevant vs. irrelevant 
regions is learned from annotated data, and inference is performed via 
linear classification. We validate proposed method both qualitatively 
and quantitatively. Experiments show a cross validation equal error rate 
of 1.3%. We further show that the proposed method can prune >90% 
of the area of pathological slides while maintaining almost 100% of all 
relevant information, which allows for a speedup of a factor of 10 for CAD 
systems.

8315-04, Session 2

Detection of breast cancer in automated 3D 
breast ultrasound
T. Tan, Radboud Univ. Nijmegen Medical Ctr. (Netherlands); B. 
Platel, Fraunhofer MEVIS (Germany); R. Mus, N. Karssemeijer, 
Radboud Univ. Nijmegen Medical Ctr. (Netherlands)

Automated 3D breast ultrasound (ABUS) is a novel imaging modality, in 
which motorized scans of the breasts are made with a wide transducer 
through a membrane under modest compression. The technology is 
gaining high interest and may become widely used in screening of dense 
breasts, where sensitivity of mammography is poor. ABUS has a high 
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sensitivity for detecting of solid breast lesions. However, reading of 
ABUS images is time consuming and subtle abnormalities may easily be 
missed. Therefore, we develop a computer aided detection (CAD) system 
to help to reduce reading time and errors. In the multi-stage system, 
segmentations of breast and nipple are performed, providing landmarks 
for the detection algorithms. Subsequently, voxel features characterizing 
coronal spiculation patterns, blobness, contrast, and locations with 
respect to landmarks are extracted. Using an ensemble of classifiers, 
a likelihood map indicating potential malignancies is computed. Local 
maxima in the likelihood map are determined using a local maxima 
detector and form a set of candidate lesions in each view. These 
candidates are further processed in a second detection stage, which 
includes region segmentation, feature extraction and a final classification. 
Region segmentation is performed using a 3D spiral-scanning based 
dynamic programming method.

Region features include descriptors of shape, acoustic behavior, 
texture.  Performance was determined using a 78-patient dataset with 93 
images, including 50 malignant lesions. We used 10-fold cross-validation. 
Using FROC analysis we found  that the system obtains a lesion 
sensitivity of 60% and 70% at 2 and 4 false positives per image.

8315-05, Session 2

Breast image feature learning with adaptive 
deconvolutional networks
A. R. Jamieson, K. Drukker, M. L. Giger, The Univ. of Chicago 
Medical Ctr. (United States)

Feature extraction is a critical component of medical image analysis. 
Many computer-aided diagnosis approaches employ hand-designed, 
heuristic lesion extracted features. An alternative approach is to learn 
features directly from images. In this preliminary study, we explored the 
use of Adaptive Deconvolutional Networks (ADN) for learning high-
level features in diagnostic breast mass lesion images with potential 
application to computer-aided diagnosis (CADx) and content-based 
image retrieval (CBIR). ADNs (M. Zeiler, et. al., 2011), are recently-
proposed unsupervised, generative hierarchical models that decompose 
images via convolution sparse coding and max pooling. We trained the 
ADNs to learn multiple layers of representation for two breast image 
data sets on two different modalities (739 full field digital mammography 
(FFDM) and 2409 ultrasound images). Feature map calculations were 
accelerated by use of GPUs. Following Zeiler et. al., we applied the 
Spatial Pyramid Matching (SPM) kernel (S. Lazebnik, et. al., 2006) on the 
inferred feature maps and combined this with a support vector machine 
classifier for the task of binary classification between cancer and 
non-cancer breast mass lesions. Non-linear, local structure preserving 
dimension reduction, Elastic Embedding (Carreira-Perpiñán, 2010), was 
then used to visualize the SPM kernel output in 2D and qualitatively 
inspect image relationships learned. Performance was found to be 
competitive with current CADx schemes that use human-designed 
features, e.g., achieving a 0.632+ bootstrap AUC (by case) of 0.804 for an 
ultrasound image set (1126 cases).

8315-06, Session 2

Fully automated chest wall line segmentation 
in breast MRI by using context information
S. Wu, S. P. Weinstein, E. F. Conant, The Univ. of Pennsylvania 
Health System (United States); R. Localio, Univ. of Pennsylvania 
School of Medicine (United States); M. F. Schnall, D. Kontos, The 
Univ. of Pennsylvania Health System (United States)

Breast MRI has emerged as an effective modality for the clinical 
management of breast cancer. Evidence suggests that computer-aided 
applications can further improve the diagnostic accuracy of breast MRI. 
A challenging step for automated breast MRI analysis, is to separate 
the breast as an organ from the chest wall. Manual segmentation 
or user-assisted interactive tools are inefficient, tedious, and error-

prone, which is prohibitively impractical for processing large amounts 
of data from clinical trials. To address this challenge, we developed a 
fully automated and robust computerized segmentation method that 
intensively utilizes context information of breast MR imaging and breast 
tissue’s morphological characteristics to accurately delineate the breast 
and chest wall boundary. A critical component is the joint application 
of anisotropic image filtering to enhance the edge that corresponds 
to the chest wall line (CWL) and to reduce the effect of adjacent non-
CWL tissues. A CWL voting algorithm is proposed based on CWL 
candidates yielded from multiple sequential MRI slices, in which a 
CWL representative is generated and used through a dynamic time 
warping algorithm to filter out inferior candidates, leaving the optimal 
one. Our method is validated by a representative dataset of 20 3D 
breast MRI scans that span the full range of the ACR BI-RADS density 
categorization. A promising performance (average overlay percentage 
of 89.33%) is observed when the automated segmentation is compared 
to manually segmented ground truth obtained by an experienced breast 
radiologist. The automated method runs time-efficiently at ~3 minutes for 
each breast MR image set (28 slices).

8315-07, Session 2

Improving CAD performance by fusion of the 
bilateral mammographic tissue asymmetry 
information
X. Wang, Univ. of Pittsburgh Medical Ctr. (United States); L. Li, 
W. Liu, W. Xu, Hangzhou Dianzi Univ. (China); B. Zheng, Univ. of 
Pittsburgh Medical Ctr. (United States)

Bilateral mammographic tissue density asymmetry could be an important 
factor in assessing risk of developing breast cancer and improving 
the detection of the suspicious lesions. This study aims to assess the 
performance improvement of a computer-aided detection (CAD) scheme 
in detecting masses by fusion of the bilateral mammographic density 
asymmetrical information. A testing dataset containing 1352 full-field 
digital mammograms (FFDM) acquired from 338 cases was used. In this 
dataset, a half (169) cases are positive (depicting malignant masses) and 
a half are negative. Two computerized schemes were first independently 
applied to process images of each case. The first single-image based 
CAD scheme detected suspicious mass regions depicted on each image. 
The second scheme detected and computed the bilateral mammographic 
tissue density asymmetry of each case. A fusion method was then 
applied to combine the output scores of the two schemes. The CAD 
performance levels with and without fusion of bilateral mammographic 
tissue asymmetry scores were evaluated and compared using free-
response receiver operating characteristic (FROC) type data analysis 
method. By fusion with the bilateral mammographic density asymmetrical 
scores, the case-based CAD sensitivity was increased from 79.2% to 
84.6% at a false positive rate of 0.3 per image. CAD also detected more 
“difficult” masses but missed some of the “easy” cases. The study results 
indicated that fusion between the scores generated by the conventional 
single-image based CAD scheme and the scores of the computed 
bilateral mammographic density asymmetry enabled to increase mass 
detection sensitivity in particular to help detect more subtle masses.

8315-08, Session 2

Interactive content-based image retrieval 
(CBIR) computer-aided diagnosis (CADx) 
system for ultrasound breast masses using 
relevance feedback
H. Cho, L. M. Hadjiiski, Univ. of Michigan Health System (United 
States); B. Sahiner, U.S. Food and Drug Administration (United 
States); H. Chan, C. Paramagul, M. A. Helvie, A. V. Nees, Univ. of 
Michigan Health System (United States)

We evaluated the similarity between query and retrieved masses 
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by relevance feedback using our interactive CBIR CADx system for 
characterization of breast masses on ultrasound images based on 
radiologists’ visual similarity assessment. We designed a CADx system 
to assist radiologists in characterizing masses on ultrasound images. 
CADx system retrieves masses that are similar to a query mass from a 
reference library based on computer-extracted features that describe 
texture, width-to-height ratio, and posterior shadowing of a mass. 
Retrieval is performed with k nearest neighbor (k-NN) method using 
Euclidean distance similarity measure and Rocchio relevance feedback 
algorithm (RRF). For training the RRF parameters, similarities of 1891 
image pairs obtained from 62 masses were rated by 3 MQSA radiologists 
using 9-point scale (9=most similar). A leave-one-out method was used 
in training. For each query mass, 5 most similar masses were retrieved 
from the reference library using radiologists’ similarity ratings, which were 
then used by RRF to retrieve another 5 masses for the same query. The 
best RRF parameters were chosen based on the 3 observer experiments. 
For testing, 100 independent query masses and 121 reference masses 
on 230 images were collected. Three radiologists rated the similarity 
between query and computer-retrieved masses. Average similarity 
ratings without and with RRF were 5.39 and 5.64 on training set and 5.78 
and 6.02 on test set, respectively. Average Az values without and with 
RRF were 0.86±0.03 and 0.87±0.03 on training set and 0.91±0.03 and 
0.90±0.03 on test set, respectively. RRF improved the similarity of the 
retrieved masses.

8315-09, Session 2

A content-based retrieval of mammographic 
masses using the curvelet descriptor
F. R. Narváez, G. M. Díaz, F. A. González, E. Romero, Univ. 
Nacional de Colombia (Colombia)

Computer-aided detection and/or diagnosis (CAD) schemes that use 
content based image retrieval (CBIR) strategies has became one 
important area of research. This paper presents a strategy that allows 
to automatically retrieve mammographic masses using a multiscale 
curvelet descriptor. Unlike other approaches, we do not attempt to 
segment masses but instead we describe regions previously selected 
by an expert. These regions are represented by curvelet coefficients, 
which are further characterized by approximating the marginal curvelet 
subband distribution with a generalized gaussian density (GGD). The 
content based retrieval strategy searches similar regions in a database 
using a Kullback-Leibler divergence similarity measure between the GGD 
distributions. The effectiveness of the proposed descriptor was assessed 
in a database of 380 masses with different shapes and margins. 
Suggested descriptions were compared with a ground truth already 
provided by the data base, showing a mean average precision rate of 
89.3 and recall rate of 75.2 for the retrieval task.

8315-10, Session 3

Automatic detection of axillary 
lymphadenopathy on CT scans of untreated 
chronic lymphocytic leukemia patients
J. Liu, J. Hua, V. Chellappa, National Institutes of Health 
(United States); N. A. Petrick, B. Sahiner, U.S. Food and Drug 
Administration (United States); M. Farooqui, G. Marti, A. 
Wiestner, R. M. Summers, National Institutes of Health (United 
States)

Patients with chronic lymphocytic leukemia (CLL) have an increased 
frequency of axillary lymphadenopathy. Pre-treatment CT scans can be 
used to upstage patients at the time of presentation and post-treatment 
CT scans can reduce the number of complete responses. In the current 
clinical workflow, the detection and diagnosis of lymph nodes is usually 
performed manually by examining all slices of CT images, which can be 
time consuming and highly dependent on the observer’s experience. A 
system for automatic lymph node detection and measurement is desired. 

We propose a computer aided detection (CAD) system for axillary lymph 
nodes on CT scans in CLL patients. The lung is first automatically 
segmented and the patient’s body in lung region is extracted to set 
the search region for lymph nodes. 3D blob detection is then applied 
to detect potential lymph nodes within the search region. Next, the 
detected potential candidates are segmented by curve evolution. Finally, 
features are calculated on the segmented candidates and support vector 
machine (SVM) classification is utilized for false positive reduction. Two 
blobness, Frangi’s and Li’s, are tested and their free-response receiver 
operating characteristic (FROC) curves are generated to assess system 
performance. We applied our detection system to 12 patients with 168 
axillary lymph nodes measuring greater than 10 mm. All lymph nodes 
are manually labeled as ground truth. The system achieved sensitivities 
of 81% and 85% at 2 false positives per patient for Frangi’s and Li’s 
blobness, respectively.

8315-11, Session 3

A minimally interactive method to segment 
enlarged lymph nodes in 3D thoracic CT 
images using a rotatable spiral-scanning 
technique
L. Wang, J. H. Moltz, L. Bornemann, H. K. Hahn, Fraunhofer 
MEVIS (Germany)

Precise size measurement of enlarged lymph nodes is a significant 
indicator for diagnosing malignancy, follow-up and therapy monitoring 
of cancer diseases. The presence of diverse sizes and shapes, 
inhomogeneous enhancement and the adjacency to neighboring 
structures with similar intensities, make the segmentation task 
challenging. We present a semi-automatic approach requiring minimal 
user interactions to fast and robustly segment the enlarged lymph 
nodes. First, a stroke approximating the largest diameter of a specific 
lymph node is drawn manually from which a volume of interest (VOI) is 
determined. Second, Based on the statistical analysis of the intensities 
on the dilated stroke area, a region growing procedure is utilized within 
the VOI to create an initial segmentation of the target lymph node. Third, 
a rotatable spiral-scanning technique is proposed to resample the 3D 
boundary surface of the lymph node to a 2D boundary contour in a 
transformed polar image. The boundary contour is found by seeking the 
optimal path in 2D polar image with dynamic programming algorithm and 
eventually transformed back to 3D. Ultimately, the boundary surface of 
the lymph node is determined using an interpolation scheme followed 
by post-processing steps. To test the robustness and efficiency of our 
method, a quantitative evaluation was conducted with a dataset of 315 
lymph nodes acquired from 79 patients with lymphoma and melanoma. 
Compared to the reference segmentations, an average Dice coefficient of 
0.88 with a standard deviation of 0.08, and an average absolute surface 
distance of 0.54mm with a standard deviation of 0.48mm, were achieved.

8315-12, Session 3

Image-based computer-aided prognosis of 
lung cancer: predicting patient recurrent-free 
survival via a variational Bayesian mixture 
modeling framework for cluster analysis of 
CT histograms
Y. Kawata, N. Niki, Univ. of Tokushima (Japan); H. Ohamatsu, 
National Cancer Ctr. Hospital East (Japan); M. Kusumoto, 
National Cancer Ctr Hospital East (Japan); T. Tsuchida, National 
Cancer Ctr. Hospital East (Japan); K. Eguchi, Teikyo Univ. 
(Japan); M. Kaneko, Tokyo Health Service Association (Japan); N. 
Moriyama, National Cancer Ctr. Hospital East (Japan)

In the recent release of positive results from the National Lung Screening 
Trial (NLST) screening trial in the US showing that CT screening 
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does in fact have a positive impact on the reduction of lung cancer 
related mortality. While this study does show the efficacy of CT based 
screening, physicians often face the problems of deciding on appropriate 
management strategies for maximizing patient survival and for preserving 
lung function. To distinguish a subset of patients with less invasive 
nodules and a better prognosis remains a substantial and challenging 
problem. In this work, we present an image-based computer-aided 
prognosis (CAP) scheme for helping physicians to predict disease 
outcome and patient recurrent-free survival. The elucidation of the 
subcategorization of a pulmonary nodule type in CT images is an 
important preliminary step towards developing the nodule management 
that are specific to each patient. We focus on analyzing CT histograms 
to evaluate the volumetric distribution of CT values within pulmonary 
nodules. The subcategorization through the CT histograms requires 
analytical techniques that estimate the number of categories reliably. 
Thus, we propose to solve this problem via a variational Bayesian mixture 
modeling framework for cluster analysis of CT histograms. The image-
based risk score for predicting the patient recurrence-free survival is 
computed by the combination of the responsibility that each category 
takes for explaining the observation of nodule. Using our dataset of 454 
patients with NSCLC (maximum lesion size of 3 cm), we demonstrate the 
potential usefulness of the CAP scheme which can provide a quantitative 
risk score that is strongly correlated with prognostic factors.

8315-13, Session 3

Multilevel feature extraction for skin lesion 
segmentation in dermoscopic images
S. KhakAbi, P. Wighton, T. K. Lee, Simon Fraser Univ. (Canada) 
and The Univ. of British Columbia (Canada) and The BC Cancer 
Agency Research Ctr. (Canada); M. S. Atkins, Simon Fraser Univ. 
(Canada) and The Univ. of British Columbia (Canada)

This paper presents a novel approach in computer aided skin lesion 
segmentation of dermoscopic images. We apply spatial and color 
features in order to model the lesion growth pattern. The decomposition 
is done by repeatedly clustering pixels into dark and light sub-clusters. A 
novel tree structure based representation of the lesion growth pattern is 
constructed by matching every pixel sub-cluster with a node in the tree 
structure. This model provides a powerful framework to extract features 
and to train models for lesion segmentation. The model employed 
allows features to be extracted at multiple layers of the tree structure, 
enabling a more descriptive feature set. Additionally, there is no need 
for preprocessing such as color calibration or artifact disocclusion. 
Preliminary features (mean over RGB color channels) are extracted for 
every pixel over four layers of the growth pattern model and are used 
in association with radial distance as a spatial feature to segment the 
lesion. The resulting per pixel feature vectors of length 13 are used in a 
supervised learning model for estimating parameters and segmenting the 
lesion. A dataset containing 116 challenging images from dermoscopic 
atlases is used to validate the method via a 10-fold cross validation 
procedure. Results of segmentation are compared with six other skin 
lesion segmentation methods. Our method outperforms five other 
methods and performs competitively with another method. We achieve a 
per-pixel sensitivity/specificity of 0.890 and 0.901 respectively.

8315-14, Session 3

Automated segmentation of tumors on bone 
scans using anatomy-specific thresholding
G. H. Chu, P. Lo, H. J. Kim, P. Lu, B. Ramakrishna, D. W. 
Gjertson, C. Poon, M. Auerbach, J. G. Goldin, M. S. Brown, Univ. 
of California, Los Angeles (United States)

Quantification of overall tumor area on bone scans may be a potential 
biomarker for treatment response assessment and has, to date, not 
been investigated. Segmentation of bone metastases on bone scans 
is a foundational step for this response marker. Here we propose a 

fully automated computerized method for the segmentation of bone 
metastases on bone scans. An image is first segmented into anatomic 
regions via an atlas-based segmentation procedure involving non-rigid 
registration of a labeled atlas scan to a test scan. Next, the intensities 
are normalized to account for varying levels of radiotracer dosing levels 
and scan timing. Lastly, lesions are segmented via anatomic region-
specific intensity thresholding. We applied the proposed method to 
a set of 39 bone scans, with metastases marked by 2 board-certified 
nuclear medicine physicians. Our method was compared with a global 
intensity thresholding method. The results show a comparable sensitivity 
and significantly improved overall specificity (p=0.0069). A leave-one-
out cross validation of our method yielded a median (IQR) sensitivity of 
95.5% (15.6), and specificity of 93.9% (11.4).

8315-15, Session 4

Automated computer-aided detection of 
prostate cancer in MR images: from a whole-
organ to a zone-based approach
G. Litjens, J. O. Barentsz, N. Karssemeijer, H. J. Huisman, 
Radboud Univ. Nijmegen Medical Ctr. (Netherlands)

Prostate cancer is the most prevalent noncutaneous cancer in men. MRI 
has shown to have great potential in cancer localization and grading. 
CAD applications have been developed to aid radiologists in detecting 
cancer. Most current applications focus on the prostate as a whole, 
however, in clinical practice transition zone cancer and peripheral zone 
cancer are considered to have different appearances. In this paper we 
present zone-specific CAD, in addition to an atlas based segmentation 
technique which includes zonal segmentation. Our CAD system consists 
of a detection and a classification stage. Prior to the detection stage 
the prostate is segmented into two zones. After segmentation features 
are extracted. Subsequently a probability map is generated on which 
local maxima detection is performed. For each local maximum a region 
is segmented. In the classification stage additional shape features 
are calculated, after which the regions are classified. Validation was 
performed on 288 data sets with MR-guided biopsy results as ground 
truth. The Free-response Receiver Operating Characteristic (FROC) was 
used for statistical evaluation. The difference between whole-prostate 
and zone-specific CAD was assessed using the difference between 
the FROCs. Our results show that evaluating the two zones separately 
results in an increase in performance compared to whole-prostate CAD. 
The FROC curves at .1, 1 and 3 false positives have a sensitivity of 0.0, 
0.55 and 0.72 for whole-prostate and 0.08, 0.57 and 0.80 for zone-
specific CAD. The FROC curve of the zone-specific CAD also showed 
significantly better performance overall (p < 0.05).

8315-16, Session 4

Maximal partial AUC feature selection in 
computer-aided detection of hepatocellular 
carcinoma in contrast-enhanced hepatic CT
J. Xu, K. Suzuki, The Univ. of Chicago Medical Ctr. (United 
States)

A major challenge in the current computer-aided detection (CADe) of 
hepatocellular carcinomas (HCCs) in contrast-enhanced hepatic CT is to 
reduce the number of false-positive (FP) detections while maintaining a 
high sensitivity level. We propose a feature selection method based on 
a sequential forward floating selection procedure coupled with a linear 
discriminant analysis classifier to improve the classification performance 
in computerized detection of HCCs in contrast-enhanced hepatic CT. 
The proposed method selected the most relevant features that would 
maximize the partial area under the receiver-operating-characteristic 
(ROC) curve (partial AUC) value, which essentially led to the maximum 
classification performance in the computer-aided detection scheme. The 
partial AUC value is defined as the normalized AUC value in the high 
sensitivity region of the ROC curve, which is of clinical importance. In 
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order to test the performance of the proposed method, we compared 
it against the popular stepwise feature selection method based on 
Wilks’ lambda and a recently developed maximal AUC feature selection 
for an HCC database (23 HCCs and 775 non-HCCs). We extracted 88 
morphologic, gray-level-based, and texture features from the segmented 
lesion candidate regions in the hepatic CT images. The proposed method 
selected 9 features and achieved 100% sensitivity at 5.5 FPs per patient. 
Experiments showed a significant improvement in the performance of 
the classifier with the proposed feature selection method over that with 
the popular stepwise feature selection based on Wilks’ lambda and the 
maximal AUC feature selection in terms of AUC values and FP rates.

8315-17, Session 4

Automatic fetal weight estimation using 3D 
ultrasonography
S. Feng, S. Zhou, Siemens Corporate Research (United States)

This paper proposes a novel and fast approach for automatic estimation 
of the fetal weights from 3D ultrasound data. Conventional manual 
approaches are time-consuming and involve inconsistence by different 
sonographers because of the difficulty to trace limb boundaries in 
complicated Ultrasound limb volumes. It takes up to 10 minutes to 
manually trace the surface borders of a 20cm long limb. Using our 
automatic approach, the time is significantly reduced to 2.1 seconds for 
measuring the weights based on the entire limb. Experiments with the 
automatic approach also show comparable standard deviation and limits 
of agreement to the manual approaches.

8315-18, Session 4

Segmentation of urinary bladder in CT 
urography (CTU) using CLASS
L. M. Hadjiiski, H. Chan, Y. Law, R. H. Cohan, E. M. Caoili, H. 
Cho, C. Zhou, J. Wei, Univ. of Michigan Health System (United 
States)

We are developing a computerized system for bladder segmentation on 
CTU, as a critical component for computer aided diagnosis of bladder 
cancer. A challenge for bladder segmentation is the presence of regions 
without contrast (NC) and filled with IV contrast (C). We are developing 
a Conjoint Level set Analysis and Segmentation System (CLASS). 
CLASS consists of preprocessing, initial segmentation, and 3D and 
2D level set segmentation. The NC and the C regions of the bladder 
were segmented separately by CLASS. The final contour is obtained by 
the union of the NC and C contours. Seventy bladders (31 containing 
lesions, 24 containing wall thickenings and 15 normal) were segmented. 
The performance of CLASS was assessed by rating the quality of the 
contours on a 5-point scale (1= “very poor”, 3= “fair”, 5 = “excellent”). 
For the 53 partially contrast-filled bladders, the average quality ratings for 
the 53 NC and 53 C regions were 4.0±0.7 and 4.0±1.0, respectively. 46 
NC and 41 C regions were given quality ratings of 4 or above. Only 2 NC 
and 5 C regions had ratings under 3. The average quality ratings for the 
remaining 12 completely NC and 5 completely C contours were 3.3±1.0 
and 3.4±0.5, respectively. After combining the NC and C contours for 
each of the 70 bladders, 46 had quality ratings of 4 or above. Only 4 
had ratings under 3. The average quality rating was 3.8±0.7. The results 
demonstrate the potential of CLASS for automated segmentation of the 
bladder.

8315-19, Session 5

Automatic detection of coronary stent struts 
in intravascular OCT imaging
K. Tung, W. Shi, L. Pizarro Quiroz, H. Wang, R. Guerrero Moreno, 
R. De Silva, P. Edwards, D. Rueckert, Imperial College London 

(United Kingdom)

Optical coherence tomography (OCT) is a light-based, high resolution 
imaging technique to guide stent deployment procedure for stenosis. 
OCT can accurately differentiate the most superficial layers of the vessel 
wall as well as stent struts and the vascular tissue surrounding them. 
In this paper, we automatically detect the struts of coronary stents 
present in OCT sequences. We propose a novel method to detect the 
strut shadow zone and accurately segment and reconstruct the strut in 
3D. The estimation of the position of the strut shadow zone is the key 
requirement which enables the strut segmentation. After identification 
of the shadow zone we develop weighting maps with spatial constrains 
to estimate stent strut positions. This method can be applied to cross-
sectional OCT images to detect the struts. Validation is performed 
using simulated data as well as in four in-vivo OCT sequences and the 
accuracy of strut detection is over 88%. The comparison against manual 
expert segmentation demonstrates that the proposed strut identification 
is robust and accurate

8315-20, Session 5

A robust automated method to detect stent 
struts in 3D intravascular optical coherence 
tomographic image sequences
A. Wang, J. Eggermont, N. Dekker, Leids Univ. Medisch Ctr. 
(Netherlands); H. Garcia-Garcia, R. Pawar, Cardialysis B.V. 
(Netherlands); J. H. C. Reiber, J. Dijkstra, Leids Univ. Medisch 
Ctr. (Netherlands)

Intravascular optical coherence tomography (IVOCT) provides high-
resolution cross-sectional images of vessels and has been rapidly 
accepted for stenting and follow-up evaluation. Given the large amount 
of stent struts, automated detection methods are necessary. The 
published approaches so far all require different modes for different 
strut positions (malapposition, apposition or restenosis) and lumen/
vessel wall segmentation which is highly influenced by the image quality. 
The proposed automated strut detection technique requires neither 
lumen/vessel segmentation nor different modes. To detect strut-pixel 
candidates, both global intensity histograms and local intensity profiles 
in original polar images are used. To detect the trailing shadow of the 
struts, Gaussian smoothing is applied followed by a modified Prewitt 
compass filter. The edge positions are collected using a novel line-
detector. False positives are removed by a combination of a shadow-
based clustering algorithm, an automatic ellipse fitter and 3D guide-wire 
removal filter. Two observers marked all 6738 struts in 1021 frames from 
12 IVOCT sequences (a one-year follow-up study) and labeled struts as 
malapposition, apposition or restenosis together with the image quality 
(high, middle, low). The inter-observer agreement is 96%. The algorithm 
is tested on different combinations of strut positions and image quality. 
High accuracy was found (94% on average) by comparing automated 
and manual detection results. The lowest accuracy was 89% indicating 
its robustness towards different situations. Thus, the presented method 
can successfully detect struts automatically regardless of their position or 
the image quality, which will be useful for quantitative measurements, 3D 
reconstruction and visualization of implanted stents.

8315-21, Session 5

Estimation of prenatal aorta intima-media 
thickness in ultrasound examination
E. Veronese, E. Poletti, E. Cosmi, E. Grisan, Univ. degli Studi di 
Padova (Italy)

Prenatal events such as intrauterine growth restriction have been shown 
to be associated with an increased thickness of abdominal aorta in the 
fetus. Therefore the measurement of abdominal aortic intima-media 
thickness (aIMT) has been recently considered a sensitive marker of 
atherosclerosis risk. To date the measure of aortic diameter and of aIMT 
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has been performed manually on US fetal images, thus being susceptible 
to intra- and inter- operator variability. This work introduces an automatic 
algorithm that identifies abdominal aorta and estimates its diameter and 
aIMT from videos recorded during routine third trimester ultrasonographic 
fetal biometry.

Firstly, in each frame, the algorithm locates and segments the region 
corresponding to aorta by means of an active contour driven by two 
different external forces: a static vector field convolution force and a 
dynamic pressure force. Then, in each frame, the mean diameter of the 
vessel is computed, to reconstruct the cardiac cycle: in fact, we expect 
the diameter to have a sinusoidal trend, according to the heart rate. 
From the obtained sinusoid we identify the frames corresponding to the 
end diastole and to the end systole. Finally, in these frames we assess 
the aIMT. According to its definition, we consider as aIMT the distance 
between the leading edge of the blood-intima interface, and the leading 
edge of the media-adventitia interface on the far wall of the vessel. The 
correlation between end-diastole and end-systole aIMT automatic and 
manual measures is 0.90 and 0.84 respectively.

8315-22, Session 5

Pulmonary vessel segmentation utilizing 
curved planar reformation and optimal path 
finding (CROP) in computed tomographic 
pulmonary angiography (CTPA) for CAD 
applications
C. Zhou, H. Chan, J. W. Kuriakose, A. R. Chughtai, J. Wei, L. 
M. Hadjiiski, Y. Guo, S. Patel, E. A. Kazerooni, Univ. of Michigan 
Health System (United States)

Vessel segmentation is a fundamental step in an automated pulmonary 
embolism (PE) detection system. The purpose of this study is to improve 
the segmentation scheme for pulmonary vessels affected by PE and 
other lung diseases. 

We have developed a multiscale hierarchical vessel enhancement and 
segmentation (MHES) method for pulmonary vessel tree extraction 
based on the analysis of eigenvalues of Hessian matrices. However, it is 
difficult to segment the pulmonary vessels accurately under suboptimal 
conditions, such as vessels occluded by PEs, surrounded by lymphoid 
tissues or lung diseases, and crossing with other vessels. In this study, 
we developed a new vessel refinement method (MHES-CROP) utilizing 
curved planar reformation (CPR) technique combined with optimal path 
finding method. The MHES segmented vessels straightened in the CPR 
volume was refined using adaptive gray level thresholding which was 
obtained from least-square estimation of a spline curve fitted to the 
gray levels of the vessel along the straightened volume. An optimal path 
finding method based on Dijkstra’s algorithm was finally used to trace the 
correct path for the vessel of interest.

Two and eight CTPA scans were randomly selected as training and 
test data sets, respectively. Forty volumes of interest (VOI) containing 
“representative” vessels were manually segmented by a radiologist 
experienced in CTPA interpretation and used as reference standard. The 
results show that, for the 32 test VOIs, the average percentage volume 
error relative to the reference standard was improved from 32.9±10.2% 
using the MHES method to 9.9±7.9% using the MHES-CROP method. 
The accuracy of vessel segmentation was improved significantly 
(p<0.05). The intraclass correlation coefficient (ICC) of the segmented 
vessel volume between the automated segmentation and the reference 
standard was improved from 0.919 to 0.988. The Bland-Altman plot was 
also provided for quantitative comparison of the MHES method and the 
MHES-CROP method with the reference standard. The MHES-CROP 
method may have the potential to improve PE detection.

8315-23, Session 5

Three-dimensional semi-automated 
segmentation of carotid atherosclerosis from 
three-dimensional ultrasound images
E. Ukwatta, The Univ. of Western Ontario (Canada) and Robarts 
Research Institute (Canada); J. Awad, Robarts Research Institute 
(Canada); D. Buchanan, The Univ. of Western Ontario (Canada); 
G. Parraga, A. Fenster, The Univ. of Western Ontario (Canada) 
and Robarts Research Institute (Canada)

Three-dimensional ultrasound (3DUS) provides non-invasive and precise 
measurements of carotid atherosclerosis that directly reflect arterial 
wall abnormalities that are thought to be related to stroke risk. Here we 
describe a three-dimensional (3D) segmentation method based on the 
sparse field level set method to automate the segmentation of the media-
adventitia (MAB) and lumen-intima (LIB) boundaries of the common 
carotid artery (CCA) from 3DUS images. To initiate the process, an expert 
observer chooses four anchor points on each boundary on a subset of 
transverse slices that are orthogonal to the axis of the artery. An initial 
surface was generated using the anchor points as the initial guess for 
segmentation. The MAB is segmented first using five energies: length 
minimization energy, local region-based energy, edge-based energy, 
anchor point-based energy, and local smoothness energy. Five energies 
are also used for the LIB segmentation: length minimization energy, 
local region-based energy, global region-based energy, anchor point-
based energy, and boundary separation-based energy. The algorithm 
was evaluated with respect to manual segmentations on a slice-by-slice 
basis using 15 3DUS images (i.e., 11 2D manual delineations per 3DUS 
image). For the MAB and LIB segmentations, our method yielded Dice 
coefficients (DC) of more than 92% and sub-millimeter values for mean 
and maximum absolute distance errors. Our method also yielded a vessel 
wall volume error of 7.1% ± 3.4%. The realization of a semi-automated 
algorithm will aid in the translation of 3D carotid US measurements to 
clinical research for the rapid, non-invasive, and economical monitoring 
of atherosclerotic disease.

8315-24, Session 6

Automatic classication of pulmonary function 
in COPD patients using trachea analysis in 
chest CT scans
E. M. van Rikxoort, Radboud Univ. Nijmegen Medical Ctr. 
(Netherlands); P. A. de Jong, O. M. Mets, Univ. Medical Ctr. 
Utrecht (Netherlands); B. van Ginneken, Univ. of California, Los 
Angeles (United States)

Chronic Obstructive Pulmonary Disease (COPD) is a chronic lung 
disease that is characterized by airflow limitation. COPD is clinically 
diagnosed and monitored using pulmonary function testing (PFT), which 
measures global inspiration and expiration capabilities of patients and 
is time-consuming and labor-intensive. It is becoming standard practice 
to obtain paired inspiration-expiration CT scans of COPD patients. 
Predicting the PFT results from the CT scans would alleviate the need 
for PFT testing. It is hypothesized that the change of the trachea during 
breathing might be an indicator of tracheomalacia in COPD patients and 
correlate with COPD severity. In this paper, we propose to automatically 
measure morphological changes in the trachea from paired inspiration 
and expiration CT scans and investigate the influence on COPD GOLD 
stage classification. The trachea is automatically segmented and the 
trachea shape is encoded using the lengths of rays cast from the center 
of gravity of the trachea. These features are used in a classier, combined 
with emphysema scoring, to attempt to classify subjects into their COPD 
stage. A database of 187 subjects, well distributed over the COPD GOLD 
stages 0 through 4 was used for this study. The data was randomly 
divided into training and test set. Using the training scans, a nearest 
mean classier was trained to classify the subjects into their correct 
GOLD stage using either emphysema score, tracheal shape features, 
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or a combination. Combining the proposed trachea shape features with 
emphysema score, the classication performance into GOLD stages 
improved with 11% to 51%. In addition, an 80% accuracy was achieved 
in distinguishing healthy subjects from COPD patients.

8315-25, Session 6

Towards exaggerated emphysema 
stereotypes
C. Chen, L. Sørensen, F. B. Lauze, C. Igel, Univ. of Copenhagen 
(Denmark); M. Loog, Technische Univ. Delft (Netherlands) 
and Univ. of Copenhagen (Denmark); A. Feragen, Univ. 
of Copenhagen (Denmark); M. de Bruijne, Erasmus MC 
(Netherlands) and Univ. of Copenhagen (Denmark); M. Nielsen, 
Univ. of Copenhagen (Denmark)

We introduce the notion of an exaggerated image stereotype for some 
image class of interest, which emphasizes/exaggerates the characteristic 
patterns in an image class and visualizes which visual information 
the classification relies on. This is useful for gaining insight into the 
classification and serves for comparison with the biological models of 
disease. We build the exaggerated image stereotypes by optimizing 
an objective function which consists of a discriminative term based on 
the classification accuracy, and a generative term based on the class 
distribution. A gradient descent method is employed for optimization. 
We use this idea with Fisher’s Linear Discriminant rule, and assume a 
multivariate normal distribution for samples within a class. The proposed 
framework is applied to computed tomography (CT) images of lung tissue 
with emphysema. The synthesized stereotypes illustrate the exaggerated 
patterns of lung tissue with emphysema, which is underpinned by three 
different quantitative evaluation methods.

8315-26, Session 6

An improved automatic computer aided 
tube detection and labeling system on chest 
radiographs
B. Ramakrishna, M. S. Brown, J. G. Goldin, C. H. Cagnon, D. R. 
Enzmann, Univ. of California, Los Angeles (United States)

Tubes like Endotracheal (ET) tube used to maintain patient’s airway 
and the Nasogastric (NG) used to feed the patient and drain contents 
of the stomach are very commonly used in Intensive Care Units (ICU). 
The placement of these tubes is critical for their proper functioning 
and improperly positioned tubes can even be fatal. Bedside Chest 
radiographs are considered the quickest and safest method to check 
placement of these tubes. Tertiary ICU’s typically generate over 250 chest 
radiographs per day to confirm tube placement. This paper develops a 
new fully automatic prototype computer-aided detection (CAD) system 
for tube detection on bedside chest radiographs. The core of our CAD 
system is the randomized algorithm which selects tubes based on their 
average repeatability from seed points. The CAD algorithm is designed 
as 5 stage process: Preprocessing (removing borders, histogram 
equalization, anisotropic filtering), Anatomy Segmentation (to identify 
neck, esophagus, abdomen ROI’s), Seed Generation, Region Growing 
and Tube Selection. The preliminary evaluation was carried out on 64 
cases. The prototype CAD system was able to detect ET tubes with a 
True Positive Rate of 0.93 and False Positive Rate of 0.02/image. For 
the NG tube, the True Positive Rate was 0.84 and False Positive Rate 
was 0.02/image. The results from the prototype system show that it is 
feasible to automatically detect both tubes on chest radiographs, with 
the potential to significantly speed the delivery of imaging services while 
maintaining high accuracy.

8315-27, Session 6

Detecting airway remodeling in COPD and 
emphysema using low-dose CT imaging
R. D. Rudyanto, M. Ceresa, A. Muñoz-Barrutia, C. Ortiz-de-
Solorzano, Univ. de Navarra (Spain)

In this study, we quantitatively characterize lung airway remodeling 
caused by smoking-related emphysema and Chronic Obstructive 
Pulmonary Disease (COPD), in low-dose CT scans. To that end, we 
established three groups of individuals: subjects with COPD (n=35), 
subjects with emphysema (n=38) and healthy smokers (n=28). All 
individuals underwent a low-dose CT scan, and the images were 
analyzed as described next. First the lung airways were segmented 
using a fast marching method and labeled according to its generation. 
Along each airway segment, cross-section images were resampled 
orthogonal to the airway axis. Next 128 rays were cast from the center 
of the airway lumen in each cross-section slice. Finally, we used an 
integral-based method, to measure lumen radius, airway thickness, 
mean wall percentage and mean peak wall attenuation on every cast 
ray. Our analysis shows that both the mean global wall thickness and 
the lumen radius of the airways of both COPD and emphysema groups 
were significantly different from those of the healthy group. In addition, 
the wall thickness change starts at the 3rd airway generation in the 
COPD patients compared with emphysema patients, who display the 
first significant changes starting in the 2nd generation. In conclusion, it is 
shown that airway remodeling happens in individuals suffering from either 
COPD or emphysema, with some local difference between both groups, 
and that we are able to detect and accurately quantify this process using 
images of low-dose CT scans.

8315-28, Session 6

Computerized scheme for lung nodule 
detection in multiprojection chest 
radiography
W. Guo, Q. Li, S. J. Boyce, E. Samei, Duke Univ. (United States)

With IRB approval, 59 subjects without and with confirmed lung nodules 
were recruited for this study. Our previous study indicated that multi-
projection chest radiography could significantly improve radiologists’ 
performance for lung nodule detection in clinical practice. We further 
verify in this study that it can also greatly improve performance of a 
computer-aided diagnostic (CAD) scheme for lung nodule detection. The 
multi-projection chest radiography of each subject comprised 3 images, 
including a posterior anterior image and two acquired at oblique views 
of +/- 3 degrees. We developed a conventional CAD scheme and a 
new fusion CAD scheme to detect lung nodules. The conventional CAD 
scheme consisted of 4 steps for identification of initial nodule candidates, 
nodule candidate segmentation, feature extraction, and false positives 
reduction. The conventional CAD scheme processed each of the 3 
images of a subject independently. The fusion CAD scheme consisted 
of the 4 steps in the conventional CAD scheme and two additional steps 
for registration of all nodule candidates in the 3 images of a subject and 
integration of correlation information between the registered candidates 
in the 3 images. At sensitivities of 70%, 65% and 60%, our conventional 
CAD scheme reported 14.7, 11.3 and 8.6 false positives (FPs) per 
image, respectively, whereas our fusion CAD scheme reported 3.9, 
1.9 and 1.2 FPs per image, respectively. This study indicated that the 
fusion of correlation information in multi-projection chest radiography 
can markedly improve the performance of CAD scheme for lung nodule 
detection.
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8315-29, Session 6

Automated scoring of regional lung perfusion 
in children from contrast enhanced 3D MRI
T. Heimann, M. Eichinger, G. Bauman, A. Bischoff, M. Puderbach, 
H. Meinzer, Deutsches Krebsforschungszentrum (Germany)

MRI perfusion images give information about regional lung function 
and can be used to detect pulmonary pathologies in cystic fibrosis (CF) 
children. However, manual assessment of the percentage of pathologic 
tissue in defined lung subvolumes features large inter- and intra-
observer variation, making it difficult to determine disease progression 
consistently. We present an automated method to calculate a regional 
score for this purpose. First, lungs are located based on thresholding 
and morphological operations. Second, statistical shape models of left 
and right children’s lungs are initialized at the determined locations and 
used to precisely segment morphological images. Segmentation results 
are transferred to perfusion maps and employed as masks to calculate 
perfusion statistics. An automated threshold to determine pathologic 
tissue is calculated and used to determine accurate regional scores.

We evaluated the method on 10 MRI images and achieved an average 
surface distance of less than 1.5 mm compared to manual reference 
segmentations. Pathologic tissue was detected correctly in 9 cases.

The approach seems suitable for detecting early signs of CF and 
monitoring response to therapy.

8315-30, Session 7

Computer-aided detection of polyps in CT 
colonography by means of AdaBoost
J. Xu, K. Suzuki, The Univ. of Chicago Medical Ctr. (United 
States)

Computer-aided detection (CADe) has been investigated for assisting 
radiologists in detecting polyps in CT colonography (CTC). One of the 
major challenges in current CADe of polyps in CTC is to improve the 
specificity without sacrificing the sensitivity. We have developed several 
CADe schemes based on a massive-training framework with different 
nonlinear regression models such as neural network regression, support 
vector regression, and Gaussian process regression. Individual CADe 
schemes based on different nonlinear regression models, however, 
achieved comparable results. In this paper, we propose to use the 
AdaBoost algorithm to combine different regression models in CADe 
schemes for improving the specificity without sacrificing the sensitivity. 
To test the performance of the proposed approach, we compared it 
with individual regression models in the distinction between polyps and 
various types of false positives (FPs). Our CTC database consisted of 
246 CTC datasets obtained from 123 patients in the supine and prone 
positions. The testing set contained 93 patients including 19 polyps in 
seven patients and 86 negative patients with 474 FPs produced by an 
original CADe scheme. The AdaBoost algorithm combining multiple 
massive-training regression models achieved a performance that was 
higher than each individual regression model, yielding a 94.7% (18/19) 
by-polyp sensitivity at an FP rate of 2.0 (188/93) per patient in a leave-
one-lesion-out cross validation test.

8315-31, Session 7

Automated classification of colon polyps in 
endoscopic image data
S. Gross, RWTH Aachen (Germany) and Univ. Hospital Aachen 
(Germany); S. Palm, RWTH Aachen (Germany); J. J. W. 
Tischendorf, Univ. Hospital Aachen (Germany); A. Behrens, 
RWTH Aachen (Germany); C. Trautwein, Univ. Hospital Aachen 
(Germany); T. Aach, RWTH Aachen (Germany)

Colon cancer is the third most commonly diagnosed type of cancer 
in the US. Screening is often performed by colonoscopy (endoscopic 
inspection of the colon mucosa). Narrow Band Imaging (NBI) is a novel 
diagnostic approach highlighting blood vessel structures on polyps 
which are an indicator for future cancer risk. In this paper, we review 
our automated inter- and intra-observer independent system for the 
automated classification of polyps into hyperplasias and adenomas 
based on vessel structures to further improve the classification 
performance. To surpass the performance limitations we derive a novel 
vessel segmentation approach, extract 22 features to describe complex 
vessel topologies, and apply three feature selection strategies. Tests 
are conducted on 286 NBI images with diagnostically important and 
challenging polyps (10mm or smaller) taken from our representative 
polyp database. Evaluations are based on ground truth data determined 
by histopathological analysis. Feature selection by Simulated Annealing 
yields the best result with a prediction accuracy of 96.2% (sensitivity: 
97.6%, specificity: 94.2%) using eight features.

Future development aims at implementing a demonstrator platform to 
begin clinical trials at University Hospital Aachen.

8315-32, Session 7

Automatic colonic fold segmentation for 
computed tomography colonography
H. Zhu, M. Barish, Stony Brook Univ. (United States); L. C. Li, 
College of Staten Island (United States); B. Song, D. Harrington, 
Stony Brook Univ. (United States); P. J. Pickhardt, Univ. of 
Wisconsin-Madison (United States); Z. Liang, Stony Brook Univ. 
(United States)

Human colon has complex structures mostly because of the haustral 
folds. Haustral folds are thin flat protrusions on the colon wall, which 
inherently attached on the colon wall. These structures may complicate 
the shape analysis for computer-aided detection of colonic polyps 
(CADpolyp); however, they can serve as solid reference during image 
interpretation in computed tomographic colonography (CTC). Therefore, 
in this study, based on a clear model of the haustral fold boundaries, 
we employ level set method to automatically segment the fold surfaces. 
We believe the segmented folds have the potential to significantly 
benefit various post-procedures in CTC, e.g., supine-prone registration, 
synchronized image interpretation, automatic polyp matching, CADpolyp, 
teniae coli extraction, etc. For the first time, with assistance from 
physician experts, we established the ground truth of haustral fold 
boundaries of 15 real patient data from two medical centers, based on 
which we evaluated our algorithm. The results demonstrated that about 
92.7% of the folds are successfully detected. Furthermore, we explored 
the segmented area ratio (SAR), i.e., the ratio between the areas of the 
intersection and the union of the expert-drawn and the automatically-
segmented folds, to measure the accuracy of the segmentation 
algorithm. The averaged result of SAR=86.2% shows a good match 
between the ground truth and our segmentation results.

8315-33, Session 7

Automated detection of colorectal lesions 
with dual-energy CT colonography
J. J. Näppi, Massachusetts General Hospital (United States); 
H. Yoshida, Massachusetts General Hospital (United States) 
and Harvard Medical School (United States); S. H. Kim, Seoul 
National Univ. Hospital (Korea, Republic of)

Conventional single-energy computed tomography colonography (CTC) 
tends to miss many polyps 6-9 mm in size and also flat lesions. Dual-
energy CTC (DE-CTC) provides more complete information about the 
chemical composition of tissue than conventional CTC. We developed 
an automated computer-aided detection (CAD) scheme for detecting 
colorectal lesions by use of DE-CTC. Probabilistic models were designed 
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to identify distinct bowel materials and their partial-volume artifacts 
based on dual-energy features. Using the models, the dual-energy CAD 
(DE-CAD) scheme extracted the region of colon by use of a lumen-
tracking method, detected lesions by use of volumetric shape features, 
and reduced false positives by use of multi-energy features and a 
statistical classifier. For validation, 20 patients were prepared for DE-CTC 
by use of reduced bowel cleansing and orally administered fecal tagging 
with iodine and/or barium. The DE-CTC was performed in dual positions 
by use of a dual-energy CT scanner (SOMATOM Definition, Siemens) at 
140 kVp and 80 kVp energy levels. The DE-CTC data were correlated 
with the findings of same-day colonoscopy. The detection accuracies 
of the DE-CAD and conventional CAD schemes were compared by use 
of leave-one-patient-out evaluation and a bootstrapping analysis. There 
were 25 colonoscopy-confirmed lesions: 22 were 6-9 mm and 3 were 
flat lesions >=10 mm in size. The DE-CAD scheme detected the large 
flat lesions and 95% of the 6-9 mm lesions with 9.9 false positives per 
patient. The improvement in detection accuracy by the DE-CAD was 
statistically significant.

8315-34, Session 7

Computer-aided marginal artery detection on 
computed tomographic colonography
Z. Wei, J. Yao, W. Zhang, S. Wang, J. Liu, R. M. Summers, 
National Institutes of Health (United States)

Computed tomographic colonography (CTC) is a minimally invasive 
technique for colonic polyps and cancer screening. The marginal 
artery of the colon, also known as the marginal artery of Drummond, is 
the blood vessel that connects the inferior mesenteric artery with the 
superior mesenteric artery. The marginal artery runs parallel to the colon 
for its entire length, providing blood supply to the colon. Detecting the 
marginal artery may benefit computer-aided detection (CAD) of colonic 
polyp. It can be used to identify teniae coli based on their anatomic 
spatial relationship. It can also serve as an alternative marker for colon 
localization, in case of colon collapse and inability to directly compute 
the endoluminal centerline. This paper proposes an automatic method 
for marginal artery detection on CTC. To the best of our knowledge, this 
is the first work presented for this purpose. Our method includes two 
stages. The first stage extracts the blood vessels in the abdominal region. 
The eigenvalue of Hessian matrix is used to detect line-like structures in 
the images. The second stage is to reduce the false positives in the first 
step. We used two different masks, a dilated colon mask and an eroded 
visceral fat mask, to exclude the false positives. We tested our method 
on a CTC dataset with 6 cases. Using ratio-of-overlap with manual 
labeling of the marginal artery as the standard-of-reference, our method 
yielded true positive, false positive and false negative fractions of 89%, 
33%, 11%, respectively.

8315-35, Session 8

Automatic measurement of vertebral body 
deformations in CT images based on a 3D 
parametric model
D. Štern, M. Bürmen, B. Likar, F. Pernuš, T. Vrtovec, Univ. of 
Ljubljana (Slovenia)

Accurate and objective evaluation of vertebral body deformations 
represents an important part of the clinical diagnostics and therapy 
of pathological conditions affecting the spine. Although modern 
clinical practice is oriented towards three-dimensional (3D) imaging 
techniques, the established methods for the evaluation of vertebral body 
deformations are based on measurements in two-dimensional (2D) X-ray 
images. In this paper, we propose a method for automatic measurement 
of vertebral body deformations in computed tomography (CT) images 
that is based on efficient modeling of the vertebral body shape with a 
3D parametric model. By fitting the 3D model to the vertebral body in 
the image, quantitative description of normal and pathological vertebral 

bodies is obtained from the value of 25 parameters of the model. The 
evaluation of vertebral body deformations is based on the distance of the 
observed vertebral body from the distribution of the parameter values 
of normal vertebral bodies in the parametric space. The distribution is 
obtained from 80 normal vertebral bodies in the training data set and 
verified with eight normal vertebral bodies in the control data set. The 
statistically meaningful distance of eight pathological vertebral bodies in 
the study data set from the distribution of normal vertebral bodies in the 
parametric space shows that the parameters can be used to successfully 
model vertebral body deformations in 3D. The proposed method may 
therefore be used to assess vertebral body deformations in 3D or provide 
clinically meaningful observations that are not available when using 2D 
methods that are established in clinical practice.

8315-36, Session 8

Pixel level image fusion for medical imaging: 
an energy minimizing approach
B. Miles, The Univ. of Western Ontario (Canada); M. W. K. Law, 
I. Ben-Ayed, GE Healthcare (Canada); G. Garvin, St. Joseph’s 
Hospital (Canada); A. Fenster, Robarts Research Institute 
(Canada); S. Li, GE Healthcare (Canada)

In an attempt to improve the visualization techniques for diagnosis and 
treatment of musculoskeletal injuries, we present a novel image fusion 
method for a pixel level fusion of CT and MR images. We focus on the 
spine and related diseases include osteophyte growth, degenerate disc 
disease and spinal stenosis. This will have benefit to the 50-75% of 
people who suffer from back pain, which is the reason for 1.8% of all 
hospital stays in the United States. Pre-registered CT and MR image 
pairs are used. Rigid registration was performed based on soft tissue 
correspondence. A pixel level image fusion algorithm is designed to 
combine CT and MR images into a single image. This is accomplished 
by minimizing an energy functional using a graph cut approach. The 
functional is formulated to balance the similarity between the resultant 
image and the CT image, between the resultant image and the MR 
image. Furthermore the variational smoothness of the resultant image 
(to enforce natural transitions between pixels)is considered in the energy 
functional. The results have been validated based on the amount of 
significant detail preserved in the final fused image. Based on bone 
cortex and disc / spinal cord areas, 95% of the relevant MR detail and 
90% of the relevant CT detail are preserved. This work has the potential 
to aid in patient diagnosis, surgery planning and execution along with 
post operative follow up.

8315-37, Session 8

Detection of sclerotic bone metastases in the 
spine using watershed algorithm and graph 
cut
T. Wiese, J. Yao, J. Burns, R. M. Summers, National Institutes of 
Health (United States)

The early detection of bone metastases is important for determining the 
prognosis and treatment of a patient. We developed a CAD system which 
detects sclerotic bone metastases in the spine on CT images. After the 
spine is segmented from the image, a watershed algorithm detects lesion 
candidates. The over-segmentation problem of the watershed algorithm 
is addressed by the novel incorporation of a graph-cuts driven merger. 25 
quantitative features for each detection are computed to train a support 
vector machine (SVM) classifier. The classifier was trained on 12 clinical 
cases and tested on 10 independent clinical cases. Ground truth lesions 
were manually segmented by an expert. The system prior to classification 
detected 87% (72/83) of the manually segmented lesions with volume 
greater than 300 mm3. On the independent test set, the sensitivity was 
71.2% (95% confidence interval (63.1%, 77.3%)) with 8.8 false positives 
per case.
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8315-38, Session 8

Multi-stage osteolytic spinal bone lesion 
detection from CT data with internal 
sensitivity control
M. G. Wels, A. Tsymbal, M. Kelm, M. Sühling, Siemens AG 
(Germany); D. Comaniciu, Siemens Corporate Research (United 
States); M. Hammon, A. Cavallaro, Universitätsklinikum Erlangen 
(Germany); G. P. Soza, Siemens AG (Germany)

Spinal bone lesion detection is a challenging and important task in 
cancer diagnosis and treatment monitoring. In this paper we present a 
method for fully automatic osteolytic spinal bone lesion detection from 
3D CT data. It is a multi-stage approach subsequently applying multiple 
discriminative models, i.e., multiple random forests, for lesion candidate 
detection and rejection to an input volume. For each detection stage 
an internal control mechanism ensures maintaining a certain sensitivity 
on unseen true positive lesion candidates during training. This way a 
pre-defined target sensitivity of the overall system can be taken into 
account at the time of model generation. For a lesion not only the center 
is detected but also, during post-processing, its spatial extension along 
the three spatial axes defined by the surrounding vertebral body’s local 
coordinate system. Our method achieves a cross-validated sensitivity 
of 75% and a mean false positive rate of 3.0 per volume on a data 
collection consisting of 34 patients with osteolytic spinal bone lesions. 
The median sensitivity is 86% at 2.0 false positives per volume.

8315-39, Session 8

Scoliosis curve type classification from 3D 
trunk image using kernel machine
M. M. Adankon, J. Dansereau, Ecole Polytechnique de Montréal 
(Canada); S. Parent, H. Labelle, CHU Sainte-Justine (Canada); F. 
Cheriet, Ecole Polytechnique de Montréal (Canada)

Adolescent idiopathic scoliosis (AIS) is a deformity of the spine 
manifested by asymmetry and deformities of the external surface of the 
trunk. Classification of scoliosis deformities according to curve type 
is used to plan management of scoliosis patients. Currently, scoliosis 
curve type is determined based on X-ray exam. However, cumulative 
exposure to X-rays radiation significantly increases the risk for certain 
cancer. In this paper, we propose a robust system that can classify the 
scoliosis curve type from non invasive acquisition of 3D trunk surface 
of the patients. The 3D image of the trunk is divided into patches and 
local geometric descriptors characterizing the surface of the back are 
computed from each patch and forming the features. We perform the 
reduction of the dimensionality by using Principal Component Analysis 
and 53 components were retained. In this work a multi-class classifier 
is built with Least-squares support vector machine (LS-SVM) which is 
a kernel classifier. For this study, a new kernel was designed in order to 
achieve a robust classifier in comparison with polynomial and Gaussian 
kernel. The proposed system was validated using data of 103 patients 
with different scoliosis curve types diagnosed and classified from the 
X-ray images. The average rate of successful classification was 93.3% 
with a better rate for the major thoracic and lumbar/thoracolumbar types.

8315-22, Session 9

Pathology: why the future of medicine’s gold 
standard is to go digital
M. J. Becich, Univ. of Pittsburgh (United States)

Pathology is one of the oldest specialties of Medicine, and the 
investigations on the underlying causes of disease can be traced 
back to the XI century. The first optical microscope was only created 
centuries later, around 1590, but it took almost another 100 years before 

it became the centerpiece for the study of disease processes. Today, 
the optical microscope still reigns supreme in the clinical practice, and 
the diagnoses made under its lenses are considered the “gold standard” 
in Medicine. However, the demands facing pathologists are greater 
than ever, with an aging population, a growing number of diagnostic 
procedures available to clinicians, and a litigation-prone society. How can 
pathologists improve their processes, reduce variability and safeguard 
themselves (by consulting on difficult cases) if they still have to rely on 
glass slides? In this talk we will discuss Pathology’s migration towards 
a digital environment: why it is necessary, unavoidable, and may be 
quite painful, if care is not taken in training personnel not to see the 
digital microscope as a “digital” version of the optical microscope. We 
will discuss the many new opportunities that will be opened up by the 
conversion to a digital environment, such as teleconsulting; digital slide 
storage; and development of computer-aided diagnostic systems. We will 
also review the many challenges that lie ahead: image storage, retrieval 
and transmission; appropriate uses of the digital microscope; and 
securing FDA approval for Whole Slide Imaging devices.

8315-40, Session 9

Automated malignancy detection in breast 
histopathological images
A. Chekkoury, P. K. Khurd, J. Ni, C. Bahlmann, A. Kamen, A. H. 
Patel, L. Grady, Siemens Corporate Research (United States); E. 
A. Krupinski, The Univ. of Arizona (United States); J. P. Johnson, 
Siemens Corporate Research (United States); A. R. Graham, R. 
S. Weinstein, The Univ. of Arizona (United States)

In traditional cancer diagnoses, pathologists examine biopsies to 
make diagnostic assessments largely based on deviations in the 
cell structures and changes in the cell distribution across the tissue. 
Detection of malignancy from histopathological images of breast cancer 
is a labor-intensive and error-prone process. Automation of this process 
is highly desirable and would streamline the clinical workflow. In this 
article, we present an efficient Computer Aided Diagnosis system 
that can differentiate between cancerous and noncancerous H&E 
(hemotoxylin&eosin) biopsy samples. The proposed approach aims 
at extracting relevant features that are used to quantify the observed 
changes in cancer tissue. We explore texton-based, network-based 
and novel morphometric features that take advantage of the special 
shape of the nuclei cells in breast cancer histopathological images. In 
extracting the network-based and morphometric features, the exact 
locations and segmentations of the nuclei need to be determined, 
which is accomplished using Support Vector Machine classifiers and 
the Random Walker algorithm, respectively. The proposed approach 
also uses ECM (Extra Cellular Matrix) - aware graph generation that 
can better discriminate between different anatomical structures. Using 
a Support Vector Machine classifier on these features in conjunction 
with the maximum relevance - minimum redundancy feature selection 
technique, we differentiate between malignant and benign breast cancer 
histological slices. Experiments were conducted using H&E stained 
samples, previously annotated by pathologists. Our method achieved a 
high average sensitivity and specificity.

8315-58, Session 9

Robust alignment of prostate histology slices 
with quantified accuracy
C. Hughes, INSERM, U1032 (France) and CREATIS, CNRS UMR 
5220, INSERM U1044, (France) and Univ. Lyon 1 (France); O. 
Rouviere, Hospices Civils de Lyon (France) and Inserm, U1032 
(France); F. Mege Lechevallier, Hospices Civils de Lyon (France); 
R. Souchon, INSERM, U1032 (France); R. Prost, CREATIS-LRMN 
INSA (France)

No current imaging technique is capable of detecting with precision 
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tumours in the prostate. To evaluate each technique, the histology data 
must be precisely mapped to the imaged data. As it cannot be assumed 
that the histology slices are cut along the same plane as the imaged 
data is acquired, the registration is a 3D problem. This requires the prior 
accurate alignment of the histology slices. 

We propose a protocol in which 3 needles are inserted into the fresh 
prostate, creating internal fiducial markers visible in the histology slices. 
Our algorithm then automatically detects and classifies these markers, 
enabling the automatic rigid alignment of the slices. The accuracy of 
the algorithm was quantified in simulated images, a beef liver sample in 
which a validation marker had been created and 10 prostate specimens. 

The simulated images showed that the algorithm has no associated 
residual error and justified the choice of a rigid registration. In the beef 
liver images, the average accuracy of the alignment was 0.11 ± 0.09 
mm at the fiducial markers, and 0.63 ± 0.47 mm at the validation marker 
positioned approximately 20 mm from the fiducial markers. Concerning 
the 10 prostate specimens, there were 19.2 histology slices on average 
per specimen. On average, 90.9% of the fiducial markers created were 
visible in the slices, of which 96.1% were automatically and correctly 
detected. The accuracy of the alignment was on average 0.19 ± 0.15 
mm at the fiducial markers. The algorithm takes 5.46 min on average per 
prostate specimen.

8315-23, Session 10

Analysis of slide exploration strategy of 
cytologists when reading virtual slides
L. Pantanowitz, A. V. Parwani, E. Tseytlin, C. R. Mello-Thoms, 
Univ. of Pittsburgh Cancer Institute (United States)

Cytopathology is the sub-domain of Pathology that deals with the 
diagnosis of cellular changes caused by disease. Currently in the clinical 
practice cytotechnologists screen glass slides containing fixed cytology 
material and examine the cellular specimen under a microscope; if no 
abnormalities are detected, the specimen is deemed “normal”, otherwise 
the abnormalities are marked with a pen on the slide and sent to a 
specialized pathologist, a cytopathologist, for review and final diagnostic 
interpretation. As Pathology is migrating towards a digital environment, it 
is important to determine whether these crucial screening and diagnostic 
tasks can be performed as well using digital slides as in the current 
practice. The purpose of this work is to make this assessment by using 
a set of digital slides depicting cytological materials of different disease 
processes in several organs, and then analyzing how cytotechnologists, 
cytopathologists and cytotechnology-trainees explored these digital 
slides. We will (1) collect slide exploration data from the cytologists as 
they navigate the slides, as well as record any marks made on the digital 
slide and all the diagnoses provided; (2) convert the dynamic visual 
search data into a static representation of the observers’ exploration 
strategy using ‘search maps’; and (3) determine and compare slide 
coverage, identification of diagnostic criteria and diagnoses made for 
each group.

8315-24, Session 10

Influence of LCD color reproduction accuracy 
on observer performance using virtual 
pathology slides
E. A. Krupinski, The Univ. of Arizona (United States); L. D. 
Silverstein, Vcd Sciences Inc. (United States); S. F. Hashmi, A. R. 
Graham, R. S. Weinstein, H. Roehrig, The Univ. of Arizona (United 
States)

The use of color LCDs in medical imaging is growing as more 
clinical specialties use digital images as a resource in diagnosis and 
treatment decisions. Telemedicine applications such as telepathology, 
teledermatology and teleophthalmology rely heavily on color images. 
However, standard methods for calibrating, characterizing and profiling 

color displays do not exist, resulting in inconsistent presentation. To 
address this, we developed a calibration, characterization and profiling 
protocol for color-critical medical imaging applications. Physical 
characterization of displays calibrated with and without the protocol 
revealed high color reproduction accuracy with the protocol. The present 
study assessed the impact of this protocol on observer performance. A 
set of 250 breast biopsy virtual slide regions of interest (half malignant, 
half benign) were shown to 6 pathologists, once using the calibration 
protocol and once using the same display in its “native” off-the-shelf 
uncalibrated state. Diagnostic accuracy and time to render a decision 
were measured. In terms of ROC performance, Az (area under the curve) 
calibrated = 0.8640; uncalibrated = 0.8558. No statistically significant 
difference (p = 0.2719) was observed. In terms of interpretation speed, 
mean calibrated = 4.895 sec, mean uncalibrated = 6.304 sec which 
is statistically significant (p = 0.0460). Early results suggest a slight 
advantage diagnostically for a properly calibrated and color-managed 
display and a significant potential advantage in terms of improved 
workflow. Future work should be conducted using different types of color 
images that may be more dependent on accurate color rendering and a 
wider range of LCDs with varying characteristics.

8315-25, Session 10

Compressing virtual pathology slides: human 
and model observer evaluation
E. A. Krupinski, The Univ. of Arizona (United States); J. P. 
Johnson, Siemens Corporate Research (United States); S. Jaw, 
A. R. Graham, R. S. Weinstein, The Univ. of Arizona (United 
States)

We aim to improve telepathology images for diagnoses using 
compression based on information about human visual system. 
Underlying goal is to demonstrate utility of a visual discrimination model 
(VDM) for predicting observer performance. 100 ROIs from breast 
biopsy virtual slides at 5 levels of compression (uncompressed, 8:1, 
16:1, 32:1, 64:1, 128:1) were shown to 6 pathologists to determine 
benign vs malignant. There was a decrease in performance as a function 
of compression (F = 14.58, p< 0.0001). The visibility of compression 
artifacts in the test images was predicted using a VDM. JND metrics were 
computed for each image including mean, median, ≥90th percentiles, and 
maximum. For comparison PSNR and SSIM were also computed. Image 
distortion metrics were computed as a function of compression ratio 
and averaged across test images. All of the JND metrics were found to 
be highly correlated and differed primarily in magnitude. Both PSNR and 
SSIM decreased with bit rate, correctly reflecting a loss of image fidelity 
with increasing compression. Observer performance (Az) was nearly 
constant up to a compression ratio of 32:1, then decreased significantly 
for 64:1 and 128:1 compression. The initial decline in Az occurred around 
a mean JND of 3, Minkowski JND of 4, and 99th percentile JND of 6.5. 
Virtual pathology may be compressible to relatively high levels before 
impacting diagnostic accuracy and the VDM accurately predicts human 
performance.

8315-41, Session 10

Follicular lymphoma grading using cell-
graphs and multiscale feature analysis
B. Oztan, Rensselaer Polytechnic Institute (United States); H. 
Kong, M. Gurcan, The Ohio State Univ. Medical Ctr. (United 
States); B. Yener, Rensselaer Polytechnic Institute (United States)

We present a method for the automated histopathological grading of 
follicular lymphoma (FL) images based on a multi-scale feature analysis. 
We analyze FL images using cell-graphs to characterize the spatial 
organization between the cells in tissues. Cell-graphs represent images 
with undirected and unweighted graphs wherein the cell nuclei constitute 
the nodes and the approximate adjacencies of the cells are represented 
with edges. Using the features extracted from nuclei- and cytoplasm-

Conference 8315: Computer-Aided Diagnosis



TEL: +1 360 676 3290 · help@spie.org 109 

based cell-graphs, a classifier defines the grading of the follicular 
lymphoma images. The performance of this system is comparable to that 
of our recently developed system that characterizes higher-level semantic 
description of tissues using model-based intermediate representation 
(MBIR) and color-textural analysis. When tested with three different 
classifiers, the combination of cell-graph based features with the MBIR 
and color-textural features followed by a multi-scale feature selection is 
shown to achieve considerably higher classification accuracies than any 
set of these features can achieve separately.

8315-42, Session 10

Nucleus fingerprinting for the unique 
identification of Feulgen-stained nuclei
D. Friedrich, RWTH Achen (Germany); M. Brozio, A. A. Bell, 
RWTH Aachen (Germany); S. F. Biesterfeld, A. Böcking, Heinrich-
Heine-Univ. Düsseldorf (Germany); T. Aach, RWTH Aachen 
(Germany)

DNA Image Cytometry is a method for non-invasive cancer diagnosis 
which measures the DNA content of Feulgen-stained nuclei. DNA content 
is measured using a microscope system equipped with a digital camera 
as a densitometer and estimating the DNA content from the absorption of 
light when passing through the nuclei. However, a DNA Image Cytometry 
measurement is only valid if each nucleus is only measured once.

To assist the user in preventing multiple measurements of the 
same nucleus, we have developed a unique digital identifier for the 
characterization of Feulgen-stained nuclei, the so called nucleus 
fingerprint. Only nuclei with a new fingerprint can be added to the 
measurement. This fingerprint is based on basic nucleus features, the 
contour of the nucleus and the spatial relationship to nuclei in the vicinity. 
Based on this characterization, a classifier for testing two nuclei for 
identity is presented. 

In a pairwise comparison of ~40000 pairs of mutually different nuclei, 
99.5% were classified as different. In another 450 tests, the fingerprints 
of the same nucleus recorded a second time were in all cases judged 
identical. We therefore conclude that our nucleus fingerprint approach 
robustly prevents the repeated measurement of nuclei in DNA Image 
Cytometry.

8315-59, Session 10

Reconstruction of incomplete cell paths 
through a 3D-2D level set segmentation
M. Hariri, J. W. L. Wan, Univ. of Waterloo (Canada)

Segmentation of fluorescent cell images has been a popular technique 
for tracking live cells. One challenge of segmenting cells from 
fluorescence microscopy is that cells in fluorescent images frequently 
disappear.

When the images are stacked together to form a 3D image volume, the 
disappearance of the cells leads to broken cell paths.

In this paper, we present a segmentation method that can reconstruct 
incomplete cell paths. The key idea of this model is to perform 2D 
segmentation in a 3D framework. The 2D segmentation captures the 
cells that appear in the image slices while the 3D segmentation connects 
the broken cell paths. The formulation is similar to the Chan-Vese level 
set segmentation which detects edges by comparing the intensity value 
at each voxel with the mean intensity values inside and outside of the 
level set surface. Our model, however, performs the comparison on 
each 2D slice with the means calculated by the 2D projected contour. 
The resulting effect is to segment the cells on each image slice. Unlike 
segmentation on each image frame individually, these 2D contours 
together form the 3D level set function. By enforcing minimum mean 
curvature on the level set surface, our segmentation model is able to 
extend the cell contours right before (and after) the cell disappears (and 
reappears) into the gaps, eventually connecting the broken paths. We 

will present segmentation results of C2C12 cells in fluorescent images to 
illustrate the effectiveness of our model qualitatively and quantitatively by 
different numerical examples.

8315-43, Session 11

Computer aided periapical lesion diagnosis 
using quantized texture analysis
Y. Wu, E. Cheng, F. Xie, J. Yang, V. Megalooikonomou, H. Ling, 
Temple Univ. (United States)

Periapical lesion is a common disease in oral health. While many studies 
have been devoted to image-based diagnosis of periapical lesion, these 
studies usually require clinicians to perform the task. In this paper we 
investigate the automatic solutions toward periapical lesion classification 
using quantized texture analysis. Specifically, we adapt the bag-of-
words model for periapical root image representation, which captures 
the texture information by collecting local patch statistics. Then we 
investigate several similarity measure approaches with the K-nearest 
neighbor (KNN) classifier for our classification task. To evaluate these 
classifiers we have collected a digitized oral X-Ray image dataset from 
21 patients, 139 root images in total. The extensive experimental results 
demonstrate that the KNN classifier based on the bag-of-words model 
can achieve promising performance for periapical lesion classification.

8315-44, Session 11

Automated quantification of adipose and 
skeletal muscle tissue in whole-body MRI 
data for epidemiological studies
D. Wald, B. Teucher, J. Dinkel, R. Kaaks, S. Delorme, H. Meinzer, 
T. Heimann, Deutsches Krebsforschungszentrum (Germany)

The ratio between the amount of adipose and skeletal muscle tissue is 
an important determinant of metabolic health. Recent developments in 
MRI technology allow whole body scans to be performed for accurate 
assessment of body composition. In the present study, a total of 194 
participants underwent a 2-point Dixon MRI sequence of the whole 
body. A fully automated image segmentation method quantifies the 
amount of adipose and skeletal muscle tissue by applying standard 
image processing techniques including thresholding, region growing 
and morphological operators. The adipose tissue is further divided into 
subcutaneous and visceral adipose tissue by using statistical shape 
models. All images were visually inspected. The quantitative analysis 
was performed on 44 whole-body MRI data using manual segmentations 
as ground truth data. We achieved 3.3% and 6.3% of relative volume 
difference between the manual and automated segmentation of 
subcutaneous and visceral adipose tissue, respectively. The validation 
of skeletal muscle tissue segmentation resulted in a relative volume 
difference of 7.8 ± 4.2% and a volumetric overlap error of 6.4 ± 2.3 %. To 
our knowledge, we are first to present a fully automated method which 
quantifies adipose and skeletal muscle tissue in whole-body MRI data. 
Due to the fully automated approach, results are deterministic and free 
of user bias. Hence, the software can be used in large epidemiological 
studies for assessing body fat distribution and the ratio of adipose to 
skeletal muscle tissue in relation to metabolic disease risk.

8315-45, Session 11

Semantic and topological classification 
of images in magnetically guided capsule 
endoscopy
P. W. Mewes, Siemens Medical Solutions GmbH (Germany) 
and Friedrich-Alexander-Univ. Erlangen-Nürnberg (Germany); 
P. Rennert, A. L. Juloski, Siemens Medical Solutions GmbH 
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(Germany); A. Lalande, Univ. de Bourgogne (France); E. 
Angelopoulou, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); R. Kuth, Siemens Medical Solutions GmbH 
(Germany); J. Hornegger, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany)

Magnetically-guided capsule endoscopy is a nascent technology that 
intends to allow the steering of a capsule endoscope inside the upper 
gastro-intestinal (GI) tract through an external magnetic field. We 
developed a classification cascade which groups images in semantic 
and topological categories for a post-procedure review process and 
as a starting point for algorithms classifying pathologies. The first 
semantic classification step discards over-/under-exposed images and 
images without medically relevant information due to a large amount 
of debris and bubbles. The next topological classification step groups 
images with respect to their position in the upper GI tract. Two further 
classifications steps distinguish topologically different regions inside the 
stomach (cardia, fundus, pylorus, antrum, peristaltic) and semantically 
various viewpoints relative to the stomach wall (close-up, mid-range 
and panorama view). For image classification, global image features and 
local texture features were applied and their performance was evaluated. 
We show that the third classification step can be improved by a bubble 
and debris segmentation because they limit feature extraction to 
discriminative areas only. Furthermore, segmentation of intestinal folds as 
a unique characteristic of stomach images was investigated. The results 
of classifications with a support-vector-machine show the significance of 
color histogram features for the classification of corrupted images (97% 
accuracy). Discarding of bubbles and debris leads to an improvement 
of accuracy for the third classification stage of up to 7%. Features 
extracted from fold segmentation lead only to a minor improvement in 
discriminating different topological locations inside the stomach of 3%.

8315-46, Session 11

Fast vessel segmentation in retinal images 
using multiscale enhancement and second-
order local entropy
H. Yu, E. S. Barriga, VisionQuest Biomedical, LLC (United 
States); C. P. Agurto Rios, The Univ. of New Mexico (United 
States); G. Zamora, VisionQuest Biomedical, LLC (United States); 
W. Bauman, Retina Institute of South Texas (United States); P. 
Soliz, VisionQuest Biomedical, LLC (United States)

Retinal vasculature is one of the most important anatomical structures 
in digital color photographs of the retina. This paper presents a fully 
automated, fast, vessel segmentation algorithm. This algorithm includes 
four main steps. First, two preprocessing techniques are developed for 
low pixel resolution and high pixel resolution images individually. Second, 
a vessel enhanced image (vessel map) is generated by computing the 
eigenvalues of the second derivatives of Gaussian with multiple scales. 
Next, the second order local entropy thresholding is applied on the 
enhanced vessel map to generate binary images. Lastly, a rule-based 
system is developed to reduce false positives caused by bright lesions 
and red lesions. The algorithm is evaluated on the low-resolution DRIVE 
database and the publicly available high-resolution image database 
from Friedrich-Alexander University Erlangen-Nuremberg (Germany). 
The maximum average accuracy for the DRIVE test data set is over 94% 
with 4.1 seconds processing time for each image. For the high resolution 
healthy and diabetic retinopathy (DR) data set, our proposed algorithm 
outperforms an existing approach both on performance and speed. The 
efficiency and accuracy make the retinal vascular segmentation scheme 
described herein suitable for automatic eye disease screening.

8315-47, Session 11

Automated artery-venous classification of 
retinal blood vessels based on structural 
mapping method
V. S. Joshi, M. K. Garvin, J. M. Reinhardt, The Univ. of Iowa 
(United States); M. D. Abramoff, The Univ. of Iowa Hospitals and 
Clinics (United States)

Retinal blood vessels show morphologic modifications in response to 
various retinopathies. However, the specific responses exhibited by 
arteries and veins, may provide a precise diagnostic information, i.e., a 
diabetic retinopathy may be detected more accurately with the venous 
dilatation instead of average vessel dilatation. In order to analyze the 
vessel type specific morphologic modifications, the classification of 
a vessel network into arteries and veins is required. We previously 
described a method for identification and separation of retinal vessel 
trees; i.e., structural mapping. Therefore, we propose the artery-venous 
classification based on structural mapping and identification of color 
properties prominent to the vessel types. The mean and standard 
deviation of each of green channel intensity and hue channel intensity, are 
analyzed in a region of interest around each centerline pixel of a vessel. 
Using the vector of color properties extracted from each centerline pixel, 
it is classified into one of the two clusters (artery and vein), obtained by 
the fuzzy-C-means clustering. According to the proportion of clustered 
centerline pixels in a particular vessel, and utilizing the artery-venous 
crossing property of retinal vessels, each vessel is assigned a label of an 
artery or a vein. The classification results are compared with the manually 
annotated ground truth (gold standard). We applied the proposed method 
to a dataset of 15 retinal color fundus images resulting in an accuracy of 
88.28% correctly classified vessel pixels. The automated classification 
results match well with the gold standard suggesting its potential in 
artery-venous classification and the respective morphology analysis.

8315-48, Session 12

Automatic classification of scar tissue in late 
gadolinium enhancement cardiac MRI for 
the assessment of left-atrial wall injury after 
radiofrequency ablation
D. J. Perry, A. H. Morris, N. S. Burgon, C. J. McGann, R. S. 
MacLeod, J. Cates, The Univ. of Utah (United States)

Radiofrequency ablation is a promising procedure for treating atrial 
fibrillation (AF) that relies on accurate lesion delivery in the left atrial (LA) 
wall for success. Late Gadolinium Enhancement MRI (LGE MRI) at three 
months post-ablation has proven effective for noninvasive assessment 
of the location and extent of scar formation, which are important 
factors for predicting patient outcome and planning of redo ablation 
procedures. We have developed an algorithm for automatic classification 
in LGE MRI of scar tissue in the LA wall and have evaluated accuracy 
and consistency compared to manual scar classifications by expert 
observers. Our approach clusters pixels based on normalized intensity 
and was chosen through a systematic comparison of the performance of 
multivariate clustering on many combinations of image texture. Algorithm 
performance was determined by overlap with ground truth, classification 
sensitivity and specificity, and the accuracy of the estimation of the 
total amount of scar in the LA. Ground truth was determined using the 
STAPLE algorithm, which produces a probabilistic estimate of the true 
scar classification from multiple expert manual segmentations. Evaluation 
of the ground truth data set was based on both inter- and intra-observer 
agreement, with variation among expert classifiers indicating the difficulty 
of scar classification for a given a dataset. Our proposed automatic 
scar classification algorithm performs well for both scar localization and 
estimation of scar volume: for ground truth datasets considered easy, 
variability from the ground truth was low; for those considered difficult, 
variability from ground truth was on par with the variability across 
experts.
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8315-49, Session 12

Automatic computation of cardiac 
measurements from B-mode 
echocardiography
J. Park, S. Feng, S. Zhou, Siemens Corporate Research (United 
States)

Even though 3D volume echocardiography measurements have attracted 
scientists in the research field, conventional 2D based measurements are 
still dominant and widely used in the clinical field. 

We propose a robust and fully automatic algorithm which computes 
the 2D echocardiography measurements recommended by America 
Society of Echocardiography (ASE) such as Inter-ventricular Septum 
(IVS) thickness, Left Ventricle (LV) minor axis diameter, and LV posterior 
wall thickness in both End-Diastole (ED) and End-Systole (ES). These 
measurements are typically calculated in the Parasternal Long Axis 
(PLAX) view with the proper landmark points which are manually located 
by experts. 

The main contribution of the algorithm is as follows. (1) It provides fully 
automatic solution to compute the measurement without intervention 
from a user. To achieve this, the algorithm employs knowledge-based 
imaging technologies which make the algorithm learn the expert’s 
knowledge from the training images along with experts’ annotation of the 
measurement on the images. Based on the model constructed from the 
learning stage, the algorithm searches the LV structure and initial location 
of the landmark points for the measurements in an input PLAX image 
of ED or ES. (2) It provides robust solution to refine the landmark points 
by utilizing not only spatial information from a PLAX image but also the 
temporal information from a pseudo anatomic M-Mode image generated 
by the series of B-Mode images. The experiments were performed using 
approximately 1000 patients’ data with diverse range of image quality 
and disease cases. The performance evaluation shows it performs 
comparable to experts.

8315-50, Session 12

Coronary artery remodeling in non-contrast 
CT images for cardiac risk assessment
H. Xu, M. Zheng, Y. Yang, J. J. Carr, Y. Ge, Wake Forest Univ. 
School of Medicine (United States)

A significant cause of coronary artery disease (CAD) is the coronary 
atherosclerosis which leads to narrowing of coronary arteries. It has 
been shown in recent studies, using intravenous ultrasound and contract 
CT, that early atherosclerosis causes coronary artery remodeling, 
defined as changes in the cross section area. Thus, it is hypothesized 
that measurement of artery remodeling using non-contrast CT can 
be a significant factor in sub-clinical assessment of cardiac risk for 
asymptomatic subjects. However, measuring the cross-sectional area 
and its changes in coronary arteries in non-contrast CT images is a 
challenging task because the intensity of coronary arteries is similar to 
that of surrounding tissues. Automatic segmentation algorithms that 
are designed to segment coronary arteries in contrast images do not 
perform well. For the same reason, 3D visualization techniques cannot 
provide sufficient visualization information for identifying the boundary 
of coronary arteries in 3D space. To overcome these difficulties, we 
developed an interactive application to enable efficient and accurate 
measurement of coronary artery remodeling in non-contrast CT images. 
In a pilot study, we analyzed 50 CT exams from the Coronary Artery 
Risk Development in Young Adults (CARDIA) study. These studies are 
classified into five groups according to lifetime risks of CAD. For each 
exam, we measured the cross-sectional area in six locations along 3D 
centerlines of the left main and left anterior descend. Initial analysis 
demonstrated positive correlation of large coronary artery cross-sectional 
area with high lifetime risks. It also indicated the need for larger study 
size and more measurement points.

8315-51, Session 12

Cluster-based differential features to improve 
detection accuracy of focal cortical dysplasia
C. Yang, M. Kaveh, Univ. of Minnesota, Twin Cities (United 
States); B. Erickson, Mayo Clinic (United States)

Detection of Focal Cortical Dysplasia (FCD) on T1-weighted MRI is a 
nontrivial task even for trained experts; therefore providing a Computer 
Aided Diagnosis (CAD) system to automatically highlight potential lesional 
area is greatly desired. In this paper, a new CAD system for automatic 
lesion detection of FCD on T1-weighted MRI is proposed for reducing 
the false positive (FP) rates associated with the method presented in [1]. 
In [1], a number of candidate clusters were identified using 3D volume-
based absolute features and a Naïve Bayes (NB) classifier. The method 
resulted in 100% lesion detection rate, accompanied by an average of 
7.67 FP clusters per case. To lower the number of FPs, in this paper we 
introduce a new set of cluster-based differential features that utilizes 
local differences of the candidate lesional area with its neighborhood 
(local) and with other GM/WM boundaries (global). The local and global 
differences are measured in a distributional sense using distance 
measures such as Kullback-Leibler (K-L) and χ^2 distances. Finally, a 
Support Vector Machine (SVM) classifier is used to classify the clusters 
based on both absolute and the differential cluster-based feature vectors. 
Preliminary experimental results on 22 subjects show that with the use 
of the cluster-based features and the discriminative classifier SVM in a 
Leave-One-Out experimental setting, we are able to further differentiate 
the difficult cases in [1]. The results show that 100% of lesion detection 
rate can be maintained with only 1.67 FP clusters per subject. With the 
use of the additional differential features can greatly reduce FP rate of the 
CAD system, which can lead to more accurate diagnosis for radiologists.

8315-52, Session 12

Template-based tractography for clinical 
neonatal diffusion imaging data
F. Yepes, Children’s Hospital Los Angeles (United States) and 
Instituto de Investigaciones Biomedicas de Barcelona (Spain); 
N. Lepore, Y. Lao, Children’s Hospital Los Angeles (United 
States); A. Panigrah, Children’s Hospital of Pittsburgh (United 
States) and Children’s Hospital Los Angeles (United States); R. 
Ceschin, Children’s Hospital of Pittsburgh (United States); S. 
Ravichandran, M. D. Nelson, Jr., Children’s Hospital Los Angeles 
(United States); P. Fillard, Institut National de Recherche en 
Informatique et en Automatique (France)

In imaging studies of neonates and particularly in the clinic, diffusion 
tensor image (DTI) tractography is typically unreliable due to the use of 
fast acquisition protocols that yield low resolution and signal to noise 
ratio (SNR). These protocols are implemented with the aim of reducing 
displacement artifacts that may be produced by the movement of the 
neonate’s head during the scanning session. In addition, axons are 
not yet fully myelinated in neonates. As a result, the water molecule’s 
movements are not as constrained as in older brains, making it even 
more difficult to define structure by means of diffusion profiles. Here, 
we introduce a post-processing method that overcomes some of the 
difficulties described above, allowing the determination of reliable tracts 
in newborns. We tested our method using neonatal data and in particular, 
we successfully extracted the fornix, a tract that is typically difficult to 
obtain by direct tractography. The method was further validated through 
visual inspection by expert pediatric neuroradiologists.
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8315-53, Session 12

Detection of cerebral aneurysms in MRA, CTA 
and 3D-RA data sets
C. M. Hentschke, Otto-von-Guericke-Univ. Magdeburg 
(Germany); O. Beuing, R. Nickl, Univ. Hospital Magdeburg 
(Germany); K. D. Tönnies, Otto-von-Guericke-Univ. Magdeburg 
(Germany)

We propose a system to automatically detect cerebral aneurysms in 
3D X-ray rotational angiography images (3D-RA), magnetic resonance 
angiography images (MRA) and computed tomography angiography 
images (CTA). After image normalization, initial candidates are found by 
applying a blob-enhancing filter on the data sets. Clusters are computed 
by a modified k-means algorithm. The clusters are analyzed on the basis 
of computed features. In MRA data sets, false positives (FP) are reduced 
by excluding clusters that are not neighbored to a vessel. Our method 
was tested on 93 angiographic data sets containing aneurysm and non-
aneurysm cases. We achieved 95 % sensitivity with an average rate of 
2.6 FP per data set in case of 3D-RA, 89 % sensitivity with an average 
rate of 6.6 FP per data set in case of MRA and 95 % sensitivity with an 
average rate of 37.6 FP per data set with CTA, respectively. The features 
leading to the best results were the volume and the maximal blobness. 
In contrast to other approaches, our algorithm does not require a vessel 
segmentation and does not require training of distributional properties.

8315-54, Poster Session

Gleason grading of prostate histology utilizing 
statistical shape model of manifolds (SSMM)
R. E. Sparks, A. Madabhushi, Rutgers, The State Univ. of New 
Jersey (United States)

Shape variation of medical structures, such as glands on prostate 
histopathology, is characterized by complex nonlinear relationships 
between instances of the medical structure. Shape classification is aided 
by manifold learning (ML), as ML enables dimensionality reduction of high 
dimensional datasets while preserving complex nonlinear relationships 
between samples. ML is able to accurately represent the shape variation 
of medical structure with a small number of features. Gleason grading 
of prostate histopathology describes changes in tissue architecture and 
reflects prostate cancer prognosis. Distinguishing between intermediate 
Gleason grades (grades 3 and 4) is very difficult for trained pathologists. 
ML when applied to prostate histopathology learns a manifold where 
images of the same Gleason grade are located near each other in 
the low dimensional feature space. ML is sensitive to changes in the 
dataset which may result in structural changes in the manifold which 
does not preserve relationships between images. In this paper we 
present a statistical shape model of manifolds (SSMM) to reduce the 
effect of dataset variation when learning a manifold. The SSMM takes 
a set of manifolds and models the mean shape and primary modes of 
variation of the set of manifolds. We demonstrate that a SSMM allows 
for identification and removal of difficult to classify images for a prostate 
histopathology dataset of 888 glands obtained from 58 patient studies. 
The SSMM allows for distinguishing between images of Gleason grades 
3 and 4 with an accuracy of 93:0 ± 1:0%, compared to an accuracy of 
90:9 ± 1:1% without the SSMM.

8315-55, Poster Session

Incorporating the whole-mount prostate 
histology reconstruction program 
Histostitcher© into the extensible imaging 
platform (XIP) framework
R. J. Toth, J. C. Chappelow, Rutgers, The State Univ. of New 
Jersey (United States); O. Kutter, C. P. Vetter, C. Russ, Siemens 

Corporate Research (United States); M. D. Feldman, J. E. 
Tomaszewski, N. Shih, Hospital of the Univ. of Pennsylvania 
(United States); A. Madabhushi, Rutgers, The State Univ. of New 
Jersey (United States)

There is a need for identifying quantitative imaging (e.g. MRI) signatures 
for prostate cancer (CaP), so that computer-aided diagnostic methods 
can be trained to detect disease extent in vivo. Determining CaP extent 
in vivo is difficult to do; however, with the availability of ex vivo surgical 
whole mount histological sections (WMHS) for CaP patients undergoing 
radical prostatectomy, co-registration methods can be applied to align 
and map disease extent onto pre-operative MR imaging from the post-
operative histology. However, obtaining digitized images of WHMS for 
co-registration with the pre-operative MRI is cumbersome since (a) most 
digital slide scanners are unable to accommodate the entire section, and 
(b) significant technical expertise is required for whole mount preparation.

Consequently most centers opt to construct quartered sections of each 
section. Prior to co-registration with MRI, however, these quartered 
sections need to be digitally stitched together to reconstitute a digital, 
pseudo WMHS. 

Histostitcher© is an interactive software program that uses semi-
automatic registration tools to digitally stitch quartered sections into 
pseudo WMHS. Histostitcher© was originally developed using the GUI 
tools provided by the Matlab programming interface, but the clinical 
use was limited due to the inefficiency of the interface. One could not 
edit the fiducials, the rendering was extremely slow, and visualization 
was limited. In this work, Histostitcher© has been integrated into the 
eXtensible Imaging Platform (XIP) framework (a set of libraries containing 
functionalities for analyzing and visualizing medical image data) which 
lends the stitching tool much greater flexibility and functionality (ability 
to edit fiducials, save sessions, improved visualization). In this work, we 
showcase examples of digital stitching of quartered histologic sections 
into pseudo-WHMS using Histosticher© via the new XIP interface. This 
tool will be particularly useful in clinical trials and large cohort studies 
where a quick, interactive way of digitally reconstructing pseudo WMHS 
is required.

8315-56, Poster Session

An integrated electronic colon cleansing for 
CT colonoscopy via MAP-EM segmentation 
and scale-based scatter correction
H. Zhang, Stony Brook Univ. (United States); L. C. Li, College of 
Staten Island (United States); H. Zhu, Q. Lin, D. P. Harrington, Z. 
J. Liang, Stony Brook Univ. (United States)

Orally administered tagging agents are usually used in CT colonography 
(CTC) to differentiate residual bowel content from native colonic 
structure. However, the high-density contrast agents tend to introduce 
scatter effect on neighboring soft tissues and elevate their observed CT 
attenuation value toward that of the tagged materials (TMs), which may 
result in an excessive electronic colon cleansing (ECC) where pseudo-
enhanced soft tissues are incorrectly identified as TMs. To address this 
issue, we integrated a scale-based scatter correction as a preprocessing 
procedure into our previous ECC pipeline based on the maximum a 
posteriori expectation-maximization (MAP-EM) segmentation. The newly 
proposed ECC scheme takes into account both scatter effect and partial 
volume effect that commonly appear in CTC images. We evaluated 
the new method with 10 patient CTC studies and found improved 
performance. Our results suggest that the proposed strategy is effective 
with potentially significant benefits for both clinical CTC examinations 
and automatic computer-aided detection (CAD) of colon polyps.
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8315-57, Poster Session

Automated incision line determination for 
virtual unfolded view generation of the 
stomach from 3D abdominal CT images
T. Suito, M. Oda, Nagoya Univ. (Japan); T. Kitasaka, Aichi Institute 
of Technology (Japan); G. Iinuma, National Cancer Ctr. Hospital 
East (Japan); K. Misawa, Aichi Cancer Ctr. Hospital (Japan); S. 
Nawano, International Univ. of Health and Welfare (Japan); K. 
Mori, Nagoya Univ. (Japan)

In this paper, we propose an automated incision line determination 
method for virtual unfolded view generation of the stomach from 3D 
abdominal CT images.

The previous virtual unfolding methods of the stomach require a lot of 
manual operations such as determination of the incision line, which 
heavily tasks an operator. In general, an incision line along the greater 
curvature of the stomach is used for making pathological specimen. In 
our method, an incision line is automatically determined by projecting a 
centerline of the stomach onto the gastric surface from a projection line. 
The projection line is determined by using positions of the cardia and the 
pylorus, that can be easily specified by two mouse clicks.

The processing flow of our method is as follows. We extract the stomach 
region using thresholding and labeling processes.

We apply a thinning process to the stomach region, and then extract the 
longest line from the result of the thinning process. We obtain a centerline 
of the stomach region by smoothing the longest line by using a Bezier 
curve. The incision line is calculated by projecting the centerline onto 
the gastric surface from the projection line. We applied the proposed 
method to 19 cases of CT images. We automatically determined incision 
lines and generated virtual unfolded views of the stomach. Experimental 
results showed our method was able to determine an incision line along 
the greater curvature for most of 19 cases. It is possible to generate 
views without a loss of quality for most of 19 cases in comparison to the 
previous methods.

8315-58, Poster Session

A phantom design for validating colonoscopy 
tracking
J. Liu, K. R. Subramanian, The Univ. of North Carolina at 
Charlotte (United States); T. S. Yoo, National Library of Medicine 
(United States)

Phantom experiments are useful and frequently used in validating 
the algorithms and techniques in applications where it is difficult or 
impossible to generate accurate ground-truth. We present a phantom 
design and experiments to validate our colonoscopy tracking algorithms, 
that serve to keep virtual and optical colonoscopy images aligned, 
in both location and orientation. We describe the construction of two 
phantoms capable of respectively moving along a straight and a curved 
path. Both phantoms simulate a colon tunnel, with the top open so as to 
accommodate the endoscope in the tunnel. The straight phantom was 
constructed using Lego bricks, while the curved phantom was built using 
two concentric circular sheets made of hard cardboard mounted on a 
turntable; textured patterns were pasted on the insides of the sheets, 
serving as visual cues for our optical flow based colonoscopy tracking 
algorithm. A constant speed drill was used to move the phantoms over 
a fixed distance, while the endoscope remained stationary. Experiments 
were performed at three speeds: 10, 15mm and 20mm/sec, roughly 
corresponding to motion velocities during colonoscopy procedures. 
Thirty trials at each speed was performed, of which five were chosen 
to meet certain criteria relating to velocity and traveled distance. The 
average velocity error was within 3mm/sec in both straight and curved 
phantoms. Displacement error was about 7mm over a total distance of 
288mm in the straight phantom, and less than 7mm over 287mm in the 
curved phantom. Multiple trials were performed of each experiment(and 
the errors averaged) to ensure repeatability.

8315-59, Poster Session

Automatic segmentation of lesions for the 
computer-assisted detection in fluorescence 
urology
A. Kage, T. Bergen, Fraunhofer-Institut für Integrierte Schaltungen 
(Germany); P. Kelm, Klinikum Nürnberg (Germany); W. Legal, 
Friedrich-Alexander-Univ. Erlangen-Nürnberg (Germany); 
J. Simon, Klinikum Offenburg-Gengenbach (Germany); C. 
Münzenmayer, M. Benz, Fraunhofer-Institut für Integrierte 
Schaltungen (Germany)

Bladder cancer is one of the most common cancers in the western 
world. The diagnosis is based on visual inspection of the bladder using 
a cystoscope. Abnormal tissues like cancer can be removed in the 
procedure. The introduction of a liquid marker prior to the inspection 
provides the possibility to detect abnormal tissue using fluorescence 
illumination. The marker reacts with the tissue and lets abnormal tissue 
glow in the fluorescence illuminated image while normal tissue remains 
dark. The images derived from this illumination modality are very 
dark and emphasize abnormal tissue but provide no further structural 
information. To derive more structural information for a detected lesion, 
the clinical expert has to switch to the white light illuminated image. 
Therefore, the spatial information on the lesion has to be estimated by 
the clinical expert. This process leads to a time consuming procedure 
due to many switches between the different illumination modalities and 
increases the risk of mistreatment.

We introduce an automatic approach, which detects and segments any 
lesion in the fluorescence image automatically. The detected lesion is 
then transferred to the corresponding white light image and provides 
the clinical expert the spatial information of the lesion. The advantage 
of this approach is that the clinical expert gets the spatial and the visual 
information of the lesion together in one image. This can save time and 
decrease the risk to miss cancer while removing a malign lesion.

8315-60, Poster Session

Size-adaptive hepatocellular carcinoma 
detection from 3D CT images based on the 
level set method
S. YUI, Hitachi, Ltd. (Japan) and Kyushu Univ. (Japan); J. 
Miyakoshi, K. Matsuzaki, Hitachi, Ltd. (Japan); T. Irie, Hitachi 
General Hospital (Japan); R. Kurazume, Kyushu Univ. (Japan)

Automatic detection of hepatocellular carcinoma (HCC) from 3D CT 
images effectively reduces interpretation work. Several detection 
methods have been proposed. However, there still remains a tough 
problem of adaptation detection methods to a wide range of tumor sizes, 
especially to small nodules, since it is difficult to distinguish tumors 
from other structures, including noise. Although the level set method 
(LS) is a powerful tool for detecting objects with arbitrary topology, it 
is still poor at detecting small nodules due to low contrast. To detect 
small nodules, early phase images are useful since low contrast in the 
late phase causes miss-detection of some small nodules. Nevertheless, 
conventional methods using early phase images face two problems: one 
is failure to extract small nodules due to low contrast even in early phase 
images, and the other is false-positive (FP) detection of vessels adjacent 
to tumors. In this paper, a new robust detection method adapted to the 
wide range of tumor sizes has been proposed that uses only early phase 
images. To overcome these two problems, our method consists of two 
techniques. One is regularizing surface evolution used in LS by applying 
a new HCC filter that can enhance both small nodules and large tumors. 
The other is regularizing the surface evolution by applying a Hessian-
matrix-based filter that can enhance the vessel structures. Experimental 
results showed that the proposed method improves sensitivity by over 
15% and decreases FP by over 20%, demonstrating that the proposed 
method is useful for detecting HCC accurately.
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8315-61, Poster Session

Medical image retrieval based on texture and 
shape feature co-occurrence
Y. Zhou, Y. Huang, Shandong Univ. (China); H. Ling, Temple Univ. 
(United States); J. Peng, Shandong Univ. (China)

With the rapid development and wide application of medical imaging 
technology, explosive volumes of medical image data are produced every 
day all over the world. As such, it becomes increasingly challenging to 
manage and utilize such data effectively and efficiently. In particular, 
content-based medical image retrieval has been intensively researched in 
the past decade or so.

In this work, we propose a novel approach to content-based medical 
image retrieval utilizing the co-occurrence of both the texture and the 
shape features in contrast to most previous algorithms that use purely 
the texture or the shape feature. Specifically, we propose a novel form 
of representation for the co-occurrence of the texture and the shape 
features in an image, i.e., the gray level and edge direction co-occurrence 
matrix (GLEDCOM). Based on GLEDCOM, we define nine features 
forming a feature vector that is used to measure the similarity between 
images. As a result, it consistently yields outstanding performance 
on both images rich in texture (e.g., image of brain) and images with 
dominant smooth regions and sharp edges (e.g., image of bladder).

As demonstrated by preliminary experiments, the precision of retrieval 
with GLEDCOM algorithm outperforms a set of selected algorithms 
including the gray level co-occurrence matrix (GLCM) based and the 
edge direction histogram (EDH) based algorithms by 10%--30%.

8315-62, Poster Session

Local jet features and statistical models in 
a hybrid Bayesian framework for prostate 
estimation in CBCT images
F. Martinez, Jr., Univ. Nacional de Colombia (Colombia); O. 
Acosta Tamayo, Univ. de Rennes 1 (France); R. de Crevoisier, 
Univ. de Rennes 1 (France) and Ctr. Eugène Marquis (France); E. 
Romero Castro, Univ. Nacional de Colombia (Colombia)

The challenge in prostate cancer radiotherapy is to deliver the planned 
dose to the prostate, sparing as much as possible the neighboring 
organs, namely bladder and rectum. If a lower amount of dose, compared 
to the prescription, is delivered to the prostate, the risk of failure may 
increase. Likewise, if higher doses are delivered to the neighboring 
organs, undesirable side effects may occur. Accurate localization of 
prostate and organs at risk is therefore a bottleneck in radiotherapy. In 
recent Image Guided Radiotherapy (IGRT) procedures, an intraoperative 
Cone Beam CT (CBCT) is used at each session to align the prostate to 
the planned CT and to maximise the correct dose delivery. Tracking the 
prostate in these images may allow not only to achieve this goal but also 
to accurately measure the cumulated dose as the session goes. This 
work introduces a new method that automatically locates the prostate in 
CBCT images. The whole method lies in a Bayesian formulation where 
a multiscale image representation, the local jets, is used as a likelihood 
function, an the prior knowledge is learned from multiple examples 
by expert manual delineations. Compared with manual ground truth 
segmentations, the results showed a Jaccard similarity index of 0.84, and 
an accuracy of 98 %in a set of 4 studies of four patients.

8315-63, Poster Session

Computer vision approach to detect 
colonic polyps in computed tomographic 
colonography
M. T. McKenna, S. Wang, T. Nguyen, J. Burns, National Institutes 

of Health (United States); N. A. Petrick, B. Sahiner, U.S. Food and 
Drug Administration (United States); R. M. Summers, National 
Institutes of Health (United States)

In this paper, we present evaluation results for a novel colonic polyp 
classification method for use as part of a computed tomographic 
colonography (CTC) computer-aided detections (CAD) algorithm. Inspired 
by the interpretative methodology of radiologists using 3D fly-through 
mode in CTC reading, we have developed an algorithm which utilizes 
sequences of images (referred to here as videos) for classification of CAD 
detections. First, we generated an initial list of polyp candidates using an 
existing CAD system. For each of these candidates, we created a video 
composed of a series of intraluminal, volume-rendered images focusing 
on the candidate from multiple viewpoints. These videos illustrated the 
shape of the polyp candidate and gathered contextual information of 
diagnostic importance. We calculated the histogram of oriented gradients 
(HOG) feature on each frame of the video and utilized a support vector 
machine for classification. We tested our method by analyzing a CTC 
data set of 50 patients from three medical centers. Our proposed video 
analysis method for polyp classification showed significantly better 
performance than an approach using only the 2D CT slice data. The 
areas under the ROC curve for these methods were 0.88 (95% CI: [0.84, 
0.91]) and 0.80 (95% CI: [0.75, 0.84]) respectively (p=0.0005).

8315-64, Poster Session

Computer-aided mesenteric small vessel 
segmentation on high-resolution 3D contrast-
enhanced CT angiography scans
W. Zhang, J. Liu, J. Yao, T. Nguyen, A. Louie, S. Wank, R. M. 
Summers, National Institutes of Health (United States)

Segmentation of the mesenteric vasculature has important applications 
for evaluation of the small bowel. In particular, it may be useful for 
small bowel path reconstruction and precise localization of small bowel 
tumors such as carcinoid. Detection of the mesenteric vasculature is 
very challenging, even for manual labeling, because of the low contrast 
and tortuosity of the small blood vessels. Many vessel segmentation 
methods have been proposed. However, most of them are designed 
for segmenting large vessels. We propose a semi-automated system 
to extract the mesenteric vasculature on contrast-enhanced abdominal 
CT scans. The method is based on vesselness enhancement on multi-
view maximum intensity projection (MIP) images. First, the interior 
region of the body is automatically located using visceral fat and 
bone segmentation. Second, the major central vascular branches are 
segmented using multi-linear vessel tracing. Third, we build an iterative 
multi-view multi-scale vessel detection framework. In each iteration, 
bigger vessels detected in the preceding step are first excluded, then 
multi-view 2D MIP images are created and finer vessels are detected at 
the smaller scale. Finally, 2D detections of vessels are back-projected to 
3D space. The method is insensitive to image contrast and vessel shape 
variations and small occlusions due to overlapping larger vessels on the 
MIP. We applied our system to the entire abdominal region. We define the 
small vessels to have diameters from 1mm to 5mm and big vessels to 
have diameters from 5mm to 25mm. Compared with the manually labeled 
ground truth, the average point-to-point overlap is 91.8% and 76.3% for 
big and small vessels, respectively.

8315-65, Poster Session

Automated measurement of anterior and 
posterior acetabular sector angles
B. Ibragimov, B. Likar, F. Pernuš, T. Vrtovec, Univ. of Ljubljana 
(Slovenia)

In this paper, we propose a segmentation method by which anatomical 
landmarks on the pelvis are extracted from CT images. The landmarks 
are used to automatically define the anterior (AASA) and posterior 
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acetabular sector angles (PASA) describing the degree of hips 
misalignment. The center of each femoral head is obtained by searching 
for the point at which the highest number of intensity gradients defined 
at edge points intersect. The radius of a femoral head is computed 
by finding the sphere, positioned at the center of the femoral head, 
for which the normalized sum of gradient vector magnitudes at the 
sphere surface is maximal. The anterior and posterior corners of each 
acetabulum are searched for on a curve representing the acetabulum 
and defined by optimal control theory. The femoral head centers and 
anterior and posterior corners are used to calculate the AASA and PASA. 
The algorithm was applied to CT images of 120 normal subjects and 
the results were compared to ground truth values obtained by manual 
segmentation. The mean absolute difference (± standard deviation) 
between the obtained and ground truth values was 1.3 ± 0.3 mm for the 
femoral head centers and 2.1 ± 1.3 degrees for the acetabular angles.

8315-66, Poster Session

MRI based cartilage assessment
P. Kowalski, W. Tekieli, D. Kroon, C. H. Slump, Univ. Twente 
(Netherlands)

Osteoarthritis is one of the leading causes of pain and disability 
worldwide and a major health problem in developed countries due to the 
gradually aging population. Though the symptoms are easily recognized 
and described by a patient, it is difficult to assess the level of damage or 
loss of articular cartilage quantitatively. We present a novel method for 
fully automated knee cartilage thickness measurement and subsequent 
assessment of the knee joint. 

First, the point correspondence between a pre-segmented training bone 
model is obtained with use of the Shape Context algorithm. Then, the 
Active Shape Models are utilized to segment both femur and tibia bone. 
The surfaces obtained are processed to extract the Bone-Cartilage 
Interface (BCI) points, where the proper segmentation of cartilage begins. 
In this case the multiple Active Contour Models are used, performing the 
segmentation for each BCI point separately. The whole cartilage model 
is then constructed from the segmentations obtained in the previous 
step. An absolute thickness of the segmented cartilage is measured 
and compared to the mean of all training datasets, giving as a result the 
relative thickness value. 

The resulting cartilage structure is visualized and related to the 
segmented bone. In this way the condition of the cartilage is assessed 
over the surface. The quality of bone and cartilage segmentation is 
validated and the Dice’s coefficients 0.79 and 0.69 for femur and tibia 
bones and 0.32 and 0.33 for respective cartilages are obtained. The 
clinical diagnostic relevance of the obtained thickness mapping is 
being evaluated retrospectively. We hope to validate it prospectively for 
prediction of clinical outcome.

8315-67, Poster Session

Predicting the biomechanical strength 
of proximal femur specimens with bone 
mineral density features and support vector 
regression
M. B. Huber, C. Yang, Univ. of Rochester Medical Ctr. (United 
States); J. Carballido-Gamio, Univ. of California, San Francisco 
(United States); J. S. Bauer, T. H. Baum, Technische Univ. 
München (Germany); M. B. Nagarajan, Univ. of Rochester 
Medical Ctr. (United States); F. Eckstein, E. Lochmüller, 
Paracelsus Medizinische Privatuniversität (Austria); S. Majumdar, 
T. M. Link, Univ. of California, San Francisco (United States); A. 
Wismüller, Univ. of Rochester Medical Ctr. (United States)

To improve the clinical assessment of osteoporotic hip fracture risk, 
recent computer-aided diagnosis systems explore new approaches 

to estimate the local trabecular bone quality beyond bone density 
alone to predict femoral bone strength. In this context, statistical bone 
mineral density (BMD) features extracted from Multidetector computed 
tomography (MDCT) images of proximal femur specimens and different 
function approximations methods were compared in their ability to 
predict the biomechanical strength. MDCT scans were acquired in 146 
proximal femur specimens harvested from human cadavers. The femurs’ 
failure load (FL) was determined through biomechanical testing. An 
automated volume of interest (VOI)-fitting algorithm was used to define a 
consistent volume in the femoral head of each specimen. In these VOIs, 
the trabecular bone was represented by statistical moments of the BMD 
distribution and by pairwise spatial occurrence of BMD values using the 
gray-level co-occurrence (GLCM) approach. A linear multiregression 
analysis (MultiReg) and a support vector regression algorithm with a 
linear kernel (SVRlin) were used to predict the FL from the image feature 
sets. The prediction performance was measured by the root mean square 
error (RMSE) for each image feature on independent test sets; in addition 
the coefficient of determination R2 was calculated. The best prediction 
result was obtained with a GLCM feature set using SVRlin, which had 
the lowest prediction error (RSME = 1.040 ± 0.143, R2 = 0.544) and 
which was significantly lower that the standard approach of using BMD.
mean and MultiReg (RSME = 1.093 ± 0.133, R2 = 0.490, p<0.0001). 
The combined sets including BMD.mean and GLCM features had a 
similar or slightly lower performance than using only GLCM features. The 
results indicate that the performance of high-dimensional BMD features 
extracted from MDCT images in predicting the biomechanical strength of 
proximal femur specimen can be significantly improved by using support 
vector regression.

8315-68, Poster Session

Quantitative vertebral compression fracture 
evaluation using a height compass
J. Yao, J. Burns, T. Wiese, R. M. Summers, National Institutes of 
Health (United States)

Vertebral compression fractures can be caused by even minor trauma 
in patients with pathological conditions such as osteoporosis, varying 
greatly in vertebral body location and compression geometry. The 
location and morphology of the compression injury can guide decision 
making for treatment modality (vertebroplasty versus surgical fixation), 
and can be important for pre-surgical planning. We propose a height 
compass to evaluate the axial plane spatial distribution of compression 
injury (anterior, posterior, lateral, and central), and distinguish it from 
physiologic height variations of normal vertebrae. The method includes 
four steps: spine segmentation and partition, endplate detection, height 
compass computation and compression fracture evaluation. A height 
compass is computed for each vertebra, where the vertebral body is 
partitioned in the axial plane into 17 cells oriented about concentric rings 
(Fig 1). In the compass structure, a crown-like geometry is produced by 
three concentric rings which are divided into 8 equal length arcs by rays 
which are subtended by 8 common central angles. The radius of each 
ring increases multiplicatively, with resultant structure of a central node 
and two concentric surrounding bands of cells, each divided into octants. 
The height value for each octant is calculated and plotted against octants 
in neighboring vertebrae. The height compass shows intuitive display 
of the height distribution and can be used to easily identify the fracture 
regions. Our technique was evaluated on 8 fractured and 8 normal 
(control) thoraco-abdominal CT scans and showed statistically significant 
difference in height value.

8315-69, Poster Session

A novel local learning based approach with 
application to breast cancer diagnosis
S. Xu, G. D. Tourassi, Oak Ridge National Lab. (United States)

In this paper, we introduce a new local learning based approach and 
apply it for the well-studied problem of breast cancer diagnosis using 
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BIRADS-based mammographic features. To learn from our clinical 
dataset the latent relationship between these features and the breast 
biopsy result, our method first dynamically partitions the whole sample 
population into multiple sub-population groups through stochastically 
searching the sample population clustering space. Each encountered 
clustering scheme in our online searching process is then used to create 
a certain sample population partition plan. For every resultant sub-
population group embedded in a partition plan, our method then trains a 
dedicated local learner to capture the underlying data relationship. In our 
study, we adopt the linear logistic regression model as our local learning 
method’s base learner. Such a choice is made both due to the well-
understood linear nature of the problem, which is compellingly revealed 
by a rich body of prior studies, and the computational efficiency of linear 
logistic regression--the latter feature allows our local learning method to 
more effectively perform its search in the sample population clustering 
space. Using a database of 850 biopsy-proven cases, we compared 
the performance of our method with a large collection of publicly 
available state-of-the-art machine learning methods and successfully 
demonstrated its performance advantage with statistical significance.

8315-70, Poster Session

Mammographic enhancement with combining 
local statistical measures and sliding band 
filter for improved mass segmentation in 
mammograms
D. H. Kim, J. Y. Choi, KAIST (Korea, Republic of); S. H. Choi, 
Kangbuk Samsung Hospital (Korea, Republic of); Y. M. Ro, KAIST 
(Korea, Republic of)

In this study, a novel mammogram enhancement solution is proposed, 
aiming to improve the quality of subsequent mass segmentation in 
mammograms. It has been widely accepted that characteristics of 
masses are usually hyper-dense or uniform density with respect to its 
background. Also, their core parts are likely to have high-intensity values 
while the values of intensity tend to be decreased as the distance to 
core parts increases. Based on the aforementioned observations, we 
develop a new and effective mammogram enhancement method by 
combining local statistical measurements and Sliding Band Filtering 
(SBF). By effectively combining local statistical measurements and SBF, 
we are able to improve the contrast of the bright and smooth regions 
(which represents a possible mass), as well as, at the same time, the 
regions where their surrounding gradients are converging to the centers 
of regions of interest. In this study, 89 mammograms were collected 
from the public MAIS database (DB) to demonstrate the effectiveness 
of the proposed enhancement solution in terms of improving mass 
segmentation. As for a segmentation method, widely used contour-
based segmentation approach was employed. The contour-based 
method in conjunction with the proposed enhancement solution 
achieves overall detection accuracy of 92.4% with a total of 85 correct 
cases. On the other hand, without using our enhancement solution, 
overall detection accuracy of the contour-based method is only 78.3%. 
In addition, experimental results demonstrate the feasibility of our 
enhancement solution for the purpose of improving detection accuracy 
on mammograms showing dense parenchymal patterns.

8315-71, Poster Session

Perceptual mass segmentation using eye-
tracking and seed-growing
E. Ke, W. Liu, W. Xu, L. Li, Hangzhou Dianzi Univ. (China); B. 
Zheng, Univ. of Pittsburgh Medical Ctr. (United States); J. Zhang, 
L. Zhang, Zhejiang Cancer Hospital (China)

Breast cancer is the most common malignant disease among women. 
Mass, as one of the major indications of breast cancer, its detection 
is still a challenging problem for many breast CAD (computer-aided 

diagnosis) systems. Many works show that radiologists’ visual perceptual 
information plays an important role in medical image analysis. Visual 
perception-based mass segmentation approach may achieve better 
experimental results. In this paper, a perceptual mass segmentation 
approach using eye-tracking and seed-growing method is proposed. 
Firstly, radiologists’ eye-gazing data is recorded and analyzed to acquire 
a sequence of fixation points during their reading. Secondly, through 
in turns computing and comparing distances between every fixation 
point and others, many clusters which consist of close fixation points 
are found out. In turns all fixation points in the same cluster are merged 
into a new fixation point. A new sequence of fixation points appears 
through clustering and merging of fixation points. Thirdly, radiologists’ 
interested fixation points in new sequence are selected by comparing 
dwelling time and pupil diameters of fixation points and become seeds of 
region growing. Finally, texture feature including complexity and texture 
spectrum is got from mammograms. Texture feature-based and seeded 
region growing method in mammogram segmentation is used to extract 
ROIs (Region of Interest). Result of mass segmentation is merging of 
all ROIs. For comparison, VACM (visual attention computational model) 
is also used to obtain seeds automatically for mass segmentation in 
experiments. Through the preliminary experiment with 43 mammograms, 
the performance of proposed approach is better than that of VACM.

8315-72, Poster Session

Detection of architectural distortion in prior 
mammograms using statistical measures of 
orientation of texture
J. Chakraborty, Indian Institute of Technology Kharagpur (India); 
R. M. Rangayyan, S. Banik, Univ. of Calgary (Canada); S. 
Mukhopadhyay, Indian Institute of Technology Kharagpur (India); 
J. E. L. Desautels, Univ. of Calgary (Canada)

We present a method using statistical measures of the orientation 
of texture to characterize and detect architectural distortion in prior 
mammograms of interval-cancer cases. Based on the orientation field, 
obtained by the application of a bank of Gabor filters to mammographic 
images, two types of co-occurrence matrices were derived to estimate 
the joint occurrence of the angles of oriented structures. For each of 
the matrices, Haralick’s 14 texture features were computed. From a 
total of 106 prior mammograms of 56 interval-cancer cases and 52 
mammograms of 13 normal cases, 4,224 regions of interest (ROIs) were 
automatically obtained by applying Gabor filters and phase portrait 
analysis. For each ROI, statistical features were computed using the 
angle co-occurrence matrices. The performance of the features in the 
detection of architectural distortion was analyzed and compared with 
that of Haralick’s features computed using the gray-level co-occurrence 
matrices of the ROIs. Using logistic regression for feature selection, an 
artificial neural network for classification, and the leave-one-image-out 
approach for cross-validation, the best result achieved was 0.77 in terms 
of the area under the receiver operating characteristic (ROC) curve. 
Analysis of the free-response ROC curve yielded a sensitivity of $80%$ 
at 5.4 false positives per image.

8315-73, Poster Session

A CAD system based on complex networks 
theory to characterize mass in mammograms
C. Y. V. Watanabe, Univ. of São Paulo (Brazil) and Federal Univ. of 
Rondônia (Brazil); J. S. Ramos, Federal Univ. of Rondônia (Brazil); 
A. J. M. Traina, C. Traina, Jr., Univ. of São Paulo (Brazil)

This paper presents a Computer-Aided Diagnosis (CAD) system for 
mammograms, which is based on complex networks to shape boundary 
characterization of mass in mammograms, suggesting a “second 
opinion” to the health specialist. A region of interest (the mass) is 
automatically segmented using an improved algorithm based on EM/
MPM and the shape is modeled into a scale-free complex network. 
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Topological measurements of the resulting network are used to compose 
the shape descriptors. The experiments comparing the complex network 
approach with other traditional descriptors, in detecting breast cancer in 
mammograms, show that the proposed approach accomplish the best 
values of accuracy. Hence, the results indicate that complex networks are 
well-suited to characterize mammograms.

8315-74, Poster Session

Multi-instance learning for mass retrieval in 
digitized mammograms
P. Lu, W. Liu, W. Xu, L. Li, Hangzhou Dianzi Univ. (China); B. 
Zheng, Univ. of Pittsburgh Medical Ctr. (United States); J. Zhang, 
L. Zhang, Zhejiang Cancer Hospital (China)

Breast cancer is the most common malignant disease in women. 
Mammogram retrieval system can help radiologists to improve the 
diagnostic accuracy (especially for mass) by retrieving biopsy-proven 
cases which are similar with the diagnostic ones. In mammogram 
retrieval system, the query or ROI (region of interest) posed by radiologist 
is actually ambiguous and difficult to be perceived since the radiologist 
do not know the query ROI is a benign mass or a malignant one. 
Multi-Instance Learning (MIL) is a new framework for learning from 
ambiguity, and has been applied to many machine learning problems. 
For breast mass retrieval task, if the query can be processed as an 
image bag that preserves original semantic meanings of the image, then 
the ambiguity can be tackled by multi-instance learning techniques. In 
this paper, we focus on the implementation of multi-instance learning 
in the area of mass retrieval in digitized mammograms, and propose 
three image bag generators named B-Bag, D-Bag and A-Bag. B-Bag 
uses a simple sub-image decomposition method, A-Bag is based on 
a saliency-based bottom-up visual attention computational model and 
D-Bag uses Discrete Cosine Transform (DCT) for image saliency analysis, 
respectively. We used Diverse Density (DD), EM-DD and BP-MIP as MIL 
learn algorithms for mass retrieval. Experimental study was carried out on 
DDSM database and another database in which samples were collected 
from the Zhejiang Cancer Hospital in China. Preliminary experiments 
showed that the MIL techniques can applied to the problem of mass 
retrieval in digitized mammograms, which can achieve comparable 
results to the classical QBE (query by example) retrieval framework.

8315-75, Poster Session

Local binary patterns for stromal area 
removal in histology images
R. S. Alomari, S. Ghosh, V. Chaudhary, Univ. at Buffalo (United 
States); O. Al-Kadi, The Univ. of Jordan (Jordan)

Nuclei-counting in epithelial cells is an indication for tumor proliferation 
rate which is useful to rank tumors and select an appropriate treatment 
schedule. However, due to the high inter- and intra- observer variability 
in nuclei counting, pathologists seek a deterministic proliferation 
rate estimate. Histology tissue contains epithelial and stromal cells. 
However, nuclei counting is clinically restricted to epithelial cells because 
stromal cells do not become cancerous themselves since they remain 
genetically normal. Digitally removing stromal tissue will eliminate a 
major cause in novice pathologist inter- and intra-observer variability. 
To that end, we propose a computer aided diagnosis (CAD) system for 
digitally eliminating stromal cells from histology images based on the 
local binary patterns, entropy measurement, and statistical analysis. 
We validate our CAD system on a set of fifty Ki-67-stained histology 
images. To test our CAD system, we prove that our stromal removal 
algorithm does not affect the experienced pathologist counting decision. 
Moreover, the successful elimination of the stromal area highly reduces 
the false positive nuclei which are the major confusing cause for the less 
experienced pathologists and thus accounts for the non-determinism 
in the proliferation rate estimation. Our experimental setting shows 
statistical insignificance (paired student t-test shows $rho = 0.74$) in the 

manual nuclei counting before and after our automated stromal removal. 
This means that the clinical decision of the experienced pathologist is 
not affected by our stromal removal which clinically validates the usage 
of our system. However, the usage of our CAD system substantially 
accounts for the reduced inter- and intra- proliferation rate estimation 
variability and especially for the less-experienced pathologists.

8315-76, Poster Session

Predicting axillary lymph node metastasis 
from kinetic statistics of DCE-MRI breast 
images
A. B. Ashraf, L. Lin, S. Gavenonis, C. Mies, E. Xanthopoulos, D. 
Kontos, The Univ. of Pennsylvania Health System (United States)

The presence of axillary lymph node metastases is the most important 
prognostic factor in breast cancer and can influence the selection of 
adjuvant therapy, both chemotherapy and radiotherapy. In this work we 
present a set of kinetic statistics derived from DCE-MRI for predicting 
axillary node status. Breast DCE-MRI images from 69 women with 
known nodal status were analyzed retrospectively under HIPAA and 
IRB approval. Axillary lymph nodes were positive in 12 patients while 
57 patients had no axillary lymph node involvement. Kinetic curves for 
each pixel were computed and a pixel-wise map of time-to-peak (TTP) 
was obtained. Pixels were first partitioned according to the similarity of 
their kinetic behavior, based on TTP values. For every kinetic curve, the 
following pixel-wise features were computed: peak enhancement (PE), 
wash-in-slope (WIS), wash-out-slope (WOS). Partition-wise statistics 
for every feature map were calculated, resulting in a total of 21 kinetic 
statistic features. ANOVA analysis was done to select features that differ 
significantly between node positive and node negative women. Using 
the computed kinetic statistic features a leave-one-out SVM classifier 
was learned that performs with AUC=0.77 under the ROC curve, 
outperforming the conventional kinetic measures, including maximum 
peak enhancement (MPE) and signal enhancement ratio (SER), (AUCs of 
0.61 and 0.57 respectively). These findings suggest that our DCE-MRI 
kinetic statistic features can be used to improve the prediction of axillary 
node status in breast cancer patients. Such features could ultimately be 
used as imaging biomarkers to guide personalized treatment choices for 
women diagnosed with breast cancer.

8315-77, Poster Session

A multiscale approach to mass segmentation 
using graph cuts
X. Wu, W. Xu, L. Li, Hangzhou Dianzi Univ. (China); B. Zheng, 
Univ. of Pittsburgh Medical Ctr. (United States)

As an important step of mass classification, mass segmentation plays an 
important role in computer-aided diagnosis (CAD). This paper proposes a 
novel scheme for mass segmentation in digitized mammography, which 
is based on Graph Cuts algorithm and multi-scale analysis. Mammogram 
is segmented by statistical region merging firstly, and the obtained 
rough contour takes the place of user markers in interactive Graph Cuts 
algorithm to fulfill automated segmentation. In iterative optimization 
stage of the algorithm, multi-scale analysis is introduced to estimate the 
Gaussian Mixture Model (GMM) parameters with pyramidal decomposing 
multi-scale serial images instead of fix-scale original image. The 
algorithm estimates GMM parameters rapidly with fewer samples by 
utilizing the complementarities between segmentation accuracy of fine 
scale and segmentation easiness of coarse scale. In order to improve 
efficiency of the proposed approach, watershed algorithm is utilized 
to produce a region-adjacency graph, replacing pixel-adjacency graph 
with fewer samples. And in order to enhance noise reduction ability, 
each image pixel gray value is set as the average of the segment to 
which the pixel belongs. The proposed method, interactive Graph Cuts 
and GrabCut are simultaneously applied for mass segmentation on 
110 mammographic ROIs, which are obtained from University of South 
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Florida-Digital Database for Screening Mammography (USF-DDSM) 
database. And the achieved average ratios of misclassification error 
are 1.57, 3.46 and 5.01 respectively. The results demonstrate that the 
proposed method achieves a better performance in both accuracy and 
robustness.

8315-78, Poster Session

Computer-aided diagnostics of screening 
mammography using content-based image 
retrieval
T. M. Deserno, M. Soiron, RWTH Aachen (Germany); J. E. E. 
de Oliveira, A. de Albuquerque Araujo, Univ. Federal de Minas 
Gerais (Brazil)

Screening mammography has been established worldwide for early 
detection of breast cancer, one of the main causes of death among 
women in occidental countries. In this paper, we aim at moving towards 
computer-aided diagnostics of screening mammography. In total, 10,509 
mammographic images have been collected from the different sources. 
From this, 3,375 images are provided with one and 430 radiographs 
with more than one chain code annotations. In different experiments, 
this data is divided into 12 and 20 classes, distinguishing between four 
categories of tissue density, three categories of pathology and in the 
20 class problem two categories of different types of lesions. Balancing 
the number of images in each class yields 233 and 45 images for 
the 12 and 20 class problems, respectively. Using a two-dimensional 
principal component analysis features are extracted from small image 
icons of 128 x 128 pixels and classified by means of a support vector 
machine. A promising method for CAD is content-based image 
retrieval. Several concepts of CBIR, based on SVM are discussed and 
a possible implementation of a SVM based CBIR system is presented. 
The confusion matrices are assessed for detailed analysis. Overall, the 
accuracy of the raw classification was 61.6% and 52.1% for the 12 and 
the 20 class problem, respectively. With CBIR, however, a precision 
of about 80% is obtained. Hence, SVM/CBIR may be used as second 
opinion in screening mammography.

8315-79, Poster Session

A similarity study between the query mass 
and retrieved masses using decision tree 
content-vased image retrieval (DTCBIR) CADx 
system for characterization of ultrasound 
breast mass images
H. Cho, L. M. Hadjiiski, H. Chan, Univ. of Michigan Health System 
(United States); B. Sahiner, U.S. Food and Drug Administration 
(United States); M. A. Helvie, C. Paramagul, A. V. Nees, Univ. of 
Michigan Health System (United States)

We are developing a Decision Tree Content-Based Image Retrieval 
(DTCBIR) CADx scheme to assist radiologists in characterization of 
breast masses on ultrasound (US) images. Three DTCBIR configurations, 
including decision tree with boosting (DTb), decision tree with full leaf 
features (DTL), and decision tree with selected leaf features (DTLs) were 
compared. For DTb, the features of a query mass were combined first 
into a merged feature score and then masses with similar scores were 
retrieved. For DTL and DTLs, similar masses were retrieved based on the 
Euclidean distance between the feature vector of the query and those of 
the selected references. For each DTCBIR configuration, we investigated 
the use of the full feature set and the subset of features selected by the 
stepwise LDA and simplex optimization method, resulting in six retrieval 
methods. Among the six methods, we selected five, DTb-lda, DTL-lda, 
DTb-full, DTL-full and DTLs-full, for the observer study. For a query mass, 
three most similar masses were retrieved with each method and were 
presented to the radiologists in random order. Three MQSA radiologists 

rated the similarity between the query mass and the computer-retrieved 
masses using a nine-point similarity scale (1=very dissimilar, 9=very 
similar). For DTb-lda, DTL-lda, DTb-full, DTL-full and DTLs-full, the 
average Az values were 0.90±0.03, 0.85±0.04, 0.87±0.04, 0.79±0.05 and 
0.71±0.06, respectively, and the average similarity ratings were 5.00, 
5.41, 4.96, 5.33 and 5.13, respectively. Although the DTb measures had 
the best classification performance among the DTCBIRs studied, and 
DTLs had the worst performance, DTLs-full obtained higher similarity 
ratings than the DTb measures.

8315-80, Poster Session

Automatic tumor detection in the constrained 
region for ultrasound breast CAD
Y. K. Seong, M. H. Park, SAMSUNG Electronics Co., Ltd. (Korea, 
Republic of); E. Y. Ko, SAMSUNG Medical Ctr. (Korea, Republic 
of); K. Woo, SAMSUNG Electronics Co., Ltd. (Korea, Republic of)

Ultrasound is a very useful modality to find breast tumors for the case 
of dense breast. However as compared with mammography, detecting 
tumors is very laboring task because doctors should examine many 
images. So, CAD (Computer Aided Detection) for breast tumor detection 
in ultrasound is helpful for doctors but it is very difficult because 
image quality is poor and image does not have a standardized format. 
According to clinical statistics, tumors usually occur at glandular tissue 
in the breast anatomy. Thus in this paper, we propose a new method 
to segment a breast image into several regions i.e. skin, fat, glandular 
tissue and pectoralis muscle. Tumor detection region is constrained 
to the region only in the glandular tissue. Glandular tissue region is 
located between pectoralis muscle and fat region. Each region can 
be distinguished by its own features. In this paper we use texture 
feature and location information for each point and the features are 
classified as several layers using a random forest method. Classified 
points are merged into large region and small regions are removed 
by postprocessing. The accuracy of glandular tissue detection was 
about 90%. We applied the conventional tumor detection method in 
this segmented glandular tissue. After several tests we obtained that 
tumor detection accuracy improved for 14% and detection time was 
also reduced. The proposed method can improve both tumor detection 
accuracy and speed.

8315-81, Poster Session

Automated proliferation rate estimation from 
Ki-67 histology images
R. S. Alomari, Univ. at Buffalo (United States); H. Z. Al-Lahham, 
The Univ. of Jordan (Jordan); V. Chaudhary, Univ. at Buffalo 
(United States); H. Hiary, The Univ. of Jordan (Jordan)

Breast cancer is the second cause of women death and the most 
diagnosed female cancer in the US. Proliferation rate estimation is one 
of the prognostic indicators that guide the treatment protocols and it 
is clinically performed from Ki-67 histopathology images. Automating 
proliferation rate estimation (PRE) substantially increases the efficiency of 
the pathologists. Moreover, presenting a deterministic and reproducible 
proliferation rate value is crucial to reduce inter-observer variability. To 
that end, we propose a fully automated CAD system for PRE from the 
Ki-67 histopathology images. This CAD system is based on a model 
of three steps: image pre-processing, image clustering, and nuclei 
segmentation and counting that is followed by PRE. The first step is 
based on customized color modification and color space transformation. 
Then, image pixels are clustered by K-Means depending on the features 
extracted from the L*a*b* versions of the images derived from the first 
step. Finally, nuclei is segmented and counted using global thresholding, 
morphology operators and connected components counting. Our 
experimental results on fifty Ki-67-stained histopathology images show 
a significant agreement between our CAD automated PRE and the 
gold standard which is an average between two estimates. The paired 
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T-Test, for the automated and manual estimates, shows ρ = 0.74, 0.97, 
0.87 for the brown nuclei count, blue nuclei count and proliferation 
rate, respectively. Thus, our proposed CAD system is as reliable as 
the pathologist estimating the proliferation rate. Yet, its estimate is 
reproducible.

8315-82, Poster Session

Multiresolution local binary pattern texture 
analysis for false positive reduction in 
computerized detection of breast masses on 
mammograms
J. Y. Choi, D. H. Kim, Y. M. Ro, KAIST (Korea, Democratic 
Peoples Republic of); S. H. Choi, Kangbuk Samsung Hospital 
(Korea, Democratic Peoples Republic of)

We investigated the feasibility of using multiresolution Local Binary 
Pattern (LBP) texture analysis to reduce false-positive (FP) detection in 
a computerized mass detection framework. A new and novel approach 
for extracting LBP features is devised to differentiate masses and 
normal breast tissue on mammograms. In particular, to characterize 
the LBP texture patterns of the boundaries of masses, as well as to 
preserve the spatial structure pattern of the masses, two individual LBP 
texture patterns are then extracted from the core region and the ribbon 
region of pixels of the respective ROI regions, respectively. These two 
texture patterns are combined to produce the so-called multiresolution 
LBP feature of a given ROI. The proposed LBP texture analysis of the 
information in mass core region and its margin has clearly proven to be 
significant and is not sensitive to the precise location of the boundaries 
of masses. In this study, 89 mammograms were collected from the 
public MAIS database (DB). To perform a more realistic assessment of 
FP reduction process, the LBP texture analysis was applied directly to 
a total of 1,693 regions of interest (ROIs) automatically segmented by 
computer algorithm. Support Vector Machine (SVM) was applied for the 
classification of mass ROIs from ROIs containing normal tissue. Receiver 
Operating Characteristic (ROC) analysis was conducted to evaluate 
the classification accuracy and its improvement using multiresolution 
LBP features. With multiresolution LBP features, the classifier achieved 
an average area under the ROC curve, Az of 0.956 during testing. In 
addition, the proposed LBP features outperform other state-of-the-arts 
features designed for false positive reduction.

8315-83, Poster Session

Evaluation of stopping criteria for level set 
segmentation of breast masses in contrast-
enhanced dedicated breast CT
H. Kuo, Univ. of Illinois at Chicago (United States); M. L. Giger, 
I. S. Reiser, The Univ. of Chicago Medical Ctr. (United States); J. 
M. Boone, K. K. Lindfors, K. Yang, UC Davis Medical Ctr. (United 
States); A. V. Edwards, The Univ. of Chicgao Medical Ctr. (United 
States)

Dedicated breast CT (bCT) is an emerging technology that produces 3D 
images of the breast, thus allowing radiologists to detect and evaluate 
breast lesions in 3D. However, assessing potential cancers in the bCT 
volume can prove time consuming and difficult. Thus, we are developing 
automated 3D lesion segmentation methods to aid in the interpretation of 
bCT images. Based on previous studies using a 3D radial-gradient index 
(RGI) method, we are investigating whether active contour segmentation 
can be applied in 3D to capture additional details of the lesion margin. 

Our data set includes 40 contrast-enhanced bCT that contain 38 
breast masses. Using on the radiologist-marked lesion center of each 
mass, an initial RGI contour is obtained which is the input to our active 
contour segmentation method. In this study, active contour level set 
segmentation, an iterative segmentation technique, is extended to 3D. 

Three stopping criteria are compared, based on 1) the change of volume 
(ΔV/V), 2) the mean value of the increased volume at each iteration (dμ/
dt), and 3) the changing rate of intensity inside and outside the lesion 
(Δ<0x1d463>w).

Lesion segmentation was evaluated by determining the overlap ratio of 
lesion outlines obtained by active contour segmentation, with manual 
lesion outlines. The overlap ratio was averaged across coronal, sagittal, 
and axial planes. For each stopping criterion, the average overlap ratios 
for 3 stopping criteria were found to be 0.66 (ΔV/V), 0.68 (dμ/dt), 0.69 
(Δ<0x1d463>w).

8315-84, Poster Session

Computer-aided detection of 
microcalcifications in digital breast 
tomosynthesis (DBT): a multichannel signal 
detection approach on projection views
J. Wei, H. Chan, L. M. Hadjiiski, M. A. Helvie, C. Zhou, Y. Lu, 
Univ. of Michigan Health System (United States)

Digital breast tomosynthesis (DBT) is one of the promising methods that 
may improve the sensitivity and specificity for breast cancer detection. 
We are developing a computer-aided detection (CADe) system for 
clustered microcalcifications (MC) in DBT. A data set of two-view 
DBTs from 42 breasts was collected with a GE prototype system. We 
investigated a multichannel signal detection approach on projection 
view (PV) images rather than in the reconstructed 3D DBT volume. Our 
2D approach consisted of two major stages: (1) detecting individual 
MC candidates on each PV, and (2) combining the 2D MC candidates 
and detecting clusters in the breast volume. With the prescreened 
MC candidates on PVs, a multi-channel (MCH) filter bank was trained 
to extract signal response from each MC candidate. A ray-tracing 
process was performed to fuse the MCH responses and localize the MC 
candidates in 3D using the geometrical information of the DBT system. 
False signals were reduced based on the 3D MCH signal response. 
Potential MC clusters were then identified by dynamic clustering of 
the remaining MCs in 3D. A two-fold cross-validation method was 
used to train and test the CADe system. The detection performance of 
clustered MCs was assessed by free receiver operating characteristic 
(FROC) analysis. The CADe system achieved a case-based sensitivity 
of 90% at an average FP rate of 2.1 FP clusters per DBT volume. Our 
study demonstrated that the CADe system using 2D MCH filter bank is 
promising for detection of clustered MCs in DBT.

8315-85, Poster Session

Analysis of breast CT lesions using computer-
aided diagnosis: an application of neural 
networks on extracted morphologic and 
texture features
S. Ray, N. D. Prionas, K. K. Lindfors, J. M. Boone, UC Davis 
Medical Ctr. (United States)

Dedicated cone-beam breast CT (bCT) scanners have been developed 
as a potential alternative imaging modality to conventional X-ray 
mammography in breast cancer diagnosis. As with other modalities, 
quantitative imaging (QI) analysis can potentially be utilized as a tool 
to extract useful numeric information concerning diagnosed lesions 
from high quality 3D tomographic data sets. In this work, preliminary QI 
analysis was done by designing and implementing a computer-aided 
diagnosis (CADx) system consisting of image preprocessing, object(s) 
of interest (i.e. masses, microcalcifications) segmentation, structural 
analysis of the segmented object(s), and finally classification into benign 
or malignant diagnoses. Image sets were acquired from bCT patient 
scans with diagnosed lesions. Iterative watershed segmentation (IWS), 
a hybridization of the watershed method using observer-set markers 
and a gradient vector flow (GVF) approach, was used as the lesion 
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segmentation method in 3D. Eight morphologic parameters and six 
texture features based on gray level co-occurrence matrix (GLCM) 
calculations were obtained per segmented lesion and combined into 
multi-dimensional feature input data vectors. Artificial neural networks 
(ANN) classifiers were used by performing cross validation and network 
parameter optimization to maximize area under the curve (AUC) values of 
the resulting receiver-operating characteristic (ROC) curves. Within these 
ANNs, biopsy-proven diagnoses of malignant and benign lesions were 
recorded as target data while the feature vectors were saved as raw input 
data. With the image data separated into post-contrast (n = 55) and pre-
contrast sets (n = 39), a maximum AUC of 0.70 ± 0.02 and 0.80 ± 0.02 
were achieved respectively for each data set after ANN application.

8315-86, Poster Session

A robust and accurate approach to automatic 
blood vessel detection and segmentation 
from angiography x-ray images using multi-
stage random forests
A. Kale, Siemens Information Systems Ltd. (India); V. Gupta, 
Philips Electronics India Ltd. (India); H. Sundar, Siemens 
Corporate Research (United States)

In this paper we propose a novel approach based on multi-stage random 
forests (RF) to address shortcomings of traditional vessel segmentation 
algorithms in the presence of image artifacts such as stitches,organ 
shadows etc.. Our approach consists of collecting a large number of 
training samples : positive examples points lying on true blood vessel 
and negative example points lying on noisy regions, organ projections, 
surgical stitches. The method makes use of a $14times 14$ window 
around putative seed point. For this window three types of feature 
vectors are computed viz. vesselness, eigenvalues and a novel effective 
margin feature. A RF is trained for each of the feature vectors. This 
can be motivated as follows. Vesselness feature is a good acceptor 
but proven to be a bad rejector i.e. give lot of false positives. On the 
other hand Eigen values(EV) are good rejectors but proven to be a 
bad acceptor i.e it gives many missed detections. V and EV are robust 
features but they sometimes fail in cases of organ shadow and imaging 
artifacts. To overcome this, we have chosen a feature based on EM 
(Effective Margin) which is based on the histogram of the intensity values. 
In case of organ shadows, the histogram is bimodal with two nearly 
equal peaks, for non vessel regions it is flat where as for vessels it is 
bimodal with two unequal peaks. This makes it a good rejector for organ 
shadows. At run time the 3 RFs are applied in succession to a putative 
seed point generated by a naive vessel detection algorithm based on 
vesselness. Experimental results are shown on a large dataset of angio 
images.

8315-87, Poster Session

Automated detection of contractile 
abnormalities from stress-rest motion 
changes
S. Karimi-Ashtiani, M. B. Fish, D. S. Berman, P. Kavanagh, G. 
Germano, P. J. Slomka, Cedars-Sinai Medical Ctr. (United States)

Change in myocardial wall motion is typically computed separately from 
myocardial perfusion SPECT (MPS) stress and rest studies to assess 
stress-induced function abnormalities. The standard approach may suffer 
from the variability in contour placements when subtle changes in motion 
being evaluated. We have developed a new measure of regional change 
of motion computed directly from registered stress and rest MPS data. In 
our novel approach, endocardial surfaces at the end-diastolic and end-
systolic frames for stress and rest studies were registered by matching 
ventricular surfaces. Furthermore, we propose a new global registration 
method based on finding the optimal rotation for myocardial best 
ellipsoid fit to minimize the indexing disparities between two surfaces in 

stress and rest studies. Moreover, myocardial stress-rest motion change 
was computed and normal limits of changes were determined as the 
mean and standard deviation of the training set for each polar sample. 
Normal limits were utilized to quantify the stress-rest motion change for 
each polar map sample and the accumulated quantified motion change 
values were used for abnormality assessments in segmental or territorial 
regions. 

To evaluate the effectiveness of our novel method we examine the 
agreements of our territory abnormality detection results against 
angiography outcomes in detection of coronary blockage in vessel 
territories on a test group with 624 cases and we show that our detection 
method has comparable performance on a per-vessel territory basis, to 
those obtained by the angiography.

8315-88, Poster Session

Segmentation of the common carotid artery 
with active shape models from 3D ultrasound 
images
X. Yang, M. Ding, Huazhong Univ. of Science and Technology 
(China)

Carotid atherosclerosis is a major cause of stroke, a leading cause 
of death and disability. In this paper, we develop and evaluate a new 
segmentation method for outlining both lumen and adventitia (inner 
and outer walls) of common carotid artery (CCA) from 3D US images to 
support monitoring and assessment of carotid atherosclerosis. The data 
set consisted of sixty-eight 3D US volume data acquired from the left 
and right carotid arteries of seventeen patients (eight treated with 80mg 
atorvastain and nine with placebo), who had carotid stenosis of 60% or 
more, at baseline and after three months of treatment. We investigate the 
use of Active Shape Models (ASM) to segment CCA inner and outer walls 
after statin therapy. The proposed method was evaluated with respect 
to expert manually outlined boundaries as a surrogate for ground truth. 
For the lumen and adventitia segmentations, respectively, the algorithm 
yielded Dice Coefficients (DC) of 93.6%±2.6%, 91.8%±3.5%, and gave 
mean absolute distances (MAD) of 0.28±0.17 mm and 0.34±0.19 mm, 
maximum absolute distances(MAXD) of 0.87±0.37 mm and 0.74±0.49 
mm. The proposed algorithm took 4.4±0.6 min to segment a single 
3D US images, compared to 8.3±1.5 min for manual segmentation. 
Therefore, the proposed method would promote the translation of carotid 
3D US to clinical care for the fast, safety and economical monitoring of 
the atherosclerotic disease progression and regression during therapy.

8315-89, Poster Session

A fully automated multimodal CAD approach 
to coronary calcium scoring of MSCT images
J. Wu, E. Lewis, Univ. of Surrey (United Kingdom); G. Ferns, 
Keele Univ. (United Kingdom); J. Giles, Conquest Hospital 
(United Kingdom)

Inter- and intra- observer variability is a problem often faced in computer 
aided diagnosis systems when an expert or observer is tasked with 
assessing the severity of a disease. This issue is keenly felt in coronary 
calcium scoring of patients suffering from atherosclerosis where in clinical 
practice, the observer must identify firstly the presence, followed by the 
location of candidate calcified plaques found within the coronary arteries 
that may prevent oxygenated blood flow to the heart muscle. However, 
it can be difficult for a human observer to differentiate calcified plaques 
that are located in the coronary arteries from those found in surrounding 
anatomy such as the mitral valve or pericardium.

In addition to the benefits to scoring accuracy, the use of fast, low 
dose multi-slice CT imaging to perform the cardiac scan is capable of 
acquiring the entire heart within a single breath hold. Thus exposing the 
patient to lower radiation dose, which for a progressive disease such as 
atherosclerosis where multiple scans may be required, is beneficial to 
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their health.

Presented here is a fully automated method for calcium scoring using 
both the traditional Agatston method, as well as the volume scoring 
method. Elimination of the unwanted regions of the cardiac image slices 
such as lungs, ribs, and vertebrae is carried out using adaptive heart 
isolation. Such regions cannot contain calcified plaques but can be of a 
similar intensity and their removal will aid detection. Removal of both the 
ascending and descending aortas, as they contain clinical insignificant 
plaques, is necessary before the final calcium scores are calculated and 
examined against ground truth scores of three averaged expert observer 
results. The results presented here are intended to show the feasibility 
and requirement for an automated computer aided scoring and diagnosis 
system to reduce the subjectivity and reproducibility error inherent with 
manual clinical calcium scoring.

8315-90, Poster Session

Post-procedural evaluation of catheter 
contact force characteristics
M. W. Koch, A. Brost, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany); N. Strobel, Siemens Medical Solutions 
GmbH (Germany); J. Hornegger, Friedrich-Alexander-Univ. 
Erlangen-Nürnberg (Germany)

Minimally invasive catheter ablation of electric foci, performed in 
electrophysiology labs, is an attractive treatment option for atrial 
fibrillation (AF) - in particular if drug therapy is no longer effective or 
tolerated. There are different strategies to eliminate the electric foci 
inducing the arrhythmia. Independent of the particular strategy, it is 
essential to place transmural lesions. The impact of catheter contact 
force on the generated lesion quality has been investigated recently, and 
first results are promising. There are different approaches to measure 
catheter tissue contact. Besides traditional haptic feedback, there are 
new technologies either relying on catheter tip-to-tissue contact force or 
on local impedance measurements at the tip of the catheter.

In this paper, we present a novel tool for post-procedural ablation point 
evaluation and visualization of contact force characteristics. Our method 
is based on localizing ablation points set during AF ablation procedures. 
The 3-D point positions are stored together with lesion specific catheter 
contact force values recorded during the ablation. The force records 
are mapped to the spatial position within the left atrium (LA), where the 
energy has been applied. Since our approach facilitates visualization 
of different force characteristics for post-procedural evaluation and 
verification, it has the potential to improve outcome by highlighting areas 
where lesion quality may be less than desired.

8315-91, Poster Session

A new screening pathway for identifying 
asymptomatic patients using dental 
panoramic radiographs
T. Hayashi, T. Matsumoto, T. Sawagashira, Gifu Univ. School of 
Medicine (Japan); M. Tagami, Gifu Univ. (Japan); A. Katsumata, 
Asahi Univ. (Japan); Y. Hayashi, TAK Co., Ltd. (Japan); C. 
Muramatsu, X. Zhou, Gifu Univ. School of Medicine (Japan); Y. 
Iida, M. Matsuoka, Asahi Univ. (Japan); K. Katagi, Asahi Univ. 
Hospital (Japan); H. Fujita, Gifu Univ. School of Medicine (Japan)

To identify asymptomatic patients is the challenging task and the 
essential first step in diagnosis. Findings of dental panoramic radiographs 
include not only dental conditions but also radiographic signs that 
are suggestive of possible systemic diseases such as osteoporosis, 
arteriosclerosis, and maxillary sinusitis. Detection of such signs on 
panoramic radiographs has a potential to provide supplemental benefits 
for patients. However, it is not easy for general dental practitioners to 
pay careful attention to such signs. We addressed the development of 

a computer-aided detection (CAD) system that detects radiographic 
signs of pathology on panoramic images, and the design of framework 
of the new screening pathway by cooperation of dentists and our 
CAD system. The performance evaluation of our CAD system showed 
that the sensitivity and specificity in the identification of osteoporotic 
patients were 96% and 82%, respectively, and those of the maxillary 
sinus abnormality were 90% and 74%, respectively. The detection 
rate of carotid artery calcifications associated with arteriosclerosis 
was approximately 94% with 4.4 false-positives per image. To validate 
the utility of the new screening pathway, preliminary clinical trials are 
currently in progress. Until now, more than 300 panoramic images were 
processed by our CAD system and some asymptomatic patients with 
osteoporosis were detected. The experimental results suggested that a 
new screening pathway by cooperation of dentists and our CAD system 
had the potential to identify asymptomatic patients.

8315-92, Poster Session

Automated scheme for measuring mandibular 
cortical thickness on dental panoramic 
radiographs for osteoporosis screening
T. Matsumoto, T. Hayashi, T. Hara, Gifu Univ. School of Medicine 
(Japan); A. Katsumata, Asahi Univ. (Japan); C. Muramatsu, 
X. Zhou, Gifu Univ. School of Medicine (Japan); Y. Iida, M. 
Matsuoka, K. Katagi, Asahi Univ. (Japan); H. Fujita, Gifu Univ. 
School of Medicine (Japan)

Findings of dental panoramic radiographs (DPRs) have shown that 
the mandibular cortical thickness was significantly correlated with 
osteoporosis. Identifying asymptomatic patients with osteoporosis 
through dental examinations may bring a supplemental benefit for the 
patients. However, most DPRs were used for only diagnosing dental 
conditions by dentists in their routine clinical work. The aim of this study 
was to develop a computer-aided diagnosis scheme that automatically 
measures MCT to assist in screening for osteoporosis by dentist. First, 
the inferior border of mandibular contour was detected by use of an 
active contour method. Second, the locations of mental foramina were 
estimated on the basis of the inferior border of mandibular contour. 
Finally, MCT was measured on the basis of the grayscale profile analysis. 
A hundred of DPRs were used to evaluate our proposed method. 
Experimental results showed that the sensitivity and specificity for 
identifying osteoporotic patients were 88.9% and 94.4%, respectively. 
Therefore our scheme has a potential to identify osteoporotic patients at 
an early stage.

8315-93, Poster Session

Automatic detection of apical roots in oral 
radiographs
Y. Wu, E. Cheng, J. Yang, F. Xie, V. Megalooikonomou, H. Ling, 
Temple Univ. (United States)

The apical root regions play an important role in analysis and diagnosis 
of many oral diseases. Automatic detection of such regions is therefore 
the first step toward computer-aided diagnosis of these diseases. In 
this paper we achieve the periapical root region detection by using 
the state-of-the-art machine learning approach. Specifically, we have 
adapted the boosting framework for apical root detection. Due to the 
very limited number of training samples, we boost the training set by 
including more root regions that are close to the annotated ones and 
decompose the original images to randomly generate negative samples. 
Based on these training samples, the Adaboost algorithm in combination 
with Haar wavelets is utilized in this task to train an apical root detector. 
The learned detector usually generates a large amount of true and false 
positives. In order to reduce the number of false positives, a confidence 
score for each candidate detection result is calculated for further 
localization. We first merge the detected regions by combining tightly 
overlapped detected candidate regions and then we use the confidence 
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scores from the Adaboost detector to eliminate the false positives. The 
proposed method is evaluated on a dataset containing 39 annotated 
digitized oral X-Ray images from 21 patients and the experimental results 
demonstrated that our approach is promising.

8315-94, Poster Session

Improved classification and visualization of 
healthy and pathological hard dental tissues 
by modeling specular reflections in NIR 
hyperspectral images
P. Usenik, M. Bürmen, A. Fidler, F. Pernu?, B. Likar, Univ. of 
Ljubljana (Slovenia)

Despite major improvements in dental healthcare and technology, 
dental caries remains one of the most prevalent chronic diseases of 
modern society. The initial stages of dental caries are characterized by 
demineralization of enamel crystals, commonly known as white spots, 
which are difficult to diagnose. Near-infrared (NIR) hyperspectral imaging 
is a new promising technique for early detection of demineralization 
which can classify healthy and pathological dental tissues. However, 
due to non-ideal illumination of the tooth surface the hyperspectral 
images can exhibit specular reflections, in particular around the edges 
and the ridges of the teeth. These reflections significantly affect the 
performance of automated classification and visualization methods. 
Cross polarized imaging setup can effectively remove the specular 
reflections, however is due to the complexity and other imaging setup 
limitations not always possible. In this paper, we propose an alternative 
approach based on modeling the specular reflections of hard dental 
tissues, which significantly improves the classification accuracy in the 
presence of specular reflections. The method was evaluated on five 
extracted human teeth with corresponding gold standard for 6 different 
healthy and pathological hard dental tissues including enamel, dentin, 
calculus, dentin caries, enamel caries and demineralized areas. Principal 
component analysis (PCA) was used for multivariate local modeling of 
healthy and pathological dental tissues. The classification was performed 
by employing multiple discriminant analysis. Based on the obtained 
results we believe the proposed method can be considered as an 
effective alternative to the complex cross polarized imaging setups.

8315-95, Poster Session

Retinal image enhancement and registration 
for the evaluation of longitudinal changes
D. Xiao, S. Frost, J. Vignarajan, J. H. Lock, Australian e-Health 
Research Ctr. (Australia); M. Tay-Kearney, Royal Perth Hospital 
(Australia); Y. Kanagasingam, Australian e-Health Research Ctr. 
(Australia)

Retinal photography is a non-invasive and well-accepted clinical 
diagnosis of ocular diseases. Qualitative and quantitative assessment of 
retinal images is crucial in ocular diseases related clinical application. In 
this paper, we propose an image registration method, which combines 
retinal blood vessel enhancement and non-rigid image registration 
method, for retinal image registration. The method is applied for the 
assessment of longitudinal changes in retinal image monitoring by 
providing image-aligned observation and image subtraction methods. 

The performance of the proposed methods and framework was tested 
on 6 pairs of longitudinal retinal images. The method has enhanced the 
blood vessel extraction and therefore provided the robustness for the 
image registration based on the blood vessel images. The concepts 
of image flickering observation based on the registered images and 
image subtraction have been proposed in clinical application for retinal 
diseases monitoring. A preliminary result demonstrated the accuracy and 
robustness of the method for automatic retinal image registration and 
potential application value for longitudinal image evaluation in clinic. The 
method has been implemented and integrated in our West Australian 
Pilbara project for further evaluation.

8315-97, Poster Session

Automatic seed point identification and main 
artery segmentation for pulmonary vascular 
tree segmentation and tracking in computed 
tomographic pulmonary angiography (CTPA)
Y. Guo, C. Zhou, H. Chan, J. W. Kuriakose, A. R. Chughtai, J. 
Wei, L. M. Hadjiiski, E. A. Kazerooni, Univ. of Michigan Health 
System (United States)

Our purpose is to develop an automatic pulmonary main artery (PMA) 
segmentation and seed point identification method to initialize the 
segmentation and tracking of the pulmonary vascular trees, which is an 
essential step in a CAD system for PE detection. 

We developed a 3D recursive optimal path finding method (RPF) to 
identify the bifurcation point where the pulmonary trunk artery splits 
to the left and right PMAs. The PMAs were then extracted using a 
morphological method guided by the bifurcation point and the identified 
paths along the PMAs. The identification of the bifurcation point and 
the PMAs would serve as the first step for automatic tracking of the 
pulmonary vascular trees in the CAD system.

Two and 18 CTPA cases was used for training and testing, respectively. 
Two experienced chest radiologists provided “reference standard” by 
manually marking the central luminal space in the PMAs with points. 
A total of 4,148 points were marked in the test set. A voxel located on 
the computer-identified paths of the PMA was counted as a true PMA 
voxel when its distance to the closest reference standard point is within 
a threshold. The results show that 95.6% (17681/18502) and 88.8% 
(16439/18502) of the path points were within a distance of 10 mm and 
8 mm to the closest reference point, respectively, and 100% (18/18) of 
the seed points were detected in the bifurcation region. 2.7% (104/3870) 
of the reference standard points were not contained in the computer 
segmented vessels and counted as false negative points.

8315-98, Poster Session

Active relearning for robust supervised 
classification of pulmonary emphysema
S. Raghunath, S. Rajagopalan, R. A. Karwoski, B. Bartholmai, R. 
A. Robb, Mayo Clinic College of Medicine (United States)

Radiologists are adept in recognizing the appearance of lung 
parenchymal abnormalities in CT scans. However, the inconsistent 
differential diagnosis due to subjective aggregation mandates supervised 
classification. Towards optimizing Emphysema classification, we 
introduce a physician-in-the-loop feedback approach in order to minimize 
uncertainty in the selected training samples. Using multi-view inductive 
learning with the training samples, an ensemble of Support Vector 
Machine (SVM) models each based on a specific pair-wise dissimilarity 
metric was constructed in less than six seconds. In the active relearning 
phase, the ensemble-expert label conflicts were resolved by an expert. 
This just-in- time feedback with unoptimized SVMs yielded 15% increase 
in classi- fication accuracy and 25% reduction in the number of support 
vectors. The generality of relearning was assessed in the optimized 
parameter space of six different classifiers across seven dissimilarity 
metrics. The resultant average accuracy improved to 21%. The co-
operative feedback method proposed here could enhance diagnostic and 
staging throughput efficiency in chest radiology practice.

8315-99, Poster Session

Comparison of analysis methods for airway 
quantification
B. L. Odry, A. P. Kiraly, C. L. Novak, Siemens Corporate Research 
(United States); D. P. Naidich, New York Univ. Langone Medical 
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Diseased airways have been known for several years as a possible 
contributing factor to airflow limitation in Chronic Obstructive Pulmonary 
Diseases (COPD). Quantification of disease severity through the 
evaluation of airway dimensions - wall thickness and lumen diameter 
- has gained increased attention, thanks to the availability of multi-
slice computed tomography (CT). Novel approaches have focused on 
automated methods of measurement as a faster and more objective 
means that the visual assessment routinely employed in the clinic. Since 
the Full-Width Half-Maximum (FWHM) method of airway measurement 
was introduced two decades ago [1], several new techniques for 
quantifying airways have been detailed in the literature, but no approach 
has truly become a standard for such analysis. Our own research 
group has presented two alternative approaches for determining airway 
dimensions, one involving a minimum path and the other active contours 
[2, 3]. With an increasing number of techniques dedicated to the same 
goal, we decided to take a step back and analyze the differences of these 
methods. We consequently put to the test our two methods of analysis 
and the FWHM approach. We first measured a set of 5 airways from a 
phantom of known dimensions. Then we compared measurements from 
the three methods to those of two independent readers, performed on 35 
airways in 5 patients. We elaborate on the differences of each approach 
and suggest conclusions on which could be defined as the best one.

8315-100, Poster Session

Changes of nodule detection after 
radiologists read bone opacity suppressed 
chest radiography: a reader study analysis
S. B. Lo, M. T. Freedman, Georgetown Univ. Medical Ctr. (United 
States)

A bone opacity suppressed technique using shape-index processing 
approach has been developed for frontal chest radiography. The image 
function preserves original lung image textures but equalizing the image 
contrast of the lungs as a part of post-processing. To determine the 
benefit of this computerized processing, particular on the investigation 
of the effect of the bone opacity removal, we conducted a reader study 
where radiologists read standard chest radiograph alone (unaided) 
followed by bone opacity suppressed image (aided). Posterioranterior 
(PA) standard chest radiographs in 368 subjects (122 had confirmed 
lung cancer) were used for this study. Fifteen Board Certified radiologists 
participated in the reader study. Each radiologist interpreted the standard 
image and then the bone suppressed image. Each reader recorded the 
location of the most suspicious nodule, if any, their level of suspicion and 
recommendation for clinical action. Detailed analyses were performed 
to evaluate the observers’ performance by tabulating changes of nodule 
detection inclusive of false-negative turned to true-positive (FN->TP), 
true-positive turned to false-negative (TP->FN), false-positive turned to 
turn-negative (FP->TN), and turn-negative turned to false-positive (TN-
>FP). Our results indicated that changing rates of FN->TP was 12.35%, 
TP->FN was 1.37%, FP->TN was 1.14%, and TN->FP was 4.82%, 
respectively. We also found that 79.2% of the FN->TP events occurred 
at nodules significantly covered by the rib (60% or more area overlapped 
with bone opacity). Two major situations caused TP->FN events: (1) other 
nodule like areas were also enhanced and (2) non solid nodules were well 
preserved but less suspicious with contract equalization.

8315-101, Poster Session

Automatic segmentation of ground-glass 
opacity nodule on chest CT images by 
histogram modeling and feature-based 
probability map
J. Jung, H. Hong, Seoul Women’s Univ. (Korea, Republic of); J. 
M. Goo, Seoul National Univ. Hospital (Korea, Republic of)

We propose an automatic segmentation of GGO nodules on chest CT 
images by histogram modeling and feature-based probability map. 
First, optimal volume circumscribing a nodule is calculated by clicking 
inside of GGO nodule. To remove noises while preserving a nodule 
boundary, anisotropic diffusing filtering is applied to the optimal volume. 
Second, for deciding an appropriate threshold value of GGO nodule, 
histogram modeling is performed by Gaussian Mixture Modeling with 
three components such as lung parenchyma, nodule, and chest wall or 
vessels. Third, the attached chest wall and vessels are separated from 
the GGO nodules by linking maximum curvature points and performing 
morphological erosion with adaptive circular mask, respectively. Fourth, 
for refining indistinct boundary of the GGO nodule, intensity and gradient-
based features are extracted and narrow-band is defined by subtracting 
minimum intensity features from maximum intensity features. Then the 
boundary of the GGO nodule is iteratively refined by minimizing the 
feature-based probability map. Finally, vessel-like structures inside GGO 
nodule are removed by vessel enhanced filtering. Experimental results 
show that juxtavascular and juxtapleural nodules with GGOs are well 
separated from neighbor vessels or chest wall.

8315-102, Poster Session

Improving performance of computer-aided 
detection of pulmonary embolisms by 
incorporating a new pulmonary vascular-tree 
segmentation algorithm
X. Wang, Univ. of Pittsburgh Medical Ctr. (United States); X. 
Song, B. E. Chapman, Univ. of California, San Diego (United 
States); B. Zheng, Univ. of Pittsburgh Medical Ctr. (United States)

We developed a new pulmonary vascular tree segmentation/extraction 
algorithm. The purpose of this study was to assess whether adding 
this new algorithm to our previously developed computer-aided 
detection (CAD) scheme of pulmonary embolism could improve CAD 
performance (in particular reducing the false positive detection rate). 
A dataset containing 12 CT examinations with 384 verified pulmonary 
embolism (PE) regions (24 3D PE lesions) was selected in this study. 
Our new CAD scheme includes the following image processing and 
feature classification steps. (1) A three dimensional based region growing 
process followed by a rolling-ball algorithm was utilized to segment lung 
areas and the complete pulmonary vascular trees were extracted by a 
computerized scheme that combines an intensity-based region growing 
to extract the larger vessels and a vessel enhancement filtering to extract 
the smaller vessel structures. (2) A toboggan algorithm was implemented 
to identify suspicious PE candidates in segmented lung or vessel area. 
(3) A three layer artificial neural network (ANN) with the topology 27-
10-1 was developed to reduce false positive detections. (4) A k-nearest 
neighbor (KNN) classifier optimized by a genetic algorithm was used to 
compute detection score for the PE candidates. (5) A grouping scoring 
method was designed to detect the final PE lesions in three dimensions. 
The study showed that integrating the pulmonary vascular tree extraction 
algorithm into the CAD scheme reduced false positive rates by 16.2%. 
For the case based 3D PE lesion detecting results, the integrated CAD 
scheme achieved 62.5% detection sensitivity with 17.1 false-positive 
lesions per examination.

8315-103, Poster Session

Pulmonary nodule detection in PET/CT 
images: improved approach using combined 
nodule detection and hybrid FP reduction
A. Teramoto, Fujita Health Univ. (Japan); H. Fujita, Gifu Univ. 
School of Medicine (Japan); Y. Tomita, K. Takahashi, O. 
Yamamuro, T. Tamaki, East Nagoya Imaging Diagnosis Ctr. 
(Japan)

Lung cancer is the leading cause of death among men worldwide. 
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To reduce the number of cancer-related deaths, early detection and 
treatment of the cancer are essential. PET/CT is an imaging technique 
that provides functional and anatomical information; it is useful for the 
early detection of lung cancer. Typically, radiologists examine a large 
number of images, and reducing the radiologists’ workload is highly 
desirable. In this study, An automated scheme for detecting pulmonary 
nodules in PET/CT images has been proposed using combined detection 
and hybrid false-positive (FP) reduction techniques. The initial nodule 
candidates were detected from both CT and PET images. FPs were 
then eliminated in the initial candidates by using support vector machine 
with characteristic values obtained from CT and PET images. In the 
experiment, we evaluated proposed method using 105 cases of PET/
CT images that were obtained for the cancer-screening program. We 
evaluated true positive fraction (TPF) and FP / case. As a result, TPF of 
CT and PET detection were 0.60 and 0.48, respectively. However, by 
integrating the both results, TPF was reached to 0.84 with 6.21 FPs/case. 
It was more desirable compared to the independent detections using CT 
or PET image. These results indicate that our method may be of practical 
use for the detection of pulmonary nodules using PET/CT images.

8315-104, Poster Session

Dose dependence of median CT pixel value 
change for lung cancer patients undergoing 
radiation therapy
B. Knoll, The Univ. of Chicago Medical Ctr. (United States) and 
Univ. of Iowa (United States); A. Cunliffe, H. Al-Hallaq, R. Malik, 
S. G. Armato III, The Univ. of Chicago Medical Ctr. (United States)

Purpose: We investigated the relationship between the local dose 
delivered in Gy and median pixel value change following radiation therapy 
(RT) by comparing anatomically matched regions of interest (ROIs) in pre- 
and post-RT computed tomography (CT) scans. 

Methods: Six patients’ clinical pre-treatment CT scans, 2-5 month 
follow-up CT scans, treatment planning CT scans, and dose maps were 
collected. The lungs were extracted using an automated segmentation 
program, and demons deformable registration was employed to register 
each patient’s follow-up scan and treatment planning scan to their 
baseline scan. Median pixel values were calculated in anatomically 
matched ROIs in the baseline and follow-up CT scans, and mean dose 
delivered to the same ROIs was determined. Pearson’s correlation 
coefficients, rank correlation coefficients, and linear modeling were 
utilized to quantify the relationship.

Results: Pearson correlation coefficients for the six patients were: 0.646, 
0.463, -0.129, 0.667, 0.404, and 0.556. Rank coefficients calculated 
were: 0.803, 0.451, -0.119, 0.456, 0.148, and 0.581. Linear regression 
analysis on the six patients’ combined data yielded a slope of 0.262 (p < 
.001) and R-squared value of 0.244.

Conclusion: General positive trends were observed between radiation 
dose and median pixel value change, but no two patients had the same 
relationship between these variables, indicating it may not be possible to 
generalize patients’ reactions to certain dose levels of radiation. Thus, an 
individualized method for evaluating normal lung tissue damage based 
on changes in each patient’s CT scan following radiation treatment may 
provide for a useful assessment of radiation-induced lung damage.

8315-105, Poster Session

Effect of denoising on supervised lung 
parenchymal clusters
P. Jayamani, S. Raghunath, S. Rajagopalan, R. A. Karwoski, B. 
Bartholmai, R. A. Robb, Mayo Clinic College of Medicine (United 
States)

Denoising is a critical preconditioning step for quantitative and qualitative 
analysis of medical images. Despite promises for more consistent 
diagnosis, denoising techniques are seldom explored in clinical settings. 

While this may be attributed to the esoteric nature of the parameter 
sensitve algorithms, lack of quantitative measures on their efficacy to 
mimic let alone enhance the clinical decision making is a primary cause 
of physician apathy. This paper addresses this issue by exploring the 
effect of denoising on the integrity of supervised lung parenchymal 
clusters. Multiple Volumes of Interest (VOI) were selected across multiple 
high resolution CT scans to represent samples of different patterns 
(normal, emphysema, ground glass, honey combing and reticular). The 
VOIs were labeled through consensus of four radiologists. The original 
datasets were filtered by multiple denoising techniques (median filtering, 
anisotropic diffusion, bilateral filtering and non-local means) and the 
corresponding filtered VOIs were extracted. Plurality of cluster indices 
based on multiple histogram-based pair-wise similarity measures were 
used to assess the quality of supervised clusters in the original and 
filtered space. The resultant rank orders were analyzed using the Borda 
criteria to find the denoising-similarity measure combination that has the 
best cluster quality. Our exhaustive analyis reveals (a) for a number of 
similarity measures, the cluster quality is inferior in the filtered space; and 
(b) for measures that benefit from denoising, a simple median filtering 
outperforms non-local means and bilateral filtering. Our study suggests 
the need to judiciously choose, if required, a denoising technique that 
does not deteriorate the integrity of supervised clusters.

8315-106, Poster Session

A hybrid preprocessing method using 
geometry based diffusion and selective 
enhancement filtering for pulmonary nodule 
detection
A. K. Dhara, S. Mukhopadhyay, Indian Institute of Technology 
Kharagpur (India)

Abstract- The computer aided diagnostic (CAD) system has been 
developed to assist radiologist for early detection and analysis of lung 
nodules. For pulmonary nodule detection, image preprocessing is 
required to remove the anatomical structure of lung parenchyma and 
to enhance the visibility of pulmonary nodules. In this paper a hybrid 
preprocessing technique using geometry based diffusion and selective 
enhancement filtering have been proposed. This technique provides a 
unified preprocessing framework for solid nodule as well as ground glass 
opacity (GGO) nodules. Geometry based diffusion is applied to smooth 
the images by preserving the boundary. In order to improve the sensitivity 
of pulmonary nodule detection, selective enhancement filter is used to 
highlight blob like structure. But selective enhancement filter sometimes 
enhances the structures like blood vessel and airways other than nodule 
and results in large number of false positive. In first level, geometry based 
diffusion is applied for reduction of false positive using geometry based 
diffusion (GBD) and in second level, selective enhancement filtering is 
used for further reduction of false negative. Geometry based diffusion 
and selective enhancement filtering has been used as preprocessing step 
separately but their combined effect was not investigated earlier. This 
hybrid preprocessing approach is suitable for accurate detection of voxel 
based features. The proposed method has been validated on one public 
database named Lung Image Database Consortium (LIDC) containing 50 
nodules (30 solid and 20 GGO nodule) from 30 subjects and one private 
database containing 40 nodules (25 solid and 15 GGO nodule) from 30 
subjects.

8315-107, Poster Session

Idiopathic interstitial pneumonias and 
emphysema: detection and classification 
using a texture-discriminative approach
C. Fetita, K. C. Chang Chien, TELECOM & Management 
SudParis (France); P. Brillet, Univ. Paris 13 (France); F. Prêteux, 
Mines ParisTech (France); R. Chang, National Taiwan Univ. 
(Taiwan)
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Our study aims at developing a computer-aided diagnosis (CAD) 
system for fully automatic detection and classification of pathological 
lung parenchyma patterns in idiopathic interstitial pneumonias (IIP) 
and emphysema using multi-detector computed tomography (MDCT). 
The proposed CAD system is based on 3-D mathematical morphology, 
texture and fuzzy logic analysis, and can be divided into four stages: (1) 
a multi-resolution decomposition scheme based on a 3-D morphological 
filter was exploited to discriminate the lung region patterns at different 
analysis scales. (2) An additional spatial lung partitioning based 
on the lung tissue texture was introduced to reinforce the spatial 
separation between patterns extracted at the same resolution level in 
the decomposition pyramid. Then, (3) a hierarchic tree structure was 
exploited to describe the relationship between patterns at different 
resolution levels, and for each pattern, six fuzzy membership functions 
were established for assigning a probability of association with a normal 
tissue or a pathological target. Finally, (4) a decision step exploiting 
the fuzzy-logic assignments selects the target class of each lung 
pattern among the following categories: normal (N), emphysema (EM), 
fibrosis/honeycombing (FHC), and ground glass (GDG). According to a 
preliminary evaluation on an extended database, the proposed method 
can overcome the drawbacks of a previously developed approach and 
achieve higher sensitivity and specificity.

8315-108, Poster Session

Automating the expert consensus paradigm 
for robust lung tissue classification
S. Rajagopalan, R. A. Karwoski, S. Raghunath, B. Bartholmai, R. 
A. Robb, Mayo Clinic (United States)

Clinicians attest the efficacy of dynamic multidisciplinary interactions 
in diagnosing Lung disease/wellness from CT scans. However, routine 
clinical practice cannot readily afford such interactions. Current schemes 
for automating lung tissue classification are based on a single elusive 
disease differentiating metric; this undermines their reliability in routine 
diagnosis. We propose a computational workflow that uses a collection 
(#: 15) of pdf-based similarity metrics to automatically cluster pattern-
specific (#patterns: 5) volumes of interest (#VOI: 976) extracted from the 
lung CT scans of 14 patients. The resultant clusters are refined for intra-
partition compactness and subsequently aggregated into a super cluster 
using a cluster ensemble technique. The super clusters were validated 
against the consensus agreement of four experts. The aggregations 
correlated strongly with expert consensus. By effectively mimicking the 
expertise of physicians, the proposed workflow could make automation 
of lung tissue classification a clinical reality.

8315-109, Poster Session

Automatic segmentation of tumor-laden lung 
volumes from the LIDC database
W. G. O’Dell, Univ. of Florida (United States)

The segmentation of the lung parenchyma is often a critical pre-
processing step prior to application of computer-aided detection of lung 
nodules. Segmentation of the lung volume can dramatically decrease 
computation time and reduce the number of false positive detections by 
excluding from consideration extra-pulmonary tissue. However, while 
many algorithms are capable of adequately segmenting the healthy 
lung, none have been demonstrated to work reliably well on tumor-
laden lungs. Of particular challenge is to preserve tumorous masses 
attached to the chest wall, mediastinum or major vessels interest. In this 
role, lung volume segmentation comprises an important CAD step that 
can adversely affect the performance of the overall CAD algorithm. An 
automated lung volume segmentation algorithm has been developed with 
the goals to maximally exclude extra-pulmonary tissue while retaining 
all true nodules. The algorithm comprises a series of tasks including 
intensity thresholding, 2D and 3D morphological operations, 2D and 3D 
flood-filling, and snake-based clipping of nodules attached to the chest 
wall. It features the ability to (1) exclude trachea and bowels, (2) snips 

large attached nodules using snakes, (3) snips small attached nodules 
using dilation, (4) preserves large masses fully internal to lung volume, 
(5) account for basal aspects of the lung where in a 2D slice the lower 
sections appear to be disconnected from main lung, and (5) achieve 
separation of the right and left hemi-lungs. The algorithm was developed 
and trained to on the first 100 datasets of the LIDC image database.

8315-110, Poster Session

Unsupervised segmentation of lungs from 
chest radiographs
P. Ghosh, S. K. Antani, L. R. Long, G. R. Thoma, National Library 
of Medicine (United States)

This paper describes the application of unsupervised grow-cut, a cellular 
automaton based unsupervised segmentation technique for segmenting 
lungs from chest radiographs. The segmentation has been performed on 
the publicly available JSRT database of 247 chest radiographs. Our goal 
is to develop portable tuberculosis screening systems for use in remote/
rural areas in collaboration with AMPATH (Academic Model Providing 
Access to Healthcare), the largest AIDS treatment program in the third 
world. This involves developing smart algorithms for screening x-rays 
as normal/abnormal with a high degree of sensitivity, and identifying 
tuberculosis patterns in chest x-rays. Automatic segmentation of 
anatomical regions is the first step toward this goal. 

The unsupervised grow-cut method (UGC) that we have developed is 
particularly useful for this application because it automatically converges 
to a natural segmentation of the image from random seed points and 
the computational complexity of this method is independent of the size 
of the feature space. In this paper we describe the method in detail and 
describe the segmentation results on chest radiographs. The algorithm 
can currently identify 75 percent of the lung field using only pixel-based 
features. The boundary of the lung field in most images is occluded 
by the presence of heart and the diaphragm. Therefore, shape-based 
features would be incorporated in future to improve the segmentation 
accuracy on these images.

8315-111, Poster Session

Computer aided diagnosis for osteoporosis 
based on vertebral column structure analysis
E. Takahashi, H. Suzuki, Y. Kawata, N. Niki, Univ. of Tokushima 
(Japan); Y. Nakano, Shiga Univ. of Medical Science (Japan); 
M. Harada, Univ. of Tokushima (Japan); N. Moriyama, National 
Cancer Ctr. Hospital East (Japan)

The patients of osteoporosis comprised of about 11 million people 
in Japan and it is one of the problems the aging society has. In order 
to prevent the osteoporosis, it is necessary to do early detection and 
treatment. Multi-slice CT technology has been improving the three 
dimensional (3-D) image analysis with higher body axis resolution and 
shorter scan time. The 3-D image analysis using multi-slice CT images 
of thoracic vertebra can be used as a support to diagnose osteoporosis 
and at the same time can be used for lung cancer diagnosis which may 
lead to early detection. We develop automatic extraction and partitioning 
algorithm for spinal column by analyzing vertebral body structure, and 
the analysis algorithm of the vertebral body using shape analysis and a 
bone density measurement for the diagnosis of osteoporosis. An effective 
result was provided for the case including an insufficient complicated 
vertebral body bone fracture by the conventional method.

Conference 8315: Computer-Aided Diagnosis



126 SPIE Medical Imaging 2012 · spie.org/mi

8315-112, Poster Session

An application of the texton learning model 
via sparse representation on pulmonary 
emphysema classification
M. Zhang, X. Zhou, H. Chen, C. Muramatsu, T. Hara, R. 
Yokoyama, M. Kanematsu, H. Fujita, Gifu Univ. School of 
Medicine (Japan)

We aim to use a new texton based method for classification of pulmonary 
emphysema in computed tomography (CT) images of the lungs. Different 
from conventional texton learned based method, in this paper, firstly, the 
dictionary of texton is learned via applying sparse representation(SR) to 
image patches in the training dataset. Then the SR coefficients of the 
test images over the dictionary are used to construct the histograms 
for texture classification. Finally, classification is performed using a 
nearest neighbor classifier with a histogram dissimilarity measure as 
distance. The proposed approach is tested on 3840 annotated regions 
of interest consisting of normal tissue and mild, moderate and severe 
pulmonary emphysema of three subtypes. The performance of the 
proposed system, with an accuracy of about 88%, is comparably higher 
than state of the art method based on the basic rotation invariant local 
binary pattern histograms and the texture classification method based on 
texton learned by k-means, which performs almost the best among other 
approaches in the literature.

8315-113, Poster Session

Robust pulmonary lobe segmentation using 
quadratic B-spline surface smoothing and 
piecewise plane fitting
S. Gu, J. Pu, Univ. of Pittsburgh Medical Ctr. (United States)

Pulmonary lobes are relatively independent function units and early lung 
diseases may begin in an individual lobe. Unfortunately, it remains a 
challenge to achieve an accurate smooth segmentation of lobes because 
fissures depicted on CT images are frequently incomplete. When the 
fissure is not complete, we want to predict the missing fissure using the 
detected fissures without additional information. In this paper, the issue 
is addressed using a three step surface fitting: 1) rotation of the fissure 
points, 2) smoothing the fissure surface using quadratic B-spline surface 
fitting assisted by first order smoothing penalty, 3) fissure surface fitting 
using piecewise plane approximation. The results on 2D simulated data 
and CT images show that the proposed scheme can more robust than a 
traditional surface fitting assisted by the second order smoothing penalty. 
To assess the performance of the scheme, 50 chest CT examinations 
were selected randomly from a COPD study. An approach based on 
subjective visual assessment was employed and the lobe identification 
results for each examination was rated on a five category scale. Our 
experiment showed that the numbers of examinations rated for excellent, 
good, fair, poor, and unacceptable were 27 (54%), 15 (30%), 5 (10%), 
2 (4%), and 1 (2%), respectively. For a chest CT examination, it takes 
around 10 minutes (including fissure detection) to identify the five 
individuals lobes on a typical PC.

8315-114, Poster Session

An intelligent pre-processing framework for 
standardizing medical images for CAD and 
other post-processing applications
L. Raghupathi, Siemens Information Systems Ltd. (India); M. 
Wolf, Siemens Medical Solutions USA, Inc. (United States)

There is an increasing need to provide end-users with seamless and 
secure access to healthcare information acquired from a diverse range 
of sources. This might include local and remote hospital sites equipped 

with different vendors and practicing varied acquisition protocols and 
also heterogeneous external sources such as the Internet cloud. In such 
scenarios, image post-processing tools such as CAD which were hitherto 
developed using a smaller set image set may not work optimally on 
newer set of images with entirely different characteristics. 

In this paper, we propose a framework that automatically assess a given 
input image and apply appropriate pre-processing methods in such a 
manner that a given set of images are normalized regardless of their 
source. The objective here is to standardize the performance of various 
image processing and workflow applications like CAD to perform in a 
consistent manner. First, our system consists of an assessment step 
where an image is evaluated based on criteria such as noise, image 
sharpness, etc. Depending on the measured characteristic, we then 
apply an appropriate normalization technique thus giving way to our 
overall pre-processing framework. Preliminary results demonstrate that 
using the proposed techniques we are able to normalize low dose images 
from next generation iteratively reconstructed computed tomography 
images suitable for LungCAD application.

8315-115, Poster Session

Learning lung nodule similarity using a 
genetic algorithm
K. A. Seitz, Jr., Trinity Univ. (United States); A. Giuca, Pomona 
College (United States); J. D. Furst, D. S. Raicu, DePaul Univ. 
(United States)

The effectiveness and efficiency of content-based image retrieval 
(CBIR) can be improved by determining an optimal combination of 
image features to use in determining similarity between images. This 
combination of features can be optimized using a genetic algorithm (GA). 
Although several studies have used genetic algorithms to refine image 
features and similarity measures in CBIR, the present study is the first to 
apply these techniques to medical image retrieval. By implementing a GA 
to test different combinations of image features for pulmonary nodules 
in CT scans, the set of image features was reduced to 29 features from a 
total of 63 extracted features. The performance of the CBIR system was 
assessed by calculating the average precision across all query nodules. 
The precision values obtained using the GA-reduced set of features 
were significantly higher than those found using all 63 image features. 
Using radiologist-annotated malignancy ratings as ground truth resulted 
in an average precision of 85.95% after 3 images retrieved per query 
nodule when using the feature set identified by the GA. Using computer-
predicted malignancy ratings as ground truth resulted in an average 
precision of 86.91% after 3 images retrieved. The results suggest that in 
the absence of radiologist semantic ratings, using computer-predicted 
malignancy as ground truth is a valid substitute given the closeness of 
the two precision values.

8315-116, Poster Session

Automatic segmentation of solitary 
pulmonary nodules based on local intensity 
structure analysis and 3D neighborhood 
features in 3D chest CT images
B. Chen, Nagoya Univ. (Japan); T. Kitasaka, Aichi Institute of 
Technology (Japan); H. Honma, Sapporo Medical Univ. (Japan); 
H. Takabatake, Minami Sanjyo Hospital (Japan); M. Mori, 
Sapporo Kosei Hospital (Japan); H. Natori, Keiwakai Nishioka 
Hospital (Japan); K. Mori, Nagoya Univ. (Japan)

This paper presents a solitary pulmonary nodule (SPN) segmentation 
method based on local intensity structure analysis and extraction of 3D 
features from chest CT images. Automatic segmentation of pulmonary 
nodules is desirable for a chest computer-aided diagnosis (CAD) system 
because of its clinician importance. Due to the similar intensities of 
pulmonary nodule and thoracic organs such as blood vessels and chest 
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walls, many false positives (FPs) occurred by nodule detection methods. 
To reduce such FPs, we introduce two new features that calculated 
from the neighborhood region of each detected nodule candidate. The 
proposed method utilizes a blob-like structure enhancement (BSE) 
filter based on Hessian analysis to augment the blob-like structures as 
initial nodule candidates. Then a precise segmentation is performed to 
segment much more accurate region of each nodule candidate. The 
reduction of FPs is addressed by investigating two features include 
volume ratio and eigenvector of Hessian that calculated from the 
neighborhood regions of each nodule candidate. We evaluated the 
proposed method in 40 thoracic CT images, include 20 normal-dose CT 
images that chosen from a local database and 20 low-dose CT images 
that chosen from a public database: LIDC. The experimental results 
revealed that the average TP rate of proposed method was 93.5% with 
12.8 FPs/case. Furthermore, by combining the proposed method and our 
previous method,1 we obtained 93.1% TP rate with 7.5 FPs/case.

8315-117, Poster Session

Self-adaptive asymmetric on-line boosting for 
detecting anatomical structures
H. Wu, N. Tajbakhsh, W. Xue, J. Liang, Arizona State Univ. 
(United States)

AdaBoost has been widely used in machine learning and pattern 
recognition for object detection. Off-line AdaBoost cannot be dynamically 
adjusted with new coming samples. Existing on-line AdaBoost needs 
balance positive and negative samples, which is not realistic in medical 
image analysis. For instance, in the context of anatomical structure 
detection, hundreds of distinguished positive samples may be generated 
around the structure of interest but there are countless negative samples 
all over the dataset.

The first contribution is that the paper introduces a new asymmetric 
online learning method, whose loss criterion can be self adapted 
according to the ratio of exposed positive and negative samples. The 
new method is called Self-Adaptive Asymmetric On-line Boosting 
(SAAOB).

The second contribution is that SAAOB applies an advanced set of 
formulas in four aforementioned situations. Existing on-line AdaBoost 
methods simply update sample’s importance weight according to the 
classification result. In asymmetric on-line learning the paper proposed, 
it is compelling to update sample’s importance weight differently in the 
situations of true positive, false positive, true negative and false negative. 

The third contribution is the application of SAAOB in the automated 
detection of anatomical structures. The paper focuses on three 
anatomical structures, namely, the carina, the pulmonary trunk and 
the aortic arch because of their anatomical significance in designing 
computer aided diagnosis system. The experiment validates SAAOB 
from the balanced condition (1 positive: 1 negative) to the extremely 
imbalanced condition (1 positive: 1000 negative), showing that SAAOB 
outperforms existing method in both balanced and imbalanced 
conditions.

8315-118, Poster Session

A novel semi-transductive learning 
framework for efficient atypicality detection 
in chest radiographs
M. A. Alzubaidi, V. N. Balasubramanian, Arizona State Univ. 
(United States); A. C. Patel, Mayo Clinic (United States); S. 
A. Panchanathan, J. A. Black, Jr., Arizona State Univ. (United 
States)

Inductive learning refers to machine learning algorithms that learn 
a model from a set of training data instances. Any test instance is 
then classified by comparing it to the learned model. When the set of 
training instances lend themselves well to modeling, the use of a model 

substantially reduces the computation cost of classification. However, 
some training data sets are complex, and do not lend themselves well 
to modeling. Transductive learning refers to machine learning algorithms 
that classify test instances by comparing them to all of the training 
instances, without creating an explicit model. This can produce better 
classification performance, but at a much higher computational cost. 

Medical images vary greatly across a human population, constituting 
a data set that does not lend itself well to modeling. Our previous 
work showed that the wide variations seen across training sets of 
“normal” chest radiographs make it difficult to successfully classify 
test radiographs with an inductive (modeling) approach, and that a 
transductive approach leads to much better performance in detecting 
atypical regions. The problem with the transductive approach is its high 
computational cost. 

This paper develops and demonstrates a novel semi-transductive 
framework that can address the unique challenges of atypicality 
detection in chest radiographs. The proposed framework combines 
the superior performance of transductive methods with the reduced 
computational cost of inductive methods. Our results show that the 
proposed semi-transductive approach provides both effective and 
efficient detection of atypical regions within a set of chest radiographs 
previously labeled by Mayo Clinic expert thoracic radiologists.

8315-119, Poster Session

Lung lobe segmentation based on statistical 
atlas and graph cuts
Y. Nimura, Nagoya Univ. (Japan); T. Kitasaka, Aichi Institute of 
Technology (Japan); H. Honma, Sapporo Medical Univ. (Japan); 
H. Takabatake, Minami Sanjyo Hospital (Japan); M. Mori, 
Sapporo Kosei Hospital (Japan); H. Natori, Keiwakai Nishioka 
Hospital (Japan); K. Mori, Nagoya Univ. (Japan)

This paper presents a novel method that can extract lung lobes by 
utilizing probability atlas and multilabel graph cuts. Information about 
pulmonary structures plays very important role for decision of the 
treatment strategy and surgical planning. The human lungs are divided 
into five anatomical regions, the lung lobes. Precise segmentation 
and recognition of lung lobes are indispensable tasks in computer 
aided diagnosis systems and computer aided surgery systems. A lot 
of methods for lung lobe segmentation are proposed. However, these 
methods only target the normal cases. Therefore, these methods 
cannot extract the lung lobes in abnormal cases, such as COPD cases. 
To extract lung lobes in abnormal cases, this paper proposes a lung 
lobe segmentation method based on probability atlas of lobe location 
and multilabel graph cuts. The process consists of three components: 
normalization based on the patient’s physique, probability atlas 
generation, and segmentation based on graph cuts. We apply this 
method to six cases of chest CT images including COPD cases. Jaccard 
index was 79.1%.

8315-121, Poster Session

Nuclear cytoplasm cell evaluation from 3D 
optical CT microscope images
A. P. Reeves, Cornell Univ. (United States); E. J. Siebel, Univ. of 
Washington (United States); M. G. Meyer, VisionGate Inc. (United 
States); T. V. Apanasovich, Jefferson Medical College (United 
States); A. M. Biancardi, Cornell Univ. (United States)

The nuclear cytoplasm ratio (nc-ratio) is one of the measurements made 
by cytologists in evaluating the state of a single cell and is defined to be 
the ratio of the size of the nucleus to the size of the cytoplasm. This ratio 
is often realized in practice by measurements on a single 2D image of a 
cell image acquired from a conventional microscope and is determined 
by the area of the nucleus measured in the 2D image divided by the 
area of the cytoplasm seen to be outside of the nuclear region. It may 
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also be defined as the ratio of the volume of the nucleus to volume of 
the cytoplasm, but this is not directly observable in single images from 
conventional 2-dimensional microscopy.

We conducted a study to evaluate the variation of the 2D nc-ratio 
estimation due to the asymmetric architecture of cells and to compare 
the 2D estimates with the more precise volumetric nc-ratio estimation 
from 3D cell images. The measurements were made on 232 3D images of 
five different cell types. The results indicate that the cell orientation may 
cause a large amount of variation in the nc-ratio estimation and that nc-
ratios computed directly from 3D images, which are independent of cell 
orientation, may offer a much more precise and useful measurement.

8315-122, Poster Session

Detection of immunocytological markers in 
photomicroscopic images
D. Friedrich, J. zur Jacobsmühlen, RWTH Aachen (Germany); 
T. Braunschweig, Univ. Hospital Aachen (Germany); A. A. Bell, 
K. Chaisaowong, RWTH Aachen (Germany); R. Knüchel-Clarke, 
Univ. Hospital Aachen (Germany); T. Aach, RWTH Aachen 
(Germany)

Early detection of cervical cancer is based on visual analysis of cell 
anomalies. The established PAP smear achieves a sensitivity of 50-90%, 
most false negative results are caused by mistakes in the preparation of 
the specimen or reader variability in the subjective, visual investigation. 
Since cervical cancer is caused by human papillomavirus (HPV), the 
detection of HPV-infected cells opens new perspectives for screening of 
pre-cancerous abnormalities. Immunocytochemical preparation marks 
HPV-positive cells in brush smears of the cervix with high sensitivity and 
specificity.

The goal of this work is the automated detection of all marker-
positive cells in microscopic images of a sample slide stained with an 
immunocytochemical marker. A color separation technique is used to 
estimate the concentrations of the immunocytochemical marker stain 
as well as of the counterstain used to color the nuclei. Segmentation 
methods based on Otsu’s threshold selection method and mean shift are 
adapted to the task of segmenting marker-positive cells and their nuclei. 

The best detection performance of single marker-positive cells was 
achieved with the adopted thresholding method with a sensitivity of 
95.9%. The contours differed by a modified Hausdorff Distance of 
MHD=2.8μm. Nuclei of single marker positive cells were detected with a 
sensitivity of 94.5% and MHD=2.83μm.

8315-123, Poster Session

Automated detection of tuberculosis on 
sputum smeared slides using stepwise 
classification
A. Divekar, C. Pangilinan, Signature Mapping Medical 
Sciences, Inc. (United States); G. Coetzee, National Institute 
for Communicable Diseases, NHLS (South Africa); T. Sondh, F. 
Y. Lure, S. Kennedy, Signature Mapping Medical Sciences, Inc. 
(United States)

Routine visual slide screening for identification of tuberculosis (TB) 
bacilli in stained sputum slides under microscope system is a tedious 
labor-intensive task and can miss up to 50% TB. Based on the Shannon 
co-factor expansion on Boolean function for classification, a stepwise 
classification (SWC) algorithm is developed to automatically remove 
different types of false positives, one type at a time, and to increase 
the detection of TB bacilli at different concentrations. Both bacilli and 
non-bacilli objects are first analyzed and classified into several different 
categories including scanty positive, high concentration positive, 
and several non-bacilli categories: small bright objects, beaded, dim 
elongated objects, etc. The morphological and contrast features are 

extracted from a priori clinical knowledge. The SWC is composed of 
several individual sub-classifiers. Sub-classifier to increase the bacilli 
counts utilizes an adaptive algorithm based on microbiologist’s statistical 
heuristic decision process. Sub-classifier to reduce false positive is 
developed through minimization from a binary decision tree to classify 
different types of true and false positive based on feature vectors. 
Finally, the detection algorithm is tested on 102 independent confirmed 
negative and 74 positive cases. A multi-class task analysis shows high 
accordance rate for negative, scanty, and high-concentration is 88.24%, 
56.00%, and 97.96%, respectively. A binary-class task analysis using a 
receiver operating characteristics method with the area under the curve 
(Az) is also utilized to analyze the performance of this detection algorithm, 
showing the superior detection performance on the high-concentration 
cases (Az=0.913) and cases mixed with high-concentration and scanty 
cases (Az=0.878).

8315-124, Poster Session

Computerized image analysis of cell-cell 
interactions in human renal tissue using 
multi-channel immunoflourescent microscopy
Y. Peng, Y. Jiang, V. Liarski, M. Clark, M. L. Giger, The Univ. of 
Chicago Medical Ctr. (United States)

Characterization of the cellular components involved in tubulointerstitial 
inflammation and analysis of interactions between cell types involved 
are important for investigation of human lupus nephritis. Semi-manual 
identification of individual cells has been used in research. We developed 
a computer technique to perform this analysis, and compared the results 
of the computer and manual analyses.

Multi-channel immunoflourescent microscopy images were acquired from 
208 regions of interest (ROIs) in 40 renal tissue sections of 19 patients 
diagnosed with lupus nephritis. Tissue sections were stained with 
combinations of immunoflourescent antibodies to membrane proteins 
and counter-stained with DAPI, for identification of cell nuclei. Manual 
delineation of the antibodies was used as the reference standard. We first 
segmented cell nuclei and cell membrane markers, and then determined 
specific cell types (B and T cells) based on the distances between cell 
nuclei and specific cell membrane marker combinations. Subsequently, 
the distribution of the smallest distance from every T cell nucleus to B 
cell nuclei was obtained and used as a surrogate indicator of cell-cell 
interactions.

The computer and manual results were concordant. The difference 
between the computer and manual results among the 208 ROIs with 3 
micron or less cell-cell distances (the threshold for cell-cell interaction) 
was -1±10% (mean ± standard deviation). Analysis of one ROI took 
approximately two minutes with the computer compared with 20 minutes 
by manual analysis. 

Our computerized analysis of cell-cell interactions could be used for 
automated and quantitative analysis, or independent confirmation 
of manual analysis, of multi-channel immunoflourescent microscopy 
images.

8315-125, Poster Session

Navigation-supported diagnosis of the 
substantia nigra by matching midbrain-
sonography and MRI
Z. I. Salah, Otto-von-Guericke-Univ. Magdeburg (Germany); D. 
Weise, Univ. Leipzig (Germany); B. Preim, Otto-von-Guericke-
Univ. Magdeburg (Germany); J. Classen, Univ. Leipzig (Germany); 
G. Rose, Otto-von-Guericke-Univ. Magdeburg (Germany)

Transcranial sonography (TCS) is a well established neuroimaging 
technique that allows for visualizing several brainstem structures 
including the substantia nigra and helps for the diagnosis and differential 
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diagnosis of various movement disorders. However, proximate brainstem 
anatomy can hardly be recognized due to the limited image quality of 
B-scans. In this paper, a visualization system for the ultrasound imaging 
of the substantia nigra is presented, which utilizes neuronavigated 
TCS to reconstruct tomographical slices from registered MRI datasets 
and visualize them simultaneously with corresponding TCS planes in 
real-time. The prototype of the system includes a module for ultrasound 
probe to tracker calibration that allows for defining spatial coordinates of 
the resulting ultrasound images in the global coordinate system. Patient 
to dataset (MRI) registration is performed using a least square fitting 
algorithm that registers two sets of user-defined correspondence points. 
To generate MRI tomographical slices, the tracking data of the ultrasound 
probe are passed to an optimized slicing algorithm, which computes 
cross sections at arbitrary positions and orientations from the registered 
MRI dataset. The extracted MRI cross sections are finally fused with the 
region of interest from the ultrasound image. The system allows for the 
computation and visualization of slices at a near real-time rate. Primary 
tests of the system show an added value to the pure sonographic 
imaging. The system also allows for reconstructing volumetric (3D) 
ultrasonic data of the region of interest, and thus contributes to 
enhancing the diagnostic yield of midbrain sonography.

8315-126, Poster Session

Quantification of the cerebrospinal fluid from 
a new whole body MRI sequence
A. Lebret, E. Petit, B. Durning, Univ. Paris 12 - Val de Marne 
(France); J. Hodel, A. Rahmouni, P. Decq, C.H.U. Henri-Mondor 
(France)

Our work aims to develop a biomechanical model of hydrocephalus both 
intended to perform clinical research and to assist the neurosurgeon 
in diagnosis decisions. Recently, we have defined a new MR imaging 
sequence based on SPACE (Sampling Perfection with Application 
optimized Contrast using different flip-angle Evolution). On these images, 
the cerebrospinal fluid (CSF) appears as a homogeneous hypersignal. 
Therefore such images are suitable for segmentation and for volume 
assessment of the CSF. In this paper we present a fully automatic 3D 
segmentation of such SPACE MRI sequences. We choose a topological 
approach considering that CSF can be modeled as a simply connected 
object (i.e. a filled sphere). First an initial object which must be strictly 
included in the CSF and homotopic to a filled sphere, is determined 
by using a moment-preserving thresholding. Then a priority function 
based on an Euclidean distance map is computed in order to control the 
thickening process that adds ``simple points’’ to the initial thresholded 
object. A point is called simple if its addition or its suppression does 
not result in change of topology neither for the object, neither for the 
background. The method is validated by measuring fluid volumes of a 
brain phantom and by comparing our assessments of the ventricular 
volumes to those derived from a segmentation controlled by a physician 
expert.

8315-127, Poster Session

A new approach to measuring tortuosity
S. Scott, Marquette Univ. (United States); A. Wert, Benedictine 
College (United States)

The detection and measurement of the tortuosity - i.e. the bending 
and winding - of vessels has been shown to be potentially useful in the 
assessment of cancer progression and treatment response. Although 
several metrics for tortuosity are used, no single one method is able to 
capture all types of tortuosity. The purpose of this project is to present a 
new multiscale technique for measuring vessel tortuosity. 

The method - called the ergodicity defect - is a scale-dependent measure 
of deviation from ergodicity. Loosely speaking, the general idea is that 
a trajectory or vessel that has excessive winding or twisting will have a 
low ergodicity defect and this defect value decreases as the tortuosity 
increases. The computation takes as input a set of points describing the 
vessels and then gives an output in terms of the deviation from ergodicity 
which in turn indicates the extent of bending or winding in the vessel. 
The ergodicity defect method allows for several aspects of the analysis to 
vary depending on the information desired -e.g., the “space average” can 
refer to the entire region of interest or a subset. Haar wavelets are used to 
provide the scaling analysis.

We first apply the ergodicity defect to both 2D and 3D synthetic data 
to demonstrate the response of the method to three types of tortuosity 
observed in clinical patterns. We then implement the method on 
segmented vessels from brain tumor images. We show that the method 
can be effectively used to detect and measure several types of vessel 
tortuosity.

8315-128, Poster Session

Information theoretic multiclass feature 
selection for improved pediatric brain tumor 
segmentation
I. Khan, Old Dominion Univ. (United States); S. Ahmed, The Univ. 
of Memphis (United States); A. Vossough, The Children’s Hospital 
of Philadelphia (United States)

In our previous work, we showed that fractal-based texture features are 
effective in detection, segmentation and classification of posterior-fossa 
(PF) pediatric brain tumor in multimodality MRI. We also investigated 
efficacy of feature selection and ranking techniques such as Kullback-
Leibler Divergence (KLD) and subsequent tumor segmentation using 
an integrated Expectation Maximization (EM) framework. In this 
work, we study efficacy of information theoretic multiclass feature 
selection technique for improved brain tumor (T) segmentation in 
presence of cyst(C) and non tumor (NT) tissues. To achieve this goal, 
we extend two class KLD techniques to multiclass such that we can 
effectively select features for T,C and NT tissues. We further obtain 
segmentation robustness for each tissue types by computing Bay’s 
posterior probabilities and corresponding number of pixels for each 
tissue segments in MRI patient images. We evaluate improved tumor 
segmentation robustness using different similarity metric for 8 patients in 
T1, T2 and FLAIR modalities.
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8315-129, Poster Session

Automatic histogram-based segmentation of 
white matter hyperintensities using 3D FLAIR 
images
R. Simões, C. H. Slump, Univ. Twente (Netherlands); 
C. Moenninghoff, I. Wanke, M. Dlugaj, C. Weimar, 
Universitätsklinikum Essen (Germany)

White matter hyperintensities (WMHs) are diffuse white matter 
abnormalities that typically present high intensities in T2-weighted 
images. They occur often in the elderly and have been shown to predict 
an increased risk of stroke and cognitive decline. The monitoring and 
evaluation of WMHs can therefore provide useful information on the early 
onset of these diseases.

Automatic methods for segmenting white matter lesions typically use 
multimodal MRI data. This requires several co-registrations, which are 
computationally expensive and prone to errors. Furthermore, most 
methods depend on the use of a training set to perform a classification 
task or to determine necessary parameters.

Fast fluid-attenuated inversion-recovery (FLAIR) is a T2-weighted MRI 
modality. WMHs are characterized by high intensities within a range that 
only partially overlaps with that of normal brain regions, making this MRI 
modality well suited for lesion segmentation purposes.

We propose a fully automatic and unsupervised 3D WMH segmentation 
method that uses solely FLAIR images. First, we approximate the image 
histogram by a mixture of three Gaussians in order to find an appropriate 
threshold. For that purpose, we use a modified Expectation-Maximization 
(EM) approach that considers context information. Subsequently, we 
remove the false positives located at the CSF/gray matter interface and 
at the septum pellucidum. Our method requires no training set, since all 
necessary parameters are determined independently and automatically 
for each image.

To evaluate our method, we compare the number of found lesions 
with the ground truth counting of subcortical WMHs, performed by a 
trained neuroradiologist. The evaluation on 40 patient datasets indicates 
that the method is suitable for accurately segmenting white matter 
hyperintensities of various degrees without the need for several MRI 
modalities nor training data.
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8316-01, Session 1

Deformable registration of the inflated and 
deflated lung for cone-beam CT-guided 
thoracic surgery
A. Uneri, S. Nithiananthan, S. Schafer, Y. Otake, J. W. Stayman, 
The Johns Hopkins Univ. (United States); G. Kleinszig, Siemens 
AG (Germany); M. S. Sussman, Johns Hopkins Bayview Medical 
Ctr. (United States); R. H. Taylor, The Johns Hopkins Outpatient 
Ctr. (United States); J. L. Prince, J. H. Siewerdsen, The Johns 
Hopkins Univ. (United States)

Intraoperative cone-beam CT (CBCT) could offer an important advance 
to thoracic surgeons in directly localizing sub-palpable nodules during 
surgery. A system is under development using C-arm CBCT to directly 
localize tumors in the OR, potentially reducing the cost and logistical 
burden of conventional preoperative localization and facilitating safer 
surgery by visualizing critical structures surrounding the surgical target 
(e.g., pulmonary artery, airways, etc.). To utilize the wealth of preoperative 
image/planning data and to guide targeting under conditions in which 
the tumor may not be directly visualized, a deformable registration 
approach has been developed that geometrically resolves images of the 
inflated (i.e., inhale or exhale) and deflated states of the lung. This novel 
technique employs a coarse first-pass registration using lung surface and 
airway control points for fast model-driven registration, and a second-
pass higher precision registration using a variant of the Demons algorithm 
to fine-tune registration within ~3 mm error. The coarse registration 
provides fast nodule localization within the target wedge (to be resected) 
even under conditions in which the tumor cannot be directly visualized in 
CBCT, while second-pass Demons fine-tuning yields precise localization 
of the target and surrounding critical anatomy identified in preoperative 
planning. The combined registration yields accuracy consistent with 
requirements in minimally invasive thoracic surgery in both target 
localization and critical structure avoidance.

8316-02, Session 1

Incorporation of prior knowledge for region 
of change imaging from sparse scan data in 
image-guided surgery
J. Lee, J. W. Stayman, Y. Otake, S. Schafer, W. Zbijewski, A. J. 
Khanna, J. L. Prince, J. H. Siewerdsen, The Johns Hopkins Univ. 
(United States)

This paper proposes to utilize a patient-specific prior to augment 
intraoperative sparse-scan data to accurately reconstruct the aspects 
of the region that have changed by a surgical procedure in image-
guided surgeries. When anatomical changes are introduced by a 
surgical procedure, only a sparse set of x-ray images are acquired, 
and the prior is registered to these data. Since all the information of 
the patient anatomy except for the surgical change is already known 
from the prior, we highlight only the change by creating difference 
images between the new scan and digitally reconstructed radiographs 
(DRR) computed from the registered prior. The region of change (RoC) 
is reconstructed from these sparse difference images by a penalized 
likelihood (PL) reconstruction method regularized by a compressed 
sensing penalty. When the surgical changes are local and relatively small, 
the RoC reconstruction involves only a small volume size and a small 
number of projections, allowing much faster computation and lower 
radiation dose than is needed to reconstruct the entire surgical volume. 
The reconstructed RoC merges with the prior to visualize an updated 

surgical field. We apply this novel approach to sacroplasty phantom data 
obtained from a cone-beam CT (CBCT) test bench and vertebroplasty 
data with a fresh cadaver acquired from a C-arm CBCT system with a 
flat-panel detector (FPD).

8316-03, Session 1

GPU-based iterative relative fuzzy 
connectedness image segmentation
Y. Zhuge, National Institutes of Health (United States); J. K. 
Udupa, The Univ. of Pennsylvania Health System (United States); 
R. W. Miller, National Institutes of Health (United States)

A parallel algorithm for the top of the line among the fuzzy 
connectedness algorithm family, namely the iterative relative fuzzy 
connectedness (IRFC) segmentation method, is developed on the NVIDIA 
GPUs. The algorithm of IRFC realized via image foresting transform (IFT) 
is implemented by using NVIDIA’s compute unified device architecture 
(CUDA) platform for segmenting large medical image data sets. In the 
IRFC algorithm, there are two major computational tasks: (i) computing 
the fuzzy affinity relations, and (ii) computing the fuzzy connectedness 
relations and tracking the optimal spanning forest. Both tasks are 
implemented as CUDA kernels. For the first kernel, for every neighboring 
pair (c, d), one thread is assigned to compute fuzzy affinity κ(c, d) for a 
given affinity function κ, and the result is written to the specific allocated 
GPU device memory. During fuzzy tracking, different threads operate 
on voxels for updating connectivity and predecessor map information 
simultaneously. The CPU determines if any updating has been done in 
the last invocation of the tracking kernel. The tracking kernel is called 
repeatedly by the CPU until it presents no more updates. We tested 
the CUDA implementation of the IRFC algorithm on an NVIDIA Tesla 
C1060 GPU. An order of magnitude speed-up has been achieved over 
an optimized CPU implementation for three image data sets with a wide 
range of sizes.

8316-04, Session 1

Automatic anatomy recognition via fuzzy 
object models
J. K. Udupa, D. Odhner, The Univ. of Pennsylvania Health System 
(United States); A. Falcão, Univ. Estadual de Campinas (Brazil); K. 
C. Ciesielski, West Virginia Univ. (United States); P. A. V. Miranda, 
Univ. Estadual de Campinas (Brazil); S. Mishra, The Univ. of 
Pennsylvania Health System (United States); G. J. Grevera, 
Saint Joseph’s Univ. (United States); B. Saboury, The Univ. of 
Pennsylvania Health System (United States); D. A. Torigian, 
Hospital of the Univ. of Pennsylvania (United States)

To make Quantitative Radiology a reality in routine radiological practice, 
computerized automatic anatomy recognition (AAR) during radiological 
image reading becomes essential. As part of this larger goal, last year at 
this conference we presented a novel fuzzy strategy for building body-
wide group-wise anatomic models. In the present paper, we describe 
the further advances made in fuzzy modeling and the algorithms and 
results achieved for AAR by using the fuzzy models. The proposed AAR 
approach consists of three distinct steps: (a) Building fuzzy object models 
(FOMs) for each population group G. (b) By using the FOMs to recognize 
the individual objects in any given patient image I under group G. (c) To 
delineate the recognized objects in I. This paper will focus mostly on (b).

FOMs are built hierarchically, the smaller sub-objects forming the 
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offspring of larger parent objects. The hierarchical pose relationships from 
the parent to offspring are codified in the FOMs. Several approaches for 
recognition are being explored currently, grouped under two strategies, 
both hierarchical: (ra1) Those using search strategies. (ra2) Those 
strategizing a one-shot approach by which the model pose is directly 
estimated without searching. Based on 32 patient CT data sets each from 
the thorax and abdomen and 26 objects modeled, our analysis indicates 
that objects do not all scale uniformly with patient size. Even the simplest 
among the (ra2) strategies of recognizing the root object and then simply 
placing all other descendents as per the learned parent-to-offspring pose 
relationship bring the models within 3-30mm of the true locations.

8316-05, Session 1

Automated volume of interest delineation 
and rendering of cone beam CT images in 
interventional cardiology
C. Lorenz, D. Schäfer, Philips Research (Germany); P. G. Eshuis, 
Philips Healthcare (Netherlands); J. D. Carroll, Univ. of Colorado 
Denver (United States); M. Grass, Philips Technologie GmbH 
(Germany)

State of the art interventional C-arm systems allow the efficient 
acquisition of 3D cone beam CT images. The image can be used for 
intervention planning, navigation during, and outcome control after the 
treatment. While 3D image material makes a volumetric rendering of the 
scene from arbitrary viewing directions possible, it requires either manual 
or an automated definition of the volume of interest (VOI) to be rendered 
in order to suppress visualization of disturbing anatomical structures. 
At the same time, interventional workflow only allows for a very limited 
amount of user interaction. Automated presentation of the clinical 
relevant volumetric information can therefore substantially improve the 
clinical usability of the tomographic information.

In this paper we present a fast and completely automated VOI delineation 
and rendering for cardiac interventions, ranging from atrial ablation 
procedures to valve replacement. Since depending on the specific 
application, not only the heart, but also the connected vasculature such 
as ascending and descending aorta, pulmonary artery and veins, or vena 
cava needs to be included in the VOI, we aim at coverage of the whole 
visceral cavity including mediastinum and lungs but leaving out rib-cage 
and spine. We addressed the problem in a model based approach and 
generated a shape model of the visceral cavity from whole body CT 
scans. For the processing of unseen Cone-Beam CT data, the model is 
positioned in the image space and deformed in a series of hierarchical 
adaptation steps in a coarse to fine manner. The procedure has been 
evaluated on 24 patient cases. The method is able to cope with varying 
image intensities, varying truncations due to the limited reconstruction 
volume, and partially with heavy metal and motion artifacts.

8316-06, Session 2

Error prediction for probe guides
J. M. Fitzpatrick, Vanderbilt Univ. (United States)

Probe guides are surgical fixtures that are rigidly attached to bone 
anchors in order to place a probe at a target with high accuracy (RMS 
error < 1 mm). Applications include needle biopsy, the placement of 
electrodes for deep-brain stimulation (DBS), spine surgery, and cochlear 
implant surgery. Targeting is based on pre-operative images, but targeting 
errors can arise from four sources: (1) anchor localization error, (2) guide 
fabrication error, and, because localization error and fabrication error 
cause a guide-to-anchor misfit, (3) flexing of the guide and (4) flexing of 
the anchors when the guide is forced to fit onto the anchors. A well-
established theory exists for the statistical prediction of target registration 
error (TRE) of probes guided by tracking systems, but no such TRE 
theory is available for probes guided by fixtures. This paper provides that 
theory and shows that all four error sources can be accommodated in a 
remarkably simple extension of existing theory. Both the guide and the 

bone with attached anchors are modeled as objects with rigid sections 
and elastic sections, the latter of which are described by stiffness 
matrices. By relating minimization of elastic energy for guide attachment 
to minimization of fiducial registration error for point registration, it is 
shown that the expression for targeting error for the guide is identical to 
that for weighted rigid point registration when the weighting matrices are 
properly derived from stiffness matrices. An example application from 
DBS surgery is provided.

8316-07, Session 2

A novel fully automatic system for the 
evaluation of electromagnetic tracker
I. Gergel, J. Gaa, M. Müller, H. Meinzer, I. Wegner, Deutsches 
Krebsforschungszentrum (Germany)

Electromagnetic tracking (EMT) systems are gaining increased attention 
in various fields of image guided surgery. One of the main problems 
related to EMT systems is their vulnerability to distortion due to 
metallic objects. Several methods have been introduced to evaluate 
electromagnetic tracker, yet, the data acquisition usually has to be 
manually performed with significant time consuming way sequences. 
The aim of this work is to present a fully automatic calibration system. 
It consists of a novel, parallel robotic arm with the potential to collect a 
very large number of tracking data and to scan the entire tracking volume 
of different trackers. For this purpose, we evaluate two electromagnetic 
trackers in an ideal metallic-free environment and in a clinical setup.

8316-08, Session 2

Tracker-on-C for cone-beam CT-guided 
surgery: evaluation of geometric accuracy 
and clinical applications
S. Reaungamornrat, Y. Otake, A. Uneri, S. Schafer, D. J. Mirota, 
S. Nithiananthan, J. W. Stayman, A. J. Khanna, The Johns 
Hopkins Univ. (United States); D. D. Reh, The Johns Hopkins 
Outpatient Ctr. (United States); G. L. Gallia, The Johns Hopkins 
Univ. (United States); R. H. Taylor, The Johns Hopkins Outpatient 
Ctr. (United States); J. H. Siewerdsen, The Johns Hopkins Univ. 
(United States)

Conventional surgical tracking configurations carry a variety of limitations 
in line-of-sight, geometric accuracy, and mismatch with the surgeon’s 
perspective (for video augmentation). With increasing utilization of mobile 
C-arms, par-ticularly those allowing cone-beam CT (CBCT), there is 
opportunity to better integrate surgical trackers at bedside to address 
such limitations. This paper describes a tracker configuration in which the 
tracker is mounted directly on the C-arm. To maintain registration within 
a dynamic coordinate system, a reference marker visible across the full 
C-arm rota-tion is implemented, and the “Tracker-on-C” configuration 
is shown to provide improved target registration error (TRE) over the 
conventional setup - (0.86±0.43) mm vs (1.92±0.71) mm, respectively. 
The system also can generate digitally reconstructed radiographs (DRRs) 
from the perspective of a tracked tool (“x-ray flashlight”), the tracker 
(DRR overlay on video), or the C-arm (“virtual fluoroscopy”). Using a 
video-based tracker, planning data and DRRs can be superim-posed 
on the video scene from a natural perspective over the surgical field, 
with geometric accuracy (0.63±0.39) pixels for planning data overlay 
and (0.68±0.31) pixels for DRR overlay across all C-arm angles. The 
field-of-view of fluoros-copy or CBCT can also be overlaid on real-time 
video (“virtual fieldlight”) to assist C-arm positioning. Virtual fluoros-copy 
achieved TRE = (0.37±0.20) mm. The fixed transformation between the 
image and tracker facilitated quick, accu-rate intraoperative registration. 
The proposed configuration presents streamlined integration of C-arm 
CBCT with real-time tracking and demonstrated utility in a spectrum of 
image-guided interventions (e.g., spine surgery) benefiting from improved 
accuracy, enhanced visualization, and reduced radiation exposure.
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8316-09, Session 2

Application of 3D surface imaging in breast 
cancer radiotherapy
T. Alderliesten, J. Sonke, A. Betgen, J. Honnef, C. van Vliet-
Vroegindeweij, P. Remeijer, The Netherlands Cancer Institute 
(Netherlands)

Purpose: Accurate dose delivery in deep-inspiration breath-hold (DIBH) 
radiotherapy for patients with breast cancer relies on precise treatment 
setup and monitoring of the depth of the breath hold. This study 
entailed performance evaluation of a 3D surface imaging system for 
image guidance in DIBH radiotherapy by comparison with cone-beam 
computed tomography (CBCT).

Materials and Methods: Fifteen patients treated with DIBH radiotherapy 
after breast-conserving surgery were included. The performance of 
surface imaging was compared to the use of CBCT for setup verification. 
Retrospectively, breast surface registrations were performed for CBCT 
to planning CT as well as for a 3D surface, captured concurrently 
with CBCT, to planning CT. The resulting setup errors were compared 
with linear regression analysis. For the differences between setup 
errors, group mean, systematic and random errors were calculated. 
Furthermore, a residual error after registration (RRE) was assessed for 
both systems by investigating the root-mean-square distance between 
the planning CT surface and registered CBCT/captured surface.

Results: Good correlation between setup errors was found: R^2=0.82, 
0.86, 0.82 in left-right, cranio-caudal and anterior-posterior direction, 
respectively. Systematic and random errors were ≤0.16cm and ≤0.13cm 
in all directions, respectively. RRE values for surface imaging and CBCT 
were on average 0.18 versus 0.19cm with a standard deviation of 0.10 
and 0.09cm, respectively. Wilcoxon-signed-ranks testing showed that 
CBCT registrations resulted in higher RRE values than surface imaging 
registrations (p=0.003).

Conclusion: This performance evaluation study shows very promising 
results that support the application of 3D surface imaging for image 
guidance in DIBH radiotherapy for breast cancer.

8316-10, Session 2

Improvement of tracking accuracy and 
stability by recursive image processing in 
real-time tumor-tracking radiotherapy system
N. Miyamoto, K. L. Sutherland, R. Suzuki, T. Matsuura, C. 
Toramatsu, S. Takao, H. Nihongi, R. Kinoshita, S. Shimizu, R. 
Onimaru, K. Umegaki, H. Shirato, M. Ishikawa, Hokkaido Univ. 
(Japan)

In the real-time tumor-tracking radiotherapy (RTRT) system, the metal 
markers are surgically embedded in or near the target tumor in order 
monitor the respiratory-induced motion of tumors. During radiation 
treatment, the markers are detected by continuous fluoroscopy operated 
at 30 frames per second. The marker position is determined by means 
of a template pattern matching technique which is based on the 
normalized cross correlation. With high tube voltage, large current and 
long exposure, the marker can be tracked accurately and stably because 
a high signal-noise-ratio (SNR) fluoroscopic image can be obtained. 
However, the radiation dose due to fluoroscopy also increases. In this 
study, motion-adaptive recursive image filter is proposed in order to track 
the marker stably and accurately in low dose fluoroscopy. The static 
phantom experiment was conducted as the first investigation in order to 
confirm the feasibility. The weighted average was performed recursively 
in the fluoroscopy. The discrepancy and the fluctuation between the 
actual marker location and the determined location were investigated. 
The results showed that the recursive image filter could reduce the error 
of the marker registration in the template pattern matching in low dose 
fluoroscopy. The results showed that the stability and the accuracy can 
be maintained in the low dose fluoroscopy. As a result, the total imaging 
dose from the fluoroscopy can be reduced.

8316-11, Session 2

Model-based risk assessment for motion 
effects in 3D radiotherapy of lung tumors
R. Werner, J. Ehrhardt, A. Schmidt-Richberg, H. Handels, Univ. 
zu Lübeck (Germany)

Although 4D CT imaging becomes available in an increasing number of 
radiotherapy (RT) facilities, 3D imaging and planning is still standard in 
RT. Especially for lung tumors respiratory motion is a known source of 
uncertainty and should be accounted for during RT planning -- which is 
difficult by using only a 3D planning CT. In this contribution we propose 
applying a statistical lung motion model to predict patients’ motion 
patterns and to estimate dosimetric motion effects in lung tumor RT 
if only 3D images are available. Generated based on 4D CT images of 
patients with unimpaired lung motion, the model tends to overestimate 
lung tumor motion. It therefore promises conservative risk assessment 
regarding tumor dose coverage. This is evaluated using treatment plans 
of five lung tumor patients with different tumor motion patterns and for 
two treatment modalities (conventional 3D RT and intensity modulated 
RT). For the test cases 4D CT images are available. Thus, also a standard 
registration-based 4D dose calculation is performed which serves as 
comparison case to judge plausibility of the model-based 4D dose 
calculation. It will be shown that, if combined with an additional simple 
patient-specific breathing surrogate measurement (here: spirometry), the 
4D-MMM-based dose calculation provides reasonable risk assessment 
of respiratory motion effects.

8316-12, Session 3

Medical robotics and computer-integrated 
interventional medicine
R. H. Taylor, The Johns Hopkins Outpatient Ctr. (United States)

This talk will discuss ongoing research at the JHU Engineering Research 
Center for Computer-Integrated Surgical Systems and Technology (CISST 
ERC) to develop systems that combine innovative algorithms, robotic 
devices, imaging systems, sensors, and human-machine interfaces 
to work cooperatively with surgeons in the planning and execution of 
surgery and other interventional procedures. This talk will describe past 
and emerging research themes and illustrate them with examples drawn 
from our current research activities in medical robotics and computer-
integrated interventional systems.

8316-13, Session 3

Does a robotic scrub nurse improve economy 
of movements?
J. P. Wachs, M. Jacob, Y. Li, Purdue Univ. (United States); G. 
Akingba, Indiana Univ. (United States)

While surgeon-scrub tech collaboration provides a fast, straightforward 
and inexpensive method of delivering surgical instruments to the 
surgeon, it often results in “mistakes” (e.g. missing information, ambiguity 
of instructions and delays). It has been shown that these errors can have 
a negative impact on the outcome of the surgery. These errors could 
potentially be reduced or eliminated by introducing robotics into the 
operating room, in the form of a surgical assistant, or a robotic surgical 
scrub nurse. Literature review reveal that non-verbal communication is 
the most common form of interaction in the OR. Thus, gesture control 
is a natural and fundamentally sound alternative that allows interaction 
without disturbing the normal flow of surgery. This paper describes the 
development of a robotic scrub nurse to support surgeons by passing 
surgical instruments during surgery as required. The robot responds to 
recognized hand signals and voice messages detected through pattern 
recognition techniques. The robotic scrub nurse was tested during 
a mock surgery in a simulated operating room, when performing an 
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abdominal incision and closure. To test economy of surgical movements, 
tests were conducted comparing the variance of the instrument picking 
location when assisted by a robot and a human. The main hypothesis is 
that hand locations that are clustered tightly together indicate an overall 
economic movement (less number of hand movements) through the 
surgery. An experiment was conducted to test this hypothesis and results 
are presented. Current results show that the robot recognized hand 
gestures quickly, reliable and support overall surgeon dexterity.

8316-14, Session 3

The role of three-dimensional visualization in 
robotics-assisted cardiac surgery
M. E. Currie, The Univ. of Western Ontario (Canada); A. L. 
Trejos, Canadian Surgical Technologies and Advanced Robotics 
(Canada); R. Rayman, M. W. A. Chu, London Health Sciences 
Ctr. (Canada); R. Patel, Canadian Surgical Technologies and 
Advanced Robotics (Canada); T. M. Peters, Robarts Research 
Institute, The Univ. of Western Ontario (Canada); B. Kiaii, London 
Health Sciences Ctr. (Canada)

Objectives: The purpose of this study is to determine the value of three-
dimensional visualization in robotics-assisted cardiac surgery using a 
teleoperated robotic system with seven degrees-of-freedom and three-
dimensional visualization. 

Methods: A cardiac surgery test bed was constructed to measure forces 
applied by the da Vinci surgical system (Intuitive Surgical, Sunnyvale, 
CA) during mitral valve annuloplasty. The tissue test bed consisted of 
a porcine mitral valve mounted on a six-axis ATI Industrial Automation 
force/torque sensor to measure applied forces. Sutures were passed 
through the porcine mitral valve annulus in a transverse mattress 
fashion at predetermined points by participants with different levels of 
experience in robotics-assisted surgery. The sutures were subsequently 
passed through an annuloplasty band and tied in place robotically. These 
trials were repeated alternating between two-dimensional and three-
dimensional visualization. 

Results: At this time, a novel apparatus for measurement of forces 
applied by the da Vinci Surgical System during robotics assisted mitral 
valve annuloplasty has been developed. Using this model, we have 
shown three-dimensional visualization significantly reduced the time 
required to complete both suturing and knot tying to tie each suture in 
all levels of surgical expertise by as much as 50.1s per knot (P = 0.033). 
In addition, there was more marked decrease in time in participants 
with increased experience in robotics-assisted cardiac surgery. Further 
experiments are in progress. 

Conclusion: We expect that cardiac surgery simulations with three-
dimensional visualization will lead to faster and more efficient learning 
curves and operative performances with faster operative times.

8316-15, Session 4

Evaluation of deformation accuracy of a 
virtual pneumoperitoneum method based on 
clinical trials for patient-specific laparoscopic 
surgery simulator
M. Oda, J. D. Qu, Y. Nimura, Nagoya Univ. (Japan); T. Kitasaka, 
Aichi Institute of Technology (Japan); K. Misawa, Aichi Cancer 
Ctr. Research Institute (Japan); K. Mori, Nagoya Univ. (Japan)

This paper evaluates deformation accuracy of a virtual 
pneumoperitoneum method by utilizing measurement data of real 
deformations of patient bodies. Laparoscopic surgery is an option 
of surgical operations that is less invasive technique as compared 
with traditional surgical operations. In laparoscopic surgery, the 
pneumoperitoneum process is performed to create a viewing and 

working space. Although a virtual pneumoperitoneum method based 
on 3D CT image deformation has been proposed for patient-specific 
laparoscopy simulators, quantitative evaluation based on measurements 
obtained in real surgery has not been performed. In this paper, we 
evaluate deformation accuracy of the virtual pneumoperitoneum method 
based on real deformation data of the abdominal wall measured in 
operating rooms (ORs.) The evaluation results are used to find optimal 
deformation parameters of the virtual pneumoperitoneum method. We 
measure landmark positions on the abdominal wall on a 3D CT image 
taken before performing a pneumoperitoneum process. The the landmark 
positions are defined based on anatomical structure of a patient body. 
We also measure the landmark positions on a 3D CT image deformed by 
the virtual pneumoperitoneum method. To measure real deformations of 
the abdominal wall, we measure the landmark positions on the abdominal 
wall of a patient before and after the pneumoperitoneum process in the 
OR. We transform the landmark positions measured in the OR from the 
tracker coordinate system to the CT coordinate system. A positional 
error of the virtual pneumoperitoneum method is calculated based on 
positional differences between the landmark positions on the 3D CT 
image and the transformed landmark positions. Experimental results 
based on eight cases of surgeries showed that the minimal positional 
error was 13.8 [mm]. The positional error can be decreased from the 
previous method by calculating optimal deformation parameters of the 
virtual pneumoperitoneum method from the experimental results.

8316-16, Session 4

Neurosurgery simulation using nonlinear 
finite element modeling and haptic interaction
H. Lee, Kitware, Inc. (United States) and Univ. of North Carolina 
at Chapel Hill (United States); M. Audette, Old Dominion Univ. 
(United States); G. R. Joldes, The Univ. of Western Australia 
(Australia); A. Enquobahrie, Kitware, Inc. (United States)

Real-time surgical simulation is becoming an important component 
of surgical training. To meet the real-time requirement, however, 
the accuracy of the biomechancial modeling of soft tissue is often 
compromised due to computing resource constraints. Furthermore, 
haptic integration presents an additional challenge with its requirement 
for a high update rate. As a result, most real-time surgical simulation 
systems employ a linear elasticity model, simplified numerical methods 
such as the boundary element method or spring-particle systems, and 
coarse volumetric meshes. However, these systems are not clinically 
realistic. We present here an on-going work aimed at developing an 
efficient and physically realistic neurosurgery simulator using a non-linear 
finite element method (FEM) with haptic interaction. Real-time finite 
element analysis is achieved by utilizing the total Lagrangian explicit 
dynamic (TLED) formulation and GPU acceleration of per-node and per-
element operations. We employ a virtual coupling method for separating 
deformable body simulation and collision detection from haptic 
rendering, which needs to be updated at a much higher rate than the 
visual simulation. The system provides accurate biomechancial modeling 
of soft tissue while retaining a real-time performance with haptic 
interaction. However, our experiments showed that the stability of the 
simulator depends heavily on the material property of the tissue and the 
speed of colliding objects. Hence, additional efforts including dynamic 
relaxation are required to improve the stability of the system.

8316-17, Session 4

Lung tumor motion prediction during lung 
brachytherapy using finite element model
Z. Shirzadi, A. Sadeghi Naini, A. Samani, The Univ. of Western 
Ontario (Canada)

A biomechanical model is proposed to predict deflated lung tumor 
motion caused by diaphragm respiratory motion. This model can be 
employed in tumor ablative procedures such as lung brachytherapy. 
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Lung brachytherpay is performed while the cancerous lung is deflated 
to minimize the tumor motion during the procedure. However, significant 
amount of tissue deformation still occurs during respiration due to the 
diaphragm contact forces. In the absence of effective real-time image 
guidance, biomechanical models can be used to predict tumor motion as 
a function of the diaphragm’s position. 

To develop this model, the Finite Element Method (FEM) was employed. 
To demonstrate the concept, we conducted an animal model study of 
an ex-vivo porcine deflated lung with a tumor phantom. 3D-CT image 
of this lung was acquired, which was segmented and turned into a 
FE mesh. The lung tissue was modeled as hyperelastic material and a 
contact body mimicking the diaphragm was included in the model to 
calculate the lung deformation and the tumor motion during respiration. 
To validate the results obtained from this model, the lung was loaded 
by a rigid cylindrical contact body and the motion of a marked tissue 
surface region close to the tumor was tracked. Preliminary assessment 
of the experiment results demonstrated good agreement with the 
simulation results. We also investigated the impact of lung tissue 
hyperelastic parameters uncertainties in the FE model. For this purpose, 
we performed in-silico simulations with different hyperelastic parameters. 
This study demonstrated robustness of the FE model for tumor motion 
prediction.

8316-18, Session 4

A method for constructing real-time FEM-
based simulator of stomach behavior with 
large-scale deformation by neural networks
K. Morooka, T. Taguchi, R. Kurazume, M. Hashizume, T. 
Hasegawa, Kyushu Univ. (Japan)

This paper presents a method for simulating the behavior of stomach 
with large-scale deformation. This simulator is generated by the real-
time FEM-based analysis by using a neural network. There are various 
deformation patterns of hollow organs by changing both its shape and 
volume. In this case, one network can not learn the stomach deformation 
with a huge number of its deformation pattern. To overcome the problem, 
we propose a method of constructing the simulator composed of multiple 
neural networks by 1)partitioning a training dataset into several subsets, 
and 2)selecting the data included in each subset. From our experimental 
results, we can conclude that our method can speed up the training 
process of a neural network while keeping acceptable accuracy.

8316-19, Session 4

Pectus excavatum postsurgical outcome 
based on preoperative soft body dynamics 
simulation
A. H. J. Moreira, P. M. L. Rodrigues, J. C. Fonseca, A. C. M. 
Pinho, Univ. do Minho (Portugal); N. F. Rodrigues, Polytechnic 
Institute of Cávado and Ave (Portugal); J. Correia-Pinto, Univ. 
do Minho (Portugal); J. L. Vilaça, Univ. do Minho (Portugal) and 
Polytechnic Institute of Cávado and Ave (Portugal)

Pectus excavatum is the most common congenital deformity of the 
anterior chest wall, in which an abnormal formation of the rib cage 
gives the chest a caved-in or sunken appearance. Nowadays, the 
surgical correction of this deformity is carried out in children and adults 
through Nuss technic that consists in the placement of a prosthetic bar 
under the sternum and over the ribs. Although this technique has been 
shown to be safe and reliable, not all patients have achieved adequate 
cosmetic outcome. This leads many times to psychological problems 
and social stress before and after the surgical correction. Therefore, in 
order to reduce these issues, this paper presents a novel method to 
predict the patient surgical outcome based on the patient pre-surgical 
imagiologic information and chest skin dynamic modulation. The 
proposed approach uses the patient pre-surgical thoracic CT scan and 

anatomical-surgical references to perform a 3D segmentation of the left 
ribs, right ribs, sternum and skin. The technique encompasses three 
steps: a) reestablishment of the cartilages, between the ribs and the 
sternum, trough b-spline interpolation; b) skin NURB surface, whose 
control points are related to the splines points using mass-spring models; 
and c) placement of the prosthetic bar in substernal position. As result, 
a dynamic model of the skin in the chest wall region is generated, 
through motion of the prosthetic bar along the sternum. The results were 
compared and validated with patient postsurgical skin surface acquired 
with Polhemus FastSCAN system.

8316-20, Session 4

Fusion of intraoperative force sensoring, 
surface reconstruction and biomechanical 
modeling
S. Röhl, S. Bodenstedt, C. Küderle, S. Suwelack, Karlsruher 
Institut für Technologie (Germany); B. Müller-Stich, Heidelberg 
School of Medicine (Germany); R. Dillmann, S. Speidel, 
Karlsruher Institut für Technologie (Germany)

Minimally invasive surgery is a medically complex discipline that can 
heavily benefit from computer assistance. One way to help the surgeon 
is to visualize preoperative planning data using AR. Therefore, a 
preoperative model is needed. Due to highly deformable soft tissue, the 
preoperative model has to be updated constantly. Hence, intraoperative 
sensor data has to be acquired and registered with the preoperative 
model. Normally, there is only visual information about the surgical site. 
Haptic information which would greatly benefit the surgeon is still not 
established.

We present a setting where a force sensor is integrated into a 
laparoscopic instrument. In a test scenario using a silicone liver phantom, 
we register the measured forces with an intraoperatively reconstructed 
surface model from stereo endoscopic images and a finite element 
model of the phantom. The endoscope, the instrument and the liver 
phantom are tracked with a Polaris optical tracking system. By fusing this 
information, we can transfer the measured force and deformation onto 
the finite element model. The purpose of this setting is to demonstrate 
the principles needed and the methods developed for intra-operative 
registration and biomechanical simulation. One emphasis lies on the 
calibration of the force sensor with the instrument and first experiments 
with soft tissue. We also present our solution and first results concerning 
accuracy to the fusion of all pre- and intraoperative sensor data.

8316-21, Session 5

Robust pigtail catheter tip detection in 
fluoroscopy
S. Tzoumas, P. Wang, Y. Zheng, Siemens Corporate Research 
(United States); M. John, Siemens Medical Solutions GmbH 
(Germany); D. Comaniciu, Siemens Corporate Research (United 
States)

The pigtail catheter is a type of catheter inserted into the human body 
during interventional surgeries such as the transcatheter aortic valve 
implantation (TAVI). The catheter is characterized by a tightly curled end 
in order to remain attached to a valve pocket during the intervention, 
and it is used to inject contrast agent for the visualization of the vessel in 
fluoroscopy. Image-based detection of this catheter is used during TAVI, 
in order to overlay a model of the aorta and enhance visibility during the 
surgery. Due to the different possible projection angles in fluoroscopy, 
the pigtail tip can appear in a variety of different shapes spanning from 
pure circular to ellipsoid or even line. Furthermore, the appearance of 
the catheter tip is radically altered when the contrast agent is injected 
during the intervention or when it is occluded by other devices. All these 
factors make the robust real-time detection and tracking of the pigtail 
catheter a challenging task. To address these challenges, this paper 
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proposes a new tree-structured, hierarchical detection scheme, based 
on a shape categorization of the pigtail catheter tip, and a combination 
of novel Haar features. The proposed framework demonstrates improved 
detection performance, through a validation on a data set consisting of 
272 sequences with more than 20,000 images. The detection framework 
presented in this paper is not limited to pigtail catheter detection, but it 
can also be applied successfully to any other shape-varying object with 
similar characteristics.

8316-22, Session 5

Automatic localization of target vertebrae in 
spine surgery using fast CT-to-fluoroscopy 
(3D-2D) image registration
Y. Otake, S. Schafer, J. W. Stayman, W. Zbijewski, The Johns 
Hopkins Univ. (United States); G. Kleinszig, R. Graumann, 
Siemens AG (Germany); A. J. Khanna, J. H. Siewerdsen, The 
Johns Hopkins Univ. (United States)

Localization of target vertebrae is an essential step in minimally invasive 
spine surgery, with conventional methods rely-ing on “level counting” 
- i.e., manual counting of vertebrae under fluoroscopy starting from 
readily identifiable anatomy (e.g., the sacrum). The approach requires 
an undesirable level of radiation, time, and is prone to counting errors 
due to the similar appearance of vertebrae in projection images; wrong-
level surgery occurs in 1 of every ~3000 cases. This paper proposes a 
method to automatically localize target vertebrae in x-ray projections 
using 3D-2D registration between preoperative CT (in which vertebrae are 
preoperatively labeled) and intraoperative fluoroscopy. The registration 
uses an intensity-based approach with a gradient -based similarity metric 
and the CMA-ES algorithm for optimization. Digitally reconstructed 
radiographs (DRRs) are computed on GPU to accelerate the process. 
Evaluation in clinical CT data included 300 PA projections randomly 
perturbed to simulate a broad range of C-arm orientation, fluo-roscopic 
FOV (5-30 cm), and length of CT scan (15-36 cm). Larger fluoroscopic 
FOV yielded greater localization accuracy, with a 10 cm FOV providing 
the lower limit for which localization success rate was >98%. The method 
demonstrated 99% success and (0.06±0.05) mm projection error when 
the preoperative CT covered >26 cm length. Initial implementation on 
GPU provided automatic target localization within 21 s, with further 
improvement underway via multi-GPU. The ability to automatically 
label vertebrae in fluoroscopy promises to streamline surgical workflow, 
improve patient safety, and reduce wrong-site surgeries, especially in 
large patients for whom manual methods are time consuming and error 
prone.

8316-23, Session 5

2D-3D rigid registration to compensate for 
prostate motion during 3D TRUS-guided 
biopsy
T. S. De Silva, A. Fenster, J. S. Bax, L. Gardi, C. Romagnoli, 
Robarts Research Institute (Canada); J. K. Samarabandu, A. D. 
Ward, The Univ. of Western Ontario (Canada)

Prostate biopsy is the clinical standard for prostate cancer diagnosis. 
To improve the accuracy of targeting suspicious locations, systems 
have been developed that can plan and record biopsy locations in a 
3D-TRUS image acquired at the beginning of the procedure. Some 
systems are designed for maximum compatibility with existing ultrasound 
equipment and are thus designed around the use of a conventional 
2D-TRUS probe, using controlled axial rotation of this probe to acquire a 
3D TRUS reference image at the start of the biopsy procedure. Prostate 
motion during the biopsy procedure causes misalignments between the 
prostate in the live 2D-TRUS images and the pre-acquired 3D-TRUS 
image. We present an image-based rigid registration technique that 
aligns live 2D-TRUS images, acquired immediately prior to biopsy needle 

insertion, with the pre-acquired 3D-TRUS image to compensate for this 
motion. Our method was validated using 33 manually identified intrinsic 
fiducials in eight subjects and the target registration error was found to 
be 1.89 mm. We analysed the suitability of two image similarity metrics 
(normalized cross correlation and mutual information) for this task by 
plotting these metrics as a function of varying parameters in the six 
degree-of-freedom transformation space, with the ground truth plane as 
the starting point for the parameter exploration. We observed a generally 
convex behaviour of the similarity metrics. This encourages their use for 
this registration problem, and could assist in the design of a tool for the 
detection of misalignment, which could trigger the execution of a non-
real-time registration only when needed during the procedure.

8316-24, Session 5

Error analysis of the x-ray projection 
geometry of camera-augmented mobile 
C-arm
X. Chen, L. Wang, P. Fallavollita, N. Navab, Technische Univ. 
München (Germany)

The Camera-Augmented Mobile C-arm (CamC) augments X-ray by 
optical camera images and is the first medical augmented reality system 
used in orthopedic and trauma surgery worldwide. X-ray is co-registered 
to optical images in order to align them and have common projection 
geometry. However, in its current form this process is suboptimal. The 
objective of this work is to elaborate a full proof calibration and distortion 
method that would optimize subsequent reconstruction of anatomy 
and allow for accurate tool tracking. We investigated and compared 
calibration and distortion correction between: (i) the existing CamC 
calibration framework (ii) Zhang’s calibration for video images, and (iii) 
the traditional C-arm fluoroscopy calibration technique. The accuracy 
of the distortion correction for each of the three methods is compared 
by analyzing the error based on a synthetic model and by measuring 
linearity and cross-ratio properties. Also, the accuracy of calibrated X-ray 
projection geometry is evaluated by performing C-arm pose estimation 
using a planar pattern with known geometry. The final RMS error results 
based on a synthetic model shows that the traditional C-arm method 
(μ=0.39 pixels) outperforms Zhang (μ=0.68 pixels) and CamC (μ=1.07 
pixels) techniques. Also, the relative pose estimation comparison 
shows that the translation error of the traditional method (μ=0.25mm) 
outperforms both Zhang (μ=0.41mm) and CamC (μ=1.13mm) methods.

8316-25, Session 5

Automatic pose initialization for accurate 
2D/3D registration applied to abdominal 
aortic aneurysm endovascular repair
S. Miao, J. Lucas, R. Liao, Siemens Corporate Research (United 
States)

Minimally invasive abdominal aortic aneurysm (AAA) stenting can be 
greatly facilitated by overlaying the preoperative 3-D model of the 
abdominal aorta onto the intra-operative 2-D X-ray images. Accurate 
2-D/3-D registration in 3-D space makes the 2-D/3-D overlay robust 
to the change of C-Arm angulations. By far, the 2-D/3-D registration 
methods based on simulated X-ray projection images using multiple 
image planes have been shown to be able to provide satisfactory 3-D 
registration accuracy. However, one drawback of the intensity-based 
2-D/3-D registration methods is that the similarity measure is usually 
highly non-convex and hence the optimizer can easily be trapped 
into local minima. User interaction therefore is often needed in the 
initialization of the position of the 3-D model in order to get a successful 
2-D/3-D registration. In this paper, a novel 3-D pose initialization 
technique is proposed, as an extensiona of our previously proposed 
bi-plane 2-D/3-D registration method for AAA intervention. The proposed 
method detects vessel bifurcation points and spine centerline in both 
2-D and 3-D images, and utilizes landmark information to bring the 3-D 
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volume into a 15mm capture range. The proposed landmark detection 
method was validated using 7 clinical dataset, and is shown to be able 
to provide a good initialization for 2-D/3-D registration in [4] for all the 
datasets, thus making the workflow fully automatic.

8316-26, Session 6

Tracked 3D ultrasound targeting with an 
active cannula
P. J. Swaney, J. Burgner, T. S. Pheiffer, D. C. Rucker, H. B. Gilbert, 
J. E. Ondrake, A. L. Simpson, Vanderbilt Univ. (United States); 
E. C. Burdette, Acoustic Medsystems, Inc. (United States); M. I. 
Miga, R. J. Webster III, Vanderbilt Univ. (United States)

The objective of our work is a system that enables both mechanically 
and electronically shapable thermal energy deposition in soft tissue 
ablation. The overall goal is a system that can percutaneously (and 
through a single organ surface puncture) treat tumors that are large, 
multiple, geometrically complex, or located too close to vital structures 
for traditional resection. This paper focuses on mechanical steering 
and image guidance aspects of the project. Mechanical steering is 
accomplished using an active cannula that enables repositioning of 
the ablator tip without complete retraction. We describe experiments 
designed to evaluate targeting accuracy of the active cannula (also 
known as a concentric tube robot) in soft tissues under tracked 3D 
ultrasound guidance.

8316-27, Session 6

Intraoperative ultrasound to stereocamera 
registration using interventional 
photoacoustic imaging
S. Vyas, S. Su, R. Kim, N. Kuo, R. H. Taylor, J. U. Kang, E. M. 
Boctor, The Johns Hopkins Univ. (United States)

There are approximately 6000 hospitals in the United States, of which 
approximately 5400 employ minimally invasive surgical robots for 
a variety of procedures. Furthermore, 95% of these robots require 
extensive registration before they can be fitted into the operating 
room. These “registrations” are performed by surgical navigation 
systems, which allow the surgical tools, the robot and the surgeon to be 
synchronized together-hence operating in concert. The most common 
surgical navigation modalities include: electromagnetic (EM) tracking 
and optical tracking. Currently, these navigation systems are large, 
intrusive, come with a steep learning curve, require sacrifices on the 
part of the attending medical staff, and are quite expensive (since they 
require several components). Recently, photoacoustic (PA) imaging has 
become a practical and promising new medical imaging technology. PA 
imaging only requires the minimal equipment standard with most modern 
ultrasound (US) imaging systems as well as a common laser source. In 
this paper, we demonstrate that given a PA imaging system, as well as a 
stereocamera (SC), the registration between the US image of a particular 
anatomy and the SC image of the same anatomy can be obtained with 
reliable accuracy. In our experiments, we collected data for N = 80 trials 
of sample 3D US and SC coordinates. We then computed the registration 
between the SC and the US coordinates. Upon validation, the mean error 
and standard deviation between the predicted sample coordinates and 
the corresponding ground truth coordinates were found to be 3.33 mm 
and 2.20 mm respectively.

8316-28, Session 6

Integration of 3D intraoperative ultrasound for 
enhanced neuronavigation
K. D. Paulsen, Thayer School of Engineering at Dartmouth 

(United States) and Dartmouth-Hitchcock Medical Ctr. (United 
States) and Norris Cotton Cancer Ctr., Dartmouth Medical 
School (United States); S. Ji, A. Hartov, X. Fan, Thayer School 
of Engineering at Dartmouth (United States); D. W. Roberts, 
Dartmouth Hitchcock Medical Ctr. (United States) and Norris 
Cotton Cancer Ctr., Dartmouth Medical School (United States)

True three-dimensional (3D) volumetric ultrasound (US) acquisitions 
stand to benefit intraoperative neuronavigation on multiple fronts. While 
traditional two-dimensional (2D) US and its tracked, hand-swept version 
have been recognized for many years to advantage significantly image-
guided neurosurgery, especially when coregistered with preoperative MR 
scans, its unregulated and incomplete sampling of the surgical volume 
of interest have limited certain intraoperative uses of the information that 
are overcome through direct volume acquisition (i.e, through 2D scan-
head transducer arrays). In this presentation, we will illustrate several of 
these advantages, including fiducial-less, image-based intraoperative 
registration (and re-registration) and automated, volumetric displacement 
mapping for intraoperative image updating. These applications of 3D US 
are enabled by algorithmic advances in US image calibration, and volume 
rasterization and interpolation for multi-acquisition synthesis that will 
also be highlighted. We expect to demonstrate that coregistered 3D US 
is well worth incorporating into the standard neurosurgical navigational 
environment relative to traditional tracked, hand-swept 2D US.

8316-29, Session 6

Intra-operative monitoring of ablation using 
tracked 3D ultrasound elastography
P. Foroughi, M. A. Choti, G. D. Hager, The Johns Hopkins Univ. 
(United States); E. Boctor, The Johns Hopkins Outpatient Ctr. 
(United States)

B-mode ultrasound is the primary guidance tool for liver ablation. 
However, the necrosis zone is not visible under b-mode ultrasound 
since ablation does not change the acoustic properties of the tissue. 
On contrary, the change in stiffness of tissue makes elastography ideal 
for monitoring ablation. In this work, we tackle the issues of freehand 
ultrasound elastography intra-operatively. We show that our frame 
selection technique can cope with uncertainties associated with intra-
operative elastography and generate consistent and high-quality images. 
We consider both freehand palpation and motion induced by a robotic 
arm or an active cannula. We also extend our frame selection technique 
to 3D imaging. Having the tracking information, our proposed method 
compensates for hand motion during volume collection. Also, a similar 
approach to our frame selection is used to match 2D frames from all 
collected volumes. The strain is computed from the matched pairs, and 
then, the final 3D strain image is constructed by combining these 2D 
strains. A similar technique could also be applied for 3D imaging with a 
tracked 2D transducer, where the user is asked to combine the palpation 
of tissue with lateral hand motion. We present the results of in-vivo animal 
studies to validate this work.

8316-30, Session 6

A new automatic landmarks extraction 
framework on ultrasound images of femoral 
condyles
A. Masson-Sibut, Univ. Paris 12 - Val de Marne (France) and 
Aesculap SAS (France); A. Nakib, E. Petit, Univ. Paris 12 - Val de 
Marne (France); F. Leitner, Aesculap SAS (France)

In Computer Assisted Orthopaedic Surgery (CAOS), the surgeon has to 
acquire some anatomical landmarks as inputs to the system. In order 
to do this, he uses manual pointers that are localized in the Operating 
Room (OR) space using an infrared camera. When the needed landmark 
is not reachable trough an opening, the palpation is percutaneous and 
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less precise. In this paper, we propose a new framework to extract 
automatically anatomical landmarks with an ultrasound probe based on 
three main steps to register the bone surface. This framework is based 
on the calculation of an oriented gradient, the simulation of a compound 
acquisition and a contour closure using a graph representation. The 
oriented gradient allows extracting the set of pixels that probably 
belong to the bone surface. The simulated compound step allows 
using ultrasound images properties to define a set of small segments 
which may belong to the bone surface, and the graph representation 
allows eliminating the false positive among the segments. The proposed 
method has been validated on a database of 230 ultrasound images of 
the anterior femoral condyles (on the knee). The average computation 
time is 0.11 sec per image, and the average errors are: 0.54mm for the 
bone surface extraction, 0.31mm for the condylar line, and 1.4mm for the 
middle of the trochlea.

8316-28, Session 7

Registration of partially overlapping surfaces 
for time-of-flight based augmented reality on 
mobile devices
L. Maier-Hein, A. Seitel, T. Kilgus, A. M. Franz, M. Fangerau, 
Deutsches Krebsforschungszentrum (Germany); L. Bartha, 
Queen’s Univ. (Canada); T. R. dos Santos, S. Mersmann, A. 
Groch, K. Yung, H. Meinzer, Deutsches Krebsforschungszentrum 
(Germany)

Visualization of anatomical data for disease diagnosis, surgical 
planning, or orientation during interventional therapy is an integral part 
of modern health care. However, only few medical imaging modalities 
are capable of providing real-time images of the patient’s anatomy. A 
common procedure therefore involves the acquisition of static three-
dimensional images and subsequently manipulating and visualizing 
the acquired data on a computer, or radiological workstation. In such 
conventional techniques it is usually the task of the physician to mentally 
establish a correspondence between the real object and the 3D virtual 
image generated from the static medical data. This not only requires 
considerable skill and experience, but is also prone to errors. In this work, 
we present and evaluate a new approach to on-patient visualization of 
3D medical images, which combines the concept of augmented reality 
(AR) with an intuitive interaction scheme. Our method requires mounting 
a Time-of-Flight (ToF) camera to a portable display (e.g., a tablet PC). 
During the visualization process, the pose of the camera and thus the 
viewing direction of the user is continuously determined with a surface 
matching algorithm. By moving the device along the body of the patient, 
the physician is given the impression of looking directly into the human 
body. The proposed concept can be used for intervention planning, 
as a teaching aide and various other applications that require intuitive 
visualization of 3D data.

8316-29, Session 7

The Kinect as an interventional tracking 
system
X. L. Wang, P. J. Stolka, D. Carnegie, E. Boctor, M. A. Choti, The 
Johns Hopkins Univ. (United States)

This work explores the suitability of low-cost sensors for “serious” 
medical applications, such as tracking of interventional tools in the 
OR, for simulation, and for education. Although such tracking - i.e. the 
acquisition of pose data e.g. for ultrasound probes, tissue manipulation 
tools, needles, but also tissue, bone etc. - is well established, it relies 
mostly on external devices such as optical or electromagnetic trackers, 
both of which mandate the use of special markers or sensors attached 
to each single entity whose pose is to be recorded, and also require their 
calibration to the tracked entity, i.e. the determination of the geometric 
relationship between the marker’s and the object’s intrinsic coordinate 
frames.

The Microsoft Kinect sensor is a recently introduced device for full-body 
tracking in the gaming market, but it was quickly hacked - due to its 
wide range of tightly integrated sensors (RGB camera, IR depth and 
greyscale camera, microphones, accelerometers, and basic actuation) - 
and used beyond this area. As its field of view and its accuracy are within 
reasonable usability limits, we describe a medical needle-tracking system 
for interventional applications based on the Kinect sensor, standard 
biopsy needles, and no necessary attachments, thus saving both cost 
and time.

Its twin cameras are used as a stereo pair to detect needle-shaped 
objects, reconstruct their pose in four degrees of freedom, and provide 
information about the most likely candidate.

8316-30, Session 7

Feasibility of optical detection of soft tissue 
deformation during needle insertion
C. Otte, G. Hüttmann, A. Schlaefer, Univ. zu Lübeck (Germany)

Needles provide an effective way to reach lesions in soft tissue and are 
frequently used for diagnosis and treatment, including biopsies, ablation 
or brachytherapy. Yet, precise localization of the needle with respect to 
the target is complicated by motion and deformation of the tissue during 
insertion.

We have developed a prototypical needle with an embedded optical fiber 
allowing to obtain optical coherence tomography images of the tissue 
in front of the needle tip. Using the data and particularly the Doppler 
information it is possible to estimate the motion of the needle tip with 
respect to the surrounding soft tissue. We study whether it is feasible to 
approximate the depth in tissue by integrating over the relative velocity. 
To validate the approach, the needle was driven into tissue phantoms 
using an articulated robotic arm. The time when the needle entered 
and left the phantom was observed with optical cameras, and the total 
motion of the robot was compared with the values computed from the 
Doppler OCT-measurements. Our preliminary results indicate that the 
Doppler data can provide additional information on the needle position 
inside soft tissue. This would allow precise needle navigation where other 
image guided approaches are limited due to artifacts caused by the 
needles.

8316-31, Session 7

Surgical motion characterization in simulated 
needle insertion procedures
M. S. Holden, T. Ungi, D. Sargent, R. McGraw, G. Fichtinger, 
Queen’s Univ. (Canada)

PURPOSE: Evaluation of surgical performance in image-guided needle 
insertions is of emerging interest, to both promote patient safety and 
improve the efficiency and effectiveness of training. The purpose of this 
study was to determine if a Markov model-based algorithm can more 
accurately segment a needle-based surgical procedure into its five 
constituent tasks than a simple threshold-based algorithm. METHODS: 
A synthetic procedural data generator was used to create needle 
trajectories with known ground truth task segmentation, with random 
noise added to each degree of freedom of motion. The respective 
algorithms were trained, and then tested on different procedures to 
determine task segmentation accuracy. In the threshold-based algorithm, 
crossing a position/velocity threshold corresponded to a change in tasks. 
In the Markov model-based algorithm, the sequence of Markov models 
most likely to have produced the series of observations corresponded to 
the task segmentation. RESULTS: For large amplitudes of translational 
noise, the Markov model-based algorithm was significantly more 
accurate in task segmentation than the threshold-based algorithm (82.3% 
vs. 49.9%, p<0.001 for amplitude 10.0mm). For small amplitudes, the two 
algorithms produced insignificantly different results. CONCLUSION: Task 
segmentation of simulated needle insertion procedures was improved by 
using a Markov model-based algorithm as opposed to a threshold-based 
algorithm for procedures involving translational noise.



TEL: +1 360 676 3290 · help@spie.org 139 

8316-32, Session 7

Measurement of distances between 
anatomical structures using a translating 
stage with mounted endoscope
L. A. Kahrs, Vanderbilt Univ. Medical Ctr. (United States); G. 
Blachon, Vanderbilt Univ. (United States); R. Balachandran, 
Vanderbilt Univ. Medical Ctr. (United States); J. M. Fitzpatrick, 
Vanderbilt Univ. (United States); R. F. Labadie, Vanderbilt Univ. 
Medical Ctr. (United States)

During endoscopic procedures it is often desirable to determine the 
distance between anatomical features. One such clinical application is 
percutaneous cochlear implantation (PCI), which is a minimally invasive 
approach to the cochlea via a single, straight drill path and can be 
achieved accurately using bone-implanted markers and customized 
microstereotactic frame. During clinical studies to validate PCI, 
traditional open-field cochlear implant surgery was performed and prior 
to completion of the surgery, a customized microstereotactic frame 
designed to achieve the desired PCI trajectory was attached to the bone-
implanted markers. To determine whether this trajectory would have 
safely achieved the target, a sham drill bit is passed through the frame 
to ensure that the drill bit would reach the cochlea without damaging 
vital structures. Because of limited access within the facial recess, the 
distances from the bit to anatomical features could not be measured with 
calipers. We hypothesized that an endoscope mounted on a translating 
base, combined with triangulation, could be used to accurately measure 
the distances. In this paper, the design, fabrication, and testing of such 
a system is described. While capturing several images, the sliding part 
of the stage is moved coaxially with the optical axis of the endoscope. 
Three-dimensional reconstruction of selected points allows determination 
of distance between them. This concept also has applicability in a 
large variety of rigid endoscopic interventions including bronchoscopy, 
laparoscopy, and sinus endoscopy.

8316-33, Session 7

Key-frame selection for robust pose 
estimation in laparoscopic videos
U. von Öhsen, J. M. Marcinczak, A. F. Marmol Velez, R. Grigat, 
Technische Univ. Hamburg-Harburg (Germany)

Motion estimation based on point correspondences in two views is a 
classic problem in computer vision. In the field of laparoscopic video 
sequences - even with state of the art algorithms - a stable motion 
estimation can not be guaranteed generally. Typically, a video from a 
laparoscopic surgery contains sequences where the surgeon barely 
moves the endoscope. Such restricted movement causes a small ratio 
between baseline and distance leading to unstable estimation results. 
Exploiting the fact that the entire sequence is known a priori, we propose 
an algorithm for key-frame selection in a sequence of images. The 
key idea can be expressed as follows: if all combinations of frames 
in a sequence are scored, the optimal solution can be described as a 
weighted directed graph problem. We transform the estimation problem 
into a shortest path problem. We adapt Dijsktra’s Algorithm to find a 
selection of frames. The framework for key-frame selection can be used 
universally to find the best combination of frames for any reliable scoring 
function. For instance, forward motion often ensures more accurate 
camera position estimation, whereas sideways motion is preferred in the 
sense of reconstruction. Based on the distribution and the disparity of 
point correspondences, we propose a scoring function which is capable 
of detecting poorly conditioned pairs of frames. A robot system provides 
ground truth data. The environment in laparoscopic videos is reflected by 
an industrial endoscope and a phantom.

8316-34, Session 7

Improving interaction in navigated surgery 
by combining a pan-tilt mounted laser and a 
pointer with triggering
D. Ojdanic, L. Chen, H. Peitgen, Fraunhofer MEVIS (Germany)

User interaction during navigated surgery is often a critical issue in the 
overall procedure, as several complex aspects must be considered, 
such as sterility, workflow, field of view, and cognitive load. This work 
introduces a new approach for intraoperative interaction that seamlessly 
fits the high surgical requirements. A navigation system, typically 
consisting of tracking system and a monitor for 3D virtual models, is 
augmented with a tracked pointer with triggering functionality and a 
pan-tilt mounted laser. The pointer, which is sterile and can be applied 
for landmark-based organ registration, is used for wireless interaction 
with the monitor scene. The laser system enables the calibration of the 
monitor, which is out of the tracking system’s range. Moreover, the laser 
beam can focus on any organ point defined on the virtual model, which 
improves targeting or visual feedback during intervention. The calibration 
of the laser system, monitor, and triggered pointer is achieved by an 
effective procedure, which can be easily repeated in operating room. The 
mathematical background of the calibration is based on the Levenberg-
Marquardt and Umeyama’s algorithms. Both the laser system and the 
sterile triggered pointer are low-cost add-ons to the overall system.

8316-35, Session 8

An elastic registration framework to estimate 
prostate deformation in endorectal MR scan
M. Lin, V. Parthasarathy, H. K. Agarwal, Philips Research North 
America (United States); P. L. Choyke, B. Turkbey, National 
Institutes of Health (United States); T. Klinder, J. Kruecker, Philips 
Research North America (United States)

In an effort to improve the accuracy of transrectal ultrasound (TRUS)-
guided needle biopsies of the prostate, it is important to understand the 
non-rigid deformation of the prostate. To understand the deformation of 
the prostate when an endorectal coil is inserted, we develop an elastic 
registration framework to register prostate MR images with and without 
ERC coil. Our registration framework uses robust point matching (RPM) 
to get the correspondence between the surface landmarks in the source 
and target volumes following by elastic body spline (EBS) registration 
based on the corresponding landmark pairs. Together with the manual 
rigid alignment, we compared our registration framework based on 
pure surface landmarks to the registration based on both surface and 
internal landmarks in the center of the prostate. Preliminary results show 
that given the large deformation and the accurate segmentation of the 
prostate, our registration framework is better than manual rigid alignment 
in terms of landmark validation and overlap percentage. The internal 
landmarks further improve the registration in the central zone while 
they have little impact on the registration in the peripheral zone of the 
prostate.

8316-36, Session 8

Implicit active contours for automatic 
brachytherapy seed segmentation in 
fluoroscopy
E. Moult, Queen’s Univ. (Canada); E. C. Burdette, Acoustic 
Medsystems, Inc. (United States); D. Song, Sidney Kimmel 
Comprehensive Cancer Ctr. (United States); G. Fichtinger, 
Queen’s Univ. (Canada); P. Fallavollita, Technische Univ. München 
(Germany)

Conference 8316: Image-Guided Procedures,  
Robotic Interventions, and Modeling



140 SPIE Medical Imaging 2012 · spie.org/mi

Motivation: In prostate brachytherapy, intraoperative dosimetry would be 
ideal to allow for rapid evaluation of the implant quality intra¬-operatively. 
However, such a mechanism requires clear information describing the 
three-dimensional position of the seeds deposited within the prostate. 
Thus, accurate, robust and fully-automatic seed segmentation proves 
to be of critical importance in achieving intraoperative dosimetry. 
Methodology: Implanted brachytherapy seeds are segmented by utilizing 
a region-based implicit active contour approach. Overlapping seed 
clusters are then resolved using a simple yet effective de-clustering 
technique. Results: Ground-truth seed coordinates were obtained via a 
published segmentation technique. A total of 248 clinical C-arm images 
from 16 patients were used to validate the proposed algorithm resulting 
in a 98.4% automatic detection rate with a corresponding 2.5% false-
positive rate. The overall mean centroid error between the manual and 
automatic segmentations was measured to be 0.42 pixels, while the 
mean centroid error for overlapping seed clusters alone was measured 
to be 0.67 pixels. Conclusion: Based on clinical data evaluation and 
validation, robust, accurate and fully-automatic brachytherapy seed 
segmentation can be achieved through the implicit active contour 
framework and subsequent seed de-clustering method.

8316-37, Session 8

Deformable prostate registration from MR 
and TRUS images using surface error driven 
FEM models
F. Taquee, The Univ. of British Columbia (Canada); O. Goksel, 
ETH Zurich (Switzerland); S. S. Mahdavi, The Univ. of British 
Columbia (Canada); M. Keyes, J. Morris, I. Spadinger, British 
Columbia Cancer Agency (Canada); S. E. Salcudean, The Univ. of 
British Columbia (Canada)

The fusion of TransRectal Ultrasound (TRUS) and Magnetic Resonance 
(MR) images of the prostate can aid with diagnosis and treatment 
planning for prostate cancer. Surface segmentations of the prostate are 
available in both the modalities. Our goal is to develop a 3D deformable 
registration method based on these segmentations and a biomechanical 
model. The segmented source volume is meshed and a linear finite 
element model is created for it. This volume is deformed to the target 
image volume by applying surface forces computed by assuming a 
negative relative pressure between the non-overlapping regions of the 
volumes and the overlapping ones. This pressure drives the model to 
increase the volume overlap until the surfaces are aligned. We tested our 
algorithm on prostate surfaces extracted from post-operative MR and 
TRUS images for 14 patients, using a model with elasticity within the 
range reported in the literature for the prostate. We used three evaluation 
metrics for validating our technique: the Dice Similarity Coefficient 
(DSC) (ideally equal to 1.0), which is a measure of volume alignment, 
the volume change in source surface during registration, which is a 
measure of volume preservation, and the distance between the urethras 
to assess the anatomical correctness of the method. We obtained a 
DSC of 0.96±0.02 and a mean distance between the urethras of 1.5±1.4 
mm. The change in the volume of the source surface was 1.5±1.4%. Our 
results show that this method is a promising tool for physically-based 
deformable surface registration.

8316-38, Session 8

A molecular image-directed, 3D ultrasound-
guided biopsy system for the prostate
B. Fei, D. M. Schuster, P. Nieh, H. Akbari, X. Yang, Emory Univ. 
(United States); A. Fenster, Robarts Research Institute (Canada); 
V. Master, Emory Univ. (United States)

Prostate cancer affects 1 in 6 men in the USA. Systematic transrectal 
ultrasound (TRUS)-guided biopsy is the standard method for a definitive 
diagnosis of prostate cancer. However, this “blind” biopsy approach can 

miss up to 30% of prostate cancers. In this study, we are developing a 
molecular image-directed, 3D ultrasound image-guided biopsy system 
for improved detection of prostate cancer. The system consists of a 
3D mechanical localization system and software workstation for image 
segmentation, multimodality image registration, and biopsy planning. 
In order to plan biopsy in 3D prostate, we developed an automatic 
segmentation method based wavelet transform for 3D TRUS images of 
the prostate. In order to incorporate PET/CT images into ultrasound-
guided biopsy, we developed a nonrigid registration algorithm for TRUS 
and PET/CT images. The segmentation method was tested in five 
patients with a DICE overlap ratio of more than 90%. The registration 
method has been tested in a prostate phantom with a target registration 
error (TRE) of less than 0.4 mm. We are planning to perform molecular 
image-directed, 3D ultrasound-guided, targeted biopsy in our prostate 
patients in the next few months.

8316-39, Session 8

Development and preliminary evaluation of 
an ultrasonic motor actuated needle guide 
for 3T MRI-guided transperineal prostate 
interventions
S. Song, J. Tokuda, C. Tempany, K. Tuncali, N. Hata, Brigham 
and Women’s Hospital (United States) and Harvard Medical 
School (United States)

Image guided prostate interventions have been accelerated by Magnetic 
Resonance Imaging (MRI) and robotic technologies in the past few years. 
However, transrectal ultrasound (TRUS) guided procedure still remains 
as vast majority in clinical practice due to engineering and clinical 
complexity of the MRI-guided robotic interventions. Subsequently, great 
advantages and increasing availability of MRI have not been utilized at 
its maximum capacity in clinic. To benefit patients from the advantages 
of MRI, we developed an MRI-compatible motorized needle guide device 
“Smart Template” that resembles a conventional prostate template to 
perform MRI-guided prostate interventions with minimal changes in the 
clinical procedure. The requirements and specifications of the Smart 
Template were identified from our latest MRI-guided intervention system 
that has been clinically used in manual mode for prostate biopsy. Smart 
Template consists of vertical and horizontal crossbars that are driven 
by two ultrasonic motors via timing-belt and miter-gear transmissions. 
Navigation software that controls the crossbar position to provide 
needle insertion positions was also developed. The software can be 
operated independently or interactively with an open-source navigation 
software, 3D Slicer, that has been developed for prostate intervention. 
As preliminary evaluation, MRI distortion and SNR test were conducted. 
Significant MRI distortion was found close to the threaded brass alloy 
components of the template. However, the affected volume was limited 
outside the clinical region of interest. SNR values over routine MRI scan 
sequences for prostate biopsy indicated insignificant image degradation 
during the presence of the robotic system and actuation of the ultrasonic 
motors.

8316-40, Session 9

Towards real-time 3D US-CT registration on 
the beating heart for guidance of minimally 
invasive cardiac interventions
F. Li, P. Lang, M. Rajchl, Robarts Research Institute (Canada) and 
The Univ. of Western Ontario (Canada); E. C. S. Chen, Robarts 
Research Institute (Canada); G. M. Guiraudon, Robarts Research 
Institute (Canada) and The Univ. of Western Ontario (Canada) 
and Lawson Health Research Institute (Canada); T. M. Peters, 
Robarts Research Institute (Canada) and The Univ. of Western 
Ontario (Canada)
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Compared to conventional open heart surgeries, minimally invasive 
cardiac interventions cause less trauma and side-effects to the patients. 
However, the direct view of the surgical target and tools is usually not 
available in minimally invasive procedures, which makes image-guided 
navigation systems essential for minimally invasive cardiac interventions. 
The choice of imaging modalities used in the navigation systems must 
consider the capability of imaging soft tissues, spatial and temporal 
resolution, compatibility and flexibility in the OR, and financial cost. In 
this paper, we propose a new means of guidance for minimally invasive 
cardiac interventions which uses the 3D real-time ultrasound images to 
show the intra-operative heart motion together with pre-operative CT 
image(s) employed to demonstrate high-quality 3D anatomical context. 
We also developed a method to register the intra-operative ultrasound 
and pre-operative CT images in close to real-time. The registration 
method has two stages. In the first, anatomical features are manually 
segmented from the first frame of ultrasound images and the CT image 
and a feature based registration is used to align those features. The result 
of this registration is then used as an initialization in the second stage, in 
which a mutual information based registration method is used to register 
every ultrasound frame to the CT image. A GPU based implementation is 
used to accelerate the registration.

8316-41, Session 9

Multi-sequence magnetic resonance imaging 
integration framework for image-guided 
catheter ablation of scar-related ventricular 
tachycardia
Q. Tao, J. Milles, C. van Huls van Taxis, J. H. C. Reiber, K. 
Zeppenfeld, R. J. van der Geest, Leids Univ. Medisch Ctr. 
(Netherlands)

Catheter ablation is an important option to treat ventricular tachycardias 
(VT). Scar-related VT is among the most intricate to ablate, because 
the myocardial scar, which is the underlying arrhythmogenic substrate, 
is patient-specific and often highly complex . The scar image from the 
preprocedural delayed enhanced magnetic resonance imaging (DE MRI) 
can provide high-resolution substrate information and, if integrated at 
the early stage of the procedure, can largely facilitate the procedure with 
image guidance. In clinical practice, however, early MR integration is 
difficult because the available integration tool relies on matching the MR 
surface mesh and electroanatomic mapping (EAM) points, hence only 
possible after extensive EAM has been performed. 

In this paper, we propose to use a priori information on patient posture 
and a multi-sequence MRI integration framework to achieve accurate 
MR integration that can be accomplished at an early stage of the 
procedure. From the MR sequences, the left ventricle (LV) geometry, 
myocardial scar characteristics, and the landmark on coronary artery are 
obtained pre-procedurally using image processing techniques. Thereby 
the integration can be realized at the beginning of the procedure after 
acquiring a single mapping point. The integration method has been 
evaluated postprocedurally in terms of LV shape match and actual scar 
match. Compared to the iterative closest point (ICP) method that uses 
high-intensity mapping (225±49 points), our method using one mapping 
point reached the mean point-to-surface distance of 5.09±1.09 mm (vs. 
3.85±0.60 mm, p<0.5), and scar correlation of -0.51±0.14 (vs. -0.50±0.14, 
p=NS).

8316-42, Session 9

An augmented reality platform for planning of 
minimally invasive cardiac surgeries
E. C. S. Chen, K. Sarkar, J. Moore, C. Wedlake, T. M. Peters, 
Robarts Research Institute (Canada)

One of the fundamental components in all image guided surgery (IGS) 
applications is a method for presenting information to the surgeon in a 

simple, effective manner. This paper describes the first steps in our new 
augmented reality (AR) information delivery program. The system makes 
use of new “off the shelf” AR glasses which are both light-weight and 
unobtrusive, with adequate resolution for many IGS applications. Our first 
application is peri-operative planning of minimally invasive robot-assisted 
cardiac surgery. In this procedure, a combination of tracking technologies 
and intra-operative ultrasound is used to map the migration of cardiac 
targets prior to selection of port locations for trocars that enter the chest. 
The AR glasses will then be used to present this “heart migration” data 
to the surgeon, overlaid onto the patient’s chest. The current paper 
describes the calibration process for the AR glasses, their integration into 
our IGS framework for minimally invasive robotic cardiac surgery, and 
preliminary validation of the system. Preliminary validation results indicate 
an average error of less than 10 pixels over the viewing frustum of the AR 
glasses, which is equivalent to 3.9mm in 3D space.

8316-43, Session 9

Extended contrast detection on fluoroscopy 
and angiography for image guided trans-
catheter aortic valve implantations (TAVI)
Y. Liu, The Univ. of Iowa (United States); R. Liao, X. Lv, Siemens 
Corporate Research (United States)

Navigation and deployment of the prosthetic valve during trans-catheter 
aortic valve implantation (TAVI) can be greatly facilitated with 3-D models 
showing detailed anatomical structures. Fast and robust automatic 
contrast detection at the aortic root on X-ray images is indispensable 
for automatically triggering a 2-D/3-D registration to align the 3-D 
model. Previously, we have proposed an automatic method for contrast 
detection at the aortic root on fluoroscopic and angiographic sequences 
[4]. In this paper, we extended that algorithm in several ways, making it 
more robust to handle more general and difficult cases. Specifically, the 
histogram likelihood ratio test is multiplied with the histogram portion 
computation to handle faint contrast cases. Histogram mapping corrects 
sudden changes in the global brightness, thus avoiding potential false 
positives. Respiration and heart beating check further reduces the false 
positive rate. In addition, a probe mask is introduced to enhance the 
contrast feature curve when the dark ultrasound probe partially occludes 
the aortic root. Lastly, a semi-global registration method for aligning 
the aorta shape model is implemented to improve the robustness of 
the algorithm with respect to the selection of region of interest (ROI) 
containing the aorta. The extended algorithm was evaluated on 100 
sequences, and improved the detection accuracy from 94% to 100%, 
comparing to the original method. Also, the robustness of the extended 
algorithm was tested with 20 different shifts of the ROI, and the error rate 
was as low as 0.2%, in comparison to 93.4% for the original method.

8316-44, Session 9

Multiple capture locations for 3D ultrasound-
guided robotic retrieval of moving bodies 
from a beating heart
P. Thienphrapa, The Johns Hopkins Univ. (United States) 
and Philips Research North America (United States); B. 
Ramachandran, H. Elhawary, Philips Research North America 
(United States); R. H. Taylor, The Johns Hopkins Outpatient Ctr. 
(United States); A. Popovic, Philips Research North America 
(United States)

Free moving bodies in the heart pose a serious health risk as they may be 
released in the arteries causing blood flow disruption. These bodies may 
be the result of various medical conditions and trauma. The conventional 
approach to removing these objects involves open surgery with 
sternotomy, the use of cardio-pulmonary bypass, and a wide resection 
of the heart muscle. We advocate a minimally invasive surgical approach 
using a flexible robotic end effector guided using 3D transesophageal 
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echocardiography. In a phantom study, we track a moving body in a 
beating heart using a modified normalized cross-correlation method, 
with mean RMS errors of 2.3 mm. We previously found the foreign body 
motion to be fast and abrupt, rendering infeasible a retrieval method 
based on direct tracking. We proposed a strategy based on guiding 
a robot to the most spatially probable location of the fragment and 
securing it upon its reentry to said location.

To improve efficacy in the context of a robotic retrieval system, we extend 
this approach by exploring multiple candidate capture locations. Salient 
locations are identified based on spatial probability, dwell time, and visit 
frequency; secondary locations are also examined. Aggregate results 
indicate that the location of highest spatial probability (50% occupancy) 
is distinct from the longest-dwelled location (0.84 seconds). Such 
metrics are vital in informing the design of a retrieval system and capture 
strategies, and they can be computed intraoperatively to select the best 
capture location based on constraints such as workspace, time, and 
device manipulability. Given the complex nature of fragment motion, the 
ability to analyze multiple capture locations is a desirable capability in an 
interventional system.

8316-45, Session 9

Coronary arteries motion modeling using 
x-ray images
Y. Gao, H. Sundar, Siemens Corporate Research (United States)

During interventional procedures, 3D imaging modalities like CT and MRI 
are not commonly used due to interference with the surgery and radiation 
exposure concerns. Therefore, real-time information is usually limited and 
building models of cardiac motion are difficult.

In such case, vessel motion modeling based on 2-D angiography images 
become indispensable. Due to issues with existing vessel segmentation 
algorithms and the lack of contrast in occluded vessels, manual 
segmentation of certain branches is usually necessary. In addition, such 
occluded branches are the most important vessels during coronary 
interventions and obtaining motion models for these can greatly help 
in reducing the procedure time and radiation exposure. Segmenting 
different cardiac phases independently does not guarantee temporal 
consistency and is not efficient for occluded branches required manual 
segmentation.

In this paper, we propose a coronary motion modeling system which 
extracts the coronary tree for every cardiac phase, maintaining the 
segmentation by tracking the coronary tree during the cardiac cycle. 
It is able to map every frame to the specific cardiac phase, thereby 
inferring the shape information of the coronary arteries using the 
model corresponding to its phase. Our experiments show that our 
motion modeling system can achieve promising results with real-time 
performance.

8316-46, Session 10

Variability of the temporal bone surface’s 
topography: implication for otologic surgery
J. Lecoeur, J. H. Noble, Vanderbilt Univ. (United States); R. 
Balachandran, R. F. Labadie, Vanderbilt Univ. Medical Ctr. (United 
States); B. M. Dawant, Vanderbilt Univ. (United States)

In image-guided cochlear implant surgery, where an electrode is 
implanted in the cochlea to treat hearing loss, access to the cochlea is 
achieved by drilling from the outer skull to the cochlea through the facial 
recess, a region bounded by the facial nerve and chorda, two structures 
that would cause impairment if damaged. To proceed without damaging 
those vital structures, three bone-implanted anchors are employed and 
implanted in the suprahelic region, mastoid tip region and a posterior 
region. We are in the process of designing a robot for the temporal bone 
drilling task. To achieve this, we need to create a universal frame onto 
which the robot can be mounted. To implant the bone anchors at the 
appropriate locations in the temporal bone region of the ear canal for this 

universal frame, we explored the variability of the temporal bone surface. 
Through a three-step registration process, we defined a correspondence 
between each of twenty five clinically-applicable temporal bone CT 
scans of patients and an atlas and explored displacement and angular 
differences. The results of this study reflect current knowledge of 
osteogenesis and anatomy. Based on two features (distance and angular 
difference), two regions (suprahelical and posterior) of the skull appear to 
be good candidates for standard bone anchor placement because they 
exhibit low variability. The mastoid region is highly variable indicating a 
difficulty in defining a common location for the third anchor.

8316-47, Session 10

Registering stereovision surface with 
preoperative magnetic resonance images for 
brain shift compensation
X. Fan, S. Ji, A. Hartov, Thayer School of Engineering at 
Dartmouth (United States); D. W. Roberts, Dartmouth Hitchcock 
Medical Ctr. (United States); K. D. Paulsen, Thayer School of 
Engineering at Dartmouth (United States)

Intraoperative brain deformation can significantly degrade the 
accuracy of image guidance using preoperative MR images (pMR). To 
compensate for brain deformation, biomechanical models have been 
used to assimilate intraoperative displacement data, compute whole-
brain deformation field, and to produce updated MR images (uMR). 
Stereovision (SV) is an important technique to capture both geometry 
and texture information of exposed cortical surface at the craniotomy, 
from which surface displacement data (known as sparse data) can be 
extracted by registering with pMR to drive the computational model. 
Approaches that solely utilize geometrical information (e.g., closest point 
distance (CPD) and iterative closest point (ICP) method) do not seem to 
capture surface deformation accurately especially when significant lateral 
shift occurs. In this study, we have developed a texture intensity-based 
method to register cortical surface reconstructed from stereovision after 
dural opening with pMR to extract 3D sparse data. First, a texture map is 
created from pMR using surface geometry before dural opening. Second, 
a mutual information (MI)-based registration was performed between the 
texture map and the corresponding stereo image after dural opening to 
capture the global lateral shift, and was applied again on a number of 
smaller patches to capture local non-rigid displacement. The resulting 
displacements were finally transformed in 3D following stereovision. 
Application of the proposed method was illustrated in an example patient 
case, where we demonstrate that the accuracy of our technique is 1-2 
mm in terms of model-data misfit with a computation time <10 min and 
minimal interruption to the surgical flow.

8316-48, Session 10

A surgeon specific automatic path planning 
algorithm for deep brain stimulation
Y. Liu, B. M. Dawant, S. Pallavaram, J. Neimat, P. Konrad, P. 
D’Haese, R. D. Datteri, B. A. Landman, J. H. Noble, Vanderbilt 
Univ. (United States)

In deep brain stimulation surgeries, a stimulating electrode is placed 
at specific targets in the deep brain to treat neurological disorders. 
Reaching these targets safely requires avoiding critical structures in 
the brain. Therefore, meticulous planning is required to find a safe 
path from the cortical surface to the intended target. Choosing a 
trajectory automatically is difficult because there is little consensus 
among neurosurgeons on what is optimal. Our goals are to design a 
path planning system that is able to learn the preferences of individual 
surgeons and, eventually, to standardize the surgical approach using 
this learned information. In this work, we take the first step towards 
these goals, which is to develop a trajectory planning approach that 
is able to effectively mimic a single surgeon and is designed such that 
parameters, which potentially can be automatically learned, are used to 
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describe an individual surgeon’s preferences. In a blinded retrospective 
experiment, the neurosurgeon selected the computed trajectory over 
his clinically planned trajectory in 10 of the 19 cases. Of the remaining 
cases, the neurosurgeon judged all but two of the computed trajectories 
to be acceptable. In another experiment, the surgeon was presented with 
several automatically computed options and was able to quickly select 
an acceptable trajectory for every case. This shows the potential clinical 
utility of computer-assisted path planning.

8316-49, Session 10

Automatic preoperative to intraoperative 
CT registration for image-guided cochlear 
implant surgery
F. A. Reda, J. H. Noble, Vanderbilt Univ. (United States); R. F. 
Labadie, Vanderbilt Univ. Medical Ctr. (United States); B. M. 
Dawant, Vanderbilt Univ. (United States)

Percutaneous cochlear implantation (PCI) is a minimally invasive image-
guided cochlear implant approach, where access to the cochlea is 
achieved by drilling a linear channel from the outer skull to the cochlea. 
The PCI approach requires preoperative and intraoperative planning. 
Segmentation of critical ear anatomy and computation of a safe drilling 
trajectory are performed in a preoperative CT. The computed safe 
drilling trajectory must then be mapped to the intraoperative space. The 
mapping can be done using the transformation matrix that registers 
the pre- and intraoperative CTs. However, the difference in orientation 
between the pre and intraoperative CTs is too extreme to be recovered 
by standard, gradient descent-based registration methods. Thus, we 
have so far relied on an expert to manually initialize the registration. In 
this work we present a method that aligns the scans automatically and 
is faster than registration with manual initialization. We compared the 
performance of the automatic approach to the registration approach 
when an expert does the manual initialization on four pairs of scans. 
The automatic approach reduces planning time by 53.2% compared to 
the registration with expert manual initialization. There is a maximum 
difference of 0.18 mm between the entry and target points resulting 
from the automatic and manually initialized registration processes. 
This suggests that the faster automatic registration method is accurate 
enough to be used in a PCI surgery.

8316-50, Session 10

A system for saccular intracranial aneurysm 
analysis and virtual stent planning
S. Baloch, S. Sudarsky, Y. Zhu, A. Mohamed, B. Geiger, Siemens 
Corporate Research (United States); K. Dutta, D. Namburu, P. 
Nias, G. Martucci, Siemens Medical Solutions USA, Inc. (United 
States); T. Redel, Siemens Medical Solutions GmbH (Germany)

Recent studies have found correlation between the risk of rupture of 
saccular aneurysms and their morphological characteristics, such 
as volume, surface area, neck length, among others. For reliably 
exploiting these parameters in endovascular treatment planning, it is 
crucial that they are accurately quantified. In this paper, we present a 
novel framework to assist physicians in accurately assessing saccular 
aneurysms and efficiently planning for endovascular intervention. 
The approach consists of automatically segmenting the pathological 
vessel, followed by the construction of its surface representation. 
Aneurysm is then separated from the vessel surface through a graph-
cut based algorithm that is driven by local geometry as well as strong 
prior information. Healthy vessel is subsequently reconstructed and 
measurements representing the patient-specific geometric parameters 
of pathological vessel are computed. Based on patient-specific 
measurements, the placement of virtual stent is eventually carried out 
in conformity with the shape of the diseased vessel, to better support 
clinical decisions on stenting and device type selection. We have 
implemented the proposed methodology as a fully functional system, that 

has been extensively validated in terms of accuracy, repeatability, and 
speed, using a dataset of 5 phantoms with known measurements, and 21 
real patient scans with manually labeled groundtruth. Speedwise, it takes 
about 20s to complete the planning procedure, with an average error of 
less than 10%.

8316-51, Session 11

Bronchoscopy guidance system based on 
bronchoscope-motion measurements
W. E. Higgins, D. C. Cornish, The Pennsylvania State Univ. 
(United States)

Bronchoscopy-guidance systems assist physicians during bronchoscope 
navigation. However, these systems require an attending technician and 
fail to continuously track the bronchoscope. We propose a real-time 
technician-free bronchoscopy-guidance system that employs continuous 
tracking. For guidance, our system presents directions on virtual views 
that are generated from the bronchoscope’s tracked location; the system 
achieves bronchoscope tracking using a strategy that is based on a 
recently proposed method for sensor-based bronchoscope-motion 
tracking. Furthermore, a graphical indicator notifies the physician when 
he/she has maneuvered the bronchoscope to an incorrect route. Our 
proposed system uses the sensor data to generate virtual views through 
multiple candidate routes and employs image matching in a Bayesian 
framework to determine the most probable bronchoscope pose. Tests 
based on laboratory phantoms validate the potential of the system.

8316-52, Session 11

Planning and visualization methods for 
effective bronchoscopic target localization
J. D. Gibbs, Broncus Technologies, Inc. (United States) and 
The Pennsylvania State Univ. (United States); P. Taeprasarsit, 
Silpakorn Univ. (Thailand) and The Pennsylvania State Univ. 
(United States); W. E. Higgins, The Pennsylvania State Univ. 
(United States)

Bronchoscopic biopsy of lymph nodes is an important step in the 
staging of lung cancer. Lymph nodes, however, lie behind the airway 
walls and are near large vascular structures --- all of these structures 
are hidden from the bronchoscope’s field of view. Previously, we have 
presented a computer-based image-guided intervention (IGI) system 
that provides reliable guidance for bronchoscopic sampling. While a 
major improvement over standard practice, bronchoscopists stated that 
target localization --- lining up the bronchoscope before deploying a 
needle into the target --- can still be challenging. We therefore address 
target localization in two distinct ways: (1) during procedure planning, 
an automatic method computes optimal safe diagnostic sampling 
poses; and (2) during bronchoscopy, our IGI system enables dynamic 
visualization of target sampling poses and surrounding obstructing 
major vasculature. The planning method determines the final pose for 
the bronchoscope such that the needle, when extended from the tip, 
maximizes extracted tissue. This local pose orientation is conveyed 
in endoluminal renderings by a 3D arrow. Additional visual cues 
convey obstacle locations and target depths of sample from arbitrary 
instantaneous viewing orientations. With the system, a physician can 
freely navigate in the virtual bronchoscopic world, perceiving the depth 
of sample and possible obstacle locations at any endoluminal pose, not 
just the pre-determined optimal one. Mediastinal lymph nodes in eleven 
patients were used to validate the system. Automatically computed 
routes with appropriate final localized poses were determined for 16 
of the 20 nodes. In all cases, planning computation took only a few 
seconds, while the visualization updates occurred interactively in real 
time.
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8316-53, Session 11

High-performance C-arm cone-beam CT 
guidance of thoracic surgery
S. Schafer, Y. Otake, A. Uneri, D. J. Mirota, S. Nithiananthan, J. 
W. Stayman, W. Zbijewski, M. S. Sussman, The Johns Hopkins 
Univ. (United States); G. Kleinszig, R. Graumann, Siemens AG 
(Germany); J. H. Siewerdsen, The Johns Hopkins Univ. (United 
States)

Localizing sub-palpable nodules in minimally invasive video-assisted 
thoracoscopic surgery (VATS) presents a significant challenge. To 
overcome the cost and logistical barriers of preoperative nodule tagging, 
an intraoperative C-arm cone-beam CT (CBCT) guidance system has 
been developed for direct localization of subpalpable tumors in the OR. 
The system is based on a mobile C-arm capable of high-quality CBCT, 
real-time tracking of surgical tools (including the thoracoscope), and 
video-CBCT registration for augmentation of the thoracoscopic scene. 
Acquisition protocols for nodule visibility in the inflated and collapsed 
lung were delineated in phantom and cadaver studies. Thoracoscopic 
video augmentation included intrinsic / extrinsic camera calibration 
and distortion correction. First experience in CBCT-guided targeting 
of simulated lung nodules included phantoms, porcine models, and 
cadavers. Quantitative phantom studies defined low-dose acquisition 
protocols providing contrast-to-noise ratio sufficient for lung nodule 
visualization, confirmed in porcine specimens with simulated nodules 
implanted in the lung (3-6 mm diameter PE spheres, +50HU contrast, 
0.41 mSv). Nodule visibility in CBCT of the collapsed lung, for which 
nodule contrast is reduced according to air volume retention, required 
an increase in dose (~1.0-1.6 mSv). Augmentation of thoracoscopic 
video with renderings of the target and critical structures (e.g., pulmonary 
artery) showed geometric accuracy consistent with camera calibration 
and the tracking system (2.4 mm registration error). Initial results suggest 
a potentially valuable role for CBCT guidance in VATS to improve 
precision in conservative lung surgeries, avoid critical structures, obviate 
the burdens of preoperative localization, and improve patient safety.

8316-54, Session 11

Fast CT-CT fluoroscopy registration with 
respiratory motion compensation for image-
guided lung intervention
K. Lu, Philips Research North America (United States); P. Su, 
Z. Xue, Methodist Hospital Research Institute (United States); 
J. Yang, Northwestern Polytechnical Univ. (China); S. Wong, 
Methodist Hospital Research Institute (United States)

CT-fluoroscopy (CTF) is an efficient imaging method for guiding 
percutaneous lung interventions. It produces three to ten axial sectional 
images are captured in a very short time period to provide nearly real-
time feedback to guide interventional device during the procedure. 
However, this procedure may require frequent scans and cause 
unnecessary radiation exposure to clinicians and patients. In addition, it 
also has limited response to respiratory movements and only provides 
narrow local anatomical dynamics. To better utilize CTF guidance, we 
propose a fast CT-CTF registration algorithm with respiratory motion 
estimation for image and electromagnetic (EM) guided lung interventions. 
With the pre-procedural exhale and inhale CT scans, a series of CT 
images of the same patient are simulated at different respiratory phases. 
Then, once CTF images are captured during the intervention, our 
algorithm can pick the best respiratory phase-matched 3D CT image 
and performs a fast deformable registration to warp the 3D CT toward 
CTF. The registered CT integrates both 3D volumetric patient data and 
local nearly real-time anatomy for more effective and efficient guidance. 
Therefore, CTF is used as a nearly real-time sensor to overcome the 
discrepancies between static pre-procedural CT and the patient’s 
anatomy, so as to provide global guidance that may be supplemented 
with electromagnetic (EM) tracking and reduce the number of CTF scans. 

The comparative results using simulated and real data showed that our 
fast CT-CTF algorithm can achieve better registration accuracy than 
using traditional 3D algorithms for CT-CTF registration.

8316-55, Poster Session

Application of unscented Kalman filter for 
robust pose estimation in image-guided 
surgery
A. Vaccarella, E. De Momi, M. Valenti, G. Ferrigno, Politecnico di 
Milano (Italy); A. Enquobahrie, Kitware, Inc. (United States)

Image-guided surgery (IGS) allows clinicians to view current, intra-
operative scenes superimposed on preoperative images (typically MRI or 
CT scans). IGS systems use localization systems to track and visualize 
surgical tools overlaid on top of preoperative images of the patient during 
surgery. The most commonly used localization systems in the Operating 
Rooms (OR) are optical tracking systems (OTS) due to their ease of use 
and cost effectiveness. However, OTS’ suffer from the major drawback 
of line-of-sight requirements. State space approaches based on different 
implementations of the Kalman filter have recently been investigated 
in order to compensate for short line-of-sight occlusion. However, the 
proposed parameterizations for the rigid body orientation suffer from 
singularities at certain values of rotation angles. The purpose of this work 
is to develop a quaternion-based Unscented Kalman Filter (UKF) for 
robust optical tracking of both position and orientation of surgical tools 
in order to compensate marker occlusion issues. This paper presents 
preliminary results towards a Kalman-based Sensor Management Engine 
(SME). The engine will filter and fuse multimodal tracking streams of 
data. This work was motivated by our experience working in robot-
based applications for keyhole neurosurgery (ROBOCAST project). The 
algorithm was evaluated using real data from NDI Polaris tracker. The 
results show that our estimation technique is able to compensate for 
marker occlusion with a maximum error of 2.5° for orientation and 2.36 
mm for position. The proposed approach will be useful in over-crowded 
state-of-the-art ORs where achieving continuous visibility of all tracked 
objects will be difficult.

8316-56, Poster Session

Interactive GPU volume raycasting in a 
clustered graphics environment
E. Foo, C. Noon, E. Winer, Iowa State Univ. (United States)

This research is focused on performing interactive, real-time volume 
raycasting in a large clustered graphics environment. Custom GPU 
shaders for composite volume raycasting with trilinear interpolation were 
created to operate on each node of a graphics cluster. Working in this 
type of environment presents unique challenges due to the distributed 
nature, and inherently required synchronization of data and operations 
across the cluster. Volume movement and invoking custom vertex and 
fragment shaders in a non-thread-safe manner become increasingly 
complex in a large clustered graphics environment. Through use of an 
abstraction layer, all rendering contexts are split-up with no changes to 
the volume raycasting core. Therefore, the volume raycasting core is 
completely transparent from the computing platform. The application 
was tested on a 6-wall immersive VR system with 96 graphics contexts 
coming from 48 cluster nodes. Interactive framerates of 60 frames per 
second were produced on 512x512x100 volumes, and an average of 
30 frames per second for a 512x512x1000 volume. The use of custom 
configuration files allows the same code to be highly scalable from a 
single screen VR system to a fully immersive 6-sided wall VR system. 
Through the code abstraction, the same volume raycasting core can be 
implemented on any type of computing platform including desktop and 
mobile.
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8316-57, Poster Session

Robust and efficient fiducial tracking for 
augmented reality in HD-laparoscopic video 
streams
M. Mueller, A. Groch, M. Baumhauer, Deutsches 
Krebsforschungszentrum (Germany); D. Teber, J. J. Rassweiler, 
Ruprecht-Karls-Univ. Heidelberg (Germany); H. Meinzer, I. 
Wegner, Deutsches Krebsforschungszentrum (Germany)

Augmented Reality (AR) is a convenient way of porting information from 
medical images into the surgical field of view and can deliver valuable 
assistance to the surgeon, especially in laparoscopic procedures. In 
addition, high definition (HD) laparoscopic video devices are a great 
improvement over the previously used low resolution equipment. 
However, in AR applications that rely on real-time detection of fiducials 
from video streams, the demand for efficient image processing has 
increased due to the introduction of HD devices. We present an 
algorithm based on the well known Conditional Density Propagation 
(CONDENSATION) algorithm which can satisfy these new demands. 
By incorporating a prediction around an already existing and robust 
segmentation algorithm we can speed up the whole procedure while 
leaving the robustness of the fiducial segmentation untouched. For 
evaluation purposes we tested the algorithm on records from real 
interventions allowing for a meaningful interpretation of the results. Our 
results show that we can accelerate the segmentation by a factor up to 
5.8. Moreover, the predicition information can be used to compensate for 
temporarily occluded or out of scope fiducials, providing more stability.

8316-58, Poster Session

Nonlinear ray tracing for vessel enhanced 
visualization
F. Qiu, W. Hong, Siemens Corporate Research (United States)

3D visualization of angiography data is an important preprocessing step 
in diagnosis of vascular disease. This paper describes an efficient volume 
rendering method to emphasize feature-rich region (or focus) in the 3D 
angiography data. The method takes the input 3D angiography data and 
computes the focus with user specification or certain feature extraction 
algorithms. Then, an exact Euclidean distance map is constructed based 
on the description of the focused region(s). 

While rendering the 3D angiography data, the nonlinear ray tracing 
method is used and the gradient of the distance volume is applied to 
guide ray marching. At each sampling point, the ray direction is updated 
by adding the weighted gradient vector of the distance map. The weight 
has two parts multiplied, first part is a user defined parameter w, and 
second part is the maximum distance parameter (also defined by the 
user) subtracted by the sampled distance value. When w is 0, nonlinear 
ray tracing falls back to traditional ray casting. Also, at the maximum 
distance where the sampled position is far from the features, the second 
part of the weight makes the ray direction unchanged for smooth result 
images.

In the result image, the focused region(s) appears larger than in the 
normal ray-casting image, while the context (other regions of the volume) 
can be still preserved in the image (maybe displayed in a shrink size). 
This method avoids deforming the original volume to magnify focus 
regions, which is expensive to compute, thus improves the performance.

8316-59, Poster Session

Graph-based surface extraction of the liver 
using locally adaptive priors for multimodal 
interventional image registration
S. Kadoury, Philips Research North America (United States); B. 

J. Wood, A. Venkatesan, National Institutes of Health (United 
States); R. Ardon, Philips Medisys Research Lab. France 
(France); J. Jago, Philips Healthcare, N.A. (United States); J. 
Kruecker, Philips Research North America (United States)

The 3D fusion of tracked ultrasound with a diagnostic CT image 
has multiple benefits in a variety of interventional applications for 
oncology. Still, manual registration is a considerable drawback to the 
clinical workflow and hinders the widespread clinical adoption of this 
technique. In this paper, we propose a method to allow for an image-
based automated registration, aligning multimodal images of the liver. 
We adopt a model-based approach that rigidly matches segmented 
liver shapes from ultrasound (U/S) and diagnostic CT imaging. Towards 
this end, a novel method which combines a dynamic region-growing 
method with a graph-based segmentation framework is introduced to 
address the challenging problem of liver segmentation from U/S. The 
method is able to extract liver boundary from U/S images after a partial 
surface is generated near the principal vector from an electromagnetically 
tracked U/S liver sweep. The liver boundary is subsequently expanded 
by modeling the problem as a graph-cut minimization scheme, where 
cost functions used to detect optimal surface topology are determined 
from adaptive priors of neighboring surface points. This allows including 
boundaries affected by shadow areas by compensating for varying 
levels of contrast. The segmentation of the liver surface is performed 
in 3D space for increased accuracy and robustness. The method 
was evaluated in a study involving 8 patients undergoing biopsy 
or radiofrequency ablation of the liver, yielding promising surface 
segmentation results based on ground-truth comparison. The proposed 
extended segmentation technique improved the fiducial landmark 
registration error compared to a point-based registration (7.2mm 
vs. 10.2mm on average, respectively), while yielding a statistically 
insignificant differences in tumor target registration error (p > 0.05) 
compared to state-of-the-art methods.

8316-60, Poster Session

Probabilistic registration of an unbiased 
statistical shape model to ultrasound images 
of the spine
A. Rasoulian, R. Rohling, P. Abolmaesumi, The Univ. of British 
Columbia (Canada)

Epidural anesthesia is a widely used regional anesthesia technique in 
obstetrics and surgery. The placement of an epidural needle is among 
the most difficult regional anesthetic techniques. Ultrasound has been 
proposed to improve success of placement. However, it has not become 
the standard-of-care because of limitations in the depictions of the 
key anatomical features, and difficulty in interpretation. We propose to 
augment the ultrasound images with a registered statistical shape model 
of the spine to aid interpretation. The model is created with a novel 
deformable group-wise registration method which utilizes a probabilistic 
approach to register groups of point sets. The method is compared 
to a volume-based model building technique and it demonstrates 
better results regarding the established measures of generalization and 
compactness. We instantiate and register the shape model to a spine 
surface probability map extracted from the ultrasound images. Validation 
is performed on human subjects. The achieved registration accuracy (2-4 
mm) is sufficient to guide the choice of puncture site and trajectory of an 
epidural needle.

8316-61, Poster Session

Automatic patient alignment for prostate 
radiation applying 3D ultrasound
J. B. Hummel, M. Kaar, R. Hoffmann, A. Bhatia, A. Bhatia, W. 
Birkfellner, Medizinische Univ. Wien (Austria)

Purpose: Recent developments in radiation therapy such as IGRT (image 
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guided radiation therapy) or dose painting promise to spare organs at 
risk by applying better dose distribution on the tumor. For any effective 
application of these methods the exact positioning of the patient and the 
localization of the exposed organ is crucially. Especially with respect to 
irradiation of the prostate, ultrasound (US) allows for distinction between 
the involved soft tissues and was therefore used by different systems 
(such as BAT or Clarity) for repositioning. We have built a new system 
which uses 3D US at both sites, the CT room and the intervention room 
and applied a 3D/3D USUS registration for fully automatic repositioning.

Methods: In a first step an appropriate preprocessing of the US images 
is necessary. We implemented an importance image filter process to 
improve the following registration success. For the 3D3D registration five 
different object functions were implemented. To find the object function 
which fits best for the particular patient three 3D US images were taken 
at the CT site and an US registration error was calculated. The most 
successful object function was then applied at the treatment site. 

Results: The US registration error was found to be 1.2 +/- 0.8, 0.9 +/- 
0.5 and 2.8 +/- 1.1 mm in x,y and z direction (8 patients). For complete 
repositioning the error amounted to 1.9, 2.8 and 5.0 mm (two patients).

8316-62, Poster Session

Automated fiducial marker planning for 
thoracic stereotactic body radiation therapy
J. D. Gibbs, L. Rai, H. Wibowo, Broncus Technologies, Inc. 
(United States); E. Anderson, Georgetown Univ. Hospital (United 
States)

Stereotactic body-radiation therapy (SBRT) has gained acceptance in 
treating lung cancer. Localization of a thoracic lesion is challenging as 
tumors can move significantly with breathing. Some SBRT systems 
compensate for tumor motion with the intrafraction tracking of targets 
by two stereo fluoroscopy cameras. However, many lung tumors lack a 
fluoroscopic signature and cannot be directly tracked. Small radiopaque 
fiducial markers, acting as fluoroscopically-visible surrogates, are 
instead implanted nearby. The spacing and configuration of the fiducial 
markers is important to the success of the therapy as SBRT systems 
impose constraints on the geometry of a fiducial-marker constellation. It 
is difficult even for experienced physicians mentally assess the validity 
of a constellation a priori. To address this challenge, we present the 
first automated planning system for bronchoscopic fiducial-marker 
placement. Fiducial-marker planning is posed as a constrained 
combinatoric optimization problem. Constraints include requiring access 
from a navigable airway, having sufficient separation in the fluoroscopic 
imaging planes to resolve each individual marker, and avoidance of major 
blood vessels. Automated fiducial marker planning takes approximately 
ten seconds to complete, fitting within the clinical workflow. The resulting 
locations are integrated into a virtual bronchoscopic planning system, 
which provides guidance to each location during the implantation 
procedure. To date, we have retrospectively planned over 50 targets for 
treatment, and have implanted markers according to the automated plan 
in one patient who then underwent SBRT treatment. To our knowledge, 
this approach is the first to address automated bronchoscopic fiducial-
marker planning for SBRT.

8316-63, Poster Session

Repeatable assessment protocol for 
electromagnetic trackers
T. Haidegger, Budapest Univ. of Technology and Economics 
(Hungary) and Austrian Ctr. for Medical Innovation and 
Technology (Austria); B. Sirokai, G. Fenyvesi, L. Kovács, B. 
Benyó, Z. Benyó, Budapest Univ. of Technology and Economics 
(Hungary)

In the past decades, many new trends appeared in interventional 
medicine. One of the most groundbreaking is Image-Guided Surgery 

(IGS). The main benefit of IGS procedures is the reduction of the patient’s 
pain and collateral damage through improved accuracy and targeting. 
Electromagnetic Tracking (EMT) has been introduced to medical 
applications as an effective tool for navigation. However, magnetic fields 
can be severely distorted by ferromagnetic materials and electronic 
equipment, which is a major barrier towards their wider application. The 
focus of the study is to determine and compensate the inherent errors of 
the different types of EMTs, in order to improve their accuracy. Our aim is 
to develop a standardized, simple and repeatable assessment protocol to 
determine tracking errors with sub-millimeter accuracy, hence increasing 
the measurement precision and reliability. For initial experiences, an NDI 
Aurora and an Ascension MedSAFE system were used in laboratory 
environment. We aim to advance to the state-of-the art by creating an 
easily reproducible calibration method, publishing the CAD files of the 
accuracy phantom and the source of the evaluation data. This should 
allow for the easy spread of the method, and eventually lead to the 
repeatable and comparable assessment of EMT systems.

8316-64, Poster Session

A quantitative assessment of using the Kinect 
for Xbox360TM for respiratory surface motion 
tracking
M. R. Alnowami, Univ. of Surrey (United Kingdom); B. Alnwaimi, 
Effat Univ. (Saudi Arabia); M. Copland, K. Wells, Univ. of Surrey 
(United Kingdom)

This paper describes a quantitative assessment of the Microsoft Kinect 
for X-box360 for potential application in tracking respiratory and body 
motion in diagnostic imaging and external beam radiotherapy. However, 
the results can also be used in many other biomedical applications. We 
consider the performance of the Kinect in controlled conditions and 
find mm precision at depths of 0.8-1.5m. We also demonstrate use of 
the Kinect for monitoring respiratory motion of the anterior surface. To 
improve performance for respiratory monitoring, we fit a spline model 
of the chest surface through the depth data as a method of marker-less 
monitoring of respiratory motion.

8316-65, Poster Session

Cerenkov emission spectroscopy of tissue 
during radiation therapy
B. W. Pogue, J. Axelsson, A. Glaser, R. Zhang, Thayer School 
of Engineering at Dartmouth (United States); D. Gladstone, 
Dartmouth College (United States)

In this work we show for that it is possible to use the light emitted from 
tissue by the Cerenkov effect, to estimate the oxygen saturation of the 
blood in the tissue and endogenous molecular fluorphore concentration. 
These are fundamentally new observations that have important 
implications for radiation therapy monitoring, because of the fact that 
tissue oxygenation is well known to limit the therapy efficacy in hypoxic 
tumors. Additionally the use of radiation from a clinical linear accelerator 
to induce optical fluorescence has not been demonstrated before, and 
so this is a fundamentally new observation of a natural phenomenon 
which could have important utility in molecular sensing during radiation 
therapy. The fluorophore studied here was protoporphyrin IX, which is 
produced in the mitochondria of tissues, and could be a reliable reporter 
of mitochondrial activity in vivo, to track response to radiation therapy. 
In these studies, photographs of the emission are used to illustrate 
the emission intensity, and the quantitative fitting was done on the 
spectrally resolved signals. Emission from Cerenkov is broadband, but 
heavily weighted to the blue wavelengths, with an inverse third order 
dependence on the emitted intensity. The absorption and induced 
fluorescence modify the spectrum as it propagates through the tissue, 
and using standard spectroscopy fitting algorithms can be made 
quantitative.
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8316-66, Poster Session

A high accuracy multi-image registration 
method for tracking MRI-guided robots
W. Shang, G. S. Fischer, Worcester Polytechnic Institute (United 
States)

Recent studies have demonstrated several functional surgical robots 
and other devices operating in the Magnetic Resonance Imaging 
(MRI) environment. Calibration and tracking of the robotic device is 
essential during such MRI-guided procedures. In this paper, a fiducial 
tracking module is placed on the base of the robot to localize it within 
the scanner, and thus the patient coordinate system. The fiducial 
frame represents a Z shape and is made of seven tubes filled with high 
contrast fluid. The frame is highlighted in the MR images and is used in 
localization. Compared to the former single image registration method, 
multiple images are used in this algorithm to calculate the position and 
orientation of the frame, and thus the robot. By using of multiple images, 
measurement error is reduced and the rigid requirement of slow to 
acquire high quality of images is not required. Accuracy and performance 
were evaluated in experiments which were operated with a Philips 3T 
MRI scanner. An accuracy comparison of the new method with varied 
number of images, and a comparison to more traditional single image 
registration techniques is presented.

8316-67, Poster Session

System for robot-assisted real-time 
laparoscopic ultrasound elastography
S. Billings, N. Deshmukh, H. J. Kang, R. H. Taylor, The Johns 
Hopkins Univ. (United States); E. Boctor, The Johns Hopkins 
Univ. (United States) and Johns Hopkins Medical Institutions 
(United States)

Surgical robots provide many advantages for surgery, including minimal 
invasiveness, precise motion, high dexterity, and crisp stereovision. One 
limitation of current robotic procedures, compared to open surgery, is 
the loss of haptic information for such purposes as palpation, which 
can be very important in minimally invasive tumor resection. Numerous 
studies have reported the use of real-time ultrasound elastography, 
in conjunction with conventional B-mode ultrasound, to differentiate 
malignant from benign lesions. Several groups (including our own) 
have reported integration of ultrasound with the da Vinci robot, and 
ultrasound elastography is a very promising image guidance method 
for robot-assisted procedures that will further enable the role of robots 
in interventions where precise knowledge of sub-surface anatomical 
features is crucial. We present a novel robot-assisted real-time 
ultrasound elastography system for minimally invasive robot-assisted 
interventions. Our system combines a da Vinci surgical robot with a 
non-clinical experimental software interface, a robotically articulated 
laparoscopic ultrasound probe, and our GPU-based elastography 
system. Elastography and B-mode ultrasound images are displayed as 
picture-in-picture overlays in the da Vinci console. Our system minimizes 
dependence on human performance factors by incorporating computer-
assisted motion control that automatically generates the tissue palpation 
required for elastography imaging, while leaving high-level control in the 
hands of the user. In addition to ensuring consistent strain imaging, the 
elastography assistance mode avoids the cognitive burden of tedious 
manual palpation. Preliminary tests of the system with an elasticity 
phantom demonstrate the ability to differentiate simulated lesions of 
varied stiffness and to clearly delineate lesion boundaries.

8316-68, Poster Session

Magnetic resonance imaging properties 
of multimodality anthropomorphic silicone 
rubber phantoms for validating surgical 
robots and image guided therapy systems
C. L. Cheung, T. Looi, J. Drake, P. C. W. Kim, The Hospital for 
Sick Children (Canada)

The development of image-guided robotic and mechatronic platforms 
for medical applications requires a phantom model for initial testing. 
Finding an appropriate phantom becomes challenging when the targeted 
patient population is pediatrics, particularly infants, neonates or fetuses. 
Our group is currently developing a pediatric-sized surgical robot that 
operates under fused MRI and laparoscopic video guidance. To support 
this work, we describe a method for designing and manufacturing 
silicone rubber organ phantoms for the purpose of testing the robotics 
and the image fusion system. A surface model of the organ is obtained 
and converted into a mold that is then rapid-prototyped using a 3D 
printer. The mold is filled with a solution containing a particular ratio of 
silicone rubber to slacker additive to achieve a specific set of tactile and 
imaging characteristics in the phantom. The expected MRI relaxation 
times of different ratios of silicone rubber to slacker additive are 
experimentally quantified so that the imaging properties of the phantom 
can be matched to those of the organ that it represents. Samples of 
silicone rubber and slacker additive mixed in ratios ranging from 1:0 to 
1:1.5 were prepared and scanned using inversion recovery and spin echo 
sequences with varying TI and TE, respectively, in order to fit curves to 
calculate the expected T1 and T2 relaxation times of each ratio. A set of 
infant-sized abdominal organs was prepared, which were successfully 
sutured by the robot and imaged using different modalities.

8316-69, Poster Session

Enabling technologies for natural orifice 
transluminal endoscopic surgery (N .O .T .E .S) 
using robotically guided elasticity imaging
N. Deshmukh, The Johns Hopkins Univ. (United States); R. E. 
Goldman, Columbia Univ. (United States); T. Sen, P. Kazanzides, 
R. H. Taylor, E. M. Boctor, The Johns Hopkins Univ. (United 
States); N. Simaan, Vanderbilt Univ. (United States)

Natural orifice transluminal endoscopic surgery (N.O.T.E.S) is a 
minimally invasive surgical technique that could benefit greatly from 
additional methods for intraoperative detection of tissue malignancies 
(using elastography) along with more precise control of surgical tools. 
Ultrasound elastography has proven itself as an invaluable imaging 
modality. However, elasticity images typically suffer from low contrast 
when imaging organs from the surface of the body. In addition, the 
palpation motions needed to generate elastography images useful for 
identifying clinically significant changes in tissue properties are difficult 
to produce, requiring precise axial displacements along the imaging 
plane. Improvements in elasticity imaging require an approach that 
simultaneously removes the need of imaging from the body surface 
while providing more precise palpation motions. As a first step toward 
performing N.O.T.E.S. in-vivo, we integrate a phased ultrasonic micro-
array with a flexible snake-like robot. The integrated system is used to 
create elastography images of a spherical isoechoic lesion (approximately 
5mm in cross-section) in a tissue-mimicking phantom. Images are 
obtained by performing robotic palpation of the phantom at the location 
of the lesion.
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8316-70, Poster Session

A networked modular hardware and software 
system for MRI-guided robotic prostate 
interventions
H. Su, Worcester Polytechnic Institute (United States); J. Tokuda, 
Brigham and Women’s Hospital (United States); G. S. Fischer, 
Worcester Polytechnic Institute (United States)

Magnetic resonance imaging (MRI) can provide high resolution multi-
parametric imaging, large soft tissue contrast, and interactive image 
updates making it an ideal modality for diagnosing prostate cancer 
and guiding surgical tools. Despite a substantial armamentarium 
of apparatuses and systems has been developed to assist surgical 
diagnosis and therapy for MRI-guided procedures over last decade, 
the unified method to develop high fidelity robotic systems in terms of 
accuracy, dynamic performance, size, robustness and modularity, to 
work inside close-bore MRI scanner still remains a challenge. In this 
work, we develop and evaluate an integrated modular hardware and 
software system to support the surgical workflow of intra-operative 
MRI, with percutaneous prostate intervention as an illustrative case. 
Specifically, the distinct apparatuses and methods include: 1) a robot 
controller system for precision closed loop control of piezoelectric 
motors, 2) a robot control interface software that connects MRI scanner, 
the Slicer open-source navigation and 3D visualization software, and the 
robot controller to exchange robot commands and coordinates using the 
OpenIGTLink open network communication protocol, and 3) MRI scan 
plane alignment to the planned path and imaging of the needle as it is 
inserted into the target location. A preliminary experiment with ex-vivo 
phantom validates the system workflow, MRI-compatibility and shows 
that the robotic system has a better than 0.01mm positioning accuracy.

8316-71, Poster Session

Deformable 3D catheter reconstruction 
using nonrigid structure-from-motion and a 
robotics model
C. Papalazarou, Technische Univ. Eindhoven (Netherlands); 
P. M. J. Rongen, Philips Medical Systems International B.V. 
(Netherlands); P. H. N. de With, Technische Univ. Eindhoven 
(Netherlands)

Surgical guidance during minimally invasive interventions could be greatly 
enhanced if the 3D location and orientation of instruments, especially 
catheters, were available. In this paper, we present a new method for the 
3D reconstruction of deforming curvilinear objects such as catheters, 
using Non-Rigid Structure-from-Motion (NRSfM), a framework that uses 
low-rank object modeling to retrieve 3D shape and motion. We combine 
NRSfM with a kinematics model from the field of Robotics, which 
provides a low-dimensional parametrization of catheter deformation 
while implicitly enforcing the existing physical constraints. This approach 
is applied in the context of an X-ray imaging system where multiple 
views are acquired with a small view separation. We show that using 
such a kinematics model, a non-linear optimization scheme succeeds 
in retrieving the deformable 3D pose from the 2D image projections. 
Our first experiments on synthetic and real X-ray data show promising 
results of the proposed method as compared to state-of-the-art NRSfM. 
In the future, we intend to extend the catheter model such that it can 
accommodate the catheter’s interaction with surrounding tissue. We also 
aim to extend the kinematic modeling to other clinically relevant objects, 
which can be reconstructed using this approach.

8316-72, Poster Session

Initial study of breast tissue retraction toward 
image-guided breast surgery
M. J. Shannon, Vanderbilt Univ. (United States); I. M. Meszoely, 
Vanderbilt Univ. Medical Ctr. (United States); T. S. Pheiffer, A. 
L. Simpson, K. Sun, J. E. Ondrake, M. I. Miga, Vanderbilt Univ. 
(United States)

Image-guided surgery may reduce the re-excision rate in breast-
conserving tumor-resection surgery. In addition to surgical deformations, 
any imaging performed preoperatively is usually conducted in a very 
different presentation to that in surgery. Biomechanical models combined 
with low-cost ultrasound imaging and laser range scanning may provide 
an inexpensive way to provide intraoperative guidance information. One 
major cause of deformation is the use of retractors. In this preliminary 
study, an anthropomorphic breast phantom was made, and a retraction 
was performed on it with improvised retractors. A laser range scanner 
(LRS) was used to monitor phantom tissue change. The surface data 
acquired and retractors were then used to drive a finite element model. 
The results indicate an encouraging level of agreement between model 
predictions and data with surface target error reducing from 4.2 +/- 1.6 
mm (n=47 targets) without the use of computer model to 2.2 +/- 1.2 mm 
with model use.

8316-73, Poster Session

Procedural wound geometry and blood flow 
generation for training simulators
R. Aras, Old Dominion Univ. (United States); Y. Shen, J. Li, Old 
Dominion Univ. (United States) and Virginia Modeling, Analysis, 
and Simulation Ctr. (United States)

Efficient application of wound treatment procedures is vital in both 
emergency room and battle zone scenes. In order to train first 
responders for such situations, physical casualty simulation kits, which 
are composed of tens of individual items, are being used. Like in any 
other training scenarios, computer simulations can be effective means 
for wound treatment training purposes. For immersive and high fidelity 
virtual reality applications, realistic 3D models are key components. 
However, creation of such models is a labor intensive process. In this 
paper, we propose a procedural wound geometry generation technique 
that parameterizes key simulation inputs to establish the variability of 
the training scenarios without the need of labor intensive remodeling 
of the 3D geometry. The procedural techniques described in this work 
are entirely handled by the graphics processing unit (GPU) to enable 
interactive real-time operation of the simulation and to relieve the CPU for 
other calculations. The visible human dataset is processed and used as 
a volumetric texture for the internal visualization of the wound geometry. 
To further enhance the fidelity of the simulation, we also employ a surface 
flow model for blood visualization. The blood model is realized as a 
dynamic texture that is composed of a height field and a normal map and 
animated at each simulation step on the GPU. The procedural wound 
geometry and the blood flow model are applied to a thigh model and the 
efficiency of the technique is demonstrated in a virtual surgery scene.

8316-74, Poster Session

Explicit contact modeling for surgical 
computer guidance and simulation
S. F. Johnsen, Univ. College London (United Kingdom); Z. A. 
Taylor, Univ. of Sheffield (United Kingdom); M. Clarkson, S. 
Thompson, M. Hu, Univ. College London (United Kingdom); 
K. Gurusamy, B. Davidson, The Royal Free Hospital (United 
Kingdom); D. J. Hawkes, S. Ourselin, Univ. College London 

Conference 8316: Image-Guided Procedures,  
Robotic Interventions, and Modeling



TEL: +1 360 676 3290 · help@spie.org 149 

(United Kingdom)

Realistic modelling of mechanical interactions between tissues is an 
important part of surgical simulation, and may become a valuable asset 
in surgical computer guidance. Unfortunately, it is also computationally 
very demanding. Explicit matrix-free FEM solvers have been shown to be 
a good choice for fast tissue simulation, however little work is done on 
contact algorithms for such FEM solvers. This work introduces such an 
algorithm that is capable of handling both deformable-deformable (soft-
tissue interacting with soft-tissue) and deformable-rigid (e.g. soft-tissue 
interacting with surgical instruments) contacts. The proposed algorithm 
employs responses computed with a fully matrix-free, virtual node-based 
version of the model first used by Taylor and Flanagan in PRONTO3D. 
For contact detection, a new type of bounding-volume hierarchy (BVH) 
capable of identifying self collisions is proposed.

 Aside from speed, stability was a major objective in the development of 
the algorithm, hence a novel method for computation of response forces 
from C0-continuous normals, and a gradual application of response 
forces from rate constraints have been devised and incorporated in 
the scheme. The continuity of the surface normals has advantages 
particularly in applications such as sliding over irregular surfaces, which 
occurs, e.g., in simulated breathing.

The effectiveness of the scheme is demonstrated on a number of meshes 
derived from medical image data.

8316-75, Poster Session

Fluoroscopic image-guided intervention 
system for transbronchial localization
L. Rai, T. Keast, H. Wibowo, K. Yu, P. Poon, J. D. Gibbs, Broncus 
Technologies, Inc. (United States)

Reliable transbronchial access of peripheral lung lesions is desirable for 
the diagnosis and potential treatment of lung cancer. This procedure can 
be difficult, however, because accessory devices (e.g., needle or forceps) 
cannot be reliably localized while deployed. We present a fluoroscopic 
image-guided intervention (IGI) system for tracking such bronchoscopic 
accessories. Fluoroscopy, an imaging technology currently utilized 
by many bronchoscopists, has a fundamental shortcoming --- many 
lung lesions are invisible in its images. Our IGI system aligns a digitally 
reconstructed radiograph (DRR) defined from a pre-operative computed 
tomography (CT) scan with live fluoroscopic images. Radiopaque 
accessory devices are readily apparent in fluoroscopic video, while 
lesions lacking a fluoroscopic signature but identifiable in the CT scan 
are superimposed in the scene. The IGI system processing steps consist 
of: (1) calibrating the fluoroscopic imaging system; (2) registering the CT 
anatomy with its depiction in the fluoroscopic scene; (3) optical tracking 
to continually update the DRR and target positions as the fluoroscope 
is moved about the patient. The end result is a continuous correlation 
of the DRR and projected targets with the anatomy depicted in the 
live fluoroscopic video feed. Because both targets and bronchoscopic 
devices are readily apparent in arbitrary fluoroscopic orientations, 
multiplane guidance is straightforward. The system tracks in real-time 
with no computational lag. We have measured a mean projected tracking 
accuracy of 1.5 mm in a phantom and present preliminary results from 
ongoing in vivo animal studies.

8316-76, Poster Session

A C-arm calibration method with application 
to fluoroscopic image-guided procedures
L. Rai, Broncus Technologies, Inc. (United States); J. D. Gibbs, 
The Pennsylvania State Univ. (United States); H. Wibowo, 
Broncus Technologies, Inc. (United States)

A C-arm provides X-ray fluoroscopic images during surgical procedures 
and has numerous advantages such as ease of mobility, low cost, real-
time imaging, and visualization of radio-opaque tools. It is, however, 

important to correct for fluoroscopic image distortion and estimate 
camera parameters, such as focal length and camera center, before 
one can register them with 3D CT scans for fluoroscopic image-guided 
procedures. This paper describes a method for C-arm calibration 
and evaluates its accuracy on multiple C-arms for different viewing 
orientations. The proposed calibration method employs a tracker unit 
to track XRII and a calibration plate. The normalization step in distortion 
estimation ensures that the parameters are consistent and independent 
of the calibration plate placement. The method not just estimates internal 
calibration parameters but also relates the coordinate systems of tracker 
and XRII. This enables continuous tracking of C-arm. Two different 
C-arms (GE OEC 9800 and GE OEC 9800 Plus) were successfully 
calibrated. A variation of up to 8mm was observed in camera center 
for five different C-arm orientations of GE OEC 9800. The mean error in 
modeling distortion was found to be 0.14mm and 0.17mm for the two 
C-arms. The mean reprojection error for the total system (accuracy in 
predicting image using tracker coordinates) was found to be 0.63mm for 
GE OEC 9800.

8316-77, Poster Session

Real-time motion-adjusted augmented 
fluoroscopy system for navigation during 
electrophysiology procedures
A. P. Kiraly, J. Barbot, W. Wu, T. Chen, Siemens Corporate 
Research (United States); A. B. Brost, M. W. Koch, Friedrich-
Alexander-Univ. Erlangen-Nürnberg (Germany); C. Jakob, T. 
Kurzendorfer, N. Strobel, Siemens AG (Germany)

Electrophysiology (EP) procedures are conducted by cardiac specialists 
to help diagnose and treat abnormal heart rhythms. Such procedures are 
conducted under mono-plane and bi-plane x-ray fluoroscopy guidance 
to allow the specialist to target ablation points within the heart. Ablations 
lesions are usually set by applying radio-frequency to endocardial 
tissue using catheters placed into the patient’s heart. Recently we have 
developed a system capable of overlaying information involving the 
heart and targeted ablation locations from pre-operational image data 
for additional assistance. Although useful, such information offers only 
approximate guidance due to the heart beat and breathing motion. As a 
solution to this problem, we propose to make use of a 2D lasso catheter 
tracking method. We apply it to bi-plane fluoro images to dynamically 
update fluoro overlays. The dynamic overlays are computed at 3.5 frames 
per second to offer real-time updates to match the motion of heart. The 
average derived error in 3D is less than 1 mm. We present the workflow 
and features of the system along with the dramatic improvement in the 
overlay quality provided by the real-time fluoro overlay.

8316-78, Poster Session

3D-fluoroscopy visualizing ablation lines, 
left atrial appendix and aorta to improve 
pulmonary vein isolation
F. Bourier, Univ. Regensburg (Germany); A. Brost, A. Kleinoeder, 
T. Kurzendorfer, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); N. Strobel, Siemens Medical Solutions GmbH 
(Germany); A. Kiraly, Siemens Corporate Research (Germany); 
J. Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); H. Schneider, K. Kurzidim, Univ. Regensburg 
(Germany)

Atrial Fibrillation (Afib) is the most common heart arrhythmia, affecting 
~ 2% of the population. The myocardial tissue of Pulmonary Vein 
Ostia plays an important role in genesis of Afib. Myofibrils close to the 
connective tissue of the Pulmonary Veins (PVs) show astable electric 
signals. The current standard approch in interventional treatment of Afib 
is the electrical isolation of pulmonary veins (PVI). Ablation-procedures 
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are performed under mono- or bi- plane fluoroscopic guidance, optionally 
assisted by electroanatomic mapping systems. Commercial available 
fluoro-overlay techniques provide the possibility of superimposing a 
pre-procedurally acquired 3D-dataset onto live fluoroscopic imaging, 
adding 3D-information onto 2D-fluoroscopy in order to improve catheter 
navigation (3D-Fluoroscopy). By now fluoro-overlay-systems are 
only available for monoplane fluoroscopic systems and can process 
computed tomography (CT)- or rotational angiography- datasets as only 
3D-entities.

We present an advanced fluoro-overlay-prototype (Siemens AG, 
Forchheim) for biplane angiography devices, integrating Magnetic 
Resonance Imaging (MRI)-, CT- and rotational angiography- datasets 
on realtime fluoroscopic imaging of PVI-procedures. The prototype 
features pre-procedural planning of ablation targets and highlighting of 
important anatomic structures, based on 3D-datasets of the left atrium. 
During the procedure, the 3D-volume of the left atrium, pre-planned 
ablation lines and important anatomic structures is superimposed onto 
biplane fluoroscopy. Created ablation lesions are tagged in fluoroscopy, 
integrated and visualized in the pre-procedurally acquired 3D-dataset.

8316-79, Poster Session

Assessing 3D tunnel position in ACL 
reconstruction using a novel single image 3D-
2D registration
X. Kang, The Johns Hopkins Univ. (United States); W. Yau, The 
Univ. of Hong Kong (Hong Kong, China); Y. Otake, The Johns 
Hopkins Univ. (United States); P. Y. S. Cheung, Y. Hu, The Univ. of 
Hong Kong (Hong Kong, China); R. H. Taylor, The Johns Hopkins 
Univ. (United States)

The importance of tunnel placement in anterior cruciate ligament (ACL) 
reconstructions has received much attention recently since proper tunnel 
placement is essential with respect to both short-term and long-term 
outcomes. The routinely used procedure using X-ray images is known 
to pose difficulties in terms of obtaining accurate measures, especially 
in providing 3D information. Accurate results were reported using 
postoperative CT. However, its extensive clinical usage is hampered by 
its major requirement of having patient’s CT, which is not available for 
most ACL reconstructions. These difficulties are addressed through our 
method, which aligns a knee surface model to X-ray images using our 
single-image registration method and then estimates the tunnel position. 
We formulate the registration problem as a probability density estimation 
problem using a mixture of von Mises-Fisher-Gaussian distributions and 
solve it using an expectation maximization algorithm. Compared with 
the ground-truth established from the post-operative CT, our registration 
method in a sawbone experiment showed accurate estimations, 
which were (−0.43°±1.19°, 0.45°±2.17°, 0.23°±1.05°) and (0.03±0.55, 
−0.03±0.54, −2.73±1.64) mm. As for the tunnel entry point, a desired 
measurement, it was obtained with accuracy of 0.53±0.30 mm distance 
error.

The most significant advantage of the present approach is the elimination 
of the necessity of acquiring a CT image of the patient, which is 
more appropriate for retrospective and long-term follow-up studies. 
Additionally, it can provide 3D tunnel location within the knee, allowing 
clinicians to analyze the relationship between each tunnel wall or outlet 
location and the reference landmarks from all viewpoints, including the 
axial viewpoint.

8316-80, Poster Session

Intensity-based 3D/2D registration for 
percutaneous intervention of major aorto-
pulmonary collateral arteries
J. Couet, D. Rivest-Henault, Ecole de Technologie Supérieure 
(Canada); J. Miro, C. Lapierre, Ctr. Hospitalier Univ. Sainte-

Justine (Canada); L. Duong, M. Cheriet, Ecole de Technologie 
Supérieure (Canada)

Percutaneous cardiac interventions rely mainly on the experience of 
the cardiologist to safely navigate inside soft tissues vessels under 
x-ray angiography guidance. Additional navigation guidance tool 
might contribute to improve reliability and safety of percutaneous 
procedures. In this study, we present a fully automatic intensity- based 
3D/2D registration method, which accurately maps a preoperative CT 
acquisition of a pediatric patient over x-ray angiography to provide such 
navigation guidance. The pediatric structures involved are the aorta 
and major aorta-pulmonary collateral arteries (MAPCAs). The aorta and 
the attached aorta-pulmonary arteries are first segmented from the 
volumetric datasets. X-ray projections are simulated from the segmented 
volume and compared to simulated angiograms. The main contribution of 
this work is the definition of a rigid transformation to be applied to the 3D 
CT acquisition with respect of the local reference of one of the projection 
planes. Moving the volumetric CT dataset in the directions of the axes of 
the projection plane allows to control the registration process to obtain 
translation and rotation with the accuracy required for small structures 
such as MAPCAs. We have also investigated an modified version of 
the hill climbing local search to optimize the rigid 3D pose of the CT 
volumetric dataset (rotation and translation). Our preliminary results are 
promising for an accurate and robust registration of both the aorta and 
MAPCAs (0.265 ± 0.647mm) from a initial displacement up to 20mm 
and 20ʹ that can be obtained within a reasonable amount of time (13.7 
seconds).

8316-81, Poster Session

Single wall closed-form differential ultrasound 
calibration
M. Najafi, N. Afsham, P. Abolmaesumi, R. Rohling, The Univ. of 
British Columbia (Canada)

In freehand 3D ultrasound, images are acquired while the position of the 
transducer is recorded with a tracking device. Calibration is essential in 
this technique to find the transformation from the image coordinates to 
the reference coordinate system. The single wall technique is a common 
calibration method because a simple plane phantom is used. Despite its 
advantages, such as ease of phantom construction and image analysis, 
this method requires large number of images to converge to the solution. 
One reason is a lack of a closed-form solution. Also, the technique uses 
slightly ill-conditioned sets of equations with a high condition number 
due to limited range of scanning motions that produce clear images of 
the plane. Here, a novel closed-form formulation has been proposed for 
the single wall calibration technique. Also differential measurements of 
the image features (lines) are used instead of absolute feature detection 
to improve accuracy. The closed-form solution leads to more accurate 
and robust results while providing an insight into understanding error 
propagation and finding the optimal set of transducer poses. Results 
have been compared to the conventional single wall technique. A residual 
error of 0.14 mm is achieved for the proposed method compared to 0.91 
mm in the conventional approach.

8316-82, Poster Session

Characterization of tissue-simulating 
phantom materials for ultrasound-guided 
needle procedures
S. C. Buchanan, J. Moore, T. M. Peters, Robarts Research 
Institute (Canada)

Needle biopsies are standard protocols that are commonly performed 
under ultrasound guidance (US) or computed tomography (CT). Vascular 
access such as central line insertions, and many spinal needle therapies 
also rely on US guidance. Phantoms for these procedures are crucial 
as both training tools for clinicians and research tools for developing 
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new guidance systems. Our experience suggests that realistic imaging 
properties and material longevity are the most important qualities of 
needle guidance phantoms. Current commercially available phantoms 
for use with US guidance have many limitations. The most detrimental 
limitations include harsh needle tracks obfuscating ultrasound images 
over time and a membrane comparable to human skin that does not 
allow seepage of inner media. To overcome these limitations, we tested 
a variety of readily available media and membranes to evaluate optimal 
materials that fit our current needs. It was concluded that liquid hand 
soap was the best medium as it instantly left no needle tracks, had 
acceptable depth of US penetration, portrayed realistic US imaging 
conditions and was transparent. The best membrane evaluated was 10 
gauge vinyl as it had low leakage, good durability, low cost, and was 
transparent.

8316-83, Poster Session

Localization of liver tumors in freehand 3D 
laparoscopic ultrasound
O. Shahin, V. Martens, Univ. zu Lübeck (Germany); A. Besirevic, 
M. Kleemann, Universitätsklinikum Schleswig-Holstein 
(Germany); A. Schlaefer, Univ. zu Lübeck (Germany)

The aim of minimally invasive laparoscopic liver interventions is to 
completely resect or ablate tumors while minimizing the trauma caused 
by the operation. However, restrictions such as limited field of view 
and reduced depth perception can hinder the surgeon’s capabilities to 
precisely localize the tumor. Typically, preoperative data is acquired to 
find the tumor(s) and plan the surgery. Nevertheless, determining the 
precise position of the tumor is required, not only before but also during 
the operation. The standard use of ultrasound in hepatic surgery is to 
explore the liver and identify tumors. Meanwhile, the surgeon mentally 
builds a 3D context to localize tumors. This work aims to upgrade the 
use of ultrasound in laparoscopic liver surgery. We propose an approach 
to segment and localize tumors intra-operatively in 3D ultrasound. 
We reconstruct a 3D laparoscopic ultrasound volume containing a 
tumor. The 3D image is then preprocessed and semi-automatically 
segmented using a level set algorithm. During the surgery, for each 
subsequent reconstructed volume, a fast update of the tumor position 
is accomplished via registration using the previously segmented and 
localized tumor as a prior knowledge. The approach was tested on a liver 
phantom with artificial tumors. The tumor was localized in approximately 
two seconds with a mean error of less than 0.5 mm. The strengths of 
this technique are that it can be performed intra-operatively, it helps the 
surgeon to accurately determine the location, shape and volume of the 
tumor, and it is repeatable throughout the operation.

8316-84, Poster Session

Real-time registration of video with 
ultrasound using stereo disparity
J. Wang, Carnegie Mellon Univ. (United States); S. Horvath, G. D. 
Stetten, Univ. of Pittsburgh (United States); M. Siegel, J. Galeotti, 
Carnegie Mellon Univ. (United States)

Medical ultrasound typically deals with the interior of the patient, with 
the exterior left to that original medical imaging modality, direct human 
vision. For the human operator scanning the patient, the view of the 
external anatomy is essential for correctly locating the ultrasound probe 
on the body and making sense of the resulting ultrasound images in their 
proper anatomical context. Over the past decade, our laboratory has 
developed a method of fusing these two information streams in the mind 
of the operator, the Sonic Flashlight, which uses a half silvered mirror and 
miniature display mounted on an ultrasound probe to produce a virtual 
image within the patient at its proper location. We are now interested in 
developing a similar data fusion within the ultrasound machine itself, by, 
in effect, giving eyes to the transducer. Our embodiment of this concept 
consists of an ultrasound probe with two small video cameras mounted 

on it, with software capable of locating the surface of an ultrasound 
phantom using stereo disparity between the two video images. We report 
on its first successful operation, demonstrating a 3D rendering of the 
phantom’s surface with the ultrasound data superimposed at its correct 
relative location. Eventually, automated analysis of these registered data 
sets may permit the scanner and its associated computational apparatus 
to interpret the ultrasound data within its anatomical context, much as 
the human operator does today.

8316-85, Poster Session

Bent rigid endoscopes: a challenge for 
accurate distortion correction and 3D 
reconstruction
L. A. Kahrs, R. F. Labadie, Vanderbilt Univ. Medical Ctr. (United 
States)

No investigation is published so far, describing the distortion correction 
for bent rigid endoscopes. This work comprises a definition of endoscope 
bending states and a proof that inhomogeneous (section varying) radial 
distortion correction achieves enhanced results in comparison to linear 
distortion correction. Precaution or advanced distortion correction 
techniques should be taken while using bent or deflected endoscopes in 
applications of computer assisted diagnosis and therapy.

8316-86, Poster Session

Validation of an algorithm for planar surgical 
resection reconstruction
F. E. Milano, Instituto Tecnológico de Buenos Aires (Argentina); 
L. E. Ritacco, G. Farfalli, L. Aponte-Tinao, F. Gonzalez de Quirós, 
Hospital Italiano de Buenos Aires (Argentina); M. Risk, Instituto 
Tecnológico de Buenos Aires (Argentina)

Surgical planning followed by computer-assisted intraoperative 
navigation in orthopaedics oncology have given good results for 
the last five years. Even though intuitively we can think that surgical 
navigation should improve the accuracy of the procedure, it is not clear 
how to quantify the discrepancies between what is planned and what 
is executed during the surgery. A method that allows us to objectively 
compare and quantify the accuracy of a planned cutting path versus 
the executed one is fundamental to evaluate different surgical tools, 
to assess the improvement of a learning surgeon, or to compare the 
general accuracy of different surgical techniques. Here we validate an 
automatic method proposed for the reconstruction of the planar path of a 
cutting saw. The validation involves a qualitative and a quantitative step, 
performed by orthopaedics oncology surgeons. 

Four different cases, that vary in complexity, were used for the validation 
process. The qualitative process consists in showing the expert the three 
dimensional (3D) location of the reconstructed plane against the surgical 
piece and let him interact with this 3D scene to determine whether the 
resection plane was correctly reconstructed. The quantitative process 
consists in the manual labeling of the cutting face by the expert and the 
comparison of this area with the matching area of the automatic labeling. 
The experts found the placement and angle of the reconstructed plane 
very accurate and the matching ratio for the labeling test had a mean of 
0.83 and a standard deviation of 0.06.

8316-88, Poster Session

Two new ad-hoc models of detection physics 
and their evaluation for navigated beta probe 
surface imaging
D. I. Shakir, A. Hartl, F. R. Schneider, J. Pulko, S. I. Ziegler, N. 
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Navab, T. Lasser, Technische Univ. München (Germany)

Intra-operative surface imaging with navigated beta probes in 
conjunction with positron-emitting radiotracers like 18F-FDG has 
been shown to enable control of tumor resection borders. We showed 
previously that employing iterative reconstruction (MLEM) in conjunction 
with an ad-hoc model of the detection physics (based on solid-angle 
geometry, SA) improves the image quality. In this study, we sampled the 
beta probe readings of a point source using a precision step-motor to 
generate a look-up-table (LUT) model. We also generated a simplified 
geometrical model (SG) based on this data set. To see how these two 
models influence the image quality compared to the old SA model, we 
reconstructed images from sparsely sampled datasets of a phantom 
with three hotspots using each model. The images yielded 76% (SA), 
81% (SG), and 81% (LUT) mean NCC compared to the ground truth. 
The SG and LUT models, however, could resolve the hotspots better 
in the datasets where the detector-to-phantom distance was larger. 
Additionally, we compared the deviations of the SA and SG analytical 
models to the measured LUT model, where we found that the SG model 
gives estimates substantially closer to the actual beta probe readings 
than the previous SA model.

8316-89, Poster Session

Freehand SPECT reconstructions using look 
up tables
A. Hartl, D. I. Shakir, R. Kojchev, N. Navab, S. I. Ziegler, T. Lasser, 
Technische Univ. München (Germany)

Nuclear imaging is a commonly used tool in today’s diagnostics 
and therapy planning. For interventional use however it suffers from 
drawbacks which limit its application. Freehand SPECT was developed to 
overcome these limitations and to provide 3D functional imaging during 
an intervention. It combines a nuclear probe with an optical tracking 
system to obtain its position and orientation in space synchronized with 
its reading. This information can be used to compute a 3D tomographic 
reconstruction of an activity distribution. However, as there is no fixed 
geometry the system matrix has to be computed on--the--fly, using ad--
hoc models of the detection process. One solution for such a model is a 
reference look up table of previously acquired measurements of a single 
source at different angles and distances.

In this work two look up tables with a one and four millimeter step size 
between the entries were acquired. Twelve datasets of a phantom with 
two hollow spheres filled with a solution of Tc99wm were acquired with 
the Freehand SPECT system. Reconstructions with the look up tables 
and two analytical models currently in use were performed with these 
datasets and compared with each other. The finely sampled look up table 
achieved the qualitatively best reconstructions, while one of the analytical 
models showed the best positional accuracy.

8316-90, Poster Session

Lightweight distributed computing for 
intraoperative real-time image guidance
S. Suwelack, D. Katic, S. Wagner, S. Bodenstedt, P. Spengler, S. 
Röhl, R. Dillmann, S. Speidel, Karlsruher Institut für Technologie 
(Germany)

In order to provide real-time intraoperative guidance, computer assisted 
surgery (CAS) systems often rely on computationally expensive 
algorithms. The real-time constraint is especially challenging if several 
components such as intraoperative image processing, soft tissue 
registration or context aware visualization are combined in a single 
system. In this paper, we present a lightweight approach to distribute 
the workload over several workstations based on the OpenIGTLink 
protocol. We use XML-based message passing for remote procedure 
calls and native types for transferring data such as images, meshes or 
point coordinates. Two different, but typical scenarios are considered in 

order to evaluate the performance of the new system. First, we analyze 
a real-time soft tissue registration algorithm based on a finite element 
(FE) model. Here, we use the proposed approach to distribute the 
computational workload between a primary workstation that handles 
sensor data processing and visualization and a dedicated workstation 
that runs the real-time FE algorithm. We show that the additional 
overhead that is introduced by the technique is small compared to the 
total execution time. Furthermore, the approach is used to speed up a 
context aware augmented reality based navigation system for dental 
implant surgery. In this scenario, the additional delay for running the 
computationally expensive reasoning server on a separate workstation is 
just a few milliseconds. The results show that the presented approach is 
a promising strategy to speed up real-time CAS systems.

8316-91, Poster Session

Simplified development of image-guided 
therapy software with MITK-IGT
A. M. Franz, A. Seitel, Deutsches Krebsforschungszentrum 
(Germany); M. Servatius, Ruprecht-Karls-Univ. Heidelberg 
(Germany); I. Gergel, I. Wegner, J. Neuhaus, S. Zelzer, 
M. Nolden, C. Zoellner, J. Gaa, P. Mercea, Deutsches 
Krebsforschungszentrum (Germany); C. M. Sommer, B. R. 
Radeleff, Ruprecht-Karls-Univ. Heidelberg (Germany); H. Meinzer, 
L. Maier-Hein, Deutsches Krebsforschungszentrum (Germany); 
H. Schlemmer, Eberhard Karls Univ. Tübingen (Germany); H. 
Kauczor, UniversitätsKlinikum Heidelberg (Germany); K. Yung, 
Deutsches Krebsforschungszentrum (Germany)

Due to rapid developments in the research areas of medical imaging, 
medical image processing and robotics, computer assistance is no 
longer restricted to diagnostics and surgical planning but has been 
expanded to surgical and radiological interventions. From a software 
engineering point of view, the systems for image-guided therapy (IGT) 
are highly complex. To address this issue, we presented an open source 
extension to the well-known Medical Imaging Interaction Toolkit (MITK) 
framework for developing IGT systems, called MITK-IGT. The contribution 
of this paper is two-fold. Firstly, we present several open-source 
extensions of MITK-IGT to simplify application development. Secondly, 
we present the development and practical test of a software prototype 
for soft tissue navigation during minimal-invasive needle insertions.

8316-92, Poster Session

Simulation, design, and analysis for magnetic 
anchoring and guidance of instruments for 
minimally invasive surgery
H. Luo, Children’s National Medical Ctr. (United States) and 
Tianjin Univ. (China); E. Wilson, K. R. Cleary, Children’s National 
Medical Ctr. (United States)

Background: Magnetic anchoring and guidance systems (MAGS) have 
been explored as a means to couple in-vivo tools and devices to the 
inner abdominal wall by magnetic attraction to an external magnetic 
handle. The strength of the magnetic field and magnet configurations 
employed depends on the size, shape and weight of the in-vivo tools, 
the coupling distance between internal and external modules, and 
physiological concerns such as tool interaction and tissue ischemia. The 
large number of factors that govern an optimal solution necessitates 
specific simulation and design prior to fabrication of a MAGS solution. 
This paper presents our effort to develop a better understanding of the 
coupling dynamic between a small in-vivo robot designed for tissue 
manipulation, and an external MAGS handle used to position the in-vivo 
robot. 

Methods: An electromagnetic simulation software (Vizimag 3.19) was 
used to simulate coupling forces as a result of the variations in internal 
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and external module separation and spacing between a two-magnet 
configuration of the MAGS handle. A prototype model of the in-vivo robot 
and a two-magnet configuration of a MAGS handle were fabricated. 
The coupling force was experimentally evaluated for varying magnet 
configuration and internal-external module separation. Based on this 
study, we were able to identify an optimal design solution for a MAGS 
module given the mechanical constraints of the internal module design.

Results: It is well established that magnetic forces of attraction decrease 
exponentially as distance of separation increases. The variability in 
coupling force as a result of separation of external magnets with respect 
to each other is less obvious. We found a separation of 34.5 mm between 
the two magnets to provide the maximal coupling force over a 15 mm 
separation for the specific combination of internal and external magnets 
used and specific internal magnet configuration employed. 

Conclusions: We present a methodology of simulation, design and 
analysis, employed to determine an optimal design strategy for an 
external MAGS module based on the specific mechanical constraints of 
an internal module used for NOTES. We will extend this methodology to 
develop an optimal MAGS module for a novel multi-DOF in-vivo robot.

8316-93, Poster Session

A robust motion estimation system for 
minimal invasive laparoscopy
J. M. Marcinczak, U. von Öhsen, R. Grigat, Technische Univ. 
Hamburg-Harburg (Germany)

Laparoscopy is a reliable imaging method to examine the liver. However, 
due to the limited field of view, a lot of experience is required from the 
surgeon to interpret the observed anatomy. Reconstruction of organ 
surfaces provide valuable additional information to the surgeon for a 
reliable diagnosis. Without an additional external tracking system the 
structure can be recovered from feature correspondences between 
different frames. In laparoscopic images blurred frames, specular 
reflections and inhomogeneous illumination make feature tracking a 
challenging task. We propose an ego-motion estimation system for 
minimal invasive laparoscopy that can cope with specular reflection, 
inhomogeneous illumination and blurred frames.

To obtain robust feature correspondence, the approach combines SIFT 
and specular reflection segmentation with a multi-frame tracking scheme. 
The calibrated five-point algorithm is used with the MSAC robust 
estimator to compute the motion of the endoscope from multi-frame 
correspondence.

The algorithm is evaluated using endoscopic videos of a phantom. 
The small incisions and the rigid endoscope limit the motion in minimal 
invasive laparoscopy. These limitations are considered in our evaluation 
and are used to analyze the accuracy of pose estimation that can 
be achieved by our approach. The endoscope is moved by a robotic 
system and the ground truth motion is recorded. The evaluation on 
typical endoscopic motion gives precise results and demonstrates the 
practicability of the proposed pose estimation system.

8316-95, Poster Session

Imaging of prostate cancer: a platform for 3D 
co-registration of in-vivo MRI, ex-vivo MRI, 
and pathology
C. Orczyk, Univ. de Caen Basse-Normandie (France) and NYU 
Medical Ctr. (United States); A. Mikheev, A. Rosenkrantz, J. 
Melamed, S. Taneja, H. Rusinek, New York Univ. Langone 
Medical Ctr. (United States)

Objectives: Multi-parametric MRI is emerging as a promising method for 
prostate cancer diagnosis, prognosis and treatment planning. However, 
the localization of in-vivo detected lesions and pathologic sites of cancer 
remains a significant challenge. To overcome this limitation we have 

developed and tested a system for co-registration of in-vivo MRI, ex-vivo 
MRI, and histology.

Materials and Methods: Three men diagnosed with localized prostate 
cancer (ages 54-72, PSA levels 5.1-7.7ng/ml), were prospectively 
enrolled in this study. All patients underwent 3T multi-parametric 
MRI that included T2W, DCE-MRI, and DWI prior to robotic-assisted 
prostatectomy. Ex-vivo multi-parametric MRI was performed on fresh 
prostate specimen. Excised prostates were then sliced at regular 
intervals and photographed both before and after fixation. Slices were 
perpendicular to the main axis of the posterior capsule, i.e., along 
the direction of the rectal wall. Guided by the location of the urethra, 
2D digital images were assembled into 3D models. Cancer foci, 
extra-capsular extensions, and zonal margins were delineated by the 
pathologist and included in 3D histology data. A locally-developed 
software was applied to register in-vivo, ex-vivo, and histology using an 
over-determined set of anatomical landmarks placed in anterior fibro-
muscular stroma, central, transition and peripheral zones. The mean root 
square distance across corresponding control points was used to assess 
co-registration error.

Results: Two specimens were pT3a and one pT2b (negative margin) at 
pathology. All tumor loci were detectable on T2W in all three cases. The 
software successfully fused in- vivo MRI, ex-vivo MRI fresh specimen, 
and histology using appropriate (rigid and affine) transformation models, 
with mean square error of 1.7 mm. Coregistration accuracy was 
confirmed by multi-modality viewing using operator-guided variable 
transparency. 

Conclusion: The method enables successful co-registration of pre-
operative MRI, ex-vivo MRI, and pathology and it provides initial evidence 
of feasibility of MRI-guided surgical planning.

8316-96, Poster Session

Prostate motion tracking using surface 
markers for laparoscopic radical 
prostatectomy: a phantom study
M. Esteghamatian, E. C. S. Chen, K. Sarkar, S. E. Pautler, T. M. 
Peters, Robarts Research Institute (Canada)

Laparoscopic Radical Prostatectomy (LRP) is one of means of treating 
cancer of the prostate. However, since the location of the tumor within 
the organ cannot be seen in the laparoscopic image it is difficult for the 
surgeon to make informed decisions regarding resection margins and 
nerve sparing. MRI enables specialists to identify the relative location 
of the salient structures and cancer foci. However, its efficacy in LRP is 
reduced unless it is fused into stereoscopic view such that homologous 
structures are overlapping. Registration of the MRI image and peri-
operative ultrasound image using tracked probe can potentially be 
exploited to bring the pre-operative information into the alignment with 
the patient coordinate system during the prostatectomy procedure. 
Nonetheless, prostate motion needs to be compensated in real-time to 
keep the stereoscopic view integrated with pre-operative MRI. In this 
study, a stereoscopic tracking technique is investigated to compensate 
prostate rigid motion so that the same motion can be applied to the 
preoperative images. This method benefits from stereoscopic tracking 
of the surface markers over the prostate phantom surface. The 
average target registration error using this approach was measured at 
3.23±1.14mm which is well below the tolerable misalignment threshold of 
10mm for LRP.

8316-97, Poster Session

3D prostate segmentation of ultrasound 
images combining longitudinal image 
registration and machine learning
X. Yang, B. Fei, Emory Univ. (United States)

We propose a 3D segmentation method for transrectal ultrasound (TRUS) 
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images, which is based on longitudinal image registration and machine 
learning. Using longitudinal images for each subject, we registered 
previous images to recent images of the same subject. Three orthogonal 
Gabor filter banks are used to extract texture features from each 
registered image. Patient-specific Gabor features from the registered 
images are used to train kernel support vector machines (KSVMs) and 
then to segment the new prostate image. The results indicate that 
segmentation method based on longitudinal image registration is feasible 
and robust for segmenting the prostate in TRUS images.

8316-98, Poster Session

Calibration and evaluation of a magnetically 
tracked ICE probe for guidance of left atrial 
ablation therapy
C. A. Linte, M. E. Rettmann, Mayo Clinic College of Medicine 
(United States); B. Dilger, The Univ. of Iowa (United States); M. S. 
Gunawan, D. R. Holmes III, S. P. Arunachalam, D. L. Packer, R. A. 
Robb, Mayo Clinic College of Medicine (United States)

The novel prototype system for advanced visualization for image-guided 
left atrial ablation therapy developed in our laboratory permits ready 
integration of multiple imaging modalities, surgical instrument tracking, 
interventional devices and electro-physiologic data. This technology 
allows subject-specific procedure planning and guidance using 3D 
dynamic, patient-specific models of the patient’s heart, augmented with 
real-time intracardiac echocardiography (ICE). In order for the 2D ICE 
images to provide intuitive visualization for accurate catheter to surgical 
target navigation, the transducer must be tracked, so that the acquired 
images can be appropriately presented with respect to the patient-
specific anatomy. Here we present the implementation of a previously 
developed ultrasound calibration technique for a magnetically tracked 
ICE transducer, along with a series of novel evaluation methods to ensure 
accurate imaging and faithful representation of the imaged structures. 
Using a patient-specific left atrial phantom, clinically emulating validation 
studies are conducted. Features of interest are segmented from the 2D 
tracked ICE images and their geometry is compared to their ground truth 
geometry depicted from the corresponding 2D slices extracted from 
the CT volume of the phantom. Moreover, the target localization error 
of clinically-relevant surgical targets represented by metallic fiducials 
implanted within the endocardial wall of the phantom is assessed. In 
addition, using an engineering-designed phantom, target localization 
accuracy is assessed by comparing known target locations with their 
transformed locations inferred from the tracked US images; the 3D 
volume reconstruction accuracy is also estimated by comparing a 
truth volume to those reconstructed from sequential 2D US images. 
Preliminary experiments involving a trans-thoracic linear array probe 
and an ICE transducer have yielded 3.1 +/- 1.2 mm and 2.4 +/- 0.8 mm 
target localization error, respectively, and 85-90% volume reconstruction 
accuracy. These results are promising and consistent with the studies 
reported by other groups. Following robust calibration and evaluation, 
more efficient means of integrating the magnetic sensor and ICE probe 
will be explored.

8316-99, Poster Session

Evaluation of mitral valve replacement 
anchoring in a phantom
A. J. McLeod, J. Moore, P. Lang, Robarts Research Institute 
(Canada); D. Bainbridge, The Univ. of Western Ontario (Canada); 
G. Campbell, The Univ. of Western Ontario (Canada) and National 
Research Council of Canada (Canada); D. L. Jones, G. M. 
Guiraudon, The Univ. of Western Ontario (Canada); T. M. Peters, 
Robarts Research Institute (Canada)

Mitral valve replacement is an invasive procedure used when valve 
repair is not feasible. A median sternotomy and cardiopulmonary 

bypass with aortic cross-clamping are traumatic and may lead to long 
recovery times and complications, particularly for patients who have 
comorbidities. Off-pump valve replacement in the beating heart would 
be beneficial for many patients, but requires extensive development 
and validation of surgical and imaging techniques. A major challenge is 
to design a method to securely anchor a mitral valve inside the beating 
heart without direct vision. In this paper, we evaluate valve anchoring 
procedures in a phantom. The phantom provides a consistent testing 
environment where pressure measurements and Doppler ultrasound may 
be used to assess the quality of different valve anchoring techniques, 
and detect pararvalvular leak when valve anchoring is unsuccessful. 
Minimally invasive anchoring techniques may be directly compared to 
the gold standard of valves sutured under direct vision with the same test 
conditions, which provides a useful tool for preliminary validation of new 
surgical instruments.

8316-100, Poster Session

Cryo-balloon catheter position planning using 
AFiT
A. Kleinoeder, A. Brost, Friedrich-Alexander-Univ. Erlangen-
Nürnberg (Germany); F. Bourier, Univ. Regensburg (Germany); 
M. W. Koch, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); K. Kurzidim, Univ. Regensburg (Germany); J. 
Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); N. Strobel, Siemens AG (Germany)

Atrial fibrillation is the most common heart arrhythmia which leads to 
life-threatening complications like stroke and heart failure. Pulmonary 
vein isolation by catheter ablation is the leading choice of treatment. 
During minimally invasive procedures, electrically active tissue around the 
pulmonary veins is ablated by either applying heat or cryothermal energy 
to the tissue. The procedure is usually performed in electrophysiology 
labs under fluoroscopic guidance. Besides radio-frequency catheter 
ablation devices, one-shot devices, e.g., the cryothermal balloon 
catheters are gaining more and more interest in the medical community. 
Single-shot devices are advantageous, since they guarantee a gapless 
lesion around the pulmonary vein which is one precondition for a 
successful therapy. In a pre-procedural phase, usually a 3-D model of the 
patient’s left atrium is acquired by CT, MRI, or C-arm CT. The model is 
then utilized for planning purposes and for supporting catheter navigation 
during the procedure. Up to now, no intuitive planning tool is available, 
which helps the physician to determine which catheter size fits best to 
the patient’s anatomy. Cryo-thermal balloon catheters are commercially 
available in two different sizes. We propose the Atrial Fibrillation Planning 
Tool (AFiT) which visualizes the segmented left atrium as well as multiple 
cryo-balloon catheters within a virtual reality. The software enables 
accurate catheter placement in the left atrium and supports visual 
effects to improve spatial perception. First evaluations have shown that 
AFiT helps physicians in finding suitable catheters with respect to the 
individual anatomy of the patient.

8316-101, Poster Session

Simulation based patient-specific optimal 
catheter selection for right coronary 
angiography
S. U. Rahman, C. Thoene, S. Wesarg, Technische Univ. 
Darmstadt (Germany); W. Voelker, Universitaetsklinikum 
Wuerzburg (Germany)

Selecting the best catheter prior to catheter angiography significantly 
reduces the exposure time to radiation. A patient-specific optimal 
catheter selection dramatically reduces the risk of artery punctures and 
internal bleeding. In this paper we describe a simulation based technique 
for selecting an optimal catheter for right coronary angiography using the 
Simulation Open Framework Architecture (SOFA) . We simulate different 
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catheters in a patient-specific arteries model, obtain final placement of 
different catheters and suggest an optimally placed catheter. The patient-
specific arteries model is computed from the patient image data acquired 
prior to the intervention and the catheters are modeled as finite beam 
elements.

8316-102, Poster Session

Automatic contour and centerline extractions 
of single and bifurcated vessels in coronary 
angiogram
J. Baek, H. Hong, Seoul Women’s Univ. (Korea, Republic of)

In this paper, we propose an automatic contour and centerline extraction 
methods of single and bifurcated vessels in coronary angiograms. For 
enhancing vascular structures in the ROI, anisotropic diffusing filtering 
and Hessian-based multi-scale filtering are performed. For extracting an 
initial vessel centerline, an initial vessel region is segmented by region 
growing with adaptively defined threshold value and is thinned and 
pruned. For bifurcated vessel analysis, a bifurcated polygon is defined 
in a bifurcated lesion and a bifurcated point is detected by matching 
of the bifurcation patterns from vessel centerline. For reducing the 
irregular distribution of the contrast medium and the gradual changes 
in vessel contour, contrast is stretched in the ROI except lower 10 and 
upper 30 percents density ranges. For extracting vessel contour points, 
initial vessel contour points are extracted by canny edge detector and 
final vessel contour points are selected by crossing contour points 
perpendicular to the vessel centerline. In the inner contour with high 
curvature and weak contrast of the bifurcated polygon, the vessel 
contour points are selected by crossing contour points radial to the 
vessel centerline. The vessel contour points are connected by B-spline 
interpolation and the vessel centerline is refined by selecting the center 
points of the inscribed circle that touches inner and outer contours. 
Experimental results show that our method provides accurate results 
in narrow sections such as occlusion or stenosed vessels and ignores 
overlapped regions such as diaphragm and crossing vessels. For 
bifurcated area, the bifurcated point and vessels are well-extracted in 
low-contrast and non-uniform illumination.

8316-103, Poster Session

Robust tracking of a virtual electrode on a 
coronary sinus catheter for atrial fibrillation 
ablation procedures
W. Wu, T. Chen, Siemens Corporate Research (United States); N. 
Strobel, Siemens Medical Solutions GmbH (Germany); G. Funka-
Lea, D. Comaniciu, Siemens Corporate Research (United States)

Catheter tracking in X-ray fluoroscopic images has become more 
important in interventional applications for atrial fibrillation (AF) ablation 
procedures. It provides real-time guidance for the physicians and can be 
used as reference for motion compensation applications. In this paper, 
we propose to track a virtual electrode (VE), which is a non-existing 
electrode on the coronary sinus (CS) catheter at a more proximal location 
than any real electrodes. Successful tracking of a VE can thus provide 
more accurate motion information than tracking of real electrodes. 
To achieve that, we first model the CS catheter as a set of electrodes 
which are tracked by our previously published learning-based approach. 
Secondly, tracked electrodes are used to generate hypotheses for 
tracking the VE. Model-based hypotheses are fused and evaluated by a 
Bayesian framework. Evaluation has been conducted on a database of 
clinical AF data including challenging scenarios including low signal-to-
noise ratio, occlusion and non-rigid deformation. Our approach obtains 
0.54mm median error and 90% of evaluated data have errors less 
than 1.67mm. The speed of our tracking algorithm reaches 6 frames-
per-second on most data. Our study on motion compensation shows 
that using the VE as reference provides a good point to detect non-
physiological catheter motion during the AF ablation procedures.

8316-104, Poster Session

Real-time circumferential mapping catheter 
tracking for motion compensation in atrial 
fibrillation ablation procedures
A. B. Brost, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); F. Bourier, Univ. Regensburg (Germany); A. Wimmer, 
M. W. Koch, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); A. P. Kiraly, R. Liao, Siemens Corporate Research 
(United States); K. Kurzidim, Univ. Regensburg (Germany); 
J. Hornegger, Friedrich-Alexander-Univ. Erlangen-Nürnberg 
(Germany); N. Strobel, Siemens Medical Solutions GmbH 
(Germany)

Atrial fibrillation (AFib) has been identified as a major cause of stroke. 
Radio-frequency catheter ablation has become an increasingly important 
treatment option, especially when drug therapy fails. Navigation under 
X-ray can be enhanced by using augmented fluoroscopy. It renders 
overlay images from pre-operative data sets which are then fused 
with X-ray images to provide more details about the underlying soft-
tissue anatomy. Unfortunately, these fluoroscopic overlay images are 
compromised by respiratory and cardiac motion. Various methods to 
deal with respiratory and cardiac motion have been proposed. In order 
to meet clinical demands, they have to be fast. Methods providing a 
processing frame rate of 3 frames-per-second (fps) are considered 
suitable for interventional electrophysiology catheter procedures if an 
acquisition frame rate of 2 fps is used. Unfortunately, when working at 
processing rate of 3 fps, the delay until the actual motion compensated 
image can be displayed is about 300 ms. More recent algorithms can 
achieve frame rates of up to 20 fps, which reduces the lag to 50 ms. 
By using a novel approach involving a 3-D catheter model, catheter 
segmentation and a distance transform, we can speed up motion 
compensation to 25 fps which results in a display delay of only 40 ms 
on a standard workstation for medical applications. Our method uses 
a constrained 2-D/3-D registration to perform catheter tracking, and it 
obtained a 2-D tracking error of 0.61 mm.

8316-105, Poster Session

Enhanced segmentation and skeletonization 
for endovascular surgical planning
I. Cheng, A. Firouzmanesh, Univ. of Alberta (Canada); A. Leleve, 
Institut National des Sciences Appliquées (France); R. Shen, 
Univ. of Alberta (Canada); R. Moreau, V. Brizzi, M. Pham, 
T. Redarce, P. Lermusiaux, Institut National des Sciences 
Appliquées (France); A. Basu, Univ. of Alberta (Canada)

Endovascular surgery is becoming widely deployed for many critical 
procedures, replacing invasive medical operations with long recovery 
times. However, there are still many challenges in improving the efficiency 
and safety of its usage, and reducing surgery time; namely, regular 
exposure to radiation, manual navigation of surgical tools, lack of 3D 
visualization, and lack of intelligent planning and automatic tracking of a 
surgical end-effector. Thus, our goal is to develop hardware and software 
components of a tele-operation system to alleviate the abovementioned 
problems. There are three specific objectives in this project: (i) to 
reduce the need for a surgeon to be physically next to a patient during 
endovascular surgery; (ii) to overcome the difficulties encountered in 
manual navigation; and, (iii) to improve the speed and experience of 
performing such surgeries. To achieve (i) we will develop an electro-
mechanical interface to accurately guide mechanically controlled surgical 
tools from a close distance, along with a 3D visualization interface; for 
(ii) we will replace the current surgical tools with an “intelligent wire” 
controlled by the electro-mechanical system; for (iii) we will segment 3D 
medical images to extract precise shapes of blood vessels, following 
which we will perform automatic path planning for a surgical end-effector. 
Thus far we have enhanced 3D segmentation of blood vessels by a 
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process of initialization of 2D livewires in two orthogonal directions. We 
have also been able to extract robust 3D medial axes for smooth end-
effector trajectory planning by using a new scale-space skeletonization 
algorithm.

8316-106, Poster Session

Feature identification for image-guided 
transcatheter aortic valve implantation
P. Lang, M. Rajchl, A. J. McLeod, M. Chu, T. M. Peters, The Univ. 
of Western Ontario (Canada)

Transcatheter aortic valve implantation (TAVI) is a less invasive alternative 
to open-heart surgery, and is critically dependent on imaging for accurate 
placement of the new valve. Augmented image-guidance for TAVI can 
be provided by registering together intra-operative transesophageal 
ultrasound (TEE), fluoroscopy and pre-operative CT. For real-time 
registration, automatic contour delineation and feature selection on TEE 
images of the aortic root is required. This study develops an algorithm 
to automatically delineate Xplane short-axis and long-axis TEE views, 
and determine the virtual basal plane. A graph cut approach is used to 
segment the aortic root, followed by analysis of curvature to determine 
the location of the leaflets. Results demonstrate an RMSE accuracy 
of less than 1.5mm and a dice metric of greater than 0.9. Real-time 
image guidance has the potential to increase accuracy and reduce 
complications in TAVI.

8316-107, Poster Session

Towards image-guided atrial septal defect 
repair: an ex vivo analysis
D. M. Kwartowitz, Clemson Univ. (United States) and Medical 
Univ. of South Carolina (United States); F. Mefleh, R. Suresh, 
Clemson Univ. (United States); G. H. Baker, Medical Univ. of 
South Carolina (United States) and Clemson Univ. (United States)

The use of medical images in the operating room for navigation and 
planning is well established in many clinical disciplines. In cardiology, the 
use of fluoroscopy for the placement of catheters within the heart is the 
standard of care. While fluoroscopy provides a live video sequence with 
the current location, it risks the patient through exposure to radiation. 
Radiation dose is cumulative and thus children are at even greater risk 
from exposure. To reduce the use of radiation, and improve surgical 
technique we have developed an image-guided navigation system, which 
can deliver therapeutic devices via catheter.

In this study we deliver a balloon catheter tracked by an Aurora 
magnetic tracking system into a vascular phantom. The phantom uses 
a peristaltic pump to simulate the pulsatile nature of blood flow. The 
catheter is delivered to a predetermined location under both fluoroscopy 
and image-guidance. The distance from the target is then be assessed 
through the use of a planar fluoroscopic image. Analysis of the time to 
reach the target and the accuracy is presented. The clinical significance 
of reducing fluoroscopy use in ASD repair is enormous, given that the 
majority of these cases are performed on children. The introduction of 
image-guidance to the placement of catheters for ASD repair provides a 
means to reduce the risk from over exposure to radiation to a vulnerable 
population.

8316-108, Poster Session

Optimizing the delivery of deep brain 
stimulation using electrophysiological atlases 
and an inverse modeling approach
K. Sun, W. J. Rodriguez, S. Pallavaram, B. M. Dawant, M. I. Miga, 
Vanderbilt Univ. (United States)

The use of deep brain stimulation (DBS) for the treatment of neurological 
movement degenerative disorders requires the precise placement of 
the stimulating electrode and the determination of optimal stimulation 
parameters that optimally reduce symptoms (e.g. tremor, rigidity, 
movement difficulties, etc.) while minimizing undesired physiological 
side-effects. This study demonstrates the feasibility of determining the 
ideal electrode placement and stimulation amplitude by performing a 
patient-specific multivariate optimization using electrophysiological 
atlases and a bioelectric finite element model of the brain. Future 
work involves optimization validation clinically and improvement to the 
accuracy of the model.

8316-109, Poster Session

Visualizing the path of blood flow for image 
guided surgery of cerebral arteriovenous 
malformations
S. J. Chen, M. Kersten-Oertel, S. Drouin, Montreal Neurological 
Hospital and Institute (Canada); D. L. Collins, McGill Univ. 
(Canada)

Cerebral arteriovenous malformations (AVMs) are a type of vascular 
anomaly consisting of growths of large intertwined vessels (the nidus) 
that are prone to serious hemorrhaging and can result in patient death 
if left untreated. Intervention through surgical clipping of feeding 
and draining vessels to the nidus is a common treatment. However, 
identification of which vessels to clip is challenging even to experienced 
surgeons aided by conventional image guidance systems. In this work, 
we describe our methods for processing preoperative angiography 
images in order to visualize the feeding and draining vessels of an AVM 
nidus. In order to aid the surgeon in the vessel clipping decision-making 
process during surgery, the results are displayed to the surgeon using 
augmented virtuality

8316-110, Poster Session

Intraoperative brain resection cavity 
characterization with conoscopic holography
A. L. Simpson, J. Burgner, I. Chen, T. S. Pheiffer, K. Sun, R. 
Thompson, R. J. Webster III, M. I. Miga, Vanderbilt Univ. (United 
States)

Brain tissue deformation and shift compromise the accuracy of 
neurosurgical image-guided interventions if not corrected by either 
intraoperative imaging or computational models. The latter require 
intraoperative sparse measurements for the building of the model. 
Conoscopic holography was recently proposed for surface data 
acquisition in image-guided surgery, which is an interferometric technique 
measuring the distance of a laser light illuminated surface point from a 
fixed reference plane.

In this contribution, we compare three surface measurement techniques 
for intraoperative brain surface characterization, in particular, the ability 
to swab the resection cavity. Laser range scan, instrument swabbing, 
and conoscopic holography data sets were collected from two patients 
undergoing brain tumor resection therapy. The results of our study 
indicate that conoscopic holography is a promising method for surface 
acquisition in the operating room since it requires no contact with 
delicate structures and can characterize the extents of structures within 
confined spaces such as a resection cavity.
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8316-111, Poster Session

Analysis of electrodes’ placement and 
deformation in deep brain stimulation from 
medical images
M. Mehri, F. Lalys, Univ. de Rennes 1 (France); C. Maumet, IRISA 
/ INRIA Rennes (France); C. Haegelen, Ctr. Hospitalier Univ. de 
Rennes (France); P. Jannin, Univ. de Rennes 1 (France)

Deep brain stimulation (DBS) is used to reduce the motor symptoms 
such as rigidity or bradykinesia in patients with Parkinson’s disease 
(PD). The Subthalamic Nucleus (STN) has emerged as prime target of 
DBS in idiopathic PD. However, DBS surgery is a difficult procedure 
requiring the exact positioning of electrodes in the pre-operative selected 
targets. This positioning is usually planned using patients’ pre-operative 
images, along with digital atlases, assuming that electrode’s trajectory 
is linear. However, it has been demonstrated that anatomical brain 
deformations induce electrode’s deformations resulting in errors in the 
intra-operative targeting stage. In order to meet the need of a higher 
degree of placement accuracy and to help constructing a computer-
aided-placement tool, we proposed to study the electrodes’ deformation 
in regards to patients’ clinical data (sex, mean PD duration and brain’s 
atrophy index). Firstly, we presented an automatic algorithm for the 
segmentation of electrode’s axis from post-operative CT images, which 
aims to localize the electrodes’ stimulated contacts. To assess our 
method, we applied our algorithm on 25 patients who had undergone 
bilateral-STN-DBS. We found a placement error of 0.91±0.38mm. Then, 
from the segmented axis, we quantitatively analyzed the electrodes’ 
curvature and correlated it with patients’ clinical data. We found a 
positive significant correlation between mean curvature index of the 
electrode and brain’s atrophy index for male patients and between 
mean curvature index of the electrode and mean PD duration for female 
patients. These results help understanding DBS electrode’ deformations 
and would help ensuring a better anticipation of electrodes’ placement.

8316-112, Poster Session

A clinical pilot study of a modular video-CT 
augmentation system for image-guided skull 
base surgery
W. P. Liu, D. J. Mirota, A. Uneri, Y. Otake, G. D. Hager, The Johns 
Hopkins Univ. (United States); D. D. Reh, The Johns Hopkins 
Outpatient Ctr. (United States); M. Ishii, Johns Hopkins Bayview 
Medical Ctr. (United States); G. L. Gallia, J. H. Siewerdsen, The 
Johns Hopkins Univ. (United States)

Augmentation of endoscopic video by computed tomography (CT) in 
head-and-neck and skull base surgery can improve navigation with 
respect to the surgical target and critical anatomy. This paper presents 
the development, clinical translation, and expert evaluation of a video-
CT augmentation system for endoscopic skull base surgery. Previous 
work in video-CT registration is extended to yield a practical system 
for automatic calibration with a modular design that can be extended 
to other video-CT applications. A clinical pilot study is underway to 
assess feasibility and benefit to surgical performance using a modified 
clinical endoscopy system with real-time tracking of the endoscope and 
registration of CT image and planning data directly in endoscopic video. 
Preoperative planning includes segmentation of the carotid arteries, 
optic nerves, and surgical target volume (e.g., tumor). Streamlined 
camera calibration can be performed quickly by a surgeon or trained 
technician and demonstrates mean re-projection accuracy (0.69±.029) 
pixel. Phantom studies show registration accuracy (2.26±1.49) mm 
attributed primarily to the precision of the optical tracking system. 
Fifteen patients undergoing skull base tumor surgery and enrolled under 
informed consent are treated according to the standard of care and 
with the experimental video-CT system deployed in a parallel display. 
Primary outcome measures assessed by questionnaire to three surgeons 
demonstrate the benefit to confidence in localizing critical structures and 

the surgical target. The utility of video-CT augmentation is delineated 
separately in surgical approach, resection, and reconstruction, and 
specific variations in anatomy and pathology are identified that most 
benefit from video-CT registration.

8316-113, Poster Session

Temporal changes in cortical surface 
deformation due to blood pressure pulsation
S. Ji, X. Fan, Thayer School of Engineering at Dartmouth (United 
States); D. W. Roberts, Dartmouth Hitchcock Medical Ctr. 
(United States); K. D. Paulsen, Thayer School of Engineering at 
Dartmouth (United States)

Cortical surface motion due to blood pressure pulsation (BPP) has 
been observed and documented in image-guided neurosurgery. 
Recently, we quantified cortical surface displacement and in-plane 
principal strain noninvasively with synchronized blood pressure from 
a sequence of stereo image pairs using optical flow motion tracking, 
which demonstrates a high sensitivity of the technique. With three 
subjects, we found cortical surface in-plane principal strains of up to 
7% on average after dural opening, which was in concert with BPP 
and patient respiration (Ji et al., MICCAI 2011). In a separate effort, we 
have also observed temporal changes in cortical surface distension/
contraction during the course of tumor resection, which indicates a 
dynamic evolution of regional tissue biomechanical properties and/or 
loading environment. This study attempts to quantify cortical surface 
deformation (displacement and in-plane strain) at temporally distinct 
surgical stages (i.e., before and after dural opening, and before and after 
partial tumor resection) in anticipation of characterizing temporal changes 
in tissue regional properties and/or loading environment. The optical flow 
motion tracking technique will be employed to provide a dense full-field 
displacement field, from which local smoothing will be performed to allow 
calculation of in-plane surface strain using deformation gradient following 
a large strain theory. Results from this study will 1) document the 
dynamic evolution of cortical surface profile in a typical tumor resection 
case, and 2) provide insight on the feasibility of the technique for in vivo 
characterization of tissue biomechanical properties in the future.

8316-114, Poster Session

Automated microwave ablation therapy 
planning with single and multiple entry points
S. Liu, S. Dalal, J. Kruecker, Philips Research North America 
(United States)

Microwave ablation (MWA) has become a recommended treatment 
modality for interventional cancer treatment. Compared with 
radiofrequency ablation (RFA), MWA provides more rapid and larger-
volume tissue heating. It allows simultaneous ablation from different entry 
points and allows users to change the ablation size by controlling the 
power/time parameters. Ablation planning systems have been proposed 
in the past, mainly addressing the needs for RFA procedures. Thus a 
planning system addressing MWA-specific parameters and workflows 
is highly desirable to help physicians achieve better microwave ablation 
results. In this paper, we design and implement an automated MWA 
planning system that warrants precise locations of probes and complete 
coverage of tumor and margin. We model the thermal ablation lesion 
as an ellipsoidal object with three known radii varying with the duration 
of the ablation and the power supplied to the probe. The search for the 
best ablation coverage can be seen as an iterative optimization problem. 
The ablation centers are steered toward the location which minimizes 
both un-ablated tumor tissue and the collateral damage caused to 
the healthy tissue. We assess the performance of our algorithm using 
simulated lesions with known “ground truth” optimal coverage. The Mean 
Localization Error (MDE) between the computed ablation center in 3D and 
the ground truth ablation center achieves 1.33mm (STD: 0.41mm). The 
Mean Radial Error (MRE) which is estimated by comparing the computed 
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ablation radii with the ground truth radii reaches 0.53mm (STD: 0.23mm). 
These preliminary results demonstrate the accuracy and robustness of 
the described planning algorithm.

8316-115, Poster Session

Optimization of CT-video registration for 
image-guided bronchoscopy
W. E. Higgins, R. Khare, The Pennsylvania State Univ. (United 
States)

Bronchoscopy guidance systems have been emerging that improve 
biopsy accuracy and reduce the skill variation between physicians. 
Image registration is a crucial function of a typical bronchoscopy 
guidance system. The registration task involves registering a given real 
bronchoscopic (RB) video view to a target virtual bronchoscopic (VB) 
view derived from a patient’s three-dimensional (3D) multi-detector 
computed tomography volume. Registration performance depends 
significantly on the quality of the computer-generated VB views and the 
error metric used to compare the VB and RB views. In particular, the 
quality of the extracted endoluminal surfaces and the lighting model 
used during rendering has especial importance in determining VB view 
quality. We present a study considering the impact of these factors on 
registration performance. Results show that the best image registration 
results are obtained by using a weighted normalized sum-of-square-
error metric with a direct-lighting model. We also identify the best airway 
surface-extraction method for image registration.

8316-116, Poster Session

Automatic segmentation and centroid 
detection of skin sensors for lung 
interventions
K. Lu, Philips Research North America (United States); Z. Xue, 
Methodist Hospital Research Institute (United States); S. Xu, 
Philips Research North America (United States); S. Wong, 
Methodist Hospital Research Institute (United States)

Electromagnetic (EM) tracking has been recognized as a valuable 
tool for tracking the interventional devices in procedures such as lung 
and liver biopsy and ablation. The advantage of this technology over 
conventional X-ray fluoroscopy or CT-guided procedures is its real-time 
connection to the 3D volumetric roadmap of a patient’s anatomy while 
the intervention is performed. EM-based guidance requires tracking of 
the tip of the interventional device, transforming the location of the device 
with pre-operative CT images, and superimposing the device in the 3D 
images to assist physician to complete the procedure more effectively. 
A key requirement of this integration of data is to find automatically the 
mapping between EM and CT coordinate systems. Thus, skin fiducial 
sensors are attached to patients before acquiring the pre-operative CTs. 
Then, those sensors can be recognized in both CT and EM coordinate 
systems to calculate the transformation matrix. In order to automate 
the EM-based navigation workflow and reduce procedural preparation 
time, an automatic fiducial detection method is proposed to obtain the 
centroids of the sensors from the pre-operative CT. The approach has 
been applied to 13 rabbit datasets derived from an animal study, and 
numerical results show that it is a reliable and efficient method for use in 
EM-guided application.

8316-117, Poster Session

Image processing of liver computed 
tomography angiographic (CTA) images for 
laser induced thermotherapy (LITT) planning
Y. Li, The Johns Hopkins Univ. (United States); X. Gao, Q. Tang, 

S. Gao, Tsinghua Univ. (China)

Analysis of patient images is highly desired for simulating and planning 
the laser-induced thermotherapy (LITT) to quantify the cooling effect 
of big vessels around tumors during the procedure. In this paper, we 
present an image processing solution for simulating and planning LITT on 
liver cancer using computed tomography angiography (CTA) images. This 
includes first a 3D anisotropic filtering performed on the data to remove 
noise. The liver region is then segmented with a contour tracking method. 
A 3D level set based surface evolution driven by boundary statistics is 
used to capture the surfaces of vessels and tumors. Then the medial 
lines of vessels were extracted by a thinning algorithm. Finally the vessel 
tree is built on the thinning result, by first constructing a shortest path 
spanning tree by Dijkstra algorithm and then pruning the unnecessary 
branches. Based on the segmentation and vessel skeletonization results, 
important geometric parameters of the vessels and tumors are calculated 
for simulation and surgery planning. Testing result on a patient dataset is 
shown.

8316-118, Poster Session

Tumor image extraction from fluoroscopy for 
a markerless lung tumor motion tracking
N. Homma, H. Endo, Tohoku Univ. (Japan); Y. Takai, Y. Narita, 
Hirosaki Univ. (Japan); M. Sakai, K. Ichiji, K. Ishihara, M. Abe, N. 
Sugita, M. Yoshizawa, Tohoku Univ. (Japan)

In this paper, we develop a markerless tumor motion tracking technique 
for image-guided radiation therapy (IGRT). A core innovation of 
the technique is to extract the moving tumor image from the X-ray 
fluoroscopic images sequence. The extraction from only one fluoroscopic 
image is obviously ill-posed, but it can be regularized into a well-posed 
problem by temporally accumulating constraints that must be satisfied 
by the extracted tumor image and the others (background image). 
The extracted tumor image can then be used to achieve accurate 
measurement of tumor motion. This technique does not require any 
fiducial markers implanted into the target tumor and thus is fundamentally 
free from the risk of pulmonary emphysema and pneumothorax induced 
by the implantation of markers.

The technique has been evaluated by using phantom and clinical 
datasets. Extraction error was sufficiently small that is almost invisible 
error in extracted tumor images of phantom data for which the ground 
truth of the tumor images is available for evaluation. Then perfect 
localization of the tumor position within the pixel resolution of 0.2 mm/
pixel was achieved for the phantom data of 110 sequences. The average 
localization error was about 0.7 mm for 3 clinical datasets. This is less 
than the error about 1.7 mm of a conventional localization method 
without extraction. The accuracy within 1 mm localization is highly 
accurate for markerless tracking and more importantly, it can be clinically 
sufficient. Thus, these results clearly demonstrate the efficiency and 
usefulness of the method for IGRT.

8316-119, Poster Session

Real-time motion compensation for EM 
bronchoscope tracking with smooth output: 
ex-vivo validation
T. Reichl, Technische Univ. München (Germany); I. Gergel, 
Deutsches Krebsforschungszentrum (Germany); M. Menzel, H. 
Hautmann, Technische Univ. München (Germany); I. Wegner, 
H. Meinzer, Deutsches Krebsforschungszentrum (Germany); N. 
Navab, Technische Univ. München (Germany)

We present a novel real-time approach for bronchoscope tracking 
combining EM tracking, airway segmentation, and a continuous model of 
output.

Navigated bronchoscopy provides benefits for endoscopists and 
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patients, but accurate tracking information is needed. We present a novel 
real-time approach for bronchoscope tracking combining EM tracking, 
airway segmentation, and a continuous model of output.

We augment a previously published approach by including segmentation 
information in the tracking optimization instead of image similarity. Thus, 
the new approach is feasible in real-time.

Since the true bronchoscope trajectory is continuous, the output is 
modeled using splines and the control points are optimized with respect 
to displacement from EM tracking measurements and spatial relation to 
segmented airways.

Accuracy of the proposed method and its components is evaluated on a 
ventilated porcine ex-vivo lung with respect to ground truth data acquired 
from a human expert. We demonstrate the robustness of the output of 
the proposed method against added artificial noise in the input data. 
Smoothness in terms of inter-frame distance is shown to remain below 2 
mm, even when up to 5 mm of Gaussian noise are added to the input.

The approach is shown to be easily extensible to include other measures 
like image similarity.

8316-120, Poster Session

Combining supine MRI and 3D optical 
scanning for improved surgical planning of 
breast conserving surgeries
M. J. Pallone, Dartmouth College (United States); S. P. Poplack, 
R. J. Barth, Jr., Dartmouth Hitchcock Medical Ctr. (United States); 
K. D. Paulsen, Dartmouth College (United States)

Image guided wire localization is the current standard technique for 
the excision of non-palpable carcinomas during breast conserving 
surgeries (BCS). The efficacy of this technique depends upon the 
accuracy of wire placement, maintained fixed wire position (despite 
patient movement), and the surgeon’s understanding of the spatial 
relationship between the wire and tumor. Notably, breast shape can vary 
significantly between the imaging and surgical positions. Despite this 
method of localization, re-excision is needed for approximately 30% of 
patients due to the proximity of cancer to the specimen margin. These 
limitations make wire localization an inefficient and imprecise technique. 
Alternatively, we propose a method of image registration and finite 
element (FE) deformation which correlates preoperative supine MRIs with 
intraoperative 3D optical scans of the breast surface.

MRI of the breast can accurately define the extents of very small cancers. 
Furthermore, imaging in the supine position reduces the amount of tissue 
deformation between imaging and surgery. At the time of surgery, the 
surface contour of the breast may be imaged using a handheld 3D laser 
scanner. With the MR images segmented by tissue type, the two scans 
are roughly correlated using fiducial markers present in both. Finally, 
the segmented MRI breast volume is deformed to match the optical 
surface using a FE mechanical model of breast tissue. The resulting 
images provide the surgeon with 3D views and measurements of the 
tumor shape, volume, and position within the breast as it appears during 
surgery. This method provides efficient and accurate tumor localization 
for BCS.

8316-121, Poster Session

A novel external bronchoscope tracking 
model beyond electromagnetic localizers: 
dynamic phantom validation
X. Luo, Nagoya Univ. (Japan); T. Kitasaka, Aichi Institute of 
Technology (Japan); K. Mori, Nagoya Univ. (Japan)

Localization of a bronchoscope and estimation of its motion is a core 
component for constructing a bronchoscopic navigation system that 
can guide physicians to perform any bronchoscopic intervention. To 
overcome the limitations of current methods, e.g., image registration 
(IR) and electromagnetic (EM) localizers, this study develops a new 
external tracking technique on the basis of an optical mouse (OM) 
sensor and IR augmented by sequential Monte Carlo (SMC) sampling 
(here called IR-SMC). We first construct an external tracking model by 
an OM sensor that directly measures the bronchoscope movements 
including the insertion depth and the rotation of the viewing direction of 
the bronchoscope. To utilize OM sensor measurements, we employed 
IR with SMC sampling to determine the bronchoscopic camera motion 
parameters. The proposed method was validated on a dynamic phantom. 
Experimental results demonstrate that our constructed external tracking 
prototype is a perspective means to estimate the bronchoscope motion, 
compared to the start-of-the-art, especially for image-based methods, 
greatly improving the tracking performance by 17.7% successfully 
proccessed video images.

8316-122, Poster Session

Utilizing ultrasound as a surface digitization 
tool in image guided liver surgery
K. E. Miller, J. E. Ondrake, T. S. Pheiffer, A. L. Simpson, M. I. 
Miga, Vanderbilt Univ. (United States)

Intraoperative ultrasound imaging is a commonly used modality for 
image guided surgery and can be used to monitor for changes from 
pre-operative data in real time. To achieve image-to-physical alignment 
for image guided liver surgery often a mapping of the liver surface is 
required, which is registered to its preoperative counterpart. Laser range 
scans and tracked optical stylus instruments have both been used in the 
past to create an intraoperative representation of the organ surface. This 
paper proposes a method to digitize the organ surface utilizing tracked 
ultrasound. Surfaces are generated from point clouds obtained from the 
US transducer face itself during tracked movement. In addition, a surface 
generated from a laser range scan (LRS) was used as the gold standard 
for evaluating the accuracy of the US-transducer swab point clouds. 
The results reflected that the average deformation observed for 60 
second swabs of the liver phantom was 4.5 ± 1.5 mm, with no significant 
variation in deformation between the five users tested. This new method, 
while not ideal due to the need to deform the organ to make adequate 
contact, could potentially eliminate excess equipment in the OR if it could 
be made accurate. This advantage, combined with added deformation 
correction, may make this modality advantageous for intra-operative 
registration too. This paper seeks to investigate the use of the ultrasound 
probe itself and the acquired images as a comprehensive digitization 
approach for image guided liver surgery.
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8316-123, Poster Session

Automatic alignment of pre- and post-
interventional liver CT images for assessment 
of radiofrequency ablation
C. Rieder, S. Wirtz, J. Strehlow, S. Zidowitz, Fraunhofer MEVIS 
(Germany); P. Bruners, P. Isfort, A. H. Mahnken, Univ. Hospital 
Aachen (Germany); H. Peitgen, Fraunhofer MEVIS (Germany)

Image guided radiofrequency ablation (RFA) is becoming a standard 
procedure for minimally invasive tumor treatment in clinical practice. 
The post-interventional assessment of the ablation zone (coagulation) 
is performed to verify the treatment success as an essential part of the 
therapy. Typically, pre- and post-interventional CT images have to be 
fused to compare the shape, size, and position of tumor and coagulation 
zone. In this work, we present an automatic workflow for masking of 
liver tissue, enabling a rigid registration algorithm to perform at least 
as accurate as experienced medical experts. To minimize the effect of 
global liver deformations, the registration is computed in a local region 
of interest around the pre-interventional lesion and post-interventional 
coagulation necrosis. A registration mask excluding lesions and 
neighboring organs is calculated to prevent the registration algorithm 
from matching both lesions instead of the surrounding liver anatomy. As 
an initial registration step, the centers of gravity from both lesions are 
aligned automatically. The subsequent rigid registration method is based 
on the Local Cross Correlation (LCC) similarity measure and Newton-type 
optimization. To assess the accuracy of our method, 41 RFA cases are 
registered and compared with the result of manual registrations from four 
medical experts. Furthermore, the registration results are compared with 
ground truth transformations based on averaged anatomical landmark 
pairs. In the evaluation we show that our method allows to automatically 
align the data sets with equal accuracy but faster than the four medical 
experts.
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8317-01, Session 1

Simulation of fMRI signals to validate 
dynamic causal modeling estimation
M. Anandwala, M. R. Siadat, S. M. Hadi, Oakland Univ. (United 
States)

Through cognitive tasks certain brain areas are activated neutrally and 
also receive increased blood to them. This is modeled through a state 
system consisting of two separate parts one that deals with the neural 
node stimulation and the other blood response during that stimulation. 
Using the forward Euler’s method this system was approximated in 
a series of difference equations and plotted. Both neural signals and 
hemodynamic signals were of low amplitude as shown in the plots. The 
importance of modeling this system is to not only have a model for neural 
response but also to compare to actual data obtained through functional 
imaging scans.

8317-02, Session 1

Novel MRI methodology to detect human 
whole-brain connectivity changes after 
ingestion of fructose or glucose
M. Singh, B. Wilkins, S. Tsao, K. Page, The Univ. of Southern 
California (United States)

A novel MRI protocol has been developed to investigate the differential 
effects of glucose or fructose consumption on whole-brain functional 
brain connectivity. A previous study reported a decrease in the fMRI 
blood oxygen level dependent (BOLD) signal of the hypothalamus 
following glucose ingestion, but due to technical limitations, was 
restricted to a single slice covering the hypothalamus, and thus unable 
to detect whole-brain connectivity. In another previous study, a protocol 
was devised to acquire whole-brain fMRI data following food intake, but 
only after restricting image acquisition to an MR sampling or repetition 
time (TR) of 20s, making the protocol unsuitable to detect functional 
connectivity above 0.025Hz. We have successfully implemented a 
continuous 36-min, 40 contiguous slices, whole-brain BOLD acquisition 
protocol on a 3T scanner with TR=4.5s to ensure detection of up to 0.1Hz 
frequencies for whole-brain functional connectivity analysis. Human data 
were acquired first with ingestion of water only, followed by a glucose 
or fructose drink within the scanner, without interrupting the scanning. 
Whole-brain connectivity was analyzed using standard correlation 
methodology in the 0.01-0.1 Hz range. The correlation coefficient 
differences between fructose and glucose ingestion among targeted 
regions were converted to t-scores using the water-only correlation 
coefficients as a null condition. Results show a dramatic increase in 
the hypothalamic connectivity to the hippocampus, amygdala, insula, 
caudate and the nucleus accumben for fructose over glucose. As these 
regions are known to be key components of the feeding and reward brain 
circuits, these results suggest a preference for fructose ingestion.

8317-03, Session 1

Primary motor cortex activity reduction under 
the regulation of SMA by real-time fMRI
J. Guo, X. Zhao, Beijing Normal Univ. (China); Y. Li, Beijing 
Normal Univ. (United States); Y. Li, Beijing Normal Univ. (China); 
K. Chen, Banner Good Samaritan Medical Ctr. (United States)

Real-time fMRI (rtfMRI) is a new technology which allows human subjects 
to observe and control their own BOLD signal change from one or more 
localized brain regions during scanning. Current rtfMRI-neurofeedback 
studies mainly focused on the target region itself without considering 
other related regions influenced by the real-time feedback. However, 
there always exits important directional influence between many of 
cooperative regions. On the other hand, rtfMRI based on motor imagery 
mainly aimed at somatomotor cortex or primary motor area, whereas 
supplement motor area (SMA) was a relatively more integrated and 
pivotal region. In this study, we investigated whether the activities of SMA 
can be controlled utilizing different motor imagery strategies, and whether 
there exists any possible impact on an unregulated but related region, 
primary motor cortex (M1). SMA was first localized using overt finger 
tapping task, the activities of SMA were feedback to subjects visually on 
line during each of two subsequent imagery motor movement sessions. 
All thirteen healthy participants were found to be able to successfully 
control their SMA activities by self-fit imagery strategies which involved 
no actual motor movements. The activation of right M1 was also 
found to be significantly reduced in both intensity and extent with the 
neurofeedback process targeted at SMA, suggestive that not only the 
part of motor cortex activities were influenced under the regulation of a 
key region SMA, but also the increased difference between SMA and M1 
might reflect the potential learning effect.

8317-04, Session 1

An fMRI study of neural pathways following 
acupuncture in mild cognitive impairment 
patients
Y. Feng, L. Bai, H. Wang, C. Zhong, Y. You, W. Zhang, J. Tian, 
Institute of Automation (China)

While the use of acupuncture as a complementary therapeutic method 
for treating MCI is popular in certain parts of the world, the underlying 
mechanism is still elusive. In the current study, we adopt multivariate 
Granger causality analysis (mGCA) to explore the causal interactions of 
brain networks involving acupuncture in mild cognitive impairment (MCI) 
patients compared to healthy controls (HC). The fMRI experiment was 
performed with two different paradigms: namely, deep acupuncture (DA) 
and superficial acupuncture (SA) at acupoint KI3. Results demonstrated 
that deep acupuncture could modulate the abnormal regions in MCI 
group. These regions are implicated in memory encoding and retrieving. 
This may relate to the purported therapeutically beneficial effects of 
acupuncture for the treatment of MCI. However, the most significant 
causal interactions were found in the sensorimotor regions in HC 
group. This may because acupuncture has a greater modulatory effect 
on patients with a pathological imbalance. This paper provides the 
preliminary neurophysiological evidence for the potential efficacy effect of 
acupuncture on MCI.

8317-05, Session 1

Semi-blind FastICA of fMRI using temporal 
constraints
X. Ma, H. Zhang, X. Wu, L. Yao, Z. Long, Beijing Normal Univ. 
(China)

Independent component analysis (ICA) is a data-driven approach that 
has been widely applied to functional magnetic resonance imaging 
(fMRI) data analysis. As an exploratory technique, traditional ICA does 
not require any prior information about the sources and the mixing 



162 SPIE Medical Imaging 2012 · spie.org/mi

matrix. However, it has been demonstrated that incorporating paradigm 
information into the ICA analysis can improve the performance of 
traditional ICA. In 2005, Calhoun proposed semi-blind ICA which 
improved the robustness of infomax ICA in the presence of noises 
by regulating the estimated time courses with paradigm information. 
Different from the informax ICA algorithm, FastICA is able to estimating 
independent components one by one. If the target component can be 
estimated earlier, the FastICA algorithm can be terminated beforehand. 
Therefore, the order of the target component is important for FastICA to 
reduce computational time during one-to-one hierarchical estimation. In 
this paper, we proposed semi-blind FastICA by adding regularization of 
the first estimated time courses using the paradigm information to the 
FastICA algorithm. We demonstrated the feasibility and effectiveness 
of our approach in extracting task-related component from single-task 
fMRI datasets of block design. Results of both simulated and real fMRI 
data suggest that (1) In contrast to FastICA, the time of extracting target 
component by semi-blind FastICA is largely reduced;(2) Semi-blind 
FastICA can accurately extract the task-related IC as the first one; (3) 
Semi-blind FastICA can estimate more accurate time course of the task-
related component than FastICA.

8317-06, Session 2

Automatic corpus callosum segmentation 
using a deformable active Fourier contour 
model
C. Vachet, B. Yvernault, K. Bhatt, R. G. Smith, The Univ. of North 
Carolina at Chapel Hill (United States); G. Gerig, The Univ. of 
Utah (United States); H. Cody Hazlett, M. A. Styner, The Univ. of 
North Carolina at Chapel Hill (United States)

The corpus callosum (CC) has been a structure of interest in many 
neuroimaging studies of neuro-developmental pathology such as 
autism. It plays an integral role in relaying sensory, motor and cognitive 
information from homologous regions in both hemispheres. 

We have developed a novel framework that allows automatic 
segmentation of the corpus callosum and its lobar subdivisions. Our 
approach employs constrained elastic deformation of flexible Fourier 
contour model, and is an extension of Szekely’s 2D Fourier descriptor 
based Active Shape Model. The shape and appearance model, derived 
from a large mixed population of 150+ subjects, is described with 
complex Fourier descriptors in a principal component shape space. 
Using MNI space aligned T1w MRI data, the CC segmentation is 
initialized on the mid-sagittal plane using the tissue segmentation. A 
multi-step optimization strategy, with two constrained steps and a final 
unconstrained step, is then applied. If needed, interactive segmentation 
can be performed via contour repulsion points. Lobar area information 
can finally be computed via the use of a probabilistic CC subdivision 
model.

Our analysis framework has been integrated in an open-source 
application called CCSeg both with a command line and Qt-based 
graphical user interface (available on NITRC). A study has been 
performed to quantify the reliability of the semi-automatic segmentation 
on a small pediatric dataset. Using 5 subjects randomly segmented 3 
times by two experts, the intra-class correlation coefficient showed a 
high reliability (0.99). CCSeg is currently applied to a large longitudinal 
pediatric study of brain development in autism.

8317-07, Session 2

Tractography of white matter based on 
diffusion tensor imaging in ischemic stroke 
involving the corticospinal tract: a preliminary 
study
C. Zhong, L. Bai, Institute of Automation (China); F. Cui, Beijing 
Univ. of Chinese Medicine (China); R. Dai, Institute of Automation 

(China); T. Xue, Xidian Univ. (China); H. Wang, Y. Feng, Z. Liu, Y. 
You, J. Tian, Institute of Automation (China)

Diffusion tensor MR imaging (DTI) provides information on diffusion 
anisotropy in vivo, which can be exhibited three-dimensional white 
matter tractography. Five healthy volunteers and five right-hand affected 
patients with early subacute ischaemic infarction involving the posterior 
limb of the internal capsule or corona radiate were recruited in this study. 
We used 3D white matter tractography to show the corticospinal tract in 
both volunteer group and stroke group. Then we compared parameters 
of the corticospinal tract in patients with that in normal subjects and 
assessed the relationships between the fiber number of the corticospinal 
tract in ipsilesional hemisphere and indicators of the patients’ 
rehabilitation using Pearson correlation analysis. The fractional anisotropy 
(FA) values and apparent diffusion coefficient (ADC) values in the 
ipsilesional corticospinal tract may significantly reduce comparing with 
the volunteer group. In addition, the stroke patient with less fiber number 
of the ipsilesional corticospinal tract may bear more possibilities of better 
motor rehabilitation. The FA values, ADC values and fiber number of the 
corticospinal tract in the ipsilesional hemisphere might be helpful to the 
prognosis and prediction of clinical treatment in stroke patients.

8317-08, Session 2

Exploration of microstructural abnormalities 
in borderline personality disorder
K. H. Fritzsche, Deutsches Krebsforschungszentrum (Germany); 
R. Brunner, R. Henze, UniversitätsKlinikum Heidelberg (Germany); 
H. Meinzer, B. Stieltjes, Deutsches Krebsforschungszentrum 
(Germany)

As with other mental disorders, the causes of BPD are complex and not 
fully understood. In this study we aimed to determine whether adults 
with BPD exhibit microstructural abnormalities using diffusion tensor 
imaging (DTI). 57 female right-handed individuals (age range, 14-18 
years), 19 with a DSM-IV diagnosis of BPD, 18 patients with a DSM-IV 
defined current psychiatric disorder and 20 healthy control subjects 
were included. Groups were matched for age and IQ. DTI Images were 
analyzed using DTI-TK image registration and Tract-Based Spatial 
Statistics (TBSS). The analysis revealed no significant abnormalities 
in fractional anisotropy (FA) in any of the groups. Diverse possible 
factors have been suggested to play a role in the disease, including 
environmental factors, neurobiological factors, or brain abnormalities. 
The presented results may play an important role in this ongoing debate.

8317-09, Session 2

Negative BOLD response and serotonin 
concentration within rostral subgenual 
portion of the anterior cingulate cortex 
for long-allele carriers during perceptual 
processing of emotional tasks
S. M. Hadi, M. R. Siadat, Oakland Univ. (United States); A. 
Babajani-Feremi, Washington University in St. Louis School of 
Medic (United States); B. Oakley, Oakland Univ. (United States)

A negative blood oxygen level - dependent (BOLD) signal is believed to 
be associated with high concentration of GABA. This has been observed 
using Magnetic Resonance Spectroscopy and fMRI. Also, a higher 
concentration of serotonin has been found in Rostral Subgenual portion 
of the anterior cingulate cortex (rACC) in subjects with long-allele carriers 
compared to those with short-allele carriers. In this paper, we investigate 
the effect of serotonin concentration on hemodynamic responses. Our 
stimuli paradigm consists of presenting fearful and threatening facial 
expressions to a set of 24 subjects with long- and short-allele carriers (12 
in each group). The BOLD signals of rACC from subjects of each group 
were averaged to increase signal-to-noise ratio. We used the Bayesian 
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method to estimate the parameters of the hemodynamic model. Our 
experiment, during this perceptual processing of emotional task, showed 
a negative BOLD signal in rACC in the subjects with long-allele carriers. 
In contrast, the subjects with short-allele carriers showed positive BOLD 
signals in rACC. These results suggest that the serotonin transporter 
gene impacts the neuronal activity and eventually the BOLD signal similar 
to GABA.

8317-10, Session 2

Application of fMRI to obesity research: 
differences in reward pathway activation 
measured with fMRI BOLD during visual 
presentation of high and low caloric foods
S. Tsao, T. Adam, M. I. Goran, M. Singh, The Univ. of Southern 
California (United States)

The factors behind the neural mechanisms that motivate food choice 
and obesity are not well known. Furthermore, it is not known when these 
neural mechanisms develop and how they are influenced by both genetic 
and environmental factors. This study uses fMRI together with clinical 
data to shed light on the aforementioned questions by investigating 
how appetite-related activation in the brain changes with low versus 
high caloric foods in pre-pubescent girls. Previous studies have shown 
that obese humans have less striatal D2 receptors and thus reduced 
Dopamine (DA) signaling leading to the reward-deficity theory of obesity. 
However, overeating reduces D2 receptor density, D2 sensitivity and thus 
reward sensitivity. The results of this study will show how early these 
neural mechanisms develop and what effect the drastic endocrinological 
changes during puberty has on these mechanisms. Our preliminary 
results showed increased activations in the Putamen, Insula, Thalamus 
and Hippocampus when looking at activations where High Calorie > 
Low Calorie. When comparing High Calorie > Control and Low Calorie > 
Control, the High > Control test showed increased significant activation 
in the frontal lobe. The Low > Control also yielded significant activation 
in the Left and Right Fusiform Gyrus, which did not appear in the High > 
Control test. These results indicate that the reward pathway activations 
previously shown in post-puberty and adults are present in pre-
pubescent teens. These results may suggest that some of the preferential 
neural mechanisms of reward are already present pre-puberty.

8317-11, Session 2

Alteration of functional connectivity during 
real time fMRI regulation of PCC
G. Zhang, Y. Li, Z. Long, Beijing Normal Univ. (China)

Real time functional magnetic resonance imaging (rtfMRI) can be used 
to train subjects to selectively control activity of specific brain area so as 
to affect the activation in the target region and even to improve cognition 
and behavior. So far, whether brain activity in posterior cingulate cortex 
(PCC) can be regulated by rtfMRI has not been reported. In the present 
study, we aimed at investigating whether real time regulation of activity 
in PCC can change the functional connectivity between PCC and other 
brain regions. A total of 12 subjects underwent two training runs, each 
lasted 782s. During training runs, subjects were instructed to down 
regulate activity in PCC by imagining right hand finger movement with 
the sequence of 4-2-3-1-3-4-2 during task and relax as possible as they 
can during rest. To control for any effects induced by repeated practice, 
another 12 subjects in control group received the same experiment 
procedure and instructions except with no feedback during training. 
Experiment results showed that increased functional connectivity of 
PCC with medial frontal cortex (MFC) was observed in both groups 
during the two training runs. However, PCC of the experiment group 
was correlated with larger areas in MFC than the control group. Because 
the positive correlation between task performance and MFC to PCC 
connectivity has been demonstrated by previous studies, we infer that 
stronger connectivity between PCC and MFC in the experiment group 

may suggest that the experiment group with neurofeedback can more 
efficiently regulate PCC than the control group without neurofeedback.

8317-12, Session 3

Computational hemodynamic study of 
intracranial aneurysms coexistent with 
proximal artery stenosis
M. A. Castro, Univ. Tecnologica Nacional (Argentina); N. L. Peloc, 
Univ. Favaloro (Argentina); C. M. Putman, Inova Fairfax Hospital 
(United States); J. R. Cebral, George Mason Univ. (United States)

Intracranial aneurysms and artery stenosis are vascular diseases with 
different pathophysiological characteristics. However, although unusual, 
aneurysms may coexist in up to 5% of patients with stenotic plaque, 
according to a previous study. Another study showed that incidental 
detection of cerebral aneurysm in the same cerebral circulation as the 
stenotic plaque was less than 2%. Patients with concomitant carotid 
artery stenosis and unruptured intracranial aneurysms pose a difficult 
management decisions for the physician. Case reports showed patients 
who died due to aneurysm rupture months after endarterectomy but 
before aneurysm clipping, while others did not show any change in the 
aneurysm after plaque removal, having optimum outcome after aneurysm 
coiling. The purpose of this study is to investigate the intraaneurysmal 
hemodynamic changes before and after treatment of stenotic plaque. 
Idealized models were constructed with different stenotic grade, distance 
and relative position to the aneurysm. Digital removal of the stenotic 
plaque was performed in the reconstructed model of a patient with both 
pathologies, and stenotic plaques were added to patients having a single 
intracranial aneurysm. Flow correction after plaque removal was also 
considered. Computational fluid dynamic simulations were performed 
using a finite element method approach and hemodynamic forces were 
recorded and analyzed. Changes in wall shear stress were observed in 
both ideal and image-based models. Detailed investigation of wall shear 
stress distributions in patients with both pathologies is required to make 
the best management decision.

8317-13, Session 3

Comparison of relative pressures calculated 
from PC-MRI and SPIV with catheter-based 
pressure measurements in a stenotic 
phantom model
I. Khodarahmi, M. Shakeri, Univ. of Louisville (United States); M. 
Kotys-Traughber, Philips Medical Systems (United States); M. K. 
Sharp, A. A. Amini, Univ. of Louisville (United States)

Pressure gradient across a Gaussian-shaped 87% area stenosis 
phantom was estimated by solving the pressure Poisson equation (PPE) 
for a steady flow mimicking the blood flow through the human iliac 
artery. The velocity field needed to solve the pressure equation was 
obtained using Phase-Contrast MRI (PC-MRI) and Stereoscopic Particle 
Image Velocimetry (SPIV). Steady flow rate of 46.9 ml/s was used, which 
corresponds to a Reynolds number of 188 and 595 at the inlet and 
stenosis throat, respectively (in the range of mean Reynolds number 
encountered, in-vivo). So far, the results of SPIV have been compared to 
the pressures measured by a pressure catheter transducer. In the final 
version of the manuscript, the results from PC-MRI will also be included.
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8317-14, Session 3

A proposed parameter to correlate the 
flow diverter designs with observed flow 
modifications in high speed angiograms
C. N. Ionita, D. R. Bednarek, S. Rudin, Toshiba Stroke Research 
Ctr. (United States)

Intracranial aneurysm treatment with flow diverters (FD) is a new 
minimally invasive approach, recently approved for usage in human 
patients. Attempts to correlate the flow reduction, observed in 
angiograms, with a parameter related to the FD geometry, have not 
been totally successful. To find the proper parameter we investigated 
four porous media flow models. Depending on the relation between the 
pressure drop and velocity, and the analytical method used to calculate 
the proportionality constant, the models are: capillary theory linear 
model (CTLM), drag force linear model (DFLM), simple quadratic model 
(SQM) and modified quadratic model (MQM). Proportionality parameters 
are referred as permeability for the linear models and resistivity for the 
quadratic ones. A two stage experiment was performed; first, we verified 
flow model validity by placing nine different stainless-steel meshes, 
resembling an FD structure, in known flow conditions. The best flow 
model was used for the second stage, where five different FD’s were 
inserted in aneurysm phantoms and flow modification, was estimated 
using angiographically derived time-density curves (TDC). Finally, TDC 
peak variation was compared with the FD parameter. Model validity 
experiments indicated errors of: 70% for the linear models, 26% for SQM 
and 7% for MQM. The TDC peak reduction range studied was between 
90 and 0.5% of the untreated aneurysms. The resistivity calculated 
according to the MQM model also correlated well with the contrast 
flow reduction. Results indicate that resistivity calculated according to 
MQM is appropriate to characterize the FD and could explain the flow 
modification observed in angiograms.

8317-15, Session 3

Shape-based analysis of right ventricular 
dysfunction after acute pulmonary embolism
N. Tajbakhsh, W. Xue, H. Wu, Arizona State Univ. (United States); 
E. M. McMahon, Mayo Clinic (United States); J. Liang, Arizona 
State Univ. (United States); M. Belohlavek, Mayo Clinic (United 
States)

Acute pulmonary embolism (APE) is known as one of the major causes of 
sudden death.

However, high level of mortality caused by APE can be reduced, if 
detected in early stages of development. Hence, biomarkers capable of 
early detection of APE are of utmost importance. This study investigates 
how APE affects the biomechanics of the cardiac right ventricle (RV), 
taking one step towards developing functional biomarkers for early 
diagnosis and determination of prognosis of APE. To that end, we 
conducted a pilot study in pigs, which revealed the following major 
changes due to the severe RV afterload caused by APE: (1) waving 
paradoxical motion of the RV inner boundary, (2) decrease in local 
curvature of the septum, (3) lower positive correlation between the 
movement of inner boundaries of the septal and free walls of the RV, 
(4) slower blood ejection by the RV, and (5) discontinuous movement 
observed particularly in the middle of the RV septal wall.

8317-16, Session 3

A comparison of two methods to segment 
stent grafts in CT data
A. Klein, M. Klaassen, Univ. Twente (Netherlands); J. A. van der 
Vliet, Y. Hoogeveen, L. J. Schultze Kool, W. K. Renema, Radboud 
Univ. Nijmegen Medical Ctr. (Netherlands); C. H. Slump, Univ. 

Twente (Netherlands)

Late stent graft failure is a serious complication in endovascular repair 
of aortic aneurysms. Better understanding of the motion characteristics 
of stent grafts will be beneficial for designing future devices. In addition, 
analysis of stent graft movement in individual patients in vivo can be 
valuable for predicting stent graft failure in these patients. 

To be able to gather information on stent graft motion in a quick and 
robust fashion, an automatic segmentation method is required. In this 
work we compare two segmentation methods that produce a geometric 
model in the form of an undirected graph. The first method tracks along 
the centerline of the stent and segments the stent in 2D slices sampled 
orthogonal to it. The second method used a modified version of the 
minimum cost path (MCP) method to segment the stent directly in 3D.

Using annotated reference data both methods were evaluated in an 
experiment. The results show that the centerline-based method and the 
MCP-based method have an accuracy of approximately 65% and 92%, 
respectively. The difference in accuracy can be explained by the fact that 
the centerline method makes assumptions about the topology of the 
stent which do not always hold in practice. This causes difficulties that 
are hard and sometimes impossible to overcome. In contrast, the MCP-
based method works directly in 3D and is capable of segmenting a large 
variety of stent shapes and stent types.

8317-17, Session 4

Semi-automated segmentation of carotid 
artery plaque volume from three dimensional 
ultrasound carotid imaging
D. Buchanan, I. Gyacskov, E. Ukwatta, T. Lindenmaier, A. Fenster, 
G. Parraga, Robarts Research Institute (Canada)

Carotid artery total plaque volume (TPV) is a three-dimensional (3D) 
ultrasound (US) imaging measurement of carotid atherosclerosis, 
providing a direct non-invasive and regional estimation of atherosclerotic 
plaque volume - the source of carotid stenosis, plaque vulnerability 
and ischemic stroke. While TPV measurements provide the potential 
to monitor plaque clinically in individual patients and in clinical trials, 
until now, such measurements have been performed manually which 
is laborious and time-consuming thereby limiting translation to clinical 
use. To address these limitations, here we describe the development 
and application of a semi-automated plaque volume measurement. This 
approach incorporates three user-selected boundaries in two views to 
generate a geometric approximation of plaque. We compared semi-
automated repeated measurements to manual segmentation of 22 
plaques ranging in volume. Mean plaque volume was 42.7±40.4 mm3 
for semi-automated and 47.8±45.6 mm3 for manual measurements 
and these were not significantly different (p=0.70). Mean coefficient of 
variation (CV) was 12.0±5.1% for the semi-automated measurements.

8317-18, Session 4

Robust automated detection, segmentation 
and classification of hepatic tumors from CT 
data
M. G. Linguraru, W. Richbourg, V. Pamulapati, S. Wang, R. M. 
Summers, National Institutes of Health (United States)

The manuscript presents the automated detection and segmentation 
of hepatic tumors from abdominal CT images with variable acquisition 
parameters. After obtaining an initial segmentation of the liver, optimized 
graph cuts segment the liver tumors candidates using shape and 
enhancement constraints. One hundred and fifty-seven features are 
computed for the tumor candidates and support vector machines are 
used to select features and separate true and false detections. Training 
and testing are performed using leave-one-patient-out on 14 patients 
with a total of 79 tumors. After selection, the feature space is reduced to 
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eight. The resulting sensitivity for tumor detection was 100% at 2.3 false 
positives/case. For the true tumors, 74.1% overlap and 1.6mm average 
surface distance were recorded between the ground truth and the results 
of the automated method. Results from test data demonstrate the 
method’s robustness to analyze livers from difficult clinical cases to allow 
the diagnoses and temporal monitoring of patients with hepatic cancer.

8317-19, Session 4

Automatic segmentation and 3D feature 
extraction of protein aggregates in 
caenorhabditis elegans
P. M. L. Rodrigues, A. H. J. Moreira, A. Teixeira-Castro, Univ. do 
Minho (Portugal); N. Dias, Univ. do Minho (Portugal) and Instituto 
Politécnico do Cávado e do Ave (Portugal); N. F. Rodrigues, 
Instituto Politécnico do Cávado e do Ave (Portugal); J. L. Vilaça, 
Univ. do Minho (Portugal) and Instituto Politécnico do Cávado e 
do Ave (Portugal)

In the last years, it has become increasingly clear that neurodegenerative 
diseases involve protein aggregation, a process often used as disease 
progression readout and therapeutic strategies development. This paper 
presents an image processing tool to automatic segment, classify and 
quantify these aggregates and the whole 3D body of the nematode 
Caenorhabditis elegans.

A total of 150 data set images, containing different slices, were captured 
with a confocal microscope from animals of distinct genetic conditions. 
Because of the animals’ transparency, most of the slices pixels appeared 
dark, hampering their body direct volume reconstruction. Therefore, for 
each data set, all slices were stacked in one single 2D image in order to 
determine a volume approximation. The gradient of this image was input 
into an anisotropic diffusion algorithm that uses the Tukey’s biweight as 
edge-stopping function. The image histogram median of this outcome 
was used to dynamically determine a thresholding level, which allows the 
determination of a smoothed exterior contour of the worm and the medial 
axis of the worm body from thinning its skeleton. Based on this exterior 
contour diameter and the medial animal axis, random 3D points were 
then calculated to produce a volume mesh approximation. The protein 
aggregations were subsequently segmented based on an iso-value and 
blended with the resulting volume mesh.

The results obtained were consistent with qualitative observations in 
literature, allowing non-biased, reliable and high throughput protein 
aggregates quantification. This may lead to a significant improvement 
on neurodegenerative diseases treatment planning and interventions 
prevention.

8317-20, Session 4

Combined SPHARM-PDM and entropy-based 
particle systems shape correspondence 
methodology
B. Paniagua, L. Bompard, The Univ. of North Carolina at Chapel 
Hill (United States); J. Cates, R. Whitaker, M. Datar, The Univ. of 
Utah (United States); C. Vachet, M. A. Styner, The Univ. of North 
Carolina at Chapel Hill (United States)

Description of purpose: The NA-MIC SPHARM-PDM Toolbox represents 
an automated set of tools for the computation of 3D structural statistical 
shape analysis. SPHARM-PDM solves the correspondence problem by 
defining a first order ellipsoid aligned, uniform spherical parameterization 
for each object with correspondence established at equivalently 
parameterized points. However, SPHARM correspondence has shown 
to be inadequate for some biological shapes that are not well described 
by a uniform spherical parameterization. Entropy-based particle systems 
compute correspondence by representing surfaces as discrete point sets 
that does not rely in any inherent parameterization. However, they are 

sensitive to initialization and have little ability to recover from initial errors. 
By combining both methodologies we compute reliable correspondences 
in topologically challenging biological shapes. Data: Diverse subcortical 
structures cohorts were used, obtained from MR 3T images. Method(s): 
The SPHARM-PDM shape analysis toolbox was used to compute point 
based correspondent models that were then used as initializing particles 
for the entropy-based particle systems. The combined framework was 
implemented as a stand-alone Slicer3 module, which works as an 
end-to-end shape analysis module. Results: The combined SPHARM-
PDM-Particle framework has demonstrated to improve correspondence 
in the example dataset over the conventional SPHARM-PDM toolbox. 
Conclusions: The work presented in this paper demonstrates a two-sided 
improvement for the scientific community, being able to 1) find good 
correspondences among spherically topological shapes, that can be 
used in many morphometry studies 2) offer an end-to-end solution that 
will facilitate the access to shape analysis framework to users without 
computer expertise.

8317-21, Session 4

Interactive generation of digital 
anthropomorphic phantoms from XCAT shape 
priors
C. Lindsay, M. A. Gennert, Worcester Polytechnic Institute 
(United States); C. M. Connolly, A. Konik, Univ. of Massachusetts 
Medical School (United States); P. Dasari, Univ. of Massachusetts 
Medical School (United States) and Worcester Polytechnic 
Institute (United States); W. P. Segars, Duke Univ. (United States); 
M. A. King, Univ. of Massachusetts Medical School (United 
States)

In SPECT imaging, patient respiratory and body motion can cause 
artifacts that degrade image quality. Developing and evaluating motion 
correction algorithms is facilitated by simulation studies where a 
numerical phantom and its motion are precisely known, from which 
image data can be produced. Previous techniques to test motion 
correction methods generated XCAT phantoms modeled from MRI 
studies and motion tracking but required manually segmenting the 
major structures within the whole upper torso, which can take 8 hours 
to perform. Additionally, segmentation in two dimensional MRI slices 
and interpolating into three dimensional shapes can lead to appreciable 
interpolation artifacts as well as requiring expert knowledge of human 
anatomy in order to identify the regions to be segmented within each 
slice. We propose a new method that mitigates the long manual 
segmentation times for segmenting the upper torso by employing prior 
shape information from the base anatomical model of the XCAT phantom. 
Our method requires that a user provide only an approximate alignment 
of the base anatomical shapes from the XCAT model with an MRI 
data. Organ boundaries from the aligned XCAT model are converted to 
seed locations and approximated bounds for automated segmentation 
structures in three dimensions. With our method we can show the quality 
of segmentation is equal that of expert manual segmentation, does not 
require an expert in anatomy, and can be completed in minutes not 
hours. In some instances, due to interpolation artifacts, our method can 
generate higher quality models of anatomical structures than manual 
segmentation.

8317-22, Session 4

3D reconstruction of prostate histology based 
on quantified tissue cutting and deformation 
parameters
E. D. Gibson, Robarts Research Institute (Canada); C. Crukley, 
Robarts Research Institute (Canada) and Lawson Health 
Research Institute (Canada); J. A. Gomez, M. Moussa, G. S. 
Bauman, The Univ. of Western Ontario (Canada); A. Fenster, 
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Robarts Research Institute (Canada) and Lawson Health 
Research Institute (Canada) and The Univ. of Western Ontario 
(Canada); A. D. Ward, The Univ. of Western Ontario (Canada) and 
London Regional Cancer Program (Canada)

Methods for 3D histology reconstruction from sparse 2D digital histology 
images depend on knowledge about the positions, orientations, and 
deformations of tissue slices due to the histology process. This work 
quantitatively evaluates typical assumptions about the position and 
orientation of whole-mount prostate histology sections within coarsely 
sliced tissue blocks and about the deformation of tissue during 
histological processing and sectioning. 3-5 midgland tissue blocks 
from each of 7 radical prostatectomy specimens were imaged using 
magnetic resonance imaging before histology processing. After standard 
whole-mount paraffin processing and sectioning, the resulting sections 
were digitized. Homologous anatomic landmarks were identified on 22 
midgland histology and MR images. Orientations and depths of sections 
relative to the front faces of the tissue blocks were measured based on 
the best-fit plane through the landmarks on the MR images. The mean 
(std) section orientation was 1.7 (1.1)° and the mean (std) depth of the 
sections was 1.0 (0.5) mm. Four deformation models (rigid, rigid+scale, 
affine and thin-plate-spline (TPS)) were used to align landmarks from 
histology and MR images, and evaluated by measuring the target 
registration error (TRE) using a leave-one-out cross-validation. Rigid 
deformation had higher mean TRE (p<0.001) than the other models, 
and the rigid+scale and affine models had higher mean TRE than the 
TPS model (p<0.001 and p<0.01 respectively). These results informed 
the design and development of a method for 3D prostate histology 
reconstruction based on extrinsic strand-shaped fiducial markers which 
yielded a 0.69 (0.36) mm mean (std) TRE.

8317-23, Session 5

Imaging receptor-targeted binding in tumors 
requires a reference tracer
B. W. Pogue, K. M. Tichauer, K. J. Sexton, K. Samkoe, Thayer 
School of Engineering at Dartmouth (United States)

Molecular targeted contrast agents are challenging to quantify in terms of 
their tumor receptor binding activity, due to the potentially confounding 
issues of interstitial fluid retention and temporal kinetic changes. Using 
a fluorescent reference tracer with matched pharmacokinetics over the 
first hour can allow quantification of the total fraction binding in vivo. 
In this study, the framework for model-based interpretation is outlined, 
and example targeted binding to the epidermal growth factor receptor 
is shown in xenograft tumors and fluorescence imaging of the drug and 
reference tracer uptake. Simply imaging uptake by total fluorescence 
is shown to be insufficient and further leads to incorrect information 
about the binding observed. A systematic study of progressive binding 
in different tumor models was carried out and in vivo data agrees with 
known ex vivo data. The methodology to quantify binding requires two 
things, namely spectrally resolved detection of two wavelength bands of 
fluorescence and a temporal sequence of images over the first phase of 
delivery into the tumor. The practical limitations and utility of this method 
is discussed for drug evaluation and surgical guidance.

8317-24, Session 5

MSB estimation of bound fraction: bias from 
binding energy uncertainty
J. B. Weaver, Dartmouth Hitchcock Medical Ctr. (United States)

Magnetic spectroscopy of nanoparticle Brownian motion, MSB, uses 
the magnetization produced by magnetic nanoparticles in a sinusoidal 
magnetic field, which can be observed remotely at low enough 
concentrations to enable it to be used for “molecular imaging”. The MSB 
signal is sensitive to chemical binding, temperature and viscosity. If the 
MSB signals from nanoparticles in multiple bound states are known, a 

mixture model can be used to find the concentration of nanoparticles 
in each bound state. The accuracy has been shown to be high for two 
and three bound states. However, if the bound states are not accurately 
known, as is often the case in vivo, the model is perturbed significantly. 
Using simulations of two bound states based on the effective field 
approximation to the Fokker-Planck equations, we show that the error in 
the bound fraction is roughly proportional to the error in the bound state 
relaxation time. The errors in bound fraction were roughly proportional 
to the error in the relaxation time for the bound state used in the mixture 
model. The largest errors occurred for short relaxation time bound states. 
But for all bound state relaxation times, 10% errors in the relaxation time 
of the bound state resulted in errors in the bound fraction of less than 
10%.

8317-25, Session 5

Gold nanoparticle mediated thermal therapy
R. J. Stafford, The Univ. of Texas M.D. Anderson Cancer Ctr. 
(United States)

Laser induced thermal therapy (LITT) is an emerging minimally invasive 
procedure which can use MR-guidance to treat in sensitive regions, 
such as the brain. Metal nanoparticles can be tuned to absorb strongly 
in the near-infrared region of the spectrum utilized by LITT. This research 
uses MR temperature imaging (MRTI) to explore the potential synergy of 
nanoparticle assisted LITT.

Real-time using MRTI was used to investigate the spatiotemporal 
distribution of temperature in phantom and in vivo animal models. 
Phantoms facilitated controlled evaluation of particle size, shape and 
concentration on heating as well as a means to evaluate finite element 
models of heating. Passive and active targeting was studied in tumor 
xenografts as was the feasibility of therapy delivery in the brain using a 
large animal model

Simulated heating in phantom correlated well with MRTI. Passive 
targeting of tumors using gold-silica nanoshells resulted in perivascular 
clustering of nanoparticles in the tumor microvasculature which resulted 
in statistically significant increases in temperature versus controls for 
similar exposures in both the xenograph and brain models. Smaller EGFR 
receptor targeted nanoparticles demonstrated increased uptake versus 
passively targeted nanoparticles of the same size. Adding iron-oxide 
cores facilitated MR imaging of the nanoparticles without significantly 
impacting MRTI.

We found that nanoparticle mediation of LITT may provide a more 
effective means of confining laser induced heating to the tumor in some 
cases. Further, MRTI is an invaluable tool for facilitating the clinical 
translation research needed to fully evaluate the implementation of this 
minimally invasive thermal ablative therapy.

8317-26, Session 5

In vivo imaging and quantification of iron 
oxide nanoparticle uptake and biodistribution
P. J. Hoopes, A. J. Giustini, Dartmouth Medical School (United 
States); A. A. Petryk, J. A. Tate, Dartmouth College (United 
States); P. A. Kaufman, Dartmouth Hitchcock Medical Ctr. 
(United States); K. D. Paulsen, Thayer School of Engineering 
at Dartmouth (United States); J. C. Bischof, M. Etheridge, M. 
Garwood, Univ. of Minnesota, Twin Cities (United States); J. B. 
Weaver, Dartmouth Hitchcock Medical Ctr. (United States)

Recent advances in nanotechnology have allowed for the effective use 
of iron oxide nanoparticles (IONPs) for cancer imaging and therapy. 
When activated by a non-toxic alternating magnetic field (AMF), intra-
tumoral IONPs have been extremely effective at controlling tumor 
growth in rodent models. To accurately plan IONP-based therapies in 
patients, noninvasive imaging will be required to assess the IONP uptake 
and biodistribution in tumors and sensitive normal tissues. Despite a 
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number of sensitive and accurate techniques for assessing iron oxide 
nanoparticles within cells (electron microscopy and confocal microscopy) 
and ex vivo tissues (histochemical iron staining with computerized 
analysis and inductively coupled plasma mass spectrometry, ICP-MS), 
to date there has not been a rapid or non-invasive method available 
for accurately determining, in vivo, IONP biodistribution and tissue 
concentration. Quantitative, non-invasive and real-time assessment of 
the disposition of systemically administered IONPs will be critical for both 
planning therapies utilizing IONPs and for cancer imaging.

In this study we have co-registered the previously mentioned cell 
and tissue imaging and quantification techniques to determine the 
in vivo sensitivity and accuracy of computed tomography (CT) and 
magnetic resonance imaging (MRI) in the assessment of IONP uptake 
kinetics and biodistribution in rodent and large animal tumors and 
tissues. Image processing techniques have been used to attempt to 
improve the sensitivity of CT and MRI to the presence of IONPs within 
tissues and novel pulse sequences have been utilized to expand the 
range of concentrations which can be quantified using MRI. We have 
demonstrated that MRI can be especially accurate in non-invasively 
quantifying the biodistribution and tissue concentrations of local tumor 
and systemically administered IONP. These studies will aid in providing 
critical pretreatment nanoparticle uptake and biodistribution information 
for future IONP cancer imaging and therapy applications.

8317-27, Session 5

Single-sided magnetic particle imaging 
device for the sentinel lymph node biopsy 
scenario
T. F. Sattel, M. Erbe, S. Biederer, T. Knopp, Univ. zu Lübeck 
(Germany); D. Finas, K. Diedrich, Univ. Schleswig-Holstein 
(Germany); K. Luedtke-Buzug, Univ. zu Lübeck (Germany); J. 
Borgert, Philips Technologie GmbH (Germany); T. M. Buzug, Univ. 
zu Lübeck (Germany)

Beside the original scanner geometry for Magnetic Particle Imaging (MPI) 
introduced by Gleich et. al. in 2005,alternative scanner geometries have 
been introduced. In excess of the opportunities in medical application 
offered by MPI itself, these new scanner geometries permit additional 
medical application scenarios. Here, the single-sided scanner geometry 
is implemented as imaging device for supporting the sentinel lymph node 
biopsy concept.

8317-28, Session 6

A new methodology for phase-locking 
value: a measure of true dynamic functional 
connectivity
T. Lei, D. Chakraborty, K. T. Bae, Univ. of Pittsburgh (United 
States); T. P. Roberts, Univ. of Pennsylvania (United States)

Phase-Locking value (PLV) is used to measure phase synchrony of 
narrowband signals, therefore, it provides a measure of dynamic 
functional connectivity (DFC) of brain interactions. Currently used PLV 
methods compute the convolution of the signal at the target frequency 
with a complex Gabor wavelet centered at that frequency. The phase of 
this convolution is extracted for all time-bins over trials for a pair of neural 
signals. Clearly, time-bins set a limit on the temporal resolution for PLV, 
hence, for DFC. That is, these methods cannot provide a true DFC in a 
strict sense.

PLV is defined as the absolute value of the characteristic function of the 
difference of instantaneous phases (IP) of two analytic signals evaluated 
at s = 1. It is a function of the time. For the narrowband signal in the 
stationary Gaussian white noise, we investigated statistics of (i) its phase, 
(ii) the maximum likelihood estimate of its phase, and (iii) the phase-lock 
loop (PLL) measurement of its phase, derived the analytic form of the 

probability density function (pdf) of the difference of IP, and expressed 
this pdf in terms of signal-to-noise ratio (SNR) of signals. PLV is finally 
given by analytic formulas in terms of SNRs of a pair of neural signals 
under investigation. 

SNR, hence PLV, can be evaluated at any time instant over repeated 
trials. Thus, this new approach provides a true DFC via PLV. This paper 
presents the detailed derivations of this approach (a proof of the concept) 
and the simulation results.

8317-29, Session 6

Differential spectral power alteration 
following acupuncture at different designated 
places revealed by magnetoencephalography
Y. You, L. Bai, R. Dai, Institute of Automation (China); T. Xue, 
Xidian Univ. (China); C. Zhong, Z. Liu, H. Wang, Y. Feng, W. Wei, 
Institute of Automation (China); J. Tian, Institute of Automation 
(China) and Xidian Univ. (China)

As an ancient therapeutic technique in Traditional Chinese Medicine, 
acupuncture has been used increasingly in modern society to treat a 
range of clinical conditions as an alternative and complementary therapy. 
However, acupoint specificity, lying at the core of acupuncture, still 
faces many controversies. Considering previous neuroimaging studies 
on acupuncture have mainly employed functional magnetic resonance 
imaging, which only measures the secondary effect of neural activity 
on cerebral metabolism and hemodynamics, in the current study, 
we adopted an electrophysiological measurement technique named 
magnetoencephalography (MEG) to measure the direct neural activity. 
28 healthy college students were recruited in this study. We filtered 
MEG data into 5 consecutive frequency bands (delta, theta, alpha, beta 
and gamma band) and grouped 140 sensors into 10 main brain regions 
(left/right frontal, central, temporal, parietal and occipital regions). Fast 
Fourier Transformation (FFT) based spectral analysis approach was 
further performed to explore the differential band-limited power change 
patterns of acupuncture at Stomach Meridian 36 (ST36) using a nearby 
nonacupoint (NAP) as control condition. Significantly increased delta 
power and decreased alpha as well as beta power in bilateral frontal 
ROIs were observed following stimulation at ST36. Compared with ST36, 
decreased alpha power in left and right central, right parietal as well as 
right temporal ROIs were detected in NAP group. Our research results 
may provide additional evidence for acupoint specificity.

8317-30, Session 6

Low-frequency pathophysiological 
characteristics of pediatric epileptic cortex 
during the interictal period detected using a 
dual-wavelength imaging system
Y. Song, P. Chen, Florida International Univ. (United States); S. 
Bhatia, J. Ragheb, P. Jayakar, Miami Children’s Hospital (United 
States); W. Lin, Florida International Univ. (United States)

The success of a surgical intervention for intractable epilepsy hinges 
upon the accurate demarcation of epileptic cortex. Various non-invasive 
modalities - including MRI, CT and ECoG - have been used to detect and 
define epileptic cortex pre-operatively, but their accuracy is hampered 
by intraoperative brain shifting, electrical signal spreading, and limited 
sensitivity. In this pilot study, we explored the potential of using a diffuse 
reflectance imaging system to extract interictal pathophysiological 
characteristics of epileptic cortex in an intraoperative fashion. The 
imaging system was able to simultaneously measure diffuse reflectance 
signals at two distinct wavelengths (500 and 700 nm) from the entire 
exposed cortical surface. It was used to study three pediatric patients 
during their epilepsy surgery. Diffuse reflectance images, Rd(x,y,λ,t) 
at 500 nm and 700 nm, were acquired at a 5 Hz rate for at least 200 
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seconds. Post imaging analysis identify a unique local frequency 
oscillation (LFO), below 0.01 Hz, presented in Rd(x,y,500nm,t) and 
Rd(x,y,700nm,t). The spatial distribution of the LFO was identified by 
mapping the power densities of LFOs over the cortical surface. In all 
three patients studied, the location demonstrating strong LFO coincided 
with the epileptic cortex determined using ECoG. However, the size 
of the cortical surface exhibiting strong LFO was not always the same 
as the size of the epileptic cortex defined by ECoG. These preliminary 
results support the feasibility of using wavelength-dependent diffuse 
reflectance imaging to intra-operatively detect epileptic cortex.

8317-31, Session 6

Schizophrenia classification using fMRI-
based functional network features
I. Rish, G. A. Cecchi, IBM Thomas J. Watson Research Ctr. 
(United States); K. Heuton, Univ. of Minnesota, Twin Cities 
(United States)

It has been long recognized that, unlike some other brain disorders, 
schizophrenia appears to be delocalized, i.e. difficult to attribute to 
a dysfunction of just some particular brain areas, and may be better 
understood as a disruption of brain’s network properties. 

This paper focuses on discovering biomarkers (features) that are 
predictive of schizophrenia, with a particular focus on topological 
properties of fMRI functional networks. We build upon our previous work 
presented in Cecchi et al., where voxel degrees in a functional network 
were shown to be highly discriminative about schizophrenia, as opposed 
to voxel activations obtained via standard GLM model. Herein, we further 
investigate the discriminative power

of several functional network properties. Specifically, we consider 
the node (voxel) strength and clustering coefficient, as well as just 
pairwise correlations, or edge weights. While all three types of features 
demonstrate highly significant statistical differences in several brain 
areas, and close to 80% classification accuracy, the most remarkable 
results of 93% accuracy are achieved by using a small subset of only 
10-15 most-informative (lowest p-value) correlation features. Thus, voxel-
level correlations and functional network features derived from them 
allow for highly accurate schizophrenia classifiers.

8317-32, Session 6

Neural mechanism underlying 
autobiographical memory modulated by 
remoteness and emotion
R. Ge, Y. Fu, D. Wang, Y. Li, Z. Long, Beijing Normal Univ. (China)

Autobiographical memory is the ability to recollect past event from one’s 
own life. Both emotional tone and memory remoteness can influence 
autobiographical memory retrieval along the time axis of one’s life. 
Although numerous studies have been performed to investigate brain 
regions involved in retrieval process of autobiographical memory, the 
effect of emotional tone and memory age on autobiographical memory 
retrieval remains to be clarified. Moreover, whether the involvement of 
hippocampus in memory consolidation of autobiographical memory is 
time dependent or independent has been controversial. In this study, 
we investigated the effect of memory remoteness (factor1: recent and 
remote) and emotional valence (factor2: positive and negative) on neural 
correlates underlying autobiographical memory by using functional 
magnetic resonance imaging (fMRI) technique. Although all four 
conditions activated some common regions known as “core” regions 
in autobiographical memory retrieval, there are some other regions 
showing significantly different activation for recent versus remote and 
positive versus negative memories. In particular, we found that bilateral 
hippocampi were activated in the four conditions regardless of memory 
remoteness and emotional proneness. Thus, our study confirmed some 
findings of previous studies and provided further evidence to support the 
multi-trace theory which believes that the role of hippocampus involved 

in autobiographical memory retrieval is time-independent and permanent 
in memory consolidation.

8317-33, Session 6

Altered effective connectivity of default model 
brain network underlying amnestic MCI
H. Yan, Institute of Automation (China); Y. Wang, Shaanxi Normal 
Univ. (China); C. Zhong, J. Tian, Institute of Automation (China); 
Y. Liu, Peking Univ. (China)

Mild cognitive impairment (MCI) is the transitional, heterogeneous 
continuum from healthy elderly to Alzheimer’s disease (AD). Previous 
studies have shown that brain functional activity in the default mode 
network (DMN) is impaired in MCI patients. However, the altered effective 
connectivity of the DMN in MCI patients remains largely unknown. The 
present study combined an independent component analysis (ICA) 
approach with Granger causality analysis (mGCA) to investigate the 
effective connectivity within the DMN in 12 amnestic MCI patients 
and 12 age-matched healthy elderly. Compared to the healthy control, 
the MCI exhibited decreased functional activity in the posterior DMN 
regions, as well as a trend towards activity increases in anterior DMN 
regions. Results from mGCA further supported this conclusion that 
the causal influence projecting to the precuneus/PCC became much 
weaker in MCI, while stronger interregional interactions emerged within 
the frontal-parietal cortices. These findings suggested that abnormal 
effective connectivity within the DMN may elucidate the dysfunctional 
and compensatory processes in MCI brain networks.

8317-34, Session 7

An automated approach for single-cell 
tracking in epifluorescence microscopy 
applied to E . coli growth analysis on 
microfluidics biochips
C. Fetita, TELECOM & Management SudParis (France); B. Kirov, 
A. Jaramillo, Institute of Systems & Synthetic Biology (France); C. 
Lefevre, TELECOM & Management SudParis (France)

With the accumulation of knowledge for the intimate molecular 
mechanisms governing the processes inside the living cells in the 
later years, the ability to characterize the performance of elementary 
genetic circuits and parts at the single-cell level is becoming of crucial 
importance. Biological science is arriving to the point where it can 
develop hypothesis for the action of each molecule participating in 
the biochemical reactions and need proper techniques to test those 
hypothesis. Microfluidics is emerging as the technology that combined 
with high-magnification microscopy will allow for the long-term single-
cell level observation of bacterial physiology. In this study we design, 
build and characterize the gene dynamics of genetic circuits as one of 
the basic parts governing programmed cell behavior. We use E. coli as 
model organism and grow it in microfluidics chips, which we observe 
with epifluorescence microscopy. One of the most invaluable segments 
of this technology is the consequent image processing, since it allows for 
the automated analysis of vast amount of single-cell observation and the 
fast and easy derivation of conclusions based on that data. Specifically, 
we are interested in promoter activity as function of time. We expect it 
to be oscillatory and for that we use a GFP as a reporter in our genetic 
circuits. In this paper, an automated framework for single-cell tracking in 
phase-contrast microscopy is developed, combining 2D segmentation of 
cell time frames and graph-based reconstruction of their spatiotemporal 
evolution with fast tracking of the associated fluorescence signal. The 
results obtained on the investigated biological databases are presented 
and discussed.

Conference 8317: Biomedical Applications in  
Molecular, Structural, and Functional Imaging



TEL: +1 360 676 3290 · help@spie.org 169 

8317-35, Session 7

Using a large area CMOS APS for direct 
chemiluminescence detection in western 
blotting electrophoresis
M. Esposito, J. Newcombe, Univ. of Surrey (United Kingdom); T. 
Anaxagoras, N. M. Allinson, Univ. of Lincoln (United Kingdom); K. 
Wells, Univ. of Surrey (United Kingdom)

Western blotting electrophoretic sequencing is an analytical technique 
widely used in Functional Proteomics to detect, recognize and quantify 
specific labelled proteins in biological samples. A commonly used label 
for western blotting is Enhanced ChemiLuminescence (ECL) reagents 
based on fluorescent light emission of luminol at 425nm. Film emulsion 
is the conventional detection medium, but is characterized by non-linear 
response and limited dynamic range. Several western blotting digital 
imaging systems have being developed, mainly based on the use of 
cooled Charge Coupled Devices (CCDs) and single avalanche diodes. 
Even so these systems present key drawbacks, such as a low frame 
rate and require operation at low temperature. Direct optical detection 
using Complementary Metal Oxide Semiconductor (CMOS) Active 
Pixel Sensors (APS) could represent a suitable digital alternative for this 
application. In this paper the authors demonstrate the viability of direct 
chemiluminescent light detection in western blotting electrophoresis 
using a CMOS APS at room temperature. Furthermore, in recent years, 
improvements in fabrication techniques have made available reliable 
processes for very large imagers, which can be now scaled up to the 
wafer size allowing contact imaging of full size western blotting samples. 
We propose using a novel wafer scale APS (12.8 cmx12.8 cm), with an 
array architecture using two different pixel geometries that can deliver 
an inherently low noise and high dynamic range image at the same time 
representing a dramatic improvement with respect to the current western 
blotting imaging systems.

8317-36, Session 7

Detection of cancer metastasis using a novel 
macroscopic multispectral method
H. Akbari, H. Zhang, L. H. Halig, Z. Chen, B. Fei, Emory Univ. 
(United States)

The proposed macroscopic optical histopathology includes a broad 
band light source which is selected to illuminate the tissue slide glasses 
of suspicious pathology and a multispectral camera that captures all 
wavelength bands from 450 to 950 nm. The system has been trained to 
classify each normal or pathologic tissue slide based on predetermined 
pathology with light having a wavelength within a predetermined range 
of wavelengths. This technology is able to capture both the spatial 
and spectral data of tissue. Highly metastatic human head and neck 
cancer cells were transplanted to nude mice. After 2-3 weeks, the mice 
were euthanized and the lymph nodes and lung tissues were sent to 
pathology. The metastatic cancer is studied in lymph nodes and lungs. 
The pathological slides were imaged using the multispectral camera. The 
results of the proposed method were compared to the pathologic report. 
Using multispectral images, a library of spectral signatures for different 
tissues was created. The high-dimensional data were classified using a 
support vector machine (SVM). The spectra are extracted in cancerous 
and non-cancerous tissues in lymph nodes and lung tissues. The spectral 
dimension is used as the input of SVM. Twelve glasses are employed 
for training and evaluation. The leave-one-out cross-validation method 
is used in the study. The proposed method could detect the metastatic 
cancer in lung with 97.7% specificity and 92.6% sensitivity and lymph 
nodes metastasis with 98.3% specificity and 96.2% sensitivity. This 
method can help pathologists to evaluate many slides in a short time.

8317-37, Session 7

Activation detection in fNIRS by cross 
wavelet coherence
X. Zhang, Institute of Automation (China); H. Niu, Y. Song, Beijing 
Normal Univ. (China); Y. Fan, Institute of Automation (China)

Functional near infrared spectroscopy (fNIRS) is an optical technique 
measuring oxygenation and deoxygenation hemoglobin concentrations 
of brain cortex. It provides non-invasive measurements with higher 
temporal resolution than current alternative techniques. The high 
temporal resolution of fNIRS enables collecting abundant brain functional 
information. However, the information measured is correlated and mixed 
with a variety of physiological signals. Due to the mixture effect, brain 
activation detection is one of challenges in fNIRS functional information 
analysis. The frequently used methods, including general linear model 
and hemodynamics response function (HRF)-based deviation index, are 
limited by single scale analysis and the requirement of prior estimation 
of HRF, respectively. To achieve a better detection of activated brain 
area from the complicated information, the paper presents a multi-scale 
analysis method based on the cross wavelet coherence. It starts with the 
wavelet transform, which decomposes a signal into the time-frequency 
domain with multiple scales. The two-dimensional and multi-scale 
decomposition works well for separating varied physiological signals 
from functional signals. In the activation detection, the paradigm of an 
event-related experiment is used as a reference signal. The coherence 
of fNIRS signal of each channel is calculated to obtain a normalized 
cross wavelet power. Then the coherence power correlating with 
the experimental paradigm is summated to evaluate the activation 
level of each channel. Experiments on simulated and real data have 
demonstrated that the method is efficient for detecting activated area 
covered by the fNIRS probes.

8317-38, Session 7

Fast implementation for fluorescence 
tomography based on coordinate descent 
with limited measurements
Z. Xue, J. Tian, C. Qin, P. Wu, X. Yang, Institute of Automation 
(China)

Fluorescence molecular tomography (FMT) can three-dimensionally 
resolve molecular activities in small animal in vivo through reconstruction 
of fluorescent probe distributions. Due to large number of unknowns 
and limited measurements from the surfaces of small animals, the FMT 
problem is often ill-posed and ill-conditioned. Though various L2-norm 
regularizations can make the solution stable, they usually make the 
solution over-smoothed. In early stages of tumor detection, fluorescent 
sources that indicate the tumor distributions are usually small and 
sparse, which can be regarded as a kind of a priori information. L1-norm 
regularizations have been incorporated to promote the sparsity of optical 
tomography problems. In this paper, an efficient method with L1-norm 
regularization based on coordinate descent is proposed to solve the FMT 
problem with extremely limited measurements. The proposed method 
minimizes the objective by solving a sequence of scalar minimization 
subproblems in multi-variable minimization. Each subproblem improves 
the estimate of the solution via minimizing along a determined coordinate 
with all other coordinates fixed. This algorithm first updates the 
coordinate that makes the energy decrease the most. Non-existence of 
matrix-vector multiplication in the iteration process makes the proposed 
algorithm time-efficient. To evaluate this method, we compare it to the 
iterated-shrinkage-based algorithm with L1-norm regularization using 
numerical experiments. The proposed algorithm is able to get satisfactory 
reconstruction results even when the measurements are very limited. 
Besides, the proposed algorithm is about two orders of magnitude 
faster than the iterated-shrinkage-based algorithmm, which enables the 
proposed algorithm into practical applications.
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8317-39, Session 7

Tomographic bioluminescence imaging by an 
iteratively re-weighted minimization
P. Wu, K. Liu, Z. Xue, W. Guo, C. Qin, J. Tian, Institute of 
Automation (China)

Tomographic bioluminescence imaging (TBI), with visible light emission 
in living organisms, is an effective way of molecular imaging, which 
allows for the study of ongoing tumor biological processes in vivo 
and non-invasively. This newly developed technology enables three 
dimensional accuracy localization and quantitative analysis of the target 
tumor cells in small animal via reconstructing the images acquired by the 
high-resolution imaging system. Due to the difficulty of reconstruction, 
which is often referred to an inverse problem, continuous efforts are still 
made to find more practical and efficient approaches. In this paper, an 
iteratively re-weighted minimization (IRM) has been applied to reconstruct 
the entire source distribution, which is known as sparse signals, inside 
the target tissue with the limited flux density on its boundary. Instead 
of minimizing the simple l2 norm, a weight function is introduced into 
the objective function. The weight is updated in each iterative step 
to compute the optimal solution. This method is proved to be robust 
to different parameters with wide ranges, including the regularization 
parameter, lp norm (1≤p≤2), as well as the inevitable noise made by the 
imaging system and the surrounding environment. Mouse experiments 
are conducted to validate the feasibility of IRM approach, which is also 
reliable at whole-body imaging.

8317-40, Session 7

Simultaneous vibration and high-speed 
microscopy to study mechanotransduction in 
living cells
D. W. Holdsworth, H. N. Nikolov, J. Au, K. Beaucage, J. 
Kishimoto, S. J. Dixon, The Univ. of Western Ontario (Canada)

Cells exhibit the ability to sense and respond to local mechanical 
stimuli, leading to changes in function. This capability, referred to as 
mechanotransduction, is essential to normal tissue function, but the 
exact mechanisms by which cells sense local forces (strain, shear, 
compression and vibration) remain unclear. Recent studies in small 
animals and humans indicate that the frequency of cyclic mechanical 
stimuli is important, with physiological responses observed for stimuli 
ranging between 1 and 90 Hz. To better understand the cellular and 
molecular mechanisms underlying mechanotransduction, it will be 
important to observe cells in real time, using optical microscopy during 
high-frequency mechanical stimulation. We have developed a motion-
control platform that can produce sinusoidal vibration of live cells during 
simultaneous high-speed microscopy and fluorimetry, at frequencies up 
to 100 Hz with peak acceleration up to 9.8 m s-2. The platform is driven 
by a voice coil and acceleration is measured with an accelerometer 
(Dytran 7521A1). The motion waveform was verified by high-speed 
imaging, using a digital camera (Casio EX-F1) operating at 1200 frames 
s-1 attached to an inverted microscope (Nikon Diaphot). When operating 
at 45 Hz and 2.94 m s-2 peak acceleration, the observed motion 
waveform exhibited sinusoidal behaviour, with measured peak-to-peak 
amplitude of 72 μm. Cultured osteoblast-like cells (UMR-106) were 
subjected to 0.3 g vibration at 45 Hz and remained attached and viable. 
This device provides - for the first time - the capability to mechanically 
stimulate living cells while simultaneously observing responses with 
optical microscopy.

8317-41, Session 8

Application of anisotropic structure measures 
for the classification of micro-CT images of 
human trabecular bone
R. A. Monetti, Max-Planck-Institut für extraterrestrische Physik 
(Germany); J. S. Bauer, Technische Univ. München (Germany); 
I. N. Sidorenko, Max-Planck-Institut für extraterrestrische 
Physik (Germany); T. H. Baum, E. J. Rummeny, Technische 
Univ. München (Germany); M. Matsuura, Ludwig-Maximilians-
Univ. München (Germany); F. Eckstein, Paracelsus Medizinische 
Privatuniversität (Austria); E. Lochmueller, Ludwig-Maximilians-
Univ. München (Germany); P. K. Zysset, Technische Univ. Wien 
(Austria); C. W. Raeth, Max-Planck-Institut für extraterrestrische 
Physik (Germany)

We analyse micro-CT tomographic images of human trabecular bone 
in vitro. We consider a sample consisting of 201 bone specimens 
harvested from six different skeletal sites with bone fraction in the range 
[0.04,0.075].

Using the local characterization of the bone trabecular network given 
by isotropic and anisotropic scaling indices, we apply classification 
algorithms in order to reveal structural similarities in the sample. The 
classification procedures based on isotropic and anisotropic scaling 
indices lead to different clustering solutions. This comparison help 
revealing interesting site specific structural features connected to the 
intrinsic anisotropy of the trabecular network.

8317-42, Session 8

Exploring relationships between 
fractal dimension and trabecular bone 
characteristics
J. V. Guédon, Univ. de Nantes (France); P. Bléry, Y. Amouriq, J. 
Bouler, P. Weiss, Ctr. Hospitalier Univ. de Nantes (France)

Bone microarchitecture is the predictor of bone quality or bone disease. 
It can only be measured on a bone biopsy, which is invasive and not 
available for all clinical situations. Texture analysis on radiographs is a 
common way to investigate bone microarchitecture. But relationships 
between three-dimension histomorphometric parameters and two-
dimension texture parameters are not always well known, with poor 
results. 

The aim of this paper is twofold : to study one classical parameter 
namely the fractal dimension which is easily computed on the 2D binary 
texture and to explore its relationships with the microarchitecture. 

We performed several experiments in order to check from ground truth 
the different possible values and their possible explanations. The results 
show great variations of the fractal dimension according to the size of the 
window and its location.

These variations can be explained by the number of trabecular and 
their characteristics inside the window where the fractal dimension is 
computed. This study also shows a specific interest to work with dual 
fractal dimension of the bone-spongious tissues. This dual information 
associated with several radiographic images can give a global idea of the 
number of trabecular segments and their thickness and constitutes a new 
histomorphometric parameter.
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8317-43, Session 8

Similarities and differences in the mass-
structure scaling relations of the trabecular 
bone taken from different locations in the 
femur
C. W. Raeth, Max-Planck-Institut für extraterrestrische Physik 
(Germany); T. H. Baum, Technische Univ. München (Germany); 
I. N. Sidorenko, R. A. Monetti, Max-Planck-Institut für 
extraterrestrische Physik (Germany); F. Eckstein, Paracelsus 
Medizinische Privatuniversität (Austria); M. Matsuura, E. 
Lochmueller, Ludwig-Maximilians-Univ. München (Germany); 
P. K. Zysset, Technische Univ. Wien (Austria); J. S. Bauer, 
Technische Univ. München (Germany)

According to Wolff’s law bone remodels in response to the mechanical 
stresses it experiences so as to produce a minimal-weight structure that 
is adapted to its applied stresses. Consequently, the inner bone structure 
should show signs of adaptation to external forces acting on the bone. 
To test this paradigm, we investigate the relations between bone volume 
and structure for the trabecular bone using 3D μCT images taken from 
two different sites in the femur in vitro, namely from the femoral neck (88 
specimens) and femoral trochanter (126 specimens). We determine the 
local structure of the trabecular network as well as its alignment with the 
direction of the external force acting on the bone by calculating isotropic 
(α) and anisotropic scaling indices (αz). Comparing global structure 
measures derived from the scaling indices (mean, variance) with the 
bone mass (BV/TV) we find that all correlations obey very accurately 
power laws with scaling exponents of 0.48 and 0.45 ( ), -1.45 and -1.59 
(var(α)), 0.50 and 0.44 ( ) and -1,47 and -1.32 (var(αz)). Thus, the relations 
for the isotropic scaling indices turn out to be site-independent, albeit 
the mechanical stress to which the femoral neck is exposed is much 
larger than that for the trochanter. We find, however, differences in the 
degree of alignment of the trabeculae as reflected by the moments of the 
distribution of the anisotropic scaling indices. In summary, the mass-
structure scaling relations of the bone probes taken from the two different 
sites of the femur show surprisingly small variations.

8317-44, Session 8

Microarchitecture of irradiated bone: 
comparison with healthy bone
P. Bléry, Y. Amouriq, Ctr. Hospitalier Univ. de Nantes (France); 
A. Arlicot, N. Normand, Univ. de Nantes (France); O. Malard, P. 
Weiss, Ctr. Hospitalier Univ. de Nantes (France); J. V. Guédon, 
Univ. de Nantes (France)

The squamous cell carcinomas of the upper aero-digestive tract 
represent about ten percent of cancers and the external radiation therapy 
leads to esthetic and functional consequences, and to a decrease of 
the bone mechanical abilities. For these patients, the oral prosthetic 
rehabilitation, including possibilities of dental implant placement, 
is difficult. The effects of radiotherapy on bone microarchitecture 
parameters are not well known. Thus, the purpose of this study is to 
assess the effects of external radiation on bone micro architecture in an 
experimental model of 25 rats using micro CT. 15 rats were irradiated 
on the hind limbs by a single dose of 20 grays, and 10 rats were non 
irradiated. Images of irradiated and healthy bone were compared. Bone 
microarchitecture parameters (including trabecular thickness, trabecular 
number, trabecular separation, connectivity density and tissue and bone 
volume) between irradiated and non-irradiated bones were calculated 
and compared using a Mann and Whitney test. After 7 and 12 weeks, 
images of irradiated and healthy bone are different. Differences on 
the irradiated and the healthy bone populations exhibit a statistical 
significance. Trabecular number, connectivity density and closed 
porosity are less important on irradiated bone. Trabecular thickness and 
separation increase for irradiated bone. These parameters indicate a 

decrease of irradiated bone properties. Finally, the external irradiation 
induces changes on the bone micro architecture. This knowledge is 
of prime importance for better oral prosthetic rehabilitation, including 
implant placement.

8317-45, Session 8

Fracture risk assessment: improved 
evaluation of vertebral integrity among 
metastatic cancer patients to aid in surgical 
decision-making through the use of an 
interactive clinical application .
K. E. Augustine, J. J. Camp, D. R. Holmes III, L. Lu, M. J. 
Yaszemski, P. M. Huddleston, R. A. Robb, Mayo Clinic (United 
States)

At least one million new cases of cancer are diagnosed each year in 
the United States. Skeletal metastases occur in 50-85% of cancer 
patients, most commonly in the spine. Failure of the spine’s structural 
integrity from metastatic disease can lead to both pain and neurologic 
deficit. Fractures that require treatment occur in over 30% of bony 
metastases. Our objective is to use quantitative computed tomography 
(QCT) in conjunction with analytic techniques that have been previously 
developed in collaboration with Harvard Combined Orthopedic Program 
Biomechanics Laboratory (HCOPBL) to predict fracture risk in cancer 
patients with metastatic disease to the spine. Current clinical practice 
for cancer patients with spine metastasis often requires an empirical 
decision regarding spinal reconstructive surgery. Early image-based 
software systems used for QCT analysis are time consuming and poorly 
suited for clinical application. The Biomedical Image Resource (BIR) 
at Mayo Clinic, Rochester has developed an image analysis computer 
program that calculates the residual load-bearing capacity in a vertebra 
with metastatic cancer from QCT scans. The Spine Cancer Assessment 
(SCA) program is built on a platform designed for clinical practice, with 
a workflow based format that allows for rapid selection of patient CT 
exams, followed by guided image analysis tasks, resulting in a fracture 
risk report. The analysis features allow the surgeon to quickly isolate a 
single vertebra and obtain an immediate pre-surgical multiple parallel 
section composite beam fracture risk analysis based on algorithms 
developed with HCOPBL. The analysis software is complete and ongoing 
validation studies are underway. We expect this approach will facilitate 
patient management and utilization of reliable guidelines for selecting 
among various treatment option based on fracture risk.

8317-46, Session 9

Hyperpolarized-gas MRI of the lung: Can 
research potential translate to clinical 
application?
J. P. Mugler III, Univ. of Virginia (United States)

The exceptionally-high magnetic-resonance signal provided by 
hyperpolarized noble gases, such as helium-3 and xenon-129, permits 
direct, high-resolution MRI of the airspaces of the lung. Combining this 
high signal with the inherent flexibility of MRI has resulted in an arsenal 
of techniques that offer a wealth of regional information on the functional 
status and structure of the healthy and diseased lung. No other medical-
imaging modality can provide comparable information about the lung, 
which is of particular relevance considering the growing need to address 
the global impact of pulmonary diseases, such as asthma and chronic 
obstructive pulmonary disease, on health and quality of life.

Despite this impressive and unique potential, which has been amply 
demonstrated through a wide-range of research studies in animals and 
humans, hyperpolarized-gas MRI has yet to translate to a clinical imaging 
tool. Although an outside observer of the field may conclude that lack 
of translation means lack of sufficient added-value to the evaluation of 
pulmonary diseases, the true reason is rooted in practical and technical 
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issues, not ultimate potential. On the practical side, commercial and 
patent issues have blocked widespread dissemination of hyperpolarized-
gas technology since the late 1990s. On the technical side, improved 
image-analysis approaches are needed to distill imaging results into 
robust metrics for diagnostic or therapeutic decision making. Recent 
developments on both the commercial and technical fronts provide 
optimism that it will soon be possible to move hyperpolarized-gas MRI of 
the lung beyond a handful of academic centers, allowing the true value 
of this exciting technology for the treatment and monitoring of pulmonary 
diseases to be assessed.

8317-47, Session 9

Two and three-dimensional segmentation 
of hyperpolarized 3He magnetic resonance 
functional imaging
M. Heydarian, M. Kirby, A. Wheatley, A. Fenster, G. Parraga, 
Robarts Research Institute (Canada)

A semi-automated method for generating hyperpolarized helium-3 (3He) 
ventilation measurements was developed. 3He MRI functional images 
were segmented using two-dimensional (2D) and three-dimensional 
(3D) hierarchical K-means clustering of the 3He MRI signal in addition 
to a seeded region-growing algorithm for segmentation of the 1H MRI 
thoracic cavity volume. 3He MRI pulmonary function measurements 
were generated following two-dimensional landmark-based non-rigid 
registration of 3He and 1H pulmonary images. We applied this method 
to MRI of healthy subjects and subjects with chronic obstructive 
lung disease (COPD). The results of semi-automated segmentation 
were compared to manual expert observer segmentation using linear 
regression, Pearson correlations and the Dice similarity coefficient. 2D 
automated/semi-automated segmentation of ventilation volume (VV)/
ventilation defect volume (VDV) measurements correlated strongly and 
significantly with manual measurements (VV: r=0.98, p<.0001; VDV: 
r=0.97, p<.0001), and mean Dice coefficients were greater than 92% for 
all subjects. 3D automated segmentation of VV correlated strongly and 
significantly with manual measurements (r=0.98, p<.0001), and mean 
Dice coefficients were greater than 91% for all subjects. The proposed 
semi-automated method provides a way to generate novel pulmonary 
function measurements from hyperpolarized 3He and 129Xe MRI that 
allows for translation of this imaging method to 2D and 3D image 
acquisition schemes.

8317-48, Session 9

4D segmentation and normalization of 3He 
MR images for intra-subject assessment of 
ventilated lung volumes
B. Contrella, N. J. Tustison, T. A. Altes, Univ. of Virginia (United 
States); B. B. Avants, Univ. of Pennsylvania (United States); J. P. 
Mugler III, E. E. de Lange, Univ. of Virginia (United States)

Although 3He MRI permits compelling visualization of the pulmonary air 
spaces, quantitation of absolute ventilation is difficult due to confounds 
such as field inhomogeneity and relative intensity differences between 
image acquisition---the latter complicating longitudinal investigations 
of ventilation variation with respiratory alterations. To address these 
potential difficulties, we present a 4-D segmentation and normalization 
approach for intra-subject quantitative analysis of lung hyperpolarized 
3He MRI. After normalization, which combines bias correction and 
relative intensity scaling between longitudinal data, partitioning of the 
lung volume time series is performed by iterating between modeling 
of the combined intensity histogram as a Gaussian mixture model 
and modulating the spatial heterogeneity tissue class assignments 
through Markov random field modeling. Evaluation of the algorithm was 
retrospectively applied to a cohort of 10 asthmatics between 19-25 years 
old in which spirometry and 3He MR ventilation images were acquired 
both before and after respiratory exacerbation by a bronchoconstricting 

agent (methacholine). Acquisition was repeated under the same 
conditions from 7 to 467 (mean ± standard deviation: 185 ± 37.2) days 
later. Several techniques were evaluated for matching intensities between 
the pre and post-methacholine images with the 95th percentile value 
histogram matching demonstrating superior correlations with spirometry 
measures. Subsequent analysis evaluated segmentation parameters 
for assessing ventilation change in this cohort. Current findings 
support previous research that areas of poor ventilation in response to 
bronchoconstriction are relatively consistent over time.

8317-49, Session 9

Correlation of measures of regional lung 
ventilation from 4DCT versus hyperpolarized 
helium-3 MR
K. Ding, Univ. of Virginia (United States); K. Cao, The Univ. of 
Iowa (United States); W. Miller, Univ. of Virginia (United States); 
G. E. Christensen, J. M. Reinhardt, The Univ. of Iowa (United 
States); S. Benedict, B. Libby, Univ. of Virginia (United States); K. 
Sheng, Univ. of California, Los Angeles (United States)

Radiation induced pulmonary diseases can change the tissue material 
properties of lung parenchyma and the mechanics of the respiratory 
system. Recent advances in multi-detector-row CT (MDCT), 4DCT 
respiratory gating methods, and image processing techniques enable 
us to follow and measure those changes noninvasively during radiation 
therapy at a regional level. This study compares the 4DCT based 
ventilation measurement with the results from hyperpolarized helium-3 
MR using the cumulative distribution function maps and the relative 
overlap (RO) statistic. We show that the similarity between the two 
measurements increases as the increase of the B-Spline grid spacing 
and Laplacian weighting which result a smoother ventilation map. The 
best similarity is found with weighting of 0.5 for linear elasticity and 
B-Spline grid spacing of 32 mm. Future work is to improve the lung 
image registration algorithm by incorporating hyperpolarized helium-3 
MR information so as to improve its physiological modeling of the lung 
tissue deformation.

8317-50, Session 10

A 3D optical flow technique based on 
mass conservation for deformable motion 
estimation from 4D CT images of the lung
M. Negahdar, A. A. Amini, Univ. of Louisville (United States)

The accuracy of optical flow estimation algorithms has been improving 
steadily by refining the objective function which should be optimized. A 
novel energy function for computing optical flow from volumetric X-ray 
CT images is presented. One advantage of the optical flow framework is 
the possibility to enforce physical constraints on the numerical solutions. 
The physical constraints which have been included here are: brightness 
constancy, gradient constancy, continuity equation based on mass 
conservation, and discontinuity-preserving spatio-temporal smoothness. 
The method has been evaluated on POPI-model and the evaluation 
demonstrates that the method results in significantly better accuracy 
than previous optical flow techniques for estimation of deformable lung 
motion.

8317-51, Session 10

An automated landmark-based elastic 
registration technique for large deformation 
recovery from 4D CT lung image
M. Negahdar, A. Zacarias, N. Dunlap, S. Y. Woo, A. A. Amini, 
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Univ. of Louisville (United States)

The treatment plan evaluation for lung cancer patients involves pre-
treatment and post-treatment volume CT images of the lung. However, 
the tumor volume and treated lung may respond to treatment during 
the course of treatment. In order to register the pre-treatment volume to 
post-treatment volume, there is a need to find robust and homologous 
features which are not affected by the radiation treatment along with 
a smooth deformation field. Since airways are well-distributed in the 
entire lung, in this paper, we propose use of airway tree bifurcations for 
registration of the pre-treatment volume to the post-treatment volume. 
A dedicated and automated algorithm has been developed that finds 
corresponding airway bifurcations in both images. To derive the 3-D 
deformation field, a B-spline transformation model guided by mutual 
information similarity metric was used to guarantee the smoothness of 
the transformation while combining global information from bifurcation 
points. Therefore, the approach combines both global statistical intensity 
information with local image feature information. Since during normal 
breathing, the lung undergoes large nonlinear deformations, it is expected 
that the proposed method would also be applicable to large deformation 
registration between maximum inhale and maximum exhale images in 
the same subject. The method has been evaluated by registering 3-D CT 
volumes at maximum exhale data to all the other temporal volumes in the 
POPI-model data.

8317-52, Session 10

Estimation of lung lobar sliding using image 
registration
R. Amelon, K. Cao, J. M. Reinhardt, G. E. Christensen, M. L. 
Raghavan, The Univ. of Iowa (United States)

MOTIVATION: The lobes of the lungs slide relative to each other during 
breathing. Quantifying lobar sliding can aid in better understanding lung 
function, better modeling of lung dynamics, and a better understanding 
of the limits of image registration performance near fissures. We have 
developed a method to estimate lobar sliding in the lung from image 
registration of CT scans.

METHODS: Six human lungs were analyzed using CT scans spanning 
functional residual capacity (FRC) to total lung capacity (TLC). The lung 
lobes were segmented and registered on a lobe-by-lobe basis. The 
displacement fields from the independent lobe registrations were then 
combined into a single image. This technique allows for displacement 
discontinuity at lobar boundaries. The displacement field was then 
analyzed as a continuum by forming finite elements from the voxel 
grid of the FRC image. Elements at a discontinuity will appear to have 
undergone significantly elevated ‘shear stretch’ compared to those within 
the parenchyma. Shear stretch is shown to be a good measure of sliding 
magnitude in this context.

RESULTS: The sliding map clearly delineated the fissures of the lung. 
The fissure between the right upper and right lower lobes showed the 
greatest sliding in all subjects while the fissure between the right upper 
and right middle lobe showed the least sliding. Sliding magnitude 
positively correlated with distance from the carina. In addition, the sliding 
metric clearly illustrates the level to which whole lung registrations 
suppress lobe sliding.

8317-53, Session 10

Lung imaging in rodents using dual energy 
micro-CT
C. T. Badea, X. Guo, D. P. Clark, S. M. Johnston, Duke Univ. 
Medical Ctr. (United States); C. Marshall, C. A. Piantadosi, Duke 
Univ. (United States)

Dual energy CT imaging is expected to play a major role in the diagnostic 
arena as it provides material decomposition on an elemental basis. The 
purpose of this work is to investigate the use of dual energy micro-CT 

for the estimation of vascular, tissue and air fractions in rat lungs using 
a post-reconstruction three material decomposition method. We have 
tested our method using both simulation and experimental work. Using 
simulations, we have estimated the accuracy limits of the decomposition 
for realistic micro-CT noise levels. We have next performed experiments 
involving ex vivo lung imaging in which intact lungs were carefully 
removed from the thorax, were injected with an iodine based contrast 
agent and inflated with air at different volume levels. Finally, we 
performed in vivo imaging studies in (n=5) C57BL/6 mice using fast 
prospective respiratory gating in end-inspiration and end-expiration for 
three different levels of positive end expiratory pressure (PEEP). Prior to 
imaging, mice were injected with a liposomal blood pool contrast agent. 
The mean accuracy values were for Air (95.5%), Blood (96%) and Tissue 
(92.4%). The absolute accuracy in determining all fraction materials 
was 94.6%. The minimum difference that we could detect in material 
fractions was 15%. As expected, an increase in PEEP levels for the living 
mouse resulted in statistically significant increases in air fractions at end-
expiration but no significant changes in end-inspiration. Our method has 
applicability in preclinical pulmonary studies where various physiological 
changes can occur as a result of genetic changes, lung disease or drug 
exposure.

8317-54, Session 10

Computer-assisted diagnostic tool to quantify 
the pulmonary veins in sickle cell associated 
pulmonary hypertension
G. H. Jajamovich, V. Pamulapati, S. Alam, A. Mehari, G. J. Kato, 
B. J. Wood, M. G. Linguraru, National Institutes of Health (United 
States)

Pulmonary hypertension is a common cause of death among patients 
with sickle cell disease. This study investigates the use of pulmonary vein 
analysis to assist the diagnosis of pulmonary hypertension non-invasively 
with CT-Angiography images. Ten CT-Angiography datasets from patients 
with pulmonary hypertension were matched with ten negative controls. 
The characterization of the pulmonary veins from CT presents two main 
challenges. Firstly, the number of pulmonary veins is unknown a priori as 
patients present many different patterns of pulmonary venous drainage. 
Secondly, the contrast material is degraded when reaching the pulmonary 
veins, making the edges of these vessels to appear faint. Each image is 
first denoised using anisotropic diffusion. Then, given two seed points, 
a fast marching approach is used to segment the left heart atrium and 
pulmonary veins. Afterward, a geodesic active contour is employed to 
isolate the left atrium by penalizing high curvature regions and therefore, 
smoothing out the pulmonary veins. A thinning technique is then used 
to extract the skeleton of the atrium and the veins. The locations of the 
pulmonary veins ostia are determined by the intersection of the skeleton 
and the contour of the atrium. The diameters of the pulmonary veins are 
measured in each vein at fixed distances of 0, 5, 10 and 15 mm from the 
corresponding ostium, and for each distance, the sum of the diameters of 
all the veins is computed. These indicators are shown to be significantly 
larger in sickle-cell patients with pulmonary hypertension as compared to 
controls (p-values < 0.01).

8317-55, Session 11

Stepwise heterogeneity analysis of breast 
tumors in perfusion DCE-MRI datasets
M. Mohajer, Helmholtz Zentrum München GmbH (Germany); V. 
J. Schmid, Ludwig-Maximilians-Univ. München (Germany); N. 
Engels, P. B. Noel, E. J. Rummeny, Technische Univ. München 
(Germany); K. Englmeier, Helmholtz Zentrum München GmbH 
(Germany)

The signal curves in perfusion dynamic contrast enhanced MRI (DCE-
MRI) of cancerous breast tissue reveal valuable information about tumor 

Conference 8317: Biomedical Applications in  
Molecular, Structural, and Functional Imaging



174 SPIE Medical Imaging 2012 · spie.org/mi

angiogenesis. Pathological studies have illustrated that breast tumors 
consist of different sub-regions, especially with more homogeneous 
properties during their growth. Differences should be identifiable in DCE-
MRI signal curves if the characteristics of these sub-regions are related 
to the perfusion and angiogenesis. We introduce a stepwise clustering 
method which in a first step uses a new similarity measure. The new 
similarity measure (SM) compares how parallel washout phases of two 
curves are. To distinguish the starting point of the washout phase, a 
linear regression method is partially fitted to the curves. In the next step, 
the minimum signal value of the washout phase is normalized to zero. 
Finally, SM is calculated according to maximal variation among the point 
wise differences during washout phases. In the second step of clustering 
the groups of signal curves with parallel washout are clustered using 
Euclidian distance. The introduced method is evaluated on 15 DCE-MRI 
breast datasets with different types of breast tumors. For evaluation 
purposes, we compared SM similarity measure with three widely used 
similarity measures: Euclidean distance, correlation coefficient and cosine 
measure. The evaluation shows a significantly improved performance of 
our new similarity measure compared to the widely used measurements. 
The use of our new heterogeneity analysis is feasible in a single patient 
examination and improves breast MR diagnostics.

8317-56, Session 11

Three-dimensional microwave imaging with 
incorporated prior structural information
A. H. Golnabi, P. M. Meaney, N. R. Espstein, K. D. Paulsen, 
Thayer School of Engineering at Dartmouth (United States)

Microwave imaging for biomedical applications, especially for early 
detection of breast cancer and effective treatment monitoring, has 
attracted increasing interest in last several decades. This fact is due to 
the high contrast between the dielectric properties of the normal and 
malignant breast tissues at microwave frequencies ranging from high 
megahertz to low gigahertz. The available range of dielectric properties 
for different soft tissue can provide important functional information about 
tissue health. Nonetheless, one of the limiting weaknesses of microwave 
imaging is that unlike conventional modalities such as X-ray CT or MRI, 
it inherently cannot provide high-resolution images. The conventional 
modalities can produce highly resolved anatomical information but 
often cannot provide the functional information required for diagnoses. 
Previously, we have developed a soft-prior regularization strategy that 
can incorporate prior anatomical information from MR or other sources 
and use it in a way to refine the resolution of the microwave images, while 
also retaining the functional nature of the reconstructed property values. 
In the present work, we extend the use of prior structural information 
from two-dimensional (2D) to three-dimensional (3D) microwave imaging. 
This extra dimension adds a significant layer of complexity to the entire 
image reconstruction procedure. In this paper, several challenges with 
respect to the 3D microwave imaging will be discussed in details, and the 
results of a series of 3D simulation and phantom experiments with prior 
structural information will be studied.

8317-57, Session 11

Magnetic resonance guided optical 
spectroscopy imaging of human breast 
cancer using a combined frequency domain 
and continuous wave approach
M. A. Mastanduno, S. C. Davis, S. Jiang, Thayer School of 
Engineering at Dartmouth (United States); R. M. diFlorio-
Alexander, Dartmouth Hitchcock Medical Ctr. (United States); 
B. W. Pogue, K. D. Paulsen, Thayer School of Engineering at 
Dartmouth (United States)

Dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) 
is used to image high-risk patients for breast cancer because of its 

higher sensitivity to tumors (approaching 100%) than traditional x-ray 
mammography. We focus on Near Infrared Spectroscopy (NIRS) as an 
emerging functional and molecular imaging technique that non-invasively 
quantifies optical properties of total hemoglobin, oxygen saturation, water 
content, scattering, and lipid concentration to increase the relatively 
low specificity of DCE-MRI. Our optical imaging system combines six 
frequency domain wavelengths, measured using PMT detectors with 
three continuous wave wavelengths measured using CCD/spectrometers. 
We present methods on combining the synergistic attributes of DCE-
MR and NIRS for in-vivo imaging of breast cancer in three dimensions 
using a custom optical MR breast coil and diffusion based light modeling 
software, NIRFAST. We present results from phantom studies, healthy 
subjects, and breast cancer patients. Preliminary results show contrast 
recovery within 10% in phantoms and spatial resolution less than 5mm. 
Images from healthy subjects were recovered with properties similar 
to literature values and previous studies. Patient images have shown 
elevated total hemoglobin values and water fraction, agreeing with 
histology and previous results. The additional information gained from 
NIRS may improve the ability to distinguish between malignant and 
benign lesions during MR imaging. These dual modality instruments will 
provide complex anatomical and molecular prognostic information, and 
may decrease the number of biopsies, thereby improving patient care.

8317-58, Session 11

Development and proof-of-concept of three-
dimensional histology lung volumes
L. Mathew, M. Alabousi, A. Wheatley, M. Heydarian, U. Aladl, 
Robarts Research Institute (Canada); D. Slipetz, Merck Research 
Labs. (United States); J. C. Hogg, James Hogg Research Ctr. 
(Canada); A. Fenster, G. Parraga, Robarts Research Institute 
(Canada)

Most medical imaging is inherently three-dimensional (3D) but for 
validation of pathological findings, histopathology is commonly used 
and typically histopathology images are acquired as two-dimensional 
(2D) slices with quantitative analysis performed in a single dimension. 
Histopathology is invasive, labour-intensive, and the analysis cannot 
be performed in real time, yet it remains the gold standard for the 
pathological validation of disease. A major goal is to improve medical 
imaging resolution, sensitivity and specificity to better guide therapy 
and biopsy and to one day delay or replace biopsy. A key limitation 
however is the lack of tools to directly compare 3D macroscopic imaging 
acquired in patients with histopathology findings. To directly address this, 
we developed methods for 2D histology slice visualization/registration 
to generate 3D volumes and quantified tissue components in the 3D 
volume. We used the elastase-instilled mouse emphysema lung model 
to evaluate our methods with murine lungs sectioned (5 μm thickness/10 
μm gap) and digitized with 2μm in-plane resolution. 3D volumes were 
generated for wildtype and elastase mouse lung sections after semi-
automated registration of all tissue slices. The 1D mean linear intercept 
(Lm) for wildtype (47.1 μm ± 9.8 μm) and elastase mouse lung (64.5 
μm ± 14.0 μm) was significantly different (p<.001). We also generated 
3D measurements based on tissue and airspace, all of were highly 
significantly different (p<.0001) between elastase and WT mouse lung; 
the ratio of the airspace-to-lung volume also significantly and strongly 
correlated with Lm.

8317-59, Poster Session

Object category classification of fMRI data 
using support vector machine combined with 
deactivation voxel selection
C. Yan, S. Song, Y. Li, X. Guo, Beijing Normal Univ. (China)

Support Vector Machine (SVM) is an accurate pattern recognition method 
which has been widely used in functional MRI (fMRI) data classification. 
Voxel selection is a very important part in classification. In general, voxel 
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selection is based on brain regions associated with activation caused 
by different experiment conditions or stimulations. However, negative 
blood oxygenation level-dependent responses (deactivation) which have 
also been found in humans or animals contribute to the classification 
of different cognitive tasks. Different from traditional studies which 
focused merely on the activation voxel selection methods, our aim is to 
investigate the deactivation voxel selection methods in the classification 
of fMRI data using SVM. In this study, three different voxel selection 
methods (deactivation, activation, the combination of deactivation and 
activation) are applied to decide which voxel is included in SVM classifier 
with linear kernel in classifying 4-category objects on fMRI data. The 
average accuracies of deactivation classification were 73.36%(house 
vs. face), 60.34%(house vs. car), 60.94%(house vs. cat), 71.43%(face 
vs. car), 63.17%(face vs. cat) and 61.61%(car vs. cat). The classification 
results of deactivation were significantly above the chance level which 
implies the deactivation is informative. The accuracies of combination 
of activation and deactivation method were close to that of activation 
method, and it was even better for some representative subjects. These 
results suggest deactivation provides useful information in the object 
category classification on fMRI data and the method of voxel selection 
based on both activation and deactivation will be a significant method in 
classification in the future.

8317-60, Poster Session

Dysfunctional whole brain networks in mild 
cognitive impairment patients: an fMRI study
Z. Liu, L. Bai, R. Dai, C. Zhong, W. Wei, Institute of Automation 
(China); X. Ting, Xidian Univ. (China); Y. You, J. Tian, Institute of 
Automation (China)

Mild cognitive impairment (MCI) was recognized as the prodromal 
stage of Alzheimer’s disease (AD). Recent researches have shown that 
cognitive and memory decline in AD patients is coupled with losses 
of small-world attributes. However, few studies pay attention to the 
characteristics of the whole brain networks in MCI patients. In the 
present study, we investigated the topological properties of the whole 
brain networks utilizing graph theoretical approaches in 16 MCI patients, 
compared with 18 age-matched healthy subjects as a control. Both 
MCI patients and normal controls showed small-world architectures, 
with large clustering coefficients and short characteristic path lengths. 
We detected significantly longer characteristic path length in MCI 
patients compared with normal controls at the low sparsity. The longer 
characteristic path lengths in MCI indicated disrupted information 
processing among distant brain regions. Compared with normal controls, 
MCI patients showed decreased nodal centrality in the brain areas of the 
angular gyrus, heschl gyrus, hippocampus and superior parietal gyrus, 
while increased nodal centrality in the calcarine, inferior occipital gyrus 
and superior frontal gyrus. These changes in nodal centrality suggested 
a widespread rewiring in MCI patients, which may be an integrated 
reflection of reorganization of the brain networks accompanied with the 
cognitive decline. Our findings may be helpful for further understanding 
the pathological mechanisms of MCI.

8317-61, Poster Session

Comparison between subjects with long- and 
short-allele carriers in the BOLD signal within 
amygdala during emotional tasks
S. M. Hadi, M. R. Siadat, Oakland Univ. (United States); A. 
Babajani-Feremi, Henry Ford Hospital (United States); B. Oakley, 
Oakland Univ. (United States)

Emotional tasks may result in strong blood oxygen level - dependent 
(BOLD) signal in the left amygdala in subjects with short-allele carriers. 
Given the evidence that reduced Anterior Cingulate Cortex (ACC) 
-amygdala connectivity in subjects with short-allele carriers provides a 
potential mechanistic account for the observed increase in amygdala 

activity. Also, serotonin is an inhibitory neurotransmitter. In our study, 
fearful and threatening facial expressions were presented to two groups 
of 12 subjects with long- and short-allele carriers. The BOLD signals of 
left amygdala of each group were averaged to increase signal-to-noise 
ratio. Bayesian method is used to estimate the system parameters to 
elucidate the complexity of the underlying hemodynamic mechanism. 
Our results showed subjects with short-allele carriers have stronger 
neuronal responses in the left amygdala compared to those with long-
allele carriers. Also, they showed subjects with short-allele carriers 
have positive BOLD signal as opposed to subjects with long-allele 
carriers. This is due to higher concentration of serotonin in ACC of 
subjects with long-allele carriers and hence a strong negative feedback 
from Rostral Subgenual Portion of the ACC (rACC) back to amygdala. 
Effective connectivity would be our future work to further investigate the 
connectivity between amygdala and anterior cingulate cortex.

8317-62, Poster Session

Comparison of TTP and Tmax estimation 
techniques in perfusion-weighted MR 
datasets for tissue-at-risk definition
N. D. Forkert, P. Kaesemann, J. Fiehler, G. Thomalla, Univ. 
Medical Ctr. Hamburg-Eppendorf (Germany)

Acute stroke is a major cause for death and disability among adults 
in the western hemisphere. Time-resolved perfusion-weighted (PWI) 
and diffusion-weighted (DWI) MR datasets are typically used for the 
estimation of tissue-at-risk, which is an important variable for acute 
stroke therapy decision-making. Although several parameters, which 
can be estimated based on PWI concentration curves, have been 
proposed for tissue-at-risk definition in the past, the time-to-peak (TTP) 
or time-to-max (Tmax) parameters are used most frequently in recent 
trials. Unfortunately, there is no clear consensus which method should be 
used for estimation of Tmax or TTP maps. Consequently, tissue-at-risk 
estimations and following treatment decision might vary considerably 
with the method used. In this work, 5 PWI datasets of acute stroke 
patients were used to calculate TTP or Tmax maps using 10 different 
methods. The resulting maps were segmented using a typical threshold 
of +4s and the corresponding PWI-lesions were calculated. The first 
results suggest that the TTP or Tmax method used has a major impact on 
the resulting tissue-at-risk volume. Numerically, the calculated volumes 
differed up to a factor of 3. In general, the deconvolution-based Tmax 
techniques estimate the ischemic penumbra rather smaller compared to 
direct TTP based techniques. In conclusion, the comparison of different 
methods for TTP or Tmax estimation revealed high variations regarding 
the resulting tissue-at-risk volume, which might lead to different therapy 
decisions. Therefore, a consensus how TTP or Tmax maps should be 
calculated seems necessary.

8317-63, Poster Session

Quantitative evaluation of phase processing 
approaches in susceptibility weighted 
imaging
N. Li, W. Wang, P. Sati, D. L. Pham, J. A. Butman, National 
Institutes of Health (United States)

Susceptibility weighted imaging (SWI) takes advantage of the local 
variation in susceptibility between different tissues enabling, for instance, 
highly detailed visualization of the cerebral venous system and sensitive 
detection of intracranial hemorrhage. Thus, it has been increasingly 
used in magnetic resonance imaging studies of traumatic brain injury as 
well as other neural pathologies. In SWI, phase information is combined 
with magnitude information to enhance the susceptibility induced image 
contrast. Because of global susceptibility variations across the image, 
the rate of phase accumulation varies widely across the image resulting 
in phase wrapping artifacts that interfere with assessment of local phase 
variation. Homodyne filtering is a common approach to eliminate this 
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global phase variation. However, filter size requires careful selection in 
order to preserve image contrast and avoid errors resulting from residual 
phase wraps. An alternative approach is to apply a phase unwrapping 
prior to high pass filtering. Given a suitable phase unwrapping 
algorithm, this guarantees no residual phase wraps exist but additional 
computational steps are required. In this work, we quantitatively evaluate 
these two phase processing approaches on both simulated and real data 
using different types of filters and cutoff frequencies. Our analysis leads 
to an improved understanding of the relationship between phase wraps, 
susceptibility effects, and acquisition parameters. Although homodyne 
filtering approaches are faster and more straightforward, phase 
unwrapping approaches perform more accurately in a wider variety of 
acquisition scenarios.

8317-64, Poster Session

Characterizing structure connectivity 
correlation with the default mode network in 
Alzheimer’s patients and normal controls
J. Guo, Beijing Normal Univ. (China); P. Xu, General Hospital of 
Chinese People’s Armed Police (China); C. Song, X. Zhao, Beijing 
Normal Univ. (China)

Magnetic resonance diffusion tensor imaging (DTI) is a kind of effective 
measure to do non-invasive investigation on brain fiber structure at 
present. Studies of fiber tracking based on DTI showed that there was 
structural connection of white matter fiber among the nodes of resting-
state functional network, denoting that the connection of white matter 
was the basis of gray matter regions in functional network. Nevertheless, 
relationship between these structure connectivity regions and functional 
network has not been clearly indicated. Moreover, research of fMRI 
found that activation of default mode network (DMN) in Alzheimer’s 
disease (AD) was significantly descended, especially in hippocampus and 
posterior cingulated cortex (PCC). The relationship between this change 
of DMN activity and structural connection among functional networks 
needs further research. In this study, fast marching tractography (FMT) 
algorithm was adopted to quantitative calculate fiber connectivity value 
between regions, and hippocampus and PCC which were two important 
regions in DMN related with AD were selected to compute white matter 
connection region between them in elderly normal control (NC) and AD 
patient. The fiber connectivity value was extracted to do the correlation 
analysis with activity intensity of DMN. Results showed that, between 
PCC and hippocampus of NC, there exited region with significant high 
connectivity value of white matter fiber whose performance has relatively 
strong correlation with the activity of DMN, while there was no significant 
white matter connection region between them for AD patient which might 
be related with reduced network activation in these two regions of AD.

8317-65, Poster Session

Computational study of anterior 
communicating artery hemodynamics before 
aneurysm formation
M. A. Castro, Univ. Tecnologica Nacional (Argentina); C. M. 
Putman, Inova Fairfax Hospital (United States); J. R. Cebral, 
George Mason Univ. (United States)

It is widely accepted that complexity in the flow pattern at the anterior 
communicating artery (AComA) is associated with the high rate of 
aneurysm formation in that location observed in large studies. A previous 
computational hemodynamic study showed a possible association 
between high maximum intra-aneurysmal wall shear stress (WSS) at the 
systolic peak with rupture in a cohort of AComA aneurysms. In another 
study it was observed a connection between location of aneurysm blebs 
and regions of high WSS in models where blebs were virtually removed. 
The purpose of this work is to study associations between hemodynamic 
patterns and AComA aneurysm initiation by comparing hemodynamics 

in the aneurysm and the normal model where the aneurysm was 
computationally removed. Vascular models of both right and left 
circulation were independently reconstructed from three-dimensional 
rotational angiography images using deformable models, and fused using 
a surface merging algorithm. The geometric models were then used to 
generate high-quality volumetric finite element grids of tetrahedra with 
an advancing front technique. For each patient, the second anatomical 
model was created by digitally removing the aneurysm. It was iteratively 
achieved by applying a Laplacian smoothing filter and remeshing the 
surface. Finite element blood flow numerical simulations were performed. 
It was observed that aneurysms initiated in regions of high and moderate 
WSS in the counterpart normal models. Adjacent or close to those 
regions, low WSS portions of the arterial wall were not affected by the 
disease.

8317-66, Poster Session

Micro CT imaging assessment for spatial 
distribution of magnetic nanoparticles in an 
ex vivo thrombolysis model
F. Wang, T. Chao, S. Tu, Chang Gung Univ. (Taiwan)

In recent nanotechnology development, iron-based magnetic 
nanoparticles (MNPs) have been used in several investigations on 
biomedical research for small animal experiments. Their important 
applications include targeted drug delivery for therapeutic purpose, 
contrast agent for magnetic resonance imaging, and hyperthermia 
treatment for tumors. These MNPs can be guided by an external 
magnetic field due to their unique superparamagnetism characteristics. 
In a recent report, authors indicated that covalently bound recombinant 
tissue plasminogen activator (rtPA) to MNP (MNP-rtPA) with preserved 
enzyme activity may be guided by a bar magnet and induce target 
thrombolysis in an embolic model in rats. Delivery of rtPA by binding the 
thrombolytic drug to MNPs will improve the possibility of the drug to be 
delivered under magnetic guidance and retained in a local targeted area 
in circulation. In this work, an ex vivo intravascular thrombolysis model 
was developed to study the impact of external magnetic field on the 
penetration of MNP-rtPA in the blood clot samples. The samples were 
then scanned by a micro CT system for quantification. Images of MNPs 
show strong contrast with their surrounding blood clot materials. The 
optimum drug loading was found when 0.5 mg/ml rtPA is conjugated 
with 10 mg SiO2-MNP where 98% drug was attached to the carrier with 
full retention of its thrombolytic activity. Effective thrombolysis with tPA 
bound to SiO2-MNP under magnetic guidance was demonstrated in our 
ex vivo imodel where substantial reduction in time for blood clot lysis 
was observed compared with control groups without magnetic field 
application.

8317-67, Poster Session

Alternative spatial encoding for magnetic 
nanoparticle imaging
J. B. Weaver, Dartmouth Hitchcock Medical Ctr. (United States)

Magnetic particle imaging (MPI) was introduced in 2005 and is one of 
the very few imaging methods capable of sensitivities that allow the 
term “molecular imaging” to be applied. Estimates of sensitivity allow 
nanograms of iron oxide nanoparticles to be imaged. MPI cyclically 
saturates the nanoparticles with an alternating magnetic field termed 
the drive field. The signal from the harmonics of the drive frequency is 
recorded. Localization is achieved by saturating the nanoparticles outside 
a “field free point.” We present an alternative method of encoding the 
position of the magnetic nanoparticles. Signal is generated at the 2nd 
harmonic of the drive field only when a static magnetic field is present. 
Localization is achieved by placing a small static magnetic field gradient 
across the sample and the phase of the signal depends on the sign of 
the static field. The response of the nanoparticles at different static fields 
provides the localization. The localization can be modeled as a wavelet 
transform if the gradient is approximately linear. Smaller field gradients 
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are required than in MPI. The sensitivity is potentially significantly higher 
than that of MPI; when minimum bandwidths are employed to achieve 
the maximum SNR, the SNR is 85% larger for new method. The new 
method has promise for low cost screening applications where only 
coarse localization might be required.

8317-68, Poster Session

Quantitative tracking of tumor cells in phase 
contrast microscopy exploiting halo artifact 
pattern
M. Kang, S. Song, H. Lee, M. Kim, Ewha Womans Univ. (Korea, 
Republic of)

Tumor cell morphology is closely related to its invasiveness 
characteristics and migratory behaviors. Invasive tumor cell has 
highly irregular shape where as sphere-like cell is non metastatic. 
Thus, quantitative analysis of cell feature is crucial to determine tumor 
malignancy or efficacy test of anticancer treatment. 

For analyzing single cell’s morphology and monitoring its change, we 
use phase contrast microscopy image because it enables observation of 
long-term activity of living cells without photobleaching and phototoxicity 
which is common in other fluorescence-labeled microscopy. Nevertheless 
of this strength, it has drawbacks at image level such as local light effect, 
contrast interference ring, and etc.

Thus, first of all, we apply rolling-ball filter to compensate non-uniform 
illumination. Then, we use intensity distribution information to detect cell 
boundary. In phase contrast microscopy image, cell is normally appeared 
as dark region surrounded by bright halo ring. Due to halo artifact is 
minimal around the cell body and has non-symmetric diffusion pattern, 
we calculate cross sectional plane which intersects center of each cell 
and orthogonal to first principal axis. Then, we extract dark cell region 
by analyzing intensity profile curve considering local bright peak as halo 
area. 

However, dense population of cultured cells still makes single cell 
analysis difficult. To separate touching cells, we adjust cross section 
image smaller if bright peak is detected more than two and iterate 
previous step. Finally, we measure roundness to classify tumor cells into 
malignant and benign group. And we validate segmentation accuracy by 
comparing result manually done by biologists.

8317-69, Poster Session

The use of a custom made atlas as a template 
for corrective surgeries of asymmetric 
patients
A. AlHadidi, The Univ. of Jordan (Jordan) and The Univ. of North 
Carolina (United States) and King’s College London (United 
Kingdom); L. Cevidanes, Univ. of Michigan (United States); R. 
Cook, F. Festy, King’s College London (United Kingdom); D. 
Tyndall, B. Paniagua, The Univ. of North Carolina at Chapel Hill 
(United States)

Description of purpose: The use of conventional mirror images does 
not adequately guide surgeons on the correction of facial asymmetries. 
The purpose of this study was to evaluate the utility of an individualized 
atlas as a template for corrective surgeries for patients suffering from 
mandibular asymmetry. The atlas is calculated from both the asymmetric 
mandible of each patient and the mirror of the same mandible registered 
on the cranial base. Method: Three patients with history of favorable 
clinical outcome of the correction of their mandibular asymmetry were 
chosen for this pilot study. CBCT were taken before and 6 weeks after 
corrective surgery of each patient using NewTom 3G. Each volume is 
mirrored and rigidly registered on the cranial base. Surface models for 
both the mandible and its registered mirror were used to compute an 
atlas using AtlasWerks. AtlasWerks atlas formation is based on greedy 

fluid registration in a diffeomorphic deformation setting. Corrective 
surgery was simulated based of the resulting atlas. Differences between 
the virtual simulated outcome and the actual surgical outcome were 
computed using UNC SPHARM-PDM toolbox. Results: The detected 
differences between the virtual simulated outcome and the actual 
surgical outcome, as characterized in 6 degrees of freedom, were smaller 
than 2 mm of translation and 5 degrees of rotation. This indicates that 
the location of the synthesized template is similar to the desired clinical 
outcome. Conclusions: This approach has the potential to optimize 
and increase the predictability of the outcome of craniofacial corrective 
surgeries for asymmetric patients.

8317-70, Poster Session

Assessment of global morphological and 
topological changes in trabecular structure 
under the bone resorption process
I. N. Sidorenko, Max-Planck-Institut für extraterrestrische Physik 
(Germany); J. S. Bauer, Technische Univ. München (Germany); 
R. A. Monetti, Max-Planck-Institut für extraterrestrische Physik 
(Germany); T. Baum, E. J. Rummeny, Technische Univ. München 
(Germany); F. Eckstein, Paracelsus Medizinische Privatuniversität 
(Austria); M. Matsuura, E. Lochmueller, Ludwig-Maximilians-
Univ. München (Germany); P. K. Zysset, Technische Univ. Wien 
(Austria); C. W. Raeth, Max-Planck-Institut für extraterrestrische 
Physik (Germany)

Osteoporosis is a frequent skeletal disease characterised both by 
loss of bone mineral mass and deterioration of the cancellous bone 
micro-architecture. It can be caused by mechanical disuse, estrogen 
deficiency or natural age-related resorption process. Numerical analysis 
of the high-resolution images of the trabecular network is recognised 
as a powerful tool for the assessment of structural characteristics and 
for the prediction of bone biomechanical strength. Using μCT images 
of 73 thoracic and 78 lumbar human vertebral cylindrical specimens 
in vitro with isotropic resolution of 26μm we simulate bone atrophy as 
random resorption of bone surface voxels. Global morphological and 
topological characteristics provided by four Minkowski Functionals 
(MF) are calculated for two numerical resorption models with and 
without conservation of global topological connectivity of the trabecular 
network, which simulate sex difference in natural bone aging. Diagnostic 
performance of morphological and topological characteristics as a 
function of relative bone loss is evaluated by a correlation analysis with 
respect to the experimentally measured Maximum Compressive Strength 
(MCS). In both resorption models second MF, which coincides with 
bone surface fraction BS/TV, demonstrates stable with respect to the 
relative bone loss ΔBV/TV value of Pearson’s correlation coefficient. This 
morphological characteristic does not vary considerably under age-
related random resorption and can be used for predicting bone strength 
in bone aging diagnostics. Third and fourth MF demonstrate increasing 
of correlation coefficient after applying random bone surface thinning 
without preserving the topological connectivity, what can be used for 
improvement of evaluation of the current state of the structure.

8317-71, Poster Session

Characterization of healthy and osteoarthritic 
chondrocyte cell patterns on phase contrast 
CT images of the knee cartilage matrix
M. B. Nagarajan, Univ. of Rochester Medical Ctr. (United States); 
P. Coan, Ludwig-Maximilians-Univ. München (Germany); M. B. 
Huber, C. Yang, Univ. of Rochester Medical Ctr. (United States); 
C. Glaser, M. Reiser, Ludwig-Maximilians-Univ. München 
(Germany); A. Wismüller, Univ. of Rochester Medical Ctr. (United 
States)
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The current approach to evaluating cartilage degeneration at the knee 
joint requires visualization of the joint space on radiographic images 
where indirect cues such as joint space narrowing serve as markers 
for osteoarthritis. A recent novel approach to visualizing the knee 
cartilage matrix using phase contrast CT imaging (PCI) was shown 
to allow direct examination of chondrocyte cell patterns and their 
subsequent correlation to osteoarthritis. This study aims to characterize 
chondrocyte cell patterns in the radial zone of the knee cartilage matrix 
in the presence and absence of osteoarthritic damage through both 
gray-level co-occurrence matrix (GLCM) derived texture features as well 
as Minkowski Functionals (MF). Thirteen GLCM and three MF texture 
features were extracted from 404 regions of interest (ROI) annotated on 
PCI images of a healthy and osteoarthritic specimens of knee cartilage. 
These texture features were then used in a machine learning task to 
classify ROIs as healthy or osteoarthritic. A fuzzy k-nearest neighbor 
classifier was used and its performance was evaluated using the area 
under the ROC curve (AUC). The best classification performance was 
observed with the MF features ‘perimeter’ and ‘Euler characteristic’ 
and with GLCM correlation features (f3 and f13). With the experimental 
conditions used in this study, both Minkowski Functionals and GLCM 
achieved a high classification performance (AUC value of 0.97) in the task 
of distinguishing between health and osteoarthritic ROIs. These results 
show that such quantitative analysis of chondrocyte patterns in the knee 
cartilage matrix can distinguish between healthy and osteoarthritic tissue 
with high accuracy.

8317-72, Poster Session

Measurement of kidney stone formation 
in the rat model using micro-computed 
tomography
J. U. Umoh, V. Pitelka, G. Hunter, H. Goldberg, D. W. Holdsworth, 
The Univ. of Western Ontario (Canada)

Kidney stones were induced in 5 rats by treating them with 1% ethylene 
glycol and 1% ammonium chloride through free drinking water for six 
weeks. The animals were anesthetized and imaged before the treatment 
at week 0, to obtain baseline data, then at weeks 2 and 6 to monitor the 
kidney stone formation. The rats were imaged in vivo with x-ray tube 
voltage of 90 kV, a current of 40 mA and an exposure time of 16 ms. 
Data were reconstructed into 3D images with an isotropic voxel size 
of 100 μm. At week 2, kidney stone formation was observed. A micro-
computed tomography (micro-CT) methodology of estimating the volume 
and the hydroxyapatite-equivalent mineral content (HEMC) of the kidney 
stone is presented. It determines the threshold CT number (390 HU) that 
separates the kidney stone from the tissue. The mean volume of the 
stones in the 10 kidneys significantly increased from 4.06 ± 0.73 mm3 at 
week 2 to 24.04 ± 9.12 mm3 at week 6 (p< 0.05, r2 = 0.2). Precision error, 
estimated from repeated scans of the animals, was 4%. This method 
allows analysis of the kidney stone formation to be carried out in vivo, 
with fewer experimental animals compared with other ex vivo methods, 
in which animals are sacrificed. It is precise, accurate, non-destructive, 
and sensitive to measuring small changes in the size of a kidney stone. 
It could be used in pre-clinical research to study the formation of kidney 
stones in live small animals.

8317-73, Poster Session

IntegriSense molecular image sequence 
classification using Gaussian mixture model
K. Lu, Philips Research North America (United States); T. He, 
Z. Xue, M. Valdivia y Alvarado, S. T. Wong, Methodist Hospital 
Research Institute (United States)

Targeted fluorescence imaging agents such as IntegriSense 680 can be 
used to label integrin αvβ3 expressed in tumor cells and to distinguish 
them from normal tissues. Coupled with microendoscopy devices and 
image-guided intervention, the fluorescence contrast captured from 

fiber-optic imaging can be used in a Minimally Invasive Multimodality 
Image Guided (MIMIG) system for onsite effective peripheral lung cancer 
diagnosis. In this work, we propose a new approach for classifying 
the tumor information from the IntegriSense-based fluorescence 
microendoscopy image sequences. First, a sliding time-window is 
used to calculate the histogram of the frames at a given time-point as 
the IntegriSense signal. Then, the intensities of the microendoscopy 
images can be briefly classified into three groups: high, middle and 
low intensities, which might correspond to tumor, normal tissue, and 
background (air) tissues within the lungs, respectively. At a given 
time-point, the histogram calculated from the sliding time-window is 
considered as a mixed Gaussian model, and the average and standard 
deviation (std), as well as the weight of each Gaussian distribution can be 
identified. Finally, a threshold can be used to classify the high intensity 
group from others. This algorithm can be used as an automatic tumor 
detection tool from IntegriSense-based microendoscopy. In experiments, 
we validate 20 IntegriSense-based fluorescence microendoscopy image 
sequences collected from 6 rabbit experiments, where VX2 tumor was 
implanted into the lung of each rabbit. The automatic classification 
results are compared with manual results, and high sensitivity and 
specificity are obtained.

8317-74, Poster Session

Classification of CT examinations for COPD 
visual severity analysis
J. Tan, Washington Univ. in St. Louis (United States); B. Zheng, 
X. Wang, J. Pu, F. C. Sciurba, D. Gur, J. K. Leader, Univ. of 
Pittsburgh Medical Ctr. (United States)

In this study we present a computational method of CT examination 
classification into visual assessed emphysema severity. The visual 
severity categories ranged from 0 to 5 and were rated by an experienced 
radiologist. The six categories were none, trace, mild, moderate, severe 
and very severe. Lung segmentation was performed for every input image 
and all image features are extracted from the segmented lung only. We 
adopted a two-level feature representation method for the classification. 
Five gray level distribution statistics, six gray level co-occurrence matrix 
(GLCM), and eleven gray level run-length (GLRL) features were computed 
for each CT image depicted segment lung. Then we used wavelets 
decomposition to obtain the low- and high-frequency components of the 
input image, and again extract from the lung region six GLCM features 
and eleven GLRL features. Therefore our feature vector length is 56. The 
CT examinations were classified using the support vector machine (SVM) 
and k-nearest neighbors (KNN) and the traditional threshold (density 
mask) approach. The SVM classifier had the highest classification 
performance of all the methods with an overall sensitivity of 54.4% and 
a 69.6% sensitivity to discriminate “no” and “trace visually assessed 
emphysema. We believe this work may lead to an automated, objective 
method to categorically classify emphysema severity on CT exam.

8317-75, Poster Session

Validation of geometric measurements of the 
left atrium and pulmonary veins for analysis 
of structural remodeling following ablation 
therapy
M. E. Rettmann, D. R. Holmes III, M. S. Gunawan, R. A. 
Karwoski, J. F. Breen, D. L. Packer, R. A. Robb, Mayo Clinic 
(United States)

Geometric analysis of the left atrium and pulmonary veins is important for 
studying structural remodeling following cardiac ablation therapy. It has 
been shown that the left atrium decreases in volume and the pulmonary 
vein ostia decrease in diameter following ablation therapy. Most analysis 
techniques, however, require laborious manual tracing of image cross-
sections and 2D assessment of pulmonary vein diameters. In this work, 
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we describe a technique for making 3D measurements of the left atrium 
and pulmonary vein diameters from high resolution CT scans and multi- 
phase datasets. The left atrium and pulmonary veins are segmented 
from the CT volume using a 3D volume approach and cut planes are 
interactively positioned to separate the pulmonary veins from the body of 
the left atrium. The cut plane is also used to make a 3D measurement of 
the pulmonary vein ostial diameter. Validation experiments are presented 
which demonstrate the ability to repeatedly measure left atrial volume 
and pulmonary vein diameters in the high resolution CT scans as well 
as the feasibility of this approach for analyzing multi-phase datasets. In 
the high resolution CT scans the left atrial volume measurements show 
high repeatability with approximately 4% intra-rater repeatability and 8% 
inter-rater repeatability. Intra and inter-rater repeatability for pulmonary 
vein diameter measurements range from 2 to 4 mm. For the multi-phase 
CT datasets, differences in left atrial volumes between a standard slice-
by-slice approach and the proposed 3D volume approach are small, with 
percent differences on the order of 3% to 6%.

8317-76, Poster Session

A new approach for real-time analysis of 
biomolecular interactions using surface 
plasmon resonance imaging SPRi
H. Mezlini, C. Fetita, TELECOM & Management SudParis 
(France); J. Moreau, M. T. Canva, Institut d’Optique Graduate 
School (France); H. Ghalila, Univ. de Tunis (Tunisia)

The real-time monitoring of different molecular interactions can be 
used as a lower cost tool for genetic diagnosis. The extraction of the 
hybridization signal allows the estimation of the association/ dissociation 
constants, the affinity of biomolecular components (target/probe) that 
interact and then characterize their activities and functions. 

This extraction of the biological information is based on the analysis of 
images acquired by a CCD camera during the course of the experiment 
and a self-calibration of the data obtained. Until now, the processing of 
these images was post experimental and concerned different stages of 
analysis: the detection of spots region, spatiotemporal segmentation of 
areas of interaction and eventually the quantification of these areas using 
the kinetic response measured. The challenging issue is to continue to 
improve the automatic extraction of the interaction signal and develop a 
processing tool applied in real-time as the image acquisition progresses. 
The advantage of such treatment is to allow the prediction of the 
evolution of the interaction, especially in the case of genetic diagnosis. 
It may also detect any malfunction that may arise during the interaction 
and allow the experimenter to decide whether to continue or interrupt 
the experience. This paper proposes a new approach for the real-time 
analysis of the image data provided by the SPR. A self-calibration step 
allows the correction of microarray design flaws or of temporal artifacts. 
Once the data are normalized, 3D morphological operators are used to 
extract the binary mask that will allow detecting all regions of interest 
for dynamic segmentation. This segmentation is applied as a spatio-
temporal classification to extract the effective signal within each detected 
spot. The resulting real-time analysis approach presents a great interest 
in genetic diagnosis applications.

8317-77, Poster Session

A novel shape similarity based elastography 
system for prostate cancer assessment
H. Wang, S. R. Mousavi, A. Samani, The Univ. of Western Ontario 
(Canada)

Prostate cancer is the second common cancer among men worldwide 
and remains the second leading cancer-related cause of death in 
mature men. The disease can be cured if it is detected at early stage. 
This implies that prostate cancer detection at early stage is very critical 
for desirable treatment outcome. Conventional techniques of prostate 
cancer screening and detection, such as Digital Rectal Examination 
(DRE), Prostate-Specific Antigen (PSA) and Trans Rectal Ultra-
Sonography (TRUS), are known to have low sensitivity and specificity. 
Elastography is an imaging technique that uses tissue stiffness as 
contrast mechanism. As the association between the degree of 
prostate tissue stiffness alteration and its pathology is well established, 
elastography can potentially detect prostate cancer with a high degree of 
sensitivity and specificity. In this paper, we present a novel elastography 
technique which, unlike other elastography techniques, does not require 
displacement data acquisition system. This technique requires the 
prostate’s pre-compression and post-compression transrectal ultrasound 
images. The conceptual foundation of reconstructing the prostate’s 
normal and pathological tissues elastic moduli is to determine these 
moduli such that the similarity between calculated and observed shape 
features of the post compression prostate image is maximized. Results 
indicate that this technique is highly accurate and robust.
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8318-01, Session 1

CT detector evaluation with complex random 
backgrounds
H. Fan, H. H. Barrett, College of Optical Sciences, The Univ. of 
Arizona (United States)

Modern computed tomography (CT) uses detector arrays consisting of 
large numbers of photodiodes with scintillator crystals. The number of 
pixels in the array can play an important role in system performance. 
Considerable research has been performed on signal detection in flat 
backgrounds under various conditions, but little has been done with 
complex, random backgrounds in CT; our work investigates in particular 
the effect of the number of detector elements on signal detection by 
a channelized Hotelling observer in a complex background. For this 
project, a simulated three-dimensional phantom is generated with its 
attenuation equal to that of water. The phantom contains a smaller 
central section with random variations to simulate random anatomical 
structures. Cone-beam projections of the phantom are acquired at 
different angles and used to calculate the covariance matrix of the 
raw projection data. Laguerre Gauss channels are used to reduce 
the dimensionality of each 2D projection and hence the size of the 
covariance matrix, but the covariance is still a function of two projection 
angles. A strong cross-channel correlation is observed as a function of 
the difference between the angles. A signal with known location and 
size is used, and the performance of the observer is calculated from the 
channel outputs at multiple projection angles. A contrast-detail diagram 
is computed for different variables such as signal size, number of incident 
x-ray photons, pixel size, etc. At a fixed observer signal-to-noise ratio 
(SNR), the contrast required to detect a signal increases dramatically as 
the signal size decreases.

8318-02, Session 1

Reader behavior in a detection task using 
single- and multi-slice image datasets
A. E. Kumcu, L. Plati?a, Univ. Gent (Belgium); M. Plati?a, TASS 
(Belgium); E. Vansteenkiste, Univ. Gent (Belgium); K. Deblaere, 
Gent Univ. Hospital (Belgium); A. Badano, U.S. Food and Drug 
Administration (United States); W. Philips, Univ. Gent (Belgium)

In this paper we assess human reader behavior in a signal detection 
experiment with synthetic single-slice (ss) and multi-slice (ms) image 
datasets of varying task complexity. Three dataset types were generated 
by inserting one 3D Gaussian target of fixed size into the center of 
3D volumes of correlated Gaussian noise with different kernel sizes. 
Corresponding signal intensities were determined for the background 
types using the staircase method targeting an AUC of 0.7 for ss datasets. 
Non-expert human readers were presented with ss (central slice of the 
volume) and ms datasets (slice-by-slice viewing in a stack-browsing 
mode). Readers were aware of the target’s approximate location 
within the slice or volume. Readers could scroll freely through the ms 
datasets at arbitrary speed and direction with no time limit. Experiments 
were conducted in a controlled viewing environment on a 5MP digital 
mammography display. AUCs were 0.70-0.75 for ss; 0.84-0.98 for 
ms datasets. Reading time (ms, ss), the number of forward-backward 
repetitions through the stack (ms), and the average number of slices 
per repetition (ms) were assessed. All factors were sensitive to reader 
performance (p<0.05 in nearly all reading scenarios): values for FN cases 
were largest, followed by or tied with FP cases, then TN cases, with TP 
cases having the lowest values. Our results tend to concur with earlier 
eye-tracking studies which report that readers fixate longer on regions 

subsequently scored incorrectly.

Further investigations into the relationship between reader performance 
and browsing strategies in multi-slice detection tasks would be of 
interest.

8318-03, Session 1

Veiling glare and detection tasks in large-
luminance-range display: content dependent 
empirical model and validation
M. Choi, A. Badano, U.S. Food and Drug Administration (United 
States)

One limitation of visual detection tasks in complex scenes with a large 
range of luminance values is the decrease in sensitivity due to veiling 
glare in the display device and in the human eye caused by unwanted 
light scattering. We used our previously measured results regarding 
the increase in detection thresholds due to veiling glare to formulate an 
empirical model for this phenomenon. Our results are based on a ring 
glare source and a Gaussian target on white noise using a dual-layer, 
high-dynamic-range liquid-crystal display prototype. The thresholds, 
measured using a double-random staircase technique with added signal-
absent images, are modeled as a function of illuminance at the eyes 
and angular distance between the veiling glare source and the detection 
target. In this work, we model increases in detection contrast thresholds 
due to veiling glare for any image by calculating the contribution of 
each display pixel. We validate our model by determining threshold 
increases for the set of experimental results previously obtained with 
human subjects. Our image-dependent model predicts how the contrast 
threshold is affected by veiling glare for any target location. Finally, 
we discuss the range of validity of our model and show predictions 
for sample mammography, chest CT, and chest radiography images 
displayed on large-luminance-range devices.

8318-04, Session 1

Visual grading regression with random effects
Ö. Smedby, M. Fredrikson, J. De Geer, M. P. Sandborg, Linköping 
Univ. (Sweden)

For optimization and evaluation of image quality in diagnostic imaging, 
visual grading experiments are useful. To take into account the ordinal 
character of the data, ordinal logistic regression may be used in the 
statistical analysis, an approach known as visual grading regression 
(VGR). In the VGR model, factors such as patient and observer identity 
are included, in addition to imaging parameters and types of imaging 
procedures to be evaluated. Since patients and observers represent 
samples from larger populations, they should be treated as random 
effects. Standard statistical software does not allow random factors 
in logistic regression, but using Generalized Linear Latent And Mixed 
Models (GLLAMM), it is possible to include random effects in a logistic 
regression model.

In a single-image study, 9 radiologists graded 24 cardiac Computed 
Tomography Angiography (CTA) images with reduced dose without and 
after post-processing with a 2D adaptive filter, using five image quality 
criteria. First, ordinal logistic regression was carried out, treating filtering, 
patient and observer identity as fixed effects. The same analysis was 
then carried out with GLLAMM, treating filtering as a fixed effect and 
patient and observer identity as random effects.

With both approaches, a significant effect (p<0.01) of the filtering was 
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found for all five criteria. No dramatic differences in parameter estimates 
or significance levels were found between the two approaches.

It is concluded that random effects can be appropriately handled in VGR 
using GLLAMM, but no major differences in the results were found in a 
preliminary evaluation.

8318-05, Session 1

Computational observer approach for 
sssessment of stereoscopic visualizations of 
3D medical images
F. Zafar, U.S. Food and Drug Administration (United States); J. 
Dorband, NASA Goddard Space Flight Ctr. (United States); A. 
Badano, U.S. Food and Drug Administration (United States)

As stereoscopic display devices are becoming common, most 
performance studies conducted on these 3D displays are based on either 
physical measurement of display characteristics using instrumentation or 
psycho-physics experiments with humans quantifying their experience. 
We present a computational stereoscopic observer approach that 
makes decisions based on a set of image pairs that is inspired by the 
mechanisms of stereopsis in human vision. Our stereo-observer inputs 
a stereo left and a stereo right image generated using a visualization 
operator. The visual operator is the rendering of a simulated voxel dataset 
visualized using ray-tracing. The applicability of this observer extends 
to stereo-displays in the areas of entertainment, industrial, and medical 
imaging applications.

8318-06, Session 2

Stereoscopic versus monoscopic detection of 
masses on breast tomosynthesis projection 
images
G. S. Muralidhar, T. Ganapathi, The Univ. of Texas at Austin 
(United States) and The Univ. of Texas M.D. Anderson Cancer 
Ctr. (United States); A. C. Bovik, The Univ. of Texas at Austin 
(United States); M. K. Markey, The Univ. of Texas at Austin 
(United States) and The Univ. of Texas M.D. Anderson Cancer 
Ctr. (United States); T. M. Haygood, T. W. Stephens, G. J. 
Whitman, The Univ. of Texas M.D. Anderson Cancer Ctr. (United 
States)

The goal of this study was to assess if stereoscopic viewing of breast 
tomosynthesis projection images changes mass detection performance 
when compared to monoscopic viewing. The dataset for this study 
provided by Hologic, Inc., contained 47 craniocaudal cases (23 biopsy 
proven malignant masses and 24 normals). Each case was comprised 
of 15 projection images that spanned an angular range of 15 degrees. 
Two projection images that were separated by 8 degrees (± 4 degrees 
apart from the zero angle projection) were chosen to form a stereoscopic 
pair. The images were preprocessed to enhance their contrast and were 
presented on a stereoscopic display. An experienced breast imager 
certified the ground truth of the mass location. Three other experienced 
breast imagers participated in the blinded observer study as readers. The 
study was held over two sessions, with good mix of true positive and true 
negative cases in each session. In each session, each case was shown 
twice - once in the stereoscopic mode, and once in the monoscopic 
mode in a random order. The readers were asked to report the location 
of the mass with a confidence score in the range 0-100. The confidence 
scores were analyzed using the receiver operating characteristic curve 
(ROC). We report the area under the ROC curve (AUC) value for the three 
readers in this paper. We also report a statistical analysis of the difference 
in partial AUC values at 95% sensitivity between the stereoscopic and 
monoscopic modes in this paper.

8318-07, Session 2

The effect of fixed eye adaptation when using 
displays with a high luminance range
P. Sund, L. G. Månsson, M. Båth, Sahlgrenska Univ. Hospital 
(Sweden) and Göteborg Univ. (Sweden)

Calibration of medical review displays according to the Dicom part 14 
Grayscale Standard Display Function (GSDF) is important in order to 
obtain consistency in displayed image quality since display technology 
and viewing conditions may vary substantially. Unfortunately, the purpose 
of GSDF calibration is best suited for low luminance range conditions but 
is not optimal when using modern displays with a high luminance range. 
Low contrast objects will then obtain a greater visibility in mid-gray 
areas compared to similar objects in bright or dark regions. In this study, 
low contrast sinusoidal patterns were displayed on a high luminance 
range monitor under realistic viewing conditions. In order to simulate the 
viewing of an x-ray image with both dark and bright regions displayed 
simultaneously, the luminance of the patterns ranged from 2 to 600 cd/
m2 while the observers were always adapted to the logarithmic average 
of 35 cd/m2. The results show a clear relationship between the patterns 
deviation from the adaptation luminance level and the necessary contrast 
required to detect the pattern. The results also indicate the potential for 
an improvement in the low-contrast detectability over a large luminance 
range by adjusting the GSDF for the limited eye adaptation.

8318-08, Session 2

Perceptual improvement of volume-rendered 
MR angiography data using a contour 
enhancement technique
K. Abhari, Robarts Research Institute (Canada) and The Univ. 
of Western Ontario (Canada); J. S. H. Baxter, Robarts Research 
Institute (Canada); S. de Ribaupierre, The Univ. of Western 
Ontario (Canada); R. A. Eagleson, T. M. Peters, Robarts Research 
Institute (Canada) and The Univ. of Western Ontario (Canada)

The importance of presenting medical images in an intuitive and 
usable manner during a procedure is essential. However, most medical 
visualization interfaces, particularly those designed for minimally-invasive 
surgery, suffer from number of factors including conflicting visual cues, 
lack of depth perception, poor user interfaces, ambiguous visual scenes, 
obscured valuable information, and arbitrary coordinate frames that 
require additional cognitive effort directed at spatial reasoning. These 
flaws are mostly due to neglect or underestimation of constraints and 
limitations of the human perceptual, cognitive, and motor system. 
Among these factors, human visual perceptual issues in particular require 
consideration throughout the design cycle of the display environment. 
For instance, in a scene where number of visual cues such as binocular 
disparity and light intensity are lacking, perceiving a coherent object is 
prone to errors. One example of such application is the visualization of 
the vasculature of the brain in MR angiography (MRA) volume data. This 
study investigated whether intensifying the silhouette of certain structures 
in Volume-Rendered images, such as blood vessels in volumetric MRA 
images of a brain, can significantly facilitate the ability to perceive the 
relations between different tissue structures. In our experiments, subjects 
are presented with a series of stationary images of an MRA volume 
before and after applying an edge enhancement technique and asked 
to perform a perceptual judgment task that involved deciding on the 
connection between blood vessels. Our preliminary results show that, in 
general, participants performed better within less span of time during the 
trials with contour-enhanced stimuli.
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8318-09, Session 2

Soft display: a software simulator for color-
managed liquid crystal displays
W. Cheng, A. Badano, U.S. Food and Drug Administration 
(United States)

A software simulator, called Soft Display, was developed to simulate a 
display subsystem that includes the graphics card, color manager, and 
color liquid crystal display (LCD). Soft Display receives user’s inputs 
including the input image, the ICC color profile, the dithering method of 
the graphics card, and the spectral measurement of the target display. 
The simulation consists of four steps. (1) The input image is transformed 
according to the ICC color profile. (2) The sequence of digital signals is 
generated according to the temporal dithering method of the graphics 
card. (3) The digital signals are fed into a spectral display model, which 
was tailored for characteristics of LCD technology, to predict the color 
output in the CIEXYZ color space. (4) The color differences between the 
input and output images are calculated. After simulation, the results can 
be reported as CIEXYZ values in text mode or reproduced on the screen 
in graphics mode. The experimental data of simulating 6 real displays 
(Eizo RadiForce R31, Apple Cinema HD 30”, Dell 1907FP, ChiMei 56” 
QFHD, iPhone 4, and iPod Touche II) show that the mean error of Soft 
Display is 3.64 delta-E-ab, which outperforms the calibration results from 
consumer-grade color calibration kits (X-Rite Eye-One Pro and DataColor 
Spyder3 Elite). Soft Display can be used not only for evaluating a 
medical display for a specific modality such as digital pathology, but also 
for assessing the performance of a color profile generated by a color 
calibration kit.

8318-10, Session 2

Radiologists’ eye gaze when reading cranial 
CT images
A. Venjakob, Technische Univ. Berlin (Germany); T. Marnitz, 
Charité Universitätsmedizin Berlin (Germany); J. Mahler, S. 
Sechelmann, M. Rötting, Technische Univ. Berlin (Germany)

Gaze tracking is a common method to assess perceptual processes 
as well as radiologists´ strategies when reading medical images. While 
there is a substantial amount of research dedicated to the evaluation 
of eye movements when studying X-ray and mammography (e.g. 
Kundel, Nodine, & Carmody (1978), Kundel, Nodine, & Krupinski 
(1990)), surprisingly little attention has yet been paid to the study of eye 
movements when reading multislice images. 

The present study examines the gaze data of four experienced 
radiologists reading 15 cranial CT scans of each 28 slices. Five of these 
cases contained lesions whereas the remaining ten did not show any 
abnormality. The radiologists read the images self-paced and navigated 
through them freely using a keypad. Their eye positions were tracked 
using a remote SMI iView X RED60 eye tracker. 

The results of the study indicate that performance as well as reading 
strategies differs substantially between participants. The best two 
participants, who performed equally well, showed very different patterns: 
One of them was the quickest to read the scans, showed the least 
number of slice repetitions, had the lowest number of fixations and 
dwelled at the lesions shortest. The other took longest to read the cases, 
fixated most often, showed most repetitions of slices and dwelled on the 
lesions longest. A follow up study with a greater number of participants 
is in preparation to allow more general conclusions about the relation 
between search behaviour and performance when reading cranial CT 
images.

8318-11, Session 2

iPads and LCDs show similar performance in 
the detection of pulmonary nodules
M. F. McEntee, The Univ. of Sydney (Australia); J. Lowe, M. 
L. Butler, Univ. College Dublin (Ireland); M. Pietrzyk, The Univ. 
of Sydney (Australia); M. G. Evanoff, The American Board of 
Radiology (United States); P. Brennan, The Univ. of Sydney 
(Australia); L. Rainford, Univ. College Dublin (Ireland)

In February 2011 the University of Chicago Medical School distributed 
iPads to trainee doctors for use when reviewing clinical information 
and images on the ward or clinics. The use of tablet computing devices 
is becoming widespread in medicine with AppleTM heralding them 
as “revolutionary” in medicine. The question arises, just because it is 
technical achievable to use iPads for clinical evaluation of images, should 
we do so? The current work assesses the diagnostic efficacy of iPads 
when compared with LCD secondary display monitors for identifying lung 
nodules on chest x-rays. 

Eight examining radiologists of the American Board of Radiology were 
involved in the assessment, reading chest images on both the iPad and 
the an off-the-shelf LCD monitor. Thirty chest images were shown to 
each observer, of which 15 had one or more lung nodules. Radiologists 
were asked to locate the nodules and score how confident they were 
with their decision on a scale of 1-5. An ROC and JAFROC analysis was 
performed and modalities were compared using DBM MRMC. 

The results demonstrate no significant differences in performance 
between the iPad and the LCD for the ROC AUC (p<0.075) or JAFROC 
FOM (p<0.059) for random readers and random cases. Sample size 
estimation showed that this result is significant at a power of 0.8 and an 
effect size of 0.05 for ROC and 0.07 for JAFROC.

This work demonstrates that for the task of identifying pulmonary 
nodules, the use of the iPad does not significantly change performance 
compared to an off-the-shelf LCD.

8318-12, Session 3

Quantitative evaluation of the memory bias 
effect in ROC studies with PET/CT
M. Kallergi, Technological Educational Insitute of Athens 
(Greece); N. Pianou, A. Georgakopoulos, Biomedical Research 
Foundation of the Academy of Athens (Greece); G. Kafiri, S. 
Pavlou, Endocrine Clinics (Greece); S. Chatziioannou, Biomedical 
Research Foundation of the Academy of Athens (Greece)

Purpose: To evaluate the memory bias effect on ROC studies with PET/
CT scans of patients suspected with recurrent thyroid cancer.

Materials and Methods: Forty three patients with elevated thyroglobulin 
levels and negative I-131 or I-123 whole body scans (WBS) underwent a 
standard PET/CT WBS and a high-resolution head and neck scan (HNS). 
Two experts participated in an ROC study and reported, on 5-point rating 
scales, the likelihood of an abnormality being present and malignant. 
Three reading sessions were conducted. First the WBS data were 
reviewed (Treatment A). Within a week, the combination of WBS and HNS 
were reviewed (Treatment B). The latter reading was repeated a month 
later. Data were analyzed with the LABMRM software. Ground truth was 
based on clinical follow up and biopsy outcomes.

Results: No performance differences were observed when reading 
sessions were separated by a week or less leading to the conclusion 
that Treatment B has no clinical value. However, there were statistically 
significant differences in detection and diagnosis performances when 
reading sessions were separated by a month or more leading to the 
conclusion that Treatment B is valuable in the detection of recurrent 
thyroid cancer and subsequent patient care. 

Conclusion: Memory bias due to short time intervals impacts severely 
ROC results and, in our case, the evaluation of different PET/CT 
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protocols, but not necessarily in favor of the treatment evaluated second 
in order. The importance of planning for sufficiently large time intervals 
between reading sessions cannot be overemphasized in the evaluation of 
tomography studies.

8318-13, Session 3

A new parametrization for the three-class 
ideal observer’s decision rule
D. C. Edwards, The Univ. of Chicago Medical Ctr. (United States)

Despite theoretical and practical difficulties, we are attempting to extend 
receiver operating characteristic (ROC) analysis to tasks with more than 
two classes. Previously we developed explicit analytical expressions for 
the behavior of the ideal observer acting on univariate trinormal data, and 
for the region of support of the ideal observer’s decision variables when 
acting on bivariate trinormal data. Although explicit calculation of the 
ideal observer’s behavior for general underlying data is difficult, we have 
developed a new set of parameters for describing the ideal observer’s 
decision rule which may aid in analytic or numeric computation of the 
ideal observer’s behavior.

8318-14, Session 3

A nonparametric approach to comparing the 
areas under correlated LROC curves
A. Wunderlich, F. Noo, The Univ. of Utah (United States)

In contrast to the ROC assessment paradigm, localization ROC (LROC) 
analysis provides a means to jointly assess the accuracy of visual search 
and detection in an observer study. In a typical multireader, multicase 
(MRMC) evaluation, the data sets are paired so that correlations arise 
in observer performance both between observers and between image 
reconstruction methods (or modalities). Therefore, MRMC evaluations 
motivate the need for a statistical methodology to compare correlated 
LROC curves. In this work, we suggest a nonparametric strategy for this 
purpose. Specifically, we find that seminal work of Sen on U-statistics 
can be applied to estimate the covariance matrix for a vector of LROC 
area estimates. The resulting covariance estimator is the LROC analog 
of the covariance estimator given by DeLong et al. for ROC analysis. 
Once the covariance matrix is estimated, it can be used to construct 
confidence intervals and/or confidence regions for purposes of 
comparing observer performance across reconstruction methods. The 
utility of our covariance estimator is illustrated with a human-observer 
LROC evaluation of three reconstruction strategies for fan-beam CT.

8318-15, Session 3

Image recognition and consistency of 
response
T. M. Haygood, The Univ. of Texas M.D. Anderson Cancer Ctr. 
(United States); J. Ryan, The Univ. of Sydney (Australia); Q. M. A. 
Liu, R. L. Bassett, Jr., The Univ. of Texas M.D. Anderson Cancer 
Ctr. (United States); P. C. Brennan, The Univ. of Sydney (Australia)

Abstract: Image Recognition and Consistency of Response

Purpose: To examine the relationship between conscious recognition of a 
previously interpreted chest radiograph and consistency in interpretation 
of the same chest radiograph when the images are encountered in an 
experimental setting.

Methods: Twenty-four radiologists viewed 60 posterior-anterior chest 
radiographs divided into two sets of 40 images to indicate the position 
of a central venous line tip in the azygos vein or the superior vena cava. 
Within each set of forty images, 20 images overlapped in both sets while 
20 images were unique to each set. For each image in the second set, 

readers indicated their level of certainty as to whether or not the image 
was included in the first set. Statistical analysis was performed on the 20 
images that overlapped in both sets.

Results: There was no statistically significant difference in the likelihood 
of a consistent response between first and second interpretations of 
consciously recognized images and those that were not consciously 
recognized. Radiologists were consistent 88.3% of the time for the 
images they recognized and 93.5% of the time for the cases they did not 
recognize. 

Conclusion: Radiologists’ consistency in their interpretation of an 
experimentally encountered chest radiograph appears to be independent 
of their conscious recognition of the image.

8318-16, Session 3

Inverse dependence of search and 
classification performances in clinical lesion 
localization tasks in mammography
D. P. Chakraborty, H. Yoon, Univ. of Pittsburgh (United States); 
C. R. Mello-Thoms, Univ. of Pittsburgh Cancer Institute (United 
States)

Search involves identifying the locations of potential lesions. 
Classification involves determining if an identified region is a true lesion. 
Overall performance, as measured by the area under ROC curve (AUC), 
is affected by both search and classification performances. The aim was 
to develop a method for separating these contributions and apply it to 
clinical datasets. The method involves fitting ROC data to a statistical 
model of visual search and determining the fitted end-point of the ROC 
and the separation (mu) of the binormal distributions of signal and noise 
sites. Search performance is defined as proportional to the perpendicular 
distance of the end-point of the ROC to the chance diagonal. 
Classification performance is defined as mu. Search performance ranged 
from 0 to 0.65, classification performance ranged from 0.52 to 2.9 
and AUC ranged from 0.68 to 0.93. The Kendall correlation coefficient 
between search and the mu parameter was -0.447 (p 0.16). The results 
suggest that search is generally the weak link but that radiologists 
may learn to compensate for poor search performance with better 
classification performance.

8318-17, Session 4

Outlining and categorising mammographic 
breast density: expert radiologist perception
Y. Li, P. C. Brennan, The Univ. of Sydney (Australia); W. Lee, 
Cancer Institute NSW (Australia); J. Ryan, The Univ. of Sydney 
(Australia); J. Cawson, C. Nickson, The Univ. of Melbourne 
(Australia); W. Reed, M. W. Pietrzyk, D. Al Mousa, E. Ryan, The 
Univ. of Sydney (Australia)

The main aim of this study is to investigate the outlining and categorising 
of breast density by expert radiologists in order to help to understand 
how radiologists perceive breast density. It investigates inter-radiologist 
variability in breast density assessment and the correlation between 
radiologists’ free-form outlining and visual classification of breast density. 
For a sample of forty-five normal cranio-caudal view mammograms with 
a range of appearances of breast density, twenty radiologists were asked 
to manually outline breast density using an interactive pen tablet and to 
visually classify breast density by the BI-RADS density categorization 
system by the American College of Radiology, and by estimated 
percentage breast density. We found large differences in breast density 
outlining for all BI-RADS density categories. Scattered and patchy breast 
density appeared to be associated with large variation in outlining. 
There was moderate inter-radiologist agreement in BI-RADS density 
categorising (Kappa = 0.489). Breast density is a complex radiological 
feature that impacts upon assessment consistency.
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8318-18, Session 4

Measurements of the detectability of hepatic 
hypovascular metastases as a function of 
eccentricity in CT images
I. Diaz, Ctr. Hospitalier Univ. Vaudois (Switzerland); M. Eckstein, 
Univ. of California, Santa Barbara (United States); A. Luyet, P. 
Bize, F. Bochud, Ctr. Hospitalier Univ. Vaudois (Switzerland)

Detectability measurements of human observers with respect to 
eccentricity were performed. These types of measurements have been 
done in the past but not in the context of real medical backgrounds. A 
representative signal was extracted from a liver image and was added to 
healthy liver backgrounds at random positions. The eccentricities were 
chosen by varying the position of the fixation point. This method gave 
a wide variety of eccentricities that could be studied within any given 
image. The observer was shown the only the possible location of the 
signal and the fixation position. The medical image was then flashed for 
a short period of time and the observer was asked whether or not this 
was a signal-present or signal-absent image. By means of an eye-tracker 
the gaze of six naïve human observers was fixed in the given location 
for a chosen eccentricity, and the trial was aborted if the gaze position 
strayed too far from the fixation location. The yes/no detection task was 
repeated 400 times for each eccentricity, with 200 signal-present images 
and 200 signal-absent images. From the performance of the observers, 
a detectability map was estimated with respect to eccentricity for a 
display time of 250 ms (chosen as time to first fixation) and a display 
time of 1 second. This is an important measurement in the development 
of foveated model observers and model observers which will take into 
account the three-dimensional aspect of volumetric data sets.

8318-19, Session 4

Signal-known exactly detection performance 
in tomosynthesis: Does volume visualization 
help human observers?
I. S. Reiser, R. M. Nishikawa, The Univ. of Chicago (United 
States)

Tomosynthesis produces three-dimensional images of an object, with 
non-isotropic resolution. Tomosynthesis images are typically read by 
human observers in a stack viewing mode, displaying planes through 
the tomosynthesis volume. The purpose of this study was to investigate 
whether human performance in a signal-known exactly (SKE) detection 
task improves when the entire tomosynthesis volume is available to 
the observer, compared to displaying a single plane through the signal 
center. The goal of this study was to improve understanding of human 
performance in order to aid development of observer models for 
tomosynthesis. 

Human performance was measured using 2-alternative forced choice 
experiments. In each trial, the observer was first asked to select the 
signal-present ROI based on a single 2D tomosynthesis plane. Then, 
scrolling was enabled and the observer was able to select the signal-
present ROI, based on knowledge of the entire volume. The number of 
correct decisions for 2D and 3D viewing was recorded. 

Test images consisted of tomosynthesis reconstructions of simulated 
backgrounds consisting of binarized power-law filtered noise, with 
additive signals of 0.025cm, 0.1cm, and 0.4cm radius. Two observers 
participated in the reader study. 

No consistent trend was found for the two smallest signals. For the 
largest signal, an increase in performance was found for one observer. 
Overall, the experiments failed to show a statistically significant increase 
in performance when the entire volume was provided. This may indicate 
that, for a SKE detection task, the difference in information content in a 
single slice or the volume is small.

8318-20, Session 4

Satisfaction of search errors detecting subtle 
fractures diminish in the presence of more 
serious injuries
K. S. Berbaum, K. M. Schartz, R. T. Caldwell, G. Y. El-Khoury, K. 
Ohashi, M. Madsen, E. A. Franken, The Univ. of Iowa Hospitals 
and Clinics (United States)

Purpose. This experiment tested whether radiographs of major 
injuries, those having serious consequences for life and limb, produce 
a satisfaction of search (SOS) effect on the detection of subtle, non-
displaced test fractures.

Materials and Methods. Institutional review board approval and informed 
consent from twenty-four participants were obtained. Seventy simulated 
patients with multiple trauma injuries were constructed from radiographs 
of three different anatomic areas demonstrated only skeletal injuries. 
Readers evaluated each patient under two conditions: first, in the 
non-SOS condition, no injuries present the first anatomic images; and 
second, in the SOS condition, the first anatomic images included a major 
injury requiring immediate medical intervention. The SOS effect was 
measured on detection accuracy using receiver operating characteristic 
(ROC) analysis for subtle test fractures presented on examinations of the 
second or third anatomic areas. 

Results. SOS reduction in ROC area for detecting subtle test fractures 
with the addition of a major injury was not observed. 

Conclusions. SOS was absent when major injuries were presented on 
radiographs. This finding rejects the hypothesis that SOS arises primarily 
from injuries requiring major intervention. Similar results have been found 
previously when major injuries were presented on CT, but test fractures 
were presented on radiographs. Our new finding rejects the possibility 
that SOS is absent because added and test fractures appear on different 
imaging modalities.

8318-21, Session 4

Predictive modeling of human perception 
subjectivity: feasibility study of 
mammographic lesion similarity
G. D. Tourassi, S. Xu, Oak Ridge National Lab. (United States)

The majority of clinical content-based image retrieval (CBIR) studies 
disregard human perception subjectivity, aiming to duplicate the 
consensus expert assessment of the visual similarity on example cases. 
The purpose of our study is two-fold: i) understand better the extent 
of human perception subjectivity when assessing the visual similarity 
of two images, and (ii) explore the feasibility of personalized predictive 
modeling of visual similarity, both with respect to visual assessment of 
mammographic masses. We conducted a human observer study in which 
5 observers of various expertise were shown triplets of mammographic 
masses with similar BIRADS descriptors and were asked to select the 
two masses with the highest visual relevance. Pairwise agreement 
ranged between poor and fair among the 5 subjects, as assessed by 
the kappa statistic. The subjects’ self-consistency rate was remarkably 
low, based on repeated questions where either the orientation or 
the presentation order of a mass was changed. 59 machine learning 
algorithms were explored to determine whether they can predict 
each observer’s personalized selection using textural features. Many 
algorithms performed with accuracy that exceeded each observer’s self-
consistency rate, as determined using a cross-validation scheme. This 
accuracy was statistically significantly higher than would be expected 
by chance alone (two-tailed p-value ranged between 0.001 and 0.01 for 
all 5 personalized models). The study confirmed that human perception 
subjectivity should be taken into account when developing CBIR-based 
medical applications.
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8318-22, Session 5

Pathology: why the future of medicine’s gold 
standard is to go digital
M. J. Becich, Univ. of Pittsburgh (United States)

Pathology is one of the oldest specialties of Medicine, and the 
investigations on the underlying causes of disease can be traced 
back to the XI century. The first optical microscope was only created 
centuries later, around 1590, but it took almost another 100 years before 
it became the centerpiece for the study of disease processes. Today, 
the optical microscope still reigns supreme in the clinical practice, and 
the diagnoses made under its lenses are considered the “gold standard” 
in Medicine. However, the demands facing pathologists are greater 
than ever, with an aging population, a growing number of diagnostic 
procedures available to clinicians, and a litigation-prone society. How can 
pathologists improve their processes, reduce variability and safeguard 
themselves (by consulting on difficult cases) if they still have to rely on 
glass slides? In this talk we will discuss Pathology’s migration towards 
a digital environment: why it is necessary, unavoidable, and may be 
quite painful, if care is not taken in training personnel not to see the 
digital microscope as a “digital” version of the optical microscope. We 
will discuss the many new opportunities that will be opened up by the 
conversion to a digital environment, such as teleconsulting; digital slide 
storage; and development of computer-aided diagnostic systems. We will 
also review the many challenges that lie ahead: image storage, retrieval 
and transmission; appropriate uses of the digital microscope; and 
securing FDA approval for Whole Slide Imaging devices.

8318-40, Session 5

Automated malignancy detection in breast 
histopathological images
A. Chekkoury, P. K. Khurd, J. Ni, C. Bahlmann, A. Kamen, A. H. 
Patel, L. Grady, Siemens Corporate Research (United States); E. 
A. Krupinski, The Univ. of Arizona (United States); J. P. Johnson, 
Siemens Corporate Research (United States); A. R. Graham, R. 
S. Weinstein, The Univ. of Arizona (United States)

In traditional cancer diagnoses, pathologists examine biopsies to 
make diagnostic assessments largely based on deviations in the 
cell structures and changes in the cell distribution across the tissue. 
Detection of malignancy from histopathological images of breast cancer 
is a labor-intensive and error-prone process. Automation of this process 
is highly desirable and would streamline the clinical workflow. In this 
article, we present an efficient Computer Aided Diagnosis system 
that can differentiate between cancerous and noncancerous H&E 
(hemotoxylin&eosin) biopsy samples. The proposed approach aims 
at extracting relevant features that are used to quantify the observed 
changes in cancer tissue. We explore texton-based, network-based 
and novel morphometric features that take advantage of the special 
shape of the nuclei cells in breast cancer histopathological images. In 
extracting the network-based and morphometric features, the exact 
locations and segmentations of the nuclei need to be determined, 
which is accomplished using Support Vector Machine classifiers and 
the Random Walker algorithm, respectively. The proposed approach 
also uses ECM (Extra Cellular Matrix) - aware graph generation that 
can better discriminate between different anatomical structures. Using 
a Support Vector Machine classifier on these features in conjunction 
with the maximum relevance - minimum redundancy feature selection 
technique, we differentiate between malignant and benign breast cancer 
histological slices. Experiments were conducted using H&E stained 
samples, previously annotated by pathologists. Our method achieved a 
high average sensitivity and specificity.

8318-58, Session 5

Robust alignment of prostate histology slices 
with quantified accuracy
C. Hughes, INSERM, U1032 (France) and CREATIS, CNRS UMR 
5220, INSERM U1044, (France) and Univ. Lyon 1 (France); O. 
Rouviere, Hospices Civils de Lyon (France) and Inserm, U1032 
(France); F. Mege Lechevallier, Hospices Civils de Lyon (France); 
R. Souchon, INSERM, U1032 (France); R. Prost, CREATIS-LRMN 
INSA (France)

No current imaging technique is capable of detecting with precision 
tumours in the prostate. To evaluate each technique, the histology data 
must be precisely mapped to the imaged data. As it cannot be assumed 
that the histology slices are cut along the same plane as the imaged 
data is acquired, the registration is a 3D problem. This requires the prior 
accurate alignment of the histology slices. 

We propose a protocol in which 3 needles are inserted into the fresh 
prostate, creating internal fiducial markers visible in the histology slices. 
Our algorithm then automatically detects and classifies these markers, 
enabling the automatic rigid alignment of the slices. The accuracy of 
the algorithm was quantified in simulated images, a beef liver sample in 
which a validation marker had been created and 10 prostate specimens. 

The simulated images showed that the algorithm has no associated 
residual error and justified the choice of a rigid registration. In the beef 
liver images, the average accuracy of the alignment was 0.11 ± 0.09 
mm at the fiducial markers, and 0.63 ± 0.47 mm at the validation marker 
positioned approximately 20 mm from the fiducial markers. Concerning 
the 10 prostate specimens, there were 19.2 histology slices on average 
per specimen. On average, 90.9% of the fiducial markers created were 
visible in the slices, of which 96.1% were automatically and correctly 
detected. The accuracy of the alignment was on average 0.19 ± 0.15 
mm at the fiducial markers. The algorithm takes 5.46 min on average per 
prostate specimen.

8318-23, Session 6

Analysis of slide exploration strategy of 
cytologists when reading virtual slides
L. Pantanowitz, A. V. Parwani, E. Tseytlin, C. R. Mello-Thoms, 
Univ. of Pittsburgh Cancer Institute (United States)

Cytopathology is the sub-domain of Pathology that deals with the 
diagnosis of cellular changes caused by disease. Currently in the clinical 
practice cytotechnologists screen glass slides containing fixed cytology 
material and examine the cellular specimen under a microscope; if no 
abnormalities are detected, the specimen is deemed “normal”, otherwise 
the abnormalities are marked with a pen on the slide and sent to a 
specialized pathologist, a cytopathologist, for review and final diagnostic 
interpretation. As Pathology is migrating towards a digital environment, it 
is important to determine whether these crucial screening and diagnostic 
tasks can be performed as well using digital slides as in the current 
practice. The purpose of this work is to make this assessment by using 
a set of digital slides depicting cytological materials of different disease 
processes in several organs, and then analyzing how cytotechnologists, 
cytopathologists and cytotechnology-trainees explored these digital 
slides. We will (1) collect slide exploration data from the cytologists as 
they navigate the slides, as well as record any marks made on the digital 
slide and all the diagnoses provided; (2) convert the dynamic visual 
search data into a static representation of the observers’ exploration 
strategy using ‘search maps’; and (3) determine and compare slide 
coverage, identification of diagnostic criteria and diagnoses made for 
each group.
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8318-24, Session 6

Influence of LCD color reproduction accuracy 
on observer performance using virtual 
pathology slides
E. A. Krupinski, The Univ. of Arizona (United States); L. D. 
Silverstein, Vcd Sciences Inc. (United States); S. F. Hashmi, A. R. 
Graham, R. S. Weinstein, H. Roehrig, The Univ. of Arizona (United 
States)

The use of color LCDs in medical imaging is growing as more 
clinical specialties use digital images as a resource in diagnosis and 
treatment decisions. Telemedicine applications such as telepathology, 
teledermatology and teleophthalmology rely heavily on color images. 
However, standard methods for calibrating, characterizing and profiling 
color displays do not exist, resulting in inconsistent presentation. To 
address this, we developed a calibration, characterization and profiling 
protocol for color-critical medical imaging applications. Physical 
characterization of displays calibrated with and without the protocol 
revealed high color reproduction accuracy with the protocol. The present 
study assessed the impact of this protocol on observer performance. A 
set of 250 breast biopsy virtual slide regions of interest (half malignant, 
half benign) were shown to 6 pathologists, once using the calibration 
protocol and once using the same display in its “native” off-the-shelf 
uncalibrated state. Diagnostic accuracy and time to render a decision 
were measured. In terms of ROC performance, Az (area under the curve) 
calibrated = 0.8640; uncalibrated = 0.8558. No statistically significant 
difference (p = 0.2719) was observed. In terms of interpretation speed, 
mean calibrated = 4.895 sec, mean uncalibrated = 6.304 sec which 
is statistically significant (p = 0.0460). Early results suggest a slight 
advantage diagnostically for a properly calibrated and color-managed 
display and a significant potential advantage in terms of improved 
workflow. Future work should be conducted using different types of color 
images that may be more dependent on accurate color rendering and a 
wider range of LCDs with varying characteristics.

8318-25, Session 6

Compressing virtual pathology slides: human 
and model observer evaluation
E. A. Krupinski, The Univ. of Arizona (United States); J. P. 
Johnson, Siemens Corporate Research (United States); S. Jaw, 
A. R. Graham, R. S. Weinstein, The Univ. of Arizona (United 
States)

We aim to improve telepathology images for diagnoses using 
compression based on information about human visual system. 
Underlying goal is to demonstrate utility of a visual discrimination model 
(VDM) for predicting observer performance. 100 ROIs from breast 
biopsy virtual slides at 5 levels of compression (uncompressed, 8:1, 
16:1, 32:1, 64:1, 128:1) were shown to 6 pathologists to determine 
benign vs malignant. There was a decrease in performance as a function 
of compression (F = 14.58, p< 0.0001). The visibility of compression 
artifacts in the test images was predicted using a VDM. JND metrics were 
computed for each image including mean, median, ≥90th percentiles, and 
maximum. For comparison PSNR and SSIM were also computed. Image 
distortion metrics were computed as a function of compression ratio 
and averaged across test images. All of the JND metrics were found to 
be highly correlated and differed primarily in magnitude. Both PSNR and 
SSIM decreased with bit rate, correctly reflecting a loss of image fidelity 
with increasing compression. Observer performance (Az) was nearly 
constant up to a compression ratio of 32:1, then decreased significantly 
for 64:1 and 128:1 compression. The initial decline in Az occurred around 
a mean JND of 3, Minkowski JND of 4, and 99th percentile JND of 6.5. 
Virtual pathology may be compressible to relatively high levels before 
impacting diagnostic accuracy and the VDM accurately predicts human 
performance.

8318-41, Session 6

Follicular lymphoma grading using cell-
graphs and multiscale feature analysis
B. Oztan, Rensselaer Polytechnic Institute (United States); H. 
Kong, M. Gurcan, The Ohio State Univ. Medical Ctr. (United 
States); B. Yener, Rensselaer Polytechnic Institute (United States)

We present a method for the automated histopathological grading of 
follicular lymphoma (FL) images based on a multi-scale feature analysis. 
We analyze FL images using cell-graphs to characterize the spatial 
organization between the cells in tissues. Cell-graphs represent images 
with undirected and unweighted graphs wherein the cell nuclei constitute 
the nodes and the approximate adjacencies of the cells are represented 
with edges. Using the features extracted from nuclei- and cytoplasm-
based cell-graphs, a classifier defines the grading of the follicular 
lymphoma images. The performance of this system is comparable to that 
of our recently developed system that characterizes higher-level semantic 
description of tissues using model-based intermediate representation 
(MBIR) and color-textural analysis. When tested with three different 
classifiers, the combination of cell-graph based features with the MBIR 
and color-textural features followed by a multi-scale feature selection is 
shown to achieve considerably higher classification accuracies than any 
set of these features can achieve separately.

8318-42, Session 6

Nucleus fingerprinting for the unique 
identification of Feulgen-stained nuclei
D. Friedrich, RWTH Achen (Germany); M. Brozio, A. A. Bell, 
RWTH Aachen (Germany); S. F. Biesterfeld, A. Böcking, Heinrich-
Heine-Univ. Düsseldorf (Germany); T. Aach, RWTH Aachen 
(Germany)

DNA Image Cytometry is a method for non-invasive cancer diagnosis 
which measures the DNA content of Feulgen-stained nuclei. DNA content 
is measured using a microscope system equipped with a digital camera 
as a densitometer and estimating the DNA content from the absorption of 
light when passing through the nuclei. However, a DNA Image Cytometry 
measurement is only valid if each nucleus is only measured once.

To assist the user in preventing multiple measurements of the 
same nucleus, we have developed a unique digital identifier for the 
characterization of Feulgen-stained nuclei, the so called nucleus 
fingerprint. Only nuclei with a new fingerprint can be added to the 
measurement. This fingerprint is based on basic nucleus features, the 
contour of the nucleus and the spatial relationship to nuclei in the vicinity. 
Based on this characterization, a classifier for testing two nuclei for 
identity is presented. 

In a pairwise comparison of ~40000 pairs of mutually different nuclei, 
99.5% were classified as different. In another 450 tests, the fingerprints 
of the same nucleus recorded a second time were in all cases judged 
identical. We therefore conclude that our nucleus fingerprint approach 
robustly prevents the repeated measurement of nuclei in DNA Image 
Cytometry.

8318-59, Session 6

Reconstruction of incomplete cell paths 
through a 3D-2D level set segmentation
M. Hariri, J. W. L. Wan, Univ. of Waterloo (Canada)

Segmentation of fluorescent cell images has been a popular technique 
for tracking live cells. One challenge of segmenting cells from 
fluorescence microscopy is that cells in fluorescent images frequently 
disappear.

When the images are stacked together to form a 3D image volume, the 
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disappearance of the cells leads to broken cell paths.

In this paper, we present a segmentation method that can reconstruct 
incomplete cell paths. The key idea of this model is to perform 2D 
segmentation in a 3D framework. The 2D segmentation captures the 
cells that appear in the image slices while the 3D segmentation connects 
the broken cell paths. The formulation is similar to the Chan-Vese level 
set segmentation which detects edges by comparing the intensity value 
at each voxel with the mean intensity values inside and outside of the 
level set surface. Our model, however, performs the comparison on 
each 2D slice with the means calculated by the 2D projected contour. 
The resulting effect is to segment the cells on each image slice. Unlike 
segmentation on each image frame individually, these 2D contours 
together form the 3D level set function. By enforcing minimum mean 
curvature on the level set surface, our segmentation model is able to 
extend the cell contours right before (and after) the cell disappears (and 
reappears) into the gaps, eventually connecting the broken paths. We 
will present segmentation results of C2C12 cells in fluorescent images to 
illustrate the effectiveness of our model qualitatively and quantitatively by 
different numerical examples.

8318-26, Session 7

Creation of an ensemble of simulated cardiac 
cases and a human observer study: tools for 
the development of a numerical observer for 
SPECT myocardial perfusion imaging
J. M. O’Connor, P. H. Pretorius, R. Licho, S. Joffe, S. Mehurg, 
H. C. Gifford, Univ. of Massachusetts Medical School (United 
States); J. G. Brankov, Illinois Institute of Technology (United 
States)

Our previous Single Photon Emission Computed Tomography (SPECT) 
myocardial perfusion imaging (MPI) research explored the utility of 
numerical observers. We recently created two hundred and twenty-
five simulated SPECT cardiac cases using dynamic MCAT (DMCAT) 
and SIMIND Monte Carlo tools. All simulated cases were processed 
with two reconstruction methods: iterative ordered subset expectation 
maximization (OSEM) and filtered backprojection (FBP). Observer 
study sets were assembled for both OSEM and FBP methods. The 
observer task was to indicate confidence in the presence or absence of 
a myocardial perfusion defect using a 5-scale rating on the American 
Society of Nuclear Cardiology (ASNC) 17-segment cardiac model. 
Human observer studies established the guidelines for the evaluation 
of numerical observer performance. Several numerical observers 
were formulated and their performance was compared with the 
human observer performance. One numerical observer was based on 
evaluation of a cardiac polar map that had been pre-processed using 
a gradient-magnitude watershed segmentation algorithm. The second 
numerical observer was another analysis of a cardiac polar map in this 
implementation corrected by an average image of normal cases. The 
second numerical observer uses only thresholds for standard deviation 
of mean intensity in each of the seventeen segments as the basis for a 
confidence rating.

8318-27, Session 7

Volumetric detection tasks with varying 
complexity: model and human observer 
performance
L. Plati?a, A. E. Kumcu, Univ. Gent (Belgium); M. Plati?a, TASS 
(Belgium); E. Vansteenkiste, Univ. Gent (Belgium); K. Deblaere, 
Ghent Univ. Hospital (Belgium); A. Badano, U.S. Food and Drug 
Administration (United States); W. Philips, Univ. Gent (Belgium)

This study compares detection performance trends of the channelized 
Hotelling observer (CHO) with dense difference-of-Gaussian channels 

to human observer performance. We explore two parameters: task 
complexity determined by the frequency content of background and 
signal, and image viewing mode: single-slice (ss) versus multi-slice 
(ms) stack-browsing image presentation. The images are 3D correlated 
Gaussian noise with a 3D Gaussian signal centered in the image volume. 
To vary task complexity, we consider three different noise kernels. The 
signal spread is kept constant across all images. In ss mode, only the 
central slice of the volume is presented to the observer, while in ms 
mode all slices are available. The exact same set of images is scored 
by human and model observers. All human readings are conducted 
in a controlled viewing environment on a 5MP digital mammography 
medical display. We find that the CHOs capture similar rankings of ss 
to ms performance distances: the distance is smallest for highest task 
complexity. Depending on the degree of task complexity, the absolute 
levels of performance measured by the models seem to change more 
rapidly than those measured by humans, for ss and ms modes: for 
the high complexity task, the CHO scores are very close to the human 
ones but they are notably higher for the mid-complexity task, and vastly 
higher for the low-complexity task. These results suggest that humans, 
relative to the considered CHO models, tend to be highly efficient in high 
complexity detection tasks while in less complex tasks their efficiency 
decreases.

8318-28, Session 7

Performance characteristics of a visual-
search human-model observer with sparse 
PET image data
H. C. Gifford, Univ. of Massachusetts Medical School (United 
States)

As predictors of human performance in detection-localization tasks, 
statistical model observers can have problems with tasks that are 
primarily limited by tumor contrast or structural noise. Model observers 
with a visual-search (VS) framework may provide a more reliable 
alternative. The framework amounts to an initial holistic search that 
identifies suspicious locations for analysis by a statistical observer. A 
basic VS observer for emission tomography focuses on hot ``blobs’’ in 
an image and uses a channelized nonprewhitening (CNPW) observer 
for analysis. In [1], we investigated this model for a contrast-limited task 
with SPECT images; herein, a statistical-noise limited task involving PET 
images is considered. An LROC study used 2D images with liver, lung 
and soft-tissue tumors. Human and model observers read the images in 
coronal, sagittal and transverse display formats. The study measured the 
detectability of tumors in a given organ as a function of display format. 
The model observers were applied under several task variants that tested 
their response to structural noise both at the organ boundaries alone and 
over the organs as a whole. In terms of correlation with the human data, 
the VS observer outperformed the CNPW scanning observer.

8318-29, Session 7

Theoretical performance analysis of multi-
slice channelized Hotelling observers
B. Goossens, L. Plati?a, W. Philips, Univ. Gent (Belgium)

Quality assessment of 3D medical images is becoming increasingly 
important, because of clinical practice moving in the direction of 
volumetric imaging. In a recent publication [13], three multi-slice 
channelized Hotelling observer (msCHO) models are presented for the 
task of detecting 3D signals in multi-slice images, where each multi-slice 
image is inspected in a so called stack-browsing mode. The observer 
models are based on the assumption that humans observe multi-slice 
images in a simple two stage process, and differ in their implementation 
of this principle. 

In this paper, we investigate the theoretical performance (in terms of 
detection signal-to-noise-ratio and AUC) of msCHO models, for the task 
of detecting a separable signal in a Gaussian background with separable 
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covariance matrix. We find that, despite the differences in architecture of 
the models, the models have the same asymptotical performance in this 
task (i.e., when the number of training images tends to infinity). On the 
other hand, when backgrounds with non-separable covariance matrices 
are considered, msCHOc is expected to perform slightly better than 
the other msCHO models, but only when sufficient training images are 
provided. These findings suggest that the choice between the msCHO 
models mainly depends on the experiment setup (e.g., the number 
of available training samples), while the relation to human observers 
depends on the particular choice of the temporal channels that the 
msCHO models use.

8318-30, Session 7

Utilizing the Hotelling template as a tool for 
CT image reconstruction algorithm design
E. Y. Sidky, A. Sanchez, X. Pan, The Univ. of Chicago Medical Ctr. 
(United States)

Design of image reconstruction algorithms for CT can be significantly 
aided by useful metrics of image quality. Useful metrics, however, are 
difficult to develop due to the high-dimensionality of the CT imaging 
system, lack of spatial invariance, and high degree of correlation among 
the image voxels.

On the other hand, because the image reconstruction algorithm is only 
one component of the larger CT scanning system, true task-based 
evaluation of the whole scanner may not be the best tool for designing 
the algorithm.

The specified task may be insensitive to the image reconstruction 
algorithm, and evaluation based on realistic imaging tasks may be too 
time-consuming.

In this work, we choose to follow the latter strategy because model 
observers that mimic performance of the imaging system on specific 
tasks can provide a low dimensional measure of image quality combining 
many of the salient properties of the system and object being scanned. 
In designing the imaging task, we take care to avoid the difficulties 
mentioned above.

Ideal observer performance is computed on a detection task. To 
overcome the potential shortcomings, the modeled signal for detection 
is taken to be very small -- size on the order of a detector bin -- and 
inspection of the accompanying Hotelling template is suggested. We 
hypothesize that improved detection on small signals may be sensitive 
the the reconstruction algorithm, correlate with many other CT imaging 
tasks, and structurally simple Hotelling templates may correlate with high 
human observer performance.

8318-31, Session 8

Diagnostic accuracy of digital mammography 
versus tomosynthesis: effect of radiologists’ 
experience
F. Zanca, UZ Leuven (Belgium); M. G. Wallis, Addenbrooke’s 
Hospital (United Kingdom); E. Moa, Sectra Mamea AB (Sweden); 
K. Leifland, Capio St. Göran’s Hospital (Sweden); M. E. 
Danielsson, Sectra Mamea AB (Sweden); R. Oyen, H. Bosmans, 
UZ Leuven (Belgium)

Purpose: To investigate whether readers’ experience affects performance 
in a study comparing 2D digital mammography (2D) with 2-view or 1-view 
(MLO) tomosynthesis.

Materials and Methods: One-hundred-thirty 2D cases were collected 
from screening assessment and referral clinics; 64 of the cases had 
verified abnormalities. 2-view tomosynthesis images were obtained from 
the same patients. Ten accredited readers (5 with ≥ 10 years experience 
in mammography and 5 with < 10 years) classified the cases in terms 
of malignancy (rate 0-5), and recall (yes/no), for both modalities. A 

second experiment was performed with the same cases, with 10 other 
readers (again 5 experienced/ 5 less experienced), but using 2D and 
1-view tomosynthesis as the two modalities. The multi-reader-multi-
case ROC method was applied and the significance of diagnostic 
accuracy difference of 2D vs tomosynthesis was calculated, in function 
of experience and for each experiment. Recall rate (RR) on malignant and 
benign cases was also calculated, along with reading time. 

Results: No significant difference was reached between 2D and 
2-view tomosynthesis for experienced readers (p-value=0.25); for 
less experienced readers p-value was significant (0.03). No significant 
difference was found between 2D and 1-view tomosynthesis, 
independent of readers’ experience. RR for benign cases decreases 
for tomosynthesis (1- or 2-view), independent of experience. Average 
reading time per case was 79.2s and 134s for experienced readers; 
56.2s and 115.4s for non-experienced, for 2D and 2-view tomosynthesis 
respectively.

Conclusions: For experienced readers, there is no evidence of improved 
diagnostic accuracy when using 2-view or 1-view tomosynthesis, while 
less experienced readers perform better with 2-view tomosynthesis than 
2D images. Tomosynthesis reduces the number of recall of benign cases, 
without hindering cancer detection.

8318-32, Session 8

Is diagnostic accuracy for detectng 
pulmonary nodules in chest CT reduced after 
a long day of reading?
E. A. Krupinski, The Univ. of Arizona (United States); K. S. 
Berbaum, R. T. Caldwell, K. M. Schartz, The Univ. of Iowa 
Hospitals and Clinics (United States)

Radiologists are reading more cases with more images, especially in CT 
and MRI and thus working longer hours than ever before. There have 
been concerns raised regarding fatigue and whether it impacts diagnostic 
accuracy. This study measured the impact of reader visual fatigue by 
assessing symptoms, visual strain via dark focus of accommodation, and 
diagnostic accuracy. Twenty radiologists and 20 radiology residents were 
given two diagnostic performance tests searching CT chest sequences 
for a solitary pulmonary nodule before (rested) and after (tired) a day of 
clinical reading. 10 cases used free search and navigation, and the other 
100 cases used preset scrolling speed and duration. Subjects filled out 
the Swedish Occupational Fatigue Inventory (SOFI) and the oculomotor 
strain subscale of the Simulator Sickness Questionnaire (SSQ) before 
each session. Accuracy was measured using ROC techniques. Using 
Swensson’s technique yields an ROC area = 0.86 rested vs. 0.83 tired, 
p (one-tailed) = 0.09. Using Swensson’s LROC technique yields an area 
= 0.73 rested vs. 0.66 tired, p (one-tailed) = 0.09. Using Swensson’s 
Loc Accuracy technique yields an area = 0.77 rested vs. 0.72 tired, p 
(one-tailed) = 0.13). Subjective measures of fatigue increased significantly 
from early to late reading. To date, the results support our findings with 
static images and detection of bone fractures. Radiologists at the end of 
a long work day experience greater levels of measurable visual fatigue or 
strain, contributing to a decrease in diagnostic accuracy. The decrease in 
accuracy was not as great however as with static images.

8318-33, Session 8

Indirect detection of pulmonary nodules on 
low-pass filtered and original x-ray images 
during limited and unlimited display times
M. W. Pietrzyk, M. F. McEntee, The Univ. of Sydney (Australia); M. 
G. Evanoff, The American Board of Radiology (United States); P. 
C. Brennan, The Univ. of Sydney (Australia)

Aim: This study evaluates assumption that global impression is created 
based on low spatial frequency components of posterior-anterior chest 
radiographs.
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Background: Expert radiologists precisely and rapidly allocate visual 
attention on pulmonary nodules chest radiographs. Moreover, the most 
frequent accurate decisions are produced in the shortest viewing time, 
thus, the first hundred milliseconds of image perception seems be crucial 
for correct interpretation. Medical image perception model assumes that 
during holistic analysis experts extract information based on low spatial 
frequency (LSF) components and creates a mental map of suspicious 
location for further inspection. The global impression results in flagged 
regions for detailed inspection with foveal vision. 

Method: Nine chest experts and nine non-chest radiologists viewed two 
sets of randomly ordered chest radiographs under 2 timing conditions: (1) 
300ms; (2) free search in unlimited time. The same radiographic cases of 
25 normal and 25 abnormal digitalized chest films constituted two image 
sets: low-pass filtered and unfiltered. Subjects were asked to detect 
nodules and rank confidence level. MRMC ROC DBM was conducted. 

Results: Experts had improved ROC AUC while high SF are displayed 
(p=0.0298) or while low SF components were viewed under unlimited 
time (p=0.0211). In contrast, non-chest radiologists have not significantly 
improved while in those comparisons high SF are displayed (p=0.2847) or 
while low SF components were viewed under unlimited time (p=0.1297).

Conclusion: Medical image perception model accurately predicted 
performance for non-chest radiologists. However, chest experts appear 
to benefit from high SF features during the global impression.

8318-34, Session 8

Are improved rater reliability results 
associated with faster reaction times after 
rater training for judgments of laryngeal 
mucus?
H. Bonilha, A. Dawson, K. McGrattan, Medical Univ. of South 
Carolina (United States)

Increased laryngeal mucus aggregation has been associated with a 
number of diagnoses and patient complaints. Mucus aggregation on the 
vocal folds has been visually rated on four dimensions: type, pooling, 
thickness, and location. While visual ratings of mucus aggregation have 
been published, an understanding of the reliability and standardization 
of these ratings has not been accomplished. The goal of this study 
was to evaluate the rater reliability in relation to response time in the 
four dimensions of laryngeal mucus aggregation before and after rater 
training. 

Two raters scored mucus aggregation on the four dimensions from 
120 stroboscopic exams after an initial brief introductory session and 
then again after a more thorough training session. Inter- and intra-rater 
reliability was calculated in percent agreement. Two-tail paired t-tests 
were used to assess differences in reaction time for ratings before and 
after training.

Inter-rater reliability improved from 79% pre-training to 92% post-
training. Intra-rater reliability improved from 77% to 91% for Rater 1 
following training and 80% to 88% for Rater 2 following training. This 
increase in reliability was related to a statistically significant decrease in 
reaction time for both raters (29 seconds for Rater 1 (p= 0.013) and 44 
seconds for Rater 2 (p=0.025)).

These findings further our understanding of observer performance of 
judgments of laryngeal mucus. These results suggest that rater training 
both increases rater reliability and decreases reaction time. Future 
studies should assess the relationship of these judgments to voice 
changes and vocal fold vibration.

8318-35, Session 8

Assessment of change in breast density: 
reader performance using synthetic 
mammographic images
S. Astley, C. Swayamprakasam, M. Berks, J. Sergeant, The Univ. 
of Manchester (United Kingdom); J. Morris, M. Wilson, N. Barr, C. 
Boggis, Univ. Hospital of South Manchester (United Kingdom)

A recent study has shown that breast cancer risk can be reduced by 
taking Tamoxifen, but only if this results in at least a 10% point reduction 
in mammographic density. When mammographic density is quantified 
visually, it is impossible to assess reader accuracy using clinical images 
as the ground truth is unknown. 

Our aim was to compare three models of assessing density change and 
to determine reader accuracy in identifying reductions of 10% points or 
more. We created 100 synthetic, mammogram-like images comprising 
50 pairs designed to simulate natural reduction in density within each 
pair. Model 1: individual images were presented to readers and density 
assessed. Model 2: pairs of images were displayed together, with 
readers assessing density for each image. Model 3: pairs of images were 
displayed together, and readers asked whether there was at least a 10% 
point reduction in density. Ten expert readers participated.

Readers’ estimates of percentage density were significantly closer to the 
truth (6.8%-26.4%) when images were assessed individually rather than 
in pairs (9.6%-29.8%). Measurement of change was significantly more 
accurate in Model 2 than Model 1 (p<0.005). Detecting density changes 
of at least 10% points in image pairs, mean accuracy was significantly 
(p<0.005) lower (25%-44%) when change was calculated from density 
assessments than in Model 3 (37%-46%). 

Our results suggest that where readers need to identify change in density, 
images should be displayed alongside one another. In our study, less 
accurate assessors performed better when asked directly about the 
magnitude of the change.

8318-36, Session 8

Performance differences across the Atlantic 
when UK and USA radiologists read the same 
set of test screening cases
Y. Chen, A. G. Gale, Loughborough Univ. (United Kingdom); M. 
G. Evanoff, The American Board of Radiology (United States); U. 
Zakir, Loughborough Univ. (United Kingdom)

Breast screening experience and the volume of screening cases read per 
year are known key predictors of an individual’s screening performance. 
Additionally, high resolution mammography workstations are a 
requirement for soft copy reporting of FFDM images. Notwithstanding 
this, our previous work has demonstrated that good performance can be 
achieved using a single office monitor with suitable image manipulation 
software as compared to a clinical mammography workstation when 
the same UK screeners read the same cases on different occasions. In 
the present study the effects of differences in experience, case volume 
per annum and monitor resolution were investigated. Two groups of 
experienced radiologists read the same 40 recent FFDM screening cases 
using either clinical mammography workstations or DICOM calibrated 
lower resolution twin monitors to examine the effects of monitor 
resolution, screening experience and volume of cases read per year 
on performance. Sixteen American radiologists reported cases using 
twin DICOM calibrated monitors which were half the resolution of the 
mammographic workstations used by 16 UK radiologists. No difference 
in any performance measure was found when the American radiologists 
were split into high and low volume readers (><5,000cases p.a.) although 
all were very experienced which may have counteracted any case 
volume effect. Comparing all UK to USA readers then the UK group using 
clinical workstations performed better in terms of the number of cancers 
detected although the American group recalled more cases, despite 
having poorer monitors, thereby reflecting differences in clinical practice.
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8318-37, Poster Session

Dose-optimized slice thickness and image 
noise for routine multislice computed 
tomography liver examinations
K. L. Dobeli, The Univ. of Sydney (Australia) and Queensland 
Health (Australia); S. Lewis, S. Meikle, The Univ. of Sydney 
(Australia); D. Thiele, Queensland Health (Australia); P. Brennan, 
The Univ. of Sydney (Australia)

Introduction: The need to optimize CT protocols with respect to radiation 
dose is widely recognized. This study uses phantom-based methodology 
to investigate the affect of changes in exposure and slice thickness on 
observer performance for the detection of low contrast opacities with 
multislice computed tomography to determine dose-optimized slice 
thickness and image noise for routine liver imaging. 

Methods: A phantom containing an opacity with diameter 9.5mm and 
density 10HU below background was scanned at various exposure and 
slice thickness settings (range 50-125mAs and 1-3mm). An image set 
consisting of 120 images containing background-only and 60 images 
containing the opacity in random locations was created. Following 
Institutional Review Board approval, nine experienced observers viewed 
the images and scored opacity visualization using a four-point confidence 
scale. Noise, contrast-to-noise ratio (CNR), sensitivity, specificity and 
area under the curve (AUC) were calculated. Comparisons between 
exposure and slice thickness settings were performed using ROC, 
Spearman and Wilcoxon techniques.

Results: Significant (p<0.05) reductions in AUC and sensitivity occurred 
when CNR dropped to 0.71 or below and 0.68 or below, respectively. 
There was strong correlation between noise and AUC (r = -0.79, p<0.01), 
noise and sensitivity (r = -0.92, p<0.001), CNR and AUC (r = -0.90, 
p<0.001) and CNR and sensitivity (r = 0.61, p<0.05). 

Conclusion: Observer performance for the detection of opacities is 
strongly related to quantum noise and CNR, independent of slice 
thickness or exposure. Dose optimized lesion detection was achieved 
with 5mm slice thickness and CNR of 0.72.

8318-38, Poster Session

Collaborative labeling of malignant glioma 
with WebMILL: a first look
E. Singh, A. J. Asman, Z. Xu, L. Chambless, R. Thompson, B. A. 
Landman, Vanderbilt Univ. (United States)

Malignant gliomas are the most common form of primary neoplasm 
in the central nervous system, and one of the most rapidly fatal of all 
human malignancies. They are treated by maximal surgical resection 
followed by radiation and chemotherapy. Herein, we seek to improve 
the methods available to quantify the extent of tumors using newly 
presented, collaborative labeling techniques on magnetic resonance 
imaging. Traditionally, labeling medical images has entailed that expert 
raters operate on one image at a time, which is resource intensive and 
not practical for very large datasets. Using many, minimally trained raters 
to label images has the possibility of minimizing laboratory requirements 
and allowing high degrees of parallelism. A successful effort also has 
the possibility of reducing overall cost. This potentially transformative 
technology presents a new set of problems, because one must pose 
the labeling challenge in a manner accessible to people with little or no 
background in labeling medical images and raters cannot be expected 
to read detailed instructions. Hence, a different training method has to 
be employed. The training must appeal to all types of learners and have 
the same concepts presented in multiple ways to ensure that all the 
subjects understand the basics of labeling. Our overall objective is to 
demonstrate the feasibility of studying malignant glioma morphometry 
through statistical analysis of the collaborative efforts of many, minimally-
trained raters. This study presents preliminary results on optimization of 
the WebMILL framework for neoplasm labeling and investigates the initial 
contributions of 78 raters labeling 98 whole-brain datasets.

8318-39, Poster Session

Subjective evaluation of user experience 
in interactive 3D-visualization in a medical 
context
S. Tourancheau, M. Sjöström, R. Olsson, Mid Sweden Univ. 
(Sweden); A. Persson, Ctr. for Medical Image Science and 
Visualization (Sweden); T. Ericson, Setred AB (Sweden); J. 
Rudling, Ctr. for Medical Image Science and Visualization 
(Sweden); B. Norén, Univ. Hospital Linköping (Sweden)

New display technologies enable the usage of 3D-visualization in a 
medical context. Even though user performance seems to be enhanced 
with respect to 2D thanks to the addition of recreated depth cues, human 
factors, and more particularly visual comfort and visual fatigue can still be 
a bridle to the widespread use of these systems. 

This study aimed at evaluating and comparing two different 3D 
visualization systems (a market stereoscopic display, and a state-of-the-
art automultiscopic display) in terms of quality of experience (QoE), in 
the context of interactive medical visualization. An adapted methodology 
has been designed in order to subjectively evaluate the experience of 
users. 14 medical doctors and 14 medical students took part in the 
experiment. The influence of their personal background, prior experience, 
and physiological characteristics has been investigated. After solving 
different tasks using the 3D reconstruction of a phantom object, they 
were asked to judge the quality of the experience, according to specific 
features. They were also asked to give their opinion about the influence 
of 3D-systems on their work conditions.

First results suggest that medical doctors are opened to 3D-visualization 
techniques and are convinced of its beneficial influence on their 
work. However, visual comfort and visual fatigue are still an issue of 
3D-displays, but results obtained with the automultiscopic display 
suggest that the use of continuous horizontal parallax might be the future 
response to these current limitations.

8318-40, Poster Session

Implementation of combined SVM-based 
algorithm and computer-aided perception 
feedback for pulmonary nodule detection
M. W. Pietrzyk, D. Rannou, P. Brennan, The Univ. of Sydney 
(Australia)

This pilot study examines an effect of a novel decision support system 
implementation in medical image interpretation. This system based on 
combined image properties and eye-tracking data analyses in order 
to recognise and visualise over and under calling errors. Thus, before 
it can be implemented as aided detection schema, training is required 
during which SVM-based algorithm learns to recognize FP from all 
reported outcomes, and, FN from all unreported prolong dwelled 
regions. Eight radiologists inspected 50 PA chest radiographs looking 
for lung nodules. Twenty-five cases contain CT proven subtle malignant 
lesions (5-20mm). Prevalence was not known for the subjects, who took 
part in two sequential reading sessions: without and with feedback, 
the latter being provided during the second view of the case. ROC 
(MRMCDBM) and JAFROC analyses were conducted to make second 
view cross-conditions comparisons. The treatment ROC AUCs were 
not significantly different, F(3,21) =1.84, p=0.17. JAFROC FOMs were 
not equal, F(3,24)=5.07, p=0.007, and, pair comparisons revealed 
significant improvement (mean diff.=0.127, t(21)=3.5, p=0.002) in FOM 
once feedback was used. Although, it seems that combined eye-
tracking and CAD-like technologies might have very limited effect on 
detection of abnormal cases (mean diff. in ROC AUC=0.03), radiologists 
significantly improve pulmonary nodule localisation. This positive effect 
on radiologists’ performance might be important for future CAD-system 
development.
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8318-41, Poster Session

Effect of morphing between unprocessed and 
multiscale enhanced chest radiographs on 
real pulmonary nodule localization
M. W. Pietrzyk, The Univ. of Sydney (Australia); F. Zöhrer, M. Herz, 
Fraunhofer MEVIS (Germany); T. M. Haygood, The Univ. of Texas 
M.D. Anderson Cancer Ctr. (United States); P. C. Brennan, The 
Univ. of Sydney (Australia)

Aim: This study aims to determine the effectiveness of a novel image-
processing algorithm for multi-scale enhancement of chest radiographs 
to improve detection and localization of real pulmonary nodules.

Background: Our wavelet-based enhancement method either 
automatically or interactively adjusts the contrast of medical images 
extracting the spatial frequency components at different scales. This is 
followed by a weighting procedure (adapted to the image context) that is 
applied in order to select the best feature configuration for a multi-scale 
contrast adjustment. At the end, the image is modified according to the 
results obtained from the weighting procedure. This study aims to explore 
the usefulness of this novel procedure for chest image reporting. 

Method: Sixteen radiologists viewed 50 PA chest radiographs in order 
to localize pulmonary nodules. The databank contains 25 normal and 
25 abnormal images, with multi-nodule cases. Subjects were allowed to 
mark unlimited number of locations followed by ranking confidence of 
nodule presence according to a 5-level scale. Subjects viewed all cases 
at least in two out of three conditions: unprocessed, enhanced and with 
morphing between these two. MCMR ROC and JAFROC analyses were 
conducted. 

Results: No significant difference has been found in ROC AUC values 
across modalities and specialities. Only localization performance with 
morphing tool is significantly higher (F(1,8)=13.303, p=0.007) for chest 
expert (JAFROC FOM=0.6355) from non-chest (JAFROC FOM=0.4675) 
radiologists.

Conclusion: Radiologists specialized in chest image interpretation 
performed consist good in localizing pulmonary nodules, whereas non-
chest radiologists were suffer from distracting effect of morphing tool.

8318-42, Poster Session

Effect of selective suppression of spatial 
frequency domain noise on visual detection 
of a simple object in an inhomogeneous 
background
M. W. Pietrzyk, The Univ. of Sydney (Australia); J. S. McDonald, 
The Univ. of New South Wales (Australia); P. C. Brennan, R. 
Bourne, The Univ. of Sydney (Australia)

This study aims to investigate the effect of selective suppression of 
spatial frequency (SF) domain Gaussian white noise on visibility of a 
sample object in inhomogeneous backgrounds. SF-specific variation in 
signal-to-noise ratio due to selective signal averaging in the SF domain is 
a consequence of some of MRI acquisition methods. This study models 
the potential effect on visibility of an object in a complex image. A single 
disc was randomly positioned in 25 of 50 synthetic clustered lumpy 
background images. Neutral, low mid and high frequency suppressed 
Gaussian white noise was added in the frequency domain to simulate 
SF-weighted MRI signal averaging. Twelve readers performed visual 
searching and localization tasks on ordered sets. Subjects were asked 
to detect and locate discs and to rank confidence level. Sensitivity, 
specificity and ROC analyses were performed. Readers achieved 
significantly higher ROC AUC (p<0.001), case-based sensitivity (p<0.001) 
and target-based sensitivity (p<0.001) with images in which low SF 
noise was suppressed. Also, significant higher cased-based sensitivity 
(p=0.005), target-based sensitivity (p=0.022) and Az-values (p=0.01) 
were scored under mid SF noise filtration. No significant differences 

were observed when images with SF-neutral noise suppression were 
compared with high SF noise suppression. In conclusion, increase of low 
and also mid SF signal signal-to-noise ratio significantly improves human 
performance in visual detection of simple targets in inhomogeneous 
backgrounds and suggests that a low SF bias in MRI signal averaging 
may enhance diagnostic quality.

8318-43, Poster Session

Comparison of 2D versus 3D mammography 
with screening cases: an observer study
J. R. F. Fernandez, R. R. Deshpande, L. Hovanessian-Larsen, 
A. Lohr, D. Stoesser, C. Neitzke, B. J. Liu, The Univ. of Southern 
California (United States); S. Gupte, K. Yoshikawa, A. Hasegawa, 
FUJIFILM Medical Systems USA, Inc. (United States)

Mammography is a screening tool used to aid in the early detection 
of breast cancer. 2D mammography has the diagnostic limitation of 
overlapping tissues due to the nature of 2D projections. 3D imaging 
holds promise to overcome the problem of overlapping tissue, especially 
in dense breasts, thereby improving detection outcomes. A phantom 
study utilizing 3D mammography that was presented last year has shown 
that there are improvements in specificity of calcification detection as 
compared to 2D. To further evaluate 3D mammography, a study using 
actual mammograms acquired in both 2D and 3D format has been 
performed.

8318-44, Poster Session

A potential method to identify poor breast 
screening performance
L. Dong, Y. Chen, A. G. Gale, Loughborough Univ. (United 
Kingdom); D. P. Chakraborty, Univ. of Pittsburgh (United States)

In the UK all screeners undertake the PERFORMS scheme where they 
annually read case sets of challenging cases. From the subsequent data 
it is possible to identify any individual who is performing significantly 
lower than their peers, which then facilitates them being offered further 
training to improve performance. However, currently this can only be 
calculated once all screeners have taken part, which means the feedback 
can potentially take several months. To determine whether such outliers 
could usefully be identified approximately much earlier the data from 
the last round of the scheme were re-analysed. From the information of 
286 participants, 1,000 groups were selected randomly for fixed group 
sizes varying from four to 50 individuals. An artificial threshold value can 
be estimated by bootstrapping a group. After applying bootstrapping on 
1,000 groups, a distribution of 1,000 low performance threshold values 
was constructed. Then the accuracy of estimation was determined by 
calculating the median value and standard error of this distribution as 
compared with the known actual result. Results indicate that increasing 
sample sizes improved the estimation of the median and decreased 
the standard error. Using data from as few as 25 individuals allowed 
an approximation of the known outlier cut off value and this improved 
with larger sample sizes. This approach is now being implemented in 
the current PERFORMS round which enables individuals who have 
difficulties, as compared to their peers, to be identified very early after 
taking part in the scheme and then helped to improve their performance.

8318-45, Poster Session

The effect of thinking aloud whilst searching 
for pulmonary nodules
S. Littlefair, P. C. Brennan, W. Reed, M. Williams, M. W. Pietrzyk, 
The Univ. of Sydney (Australia)

Aim: To investigate the effect of thinking aloud on visual search behaviour 
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during chest radiograph interpretation for pulmonary nodules 

Background: Thinking Aloud (TA) is an empirical research method used 
by researchers in cognitive psychology and behavioural analysis. In this 
pilot study we wanted to examine whether TA had an effect on the search 
patterns of subjects looking for pulmonary nodules on adult posterior-
anterior chest radiographs (PA CxR). 

Method: Eight academics within Medical Radiation Sciences at The 
University of Sydney participated in two reading sessions with and 
without TA. Their task was to localize pulmonary nodules on 30 PA CxR 
using mouse clicks and rank their confidence levels of nodule presence. 
Eye-tracking recordings were collected during both viewing sessions. 
Mean values of time to first fixation, duration of first fixation, number 
of fixations, cumulative time of fixation and total viewing time were 
analysed. In addition, MRMC ROC analysis was conducted on collected 
outcome using DBM methodology.

Results: Time to first fixation was significantly (p=0.001) longer, duration 
of first fixation was significantly (p=0.004) shorter and significantly 
(p=0.039) more fixations landed on nodule under TA condition. No 
significant difference was observer in ROC AUC scores between control 
and TA conditions. 

Conclusion: Although subjects search for pulmonary nodules differently 
under a TA condition, it does not appear to effect overall detection 
performance.

8318-46, Poster Session

Observer performance in AFC experiments 
using physical and artificial lesions in chest 
CT images
K. M. Ogden, D. Williams, D. Jalloh, M. L. Roskopf, SUNY 
Upstate Medical Univ. (United States)

The goal was to analyze the influence on observer performance of 
blurring of artificial lesions during AFC experiments in chest CT images. 
Lesion images were generated by scanning Teflon rods of multiple sizes 
(3/16”, 1/4”, 5/16”, 3/8”, and 1/2”) in a General Electric VCT scanner. 
Images were reconstructed using Bone and Detail reconstruction 
algorithms and cropped for use in AFC experiments. Three sets of 
artificial lesions (simple disks) were generated mathematically at the 
same sizes as the Teflon lesions, with two of the sets blurred with 3x3 
and 5x5 averaging kernels. All lesions were scaled to have the same 
maximum intensity. Approximately 180 normal chest CT images (both 
Bone and Detail algorithm) were collected under IRB exemption for 
use in 2-AFC experiments. Two observers conducted AFC experiments 
using the Teflon lesions with the appropriate CT images, and using 
the artificial lesions in both sets of CT images. A performance metric 
was calculated that allowed comparison of experimental results. For 
Bone algorithm images, the Teflon and un-blurred lesions produced 
equivalent performance. Performance was significantly worse using 
the blurred lesions. For the Detail algorithm images, un-blurred lesion 
performance was significantly better than with the Teflon lesion. The 
performance using the 3x3-blurred lesions was the closest to the Teflon 
lesion performance, though it was slightly worse. Using these results, it is 
possible to design artificial lesions of any size for use in AFC experiments 
that will result in observer performance equivalent to that when using 
lesions derived from physical phantoms.

8318-47, Poster Session

A dual-detect fluorescence imaging analysis 
system to analyze FISH signals to assist 
cervical cancer diagnosis
X. Wang, Univ. of Pittsburgh Medical Ctr. (United States); S. Li, 
R. Zhang, The Univ. of Oklahoma Health Sciences Ctr. (United 
States); Y. Li, H. Liu, The Univ. of Oklahoma (United States); B. 
Zheng, Univ. of Pittsburgh Medical Ctr. (United States)

The numerical change of chromosome X is a positive genetic biomarker 
to diagnose cervical cancer and predict the disease progression. 
Fluorescence in situ hybridization (FISH) technology provides a promising 
molecular imaging tool to screen and diagnose cervical cancer at an 
early stage. However, manual FISH analysis under a microscope is 
difficult and time-consuming. A dual-detector fluorescence automatic 
scanning imaging system was developed in our laboratory. This system 
automatically scans a pap-smear specimen slide. Once the cell signal 
is detected, the system captures nine images at different layers by 
automatically adjusting optical focus, in which the cells are presented 
in blue and FISH signals in green spectrum, respectively. Based on the 
sharpness index and maximum intensity, a confocal image is integrated 
from the nine images in green and blue spectrum, separately. Then, a 
computer-aided detection (CAD) scheme is applied to detect numerical 
changes of chromosome X. An adaptive multiple-threshold algorithm 
followed by a labeling algorithm is applied to segment cells. A top-hat 
transform is employed to segment FISH labeled chromosome X. The ratio 
of abnormal interphase cells with numerical changes of FISH signals is 
then calculated to detect positive cases. In this study, four pap-smear 
specimen slides were scanned, which generated 1676 confocal images 
for analysis. The Kappa coefficients for agreement between CAD and 
technicians ranged from 0.69 to 1.0 in detecting/counting FISH signal 
spots in these four specimen slides. The study demonstrated the 
feasibility of applying this dual-detector fluorescence scanning imaging 
system to assist pathologists to detect early cervical cancers.

8318-48, Poster Session

Assembly and evaluation of a training module 
and dataset with feedback for improved 
interpretation of digital breast tomosynthesis 
examinations
D. Gur, Univ. of Pittsburgh Medical Ctr. (United States); M. L. 
Zuley, J. H. Sumkin, C. M. Hakim, L. S. Lovy, C. M. Sobran, 
Magee-Womens Hospital (United States); D. N. Logue, A. H. 
Klym, Univ. of Pittsburgh Medical Ctr. (United States)

Purpose: Digital Breast Tomosynthesis (DBT) was recently approved for 
use in screening for the early detection of breast cancer following the 
recommendation of the FDA. However, MQSA qualifying to interpret 
DBT through training was noted as an important issue. We assembled a 
unique computerized training module with instantaneous feedback that is 
being evaluated in observer studies.

Methods: An initial, carefully selected set of 50 verified examinations 
of FFDM plus registered DBT images, representing negative, positive, 
and benign findings, was assembled. Depicted findings were carefully 
reviewed, summarized, and entered into a specially designed 
database. In the module findings are identified by case number and are 
synchronized to the display of the related FFDM plus DBT examinations. 
A reader/user reports any findings using screening BIRADS (0,1,2) 
followed by instantaneous feedback of the verified truth. Six radiologists 
reviewed 71 true baseline mammograms with FFDM and DBT acquired 
under IRB approved protocols before and after training with the module. 

Results: The easily expandable training database and software were 
assembled and examinations were uploaded onto a clinical workstation. 
User interface was tested. Six radiologists interpreted 71 examinations 
before and after training, and reporting data are being analyzed. Initial 
results indicate that the training focus in DBT should be on negative 
findings rather than positive findings, because radiologists believe they 
“see more” when viewing DBT and most of the additional findings are 
benign.

Conclusion: Training for interpreting DBT is important, in particular as 
related to depiction of benign findings not seen as well on FFDM.
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8318-49, Poster Session

Assessment of two mammographic density 
related features in predicting near-term 
breast cancer risk
B. Zheng, J. H. Sumkin, M. L. Zuley, X. Wang, A. H. Klym, D. Gur, 
Univ. of Pittsburgh Medical Ctr. (United States)

To establish an optimally personalized breast cancer screening programs, 
it is important to develop a risk model that has a high discriminatory 
power to predict the likelihood of women developing breast cancer in 
near-term (e.g., <5 years after a negative examination in question). In 
epidemiology-based breast cancer risk models, mammographic density 
is considered the second highest breast cancer risk factor (behind 
women’s age). In this study we explored a new feature, the bilateral 
mammographic density asymmetry, and investigate its feasibility in 
predicting near-term breast cancer risk. A database including 343 
negative examinations in which 187 cases had cancer detected in the 
next sequential screening examinations and 155 remained negative 
was used. A computer scheme computed the average pixel value of 
the segmented breast areas depicted on each cranio-caudal view 
image in the initial negative examination. We then computed the 
mean and difference of mammographic density for paired bilateral 
images. Using woman’s age, subjectively rated density (BIRADS), and 
computed mammographic density features, we compared classification 
performance in estimating the probability of detecting cancer during 
the next subsequent examination using areas under ROC curves (AUC). 
The AUCs were 0.633±0.030, 0.535±0.036, 0.569±0.031, 0.681±0.029 
when using women’s age, BIRADS rating, the computed mean and 
difference of the bilateral mammographic density, respectively. The AUCs 
were increased to 0.624±0.030 and 0.717±0.027 when fusion the mean 
and difference of density with women’s age. The study indicated that 
the bilateral mammographic tissue density was a significantly stronger 
(p<0.01) risk indicator than both women’s age and mean breast density.

8318-50, Poster Session

Evaluation of low contrast detectability 
performance using two-alternative forced 
choice method on computed tomography 
dose reduction algorithms
J. Fan, P. Madhav, P. Sainath, GE Healthcare (United States); X. 
Cao, H. Wu, GE Healthcare (China); R. A. Nilsen, A. Budde, G. 
Yadava, J. Hsieh, GE Healthcare (United States)

Today the patient X-ray radiation associated with each scan is one 
of the most significant concerns for CT imaging. To lower the dose in 
CT exams while retaining the image quality has become a very active 
research area. Based on the knowledge of physics and statistics, various 
image reconstruction and restoration algorithms have been designed 
to help reduce patient dose. The question is with new algorithms 
being applied on low dose acquisitions, can the image quality be truly 
maintained as the full dose imaging? Low contrast detectability (LCD) 
performance could be easily compromised by the low dose and high 
noise situation, which is widely considered as one of the most difficult 
parameter to maintain when dose is lower in CT imaging. This paper 
focuses on the evaluation of LCD performance on different image 
generation algorithms. Two-alternative forced choice (2AFC) method 
was employed. Objects with different contrast levels and sizes obtained 
using Catphan® were used in the study. The LCD performance for 
FBP at full dose and at quarter dose, an IR algorithm at quarter dose 
were studied and compared. Study sessions were conducted with 12 
observers participated and data was recorded and analyzed. The results 
showed that for the protocols and objects used in this study, the IR 
algorithm employed has similar LCD performance compared to FBP at a 
4 times lower dose level. It also demonstrated that well controlled human 
observer study is feasible to assess the image quality of a CT system.

8318-51, Poster Session

Classification of thyroid nodules using 
a resonance-frequency based electrical 
impedance spectroscopy: progress 
assessment
B. Zheng, M. E. Tublin, D. Lederman, A. H. Klym, E. D. Brown, D. 
Gur, Univ. of Pittsburgh Medical Ctr. (United States)

The incidence of thyroid cancer is rising faster than other malignancies 
and has nearly doubled in the US in the last 30 years. However, 
classifying between malignant and benign thyroid nodules is difficult. 
Although the ultrasound guided Fine Needle Aspiration Biopsy (FNAB) is 
considered excellent tool for triaging patients, up to 25% of FNABs are 
inconclusive. As a result, definitive diagnosis requires “an exploratory 
surgery” and as many as 50,000 are performed in the US annually. 
It would be extremely beneficial to develop a non-invasive tool or 
procedure that could reliably predict the likelihood of malignancy of 
otherwise indeterminate thyroid nodules thereby reducing the number of 
these “exploratory” thyroidectomies performed under general anesthesia. 
In our group we developed a unique hand-held Resonance-frequency 
based Electrical Impedance Spectroscopy (REIS) device with six pairs 
of detection probes to detect and classify thyroid nodules. Following 
the IRB-approved case collection protocol, this REIS device has been 
applying in our clinical facility to do EIS test and collecting data since 
March of this year. The REIS data of approximately 100 cases have been 
collected to date. Among them approximately 10% of cases depicted 
verified cancer. Our initial assessment results indicated the feasibility of 
applying this REIS device and measurement approach in a very busy 
clinical setting. The measured resonance frequency difference between 
the malignant and benign nodules also makes it possible to more 
accurately classify indeterminate thyroid nodules.

8318-52, Poster Session

Registration of T2-weighted and diffusion-
weighted MR images of the prostate: 
comparison between manual and landmark-
based methods
Y. Peng, Y. Jiang, F. N. Soylu, M. Tomek, W. F. Sensakovic, A. 
Oto, The Univ. of Chicago Medical Ctr. (United States)

Magnetic resonance (MR) imaging of the prostate involves T2-weighted 
(T2w), diffusion-weighted (DW), and other imaging protocols. Quantitative 
analysis of these images requires accurate image registration, which 
is challenging due to organ deformation, patient motion, and image 
artifacts, etc. We compared two registration methods between T2w and 
DW images.

We collected pre-operative MR images of 124 prostate cancer patients 
who underwent prostatectomy (68 patients scanned with GE scanners, 
and 56 with Philips scanners). An automated rigid registration was done 
based on six subjective and arbitrary prostate landmarks in both T2w 
and DW images identified manually by a radiologist. Independently, 
a researcher manually registered the same images rigidly via three 
dimensional (3D) viewing of the images. A radiologist visually evaluated 
the registration results using a 5-point ordinal scale between 1 (worst) 
and 5 (best). The Wilcoxon signed-rank test was used to determine 
whether one registration method was more accurate than the other.

Registration results were fairly accurate but with some differences. For 
the landmark-based method, the average scores were 4.2, 3.3, and 
3.8 for GE, Philips, and all images, respectively, and the corresponding 
average scores for the manual method were 4.6, 3.7, and 4.2, 
respectively. The manual registration results were more accurate than the 
landmark-based results (p=0.0008, 0.12, and 0.0009, for GE, Philips, and 
all images, respectively).

Registration of prostate MR images is difficult due in part to uneven 
image distortions that affect the prostate. Manual registration in 3D 
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produces more accurate results than a landmark-based method for T2w 
and DW images.

8318-54, Poster Session

A systematic review of automated melanoma 
detection in dermatoscopic images and its 
ground truth data
A. A. Ali, T. M. Deserno, RWTH Aachen (Germany)

Malignant melanoma is the third most frequent type of skin cancer 
and one of the most malignant tumors, accounting for 79% of skin 
cancer deaths. Computer-aided diagnosis (CAD) systems based on 
epiluminescense light microscopy (ELM) can provide an objective second 
opinion on pigmented skin lesions (PSL) to dermatologists. This work 
systematically analyzes the evidence of the effectiveness of automated 
melanoma detection in images from a dermatoscopic device. Automated 
CAD applications and machine algorithms were analyzed to estimate 
their impact on dermatologists’ detection of melanoma. Online databases 
were searched for the periods 1985 to 2011 and a total of 182 studies 
were found. With respect to the systematic selection criterions, 9 studies 
from 2002 to 2011 were included. Those studies formed databases of 
14,421 dermatoscopic images (both malignant “melanoma” and benign 
“nevus”), with 8110 images being available ranging, in resolution from 
150 x 150 to 1568 x 1045 pixels. Maximum values of sensitivity and 
specificity are 100.0% and 98,14% respectively. AUC, pooled sensitivity 
and specificity values are respectively as follows: 0.8692, 0.90 (95% 
confidence interval, CI 0.52-1.00), and 0.81 (95% confidence interval, CI 
0.44-0.98). Pooled DOR: 15.89 (95% CI 1.39-181.4). Pooled Positive LR: 
3.20 (95% CI 0.99-10.40), and Pooled Negative LR: 0.24 (95% CI 0.05-
1.09). Although automated melanoma detection showed good accuracy, 
diagnostic performance was found to be poor. This may be due to the 
lack in the ground truth data. As future work, this hypothesis will be 
tested by building a large joint dermatoscopic images database that will 
serve as a standard reference for dermatology related research.

8318-55, Poster Session

User-friendly tools on hand-held devices for 
observer performance study
T. Matsumoto, T. Hara, Gifu Univ. School of Medicine (Japan); J. 
Shiraishi, Kumamoto Univ. (Japan); H. Abe, The Univ. of Chicago 
(United States); X. Zhou, H. Fujita, Gifu Univ. School of Medicine 
(Japan)

BACKGROUND: ROC studies require complex procedures to select 
cases from many data samples, and to set confidence levels in each 
selected case to generate ROC curves. In some observer performance 
studies, researchers have to develop software with specific graphical 
user interface (GUI) to obtain confidence levels from readers. Because 
ROC studies could be designed for various clinical situation, it is difficult 
task for preparing software corresponding to everyROC studies. 

METHODS: We have developed software for obtaining confidence levels 
on tiny personal handheld devices such as iPhone, iPod touch, and iPad. 
This convenient tool could allow the readers to record their confidence 
levels without specific reading procedures. This software records the 
confidence levels by sliding a finger tip on digital scale bar in screen 
according to case lists.

EVALUATION: To confirm the functions of our software, three 
radiologists performed observer studies to detect lung nodules by 
using public database of chest radiograms published by Japan Society 
of Radiological Technology. The output in text format conformed to 
the format for the famous ROC kit from the University of Chicago. The 
outputs of confidence level from multi-readers could be also employed 
to determine the difficulty of the case selection before observer studies 
were performed.

DISCUSSION: This application may be applied to observer performance 

studies in all modalities. Moreover, the application can record confidence 
level without any paper and ruler, it can be used in front of workstations 
for routine clinical interpretation, and may expand the possibility of 
observer performance studies.

CONCLUSION: We have developed a measuring software of confidence 
levels on tiny personal handheld devices such as such as iPhone, iPod 
touch. This application can be used in observer performance studies of 
all modalities. The fundamental functions for ROC analysis were verified. 
As a result, this application will be a useful tool for ROC studies. The 
latest version and demonstration by using iPod touch will be shown at 
the meeting.

8318-56, Poster Session

Studying the relative impact of ghosting and 
noise on the perceived quality of MR images
H. Liu, Technische Univ. Delft (Netherlands); J. Koonen, M. 
Fuderer, Philips Medical Systems International B.V. (Netherlands); 
I. Heynderickx, Philips Research Nederland B.V. (Netherlands)

In current magnetic resonance (MR) imaging systems, design choices 
are confronted with a trade-off between structured (i.e. artifacts) and 
unstructured noise. The impact of both types of noise on perceived 
image quality, however, is so far unknown, while this knowledge would 
be highly beneficial for further improvement of MR imaging systems. In 
this paper, we investigate how ghosting artifacts (i.e. structured noise) 
and random noise, applied at the same energy level in the distortion, 
affect the perceived quality of MR images. To this end, a perception 
experiment is conducted with human observers rating the quality of a 
set of images, distorted with various levels of ghosting and noise. To 
also understand the influence of professional expertise on the image 
quality assessment task, two groups of observers with different levels of 
medical imaging experience participated in the experiment: one group 
contained fifteen clinical scientists or application specialists, and the 
other group contained eighteen naïve observers. Experimental results 
indicate that experts and naïve observers differently assess the quality of 
MR images degraded with ghosting/noise. Naïve observers consistently 
rate images degraded with ghosting higher than images degraded 
with noise, independent of the energy level of the distortion, and of the 
image content. For experts, the relative impact of ghosting and noise on 
perceived quality tends to depend on the energy level of the distortion 
and on the image content, but overall the energy of the distortion is a 
promising metric to predict perceived image quality.

8318-57, Poster Session

Combined collimator/reconstruction 
optimization for myocardial perfusion SPECT 
imaging using polar map based LROC 
numerical observer
S. Konate, P. H. Pretorius, H. C. Gifford, J. M. O’Connor, M. A. 
King, Univ. of Massachusetts Medical School (United States)

Polar maps have been used to help clinicians diagnose coronary artery 
diseases (CAD) in single photon emission computed tomography 
(SPECT) myocardial perfusion imaging. Herein, we investigate the 
optimization of collimator design for perfusion defect detection in SPECT 
imaging when reconstruction includes modeling of the collimator. The 
optimization employs an LROC clinical model observer (CMO) which 
emulates the clinical task of polar map detection of CAD. By utilizing a 
CMO, which better mimics the clinical perfusion-defect detection task 
than previous SKE based observers, our objective was to optimize 
collimator design for SPECT myocardial perfusion imaging when 
reconstruction included compensation for collimator spatial resolution. 
Comparison of lesion detection accuracy will then be employed to 
determine if a lower spatial resolution hence higher sensitivity collimator 
design than currently recommended could be utilized to reduce the 
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radiation dose to the patient, imaging time, or a combination of both. Our 
preliminary results do indicate that LEGP collimators may outperform the 
LEHR collimators typically employed for detecting myocardial perfusion 
defects with SPECT imaging when reconstruction included modeling 
of system resolution. Therefore, it may be possible to further improve 
or maintain detection accuracy, and reduce patient radiation dose 
with collimators with higher sensitivity than standard in current clinical 
practice. 

8318-58, Poster Session

Characterizing atherosclerotic plaque with 
computed tomography: a contrast-detail 
study
N. Kasraie, G. D. Clarke, The Univ. of Texas Health Science Ctr. 
at San Antonio (United States)

The objective of this study was to compare the contrast-detail 
performance of multi detector (MDCT) and cone beam computed 
tomography (CBCT) systems for characterizing atherosclerotic plaque. 
A contrast-detail (C-D) phantom, with varying plaque composition as 
the contrasting method, was imaged on a commercial 64 slice MDCT 
system using 80, 120, and 140 kVp settings. The same phantom was 
then imaged on a CBCT system with a lower tube voltage of 75 kVp. 
The phantom design enabled observer evaluation scored by up to five 
observers. The results of experiments on three different plaque types 
(lipid, fiber, calcific) indicate that CT attenuation within lipid cores 
and fibrous masses vary not only with the percentage of lipid or fiber 
present, but also with the size of the cores. Furthermore, the C-D curves 
for all 3 plaque types reveal that while the noise limitations prevent 
differentiation of soft plaque at current conventional MDCT abilities, 
Cone Beam CT (CBCT) exhibits superior contrast detectability than its 
clinical counterpart, with the latter having vastly better resolution limits 
and lower tube voltages. This low voltage CT technique has the potential 
to be useful in composition based diagnosis of carotid vulnerable 
atherosclerotic plaque.

8318-59, Poster Session

Quantifying effects of post-processing with 
visual grading regression
Ö. Smedby, M. Fredrikson, M. P. Sandborg, J. De Geer, Linköping 
Univ. (Sweden)

For optimization and evaluation of image quality, visual grading 
experiments are useful, where the observers rate some aspect of image 
quality on an ordinal scale. To take into account the ordinal character 
of the data, ordinal logistic regression may be used in the statistical 
analysis, an approach known as visual grading regression (VGR). In the 
VGR model one may include factors such as imaging parameters and 
post-processing procedures, in addition to patient and observer identity.

In a single-image study, 9 radiologists graded 24 cardiac CTA images 
acquired with ECG-modulated tube current using standard settings (310 
mAs Ref), reduced dose (62 mAs Ref) and reduced dose after post-
processing. Image quality was assessed using visual grading with five 
criteria each with a five-level ordinal scale from 1 (best) to 5 (worst). The 
VGR model included one term estimating the dose effect (log of mAs 
Ref setting) and one term estimating the effect of post-processing. The 
model predicted that 209 mAs Ref would be required to reach an 80% 
probability of a score of 1 or 2 for visually sharp reproduction of the left 
main coronary artery without the post-processing filter. With the post-
processing filter, the corresponding figure would be 165 mAs Ref. Thus, 
applying the post-processing corresponded to a dose reduction of 21%. 
For other criteria, the dose-reduction was estimated to 16-26%.

Using VGR, it is thus possible to quantify the potential for dose-reduction 
of post-processing filters.

8318-60, Poster Session

The effect of compression on confidence 
during the detection of skull fractures in CT
M. F. McEntee, The Univ. of Sydney (Australia); I. Nikolovski, 
Royal North Shore Hospital (Australia); R. Bourne, M. Pietrzyk, 
The Univ. of Sydney (Australia); M. G. Evanoff, The American 
Board of Radiology (United States); P. Brennan, The Univ. of 
Sydney (Australia); K. Tay, Royal North Shore Hospital (Australia)

As part of a study to establish whether detection of cranial vault 
fractures is affected by JPEG 2000 x30 and x60 lossy compression 
when compared to JPEG 2000 lossless compression we looked at the 
effects on confidence ratings 55 CT images, with three levels of JPEG 
2000 compression (lossless, x30 & x60) were presented to 14 senior 
radiologists, 12 from the American Board of Radiology and 2 form 
Australia, 7 of whom were MSK specialists and 7 were neuroradiologists. 
32 Images contained a single skull fracture while 23 were normal. 
Images were displayed on one calibrated, secondary LCD, in an ambient 
lighting of 32.2 lux. Observers were asked to identify the presence or 
absence of a fracture and where a fracture was present to locate and rate 
their confidence in its presence. A jack-knifed alternate free-response 
receiver operating characteristic (JAFROC) and a ROC methodology 
was employed and the DBM MRMC and ANOVA were used to explore 
differences between the lossless and lossy compressed images. A 
significant trend of increased confidence in true and false positive 
scores was seen with JPEG2000 Lossy x60 compression. An ANOVA 
on the mean confidence rating obtained for correct (TP) and incorrect 
(FP) localization skull fractions demonstrated that this was a significant 
difference between lossless and x60 [FP, p<0.001; TP, p<0.014] and x30 
and x60 [FP, p<0.014; TP, p<0.037].

8318-61, Poster Session

3D brain MR angiography displayed by a 
multi-autostereoscopic screen
D. S. F. Magalhães, F. H. Ribeiro, F. O. Lima, Univ. Estadual de 
Campinas (Brazil); R. L. Serra, A. B. Moreno, Instituto Superior 
Politécnico José Antonio Echeverría (Cuba); L. M. Li, Univ. 
Estadual de Campinas (Brazil)

The magnetic resonance angiography (MRA) can be used to examine 
blood vessels in key areas of the body, including the brain. In the MRA, 
a powerful magnetic field, radio waves and a computer produce the 
detailed images. Physicians use the procedure in brain images mainly 
to detect atherosclerosis disease in the carotid artery of the neck, which 
may limit blood flow to the brain and cause a stroke and identify a small 
aneurysm or arteriovenous malformation inside the brain.

Multi-autostereoscopic displays provide multiple views of the same 
scene, rather than just two, as in autostereoscopic systems. Each view 
is visible from a different range of positions in front of the display. This 
allows the viewer to move left-right in front of the display and see the 
correct view from any position.

The use of 3D imaging in the medical field has proven to be a benefit 
to doctors when diagnosing patients. For different medical domains a 
stereoscopic display could be advantageous in terms of a better spatial 
understanding of anatomical structures, better perception of ambiguous 
anatomical structures, better performance of tasks that require high 
level of dexterity, increased learning performance, and improved 
communication with patients or between doctors.

In this work we describe a multi-autostereoscopic system and how to 
produce 3D MRA images to be displayed with it. We show results of brain 
MR angiography images, discussing how a 3D visualization can help 
physicians to a better diagnosis.
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8318-62, Poster Session

NPS assessment of color medical displays 
using a monochromatic CCD camera
H. Roehrig, The Univ. of Arizona (United States); X. Gu, Image 
Quality, LLC (United States); J. Fan, GE Healthcare (United 
States)

This paper presents a simple method using monochrome camera to 
characterize medical color displays. It avoided the need to rely on 
expensive devices (such as an imaging colorimeter) for medical grade 
color display evaluation. A high resolution CCD camera was used to 
capture the display output. The camera was focused on the display 
screen with a magnification ratio that every 8x8 CCD pixels cover 1 
display pixel. Flat-fielding was applied on camera output images to 
correct for detector pixel variations and dark current. The R, G and B 
color uniform patterns were shown on the display under study and the 
images were taken using the monochrome camera. A colorimeter was 
used to calibrate the camera images. A synthetic intensity image was 
formed by the weighted sum of the R, G, B and the dark screen images. 
Finally the luminance NPS was calculated. From the NPS results (figures 
2-4), one can clearly perceive that the LCD pixel structures dominate 
the LCD display luminance noise. However, if a not very close viewing 
distance is enforced, one will not perceive this kind of display pixel 
noise. Clearly the display pixel structure noise may interfere with certain 
subtle objects in the clinical images. In conclusion, the proposed NPS 
evaluation method replaces an expensive imaging colorimeter, which also 
suggests a potential solution for routine color medical display QA/QC in 
the clinical area.

8318-63, Poster Session

Theoretical demonstration of image 
characteristics and image formation process 
depending on image displaying conditions on 
liquid crystal display
A. Yamazaki, Osaka General Medical Ctr. (Japan) and Graduate 
School of Medical Sciences, Nagoya Univ. (Japan); K. Ichikawa, 
Kanazawa Univ. (Japan); Y. Kodera, Nagoya Univ. School of 
Medicine (Japan); M. Funahashi, Osaka General Medical Ctr. 
(Japan)

In soft-copy diagnosis, window conditions and matrix sizes of displayed 
images are processed in image display system. It was supposed that the 
display condition would affect overall image characteristics of displayed 
images. We analyzed overall image characteristics on a liquid crystal 
display (LCD) depending on the magnifications and interpolating methods 
at displaying of reduced images. Specifically, we measured overall 
Wiener spectra (WS) of displayed X-ray images at the magnifications from 
pixel-by-pixel mode to 35 % using a single lens-reflex digital camera. We 
also simulated overall WS from images reduced by bilinear and nearest 
neighbor interpolations. The interpolation processings were simulated by 
pixel-value interpolations in real space and signal replications in Fourier 
space, respectively. The measured and simulated results agreed well and 
demonstrated that overall noise characteristics were attributed to aliasing 
error by the interpolations, blurring and noise addition by the LCD screen. 
Furthermore, we measured digital MTFs (modulation transfer functions) 
on center and shifted alignments from reduced edge images. The WS 
were decreased and digital MTFs were increased at higher reduction rate, 
and it seemed that image characteristics were superficially improved. 
Actually, however, the displayings of reduced images induced noise 
increments by aliasing errors and made it impossible to exhibit high-
frequency objects. Besides, because bilinear interpolation processed the 
image reductions more smoothly than nearest neighboring interpolation, 
it resulted in lower WS and digital MTFs.

8318-64, Poster Session

Preliminary display comparison for dental 
diagnostic applications
N. Odlum, G. Spalla, Barco N.V. (Belgium); N. van Assche, B. 
Vandenberge, R. Jacobs, M. Quirynen, UZ Leuven (Belgium); C. 
Marchessoux, Barco N.V. (Belgium)

The aim of this study is to predict the clinical performance and image 
quality of a display system for viewing dental images. At present, the 
use of dedicated medical displays is not uniform among dentists - many 
still view images on ordinary consumer displays. This work investigated 
whether the use of a medical display improved the perception of dental 
images by a clinician, compared to a consumer display. Display systems 
were simulated using the MEdical Virtual Imaging Chain (MEVIC). Images 
derived from two carefully performed studies on periodontal bone 
lesion detection and endodontic file length determination, were used. 
Three displays were selected: a medical grade one and two consumer 
displays (Barco MDRC-2120, Dell 1907FP and Dell 2007FPb). Some 
typical characteristics of the displays are evaluated by measurements 
and simulations like the Modulation Function (MTF), the Noise Power 
Spectrum (NPS), backlight stability or calibration. For the MTF, the 
display with the largest pixel pitch has logically the worst MTF. Moreover, 
the medical grade display has a slightly better MTF and the displays 
have similar NPS. The study shows the instability effect for the emitted 
intensity of the consumer displays compared to the medical grade one. 
Finally the study on the calibration methodology of the display shows 
that the signal in the dental images will be always more perceivable than 
on a gamma 2,2 display.

8318-65, Poster Session

Impact of solid-state lighting on observer 
performance of color discrimination
W. Cheng, W. Tannous, A. Badano, U.S. Food and Drug 
Administration (United States)

In order to study the impact of light source on reader’s performance when 
using an LED-illuminated microscope, we designed a visual experiment 
based on the Farnsworth-Munsell 100 hue test (FM-100). FM-100 is a 
standard method for evaluating a human subject’s color discrimination. 
The original FM-100 kit consists of 4 sets of color chips having the same 
brightness but different hue. The subject’s task is to sort these color 
chips in the ascending order of hue. The test score is then calculated 
based on the number and positions of the mistakes. We developed a 
microscopic version of the FM-100 kit by generating color patterns on 
photographic slide film. Each pair of two adjacent color chips in the 
original FM-100 kit was reproduced side-by-side on the film but with 
random order. The subject’s task was to determine whether the color pair 
was in the correct hue order. A Zeiss 5X objective in an Axioskop was 
used to view the microscopic color patterns. The same test was repeated 
for both an LED lamp (ThorLab MCWHL2) and a conventional halogen 
lamp (Zeiss HBO100). Based on the experimental results of five subjects, 
the color discrimination with the halogen lamp outperformed that with the 
LED lamp.
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8318-66, Poster Session

Using connectionist models to determine 
decision making strategy of pathology 
residents reading dermatopathology virtual 
slides
C. R. Mello-Thoms, G. Gardner, Univ. of Pittsburgh Cancer 
Institute (United States)

Theories of the processes involved in medical decision making have 
long been formulated in an attempt to understand medical reasoning. 
For decades medical training relied on the ‘forward reasoning strategy’, 
where trainees are instructed to collect all diagnostic evidence before 
formulating any hypotheses. Upon determination that medical experts 
do not rely on such strategies, medical training was switched to the 
‘hypothetical deductive approach’, in which trainees are instructed to 
generate diagnostic hypotheses quickly and then gather diagnostic 
evidence to confirm or to dismiss each of the hypotheses. Both 
reasoning models have shortcomings, as identification of many 
irrelevant findings adds too much noise to the diagnostic process in the 
‘forward reasoning’ case, whereas identification of too many competing 
hypotheses generates too large a problem space in the ‘hypothetical 
deductive’ approach. Here we will use connectionist modeling to simulate 
the reasoning strategies of Pathology residents as they read a case set 
of digital slides depicting inflammatory skin diseases. These types of skin 
dermatoses rank extremely high in yielding error and disagreement in 
regards to the ultimate histopathologic diagnosis, in addition to being a 
sub-domain is very difficult for pathology residents to learn. We believe 
that better understanding of these reasoning processes may lead to the 
development of more effective computer-aid tools, as well as to improved 
training of residents.
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8319-01, Session 1

Thirty years of PACS: progress and 
perspective
S. C. Horii, The Univ. of Pennsylvania Health System (United 
States)

The first SPIE meeting specifically devoted to PACS was held thirty 
years ago - in 1982. That meeting, organized by Sam Dwyer and Andre 
Duerinckx, has come to be regarded as a landmark. The years that 
followed saw technological innovation move from the engineering 
laboratory to clinical practice. Over the last few years, presentations 
changed from the “how we implemented filmless radiology” sort to 
“novel applications in a filmless environment”. The author has had the 
good fortune to have attended all of these meetings and has seen the 
revolutionary changes first hand. From pioneering projects at major 
academic institutions in the US, Europe, and Asia, the commercial sector 
has produced products that have found their way into even small imaging 
center practices. The presentation will provide a historical perspective 
of the SPIE Medical Imaging PACS Conference and will show that the 
trends established very early in the Conference series have resulted in 
the systems used daily. The author’s own views, shaped by presentations 
at this meeting, include the gaps that still exist and will serve as the 
challenge to the new generation of scientists, engineers, and physicians 
to fill.

8319-02, Session 1

Reflections on 30 years of PACS
J. C. Honeyman-Buck, Univ. of Florida (United States)

30 years ago, SPIE hosted the 1st International Conference and 
Workshop on Picture Archving and Communications Systems (PACS) 
for Medical Applications in Newport Beach, California. The proceeds 
from that conference were published from that date forward every year 
by SPIE. Many researchers in the field credit SPIE as the organization 
that promoted the dissemination about this multi-disciplinary field and 
acknowledge that SPIE was one of the primary venues for networking 
with peers. This paper and presentation is a tribute to those early 
visionaries who thought there was a place for digital imaging in radiology.

8319-03, Session 1

Thirty years of PACS evolution
H. K. (. Huang, The Univ. of Southern California (United States) 
and Shanghai Institute of Technical Physics (China) and Hong 
Kong Polytechnic Univ. (Hong Kong, China)

During the First PACS Conference in 1982 sponsored by SPIE, we 
conceived the concept of picture archiving and communication. After 
30 years, we have evolved to the current stage of PACS, DICOM-based 
ePR with image distribution, and imaging informatics. This presentation 
is my personal subjective perceptions of some key innovations and 
technological developments which have formed the cornerstones of the 
PACS of today. 

PACS research and development incubated environment, opportunity, 
and resources availability during the early years will first be discussed. It 
will be followed by the presentation of Web technology with progressive 
imaging compression that revolutionized the method of image delivery 
and viewing allowing for effective and efficient teleradiology operation. 
The almost real-time image distribution outside of radiology domain 

that promoted various image-assisted clinical applications of diagnosis 
and treatment would also be reviewed. It is foreseen that the use of IHE 
Workflow Profiles, in particular, the XDS-i, will contribute substantially to 
the future development in eHealth and eScience.

8319-04, Session 1

PACS: the next 30 years
E. L. Siegel, Univ. of Maryland Medical Ctr. (United States)

No abstract available

8319-05, Session 2

Secured image processing in Grid/Cloud 
computing
A. Thiel, OFFIS e.V. (Germany); F. Hertel, J. Bernarding, Otto-von-
Guericke-Univ. Magdeburg (Germany)

The power of Grid and Cloud computing enables the development 
of new telemedical services that can be offered using high-speed 
networks, which are increasingly available to hospitals in Germany. 
Currently the implementation of such new services is often prevented 
by hurdles such as heterogeneous IT infrastructure, data protection and 
safety considerations, and by the significant requirements in terms of 
transfer speed and computing power. The MedInfoGRID project, which 
is funded by the German Federal Ministry of Education and Research, 
is developing a virtual “documentation and information center” for the 
management of integrated distributed databases. This portal will enable 
researchers to gain access to relevant imaging, findings and therapies. 
Because of the large volumes of image data, the image distribution 
approach implemented in the project, based on DICOM, requires careful 
attention. For example, some of the post-processing algorithms used 
require a conversion of non-DICOM image sources including color-
encoded pathology images to DICOM and their integration with other 
images sources. Also, data protection and more generally IT security are 
a highly relevant topic for the project. Different DICOM conformant data 
security concepts have been analyzed. First results include a concept 
for a DICOM conformant selective encryption of personal data (patient 
demographics etc.) that only requires the encryption of about 5% of the 
data to be transmitted, thus significantly reducing the speed penalty 
caused by encryption and decryption. The concept enables standard 
DICOM tools to correctly process the secure images if the processing 
algorithm does not depend on the personal data.

8319-06, Session 2

CEDIMS: cloud ethical DICOM image Mojette 
storage
P. Tervé, KEOSYS (France); J. V. Guédon, P. Evenou, Univ. de 
Nantes (France); J. Fortineau, KEOSYS (France)

Dicom images of patients will necessarily been stored in Clouds. 
However, ethical constraints must apply. In this paper, a method which 
provides the two following conditions is presented:

1) the medical information is not readable by the cloud owner since it is 
distributed along several clouds

2) the medical information can be retrieved from any sufficient subset of 
clouds
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In order to obtain this result in a real time processing, the Mojette 
transform is used.

The final paper reviews the interesting features of the Mojette transform 
in terms of information theory. Since only portions of the original Dicom 
files are stored into each cloud, their contents are not reachable. For 
instance, we use 4 different public clouds to save 4 different projections 
of each file, with the additional condition that any 3 over 4 projections are 
enough to reconstruct the original file. Thus, even if a cloud is unavailable 
when the user wants to load a Dicom file, the other 3 are giving enough 
information for real time reconstruction.

The final paper will present a real implementation on actual clouds. 
For ethical reasons, we use a comparison with a false Dicom image 
containing wrong patient information directly store onto each single 
public cloud and a second false Dicom image spreaded over 4 public 
clouds to show the obtained confidentiality and real time recovery.

8319-07, Session 2

A cloud-based medical image repository
A. J. Maeder, B. M. Planitz, D. El Rifai, Univ. of Western Sydney 
(Australia)

Many widely used digital medical image collections have been 
established but these are generally used as raw data sources without 
related image analysis toolsets. Providing associated functionality to 
allow specific types of operations to be performed on these images 
has proved beneficial in some cases (e.g. brain image registration and 
atlases). However, toolset development to provide generic image analysis 
functions on medical images has tended to be ad hoc, with Open Source 
options proliferating (e.g. ITK).

Our Automated Medical Image Collection Annotation (AMICA) system 
is both an image repository, to which the research community can 
contribute image datasets, and a search/retrieval system that uses 
automated image annotation. AMICA was designed for the Windows 
Azure platform to leverage the flexibility and scalability of the cloud. It is 
intended that AMICA will expand beyond its initial pilot implementation 
(for brain MR images and mammograms) to accommodate a wide range 
of modalities and anatomical regions.

This initiative aims to contribute to advances in clinical research by 
permitting a broader use and reuse of medical image data than is 
currently attainable. For example, cohort studies for cases with particular 
physiological or phenotypical profiles will be able to source and 
include enough cases to provide high statistical power, allowing more 
individualised risk factors to be assessed and thus allowing screening 
and staging processes to be optimised. Also, education, training 
and credentialing of clinicians in image interpretation, will be more 
effective because it will be possible to select instances of images with 
specific visual aspects, or correspond to types of cases where reading 
performance improvement is desirable.

8319-08, Session 2

Performance evaluation of a visual display 
calibration algorithm for iPad
L. De Paepe, P. De Bock, T. Kimpe, Barco N.V. (Belgium)

IPad devices have become very popular also in the healthcare 
community. There is an ever growing demand to use tablets for 
displaying and reviewing of medical images. However, a major problem is 
the lack of calibration and quality assurance of the IPad display. Medical 
displays used for review and diagnosis of medical images need to be 
calibrated to the DICOM GSDF standard to ensure sufficient image 
quality and reproducibility.

This paper presents a convenient and reliable solution. An optimized 
visual calibration algorithm to calibrate and perform quality assurance 
tests on IPad devices has been developed. The algorithm allows a user 
to quickly calibrate an IPad in only a few minutes while a follow-up 
visual QA test to verify calibration status takes less than a minute. In the 

calibration phase, the user needs to change position of a slider until a 
pattern barely becomes visible, and this for a small number of grey levels. 
In the QA test phase, the user needs detect subtle patterns of varying 
size, contrast and average luminance level. 

It is extremely important to accurately quantify performance of the 
algorithm. For this purpose extensive tests have been performed. 
Multiple devices have been evaluated for various lighting conditions and 
viewing angles. The group of test user consisted of both non-clinical and 
clinical people.

Results show that the algorithm consistently is able to calibrate an IPad 
device to DICOM GSDF with an average deviation smaller than 5% for 
indoor use and smaller than 12% for outdoor use. Tests have also shown 
that the algorithm is very reproducible and that there is little difference in 
performance between users.

8319-09, Session 2

A comprehensive framework for quality 
assurance in clinical trials
O. El Gazzar, M. Onken, M. Eichelberg, A. Hein, OFFIS e.V. 
(Germany)

The use of biomarkers captured by medical images as indicators for 
the efficacy or safety of a certain drug is increasingly applied for clinical 
trials. For instance, medical images such as CT or MR are often used 
for extracting quantitative measurements for tumor assessment while 
evaluating a chemotherapy drug for therapeutic cancer trials. Quality 
assurance is defined as “All those planned and systematic actions that 
are established to ensure that the trial is performed and the data are 
generated, documented (recorded), and reported in compliance with 
good clinical practice (GCP) and the applicable regulatory requirement(s)” 
[1]. Our objective is to build a generalized and automated framework for 
quality assurance within the clinical trials workflow in order to ensure the 
consistency of the image data and to reduce the probability of errors. In 
order to reach this goal, we outline some guidelines as recommendations 
for the users handling the image data within the workflow in this context. 
Furthermore, a set of standardized software tools have been developed 
for quality assurance. The software tools developed include tools for 
image selection, pseudonymization and quality conformance check. The 
export tools are developed in compliance with the specifications of the 
IHE (Integrating the Healthcare Enterprise) Teaching and Clinical Trial 
Export (TCE) profile. A formal description language is used to represent 
imaging protocol and imaging application requirements. CT and MR 
Imaging studies collected from a clinical trial site were validated against 
MPR. We found that out of 60 studies, about 30% of image series 
volumes have failed the MPR check for some common reasons.

8319-10, Session 3

Efficient similarity search on 3D bounding box 
annotations
H. Kriegel, M. Petri, M. Schubert, M. Shekelyan, M. Stockerl, 
Ludwig-Maximilians-Univ. München (Germany)

Searching for similar image regions in medical databases yields valuable 
information for diagnosis. However, most of the current approaches are 
restricted to special cases or they are only available for rather small data 
stores.

In this paper, we propose a fast query pipeline for 3D similarity queries 
on large databases of computed tomography (CT) scans consisting of 
minimum bounding box annotations. As these box annotations also 
contain background information which is not part of the item that was 
actually annotated, we employ approximate segmentation approaches 
for distinguishing between within-object texture and background texture 
in order to correctly describe the annotated objects. Our method allows 
a compact form of object description. In our framework, we exploit this 
advantage for enabling very fast query times.
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We have validated our method on datasets of 111 and 1293 bounding 
box lesion annotations within the liver and other organs. Our experiments 
show a significant performance improvement over previous approaches 
in both runtime and precision.

8319-11, Session 3

Implementation and application of an 
interactive, user-friendly validation software 
for RADIANCE
A. Sundaram, Univ. of Pennsylvania (United States); W. Boonn, 
W. Kim, T. S. Cook, The Univ. of Pennsylvania Health System 
(United States)

Purpose: RADIANCE extracts CT dose parameters from dose sheets 
using optical character recognition and stores the data in a relational 
database. To facilitate validation of RADIANCE’s performance, a simple 
user interface was initially implemented and a small subset of about 300 
records were evaluated. In this work, we extend this interface to achieve 
a wider variety of functions and perform a larger-scale validation. 

Methods: The validator uses some data from the RADIANCE database 
to prepopulate quality-testing fields, such as correspondence between 
calculated and reported total dose-length product (DLP). A drag-and-
drop interface was used to enable easier sorting of CT series according 
to body part. 2,548 dose sheets were used to test the performance 
accuracy of RADIANCE in dose data extraction. 

Results: The validator’s search tool now retrieves records according 
several criteria. All records can be selected by accession number, study 
date, or dose parameters beyond chosen thresholds. Validated records 
can be selected according to additional criteria from validation inputs; for 
example, all records identified as having missing series in the RADIANCE 
output can be retrieved. The interface also displays relevant parameters 
from the DICOM headers. An error rate of 0.08% was demonstrated in 
the validation.

Conclusions: Dose monitoring is increasingly important and RADIANCE 
provides an open-source solution with a high level of accuracy. The 
RADIANCE validator has been updated to enable users to test the 
integrity of their installation and verify that their dose monitoring is 
accurate and effective.

8319-12, Session 3

Linking DICOM pixel data with radiology 
reports with automatic semantic annotation
S. D. Pathak, Microsoft Corp. (United States); W. Kim, The Univ. 
of Pennsylvania Health System (United States); I. Munasinghe, A. 
Criminisi, Microsoft Research Cambridge (United Kingdom); S. 
White, K. M. Siddiqui, Microsoft Corp. (United States)

Improved access to DICOM studies to both physicians and patients 
is changing the ways medical imaging studies are visualized and 
interpreted beyond the confines of radiologists’ PACS workstations. 
While radiologists are trained for viewing and image interpretation, a 
non-radiologist physician rely on the radiologists’ reports. Consequently, 
patients historically have been typically informed about their imaging 
findings via oral communication with his/her physician, even though 
clinical studies have shown that a patient respond to physicians’ advice 
significantly better when the individual patients are shown their own 
actual data.

Our previous work on automated semantic annotation of DICOM CT 
images enables fast navigation through large image data with a click 
of a mouse. Having semantic information from the images allows us to 
further link radiology report with the corresponding images, allowing us 
to bridge the gap between image data with the human interpreted textual 
description of the corresponding imaging studies.

In this paper, we show how results from natural language processing 

(NLP) based search engines like Montage can be combined with our 
automated semantic annotation of images to enable navigation in large 
DICOM studies by clicking hyperlinked text in the radiology reports. An 
added advantage of using semantic annotation is the ability to render 
the organs to their default window level setting thus eliminating another 
barrier to healthcare information sharing and distribution. We believe 
such approaches would potentially enable the consumer to have access 
to their imaging data and navigate them in an informed manner via 
automated navigation and rendering capabilities.

8319-13, Session 3

Medical image retrieval system using multiple 
features from 3D ROIs
H. Lu, W. Wang, Q. Liao, G. Zhang, Z. Zhou, Fourth Military 
Medical Univ. (China)

Compared to a retrieval using global image features, features extracted 
from regions of interest (ROIs) that reflect distribution patterns of 
abnormalities would benefit more for content-based medical image 
retrieval (CBMIR) systems. Currently, most CBMIR systems have been 
designed for 2D ROIs, which cannot reflect 3D anatomical features and 
region distribution of lesions comprehensively. To further improve the 
accuracy of image retrieval, we proposed a retrieval method with 3D 
features including both geometric features such as Shape Index (SI) 
and Curvedness (CV) and texture features derived from 3D Gray Level 
Co-occurrence Matrix, which were extracted from 3D ROIs, based on our 
previous 2D medical images retrieval system. The system was evaluated 
with 20 volume CT datasets for colon polyp detection. Preliminary 
experiments indicated that the integration of morphological features with 
texture features could improve retrieval performance greatly. The retrieval 
result using features extracted from 3D ROIs accorded better with the 
diagnosis from optical colonoscopy than that based on features from 2D 
ROIs. With the test database of images, the average accuracy rate for 
3D retrieval method was 76.6%, indicating its potential value in clinical 
application.

8319-14, Session 3

Multi-scale visual words for hierarchical 
medical image categorization
D. Markonis, A. Garcia Seco de Herrera, I. Eggel, H. Müller, HES-
SO Valais (Switzerland)

The biomedical literature published regularly has increased strongly in 
past years and keeping updated even in narrow domains is difficult.

Images represent essential information of the articles, particularly in 
radiology and can help to quicker browse through large volumes of 
articles in connection with keyword search. Content--based image 
retrieval is helping the retrieval of visual content. To facilitate retrieval of 
visual information, categorization of images into a set of image types and 
modalities can be an important first step.

To represent scientific articles visually, medical images need to be 
separated from general images such as flowcharts or graphs to facilitate 
browsing, as graphs contain little information outside of their textual 
context.  The techniques described in this article first classify images into 
broad categories such as radiology , graphics, general photos, pathology 
images.

In a second step the images are further classified into the exact medical 
modalities, for example in the case of radiology images into x-ray, CT, 
MRI. The system combines the Scale-Invariant Feature Transform (SIFT) 
and density--based clustering (DENCLUE).  Visual words are first created 
globally to differentiate broad categories and then within each category a 
new visual vocabulary is created for detailed modality classification.

The results also show the difficulties to differentiate between some 
modalities by visual means alone.  On the other hand the improvement 
of the accuracy of the two--step approach shows the usefulness of 
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the method. The system is integrated into the Goldminer image search 
engine of the ARRS (American Roentgen Ray Society) as web service, 
allowing concentrating image search onto clinically relevant images 
automatically.

8319-15, Session 4

Lesion comparison of multiple sclerosis in 
Hispanic and Caucasian patients utilizing an 
imaging informatics-based eFolder system
K. C. Ma, L. Amezcua, B. J. Liu, The Univ. of Southern California 
(United States)

Multiple sclerosis (MS) is a demyelinating disease in the central 
nervous system. Genetics have been considered as a leading factor 
in the prevalence and disease course of MS. We have presented an 
informatics-based eFolder system for integrating patients’ clinical data 
with MR images and lesion quantification results. The completed eFolder 
system has been designed and developed in aiding to evaluate disease 
manifestation differences in Hispanic and Caucasian MS patients. MS 
lesion data, as shown in MRI, can be extracted by the 3-D automatic 
lesion detection tool in the eFolder, and data storing and mining tools 
in eFolder is able to extract and compare data from individual patients. 
The computer-aided detection (CAD) algorithm has been modified and 
enhanced to include spatial information as detection criteria. For this 
study, 36 Caucasian MS patients and 36 matched Hispanic patients have 
been selected. Most recent MR images of the patients are collected, 
and images are evaluated both by the CAD tool in the eFolder and 
radiologists. The results are compared between Caucasian and Hispanic 
patients and statistically evaluated to see if the two populations have 
significant difference in lesion presentations. The results can be used to 
evaluate differences in the two groups of patients and to evaluate the 
new CAD algorithm’s performance with radiologists’ contours. Significant 
findings can further evaluate effectiveness of MS eFolder in MS-related 
research.

8319-16, Session 4

Automating PACS quality control with the 
Vanderbilt image processing enterprise 
resource
M. L. Esparza, B. Welch, B. A. Landman, Vanderbilt Univ. (United 
States)

Precise image acquisition is an integral part of modern patient care and 
medical imaging research. Periodic quality control using standardized 
protocols and phantoms ensures that scanners are operating according 
to specifications, yet such procedures do not ensure that individual 
datasets are free from corruption - for example due to patient motion, 
transient interference, or physiological variability. If unacceptable artifacts 
are noticed during scanning, a technologist can repeat a procedure. Yet, 
substantial delays may be incurred if a problematic scan is not noticed 
until a radiologist read the scans or an automated algorithm fails. Given 
scores of slices in typical three-dimensional scans and wide-variety 
of potential use cases, a technologist cannot practically be expected 
inspect all images. In large-scale research, automated pipeline systems 
have had great success in achieving high throughput. However, clinical 
and institutional workflows are largely based on DICOM and PACS 
technologies; these systems are not readily compatible with research 
systems due to security and privacy restrictions. Hence, quantitative 
quality control has been relegated to individual investigators and too 
often neglected. Herein, we propose a scalable system, the Vanderbilt 
Image Processing Enterprise Resource - VIPER, to integrate modular 
quality control and image analysis routines with a standard PACS 
configuration. This server unifies image processing routines across an 
institutional level and provides a simple interface so that investigators can 
collaborate to deploy new analysis technologies. VIPER integrates with 
high performance computing environments has successfully analyzed all 

standard scans from our institutional research center over the course of 
the last 18 months.

8319-17, Session 4

Design of e-science platform for biomedical 
imaging research cross multiple academic 
institutions and hospitals
J. Zhang, K. Zhang, Y. Yang, T. Wang, Shanghai Institute of 
Technical Physics (China)

Purpose:

We designed an e-Science platform for biomedical imaging research 
and application cross multiple academic institutions and hospitals in 
Shanghai, including Shanghai Synchrotron Radiation Source (SSRS), 
micro-PET, Micro-CT. In this presentation, we give preliminary design 
work on this novel platform and discuss about preliminary results, 
challenges and solutions in building this platform. 

Materials and Methods: The e-Science platform was designed with 
service-oriented architecture integrated with grid-based image 
management, and a PI/Task oriented research information model (RIM) 
was presented to support research work flows defined by PI. MTOM/XOP 
Web Service was used to enable DICOM and non-DICOM biomedical 
image communication cross hospitals and academic institutions, and 
XACML-based access control (AC) mechanism was built for data security 
and intelligence protection. 

Results: The developed e-Science system has deployed in SSRS, Micro-
PET/CT research center of Ruijing hospital, and Med-X Research Institute 
of Shanghai Jiaotong University for researchers to share biomedical 
image data among them cross three sites.

New Technologies and Results to be Presented: A new PI/Task RIM was 
presented to support most of research work flows defined by PI; MTOM/
XOP-based Web Service was developed to enable DICOM and non-
DICOM biomedical image communication and management; A XACML-
based access control (AC) mechanism was applied to data management 
for data security and intelligence protection.

Conclusions: The preliminary testing results showed that this e-Science 
platform can provide secured, efficient, and transparent cooperative 
environment for multiple disciplines of medical researchers, clinical 
physicians and biomedical engineers working together to execute their 
research works without barriers and difficulties.

8319-18, Session 4

Managing and querying whole slide images
F. Wang, Emory Univ. (United States); T. W. Oh, Georgia State 
Univ. (United States); C. Vergara-Niedermayr, T. M. Kurc, J. H. 
Saltz, Emory Univ. (United States)

High-resolution pathology images digitizing from microscope slides by 
advanced instruments provide rich information about morphological and 
functional characteristics of biological systems, and are transforming the 
field of pathology into a new era. To facilitate the use of digital pathology 
imaging for biomedical research and clinical diagnosis, it is essential to 
manage and query both whole slide images (WSI) and results generated 
from images, such as annotations made by humans, and computed 
features made by computer algorithms. There are unique requirements 
on modeling, managing and querying WSI images, including standard 
compatibility, large dimensions and volume, complex queries of images 
and regions inside an image at multiple resolutions, and queries between 
images and derived results from images. In this paper, we present our 
work on developing a Pathology Image Data Management (PIDB) system, 
which provides a standard oriented image database to support retrieval 
of images, regions, analytical results, image visualization and experiment 
management with a unified interface. PIDB could be potentially used as 
the backend of WSI PACS system. The database is currently used for 
managing and querying WSI images for In Silico brain tumor studies.
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8319-19, Session 4

Synchronized slice viewing of similar image 
series
S. Ali, A. Foncubierta-Rodríguez, A. Depeursinge, HES-SO Valais 
(Switzerland); F. Meriaudeau, Univ. de Bourgogne (France); O. 
Ratib, Univ. Hospital of Geneva (Switzerland); H. Müller, HES-SO 
Valais (Switzerland)

Comparing several series of images is not always easy as corresponding 
slices often need to be selected manually and when series contain a 
large number of slices this can mean manual work. Particularly two 
situations were identified in this context: (1) patients with a large number 
of image series over time (such as patients with monitored cancers) 
frequently need to compare the series, for example to compare tumor 
growth over time. Manually adapting two series is possible but with 
four or more series this means loosing time. Finding automatically the 
closest slice by comparing visual similarity also in older series with 
differing slice thickness and inter slice distance can save time and 
synchronize the viewing instantly. (2) analyzing visually similar image 
series of several patients can profit from being viewed in a synchronized 
way to compare cases, so when sliding through the slices in one volume, 
the corresponding slices of other volumes are shown. This application 
could be employed after content-based 3D image retrieval. To allow 
for synchronized viewing of several volumes, the image series are first 
registered applying affine transformation for global registration followed 
by diffeomorphic image registration. Then, corresponding slices in the 
volumes are estimated based on a visual similarity. After registration, the 
user can move inside the slices of one volume (reference volume) and 
can view the corresponding slices in other volumes. Corresponding slices 
are obtained after a correspondance match in the registration procedure. 
The tool can help in several situations and is made available as a plugin 
for OsiriX.

8319-20, Session 4

The impact of skull bone intensity on the 
quality of compressed CT neuro images
I. A. Kowalik-Urbaniak, E. R. Vrscay, Z. Wang, Univ. of Waterloo 
(Canada); C. Cavaro-Menard, Ctr. Hospitalier Univ. de Angers 
(France); D. Koff, McMaster Univ. (Canada); B. Wallace, Agfa 
Healthcare (Canada); B. Obara, Univ. of Oxford (United Kingdom)

The increasing use of technologies such as CT and MRI, along with 
a continuing improvement in their resolution, has contributed to the 
explosive growth of digital image data being generated. Medical 
communities around the world have recognized the need for efficient 
storage, transmission and display of medical images. For example, 
the Canadian Association of Radiologists (CAR) has recommended 
compression ratios for various modalities and anatomical regions to 
be employed by lossy JPEG and JPEG2000 compression in order to 
preserve diagnostic quality.

Recent research has shown that in some cases of brain and abdominal 
CT images, JPEG is more effective than JPEG2000 in terms of diagnostic 
quality. This is an interesting and somewhat surprising observation since 
it is generally accepted that JPEG2000 yields a better rate-distortion 
performance than JPEG in terms of PSNR.

Here we investigate the effects of the sharp skull edges present in CT 
neuro images on JPEG and JPEG2000 lossy compression. The image 
is segmented into three parts (background, skull bone and interior) 
using simple thresholding and morphological operators. From each of 
these pieces, a new image is created by assigning the average value 
of the extracted mask to the remaining pixels. The three images are 
then separately compressed using JPEG and JPEG2000 algorithms. 
As expected, quality is improved in terms of PSNR as well as the 
structural similarity (SSIM) image quality measure, and its multiscale 
and information-weighted versions. In summary, this paper answers the 
question why JPEG performs better than JPEG2000 for some CT images.

8319-21, Session 5

Searching biomedical images through 
content-based learning from examples
H. Jiang, The Univ. of Hong Kong (Hong Kong, China); S. Xu, Oak 
Ridge National Lab. (United States); F. C. M. Lau, The Univ. of 
Hong Kong (Hong Kong, China)

Traditional content-based image retrieval methods developed through 
learning from examples attempt to analyze and understand high-level 
semantics of an image as a whole. These methods then apply some 
type of case-based reasoning technique to interpret and retrieve images 
through measuring the semantic similarity or relatedness between 
example images and search candidate images. The drawback of such a 
traditional approach is that image composition tends to vary frequently. 
Hence, semantically related images can only exhibit a small portion of 
common elements, if at all. Such a variability of image composition poses 
great challenges for content-based image retrieval methods that try to 
learn search target concepts from entire example images. In this study, 
we explore a new content-based image retrieval algorithm that mines 
visual patterns of a finer granularity inside a whole image to identify 
visual instances that more reliably and generically represent a given 
search concept. The key feature of our method is its capability to deal 
with unreliable online image search results through jointly mining visual 
and textual aspects of online search results. Through such collaborative 
mining, our algorithm infers the relevance of an online search result 
image to a text query. Once we obtain the estimate of query relevance 
score for each online image search result, we can selectively use query 
specific online search result images as reference examples for retrieving 
and ranking unannotated images. We performed some preliminary 
experiments to validate our new idea for content-based image retrieval 
and obtained very encouraging results.

8319-22, Session 5

Comparative analysis of semantic localization 
accuracies between adult and pediatric 
DICOM CT images
S. D. Pathak, Microsoft Corp. (United States); A. Criminisi, D. 
Robertson, Microsoft Research Cambridge (United Kingdom); 
S. White, Microsoft Corp. (United States); D. R. Haynor, Univ. 
of Washington (United States); K. M. Siddiqui, Microsoft Corp. 
(United States)

Robust automatic semantic annotation of DICOM CT studies enable 
navigational enhancements, linkage between non-image content and 
sub-regions in DICOM images, and improved search relevance for 
content based image retrieval. While the algorithms cited in published 
literature involving multi-scale approaches can handle scale variation 
in adult populations to a reasonable extent, the large change in scale in 
pediatric anatomy poses unique challenges and has lacked much of the 
attention in the literature. 

Ideally, an algorithm should be equally efficacious in recognizing 
structures in both adult and pediatric populations. However, typical 
approaches often require algorithmic customization involving heuristics 
and empirically derived parameter setting to address the large change 
of scale across ages [1]. Our approach using random regression forest 
(RRF) automatically captures the variation in scale from training data in 
the learned regression forest (algorithm parameter) leading to annotation 
accuracy improvement in both adult and pediatric CT studies. 

In the paper we will present several different ways to learn the variation 
in scale, namely (1) use training sets comprising both pediatric and 
adult sets, (2) shrink a random set of adult scans and add it to the adult 
training set, and (3) use scale invariant features using the a mix of the two 
different types of training data. Using the retrained RRF model, we will 
be able to present the organ localization accuracies in pediatric data sets 
with different learning approaches.
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8319-23, Session 5

Computer-assisted radiation treatment 
planning system for determination of beam 
directions based on similar cases in a 
database for stereotactic body radiotherapy
T. Magome, H. Arimura, Y. Shioyama, C. Tokunaga, K. Nakamura, 
H. Honda, M. Ohki, F. Toyofuku, H. Hirata, Kyushu Univ. (Japan)

Similar planning cases could be helpful or educational for treatment 
planners who have few experiences of the stereotactic body radiotherapy 
(SBRT) with a radiotherapy treatment planning (RTP) database of the 
senior experienced planners. The purpose of this study was to develop 
an automated method for determination of beam directions based on 
similar cases in the RTP database. Similar cases were automatically 
selected based on the geometrical features and planning evaluation 
indices from 81 cases with lung cancer treated with SBRT. First, five 
most similar cases were searched based on geometrical features of 
planning target volume in the RTP database. Second, the most usable 
case was selected among five most similar cases based on 11 planning 
evaluation indices such as biological outcome models. Finally, the 
beam direction of an objective case was determined from that of the 
similar and usable case by registration of the objective case with the 
similar case with respect to lung regions using a linear registration 
technique. The proposed method was evaluated with an RTP database 
including 81 cases with lung cancer by comparing planning evaluation 
indices between original beam directions of five test cases and similar-
case-based beam directions. As a result, the proposed system may 
provide usable beam directions, which have no statistically significant 
differences with the original beam directions (P > 0.05) in terms of the 11 
planning evaluation indices. The proposed system could be used as an 
educational tool for less experienced treatment planners with the RTP 
database of the senior experienced planners.

8319-24, Session 5

Creating a classification of image types in the 
medical literature for visual categorization
H. Müller, HES-SO Valais (Switzerland); J. Kalpathy-Cramer, 
Oregon Health & Science Univ. (United States); D. Demner-
Fushman, S. K. Antani, National Library of Medicine (United 
States)

Content-based image retrieval from medical image collections has often 
been proposed in areas such as diagnosis aid, clinical decision support 
and teaching. The visual retrieval from broad image collections such 
as teaching files or web images by contrast has not yet reached a high 
maturity level compared to text retrieval.

Visual image classification into a small number of classes (20--100) on 
the other hand has shown to deliver very good results in benchmarks 
but is currently underused. Most classification schemes are focused on 
specific applications and consider only medical image types (modalities), 
imaged anatomy, and view and merge them into a single descriptor. 

Furthermore, they ignore important image types such as biological 
images, statistical figures, flowcharts, and diagrams that occur frequently 
in the biomedical literature. With Open Access becoming widespread, 
images from the biomedical literature are more easily available for use.  
Visual information from these and knowledge that an image is of a 
medical modality could enrich retrieval but is hampered by the lack of a 
commonly agreed image classification scheme.

This paper presents a hierarchy for the classification of biomedical 
illustrations with the goal of using it for visual classification and 
retrieval. The proposed hierarchy is based on relevant parts of existing 
classifications, such as the IRMA-code, ad hoc classification used in 
ImageCLEF and NLM’s iMedline. Mappings to MeSH (Medical Subject 
Headings) and RSNA’s RadLex (Radiology Lexicon) are attempted 
for relevant image types. Advantages derived from the hierarchical 

classification for medical image retrieval are being evaluated through 
benchmarks such as imageCLEF,  and systems like iMedline.

8319-25, Session 5

Data mining DICOM RT objects for quality 
control in radiation oncology
R. R. Deshpande, The Univ. of Southern California (United 
States); J. J. DeMarco, D. A. Low, Univ. of California, Los Angeles 
(United States); A. H. Le, Univ. of Florida (United States); B. J. 
Liu, The Univ. of Southern California (United States)

Oncology registries are becoming increasingly popular as research tools. 
Some registries function at an institutional level, while others cover 
wider geographical areas. Data collected usually includes demographic 
information, medical history, diagnostic findings, cancer information such 
as cancer type and extent of disease as well as treatment and follow up 
details, and is often used in epidemiology research for population-based 
health management. However, inclusion of dose-volume information 
is out of the scope of most current registries. Our aim is to focus on 
external beam radiation therapy and to harness the wealth of information 
contained in the dose-volume objects used in treatment planning for 
performing computational pattern recognition to help identify predictors 
for unsafe dose delivery. This will ultimately enhance current clinical 
registries by the inclusion of detailed dose-volume data employed in 
radiation treatments. The most efficient way of including dose-volume 
information in a registry is through DICOM RT objects, since these 
provide a standardization and consistency across multiple systems. We 
have built a DICOM RT specific infrastructure, capable of integrating with 
larger, more general clinical registries. This infrastructure includes an 
extensive database custom-built to handle DICOM RT objects, a DICOM 
gateway, data mining tools to process and analyze this data and finally 
a graphical user interface to interact with this data and display results 
of data analysis. We are in the process of collecting 50 retrospective 
data sets for prostate cancer and 50 for head and neck cancer, and will 
present the results of data mining these sets.

8319-26, Session 6

Web-based cocumentation system with 
exchange of DICOM RT for multicenter 
clinical studies in particle therapy
K. A. Kessel, Universitätsklinikum Heidelberg (Germany); 
N. Bougatf, Universitätsklinikum Heidelberg (Germany) and 
Hochschule Heilbronn (Germany); C. Bohn, U. Engelmann, CHILI 
GmbH (Germany); D. Oetzel, Universitätsklinikum Heidelberg 
(Germany); R. Bendl, Hochschule Heilbronn (Germany); J. Debus, 
S. E. Combs, Universitätsklinikum Heidelberg (Germany)

Conducting clinical studies is rather difficult because of the large variety 
of voluminous datasets, different documentation styles, and various 
information systems, especially in radiation oncology. In this paper, 
we describe our development of a web-based documentation system 
with first approaches of automatic statistical analyses for transnational 
and multicenter clinical studies in particle therapy. It is possible to 
have immediate access to all patient information and exchange, store, 
process, and visualize text data, all types of DICOM images, especially 
DICOM RT, and any other multimedia data. Accessing the documentation 
system and submitting clinical data is possible for internal and external 
users (e.g. referring physicians from abroad, who are seeking the new 
technique of particle therapy for their patients). Thereby, security and 
privacy protection is ensured with the encrypted https protocol, client 
certificates, and an application gateway. Furthermore, all data can be 
pseudonymized. Integrated into the existing hospital environment, 
patient data is imported via various interfaces over HL7-messages and 
DICOM. Several further features replace manual input wherever possible 
and ensure data quality and entirety. With a form generator, studies can 
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be individually designed to fit specific needs. By including all treated 
patients (also non-study patients), we gain the possibility for overall large-
scale, retrospective analyses. Having recently begun documentation of 
our first six clinical studies, it has become apparent that the benefits lie 
in the simplification of research work, better study analyses quality and 
ultimately, the improvement of treatment concepts by evaluating the 
effectiveness of particle therapy.

8319-27, Session 6

Utilization of DICOM multiframe objects for 
integrating kinetic and kinematic data with 
raw videos in movement analysis of wheel-
chair users to minimize shoulder pain
R. R. Deshpande, The Univ. of Southern California (United 
States); P. Requejo, Rancho Los Amigos National Rehabilitation 
Ctr. (United States); S. McNitt-Gray, The Univ. of Southern 
California (United States); P. Ruparel, Rancho Los Amigos 
National Rehabilitation Ctr. (United States); B. J. Liu, The Univ. of 
Southern California (United States)

Full-time wheel-chair users are at an increased risk of developing 
shoulder pain because of the highly repetitive and weight-bearing nature 
of wheel-chair propelling motions. The key to formulating correct wheel-
chair operating practices and to identify potentially harmful techniques 
is to analyze the movement patterns employed by a set of patients 
over time. Such a study is being conducted at the Rancho Los Amigos 
National Rehabilitation Center in Downey, California. Data collected for 
movement analysis includes videos as well as force and motion readings 
obtained by sensors while the subject is performing a set of experiments 
on the wheel-chair. The force and motion data are combined to create 
a three dimensional skeleton model which tracks motion and displays 
force vectors overlaid on the skeleton model showing the magnitude 
and direction of force exerted by the subject, sampled at an appropriate 
rate. This 3-D model is isolated from the video of the trial, although both 
represent different aspects of the same event. Combining the two could 
have potential benefits in carrying out movement analysis. Our goal is 
to co-register the two sequences of data and overlay the force vectors 
on the real-time video of the experiment. Furthermore, conversion of the 
video to a DICOM multi-frame object annotated with the force vector 
graphic could provide a standardized way of encoding and analyzing 
data across multiple studies in rehabilitation engineering. This will make it 
easier to share data across studies and provide a useful tool for carrying 
out computational data mining during analysis.

8319-28, Session 6

The peer review system (PRS) for quality 
assurance and treatment improvement in 
radiation therapy
A. H. Le, R. Kapoor, J. Palta, Univ. of Florida (United States)

Peer reviews are needed across the disciplines of medicine to address 
growing medical challenges in disease care, medical safety, insurance 
coverage handling, and public safety. Radiation therapy provides a very 
technical and complicated therapy, often with excellent efficacy. Since 
data is frequently unavailable, patients are at risk for repeat diagnostic 
procedures or suboptimal therapeutic intervention due to a lack of 
knowledge regarding previous treatments. The Peer Review System 
(PRS) will make this critical radiation therapy information readily available 
on demand via Web technology. The PRS system has been developed 
with current Web technology, .NET framework, and in-house DICOM 
library. With the advantages of Web server-client architecture, including 
IIS web server, SOAP Web Services and Silverlight for the client side, 
the patient data can be visualized through web browser and distributed 
across multiple locations by the local area network and Internet. This 
PRS will significantly improve the quality, safety, and accessibility, 

of treatment plans in cancer therapy. Furthermore, the secure Web-
based PRS with DICOM-RT compliance will provide flexible utilities for 
organization, sorting, and retrieval of imaging studies and treatment plans 
to optimize the patient treatment and ultimately improve patient safety 
and treatment quality.

8319-29, Session 6

A multimedia comprehensive imaging 
informatics system with decision support 
tools for a multisite collaboration research of 
stroke rehabilitation
X. Wang, K. A. Garrison, C. J. Winstein, J. R. Documet, B. J. Liu, 
The Univ. of Southern California (United States)

Stroke is a major cause of adult disability. The Interdisciplinary 
Comprehensive Arm Rehabilitation Evaluation (I-CARE) clinical trial 
aims to evaluate a therapy for arm rehabilitation after stroke. A primary 
outcome measure is correlative analysis between stroke lesion 
characteristics and standard measures of rehabilitation progress, from 
data collected at seven research facilities across the country. Sharing and 
communication of brain imaging and behavioral data is thus a challenge 
for collaboration. A solution is proposed as a web-based system with 
tools supporting imaging and informatics related data. In this system, 
users may upload anonymized brain images through a secure internet 
connection and the system will sort the imaging data for storage in a 
centralized database. Users may utilize an annotation tool to mark up 
images. A region of interest(ROI)-extraction tool allow users to hand-
draw ROI manually, or to select seed points for an automated program 
to extract the ROI. A quantification tool measures the volume, area and 
length of a given ROI. In addition to imaging informatics, electronic 
data forms, for example, clinical data forms, are also integrated. Clinical 
information is processed and stored in the database to enable future data 
mining related development. Tele-consultation is facilitated through the 
development of a thin-client image viewing application. For convenience, 
the system supports access through desktop PC, laptops, and iPAD. 
Thus, clinicians may enter data directly into the system via iPAD while 
working with participants in the study. Overall, this comprehensive 
imaging informatics system enables users to collect, organize and 
analyze stroke cases efficiently.

8319-30, Session 6

An imaging informatics-based ePR (electronic 
patient record) system for providing decision 
support in evaluating dose optimization in 
stroke rehabilitation
B. J. Liu, C. J. Winstein, X. Wang, M. Konersman, C. Martinez, N. 
Schweighofer, The Univ. of Southern California (United States)

Stroke is one of the major causes of death and disability in America. 
After stroke, about 65% of survivors still suffer from severe paresis, while 
rehabilitation treatment strategy after stroke plays an essential role in 
recovery. Currently, there is a clinical trial (NIH award # HD065438) to 
determine the optimal dose of rehabilitation for persistent recovery of 
arm and hand paresis. For DOSE, laboratory-based measurements, such 
as the Wolf Motor Function test, behavioral questionnaires (e.g. Motor 
Activity Log-MAL), and MR, DTI, and Transcranial Magnetic Stimulation 
(TMS) imaging studies are planned. Current data collection processes 
are tedious and reside in various standalone systems including hardcopy 
forms. In order to improve the efficiency of this clinical trial and facilitate 
decision support, a web-based imaging informatics system has been 
implemented together with utilizing mobile devices (eg, iPAD, tablet 
PC’s) for collecting input data and integrating all multi-media data into a 
single system. The system aims to provide clinical imaging informatics 
management and a platform to develop tools to predict the treatment 
effect based on the imaging studies and the treatment dosage with 
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mathematical models. Since there is a large amount of information to be 
recorded within the DOSE project, the system provides clinical data entry 
through mobile device applications thus allowing users to collect data at 
the point of patient interaction without typing into a desktop computer, 
which is inconvenient. Imaging analysis tools will also be developed for 
structural MRI, DTI, and TMS imaging studies that will be integrated 
within the system and correlated with the clinical and behavioral data. 
This system provides a research platform for future development of 
mathematical models to evaluate the differences between prediction and 
reality and thus improve and refine the models rapidly and efficiently.

8319-31, Session 6

A web-based electronic patient record (ePR) 
system for data integration in movement 
analysis research on wheel-chair users to 
minimize shoulder pain
R. R. Deshpande, The Univ. of Southern California (United 
States); P. Requejo, Rancho Los Amigos National Rehabilitation 
Ctr. (United States); E. Sutisna, X. Wang, S. McNitt-Gray, M. 
Liu, The Univ. of Southern California (United States); P. Ruparel, 
Rancho Los Amigos National Rehabilitation Ctr. (United States); 
B. J. Liu, The Univ. of Southern California (United States)

Patients confined to manual wheel-chairs are at an added risk of 
shoulder injury. There is a need for identifying detrimental techniques 
and optimizing the bio-mechanics involved in wheel-chair propelling 
movements by analyzing wheel-chair operating practices of patients 
over time. Such a study is currently being performed at Rancho Los 
Amigos National Rehabilitation Center, in Downey, California. It tracks 
223 participants over a period of three years and involves data collected 
from diverse stand-alone sources. This data, which typically includes 
videos, force and motion data, pain ratings, clinical shoulder examination 
results, demographic information, etc., is in need of normalization and 
integration. Current databases are in the form of ad-hoc, disjoint Excel 
spread-sheets, and do not provide flexibility, extensibility and ease of 
access. The need for an efficient means to retrieve specific trial data, 
display it and compare data from multiple trials is unmet through lack of 
data association and synchronicity. We propose the development of a 
robust web-based ePR system that is fundamentally based on imaging 
informatics concepts previously learned through Radiology and will 
enhance workflow and facilitate efficient data management. 

The paper will describe in detail our workflow analysis, the data model, 
development of the database, features of the ePR in detail and the 
decision support tools. We have collected five retrospective data sets 
so far and integrated that data into the ePR system. Clinical experts 
have validated the integrity of the data, and so far, the system shows 
considerable promise.

8319-32, Poster Session

Creating a semantic lesion database for 
computer-aided MR mammography
X. Wang, A. Martel, Sunnybrook Health Sciences Ctr. (Canada)

This work presents the creation of a semantic lesion database which will 
support research into computer-aided lesion detection (CAD) in breast 
screening MRI. As an adjunct to conventional X-ray mammography, 
MR-mammography has become a popular screening tool for women with 
a high risk of breast cancer because of its high sensitivity in detecting 
malignancy. To address the needs of research and development into 
CAD for breast MRI an integrated tool called e-Lesion has been designed 
to collect all lesion related information, conduct quantitative analysis, 
and then present crucial data to clinicians and researchers. A lesion 
database is an essential component of e-Lesion as it provides a link 
between the DICOM database of MR images and the meta-information 
contained in the Electronic Patient Record. The patient history, radiology 

reports from MRI screening visits and pathology reports are all collected, 
dissected, and stored in a hierarchical structure in the database. 
Moreover, internal links between pathology specimens and the location 
of the corresponding lesion in the image are established allowing 
diagnostic information to be displayed alongside the relevant images. If 
“ground truth” for an imaging visit can be established either by biopsy 
or by 2-year follow-up, then the case is labeled as suitable for use in 
training and testing CAD algorithms. At present a total of 1882 lesions 
(benign/malignant), 200 pathology specimens over 405 subjects and 
1794 screening (455 CAD studies) are included in the database. As well 
as providing an excellent resource for CAD development this also has 
potential applications in training and education.

8319-33, Poster Session

Teleradiology network system using the web 
medical image conference system with a new 
information security solution
H. Satoh, Tokyo Health Care Univ. (Japan)

We have developed the teleradiology network system that provided with 
web medical image conference system. In the teleradiology network 
system, the security of information network is very important subjects. 
We are studying the secret sharing scheme and the tokenization as a 
method safely to store or to transmit the confidential medical information. 
Secret sharing scheme is a method of dividing the confidential medical 
information into two or more share. Our method is called Threshold 
Secret Sharing Scheme. Threshold Secret Sharing Scheme can 
encode the confidential medical information to two or more share. Our 
method has the function of automatic backup. With automatic backup 
technology, if there is a failure in a single tally, there is redundant data 
already copied to other tally. Tokenization is the process of replacing 
some piece of sensitive data with a value that is not considered sensitive 
in the context of the environment that consumes the token and the 
original sensitive data. Tokenization technology can be used with 
sensitive data of Electronic Medical Records. With tokenization, we 
can enable databases of electronic medical record and applications to 
interact with sensitive data without exposing the clear text. Tokenization 
technology converts the senstitive data to an encrypted token in the 
same format.

8319-34, Poster Session

A comparison of image communication 
protocols in e-science platform for 
biomedical imaging research and applications
T. Wang, Y. Yang, J. Zhang, Shanghai Institute of Technical 
Physics (China)

Purpose: We try to find out which protocol is the best candidate to be 
used in e-Science platform for the purpose for security, communication 
performance, easy implementation and management.

Materials and Methods: The image communication scenario in e-Science 
platform includes image submission, retrieval, routing and backup. The 
testing procedures with protocols of DICOM, MTOM/XOP and FTP 
include: 1) DICOM image transmission in an institution; 2) non-DICOM 
image transmission in an institution; 3) DICOM image transmission cross 
institutions; 4) non-DICOM image transmission cross institutions. In each 
scenario, we make the experiment plans with the consideration about 
the modality or file type of biomedical image, the size of image sets in a 
request, Encryption or non-Encryption Communication, etc. 

Results: Overall, the testing results showed that FTP and MTOM/
XOP protocols are better than DICOM C-Store when the size of image 
sets become larger and larger. the testing results also showed that 
FTP is not worse than MTOM/XOP, but from point view of security and 
management, MTOM/XOP is better choice as FTP has problem for cross 
enterprise communication if a firewall was configured or set between 
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LAN and WAN.

New Technologies and Results to be presented: We first time systemically 
tested and evaluated the MTOM/XOP protocol and also compared it with 
DICOM and FTP for cross enterprise image communication applications.

Conclusion: In the e-Science platform for biomedical imaging research 
and application cross multiple academic institutions and hospitals, the 
MTOM/XOP image communication protocol is better choice compared 
to DICOM and FTP, as it shows an excellent features in both image 
communication and security management compared to others.

8319-35, Poster Session

Semantic extraction and processing of 
medical records for patient-oriented visual 
index
W. Zheng, W. Dong, J. Zhang, Shanghai Institute of Technical 
Physics (China)

To have comprehensive and completed understanding healthcare 
status of a patient, doctors need to search patient medical records from 
different healthcare information systems, such as PACS, RIS, HIS, CIS, 
however, it is time-consuming and tedious to do that. In order to solve 
this problem, we developed a patient-oriented visual index system to 
index the historical medical records by using a 3D human model. In this 
presentation, we present a new approach about how to extract semantic 
and characteristic information from PACS and RIS. This approach 
includes following steps: (1) Building a medical characteristic semantic 
knowledge base; (2) Developing natural language processing (NLP) 
engine to perform semantic analysis and logical judgment on text-based 
medical records; (3) Applying the knowledge base and NLP engine 
on RIS reports to extract medical characteristics (the positive focus 
information) from examination/diagnostic reports, and then mapping 
extracted information to related organ/parts of 3D human model to create 
the visual index. We performed the testing procedures on 559 samples of 
radiological reports, and achieved 828 focuses’ information. Comparing 
with original reports, the successful rate of focus extraction is about 
97.1%.

8319-36, Poster Session

A new approach of building 3D visualization 
framework for multimodal medical images 
display and computed assisted diagnosis
Z. Li, J. Sun, J. Zhang, Shanghai Institute of Technical Physics 
(China)

In this presentation, we give a design method and implantation strategy 
to develop 3D image display component not only with normal 3D display 
functions but also with multi-modalities image fusion and perfusion as 
well as disease-specific segmentations for compute-assisted diagnosis.

The framework of this 3D display component was developed with VTK 
and ITK on platform VS2008 and consists of four function modules: 
3D visualization module, comparison and fusion module, and 3D 
segmentation as well as quantitative measurement modules, all of 
rendering and processing functions of 3D component are speed up by 
using GPU features of graphic boards.

The clinical practice showed that it is easy for radiologists and clinical 
physicians to use 3D functions of the developed component. The users 
were satisfying the rendering speeds and quality of 3D reconstruction. 
The developed 3D components supports multi-modalities (CT, MR, 
PET and SPECT.) 3D images rendering, multi studies comparing, 
multi-modality images fusing, as well as image analyzing and the lesion 
quantitative measurements.

8319-37, Poster Session

MedCast: a discussion support system for 
cooperative work
R. A. Moreno, Instituto do Coração do Hospital das Clínicas 
(Brazil); V. Lima, I. Lopes, Fundacao CPqD (Brazil); M. A. 
Gutierrez, Instituto do Coração do Hospital das Clínicas (Brazil)

The availability of cheaper Internet connections and specialized 
hardware, like webcams and headsets, makes possible the development 
of solutions for remote collaborative work. These solutions can provide 
several advantages compared to personal meetings, such as: availability 
of experts on remote locations; lower price compared to personal 
meetings; creation of online didactic material (e.g. video-classes); 
exchange of knowledge between participants. These technologies are 
particularly interesting for continent-sized countries because of the short 
number of skilled people in remote areas.

The application of these technologies in medical field represents a 
special challenge due to the more complex requirements of the field, 
such as:

-Provide confidentiality and integrity of patient data;

-Guarantee availability of the system;

-Guarantee authenticity of data and users;

-Provide simple and effective user interface;

-Be compliant with standards such as DICOM and HL7.

In order to satisfy those requirements a prototype called MedCast is 
being developed whose architecture allows the integration of the Hospital 
Information System (HIS) with a collaborative tool in conformance with 
the HIPPA rules. Some of the MedCast features are: videoconferencing, 
chat, recording of the sessions, display of documents (in Portable 
Document Format), video (Flash video) and images (Portable Network 
Graphics). Its current version allows the remote discussion of clinical 
cases and the remote ECG evaluation.

8319-38, Poster Session

A stand alone computer aided detection 
system with a novel 3D algorithm for small 
acute intracranial hemorrhage
X. Wang, J. R. F. Fernandez, R. R. Deshpande, The Univ. of 
Southern California (United States); T. Chan, The Univ. of Hong 
Kong (Hong Kong, China); B. J. Liu, H. K. (. Huang, The Univ. of 
Southern California (United States)

Acute Intracranial hemorrhage (AIH) requires urgent diagnosis in the 
emergency setting to mitigate eventual sequelae. However, experienced 
radiologists may not always be available to make a timely diagnosis. 
This is especially true for small AIH, defined as lesion smaller than 10 
mm in size. A computer-aided detection (CAD) system for the detection 
of small AIH would facilitate timely diagnosis. We have previously 
developed an algorithm based on 2D image-processing, which only 
shows a sensitivity of 69.6% on a per lesion basis in the clinical setting. 
To achieve a higher sensitivity and specificity, we are developing a new 
algorithm based on 3D image-processing techniques. The new algorithm 
reconstructs the brain in 3D space and improves the alignment and 
classification of the brain structures compared to previous 2D algorithm. 
3D top-hat transformation is used to detect small lesions in the brain. 
The improvements in the classification and alignment lessen the error in 
the knowledge-based classification, which is a reason for the drawback 
of the previous 2D algorithm. For convenient evaluation in clinical 
environment, a stand-alone system is also developed. We have collected 
over 100 non-contrast head CT cases from LA County/USC Hospital, 
with matched normals. The data collected has been evaluated by the 
current 2D algorithm, and will be used to evaluate the 3D algorithm. 
The results of the two algorithms will be compared and utilized to make 
improvements.
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8320-01, Session 1

Ultrasound waveform tomography with the 
total-variation regularization for detection of 
small breast tumors
Y. Lin, L. Huang, Z. Zhang, Los Alamos National Lab. (United 
States)

Waveform tomography using transmission ultrasound signals has the 
potential to quantitatively reconstruct the sound speed values of breast 
tumors. It is difficult to use waveform tomography to obtain quantitative 
values of the sound speed of breast tumors when their sizes are in 
the order of, or smaller than, the ultrasound wavelength. We develop 
an ultrasound waveform tomography method with the total-variation 
regularization to improve sound-speed reconstructions of small breast 
tumors. Waveform tomography tends to blur reconstruction images, 
leading to inaccurate reconstructions of the sound speed for small 
breast tumors. The total-variation regularization is widely used in image 
analysis to preserve image edges. The introduction of the total-variation 
regularization into ultrasound waveform tomography significantly 
improves reconstructions of the sound speed of small breast tumors. 
We use synthetic ultrasound transmission data for a synthetic-aperture 
ultrasound tomography system with a circular transducer array to verify 
the capability of our new ultrasound waveform tomography method. 
The circular array consists of 1024 transducer elements with the central 
frequency of 1 MHz. The numerical breast phantom scanned by the 
circular transducer array contains three anomalies with different sound 
speeds and sizes ranging from 1 to 2 wavelengths. Our ultrasound 
waveform tomography accurately reconstructs both the values of the 
sound speed and their shapes. Our numerical examples demonstrate 
that our ultrasound waveform tomography with the total-variation 
regularization is a promising tool for quantitative estimation of the sound 
speed of small breast tumors.

8320-02, Session 1

Efficient implementation of ultrasound 
waveform tomography using source encoding
Z. Zhang, L. Huang, Y. Lin, Los Alamos National Lab. (United 
States)

Ultrasound waveform tomography takes diffraction effects of ultrasonic 
waves into account during image reconstruction, therefore, it has the 
potential to produce accurate estimates of the sound speed of small 
breast tumors. However, waveform tomography is very time-consuming 
for large datasets acquired using a synthetic-aperture ultrasound 
tomography system that consists of hundreds to thousands of transducer 
elements. We introduce a source encoding approach to ultra- sound 
waveform tomography to significantly improve the computational 
efficiency. The method simultaneously simulates the ultrasonic 
waveforms emitted by multiple transducer elements. To distinguish the 
effect of different sources, we apply a random phase to each source. The 
random phase helps eliminate the unwanted cross interference produced 
by different sources. This approach greatly reduces the computational 
time of ultrasound waveform tomography to one tenth of that for the 
original waveform tomography, and makes it feasible for ultrasound 
waveform tomography in clinical applications.

8320-03, Session 1

Nonlinear inversion modeling for ultrasonic 
computed tomography: transition from soft to 
hard tissues imaging
P. Lasaygues, J. Rouyer, E. Franceschini, S. Mensah, R. 
Guillermin, Ctr. National de la Recherche Scientifique (France)

The goal of Ultrasonic Computed Tomography is to reconstruct the 
spatial distribution of some acoustic parameter of an object using 
ultrasonic measurements. The measurements are made for a set of 
transmitter-receiver positions and of frequencies of the interrogating 
wave. The method is based on a linear approximation of the inverse 
scattering problem, the Inverse Born Approximation (IBA), which allows 
reconstructing small perturbations from a known-reference medium. 

For media with weak inhomogeneities, such as soft biological tissues 
(weak scatterers), the method works straightforward. This leads to a 
“Constant Background” IBA method, whose practical solution results 
in regular angular scanning with broad-band pulses, allowing to cover 
slice-by-slice the spatial frequency spectrum of the imaged object. This 
leads to “Reconstruction-From-Projections” algorithms like those used 
for X-ray Computed Tomography. 

For media with strong heterogeneities as bone (strong contrasts, large 
objects with respect to wavelength), the problem is non-linear and there 
is in general no single solution. Ultrasonic tomography suffers from 
an important limitation due to strong wavefronts distortion (refraction, 
attenuation) resulting in a poor quality of tomographic images. In this 
case, new inversion schemes based on higher-order levels of Born 
approximation are proposed, involving the calculation of the Green’s 
function of the distorted reference background. Different tomographic 
methods were then tested in vitro on real samples and on a geometrical 
mimicking phantom, using advanced ultrasonic scanners. The results 
show the high potential of the Ultrasonic Computed Tomography as a 
means of performing measurements from soft to hard tissues.

8320-04, Session 1

Phantom image results of optimized full 3D 
USCT
N. V. Ruiter, M. Zapf, T. Hopp, R. Dapp, H. Gemmeke, Karlsruher 
Institut für Technologie (Germany)

A promising candidate for improved imaging of breast cancer is 
ultrasound computer tomography (USCT). Current experimental USCT 
systems are still focused in elevation dimension resulting in a large slice 
thickness, limited depth of field, loss of out-of-plane reflections, and a 
large number of movement steps to acquire a stack of images. 3D USCT 
emitting and receiving spherical wave fronts overcomes these limitations. 
We built an optimized 3D USCT with nearly isotropic 3D PSF, realizing 
for the first time the full benefits of a 3D system. In this paper images 
acquired with a clinical breast phantom are presented. The contrast of 
the images is very satisfactory in spite of imaging with a sparse aperture. 
The resolution and imaged details of the reflectivity reconstruction are 
comparable to a 3 Tesla MRI volume of the phantom. Image quality and 
resolution is isotropic in all three dimensions, confirming the successful 
optimization experimentally.
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8320-05, Session 1

Travel time denoising in ultrasound 
tomography
O. Roy, C. Li, N. Duric, Delphinus Medical Technologies (United 
States)

Accurate time delay estimation is critical for a wide range of remote 
sensing applications. We propose a technique that exploits the 
redundancy between absolute and relative time delays in transducer 
arrays as a means to reduce the level of noise present in the 
measurements. We formalize the problem of interest and present two 
different strategies to solve it. The first strategy is optimal in the mean 
square sense but requires a quadratic programming solver. The second 
approach is based on a sub-optimal iterative denoising technique. The 
effectiveness of our approach is demonstrated in the context of travel 
time tomographic imaging.

8320-06, Session 2

Comparison of spatiotemporal interpolators 
for 4D image reconstruction from 2D 
transesophageal ultrasound
A. Haak, Erasmus MC (Netherlands); M. van Stralen, Univ. 
Medical Ctr. Utrecht (Netherlands); G. van Burken, S. Klein, 
Erasmus MC (Netherlands); J. P. Pluim, Univ. Medical Ctr. Utrecht 
(Netherlands); N. de Jong, A. F. W. van der Steen, J. G. Bosch, 
Erasmus MC (Netherlands)

For electrophysiology intervention monitoring, we intend to reconstruct 
4D ultrasound (US) of structures in the beating heart from 2D 
transesophageal US by scanplane rotation. The image acquisition 
is continuous but unsynchronized to the heart rate, which results 
in a sparsely and irregularly sampled dataset and a spatiotemporal 
interpolation method is desired. Previously, we showed the potential of 
normalized convolution (NC) for interpolating such datasets.

We explored 4D interpolation by 3 different methods, NC, nearest 
neighbor (NN), and temporal binning followed by linear interpolation 
(LTB). The test datasets consisted of 600, 1350, and 1800 2D images 
and were derived by slicing a 4D echocardiography dataset at random 
rotation angles (θ, range: 0-180 ) and random normalized cardiac phase 
(τ, range: 0-1). A Gaussian kernel was used for NC and optimal kernel 
sizes (σθ and στ) were found by performing an exhaustive search. The 
RMS gray value error (RMSE) of the reconstructed images was computed 
for all interpolation methods. 

The estimated optimal kernels were σθ =2.29°/ στ = 0.034, σθ =1.66°/ 
στ = 0.018, and σθ =1.34°/ στ = 0.013 for 600, 1350, and 1800 input 
images respectively. The minimum RMSE for NC was 13.49, 10.24, 
and 9.27 for 600, 1350, and 1800 input images respectively. The NN/
LTB reconstruction had an RMSE of 17.80/16.07, 13.86/14.82, and 
11.98/14.45 for 600, 1350, and 1800 2D input images respectively.

We showed that NC outperforms NN and LTB. For a small number of 
input images the advantage of NC is more pronounced.

8320-07, Session 2

Adaptive volume rendering of cardiac 3D 
ultrasound images: utilizing blood pool 
statistics
J. P. Åsen, Norwegian Univ. of Science and Technology (Norway); 
E. N. Steen, GE Vingmed Ultrasound (Norway); G. Kiss, A. 
Thorstensen, Norwegian Univ. of Science and Technology 
(Norway) and St. Olavs Hospital (Norway); S. I. Rabben, GE 
Vingmed Ultrasound (Norway)

In this paper we introduce an adaptive direct volume rendering (DVR) 
method for real-time visualization of cardiac 3D ultrasound. DVR is 
commonly used in cardiac ultrasound to visualize interfaces between 
tissue and blood. However, this is particularly challenging with ultrasound 
images due to variability of the signal within tissue as well as variability 
of noise signal within the blood pool. Standard DVR involves a global 
mapping of sample values to opacity by an opacity transfer function 
(OTF). While a global OTF may represent the interface correctly in one 
part of the image, it may result in drop-outs, or even artificial interfaces 
within the blood pool in other parts the image. In order to increase 
correctness of the rendered image the presented method uses blood 
pool statistics to adaptively optimize the OTF. The global and regional 
adaptive method was compared in a dataset of apical recordings from 18 
subjects. For each recording, three renderings from standard views were 
generated for both methods, and each rendering was tuned to the best 
visual appearance by a physician echocardiographer. For each rendering 
we measured the mean average error (MAE) between the rendering depth 
buffer and a validated left ventricular segmentation. The difference in 
MAE between the two methods where calculated and t-test results are 
reported with significant improvements for the regional adaptive method 
(d_A4C=1.5-0.3mm, d_IA4C=2.5-0.4mm, d_MV=1.7-0.2mm, d.f.=17, 
p<0.001). The improvement was confirmed through qualitative visual 
assessment by a physician echocardiographer. The algorithm has been 
implemented on a GPU (16 fps, 512x512x100 samples, Nvidia GTX460).

8320-08, Session 2

Dynamic shape modeling of the mitral valve 
from real-time 3D ultrasound images using 
continuous medial representation
A. M. Pouch, The Univ. of Pennsylvania (United States); P. A. 
Yushkevich, B. M. Jackson, The Univ. of Pennsylvania Health 
System (United States); J. H. Gorman III, R. C. Gorman, C. M. 
Sehgal, Hospital of the Univ. of Pennsylvania (United States)

Purpose: Patient-specific shape analysis of the mitral valve from real-time 
3D ultrasound (rt-3DUS) has broad application to the assessment and 
surgical treatment of mitral valve disease. Our goal is to demonstrate 
that continuous medial representation (cm-rep) is an accurate valve 
shape representation that can be used for statistical shape modeling 
over the cardiac cycle from rt-3DUS images. Methods: Transesophageal 
rt-3DUS data acquired from 15 subjects with a range of mitral valve 
pathology were analyzed. User-initialized segmentation with level sets 
and symmetric diffeomorphic normalization delineated the mitral leaflets 
at each time point in the rt-3DUS data series. A deformable cm-rep was 
fitted to each segmented image of the mitral leaflets in the time series, 
producing a 4D parametric representation of valve shape in a single 
cardiac cycle. Model fitting accuracy was evaluated by the Dice overlap, 
and shape interpolation and principal component analysis (PCA) of 4D 
valve shape were performed. Results: Of the 289 3D images analyzed, 
the average Dice overlap between each fitted cm-rep and its target 
segmentation was 0.880±0.018 (max=0.912, min=0.819). The results 
of PCA represented variability in valve morphology and localized leaflet 
thickness across subjects. Conclusion: Deformable medial modeling 
accurately captures valve geometry in rt-3DUS images over the entire 
cardiac cycle and enables statistical shape analysis of the mitral valve.

8320-09, Session 2

Learning-based scan plane identification 
from fetal head ultrasound images
X. Liu, GE Global Research (United States); P. Annangi, M. Gupta, 
K. B. Krishnan, GE Global Research (India)

Acquisition of a clinically acceptable scan plane is a pre-requisite for 
ultrasonic measurement of anatomical features from B-mode images. 
In obstetric ultrasound, measurement of gestational age predictors, 
biparietal diameter and head circumference are performed at the level 
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of the thalami and cavum septum pelucidi. In an accurate scan plane, 
the head can be modeled as an ellipse, the thalami looks like a butterfly, 
the cavum appears like an empty box and the falx is a straight line 
along the major axis of a symmetric ellipse inclined either parallel to 
or at small angles to the probe surface. Arriving at the correct probe 
placement on the mother’s belly to obtain an accurate scan plane is a 
task of considerable challenge especially for a new user of ultrasound. 
In this work, we present a novel automated learning-based algorithm to 
identify an acceptable fetal head scan plane. We divide the problem into 
cranium detection and a template matching to capture the composite 
‘butterfly’ structure present inside the head, which mimics the visual 
cues used by an expert. The algorithm uses state-of-the-art techniques 
from the image processing and computer vision literature and tie them to 
presence or absence of the inclusions within the head to automatically 
compute a score to represent the goodness of a scan plane. This 
automated technique can be potentially used to train and aid new users 
of ultrasound.

8320-10, Session 2

Model-based coupled denoising and 
segmentation of medical images
A. Tuysuzoglu, Boston Univ. (United States) and GE Global 
Research (United States); P. Mendonca, D. Padfield, GE Global 
Research (United States)

We present a new model-based framework for coupled segmentation 
and de-noising of medical images. The segmentation and de-noising 
steps are coupled through a discrete formulation of the total variation de-
noising problem in a restricted setting such that each pixel in the image 
has its de-noised intensity level selected from a drastically reduced 
set of intensities. By creating such a reduced set of intensity levels, in 
which each intensity level represent the intensity across a region to be 
segmented, the intensity value for each de-noised pixel will be forced 
to assume a value in this limited set; by associating all pixels with the 
same de-noised value as a single region, image segmentation is naturally 
achieved. We derive two formulations corresponding two noise models: 
additive white Gaussian and multiplicative Rayleigh. We furthermore 
show that the proposed framework enables globally optimal foreground/
background segmentation of images with Rayleigh distributed noise.

8320-11, Session 2

Motion compensation method using 
dynamic programming for quantification of 
neovascularization in carotid atherosclerotic 
plaques with contrast enhanced ultrasound 
(CEUS)
Z. Akkus, Erasmus MC (Netherlands); A. Hoogi, Erasmus MC 
(Netherlands) and Technion-Israel Institute of Technology 
(Israel); G. Renaud, G. L. ten Kate, S. van den Oord, A. Schinkel, 
Erasmus MC (Netherlands); N. de Jong, A. F. W. van der Steen, 
Erasmus MC (Netherlands) and Interuniversity Cardiology 
Institute of the Netherlands (Netherlands); J. G. Bosch, Erasmus 
MC (Netherlands)

Intraplaque neovascularization (IPN) has been linked with progressive 
atherosclerotic disease and plaque instability in several studies. 
Quantification of IPN may allow early detection of vulnerable plaques. 
A dedicated motion compensation method with normalized-cross-
correlation (NCC) block matching combined with multidimensional 
(2D+time) dynamic programming (MDP) was developed for quantification 
of IPN in small plaques ( 2 pixels (~200μm) from true motion in any 
frame. Tracking was scored as fully successful in 63 MIS (94%) for 
MDP vs. 52(78%) for FT. The range of displacement over these 63 was 
1045±471μm (X) and 395±216μm (Y). The tracking sporadically failed in 4 

MIS (6%) due to poor image quality, jugular vein proximity and out-of-
plane motion. Motion compensation showed improved lumen-plaque 
contrast separation. In conclusion, the proposed method is sufficiently 
accurate and successful for in vivo application.

8320-12, Session 3

Generation of limited-diffraction wave by 
approximating X-wave with simple driving 
pulses
Y. Li, S. Hua, M. Ding, Y. Ming, Huazhong Univ. of Science and 
Technology (China)

X-wave is a particular case of limited diffracting waves which have 
great application potential for field focus depth enlargement in acoustic 
imaging systems. In practice, the generation of real-time X-wave fields 
needs complex technologies and expensive hardware which involve 
precise and specific voltage time distributions for the excitation of each 
distinct array element. In order to reduce the high implementation cost, 
L. Castellanos[1] proposed an approach for simplifying the generation 
process by approximating the X-wave excitations with rectangular 
pulses. The results suggested the possibility of achieving limited-
diffraction waves with a moderate hardware cost. In this work, we 
improve L. Castellanos’s approach by adding more approximation driving 
pulse types, like triangular pulse. The differences between theoretical 
X-wave signals and each driving pulses are minimized by L2 curve 
criterion, separately. The pulse with the minimal optimization result is 
chosen as the approximation driving pulses. Simulation test shows 
that the new method can achieve more precise than original method 
and closer to the theoretical X-wave result. Also, a tradeoff is obtained 
between the cost of implementation of classical 0-order X-wave and the 
precision of approximation.

8320-13, Session 3

Adaptive minimum variance beamforming 
combined with phase coherence imaging for 
ultrasound imaging
M. Xu, Y. Chen, Y. Ming, M. Ding, Huazhong Univ. of Science and 
Technology (China)

Delay-and-sum (DAS) beamformer is extensively used in ultrasound 
imaging. However, the DAS beamformed signals have wide mainlobe 
widths and high sidelobe levels, which result in images with limited 
resolution and low contrast. Recently, a new signal processing method 
named phase coherence imaging (PCI) for side and grating lobes 
suppression was proposed. It was based on a statistical analysis of 
the phase dispersion in the received signals. The contrast could be 
significantly enhanced. For spatial resultion improvement, adaptive 
minimum variance (MV)-based beamformer presented in the ultrasound 
imaging literature shows great potentials by minimizing off-axis signals, 
while keeping on-axis ones. In this paper, MV beamforming combined 
with PCI is introduced to effectively increase the imaging resolution and 
contrast simultaneously and outperform both MV and PCI beamformers. 
Two phase coherence factors, the phase coherence factor (PCF) and the 
sign coherence factor (SCF), are computed based on the measurement 
of the phase diversity of the received aperture data, and then used 
to weight the MV beamformed channel sum output. Simulations with 
point and cyst phantoms using FIELD II demonstrate the expected 
performance of the proposed beamforming method.
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8320-15, Session 3

FPGA implementation of robust capon 
beamformer
X. Guan, H. Zmuda, J. Li, M. Sheplak, L. Du, Univ. of Florida 
(United States)

Adaptive Beamforming is a widely used technology in array signal 
processing. Its various applications include Radar and Sonar systems, 
Smart Antenna systems, and medical imaging methods. Capon 
Beamforming is one of the earliest adaptive beamforming techniques 
devised. It has the potential to provide significantly better resolution and 
interference rejection capabilities compared to the conventional delay 
and sum beamformer. However, it is sensitive to the model errors and 
imprecise knowledge of direction of arrival (DOA) of the SOI (Signal of 
Interest). Many algorithms have been proposed to mitigate this problem, 
and one of them being the Robust Capon Beamforming (RCB). This 
algorithm belongs to the diagonal loading class, and its diagonal loading 
level can be calculated exactly according to the uncertainty set of array 
steering vector. Moreover, its computational complexity is comparable to 
that of the Capon beamformer.

In this paper, the RCB algorithm is investigated and implemented 
using FPGA specifically for the application of early detection of breast 
cancer. An FPGA provides a good platform for implementing digital 
signal processing algorithms due to its high processing power and great 
flexibility when compared to its DSP processor and ASIC counterparts. 
The paper is organized as follows. We briefly review the related work 
in Section 2. Then we present the details of the RCB algorithm used in 
Section 3. The architecture used for the hardware implementation of the 
RCB algorithm is illustrated in Section 4. In Section 5, the details of the 
FPGA implementation of the RCB algorithm are summarized along with 
the hardware utilization parameters. Finally Section 6 outlines the future 
directions for this work.

8320-16, Session 3

Detection of breast microcalcifications using 
synthetic-aperture ultrasound
L. Huang, Y. Labyed, Y. Lin, Z. Zhang, Los Alamos National Lab. 
(United States); M. Williamson, R. Rosenberg, P. H. Heintz, D. 
Sandoval, The Univ. of New Mexico (United States)

Ultrasound could be an attractive alternative to breast microcalcifition 
detection, but it requires significant improvement in image quality and 
resolution of ultrasound imaging. Recently, we have demonstrated 
using tissue-mimicking phantoms that synthetic-aperture ultrasound 
has the potential to detect small targets. In this study, we use our 
real-time synthetic-aperture ultrasound system to scan some patient 
breasts for microcalcification detection. Our real-time synthetic-aperture 
ultrasound system is one of the very first medical devices capable of 
acquiring synthetic-aperture ultrasound data and forming ultrasound 
images in real time. The patients recruited have mammograms showing 
regions with microcalcifications. We use our real-time synthetic-aperture 
ultrasound system to scan those regions, and form ultrasound images 
of microcalcifications. Our results demonstrate that synthetic-aperture 
ultrasound is a promising imaging modality for breast microcalcification 
detection.

8320-50, Session 3

Preliminary comparison of 3D synthetic 
aperture with Explososcan
M. F. Rasmussen, J. M. Hansen, Technical Univ. of Denmark 
(Denmark); R. Dufait, Vermon S.A. (France); J. A. Jensen, 
Technical Univ. of Denmark (Denmark)

The golden standard for acquiring 3D volumetric data by using electronic 
beam steering is the Explososcan technique. In this paper Explososcan 
is compared to another real-time 3D imaging technique, called synthetic 
aperture. Synthetic aperture seems promising for 3D imaging, both in 
terms of frame rate and image quality. In this paper explososcan and 
synthetic aperture are compared in simulations. The two techniques are 
compared in terms of detail resolution (full width at half max) derived from 
their point spread functions. A 3D synthetic aperture measurement is also 
shown. Both the simulations and measurements are carried out with a 
6x32 element dense matrix transducer. It is found that synthetic aperture 
technique increases the detail resolution in the lateral plane by 18:2 %, 
and 17:1% in the elevation plane, compared to Explososcan. The FWHM 
acquired on a 3D synthetic aperture measurement of a wire phantom 
was found to be 1:1mm and 4:9mm in the lateral and elevation plane 
respectively. This is approximately the same as found by simulation.

8320-17, Session 4

Frequency, bandwidth, and information 
transfer in B-mode imaging
C. K. Abbey, Univ. of California, Santa Barbara (United States); 
N. Q. Nguyen, M. F. Insana, Univ. of Illinois at Urbana-Champaign 
(United States)

Center frequency and bandwidth are two commonly used parameters 
for characterizing transmitted pulse profiles for B-mode and other forms 
of ultrasonic imaging. Both parameters are associated with tradeoffs in 
spatial resolution and signal-to-noise in ultrasonic system design, with 
no general understanding of where they are optimal. In this work we use 
a task-based approach to evaluate the transfer of information in B-mode 
imaging as a function of the transmitted pulse center frequency and 
fractional bandwidth.

Our approach uses a statistical model of backscatter relevant to breast 
imaging, and a 2D model of pulse propagation based on Rayleigh-
Sommerfeld diffraction theory. The statistics of the backscattered signal 
are used in an ideal observer calculation that quantifies the task-relevant 
information contained in the radio-frequency (RF) signal after delay-and-
sum beamforming. We then evaluate the effect of envelope detection 
by computing the ideal observer in the envelope domain using Smith-
Wagner approximations, followed by an evaluation observer performance 
in psychophysical studies. This experimental design allows us to track 
the flow of diagnostic information through each of the significant steps 
that determine task performance in ultrasonic imaging.

Over a center frequency range from 3-15MHz, we find that information 
transfer increases with center frequency, leveling off above 10MHz. 
At lower center frequencies, greater bandwidth uniformly increases 
the transfer of information. Higher center frequencies peak at 40%-
60% fractional bandwidth. We find a substantial loss of information in 
all conditions in the formation of an envelope, and some evidence of 
observer limitations in the psychophysical observer data.

8320-18, Session 4

Age and gender related differences in aortic 
blood flow
M. S. Enevoldsen, Technical Univ. of Denmark (Denmark); M. 
Moller Pedersen, Copenhagen Univ. Hospital Rigshopitalet 
(Denmark); M. C. Hemmsen, Technical Univ. of Denmark 
(Denmark) and B-K Medical (Denmark); L. Lönn, Copenhagen 
Univ. Hospital Rigshopitalet (Denmark); K. Henneberg, J. A. 
Jensen, Technical Univ. of Denmark (Denmark)

The abdominal aorta (AA) is predisposed to development of abdominal 
aneurysms (AAA), a focal dilatation of the artery with fatal consequences 
if left untreated. The blood flow patterns in the AA is thought to play an 
important role in the development of AAA. The purpose of this work is to 
investigate the blood flow patterns within a group of healthy volunteers (4 
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females, 7 males) aged 23 to 76 years to identify changes and differences 
related to age and gender. The healthy volunteers were categorized by 
gender (male/female) and age (below/above 35 years). Subject-specific 
flow and geometry data were acquired using the research interface on a 
medical ultrasound scanner and segmentation of 3D magnetic resonance 
angiography respectively. The largest average diameter was among the 
elderly males (19.7 (± 1.33) mm) and smallest among the young females 
(12.4 (± 0.605) mm). The highest peak systolic velocity was in the young 
female group (1.02 (± 0.336) m/s) and lowest in the elderly male group 
(0.836 (± 0.127) m/s). A geometrical change with age was observed as 
the AA becomes more bended with age. This also affects the blood flow 
velocity patterns, which are markedly different from young to elderly. 
Thus, changes in blood flow patterns in the AA related to age and gender 
is observed. Further investigations are needed to determine the relation 
between changes in blood flow patterns and AAA development.

8320-19, Session 4

Clinical evaluation of synthetic aperture 
sequential beamforming
P. M. Hansen, Copenhagen Univ. Hospital Rigshopitalet 
(Denmark); M. C. Hemmsen, Technical Univ. of Denmark 
(Denmark); T. Lange, Univ. of Copenhagen (Denmark); J. M. 
Hansen, Technical Univ. of Denmark (Denmark); M. B. Nielsen, 
Copenhagen Univ. Hospital Rigshopitalet (Denmark); J. A. 
Jensen, Technical Univ. of Denmark (Denmark)

In ultrasound imaging, a high resolution image is obtained at the expense 
of the frame rate. This is a problem in medical ultrasound scanning, 
since it is not possible to make a high resolution dynamic examination. 
In virtually all surgical and internal medicine specialties, ultrasound 
scanning is a very important diagnostic tool, and every improvement 
will therefore benefit large groups of patients and physicians. Synthetic 
aperture sequential beamforming (SASB) is a technique, that produces 
high resolution ultrasound sequences with a high framerate, and at 
the same time reduces the amount of generated data. The technique 
is therefore immediately ready for implementation in conventional 
ultrasound scanners.

The objective of this study is to compare in-vivo ultrasound images 
obtained with SASB and conventional technique. The images are 
evaluated in terms of spatial resolution, contrast, unwanted artifacts, and 
penetration depth of the ultrasound beam.

Eighteen volunteers were ultrasound scanned abdominally, and 84 
sequence pairs were recorded. Each sequence pair consists of two 
simultaneous recordings of the same anatomical location with SASB and 
conventional B-mode imaging.

Five ultrasound experts (medical doctors) evaluated the sequence pairs 
as side-by-side comparisons, and the results show, that image quality 
using SASB was significantly better than conventional B-mode imaging.

There was no significant difference in penetration depth.

In this study, medical ultrasound imaging using synthetic aperture 
sequential beamforming has successfully been demonstrated in a clinical 
trial, and found to be superior to conventional imaging in terms of image 
quality.

8320-20, Session 4

Thoracic wall reconstruction using ultrasound 
images to model/bend the thoracic prosthesis 
for correction of pectus excavatum
J. G. Fonseca, A. H. J. Moreira, P. M. L. Rodrigues, J. C. 
Fonseca, A. C. M. Pinho, Univ. do Minho (Portugal); N. F. 
Rodrigues, Univ. do Minho (Portugal) and Polytechnic Institute of 
Cávado (Portugal); J. Correia-Pinto, Univ. do Minho (Portugal); J. 
L. Vilaça, Univ. do Minho (Portugal) and Polytechnic Institute of 

Cávado (Portugal)

Pectus excavatum is the most common congenital deformity of the 
thorax, incidence rate of 1:1000, and with a male predominance of 4 to 
1. The surgical correction of this deformity, through the Nuss technique, 
consists in the placement of a convex prosthesis, modeled using patient 
thoracic CT-scan information, into substernal position to leverage the 
deformity into a more anatomically correct position. This technique 
has shown to be less aggressive, faster to execute and allows better 
cosmetic results. However, the necessity in this technique of the patient 
thoracic CT-scan to model the surgical prosthesis exposes the patient to 
high doses of radiation. So, the aims of this work are the replacement of 
the CT-scan by Ultrasound (US) imaging in the pre-operative diagnosis 
and pre-modeling of the surgical prosthesis. For such, the thoracic 
US images are acquired along the axial plane, a rigid registration 
between subsequent images is executed, and, then, these elements are 
overlapped to reconstruct a plane equivalent to a thoracic CT-scan axial 
slice. Afterwards, a bone enhancement is performed, followed by the 
segmentation and extraction of the external ribs contour points, used to 
model the surgical prosthesis. Preliminary experiments were conducted 
in an ultrasound phantom to test the reconstruction strategy. The bone 
enhancement algorithm was tested in vivo images. The achieved results 
were compared with CT data, showing that the proposed methodology 
can create a valid representation of the thoracic wall to model the 
surgical prosthesis used for pectus excavatum correction.

8320-21, Session 4

Comparison of Naive Bayes and logistic 
regression for computer-aided diagnosis of 
breast masses using ultrasound imaging
T. W. Cary, A. Cwanger, S. S. Venkatesh, E. F. Conant, C. M. 
Sehgal, The Univ. of Pennsylvania Health System (United States)

The goal of this study is to compare the performance of two proven but 
very different machine learners, Naïve Bayes and logistic regression, for 
differentiating malignant and benign breast masses using ultrasound 
imaging. 

Ultrasound images of 266 masses were analyzed quantitatively for shape, 
echogenicity, margin characteristics, and texture features. These features 
along with patient age, race, and mammographic BI-RADs category were 
used to train Naïve Bayes and logistic regression classifiers to diagnose 
lesions as malignant or benign. ROC analysis was performed using all 
of the features and using only a subset that maximized information gain. 
Performance was determined by the area under the ROC curve, Az, 
obtained from leave-one-out cross validation.

Naïve Bayes showed significant variation (Az 0.733 ± 0.035 to 0.840 ± 
0.029, P < 0.001) with the choice of features, but the performance of 
logistic regression was unchanged under feature selection (Az 0.839 
± 0.029 to 0.859 ± 0.028, P = 0.605). Out of 34 features, a subset of 
6 gave the highest information gain: brightness difference, margin 
sharpness, depth-to-width, mammographic BI-RADs, age, and race. 
The probabilities of malignancy determined by Naïve Bayes and logistic 
regression after feature selection showed significant correlation (R2= 0.87 
P < 0.0001). 

The diagnostic performance of Naïve Bayes and logistic regression can 
be comparable, but logistic regression is more robust. Since probability 
of malignancy cannot be measured directly, high correlation between the 
probabilities derived from two dissimilar models increases confidence 
in their predictive power for characterizing solid breast masses on 
ultrasound.

8320-22, Session 4

Ultrasound image-based respiratory motion 
tracking of organs
Y. Hwang, J. Kim, Y. S. Kim, W. Bang, J. D. K. Kim, C. Kim, 
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Samsung Advanced Institute of Technology (Korea, Republic of)

Motion tracking on moving organs could be the key techniques for MR/
CT imaging and noninvasive surgery such as HIFU and radiotherapy 
treatment when we apply these imaging or therapy technologies to 
moving organs such as liver, kidney or pancreas. Currently to estimate 
motion of an organ, some bulky and burdensome devices are placed 
externally on skin. It estimates organ motion indirectly using skin motion, 
not directly using organ itself. In this paper, we propose a system that 
measures directly the motion of organ itself only using ultrasound image. 
Our system has automatically selected a window in image sequences, 
called boosting window, which is able to estimate the organ motion 
robustly even to noisy ultrasound images. The organ’s displacement 
on each ultrasound image has been calculated through the boosting 
window. This system has the following advantages: Firstly it is very 
convenient to use since it exploits a conventional ultrasound image. 
Secondly it can measure organ motion with high accuracy since it directly 
measures displacement of the target organ. Lastly it works robustly to 
noisy and unclear ultrasound image from patients with abdominal obesity. 
As a result, the proposed system can track liver’s repetitive motion in 
real time in preliminary test. We have a plan to extend our test on bigger 
database to estimate its accuracy and robustness.

8320-23, Session 5

Breast ultrasound tomography: bridging the 
gap to clinical practice
N. Duric, P. J. Littrup, Karmanos Cancer Institute (United 
States); C. Li, Delphinus Medical Technologies (United States); 
O. Roy, Karmanos Cancer Institute (United States); S. Schmidt, 
Delphinus Medical Technologies (United States); O. Rama, L. 
Bey-Knight, Karmanos Cancer Institute (United States); R. R. 
Janer, X. Chen, J. Goll, Delphinus Medical Technologies (United 
States); W. C. Greenway, Karmanos Cancer Institute (United 
States)

Although mammography is the current gold standard for breast cancer 
screening its efficacy has recently become a subject of considerable 
debate. While it is evident that magnetic resonance imaging (MRI) can 
significantly improve on these limitations, it is also not practical because 
it has long been prohibitively expensive for routine use. Therefore, an 
alternative breast imaging method is needed that obviates the constraints 
of these standard imaging modalities. The lack of such an alternative 
is a barrier to dramatically impacting mortality (about 45,000 women in 
the US per year) and morbidity from breast cancer because, currently, 
there is a trade-off between the cost effectiveness of mammography 
and sonography on the one hand and the imaging accuracy of MRI on 
the other. We report on the development of an ultrasound tomography 
scanner that is aimed at eliminating this trade-off and thereby improving 
breast cancer survival rates and decreasing unnecessary biopsies. 

The objective of this presentation is to report on the validation of 
an improved UST scanner, based on a ring-transducer concept and 
designed for routine clinical use. The paper describes the improved 
system, named SoftVue, an extension of an existing prototype. The 
specific topics covered will be (i) improvements in performance based 
on the availability of powerful, new electronic data acquisition chips, (ii) 
greatly improved image reconstruction hardware and (iii) new capabilities 
in low-cost transducer manufacture. 

In addition to describing the technical performance of the SoftVue 
scanner, imaging results from initial testing will also be presented.

8320-24, Session 5

Automatic multimodal 2D/3D image fusion of 
ultrasound computer tomography and x-ray 
mammography for breast cancer diagnosis
T. Hopp, Karlsruher Institut für Technologie (Germany); N. 
Duric, Karmanos Cancer Institute (United States); N. V. Ruiter, 
Karlsruher Institut für Technologie (Germany)

Breast cancer is the most common cancer among women. The 
established screening method to detect breast cancer in an early state is 
X-ray mammography. However, X-ray frequently provides limited contrast 
of tumors located within glandular tissue. A new imaging approach 
is Ultrasound Computer Tomography generating three-dimensional 
volumes of the breast. Three different images are available: reflectivity, 
attenuation and speed of sound. The correlation of USCT volumes with 
X-ray mammograms is of interest for evaluation of the new imaging 
modality as well as for a multimodal diagnosis. Yet, both modalities differ 
in image dimensionality, patient positioning and deformation state of 
the breast. In earlier work we proposed a methodology based on Finite 
Element Method to register speed of sound images with the according 
mammogram. In this work, we enhanced the methodology to register 
all three image types provided by USCT. Furthermore, the methodology 
is now completely automated using image similarity measures to 
estimate rotations in datasets. A fusion methodology is proposed which 
combines the information of the three USCT image types with the X-ray 
mammogram via semi-transparent overlay images. The evaluation was 
done using 13 datasets from a clinical study. The registration accuracy 
was measured by the displacement of the center of a lesion marked 
in both modalities. Using the automated rotation estimation, a mean 
displacement of 10.4 mm was achieved. Due to the clinically relevant 
registration accuracy, the methodology provides a basis for evaluation of 
the new imaging device USCT as well as for multimodal diagnosis.

8320-25, Session 5

Breast ultrasound tomography with a 
conventional linear array system
P. E. Huthwaite, Imperial College London (United Kingdom); F. 
Simonetti, Univ. of Cincinnati (United States)

The development of prototype systems for breast ultrasound tomography 
(UST) is now well advanced with a number of clinical trials currently being 
performed. UST systems require specialized hardware which is more 
sophisticated than conventional sonography systems due to the larger 
number of ultrasonic channels and unconventional design of the array 
probes. UST presents a number of advantages over sonography, as it 
is operator independent and can provide quantitative images of breast 
tissue, thus offering the potential for increased sensitivity and specificity. 
However, since the breast must be immersed in a water bath, UST suffers 
from some limitations that include: difficult inspection of the axillary 
region, potential loss of transmission signal due to refraction in water. 
This paper therefore investigates the possibility of using a conventional 
linear array directly in contact with the breast to form an image of the 
underlying tissue. The breast is sandwiched between the array and an 
ultrasonic reflector which backscatters the ultrasonic signals transmitted 
through the breast towards the array. Image formation is achieved with 
HARBUT - an imaging method originally developed for UST, which 
accounts for diffraction effects in bent ray travel time tomography. In this 
paper we describe how the HARBUT algorithm can be adapted to the 
linear array configuration, we study its image performance, and present 
the first phantom experimental results obtained with a commercial 
sonography system. Experiments show that sound-speed contrast in the 
region of 5% or less is readily detectable even in the presence of small 
inclusions of 3 mm diameter.
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8320-26, Session 5

Relationship between breast ultrasound 
tomography and mammography
M. A. Sak, N. Duric, Karmanos Cancer Institute (United States); 
N. F. Boyd, Princess Margaret Hospital (Canada); P. J. Littrup, 
Karmanos Cancer Institute (United States); E. West, Delphinus 
Medical Technologies (United States); C. Li, L. Bey-Knight, 
Karmanos Cancer Institute (United States)

It is known that breast cancer risk is greater in women with higher breast 
densities. Currently, breast density is measured using mammographic 
percent density, defined as the ratio of fibroglandular to total breast 
area on a two dimensional mammogram. Alternatively, systems that 
use ultrasound tomography (UST) create tomographic sound speed 
images of the patient’s breast. These volumetric images can be useful 
as a diagnostic aid because it is also known that sound speed of tissue 
is proportional to the density of the tissue. The purpose of this work is 
to expand on the comparisons of the two imaging modalities. A total 
of 251 patients were imaged using both imaging modalities. By using 
k-means clustering, correlations beyond the volume averaged sound 
speed of the ultrasound images and the mammographic percent density 
were investigated. Both the ultrasound and mammographic images were 
separated into dense and fatty regions. Correlations were then measured 
between the two imaging modalities involving the volumes, sound 
speeds and areas of these regions. Many significant correlations were 
found which shows the potential for ultrasound tomography to be used 
as a safe and quantitative marker of breast density.

8320-27, Session 5

Clinical performance parameters for breast 
ultrasound tomography: diagnostic and 
screening implications for commercial 
prototypes
P. J. Littrup, N. Duric, S. Schmidt, C. Li, O. Roy, Karmanos 
Cancer Institute (United States)

PURPOSE: To evaluate the clinical performance parameters of the first 
commercial prototype of a breast ultrasound tomography (UST) scanner, 
capable of simultaneous acquisition of reflection and transmission data.

METHOD AND MATERIALS: An IRB approved protocol has recruited over 
400 patients for evaluation of an existing UST scanner, producing initial 
tumor mass discrimination and limited MRI comparison data sets. The 
older UST prototype utilized a 20 cm diameter transducer ring with 256 
elements operating at central frequency of 1.5 MHz, obtaining 45 images 
per breast. A commercial prototype was built to address subcentimeter 
mass discrimination, and then used to scan an anthropomorphic 
phantom with 4, 8 and 12 mm masses having known characteristics of 
cysts, benign and malignant tumors.

RESULTS: The old UST scanner was able to characterize fatty and 
parenchymal tissue from benign and malignant breast tumors. However, 
the paucity of transducers in relation to Nyquist spacing criteria limited 
both spatial and contrast resolution for clinical mass discrimination 
below 1 cm. The new commercial UST scanner (Delphinus Medical 
Technologies, DMT) has a 22 cm diameter transducer with 1024 elements 
operating at 3.0 MHz. Reflection and transmission data showed rapid 
tumor mass discrimination in fused images. Imaging outcomes from 
the anthropomorphic phantom will be reviewed along with clinical 
implications for rapid progression to breast cancer screening. First 
human images will then be evaluated.

CONCLUSION: Clinical outcomes from initial UST breast scanner helped 
define performance parameters for a new commercial prototype, which 
targeted improved subcentimeter mass discrimination in preparation for 
screening trials.

8320-26, Session 6

Tracked 3D ultrasound targeting with an 
active cannula
P. J. Swaney, J. Burgner, T. S. Pheiffer, D. C. Rucker, H. B. Gilbert, 
J. E. Ondrake, A. L. Simpson, Vanderbilt Univ. (United States); 
E. C. Burdette, Acoustic Medsystems, Inc. (United States); M. I. 
Miga, R. J. Webster III, Vanderbilt Univ. (United States)

The objective of our work is a system that enables both mechanically 
and electronically shapable thermal energy deposition in soft tissue 
ablation. The overall goal is a system that can percutaneously (and 
through a single organ surface puncture) treat tumors that are large, 
multiple, geometrically complex, or located too close to vital structures 
for traditional resection. This paper focuses on mechanical steering 
and image guidance aspects of the project. Mechanical steering is 
accomplished using an active cannula that enables repositioning of 
the ablator tip without complete retraction. We describe experiments 
designed to evaluate targeting accuracy of the active cannula (also 
known as a concentric tube robot) in soft tissues under tracked 3D 
ultrasound guidance.

8320-27, Session 6

Intraoperative ultrasound to stereocamera 
registration using interventional 
photoacoustic imaging
S. Vyas, S. Su, R. Kim, N. Kuo, R. H. Taylor, J. U. Kang, E. M. 
Boctor, The Johns Hopkins Univ. (United States)

There are approximately 6000 hospitals in the United States, of which 
approximately 5400 employ minimally invasive surgical robots for 
a variety of procedures. Furthermore, 95% of these robots require 
extensive registration before they can be fitted into the operating 
room. These “registrations” are performed by surgical navigation 
systems, which allow the surgical tools, the robot and the surgeon to be 
synchronized together-hence operating in concert. The most common 
surgical navigation modalities include: electromagnetic (EM) tracking 
and optical tracking. Currently, these navigation systems are large, 
intrusive, come with a steep learning curve, require sacrifices on the 
part of the attending medical staff, and are quite expensive (since they 
require several components). Recently, photoacoustic (PA) imaging has 
become a practical and promising new medical imaging technology. PA 
imaging only requires the minimal equipment standard with most modern 
ultrasound (US) imaging systems as well as a common laser source. In 
this paper, we demonstrate that given a PA imaging system, as well as a 
stereocamera (SC), the registration between the US image of a particular 
anatomy and the SC image of the same anatomy can be obtained with 
reliable accuracy. In our experiments, we collected data for N = 80 trials 
of sample 3D US and SC coordinates. We then computed the registration 
between the SC and the US coordinates. Upon validation, the mean error 
and standard deviation between the predicted sample coordinates and 
the corresponding ground truth coordinates were found to be 3.33 mm 
and 2.20 mm respectively.

8320-28, Session 6

Integration of 3D intraoperative ultrasound for 
enhanced neuronavigation
K. D. Paulsen, Thayer School of Engineering at Dartmouth 
(United States) and Dartmouth-Hitchcock Medical Ctr. (United 
States) and Norris Cotton Cancer Ctr., Dartmouth Medical 
School (United States); S. Ji, A. Hartov, X. Fan, Thayer School 
of Engineering at Dartmouth (United States); D. W. Roberts, 
Dartmouth Hitchcock Medical Ctr. (United States) and Norris 

Conference 8320:  
Ultrasonic Imaging, Tomography, and Therapy



214 SPIE Medical Imaging 2012 · spie.org/mi

Cotton Cancer Ctr., Dartmouth Medical School (United States)

True three-dimensional (3D) volumetric ultrasound (US) acquisitions 
stand to benefit intraoperative neuronavigation on multiple fronts. While 
traditional two-dimensional (2D) US and its tracked, hand-swept version 
have been recognized for many years to advantage significantly image-
guided neurosurgery, especially when coregistered with preoperative MR 
scans, its unregulated and incomplete sampling of the surgical volume 
of interest have limited certain intraoperative uses of the information that 
are overcome through direct volume acquisition (i.e, through 2D scan-
head transducer arrays). In this presentation, we will illustrate several of 
these advantages, including fiducial-less, image-based intraoperative 
registration (and re-registration) and automated, volumetric displacement 
mapping for intraoperative image updating. These applications of 3D US 
are enabled by algorithmic advances in US image calibration, and volume 
rasterization and interpolation for multi-acquisition synthesis that will 
also be highlighted. We expect to demonstrate that coregistered 3D US 
is well worth incorporating into the standard neurosurgical navigational 
environment relative to traditional tracked, hand-swept 2D US.

8320-29, Session 6

Intra-operative monitoring of ablation using 
tracked 3D ultrasound elastography
P. Foroughi, M. A. Choti, G. D. Hager, The Johns Hopkins Univ. 
(United States); E. Boctor, The Johns Hopkins Outpatient Ctr. 
(United States)

B-mode ultrasound is the primary guidance tool for liver ablation. 
However, the necrosis zone is not visible under b-mode ultrasound 
since ablation does not change the acoustic properties of the tissue. 
On contrary, the change in stiffness of tissue makes elastography ideal 
for monitoring ablation. In this work, we tackle the issues of freehand 
ultrasound elastography intra-operatively. We show that our frame 
selection technique can cope with uncertainties associated with intra-
operative elastography and generate consistent and high-quality images. 
We consider both freehand palpation and motion induced by a robotic 
arm or an active cannula. We also extend our frame selection technique 
to 3D imaging. Having the tracking information, our proposed method 
compensates for hand motion during volume collection. Also, a similar 
approach to our frame selection is used to match 2D frames from all 
collected volumes. The strain is computed from the matched pairs, and 
then, the final 3D strain image is constructed by combining these 2D 
strains. A similar technique could also be applied for 3D imaging with a 
tracked 2D transducer, where the user is asked to combine the palpation 
of tissue with lateral hand motion. We present the results of in-vivo animal 
studies to validate this work.

8320-30, Session 6

A new automatic landmarks extraction 
framework on ultrasound images of femoral 
condyles
A. Masson-Sibut, Univ. Paris 12 - Val de Marne (France) and 
Aesculap SAS (France); A. Nakib, E. Petit, Univ. Paris 12 - Val de 
Marne (France); F. Leitner, Aesculap SAS (France)

In Computer Assisted Orthopaedic Surgery (CAOS), the surgeon has to 
acquire some anatomical landmarks as inputs to the system. In order 
to do this, he uses manual pointers that are localized in the Operating 
Room (OR) space using an infrared camera. When the needed landmark 
is not reachable trough an opening, the palpation is percutaneous and 
less precise. In this paper, we propose a new framework to extract 
automatically anatomical landmarks with an ultrasound probe based on 
three main steps to register the bone surface. This framework is based 
on the calculation of an oriented gradient, the simulation of a compound 
acquisition and a contour closure using a graph representation. The 
oriented gradient allows extracting the set of pixels that probably 

belong to the bone surface. The simulated compound step allows 
using ultrasound images properties to define a set of small segments 
which may belong to the bone surface, and the graph representation 
allows eliminating the false positive among the segments. The proposed 
method has been validated on a database of 230 ultrasound images of 
the anterior femoral condyles (on the knee). The average computation 
time is 0.11 sec per image, and the average errors are: 0.54mm for the 
bone surface extraction, 0.31mm for the condylar line, and 1.4mm for the 
middle of the trochlea.

8320-31, Session 7

Improving the sensitivity of subharmonic 
imaging at high frequencies: a feasibility 
study
H. Shekhar, M. M. Doyley, Univ. of Rochester (United States)

In the advanced stages of Coronary Artery Disease (CAD), life-threatening 
plaques may rupture, causing acute coronary syndromes. If the severity 
of CAD can be objectively assessed, aggressive pharmacological/
surgical treatment may be employed to save those most at risk. Plaque 
vulnerability may potentially be predicted by the assessment vasa 
vasorum neovascularization and perfusion. Subharmonic Intravascular 
Ultrasound (IVUS) imaging with Ultrasound Contrast Agents (UCA) has 
shown initial promise for detecting the vasa vasorum. However, the 
sensitivity of high frequency Subharmonic Imaging (SHI) is compromised 
because of (a) pressure threshold for subharmonic generation; and (b) 
Polydispersity of UCA.

In theory, high pressures and long duration excitation should improve 
sensitivity; however, bubble disruption may limit the pressures that can 
be used. Moreover, long duration pulses will degrade the axial resolution, 
adversely affecting imaging performance. 

In this paper, we hypothesize that exciting UCA with linear frequency 
modulated chirps, and suitably modifying UCA size distribution will 
improve the sensitivity of SHI. To corroborate our hypothesis, we 
investigate the subharmonic response of modified UCA size distributions 
to sinebursts and chirps (1.5 μs duration, 20 MHz center frequency and 
peak pressures 50 - 400 kPa). 

Chirps demonstrated 6 dB higher Subharmonic to Fundamental Ratio 
(SFR) than sinebursts. Increasing chirp bandwidth from 5% to 20 % 
improved SFR by 4 dB, while the axial resolution improved twofold 
following pulse compression. By manipulating UCA size distribution, we 
improved the SFR by 8 dB. 

These results demonstrate significant improvements in imaging 
sensitivity, which may enable accurate characterization of the vasa 
vasorum.

8320-32, Session 7

Self-demodulation effect on subharmonic 
response of ultrasound contrast agent
V. Daeichin, T. Faez, G. Renaud, J. G. Bosch, Erasmus MC 
(Netherlands); A. F. W. van der Steen, N. de Jong, Erasmus MC 
(Netherlands) and Interuniversity Cardiology Institute of the 
Netherlands (Netherlands)

Subharmonic (SH) emission from ultrasound contrast agent (UCA) is of 
interest for cardiovascular imaging since this is produced only by the 
UCA and not by tissue. In this work we study the stimulation effect of 
self-demodulation (S-D) signal on the SH emission of UCA. The S-D wave 
is a low-frequency signal produced by nonlinear propagation. A diluted 
population of Definity UCA was insonified by a 10 MHz single element 
transducer focused at 76mm. The scattered signals were collected by 
another 10 MHz transducer. The transmitted 10 MHz wave with a low 
acoustic pressure of 50 kPa (peak negative) had a burst length of 6 and 
20 cycles which was multiplied by the envelope function: E( t ) = exp[- ( 
2t/T)^2M] where T is the nominal duration of the pulse and the integer M 
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determines the rise and decay time of the envelope. The center frequency 
of the S-D signal is changing from low frequencies (around 1 MHz) 
towards the fundamental frequency (10 MHz) by modifying the envelope 
function from Gaussian (M=1) to rectangular (M=15). For both 6 and 20 
transmitted cycles, the SH response is increased up to 20 dB thanks 
to the S-D stimulation when M is equal to 15 (rectangular envelope). A 
suitable design of the envelope of the transmit excitation to generate a 
S-D signal at the SH frequency can enhance the SH emission of UCA. 
This study suggests the SH imaging is feasible with low cycle-number 
transmit burst and low acoustic pressure (~50 KPa).

8320-33, Session 7

Motion compensation of ultrasonic perfusion 
images
S. Schäfer, Otto-von-Guericke-Univ. Magdeburg (Germany); K. 
Nylund, O. H. Gilja, Univ. of Bergen (Norway) and Helse Bergen 
Haukeland Univ. Hospital (Norway); K. D. Tönnies, Otto-von-
Guericke-Univ. Magdeburg (Germany)

Contrast-enhanced ultrasound (CEUS) is a rapid and inexpensive medical 
imaging technique to assess tissue perfusion with a high temporal 
resolution. It is composed of a sequence with ultrasound brightness 
values and a contrast sequence acquired simultaneously. However, the 
image acquisition is disturbed by various motion influences. Registration 
is needed to obtain reliable information of spatial correspondence and to 
analyze perfusion characteristics over time. We present an approach to 
register an ultrasonography sequence by using a feature labelmap. This 
labelmap is generated from the b-mode data sequence by a Markov-
Random-Field (MRF) based analysis, where each location is assigned to 
one of the user-defined regions according to its statistical parameters. 
The MRF reduces the chance that outliers are represented in the 
labelmap and provides more stable feature labels over the time frames. 
Rigid and non-rigid transformations are determined consecutively using 
the generated labelmap of the respective frames for similarity calculation. 
For evaluation, the standard deviation within specific regions in intestinal 
CEUS images has been measured before and after registration resulting 
in an overall decrease of 8.8%. Additionally, this technique has proven 
to be more robust against speckle noise influence compared to similarity 
calculation based on image intensities solely. The latter leads only to 
5.7% decrease of the standard deviation.

8320-34, Session 7

A high frequency ultrasound aided study of 
kinetics of drug delivery in tumor models
S. Torosean, Dartmouth College (United States); J. Gunn, Thayer 
School of Engineering Dartmouth College (United States); K. S. 
Samkoe, Dartmouth Hitchcock Medical Ctr. (United States); K. 
M. Tichauer, Thayer School of Engineering at Dartmouth (United 
States); B. W. Pogue, Thayer School of Engineering at Dartmouth 
(United States) and Dartmouth Hitchcock Medical Ctr. (United 
States); M. M. Doyley, Univ. of Rochester (United States)

The role of tissue stiffness in nanoparticle drug penetration was 
examined through imaging of a series of three tumor models which had 
different levels of collagen content. Imaging was done with ultrasound 
elastography in series with fluorescence spectroscopy and monitoring of 
interstitial pressure. 

Tumor stiffness was reconstructed by sampling the physical motion of 
individual pixels in several high frequency ultrasound frames. The kinetics 
of the 40 nm fluorescing particles, which was injected into the tail vein 
of the mice, was monitored by sequential excitation of the tissue on 
and off the tumor site through employment of sixteen source detector 
pairs interspersed linearly in reflectance geometry (Pic 1). Each optical 
fluorescence data set was collected at discrete time intervals in order 
to monitor drug uptake for a period of 45 minutes (Fig 1). The interstitial 

fluid pressure (IFP) was measured by a ~200 micron fiber optic pressure 
probe. The probe was inserted into the tumor tissue and was allowed 
to stabilize in order to perform continuous pressure reading for a period 
of 10-20 minutes. The total kinetic uptake of the 40 nm particles was 
correlated to the tumor stiffness and interstitial pressure (Fig 2a). The 
tumors with highest IFP were also correlated to higher stiffness as 
expected (Fig 2b).

8320-35, Session 7

Novel ultrasound elastography system for 
multifocal breast cancer assessment
A. Samani, S. Shavakh, The Univ. of Western Ontario (Canada); 
A. Fenster, Robarts Research Institute (Canada)

Elastography is a non-invasive imaging technique that images tissue 
stiffness. Given the well known association between cancer types such 
as breast cancer, it can be used effectively for breast cancer detection 
and assessment. This study involves system development of a real-time 
ultrasound based elastography system designed for assessing multifocal 
breast cancer. This system is capable of imaging breast tissues absolute 
Young’s Moduli. The imaging involves tissue mechanical stimulation, 
displacement and force data acquisition followed by Young’s modulus 
reconstruction using a constrained full-inversion approach. The acquired 
axial strain field and surface force data are used as input in the iterative 
reconstruction process. The strain field is obtained using an ultrasound 
machine equipped with an RF signal processing module. For force 
data acquisition, a system comprised of two load cells attached at the 
ultrasound system probe was employed. The iterative reconstruction 
algorithm involves tissue stress calculation followed by tissue Young’s 
modulus updating. To speed up the reconstruction process, a novel 
accelerated finite element method developed in our laboratory was 
used for stress calculation. To validate the proposed method, a tissue 
mimicking phantom study was conducted. This study showed promising 
results paving the way for further validation and application in a clinical 
setting.

8320-36, Session 7

Tendon strain imaging using non-rigid image 
registration: a validation study
N. M. Almeida, P. Slagmolen, D. Barbosa, L. Scheys, L. Geukens, 
S. Fukagawa, K. Peers, J. Bellemans, P. Suetens, J. D’Hooge, 
Katholieke Univ. Leuven (Belgium)

Ultrasound image has already been proved to be a useful tool for non-
invasive strain quantifications in soft tissue. While clinical applications 
only include cardiac imaging, the development of techniques suitable 
for musculoskeletal system is an active area of research. On this study, 
a technique for speckle tracking on ultrasound images using non-rigid 
image registration is presented. This approach is based on a single 2D+t 
registration procedure, in which the temporal changes on the B-mode 
speckle patterns are locally assessed. This allows estimating strain 
from ultrasound image sequences of tissues under deformation while 
imposing temporal smoothness in the deformation field, originating 
smooth strain curves.

METHODS: The tracking algorithm was systematically tested on 
synthetic images and gelatin phantoms, under sinusoidal deformations 
with amplitudes between 0.5% and 4.0%, at frequencies on the 0.25Hz 
to 2.0Hz range. Preliminary tests were also performed on Achilles 
tendons isolated from human cadavers.

RESULTS: The strain was estimated with deviations of -0.011%±0.053% 
on the synthetic images and agreements of ±0.28% on the phantoms. 
Some tests with real tendons performed with strain deviations rounding 
0.15%.

CONCLUSIONS: The proposed image registration methodology 
constitutes a robust tool for motion and deformation tracking in both 
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simulated and real phantom data. Strain estimation in both cases 
reveals that with the proposed method is accurate and provides good 
precision. Although the ex-vivo results are still preliminary, the potential 
of the proposed algorithm is promising. This suggests that further 
improvements, together with systematic testing, can lead to in-vivo and 
clinical applications.

8320-37, Session 7

Motion analysis of ultrasound videos with 
applications to classification of carotid artery 
plaques
S. Murillo, VisionQuest Biomedical, LLC (United States); V. 
Murray, The Univ. of New Mexico (United States); C. P. Loizou, 
Intercollege Limassol Campus (Armenia); C. S. Pattichis, Univ. of 
Cyprus (Cyprus); M. Pattichis, The Univ. of New Mexico (United 
States); E. S. Barriga, VisionQuest Biomedical, LLC (United 
States)

An estimated 82 million American adults have one or more type of 
cardiovascular diseases (CVD). CVD is the leading cause of death (1 
of every 3 deaths) in the United States. When considered separately 
from other CVDs, stroke ranks third among all causes of death behind 
diseases of the heart and cancer. Stroke accounts for 1 out of every 18 
deaths and it is the leading cause of serious long-term disability in the 
United States.

Motion estimation of ultrasound videos (US) of carotid artery (CA) 
plaques provides important information regarding plaque deformation 
and can be used to distinguish between symptomatic and asymptomatic 
plaques. In this paper, we present the development of verifiable methods 
for the estimation of plaque motion. Our methodology is tested on a set 
of 34 (5 symptomatic and 29 asymptomatic) ultrasound videos of carotid 
artery plaques. 

Plaque and wall motion analysis provides information about plaque 
instability and is used for differentiating between symptomatic and 
asymptomatic cases. The classification uses Support Vector Machines 
(SVM) and partial least squares regression. The final goal for motion 
estimation and analysis is to identify pathological conditions that can be 
detected from motion changes due to changes in tissue stiffness.

8320-14, Poster Session

A new directional demodulation method for 
vector Doppler imaging
K. Jeon, S. Yoon, Sogang Univ. (Korea, Republic of); Y. Kim, H. 
Shim, Samsung Electronics Co., Ltd. (Korea, Republic of); Y. Yoo, 
G. Kim, T. Song, Sogang Univ. (Korea, Republic of)

An ultrasound vector color Doppler imaging is useful for detecting flow 
components normal to the ultrasound beam direction. However, the 
vector Doppler imaging method suffers from the bias caused by the 
mismatch between transmit and receive directions during demodulation. 
In this paper, a new directional demodulation method where 
demodulation is performed along the receive beam direction to reduce 
the bias occurred in an ultrasound vector Doppler imaging is presented. 
To evaluate the performance of the proposed directional demodulation 
method, the pre-beamformed radio-frequency (RF) data were generated 
by the Field II simulation. The true flow velocity was 0.5 m/s with the 
pulse repetition frequency of 2.5 kHz by using a 16-element sub-
aperture on a 192-element 3.5-MHz linear array probe for emission and 
reception while changing the flow direction from 0 degree to 90 degree 
by a step of 15 degree. The proposed direction demodulation method 
successfully visualizes the all flow directions. In addition, it lowers a 
bias on flow estimation compared to the conventional one (i.e., 0.48 
0.09 m/s vs. 0.46 0.14 m/s, respectively). These results indicate that the 
proposed directional demodulation method can substantially enhances 

the accuracy in flow estimation for vector Doppler imaging. The further 
validation with flow phantom experiments is under investigation.

8320-38, Poster Session

Investigation and optimization of a finite 
element simulation of transducer array 
systems for 3D ultrasound computer 
tomography with respect to electrical 
impedance characteristics
B. Kohout, Karlsruher Institut für Technologie (Germany); 
J. Pirinen, Savonia Univ. of Applied Sciences (Finland) and 
Karlsruher Institut für Technologie (Germany); N. V. Ruiter, 
Karlsruher Institut für Technologie (Germany)

The established standard screening method to detect breast cancer 
is X-ray mammography. However, X-ray mammography often has low 
contrast for tumors located within glandular tissue. A new approach is 
the 3D Ultrasound Computer Tomography (USCT), which is expected 
to detect small tumors at an early stage. This paper describes the 
development, improvement and the results of Finite Element Method 
(FEM) simulations of the Transducer Array System (TAS) used in our 3D 
USCT. The focus of this work is on researching the influence of meshing 
and material parameters on the impedance curve in order to optimize 
the simulation model. The quality of the simulation was evaluated by 
comparing the simulated impedance characteristics with measured data 
of the real TAS. The resulting FEM simulation model is a powerful tool 
to analyze and optimize the transducer array systems applied for USCT. 
With this simulation model, the behaviour of TAS for different geometry 
modifications was researched. It provides a mean to understand the 
acoustical behaviour inside of any ultrasound transducer expressed by its 
electrical impedance characteristic.

8320-39, Poster Session

3D refraction-corrected transmission 
reconstruction for 3D ultrasound computer 
tomography
R. Dapp, N. V. Ruiter, Karlsruher Institut für Technologie 
(Germany)

Speed of sound reconstruction is a typical imaging modality used 
in medical ultrasound applications. We developed a 3D ultrasound 
computer tomograph (3D USCT) which is capable of reflection and 
transmission tomography. Most 3D tomography reconstruction methods 
like the algebraic reconstruction technique rely on the assumption that 
the transmission rays propagate straightly from emitter to receiver, 
which is not valid for ultrasound. Because of refractions in the tissue the 
rays are bent rather than straight. Our reconstructions demonstrated 
that the phenomenon is even more pronounced in a 3D setting. To 
overcome this problem we implement a fast 3D eikonal solver that 
calculates the correct bent-ray paths for the transmission pulses. Using 
an iterative scheme we show convergence for real data. The shape of the 
phantoms reconstructed with the bent-ray method match the reflection 
reconstructions and the absolute speed of sound values are within 1-3 
m/s of the measured values.

8320-40, Poster Session

Multigrid tomographic inversion for breast 
ultrasound sound speed imaging
C. Li, N. Duric, Delphinus Medical Technologies (United States) 
and Karmanos Cancer Institute (United States)
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A multi-grid inversion approach that uses variable grid sizes in both 
forward model and inverse model is tested on breast ultrasound data. In 
iterative inversion, fine scale features converge faster than coarse scale 
features. In other words, fine scale features need fewer iterations to 
resolve than coarse scale features. The proposed algorithm starts from 
coarse grids for both forward model and inverse model and gradually 
proceeds to fine grids, which can effectively suppress artifacts related 
to over iteration of fine scale features and under iteration of coarse 
scale features. Since the computation complexity of inverse problems 
increases with number of grids in both forward model and inverse model, 
the proposed algorithm further reduces the computation cost in contrast 
to conventional fixed-grid approaches. Both in vitro and in vivo results 
indicate that the proposed multi-grid approach results in significant 
improvement in the inverted sound images compared to fixed-grid 
methods.

8320-41, Poster Session

Ultrasound assisted optical tomography: 
estimation of phase shift experienced by 
photon on transit through US insonified 
region for detection of breast tumor
S. S. Mayanglamban, R. Kanhirodan, R. M. Vasu, Indian Institute 
of Science (India)

A Monte Carlo model of ultrasound modulation of multiply scattered 
coherent light in a highly scattering media has been carried out for 
estimating the phase shift experienced by a photon beam on its transit 
through US insonified region. The phase shift is related to the tissue 
stiffness, thereby opening an avenue for possible breast tumor detection. 
When the scattering centers in the tissue medium is exposed to a 
deterministic forcing with the help of a focused ultrasound (US) beam, 
due to the fact that US-induced oscillation is almost along particular 
direction, the direction defined by the transducer axis, the scattering 
events increase, thereby increasing the phase shift experienced by light 
that traverses through the medium. The phase shift is found to increase 
with increase in anisotropy g of the medium. However, as the size of the 
focused region which is the region of interest (ROI) increases, a large 
number of scattering events take place within the ROI, the ensemble 
average of the phase shift becomes very close to zero. The phase of the 
individual photon is randomly distributed over 2 PI when the scattered 
photon path crosses a large number of ultrasound wavelengths in the 
focused region. This is true at high ultrasound frequency (1 MHz) when 
mean free path length of photon ls is comparable to wavelength of US 
beam. However, at much lower US frequencies (100 Hz), the wavelength 
of sound is orders of magnitude larger than ls, there is a distinct 
measurable phase difference for the photon that traverses through the 
insonified region. Experiments are carried out for validation of simulation 
results.

8320-42, Poster Session

Modulus reconstruction from prostate 
ultrasound images using finite element 
modeling
Z. Yan, S. Zhang, Rutgers, The State Univ. of New Jersey (United 
States); S. K. Alam, Riverside Research Institute (United States); 
D. N. Metaxas, Rutgers, The State Univ. of New Jersey (United 
States); E. J. Feleppa, Riverside Research Institute (United 
States)

In medical diagnosis, elastography treatments usually assume a planar 
compression applied to tissue surfaces and measure the deformation. 
The stress distribution is relatively uniform close to the surface when 
using a large, flat compressor but it diverges gradually along tissue 
depth. Generally in prostate elastography, the transrectal probes used for 
scanning and compression are cylindrical side-fire or rounded end-fire 

probes, and the force is applied through the rectal wall. These make 
it very difficult to detect cancer in prostate, since the rounded contact 
surfaces exaggerate the non-uniformity of the applied stress and the 
prostate is far away from the center of applied force.

In this paper, we have developed a preliminary 2D finite element model 
(FEM) to simulate prostate deformation in elastography. The model 
includes prostate with homogeneous Young’s modulus, a stiffer tumor 
in the anterior region of the gland, and the rectal wall on the side of 
prostate. A simulated force is applied on the rectal wall to deform 
the prostate, strain and stress distributions can be computed from 
the resultant displacements. Then, we assume the displacements as 
boundary condition and reconstruct the modulus distribution (inverse 
problem) using linear perturbation method.

The FEM model showed that strain and strain contrast deceased very 
rapidly with increasing depth and lateral distance. Therefore, lesions 
would be not clearly visible if located far away from the probe. However, 
the reconstructed modulus image can better depict relatively stiff (90 
kPa) lesion in the uniformly less-stiff (30 kPa) prostate wherever the lesion 
located.

8320-43, Poster Session

Speckle tracking without fully developed 
speckle
N. Afsham, M. Najafi, P. Abolmaesumi, R. Rohling, The Univ. of 
British Columbia (Canada)

Sensorless freehand ultrasound aim is to eliminate the need of using a 
position sensor mounted on the transducer with speckle tracking. The 
challenging issue in the speckle tracking field is the out-of-plane motion 
estimation. Fully developed speckle (FDS) has been used to estimate the 
out-of-plane motion of ultrasound images. However, in real tissue the 
rarity of such patterns and the presence of coherency diminish both the 
precision and the accuracy of the out-of-plane motion estimation.

In this paper, we propose a mathematical derivation for out-of-plane 
motion estimation in which the coherent and non-coherent parts of the 
RF echo signal are estimated. The effects of the coherent and non-
coherent part are embedded in the correlation formula. This method is 
based on the Rician-Inverse Gaussian (RiIG) stochastic model of speckle 
formation process, which can be considered as a generalized form of 
K-distribution with richer parameterization. The flexibility of the proposed 
method allows considering any patch of the RF echo signal for the 
purpose of displacement estimation. This provides the opportunity of 
accuracy improvement by using the displacement information all over the 
image.

To evaluate the accuracy of the method, we compared it with the 
base-line low-order moments FDS detection with Gaussian function 
fitting on the correlation curve. The experimental results on real tissue 
demonstrate the potential of the proposed method for accurate out-of-
plane estimation. The underestimation of motion in ex-vivo bovine tissue 
at 1mm displacement is reduced from 37% for the base-line method to 
15.5% for our proposed method.

8320-44, Poster Session

Ultrasound imaging of the mouse pancreatic 
duct using lipid microbubbles
B. Banerjee, The Univ. of Arizona College of Medicine (United 
States); K. R. McKeown, University of Arizona, School of Public 
Health (United States); B. Skovan, The Univ. of Arizona (United 
States); E. Ogram, The Univ. of Arizona College of Medicine 
(United States); N. Ignatenko, The Univ. of Arizona (United 
States); R. S. Witte, The Univ. of Arizona College of Medicine 
(United States); G. D. Paine-Murrieta, J. Jeffery, The Univ. of 
Arizona (United States); T. Matsunaga, The Univ. of Arizona 
College of Medicine (United States)
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Research requiring the murine pancreatic duct to be imaged is 
challenging due to the difficulty in selectively cannulating the tiny duct. 
We have successfully developed a technique whereby the pancreatic 
duct of a mouse is catheterized, gas filled lipid microbubbles are instilled 
into the duct and high resolution ultrasuound used to repeatedly image 
the duct. 

Severe combined immune deficient (SCID) mice were used (n= 5). 
Following CO2 euthanasia, a midline abdominal incision was made, the 
common bile duct cut at its midpoint, a 2 cm long 32 gauge tip catheter 
inserted about 1 mm into the duct and tied with suture. The duodenum 
and pancreas were excised, removed in toto, embedded in agar and an 
infusion pump used to instill normal saline or lipid-coated microbubbles 
(10 million / ml) into the duct. B-mode ultrasound images enabled the 
entire duct to be imaged (~ 1 cm) with high contrast due to exquisite 
scattering at the gas/liquid interface. Microbubbles were cavitated by 
high mechanical index (HMI) ultrasound, microbubbles were then re-
instilled and imaging successfully repeated. 

Our technique may provide an effective, affordable means of imaging the 
murine pancreatic duct. Clustering of targeted microbubbles to ductal cell 
receptors would allow pathology to be localized accurately. Cavitation 
with HMI ultrasound enables repeated imaging to be performed without 
removing the contrast material from the duct. 

This research was supported by the Experimental Mouse Shared Service 
of the AZ Cancer Center (Grant Number P30CA023074, NIH/NCI and the 
GI SPORE (NIH/NCI P50 CA95060).

8320-45, Poster Session

Super-resolution ultrasound imaging with a 
windowed time-reversal MUSIC method
Y. Labyed, L. Huang, Los Alamos National Lab. (United States)

Time-reversal imaging with Multiple Signal Classification (TR-MUSIC) is 
an algorithm for imaging a finite number of point scatterers embedded 
in a homogeneous and non-attenuative medium.This algorithm is valid 
when the number of scatterers is fewer than the number of ultrasound 
transducer elements. We develop a new algorithm based on TR-MUSIC 
for imaging point scatterers when their number exceeds the number of 
transducer elements. Our new algorithm is based on dividing the imaging 
plane into sub-regions and applying the TR-MUSIC algorithm to

the windowed backscattered ultrasound signals corresponding to each 
sub-region. The images of all sub-regions are then combined to form the 
total image. Imaging results of phantom data show that our windowed 
TR-MUSIC algorithm significantly improves image resolution and 
target localization compared to the original algorithm. We also extend 
the TR-MUSIC algorithm to account for the ultrasound attenuation 
of the medium and the finite-size effects of transducer elements. Our 
generalized algorithm yields higher-resolution images compared to 
those obtained without accounting for the ultrasound attenuation or 
the finite-size effects of transducer elements. We use tissue-mimicking 
phantom data acquired using a synthetic-aperture ultrasound system to 
demonstrate the capability of our new TR-MUSIC imaging algorithm.

8320-46, Poster Session

A reconfigurable 2D cMUT-ASIC arrays for 3D 
ultrasound image
J. K. Song, SAMSUNG Electronics Co., Ltd. (Korea, Republic of); 
S. Jung, Hanyang Univ. (Korea, Republic of); Y. Kim, K. Cho, B. 
Kim, S. Lee, SAMSUNG Electronics Co., Ltd. (Korea, Republic 
of); J. Na, I. Yang, O. Kwon, Hanyang Univ. (Korea, Republic of); 
D. Kim, SAMSUNG Electronics Co., Ltd. (Korea, Republic of)

This paper describes the design and implementations of the complete 
2D capacitive micromachined ultrasound transducer electronics and its 
analog front-end module for transmitting high voltage ultrasound pulses 
and receiving its echo signals to realize 3D ultrasound image. In order to 

minimize parasitic capacitances and ultimately improve signal-to-noise 
ratio (SNR), cMUT has to be integrate with Tx/Rx electronics. Additionally, 
in order to integrate 2D cMUT array module, significant optimized high 
voltage pulser circuitry, low voltage analog/digital circuit design and 
packaging challenges are required due to high density of elements and 
small pitch of each element. We designed 256(16x16)-element cMUT 
and reconfigurable driving ASIC composed of 120V high voltage pulser, 
T/R switch, low noise preamplifier and digital control block to set Tx 
frequency of ultrasound and pulse train in each element. Designed high 
voltage analog ASIC was successfully bonded with 2D cMUT array by 
flip-chip bonding process and it connected with analog front-end board 
to transmit pulse-echo signals. This implementation of reconfigurable 
cMUT-ASIC-AFE board enables to produce large aperture 2D transducer 
array and acquire high quality of 3D ultrasound image.

8320-47, Poster Session

Evaluation of a fractional filter-based receive 
beamforming method for ultrasound color 
Doppler imaging
H. Yang, J. Kang, J. Chang, Y. Yoo, Sogang Univ. (Korea, 
Republic of)

In medical ultrasound imaging, dynamic receive beamforming with 
delay-and-sum (DAS) has been used for improving signal-to-noise ratio 
(SNR) and spatial resolution. Previously, a fractional filter-based receive 
beamforming (FFRB) method was proposed to reduce the hardware 
complexity. While this new beamforming method substantially reduces 
the hardware complexity, it has the nonlinear phase response when the 
small number of fractional filter coefficients is utilized. This nonlinear 
phase response could introduce the bias on flow estimation in ultrasound 
color Doppler imaging. In this paper, the FFRB method is evaluated for 
ultrasound color Doppler imaging. The raw radio-frequency data were 
generated by the Field II simulation by assuming a 7.5-MHz linear array 
probe with the transmit frequency of 6 MHz, the ensemble size of 8 
and the sampling frequencies of 40 MHz. The flow velocity estimates 
from the DAS and FFRB methods were analyzed by one-sided analysis 
of variance. From the Field II simulation, it has been verified that the 
FFRB has no statistically significant difference with the DAS method 
(p>0.27). This result is consistent with the visual assessment. This result 
indicates that the proposed FFRB method could be utilized for a low-
cost ultrasound color Doppler imaging system due to lowered hardware 
complexity. The in vitro and in vivo evaluation of the FFRB method for 
flow estimation is still under investigation with a commercial ultrasound 
research platform. These results will be reported later.

8320-48, Poster Session

New synthetic aperture imaging technique 
with dynamic apodization window
D. Kim, J. Park, J. Cho, Y. Yoo, T. Song, Sogang Univ. (Korea, 
Republic of)

Synthetic aperture (SA) imaging techniques can enhance spatial 
resolution in medical ultrasound imaging. However, it suffers from the 
degradation of image quality close to a virtual source (e.g., transmit 
focal point) since there is no enough transmit acoustic field energy. 
In this paper, a new SA imaging technique (i.e., dynamic synthetic 
aperture, DSA) where the number of synthetic scanlines for acoustic filed 
superposition is dynamically adjusted based on the transmit acoustic 
field analysis. For the DSA technique, the dynamic apodization window 
function was generated from the Field II simulation and applied in the 
phantom and in vivo experiments. The raw radio-frequency (RF) data 
for phantom and in vivo experiments were captured by an Ultrasonix’s 
SonixTouch research platform connected with a SonixDAQ parallel 
acquisition system. From the phantom experiment, the proposed DSA 
method shows the enhanced spatial resolution over the depth compared 
to the conventional receive dynamic focusing (CRDF). In addition, it 
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doesn’t yield any artifacts associated with the lack of enough transmit 
acoustic energy shown in the conventional SA imaging technique. The 
consistent results were obtained with the in vivo breast data. This result 
indicates that the proposed DSA method could be used for enhancing 
image quality of medical ultrasound imaging.

8320-49, Poster Session

New direct pixel beamforming based on 
phase rotation
Y. Kim, W. Lee, Y. Lee, Y. Yoo, Sogang Univ. (Korea, Republic of)

Direct pixel beamforming (DPB) where receive focusing is directly 
performed on each display pixel in Cartesian coordinates using the raw 
radio-frequency (RF) data can improve spatial and contrast resolution 
in medical ultrasound imaging. However, the DPB suffers from the 
increased computational complexity compared to the conventional delay-
and-sum focusing (CON) method since it requires additional focusing 
points for envelop detection. In this paper, a new DPB method, in which 
phase rotation (PR) is adopted for reducing the number of the additional 
focusing points, is presented. In the proposed DPB-PR method, the 
complex baseband data for each display pixel is directly obtained for 
envelop detection, so that the unnecessary focusing points can be 
avoided. To evaluate the performance of the DPB-PR method, the in vitro 
raw RF data were captured from a tissue mimicking phantom using the 
SonixTouch research platform connected with the SonixDAQ parallel data 
acquisition system. The hardware saving from the DPB-PR method was 
compared with the DPB method with interpolation filtering (DPB-INT) 
method by analyzing the number multiplications. Compared to CON, the 
proposed DPB-PR method shows enhanced image quality (clear shape 
and boundaries of masses) under visual assessment and comparable 
results with the DPB-INT method. The proposed DPB-PR method 
significantly reduces the number of multiplications by a factor of 8.5 (i.e., 
28.362×10^9 vs. 3.344×10^9) over the DPB-INT method. This result 
indicates that the DPB-PR method can be implemented on a modern 
ultrasound imaging system while improving image quality.

8320-51, Poster Session

Ultrasound imaging software framework for 
real-time monitoring of acoustic ablation 
therapy
H. Kang, N. Deshmukh, P. J. Stolka, The Johns Hopkins 
Outpatient Ctr. (United States); E. C. Burdette, Acoustic 
MedSystems, Inc. (United States); E. Boctor, The Johns Hopkins 
Outpatient Ctr. (United States)

The concern with interstitial ablative therapy for a treatment of hepatic 
tumors has been growing. In spite of advances in these therapies, there 
are several technical challenges due to tissue deformation and target 
motion: localization of the tumor and monitoring for ablator’s tip and 
thermal dose in heated tissue. In the previous work, a steerable acoustic 
ablator, called ACUSITT, for targeting of ablation tip accurately into tumor 
area has been developed. However, real-time monitoring techniques for 
providing image feedback of the ablation tip positioning and thermal 
dose deposited in the tissue by heating are still needed. In this paper, 
a new software framework for real-time monitoring ablative therapy 
during pre- and intra-operation is presented. The software framework 
provides ultrasound B-Mode image and elastography simultaneously and 
with real-time. Because B-Mode image represents tissue morphology, 
a position of ablator’s tip and a region of heated tissue are monitored 
on B-Mode image. Furthermore, ultrasound elasticity image is used for 
finding a boundary and region of tumor on pre-ablation, and monitoring 
thermal dose in tissue during ablation. By providing B-Mode image and 
elastography at the same time, reliable information for monitoring thermal 
therapy can be offered.

8320-52, Poster Session

Software framework of real-time 
photoacoustic imaging system for prostate 
brachytherapy seeds
H. Kang, N. Kuo, D. Song, E. M. Boctor, The Johns Hopkins Univ. 
(United States)

Prostate cancer is the second most common cause of cancer death 
among men in the United States. Brachytherapy is becoming a popular 
treatment option for prostate cancer. The key point of brachytherapy 
operation is inserting brachytherapy seeds into planned locations in 
the prostate. Currently, transrectal ultrasound (TRUS) is frequently used 
for guiding brachytherapy seed implantation in the operating room. 
However, TRUS cannot produce clear images of the exact locations of 
brachytherapy seeds due to the small size of seeds, acoustic shadowing, 
etc. Several approaches have been investigated, including advanced 
ultrasound image processing, incorporating additional modalities like 
X-ray, and magnetic resonance imaging. Photoacoustic imaging is 
being popular as a means to localize brachytherapy seeds. We also 
demonstrated the feasibility of photoacoustic imaging to visualize 
multiple brachytherapy seeds in our previous work. However, there 
are many difficulties to generate real-time photoacoustic images in a 
laboratory environment, including collecting pre-beamformed RF-data in 
real-time, applying beamforming algorithm on pre-beamformed RF-data 
with real-time, etc. In this paper, we present our real-time photoacoustic 
imaging system including real-time data collection and data-processing 
software modules for brachytherapy treatment.

8320-53, Poster Session

Post-processing multiple-frame super-
resolution in ultrasound imaging
M. Renaud, M. Ploquin, B. Adrian, K. Denis, Univ. Paul Sabatier 
(France)

High resolution (HR) medical ultrasound imaging (USI) is an ongoing 
challenge in many diagnosis applications and can be achieved by 
instrumentation. Very few works have investigated ultrasound (US) image 
resolution enhancement whereas many works regarded general purpose 
optical image or video fields. Many algorithms were proposed within 
these fields to achieve the “Super-Resolution” (SR), which consists in 
merging several low resolution (LR) images to create a higher resolution 
image. However, the straightforward implementation of such techniques 
for USI is unsuccessful, due to the intrinsic nature of US motions and 
speckle. We show how to overcome the intrinsic limit of SR in the USI 
framework by refining the registration part of common multi-frame SR.

Classic SR algorithms were implemented and evaluated using sequences 
of US images. Such methods not only fail to estimate the true elastic 
motion but also break the speckle characteristics, resulting in a 
degradation of the US image. Knowing that a registration error of only 1 
pixel leads to an HR image worse than an interpolation, the registration 
must be adapted to elastic motions.

The process described above was tested on US sequences containing 
up to 15 phantom images with an inclusion, and on in vivo thyroid 
images, both scanned with a 7.5 MHz linear probe. Qualitative 
improvements were observable as soon as at least 5 LR images were 
used. US B-mode profiles of RF lines were studied and the inclusion was 
more accurately identified. The Contrast-to-Noise Ratio was increased by 
approximately 20%.
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8320-54, Poster Session

LBP texture-based classification of solid 
masses in ultrasound breast images
M. M. Matsumoto, C. M. Sehgal, Hospital of the Univ. of 
Pennsylvania (United States); J. K. Udupa, The Univ. of 
Pennsylvania Health System (United States)

Breast cancer is one of the leading causes of cancer mortality among 
women. Ultrasound examination can be used to assess breast masses, 
complementarily to mammography. Ultrasound images reveal tissue 
information in its echoic patterns. Therefore, pattern recognition 
techniques can facilitate classification of lesions and thereby reduce 
the number of unnecessary biopsies. Our hypothesis was that image 
texture features on the boundary of a lesion and its vicinity can be used 
to classify masses. We have used intensity-independent and rotation-
invariant texture features, known as Local Binary Patterns (LBP). The 
classifier selected was K- nearest neighbors. Our breast ultrasound 
image database consisted of 100 patient images (50 benign and 50 
malignant cases). The determination of whether the mass was benign 
or malignant was done through biopsy and pathology assessment. 
The training set consisted of sixty images, randomly chosen from the 
database of 100 patients. The testing set consisted of forty images to be 
classified. Moreover, as we proceeded with many iterations, the results 
showed a more robust behavior than a single performance assessment. 
As a preliminary experiment, we have tested 10 iterations. The best result 
in this preliminary test was observed for LBP24,4, with a 78.0% TP rate. 
The most promising features we found were related to a combination of 
LBP features.

8320-55, Poster Session

GPU accelerated implementation of 
ultrasound radio-frequency time series 
analysis
J. C. Chung, M. I. Daoud, The Univ. of British Columbia (Canada); 
F. Imani, P. Mousavi, Queen’s Univ. (Canada); P. Abolmaesumi, 
The Univ. of British Columbia (Canada)

The ultrasound radio-frequency (RF) time series method has been shown 
to be an effective approach for accurate tissue classification and cancer 
detection. Previous studies of the RF time series method were based 
on a serial MATLAB implementation of feature calculation that involved 
long running times. Clinical applications of the RF time series method 
require a fast and efficient implementation that enables realistic imaging 
studies within a short time frame. In this paper, a parallel implementation 
of the RF time series method is developed to support clinical ultrasound 
imaging studies. The parallel implementation uses a Graphics Processing 
Unit (GPU) to compute the tissue classification features of the RF time 
series method. Moreover, efficient graphical representations of the 
RF times series features are obtained using the QT framework. Tread 
computing is used to concurrently compute and visualize the RF time 
series features. The parallel implementation of the RF time series 
is evaluated for various configurations of “number of frames” and 
“number of scan lines per frame” acquired in an imaging study. Results 
demonstrate that the parallel implementation enables quasi real-time 
imaging. For example, the RF time series features can be computed for 
a series of 128 frames composed of 128 scan lines per frame, which is 
equivalent to processing 51 MB of data, in 0.8128 ± 0.0420 sec.

8320-56, Poster Session

Ultrasound speckle reduction using nonlinear 
Gaussian filters and nonlocal neighbourhoods
S. Ramachandran, NeST (India); M. G. Nair, Varkala Hospital 
(India)

A new method for reducing the speckle in ultrasound images is 
introduced, which is an adaptation of Non Local Means filter by 
incorporating Nonlinear Gaussian for identifying the similarity of patches. 
By using this method, we are able to achieve speckle removal without 
using filter chains which was otherwise required for Non linear Gaussian 
filters for considerable noise removal. User interaction is facilitated for 
controlling the amount of noise removal and smoothing. The overall time 
required for computations is less and the accuracy and quality of the 
images is preserved. The algorithm has been tested on phantom data 
as well as in vivo data. The performance measure is evaluated based 
on Contrast to Noise ratio (CNR) and an edge preservation parameter. 
On visually comparing the despeckled images, it can be found that 
the structure and edge information is preserved while suppressing the 
speckle. Experimental results prove that this method can be used for 
removing speckle in medical ultrasound images without compromising 
the accuracy and quality. There are tunable parameters in this filter which 
can be used for controlling the amount of noise removal and smoothing. 
This makes it possible for the user to adjust the amount of filtering. The 
filter can be easily extended to three dimensions there by facilitating 3D 
volume filtering. The filter can be easily implemented in GPU (Graphics 
Processing Units) which makes it possible to be used in real time 
particularly for volume rendering and visualization. It has been found 
that the proposed non local neighbourhood based filter exhibits the 
properties of edge preservation, fine detail preservation as well as small 
structure preservation. At the same time it helps in the removal of speckle 
also. These properties of structure enhancement, together with speckle 
removal increase its diagnostic capability.

8320-57, Poster Session

Robust dynamic programming method for 
ultrasound elastography
I. N. Fleming, H. Rivaz, E. Boctor, G. D. Hager, The Johns 
Hopkins Univ. (United States)

Ultrasound elastography is an imaging technology which can detect 
differences in tissue stiffness based on tissue deformation. For clinical 
successful use in cancer diagnosis and monitoring the method 
should be robust to sources of decorrelation between ultrasound 
images. A regularized Dynamic Programming (DP) approach was used 
for displacement estimation in compressed tissue. In the Analytic 
Minimization (AM) extension of DP, integer displacements are calculated 
just for one RF-line, and later propagated laterally throughout the entire 
image. This makes the seed RF-line very important; faulty seed lines 
could propagate erroneous displacement values throughout the image 
resulting in the appearance of false “lesions”. In this paper we analyze 
the robustness of this method in free-hand palpation of laboratory 
tissue phantoms. We are proposing an update to the algorithm which 
includes a random search for the most robust seed RF-line. Axial integer 
displacements are obtained on each random seed line individually with 
DP optimization. For each random axial RF-line, multiple random values 
for decorrelation compensation are used in the displacement estimation. 
The displacement values are then compared and several metrics of 
stability and consistency are considered. A ranking is established and 
the line deemed most robust will become the seed line for displacement 
propagation, while also selecting the most stable value for decorrelation 
compensation. The random search can be achieved at no additional 
computational time in a parallel implementation. The results indicate 
significant improvement in the robustness of the DP approach, while 
maintaining real-time computation of strain images.
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8320-58, Poster Session

Evaluation of finite element based simulation 
model of photoacoustics in biological tissues
Z. Wang, S. Ha, K. Kim, Univ. of Pittsburgh Medical Ctr. (United 
States)

Simulation based parameter analysis can help design and evaluate 
photoacoustic (PA) imaging systems. Finite element (FE)-based PA 
simulation model has been developed incorporating light propagation, 
PA signal generation, and sound wave propagation in soft tissues using 
a commercial FE simulation package, COMSOL Multiphysics. This 
model is evaluated by comparing with other known simulation models. 
In this in silico simulation, FE model is composed of three parts of soft 
background tissues submerged in water, target tissue inclusion (or PA 
contrast agents), and short pulsed laser source (pulse length of 5-10 ns). 
The laser point source is placed right above the tissues submerged in 
water. This laser source light propagation through the multi-layer tissues 
using diffusion equation is compared with known solutions by other 
methods such as Monte Carlo and Adding-Doubling. Photoacoustic 
signal is simulated using bioheat equation for temperature change, and 
resultant stress and strain. The process of the PA signal generation can 
be simulated further in details step by step to understand and analyze the 
photo-thermal properties of the target tissues and PA contrast agents. 
The created wide-band acoustic pressure (> 150 MHz) propagates 
through the tissues to the ultrasound detector, governed by sound wave 
equation. Acoustic scattering and absorption in soft tissues also have 
been considered. Accuracy and computational time of the finite element 
based simulation model of photoacoustics have been quantitatively 
analyzed.
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