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Above: “Push” beam for SMURF imaging, 
featuring well-defined lateral intensity variation, 
generates a shear wave of known wavelength. 
      

Below: SMURF reconfiguration of the shear 
modulus of soft gelatin cylinders (blue) in a 
stiff (yellow/green) gelatin matrix.   

Left: Shear 
modulus image 
of a soft, conical 
inclusion from 
SMURF data.  
   
   

On the cover
Spatially Modulated Ultrasound Radiation Force (SMURF) 
imaging is a new elastography technique invented by 
RCBU Member Stephen McAleavey, PhD. See related 
stories on this new technology on pages 7, 8, and 14.
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The Ultrasound department 
continued to grow in 2008; 
by mid-year exam volumes 
showed an 8% increase over 
the same period in 2007. The 
majority of the increase in vol-
ume is attributed to vascular 
studies. Because of the steady 
increase in exam requests, 
and the increased demand for 
more weekend coverage, the 
department added a full-time 
sonographer in mid-2008 and 

was approved for another full-time position in late 2008.
 In March, the new GE Logic9s arrived making the 
department strictly GE. All machines were introduced at 
the most updated software level including 3-D abdominal 
and intracavitary transducers. The sonographers adapted 
well to the transition and like having machines that all 
operate at the same level.
 Early in 2009 the Logic9s will be swapped out for 
GE’s newest platform, the Logic E9, which will have 
enhanced 2-D features as well as the capability of volume 
fusion. The E9s will allow a CT or MRI exam to be loaded 
onto the ultrasound machine. The sonographer will then 
be able to scan with simultaneous movement of the 
ultrasound and CT/MRI image. This will aid in ultrasound 
localization of lesions seen on the CT or MRI for biopsy 
or follow-up purposes. The department is also looking 
forward to working with GE and the expanded use of 
3-D.
 The University of Rochester Medical Center was well 
represented by sonographers and physicians in educa-
tion. Dr. Rubens continued to teach Doppler hands-on 
ultrasound workshops for RSNA, abdominal case-based 
reviews for ARRS, and ultrasound imaging courses for the 
Women’s Imaging conference in San Antonio, TX. As a 
visiting professor at Yale University, Dr. Rubens lectured 
on Doppler imaging in the abdomen/pelvis and acute 
scrotum, and gave courses on spleen, testis, scrotum, por-
tal Doppler, and testicular Doppler, as faculty for Armed 
Forces Institute of Pathology, Washington DC. Drs. 
Dogra, Strang, Voci and Bhatt also participated nationally 
teaching at AIUM, SRU, RSNA and ARRS.
 

This year’s annual report sum-
marizes progress from RCBU 
laboratories across diverse top-
ics in biomedical ultrasound 
imaging and therapy. The 
RCBU continues to advance 
the development of elastogra-
phy techniques for diagnostic 
imaging. The cover and related 
stories inside this annual report 
describe a new elastography 
technique called Spatially 
Modulated Ultrasound Radia-

tion Force imaging developed by RCBU member Stephen 
McAleavey, PhD. A new patent in sonoelastography was 
issued this year to RCBU members Kevin J. Parker, PhD 
and Zhe Wu, PhD. Highlights of The Seventh Internation-
al Conference on Ultrasonic Measurement and Imaging of 
Tissue Elasticity are also reviewed in this report.
 The RCBU continues to play a prominent role in 
clinical and technological advances in the use of ultra-
sound for diagnostic imaging and therapy. Nonlinear 
imaging techniques, sonoelastography, and ultrasound 
contrast agents all have foundations from innovations 
within RCBU laboratories. Collaborative projects between 
RCBU clinicians, engineers, and scientists continue to 
advance novel diagnostic and therapeutic applications of 
ultrasound. 
 This annual report details research from RCBU mem-
bers on many topics in biomedical ultrasound, including 
sonoelastography, acoustic radiation force imaging, ultra-
sound therapies, multimodal imaging, ultrasound scatter-
ing, acoustic cavitation, and bioeffects. The RCBU also 
provides a rich environment for education and training 
in biomedical ultrasound. This annual report highlights 
new educational advances, as well as special awards and 
achievements by RCBU members and students. We wel-
come your comments on any of the enclosed reports. 



•   The RCBU maintains a long history of leadership 
and innovation in biomedical ultrasound.

•   RCBU innovations have produced steady progress 
in new imaging modalities and therapeutic 

 applications of ultrasound.

•   RCBU members hold numerous patents in 
 ultrasound and imaging. The UR ranks 9th in 
 technology revenue income among all higher 

education institutions in the nation.

The University of Rochester (www.rochester.edu) is 
one of the nation’s leading private research universi-
ties. Located in Rochester, New York., the University’s 
environment gives students exceptional opportunities 
for interdisciplinary study and close collaboration with 
faculty. Its College of Arts, Sciences, and Engineering is 
complemented by the Eastman School of Music, Simon 
School of Business, Warner School of Education, Labo-
ratory for Laser Energetics, and Schools of Medicine 
and Nursing.

The Rochester Center for Biomedical Ultrasound (RCBU) was created at the University of 
Rochester to unite professionals in engineering, medical, and applied science communities 
at the University of Rochester, Rochester General Hospital, and the Rochester Institute of 
Technology. Since its founding in 1986, the RCBU has grown over the years to nearly 100 
members, with several visiting scientists from locations around the country.

The Center provides a unique collaborative environment where researchers can join 
together to investigate the use of very high frequency sound waves in medical diagnoses 
and therapy.

The Center’s mission encompasses research, education, and innovation.

Research

•   RCBU laboratories are advancing the use of 
 ultrasound in diagnosis and discovering new 

therapeutic applications of ultrasound in medicine 
and biology.

•  The Center fosters collaborative research between 
laboratories and investigators with expertise in 
engineering, clinical medicine, and the basic 

 sciences.

•   The RCBU provides an ideal forum to exchange 
information through formal Center meetings and 
monthly newsletters.

•   Interactions of RCBU members with industry, 
 governmental organizations, and foundations 
 encourage mutually beneficial research programs.

Education
•   RCBU laboratories provide a rich environment 

for graduate training in biomedical ultrasound. 
Students have access to state-of-the-art research 
facilities to engage in leading-edge research in 
ultrasound.

•   The UR offers graduate-level courses in biomedi-
cal ultrasound and closely related fields.

•   RCBU laboratories offer opportunities for post-
doctoral research in ultrasound and collaborations 
with other areas of biomedical imaging.

•   Throughout its history, the RCBU has offered short 
courses in specialized topics in ultrasound that 
attract national and international experts. 

Innovation

About the University of Rochester
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The new school year saw a change in leadership at 
SEAS. Robert L. Clark, former Dean of Duke Univer-
sity's Pratt School of Engineering, was named Dean of 
the School of Engineering and Applied Sciences (SEAS) 
at the University of Rochester. He succeeds Kevin 
Parker, who served as Dean of the school since 1998, 
and also served as the Director of the RCBU for 16 years.
 "The School of Engineering, which has grown 
considerably in prominence and achievement under 
Kevin Parker's leadership, will play a vital role in our 
strategic growth over the next decade," said University 
of Rochester President Joel Seligman. 
  Clark is an expert in the science of acoustics and 
in bionanomanufacturing. His work in these areas has 
led to 100 journal publications and earned him awards 
including the Lindsey Award of the Acoustical Society 
of America, the National Science Foundation Career 
Program Award, the Presidential Early Career Award 
for Scientists and Engineers, and the NASA Group 
Achievement Award. He is a fellow of both the Acous-
tical Society of America and the American Society of 
Mechanical Engineers. 
 "As we face greater competition for resources and 
as U.S. industry struggles to stay globally competitive, 
we have an obligation to both prepare the next genera-
tion of leaders in engineering and also to enlighten 
broader populations of students about the important 
societal role of science and technology," Clark said. 
 Clark earned his doctorate in mechanical engi-
neering from the Virginia Polytechnic Institute in 
Blacksburg, Virginia, and joined Duke's Department of 
Mechanical Engineering and Materials Science in 1992.
 In his 10 years as Dean of SEAS, Parker led an 
expansion of its research expenditures and number of 
faculty, substantial growth in its endowment, establish-
ment of a new Department of Biomedical Engineering 
and dedication of the new 100,000 square-foot Robert 
B. Goergen Hall for Biomedical Engineering and Op-
tics. 
 Parker, a professor of electrical and computer engi-
neering, radiology, and biomedical engineering, also 
served from 1992 to 1998 as chair of the Department 
of Electrical Engineering and University Associate Vice 
Provost for Research and Graduate Affairs. In 1990, 
he also became Director of the Rochester Center for 
Biomedical Ultrasound, and in 2005 he received the 
title of William F. May Professor of Engineering. 

Last fall, the University of Rochester received the larg-
est single gift commitment in its 158-year history from 
Edmund A. Hajim, a 1958 graduate of its School of 
Engineering, a highly successful investment manager, 
and the Chairman of the UR Board of Trustees. The 
$30 million gift commitment has been designated to 
benefit Rochester's School of Engineering and Ap-
plied Sciences to support scholarships for students 
with significant financial need as well as the school's 
endowment. 
 "Higher education is the cornerstone of economic 
strength in our increasingly interconnected world," 
Hajim said. "It will be even more important in the 
decades ahead, and our nation's foremost research 
universities will lead the way. A great tradition in this 
country is that we try our best to improve the world 
we inherited for the generations that will follow us. 
Supporting a vibrant center of innovation and discov-
ery like the University of Rochester is simply the best 
way I can fulfill this obligation."
 Hajim's goal is that the fund will ultimately pro-
vide financial support to five Hajim Scholars in each 
of the four classes, for a total of 20 scholarships. The 
support for the endowment will guarantee the long-
term financial strength of the School, UR President Joel 
Seligman said.
 "I agree with George Eastman," Hajim added, 
"when he said that the progress of the world depends 
almost entirely upon education. Education is almost 
a magic word for me. It allows America to be what it 
is—a place where a person can begin with nothing and 
in one generation achieve almost anything."

New Dean of SEAS

Above (left to right): New SEAS Dean Robert L. Clark, 
Former SEAS Deans Duncan Moore, Kevin J. Parker, and 
Brian Thompson

Largest Gift in UR History to Benefit SEAS
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RCBU FUNDING NEWS

Stephen McAleavey was 
awarded a two-year NIH 
grant titled “Quantitative 
Spatially Modulated Ul-
trasound Radiation Force 
Elastography”. The project 
is devoted to developing 
a new imaging method, 
invented by Dr. McAleavey, 
called Spatially Modulated 
Ultrasound Radiation Force 
(SMURF) imaging. An inte-
grated research effort is planned to develop beam form-
ing techniques required to generate spatially varying 
radiation force, to show that SMURF imaging is capable 
of quantifying tissue stiffness with sufficient precision 
to be diagnostically valuable, and to show that SMURF 
imaging can be used to estimate viscoelastic parameters 
of tissue. (See stories related to this new imaging tech-
nique on pages 8 and14).

Diane Dalecki and Denise Hocking serve as multi-
PIs on a newly awarded grant from the NIH NIBIB 
titled “Mechanisms for Wound Healing with Ultra-
sound”. The overall goal of this five-year project is 
to identify key biological and physical mechanisms 
for ultrasound-enhanced soft tissue wound healing 
in order to develop the use of ultrasound for chronic 
wound therapy. Collaborators on the project include 
Ingrid Sarelius, Sheryl Gracewski, Sabine Brouxhoun, 
Charles Francis, and Edwin Carstensen. (See related 
story on page 20).

Deborah Rubens (RCBU 
Associate Director) and Dr. 
Kaisar Alam (former RCBU 
member), of the Riverside 
Research Institute, received 
a three-year grant from the 
Susan G. Komen Founda-
tion to develop ultrasound 
technologies to detect, 
monitor, and assist in the 
treatment of breast lesions. 
(See related story on page 20).

Sheryl Gracewski 
received funding for a 
summer REU student 
on the NSF grant titled 
“Dynamic response of 
constrained bubbles to 
acoustic excitation.”

María Helguera 
received funding from 
NYSTAR-CEIS, Car-
estream Health, Inc. for 
a project titled “De-
velopment of a Novel 
3-D Optical Molecular 
Imaging System Proto-
type and Calibration 
Methods”. A currently available 2-D high-resolution, 
optical molecular imaging system will be modified 
by the addition of a structured illumination source to 
investigate the feasibility of providing depth resolution 
along the optical axis. The objective of this effort is to 
evaluate the possibility of providing low-cost, non-
invasive, functional imaging in three dimensions.

Benjamin Castaneda 
received a grant from the 
Pontificia Universidad 
Catolica del Peru. This 
project is focused on de-
veloping image processing 
tools to diagnose tropical 
diseases.
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Research laboratories of RCBU members are advancing the use of ultrasound for diag-
nosis and treatment. The pages that follow highlight research accomplishments in 2008. 
Publications and presentations of this year can be found on pages 28–29.

Comparison of two methods for the 
generation of spatially modulated ultrasound 
radiation forces

The Spatially Modulated Ultrasound Radiation Force 
(SMURF) method is a technique for estimating the shear 
modulus of an elastic material. SMURF determines 
shear modulus through measurement of the frequency 
of shear waves of known wavelength propagating in a 
medium of unknown modulus. Shear modulus is then 
computed using the relationship G=ρ(λf)2.  

The shear waves employed are generated by the 
application of an acoustic radiation force impulse of 
spatially varying magnitude. The spatial frequency k 
of the force variation is equal to the desired spatial 
frequency of the shear wave, that is, k=2π/λ. Because 
acoustic radiation force is proportional to intensity, 
generation of this spatially varying force is a matter of 
determining how to generate an equivalently varying 
ultrasound intensity field.  

Our recent work compares the efficacy of two 
methods used to create a particular beam intensity 
pattern within a region of interest: the Focal Fraunhofer 
(FF) and Intersecting Plane wave (IP) methods. This 
comparison is made in terms of the intensity that can 
be generated in the region of interest by a transducer 
of limited per-element power. Parameters such as the 
focal depth, the width of the area of interest, and the 
number of elements employed by each method, are 
compared. The widths of the beams at the transducer 
act as an indication of the number of elements that are 
employed in the beam formation process, and are thus 
indicators of the ultrasound intensity that may be ap-
plied. As a result of the trade-offs associated with both 
techniques, we can determine a threshold that makes 
it easier to choose between both methods given a spe-
cific desired spatial intensity pattern.

Both methods of beam formation were simulated 
using Field II for tissue attenuation values of 0 and 0.7 
dB/cm/MHz. The linear array transducer simulated 
in Field was similar to the Siemens VF7-3 array used 
in the water tank experiments. A center frequency of 
5.33 MHz was used. A Siemens Antares scanner was 
programmed to generate the two spatially modulated 
beam patterns. Beam patterns were measured in a    
water tank system using a PVDF needle hydrophone. 

In the FF method, if the desired area of focus is 

wide, the widths of the beams at the transducer need 
to be narrow. This implies that fewer elements will 
be employed. However, by reducing the number of 
elements being employed, the energy at the focus 
decreases accordingly. This is in contrast with the 
IP method where the wider the ROI, the wider the 
apodization beams at the aperture and thus greater 
energy at the focus. The results indicate that the IP 
wave method is the more effective method except for 
the cases where the ROI has a width less than 4 mm 
located at focal depths greater than 1cm.  

To determine the shear modulus of a region of 
interest within tissue, the FF and IP methods of creat-
ing spatially varying ultrasound radiation forces have 
been developed. Due to the transducer’s limited 
per-element power, the efficacy of both methods are 
compared based on the number of elements employed, 
and thus the energy generated at the ROI, for different 
parameters such as the focal depth and the width of the 
ROI. In general, the IP wave method seems to be more 
effective, especially for wider pushing regions.

Use of ultrasonically excited microbubbles within 
blood vessels has been proposed for a variety of clini-
cal applications. Knowing how a surrounding vessel 
affects a bubble’s natural or resonance frequency is 
important not only for optimizing various diagnostic 
and therapeutic applications of ultrasound, but also 
for understanding their safety and potential for gen-
erating unwanted bioeffects. Therefore, experiments 
and simulations were used to investigate the effect of 
a surrounding tube on the resonance frequency and 
free vibration response of a bubble. A schematic of the 
geometry is shown in Figure 1 (next page). The free 
vibration response of a bubble inside a deformable 
tube was simulated using a coupled boundary element 
and finite element (BEM-FEM) code that was developed 
specifically to investigate the response of acoustically 
excited bubbles near deformable structures (Miao and 
Gracewski, Comp. Mech. 42:2008). In addition, a 
balloon model was used to measure the resonance fre-
quency of a spherical gas body in a tube. The balloons 
used in the experiments had a membrane stiffness that 
increased the frequency by less than 5% and were 
shown to adequately model the response of a bubble. 

Resonance frequencies of bubbles in tubes



9

Figure 1. Schematic of bubble centered inside a 
circular cylindrical tube immersed in a liquid.

Figure 2. Normalized bubble natural frequency versus its 
normalized axial position for a bubble with  R0=1 cm, 
in a tube with  rtube= 2 cm, and  L = 10 cm. Solid line 
is the 1-D model and dotted line is the simulation result 
with surface tension of 20 N/m in an essentially rigid 
tube (E = 2 GPa). The simulation without surface tension 
(not shown) predicted frequency to be about 0.5% lower 
than the 1-D model, whereas the simulation with surface 
tension predicted on average 1.0% higher than the 1-D 
model for 2z/L <0.8.

 Simulated and experimentally measured resonance 
frequencies decreased as the bubble moved into the 
tube or increased in size. For a bubble near the center 
of the tube, the resonance frequency was consistent 
with a one-dimensional cylindrical bubble model 
developed by Oguz and Prosperetti (JASA 103:1998) 
for a large bubble in a rigid tube. For a bubble near 
the end of the tube, the experimental variation in 
resonance frequency increased due to inaccuracies in 
bubble location and the higher sensitivity of frequency 
on position near the end of the tube. The BEM-FEM 
simulation results predict that the resonance frequency 
asymptotically approaches the open volume value as 
the bubble moves away from the tube end into the 
open volume, as shown in Figure 2 (below). Varying 
the magnitude of the tube elastic modulus from a few 
kPa to a few GPa in the BEM-FEM simulations had a 
negligible effect on the predicted bubble frequency. 
Additional experiments are planned to further explore 
the effect of stiffness on bubble response. Simulation of 
the free vibration response of the bubble also predicts 
that a bubble will translate toward the center of the 
tube due to aspherical vibrations. The asphericity 
increases with vibration amplitude, tending to be more 
elongated in the axial direction on expansion and in 
the radial direction on collapse.

The Helguera Lab: David Shapiro, BS Imaging Science, 
María Helguera, PI, Shaynae Moore, 2nd year Mechanical 
Engineering, Gary Menezes, high school intern, Stephanie 
Shubert, MS Imaging Science, Karl G. Baum, post-doctoral 
fellow, Harold Mendoza, 2nd year Computer Engineering.

Registration and fusion of functional images with 
anatomical images is well appreciated in the advent of 
PET/CT, with an increasing interest in expanding this 
approach to PET/MRI. Much effort has been devoted to 
registering images from different modalities. However, 
the importance of appropriately jointly displaying (i.e. 
fusing) the registered images has often been neglected 
and underestimated. Our aim is to determine which fu-
sion techniques are most useful for enhanced diagnos-
tic performance, ease of use, efficiency, and accuracy 
for reading registered MRI and PET breast images. 
Preliminary results indicate that radiologists were better 
able to perform a series of tasks when reading the fused 
PET/MRI data sets using color tables generated by our 
genetic algorithm, as compared to commonly used fire/
gray or red/gray schemes.

The objective of this research is to design a rigorous 
method to characterize nerve fibers using an ultrasound 
imaging system. This will allow successful application 
of regional anesthesia, which is safer and has fewer 
complications than general anesthesia, particularly 
in elderly and obese patients. Nerves are not always 
aligned parallel to the surface of the skin making them 
challenging to detect. The intensity and appearance 
of nerves in B-scan images varies with viewing angle. 
Using a tissue phantom and a high frequency 15 MHz 
transducer, efforts are focused on defining the relation-
ship between the signal from the nerve and viewing 
angle. If a relationship can be developed, tracking of 
the nerves and correction of B-scan images can be 
implemented in software.

Evaluation of 2-D-color look-up tables for 
multimodal data sets

Scattering anisotropy effect on nerve images



10

The capability of sonoelastography to detect lesions 
based on elasticity contrast can be applied to monitor 
the creation of thermally ablated lesions. Currently, 
segmentation of lesions depicted in sonoelastographic 
images is performed manually which can be a time 
consuming process and prone to significant intra- and 
inter-observer variability. In our recent work, we have 
developed a semi-automated segmentation algorithm 
for sonoelastographic data (Proceedings of SPIE, 
6920:692018-1–692018-8). The user starts by plant-
ing a seed in the perceived center of the lesion. Fast 
marching methods use this information to create an 
initial estimate of the lesion. Subsequently, level set 
methods refine its final shape by attaching the seg-
mented contour to edges in the image while maintain-
ing smoothness. The algorithm has been applied to 
in vivo sonoelastographic images from twenty five 
thermal ablated lesions created in porcine livers. The 
estimated area was compared to results from manual 
segmentation and gross pathology images. Results 
show that the algorithm outperforms manual segmenta-
tion in accuracy, inter- and intra-observer variability. 
The processing time per image is significantly reduced.

Tissue engineering and regenerative medicine are 
potentially revolutionary approaches for replacing 
diseased or destroyed organs and tissues. Drs. Hocking 
and Dalecki lead a multi-disciplinary program focused 
on developing ultrasound-based enabling technolo-
gies for the fabrication and monitoring of functional, 
three-dimensional engineered tissues. Through several 
different avenues, on-going projects are investigating 
the use of ultrasound fields to regulate the structure 
and organization of the extracellular matrix in order to 
stimulate cell processes that are critical for engineer-
ing functional tissue constructs. BME graduate student 
Carlos Sevilla is investigating the ability of ultrasound 
to produce conformational changes in fibronectin, an 
extracellular matrix protein that plays key roles in regu-

lating cell growth and migration. Kelley Garvin, BME 
graduate student, is using acoustic radiation forces to 
non-invasively control the spatial distribution of cells 
in collagen-based engineered tissues. Working with 
Center members, Stephen McAleavey, PhD and Sheryl 
Gracewski, PhD, the team is also developing ultra-
sound imaging and tissue characterization techniques 
to non-invasively and non-destructively monitor the 
material and biological properties of tissue-engineered 
constructs, and to validate the measurements through 
mechanical testing and finite element modeling. 

We recently developed a novel 2-D sonoelastographic 
technique for estimating local shear velocities from 
propagating shear wave interference patterns, termed 
crawling waves (Ultrasound Med Biol, 34:276-288; 
2008). A relationship between the local crawling 
wave spatial phase derivatives and local shear wave 
velocity was derived, with phase derivatives estimated 
using a 2-D autocorrelation technique. Comparisons 
were made between the 2-D sonoelastographic shear 
velocity estimation technique and its computationally 
simpler 1-D precursor. In general, the 2-D sonoelasto-
graphic shear velocity estimator outperformed the 1-D–
based technique in terms of accuracy and estimator 
noise minimization. For both approaches, increasing 
the estimator kernel size reduces noise levels but low-
ers spatial resolution. Homogeneous elastic phantom 
results demonstrate the ability of sonoelastographic 
shear velocity imaging to quantify the true underlying 
shear velocity distributions as verified using time-of-
flight measurements. Results also indicate that increas-
ing the estimator kernel size increases the transition 
zone length about boundaries in heterogeneous elastic 
mediums and may complicate accurate quantification 
of smaller elastically contrasting lesions. Furthermore, 
analysis of contrast-to-noise ratio values for sonoelas-
tograms obtained in heterogeneous elastic phantoms 
reveal that the 2-D sonoelastographic shear velocity 
estimation technique outperforms the 1-D version for a 

Measurement of thermally-ablated lesions in 
sonoelastographic images using level set 
methods

Ultrasound technologies for tissue 
engineering

Two dimensional sonoelastographic shear 
velocity imaging

Carlos Sevilla 
working in 
the Dalecki 
Lab
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given kernel size in terms of image noise minimization 
and contrast enhancement. Experimental results from 
an embedded porcine liver specimen with a radiofre-
quency ablation (RFA) lesion demonstrates that the 2-D 
sonoelastographic shear velocity estimation technique 
minimizes image noise artifacts and yields a consistent 
lesion boundary when compared with gross pathology. 
Volume measurements of the RFA lesion obtained from 
shear velocity sonoelastograms were comparable to 
those obtained by fluid displacement of the dissected 
lesion as illustrated by 3-D volume reconstructions. 
Overall, 2-D sonoelastographic shear velocity imag-
ing was shown to be a promising new approach to 
characterizing the shear velocity distribution of elastic 
materials.

Figure 1. First year team P08026 (from left to right - Karl 
Q. Schwarz, Amanda Clark (ME), Charles Marion (ISE), Ja-
son Brown (ME), Daniel Wisniewski (EE), Matthew Hicks 
(EE), Jonathan Kelso (EE), Daniel Phillips)

Figure 2. Second year team P09026 (from left to right 
- Clarissa Gore (EE), Karl Q. Schwarz, Daniel Phillips, 
Jonathan Peyton (ME), Gaurav Zirath (EE), Joseph Feather-
all (ME), Lilliane Pereira (ME), Mark Frisicano (ME), Alex 
Baxter (EE))

Two teams of engineering students at the Rochester 
Institute of Technology (RIT) have developed a Hemo-
dynamic Flow Simulation System as a result of collabo-
ration between RCBU members Karl Q. Schwarz. M.D. 
(URMC) and Daniel Phillips, Ph.D. (RIT). The system 
has been designed to provide pulsatile fluid flows and 
pressures that mimic human hemodynamic charac-
teristics. The design was inspired by a long standing 
interest in studying hemodynamic flow characteristics 
with ultrasound imaging techniques by Dr. Schwarz, as 
well as a desire by Dr. Phillips to provide a framework 
for demonstrating hemodynamic principles that must 
be accounted for in the design of biomedical instru-
mentation.
 The system is based on a left ventricular flow 
modeling system originally developed by Dr. Schwarz 
and incorporates actual prosthetic heart valves. It is 
designed to produce realistic flow and pressure wave-
forms that can be adjusted to reflect values found in 
a variety of hemodynamic states. Of particular inter-
est to Dr. Schwarz is evaluating flow patterns across 
prosthetic heart valves. It is a closed loop system with 
a computer controlled linear actuator based pneumatic 
pressure generation system. In addition to controlling 
the basic pressure generation aspect of the system, the 
computer system is also used for data acquisition of 
multiple pressure and flow inputs.
 System compliance and resistance can also be 
adjusted to allow production of realistic fluid flow and 
pressure waveforms. The overall system is modular 
in nature to enable other flow imaging and pressure 
measurement configurations. A central element of the 
system is a custom acrylic flow chamber designed 
by Dr. Schwarz that allows for ultrasonic imaging of 
valve flow patterns. Three other acrylic chambers were 
incorporated into the system to provide an interface 
between the pneumatic drive system, aortic compli-

ance emulation and simulation of the left atrial input to 
the left ventricle. 
 The project involved two teams of fifth year stu-
dents in electrical, industrial and mechanical engineer-
ing participating in a two quarter Multidisciplinary 
Senior Design program at RIT over the course of two 
years. The first team (Figure 1) developed a system that 
examined the fundamental operating principles and re-
quirements of the desired system. The following year, 
a second team (Figure 2) built upon the experience 
and findings of the first team to produce an operational 
system suitable for experimentation. Dr. Schwarz 
met with both teams on a regular basis and provided 
valuable insight and guidance to the students. He also 
donated a significant amount of equipment that has 
been incorporated into the system.
 Due to its modular design, other imaging and 
measurement techniques can be accommodated to 
facilitate a variety of experimental and research pro-
tocols. The flexible nature of the system has enabled 
consideration of studies involving clinicians at URMC 
and engineering faculty at RIT. Seed funding provided 
by the office of Sponsored Research and Development 
at RIT has enabled on-going support to develop custom 
fixturing and refinement of the system.

Hemodynamic flow simulation system
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Tulin Ozcan, MD
The OB/GYN Ultrasound Unit has a busy schedule 
providing clinical service at multiple sites including 
Strong Memorial Hospital, Highland Hospital, Roches-
ter General Hospital, FF Thompson Hospital, and our 
facilities at Red Creek Drive and West Ridge Road. The 
volume of patients seen for OB/GYN ultrasound is high 
with a total of 19,491 examinations including 13,636 
obstetric, and 1,892 gynecological scans. Invasive pro-
cedures include 387 amniocenteses, 148 chorionic vil-
lus samplings, 2 PUBS (percutaneous umbilical blood 
sampling and transfusion), and 167 sonohysterograms. 
Ultrasound examinations at FF Thompson Hospital 
continued utilizing a combination of telemedicine and 
on-site service, and a total number of 2,088 examina-
tions were serviced. In addition, we provide ultrasound 
and consulting services to Rochester General Hospital 
OB/GYN Department three days a week. A marked 
increase of 23 percent is seen in first trimester diag-
nostic procedures, i.e., CVS (chorionic villus sampling) 
as a result of first trimester screening for aneuploidies 
in 2008. Additional equipment has been obtained to 
improve the quality of 2-D imaging and to increase the 
utilization of 3-D and 4-D scanning in both obstetrics 
and gynecology. Areas of current research include new 
sonographic markers for fetal aneuploidy, and the ef-
fects of maternal obesity of the diagnostic accuracy of 
prenatal ultrasound. Brief overviews of these projects 
are provided below.

to evaluate nasal bone measurement, frontomaxillary 
facial angle and mitral tricuspid valve distance in our 
population as a marker for Trisomy 21 during the first 
and second trimester.
 We hypothesize that fetuses with Trisomy 21 will 
have shortened mitral tricuspid distance, nasal bone 
hypoplasia and increased frontomaxillary facial angle. 
We will retrospectively identify cases of Trisomy 21. 
The ultrasound images will then be reviewed to assess 
for usable images for nasal bone, mitral tricuspid valve 
distance and frontomaxillary facial angle assessment. 
Measurements will then be made using the Kinetix 
ultrasound image system by each of the investigators 
on two occasions to assess for intra- and inter-observer 
reproducibility. In a similar fashion gestational age 
matched controls will be identified and assessed. We 
anticipate finding 100 suitable cases and will assess 
5 gestational age matched controls for each case. All 
measurements will be made on previously obtained 
images. Upon completion of this study we hope to 
determine if fetal nasal bone, mitral tricuspid distance 
and frontomaxillary facial angle measurements would 
be useful markers for Trisomy 21 at our institution.

Obstetrics & Gynecology Ultrasound Unit

The purpose of this study is to evaluate second trimes-
ter sonographic measurements of the fetal nasal bone, 
the mitral tricuspid valve distance and the frontomaxil-
lary facial angle as markers for Trisomy 21. Multiple 
sonographic markers for Trisomy 21 during the second 
trimester have been identified and are used to coun-
sel patients regarding invasive prenatal testing. Fetal 
long bone lengths, nuchal fold thickness and renal 
pelvis assessment are just some examples of sono-
graphic markers that are used to help identify higher 
risk patients. More recently, several other sonographic 
markers have been proposed. Multiple studies indicate 
an association between hypoplasia of the nasal bone 
and Trisomy 21. Pathologic evaluation of fetuses with 
Trisomy 21 revealed a shortened distance between 
the mitral and triscupid valve offset when compared 
to controls. Neonates and fetuses with Trisomy 21 are 
often noted to have a flat profile. Two small recent 
studies indicate that in the late first trimester a fron-
tomaxillary facial angle can be obtained sonographi-
cally and is increased in Trisomy 21 cases. We aim 

The prevalence of obesity has rapidly increased in the 
United States over the past 25 years. During pregnan-
cy, maternal obesity imparts many additional maternal 
and fetal risks. Providing routine screening tests such 
as a fetal anatomic sonogram is more difficult in the 
obese patient. The increased depth of subcutaneous fat 
makes visualization of fetal anatomy difficult and often 
impossible. Several studies have indicated that obesity 
is an independent risk factor for congenital anomalies. 
So while there is an increased need for accurate ana-
tomic sonography, it is often more difficult to perform. 
Recent analysis of second trimester transabdominal 
sonography at our institution revealed that the ana-
tomic scan could only be completed on first attempt 
in 23% of women with class II obesity and 15% of 
class III obesity. Even with multiple attempts, only 62% 
of these patients had a completed anatomic scan. Of 
those with completed scans, the mean gestational age 
was 20 weeks. 
 The goal of this study is to evaluate the utility of 
early (13-15 week) transabdominal and transvaginal 
fetal anatomic sonography in women with Class II or III 
obesity versus the traditional 18-20 week transabdomi-
nal sonogram. We propose a prospective observational 
trial of pregnant women under 15 weeks gestation with 
a body mass index at the time of enrollment over 35. 
This mode of anatomic survey may provide a better 
and earlier screening modality for the morbidly obese 
patient.

New first and second trimester sonographic 
markers for trisomy 21

Early fetal anatomy scans by transvaginal 
sonography in obese women
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Quantification of mechanical properties of human 
prostate tissue is important for developing sonoelas-
tography for prostate cancer detection, and is a focus 
of current research in Dr. Parker’s laboratory. In this 
study, we characterized the frequency-dependent com-
plex Young’s modulus of non-cancerous and cancer-
ous prostate tissues in vitro by using stress relaxation 
testing and viscoelastic tissue modeling methods (Ultra-
sound Med Biol, 34:1033-1042; 2008). Following 
radical prostatectomy, small cylindrical tissue samples 
were acquired in the posterior region of each prostate. 
A total of 17 samples from 8 human prostates were 
tested. The stress relaxation tests on prostate samples 
produced repeatable results that fit a viscoelastic 
Kelvin-Voigt fractional derivative (KVFD) model very 
well (R2>0.97). For non-cancerous (n = 8) and cancer-
ous (n = 9) prostate samples, the average magnitudes 
of the complex Young’s moduli (|E*|) were 15.9 ± 
5.9 kPa and 40.4 ± 15.7 kPa at 150 Hz, respectively, 
giving an elastic contrast of 2.6:1 (SD = 0.9). Tissue 
stiffness was correlated with cancer percentage using 
a linear regression analysis (R2 = 0.4637). Nine paired 
t-tests indicated that there are significant differences 
between stiffness of non-cancerous and cancerous 
prostate tissues in the same gland (|E*|, p=0.001.) 
This study contributes to the current limited knowledge 
on the viscoelastic properties of the human prostate, 
and the inherent contrast produced by cancer.

Sponsored by the U.S. Naval Submarine Medical 
Research Laboratory (NSMRL), the Dalecki lab is 
investigating the effects of low frequency, underwater 
acoustic impulses on biological systems. Underwater 
impulsive sound fields are employed in the ocean for 
both commercial and military applications. For our 
investigations, underwater acoustic impulses are pro-
duced with an air gun source system. 
 To generate and test the bioeffects of these impul-
sive acoustic fields, the Dalecki lab has an active col-
laboration with a Rochester-based company, Hydroa-
coustics, Inc. (HAI). HAI manufactures and supports 
unique low frequency, continuous wave and impulsive 
underwater sound sources. The HAI facility, located 
a short distance from the UR, includes 12,000 square 
feet of laboratory space dedicated to acoustic research 
and testing of underwater sound sources. Air gun tech-
nology, water tanks, and measurement facilities at HAI 
are used to generate underwater acoustic impulses for 
our bioeffects investigations. 
 The Dalecki lab and Hydroacoustics, Inc. (HAI) 
are working together to investigate the effects of un-
derwater acoustic impulses on mammalian systems. 
Robert De La Croix, Vice President of Engineering at 
HAI, has been a key collaborator in adapting the HAI 
exposure apparatus for the Dalecki team’s biologi-
cal experiments. This past year, the team completed 
a series of investigations to characterize the acoustic 
impulse fields generated by various air gun systems in 
the water tanks available at the HAI facility. Professor 
Sheryl Gracewski and her students used finite element 
modeling techniques to simulate the acoustic fields 
under the specific geometries relevant to our experi-

Quantitative characterization of viscoelastic 
properties of human prostate correlated with 
histology

The Dalecki lab and Hydroacoustics, Inc. 
study the bioeffects of underwater impulses

A novel quantitative sonoelastography technique 
for assessing the viscoelastic properties of skeletal 
muscle tissue was developed and reported (Physics in 
Medicine and Biology, 53:4063-4080; 2008). Slowly 
propagating shear wave interference patterns (termed 
crawling waves) were generated using a two source 
configuration vibrating normal to the surface. Theoreti-
cal models predict crawling wave displacement fields, 
which were validated through phantom studies. In 
experiments, a viscoelastic model was fit to dispersive 
shear wave speed sonoelastographic data using non-
linear least-squares techniques to determine frequen-
cy-independent shear modulus and viscosity estimates. 

Quantitative sonoelastography of skeletal 
muscle viscoelasticity in vivo

Shear modulus estimates derived using the viscoelastic 
model were in agreement with those obtained by 
mechanical testing on phantom samples. Preliminary 
sonoelastographic data acquired in healthy human 
skeletal muscles confirms that high-quality quantita-
tive elasticity data can be acquired in vivo. Studies 
on relaxed muscle indicate discernible differences in 
both shear modulus and viscosity estimates between 
different skeletal muscle groups. Investigations into 
the dynamic viscoelastic properties of (healthy) human 
skeletal muscles revealed that voluntarily contracted 
muscles exhibit considerable increases in both shear 
modulus and viscosity estimates as compared to the 
relaxed state. Overall, preliminary results are encour-
aging and quantitative sonoelastography may prove 
clinically feasible for in vivo characterization of the 
dynamic viscoelastic properties of human skeletal 
muscle.
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mental field measurements. The Dalecki lab completed 
a series of experimental investigations on the effects of 
underwater acoustic impulses on murine lung in vivo. 
Using a 10 cubic inch air gun system, we investigated 
the response of lung to acoustic impulses with peak 
acoustic pressure amplitudes ranging from ~0 - 110 
kPa. We found that murine lung hemorrhage could 
be produced following exposure to five underwater 
acoustic impulses with pressure amplitudes equal to 
or greater than ~50 kPa. The Dalecki lab also col-
laborates with the laboratory of John Olschowka, Ph.D. 
(UR Neurobiology and Anatomy) to study the effects of 
underwater acoustic impulse fields on the mammalian 
brain and spinal cord. Ongoing studies continue to 
characterize the response of lung and neural tissues to 
these underwater acoustic impulse fields. The results of 
this work are relevant to establishing safety guidelines 
for swimmers and divers exposed to underwater sound 
fields.

Changes in tissue stiffness have long been associated 
with disease and motivate both manual palpation and 
newer elastography techniques. While palpation and 
non-quantitative elastography can reveal local stiffness 
contrast, they do not provide definite values for over-
all or global stiffness. Quantification of tissue stiffness 
is needed to reveal diffuse disease, e.g. liver fibrosis. 
Indeed, there is strong evidence that quantification of 
tissue stiffness can replace hazardous biopsy methods, 
which necessarily sample a tiny fraction of an organ, 
with overall indicators of tissue stiffness. Spatially Mod-
ulated Ultrasound Radiation Force (SMURF) imaging 
has the potential to provide this information quickly, 
non-invasively and safely.
 SMURF imaging uses the acoustic radiation force of 
a pulsed ultrasound beam, with a carefully controlled 
lateral variation in intensity, to generate a shear wave of 
known initial wavelength (λ). The frequency (f) of this 
wave, which depends solely on its point of generation 
and not the surrounding environment, is then measured 
to determine the shear modulus (G) of the tissue using 
the relationship G=(λf)2ρ, where ρ is the tissue density 
(~103 kg/m3). The frequency is estimated from tissue 
motion tracked ultrasonically using the same transducer 
that generated the radiation force beam. The pulsed na-
ture of the shear waves avoids interference from stand-
ing waves inherent in continuous wave methods, while 
the use of acoustic radiation force to generate the shear 
wave at the point of interest eliminates difficulties in 
propagating a shear wave from the body surface to the 
region of interest, i.e. attenuation, refraction, and slip 
boundaries between tissues. Our ability to control the 
lateral ultrasound beam attenuation allows the tissue 
to be probed at a variety of (shear wave) frequencies, 
allowing viscoelastic properties of the tissue to be char-
acterized. Our preliminary in vitro studies have shown 
that SMURF imaging is capable of providing rapid esti-
mates of shear modulus in good agreement with values 
obtained through standard mechanical testing methods.
 In our research, a Siemens Antares scanner is used 
for pulse generation and echo acquisition. The scan-
ner allows acquisition of beamformed RF echo data 
sampled at 40 MHz and digitized with 16-bit resolu-
tion. Additional software allows modified transmit and 
receive beamforming sequences to be implemented on 
the scanner. SMURF sequences have been implement-
ed for VF10-5 and VF7-3 linear arrays, operating at 6.7 
and 4.2 MHz, respectively. Displacement estimates are 
generated from the RF echo data using normalized cross 
correlation and a parabolic fitting to estimate displace-
ment with sub-sample resolution. 
 Sequences for imaging, wherein the pushing and 
tracking beams are “walked” across the array, as in 

Spatially modulated ultrasound radiation 

Imaging the elastic properties of biological tissues has 
become the focal point of many research initiatives. 
In particular, sonoelastography is an elasticity imaging 
technique that estimates tissue responses to induced 
vibrations using ultrasonic Doppler techniques. In 
recent work (Cancer Biomarkers 4:213-225; 2008), 
we evaluated tissue elasticity as a cancer biomarker 
and sonoelastography as an imaging tool for providing 
qualitative and quantitative measurements of prostate 
tissue stiffness. Mechanical testing data of normal and 
cancerous prostate tissue was analyzed using a Kelvin-
Voigt Fractional Derivative model to establish feasibil-
ity of using elasticity as a biomarker. Subsequently, 
qualitative sonoelastography was evaluated for cancer 
detection in ex vivo and in vivo human prostate glands. 
Lastly, crawling wave sonoelastography was used as a 
quantitative technique for prostate tissue characteriza-
tion. Mechanical testing results indicated an elastic 
contrast of 2.6 between cancerous and normal prostate 
tissues, which supports tissue elasticity as a cancer bio-
marker. Qualitative sonoelastographic results showed 
promise for cancer detection in prostate and may prove 
to be an effective adjunct imaging technique for biopsy 
guidance. Elasticity images obtained with quantitative 
sonoelastography agreed with mechanical testing and 
histological results. Overall, results indicated tissue 
elasticity is a promising biomarker for prostate cancer. 

Tissue elasticity properties as biomarkers for 
cancer in prostate
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This research introduces a mode-specific model of
visual saliency that can be used to highlight likely le-
sion locations and potential errors (false positives and 
false negatives) in single-mode PET and MRI images 
and multi-modal fused PET/MRI images. Fused-modal-
ity digital images are a relatively recent technological 
improvement in medical imaging; therefore, a novel 
component of this research is to characterize the per-
ceptual response to these fused images. Three differ-
ent fusion techniques were compared to single-mode 
displays in terms of observer error rates using synthetic 
human brain images generated from an anthropomor-
phic phantom (Figure 1, next page). An eye-tracking 
experiment was performed with naïve (non-radiologist) 
observers who viewed the single- and multi-modal 
images. The eye-tracking data allowed the errors to be 
classified into four categories: false positives, search 
errors (false negatives never fixated), recognition errors 
(false negatives fixated less than 350 milliseconds), and 

ordinary B-mode imaging, have been implemented. 
A tracking pulse is transmitted at one scan line loca-
tion. The echo, dynamically focused and apodized, is 
collected to generate a reference A-line. Two pushing 
pulses are then transmitted in rapid succession. The 
focus of each beam is at the same depth but translated 
laterally by a specified distance ∆x. A series of track-
ing pulses is transmitted and echoes collected along 
the same scan line as the reference echo. Correlation 
processing of the resulting echo signals, as described 
in Figure 1, allows the time between the induced shear 
wave peaks to be estimated.

Shear modulus image of a soft, 1 cm diameter spherical 
inclusion in a CIRS Model 049 elastography phantom. 
The color scale (right) indicates shear modulus in kPa. 
Push beams spaced 2.48 mm apart were used to gener-
ate images. A simulation of push beams is shown below.

Figure 1. Illustration of 
autocorrelation processing 
for frequency estimation. (A) 
Material velocity over an axial 
range of 1.4 to 2.1 cm for 
a time range of 0.3 to 5 ms 
after application of the first 
of three push pulses. Velocity 
is indicated by the grayscale, 

with white representing a velocity of 1 mm/s away from 
the transducer, black 1 mm/s towards it. (B) A sample 
velocity versus time trace taken at a depth of 17 mm. (C) 
The autocorrelation of the trace in (B).

Estimates 
of shear 
moduli 
of two 
uniform 
gelatin-
based 
phantoms. 
Uncon-
fined com-
pression 
measure-

ments were performed on 3 cm diameter cores cut from 
phantoms.  Error bars indicate +/- 1 standard deviation of 
the measurements of all core samples. Sonoelastography 
measurements represent the average of 5 measurements 
taken over a 400-600 Hz range in 50 Hz steps, with the 
modulus calculated from the average phase shift over a 
1.7 cm axial window. The indicated standard deviation is 
over the 5 frequencies evaluated. The SMURF measure-
ments represent the mean modulus calculated over a 0.8 
cm window within the focal region of the push beams. The 
standard deviation is that of the means at different loca-
tions within the phantom. The push beam spacing used 
was 1.95 mm.

(A)

(C)

(B)

Modeling decision-making in single- and 
multi-modal medical images
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decision errors (false negatives fixated greater than 
350 milliseconds). A saliency model consisting of a 
set of differentially weighted low-level feature maps 
is derived from the known error and ground truth 
locations extracted from a subset of the test images for 
each modality. The saliency model shows that lesion 
and error locations attract visual attention according 
to low-level image features such as color, luminance, 
and texture.

Acoustic Radiation Force Impulse (ARFI) imaging mea-
sures the mechanical properties of tissue by generat-
ing a local acoustic radiation force using a standard 
diagnostic ultrasound scanner. Short duration, high 
intensity ultrasound pulses are used to induce impul-
sive acoustic radiation forces that result in micron-
scale tissue displacements. Displacements are tracked 
using ultrasound tracking pulses and are quantified 
using conventional correlation-based methods. ARFI 
imaging may be used to find objects of various shapes 
and sizes, and elasticity values. The ability to detect 
such objects can be quantified using measures of 
elastic contrast (reported here in terms of Young's 
modulus ratio) and resolution. The goal of this study 
was to measure the axial resolution of an ARFI imaging 
system as a function of the ratio of Young's modulus 
values of the hard, and soft, portion of gelatin-based 
tissue phantoms. The experimental results were to be 
verified using a computational model.
 The ARFI imaging system used was a Siemens 
Antares ultrasound scanner (Siemens Medical Sys-
tems) and a VF10-5 linear array transducer. Each beam 
sequence included a 30 ms pushing pulse followed 
by 29 - 0.15 ms tracking pulses (at a PRF of 12.7 kHz), 

Figure 2. Results of 3-D FEM simulations of a stiffness-
step used to measure ARFI resolution. The upper part of 
the image is the soft material, and the lower part is the 
harder material. Color represents displacement.

both with a 6.67 MHz center frequency. Images were 
captured and analyzed over a period of 1.2 ms after 
the push. Five phantoms were tested with adjacent 
hard and soft regions (ranging between 16-20 kPa, and 
4-17 kPa, respectively) which provided the contrast 
necessary for a step response at a depth of 2 cm from 
the transducer (given that the elevational and lateral 
foci are set at 2 cm). The elastic contrast in these 
phantoms had a range of 1.1 to 4.2. These experiments 
were also modeled using COMSOL/FEMLAB (Figure 
2, below). Displacements from our FEA analysis were 
applied to a field of scatterers using MATLAB and 
FIELD II. The displacement data of both the experiment 
and the computational model had a 1 micron noise 
floor, making direct measurement of the point spread 
function impractical. Instead of filtering the data, and 
thereby artificially degrading the resolution, a represen-
tative sigmoid function was found to represent the step 
responses using a nonlinear least squares curve fitting 
routine. The derivative of the sigmoid function was cal-
culated, and the FWHM of the resulting point response 
was measured and reported as the resolution.
 Axial resolution with a 1 mm correlation window 
was found to be linearly dependent on the elastic 
contrast. As the Young's modulus ratio decreased from 
approximately 4.2 to 1.1, the minimum resolution 
degraded from approximately 1 mm to 3 mm. Both the 
experimental and computational results showed agree-
ment. The linear relationship between axial resolution 
and elastic contrast of our ARFI imaging system was 
illustrated. Axial resolution was found to reduce signifi-
cantly with a change in physiologically relevant values 
of elastic contrast.
 

Figure 1. Image fusion techniques

Effect of elastic contrast on acoustic radia-
tion force impulse imaging axial resolution
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Figure 2. Comparison between sonoelastographic and histological findings for the same prostate gland evaluated (a) in vivo 
and (b) ex vivo. The surface is illustrated in cyan. The tumor found in histology is shown in red. The deficit found in the 
sonoelastographic volume is depicted in green. The white area represents the intersection between the sonoelastographic 
and histological findings.

The performance of three-dimensional sonoelastography for prostate cancer detection was evaluated in ex vivo and 
in vivo experiments. Sonoelastograhpic findings were compared to histological results by employing image segmen-
tation and registration tools. Histological slides from a whole mount procedure were marked by a pathologist and 
reconstructed into a volume showing the surface of the prostate and the tumor. The imaging results from B-mode and 
sonoelasticity imaging were combined to obtain the surface of the prostate and the location and size of suspicious 
masses in both in vivo and ex vivo experiments. The volumes were registered using the surface of the gland as a 
marker. Overall, sonoelastography showed an accuracy of over 80% for finding tumors larger than 4 mm in diameter 
in both experiments, and slightly underestimated their volumes. Figure 1 provides a schematic of the experimental 
setup, and Figure 2 illustrates a comparison between sonoelastographic and histological findings for a representative 
case evaluated (a) in vivo and (b) ex vivo, respectively. 

Figure 1. Schematic of the experimental setup. The prostate gland embedded in a gelatin mold (a) is located between two 
shear vibration sources (b). The ultrasound transducer is positioned on top to acquire the crawling wave images (c).

(a) (b)

Prostate cancer detection using 3-D sonoelastography
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Research in Dr. Parker's lab has been dedicated to developing sonoelastography as an ultrasound-based elastic-
ity imaging technique. A recent study (Medical Physics, 35:4132-4141; 2008) investigated the feasibility of using 
real-time sonoelastography to detect and estimate the volume of thermal lesions in porcine livers in vivo. A total of 
32 thermal lesions with volumes ranging from 0.2 to 5.3 cm3 were created using radiofrequency ablation or high-
intensity focused ultrasound techniques. Lesions were imaged using sonoelastography and co-registered B-mode 
ultrasound. Volumes were reconstructed from a sequence of two-dimensional scans. The comparison of sonoelas-
tographic measurements and pathology findings showed good correlation with respect to the area of the lesions 
(r2=0.8823 for radiofrequency ablation lesions, r2=0.9543 for high-intensity focused ultrasound lesions). In addi-
tion, good correspondence was found between three-dimensional sonoelastography and gross pathology (3.6% 
underestimate), demonstrating the feasibility of sonoelastography for volume estimation of thermal lesions. These 
results support that sonoelastography outperforms conventional B-mode ultrasound and could potentially be used for 
assessment of thermal therapies.

Crawling wave sonoelastography is an elasticity imag-
ing technique capable of estimating the localized 
shear wave speed in tissue and, therefore, can provide 
a quantitative estimation of the Young’s modulus for 
a given vibration frequency. In recent work in Dr. 
Parker's laboratory, crawling wave sonoelastography 
was used to detect cancer in excised human prostates 
and provide quantitative estimations of the viscoelas-
tic properties of human cancerous and normal tis-
sues. Image processing techniques were developed 
to compensate for attenuation and reflection artifacts 
of the crawling wave images. Results were obtained 
with fifteen prostate glands after radical prostatectomy. 
The glands were vibrated at 100, 120 and 140 Hz. 
At each frequency, three cross-sections of the gland 
(apex, mid-gland and base) were imaged using crawl-
ing wave sonoelastography and compared to cor-
responding histological slices. Results showed good 
spatial correspondence with histology. Additionally, 
the estimated shear velocities of cancerous and normal 
tissue are 4.75±0.97 m/s and 3.26±0.87 m/s, respec-
tively. These results are in agreement with previous 
reports on the elasticity of cancerous and normal 
human prostate tissue and suggest that crawling wave 
sonoelastography could be used to improve prostate 
cancer detection. A representative case from an ex 
vivo prostate gland with cancer is depicted in Figure 1 
(right). The corresponding B-mode (a), shear speed (b) 
and histological (c) images of a cross-section close to 
the apex are shown. The shear speed image shows an 
area with elevated velocity (elasticity) on the left side 
of the cross-section which corresponds to a cancerous 
region in the histological image.

Figure 1. Corresponding B-mode (a), shear speed (b) and 
histological (c) images of a cross-section close to the apex 
of a human prostate gland. The shear speed image shows 
a region with elevated velocity on the left side of the 
cross-section which corresponds to a cancerous region in 
the histological image.

(b)

(a)

(c)

Prostate cancer detection using crawling 
wave sonoelastography

Real-time sonoelastography of hepatic thermal lesions in a swine model
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Underwater sound fields are used for numerous com-
mercial and military applications, including imaging, 
oil exploration, mapping the ocean floor, and harbor 
surveillance. The Dalecki lab continues to investigate 
the interaction of underwater sound fields with biologi-
cal tissues. The U.S. Navy and the Naval Submarine 
Medical Research Laboratory (NSMRL) in Groton, CT 
support our projects in this area. Underwater sound 
over a broad frequency range can be produced from a 
variety of sources including sonar systems and under-
water blasts. An understanding of the interaction of 
underwater sound fields with biological systems is nec-
essary to develop safe exposure guidelines for humans, 
marine mammals, and fish exposed to these acoustic 
fields. Tissues containing gas are particularly sensitive 
to underwater sound exposure. Over the years, our lab-
oratory has been working to quantify the thresholds for 
sound-induced damage to tissues containing gas and 
identify the physical mechanisms for tissue damage.

A long-standing area of research in our laboratory is 
ultrasound contrast agents. Ultrasound contrast agents 
currently enhance the capabilities of diagnostic imag-
ing and are also providing new avenues for therapeutic 
applications of ultrasound. Efforts in our laboratory 
focus on developing an understanding of the physical 
and biological mechanisms of interaction of acoustic 
fields with tissues containing microbubble contrast 
agents. 
 Ultrasound contrast agents are suspensions of gas-
filled microbubbles. Microbubble contrast agents can 
increase the likelihood of bioeffects of ultrasound as-
sociated with acoustic cavitation. Ongoing work from 
our lab continues to investigate ultrasound-induced 
bioeffects of microbubble contrast agents in the cardio-
vascular system. Recent work from our lab has demon-
strated that the presence of ultrasound contrast agents 
lowers the threshold for ultrasound-induced premature 
cardiac contractions, and capillary rupture in various 
organs and tissues. Current collaborations with Sheryl 
Gracewski provide unique capabilities to computation-
ally simulate the response of a microbubble to sound 
exposure within a confining blood vessel (see related 
story on page 8). Experimental measurements and 
observations within our lab will be used to validate the 
simulation results and also to obtain additional insights 
into the nonlinear bubble dynamics that can occur 
within blood vessels.

 The air-filled lung is particularly sensitive to 
underwater sound exposure. When the intact, air-
filled lung is exposed to sound at frequencies where 
the wavelength is much greater than the radius of the 
lung, we have demonstrated that the whole lung oscil-
lates radially in response to exposure to this spatially 
uniform sound field. Using both an acoustic scattering 
technique and a pulse-echo ranging technique, we 
have shown that the response of the lung is maximized 
for exposure at the resonance frequency of the lung. At 
the resonance frequency of the lung, the threshold for 
damage to the lung and surrounding tissues is lowest. 
In the adult mouse, the resonance frequency of the 
lung is ~325 Hz and the threshold for lung damage at 
the resonance frequency is ~2 kPa. Mammalian lung 
can also be damaged by exposure to low frequency 
sound above resonance frequency. Using an open tube 
exposure system, our lab determined the thresholds 
for murine lung hemorrhage from exposure to continu-
ous wave underwater sound at frequencies ranging 
from ~2.5–1000 kHz. The equation Pthresh = 0.01f 0.64 
, where Pthresh is the threshold pressure in MPa and f is 
the acoustic exposure frequency in kHz, represents a 
best-fit to our experimental lung threshold data over the 
2.5–1000 kHz range. 
 Progress this year focused on investigations of 
the response of lung to sound exposure at and near 
lung resonance frequency, and the response of lung 
to underwater impulses (see related story on page 13). 
We completed a series of experiments to determine 
the threshold for lung hemorrhage from exposure to 
acoustic fields at 500 Hz, and investigated the response 
of lung to 200-Hz sound fields. Results of both in-
vestigations indicate that the threshold or lung dam-
age increases significantly for frequencies above and 
below lung resonance. A series of experiments were 
performed to determine the roles of exposure timing 
parameters on sound-induced lung damage for expo-
sure at the lung resonance frequency. Through several 
experimental tests, we have demonstrated that sound-
induced lung hemorrhage can occur for exposure dura-
tions as short as 1 s. The pressure threshold for lung 
hemorrhage does not differ greatly for exposure dura-
tions of 10 s, 1 min and 3 min. However, for a given 
pressure amplitude, the extent of damage increases 
with increasing exposure duration. Further studies in 
our lab continue to characterize the response of lung 
to continuous wave sound exposures of short duration 
over a broad frequency range.

Bioeffects of ultrasound contrast agents 

Interactions of underwater sound fields and 
mammalian lung
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Innovations in biomedical ultrasound require the collaborative expertise of basic scientists, 
engineers, physicians, and clinicians. The RCBU provides an ideal forum to stimulate such 
cross-disciplinary research. Below are highlights of new, multidisciplinary research 
collaborations that have been forged by RCBU members.

New Collaborations—New Directions

Wound repair is an essential response to injury that 
requires complex interactions between cells and their 
extracellular matrix. Disruptions in the healing process 
can lead to non-healing, chronic wounds that impair 
the quality of life for millions of people. Funded by 
the NIH, Center members, Diane Dalecki (Biomedical 
Engineering) and Denise Hocking (Pharmacology and 
Physiology), lead a new research program focused on 
ultrasound and soft tissue wound repair. The overall 
goal of the project is to identify key biological and 
physical mechanisms for ultrasound-enhanced soft tis-
sue wound healing in order to develop the use of ultra-
sound for chronic wound therapy. The guiding hypoth-
esis of the work is that mechanical forces associated 
with ultrasound propagation are capable of triggering 
conformational changes to extracellular matrix proteins 
that in turn enhance cell growth and contractility, stim-
ulate cellular migration, promote collagen organization 
and mechanical strength, and increase blood flow to 
tissues. The multi-disciplinary team of engineers, basic 
scientists, and physicians on the project includes Ingrid 
Sarelius, PhD (Pharmacology and Physiology), Sheryl 
Gracewski, PhD (Mechanical Engineering), Sabine 
Brouxhoun, MD (Emergency Medicine), Charles Fran-
cis, MD (Hematology), and Edwin L. Carstensen, PhD 
(Electrical and Computer Engineering).

Through the Susan G. Komen Foundation, Dr. Kaisar 
Alam and Dr. Deborah Rubens (RCBU Associate Direc-
tor) received a grant to develop ultrasound technolo-
gies to detect, monitor, and assist in the treatment of 
breast lesions. The project is a collaborative effort be-
tween the Riverside Research Institute (Dr. Alam) and 
the University of Rochester (Dr. Rubens). Dr. Alam, an 
alumnus of the University of Rochester, received his 
PhD in Electrical and Computer Engineering under the 
supervision of Kevin Parker, PhD.
 Through this 3-year project, the team will develop 
elastography and ultrasound tissue characterization 
techniques to detect and monitor breast lesions. “The 
ultimate objective of this research is to develop a reli-
able, clinically practical method of identifying benign 
breast lesions (that have been previously detected by a 
screening method) using combined ultrasonic imaging 
approaches, thereby providing a dependable alterna-
tive to biopsy for suitable patients. The same methods 
can be used to select, plan, and deliver treatment to 
malignant breast lesions and also to monitor cancerous 
lesions in patients undergoing neoadjuvant chemo-
therapy to shrink the tumor prior to lumpectomy."

Mechanisms for wound healing with
ultrasound

Elastography and tissue characterization 
techniques for breast lesions
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• Real Time Visualization of Shear Wave Propaga-
tion in Soft Materials with Sonoelastography 

 U.S. Patent No. 7,444,875 issued to Zhe Wu and 
Kevin J. Parker on November 4, 2008

• Finite Amplitude Distortion-Based 
 Inhomogeneous Pulse Echo Ultrasonic Imaging
 U.S. Patent No. 7,104,956 issued to 
 Ted Christopher on September 12, 2006
• System for Model-Based Compression of Speckle 

Images
 U.S. Patent No. 5,734,754 issued to 
 Kevin J. Parker on March 31, 1998
• Blue Noise Mask
 U.S. Patent Nos. 5,111,310 (1992); 5,477,305 

(1995); 5,708,518 (1998); 5,543, 941 (1996); and 
5,726,772 (1998) issued to Kevin J. Parker and 
Theophano Mitsa  

• Thin-Film Phantoms and Phantom Systems
 U.S. Patent No. 5,756,875 issued to Daniel B. 

Phillips and Kevin J. Parker on May 26, 1998
• System and Method for 4D Reconstruction and 

Visualization
 U.S. Patent No. 6,169,817 issued to 
 Kevin J. Parker, Saara SM Totterman, and 
 Jose Tamez-Pena on January 2, 2001
• The Acoustic Filter
 U.S. Patent No. 5,334,136 issued to 
 Karl Schwarz, Richard Meltzer, and Charles 

Church on August 2, 1994
• Multiple Function Infant Monitor
 U.S. Patent No. 5,479, 932 issued to Joseph Hig-

gins, E. Carr Everbach, Kevin J. Parker on January 2, 1996
• Apparatus for Bone Surface-Based Registration
 U.S. Patent No. 6,106,464 issued to WA Bass, RL 

Galloway, Jr., CR Maurer, Jr, and RJ Maciunas on 
August 22, 2000

• Sonoelasticity Imaging Estimators
 U.S. Patent No. 5,086,775, issued to Ron Huang, 

Robert Lerner, and Kevin Parker on February 11, 1992
• Butterfly Search Technique
 U.S. Patent No. 5,419, 331 issued to S. Kaisar 

Alam and Kevin J. Parker on May 30, 1995
• Smart Endotracheal Tube
 U.S. Patent No. 5,785,051 issued to Jack Mottley 

and Randy Lipscher on July 29, 1998

INNOVATION
The RCBU is continually advancing novel concepts in ultrasound technology. Recent news, 
and some of the patents that originated at the RCBU are summarized below. For more informa-
tion, contact the University of Rochester Technology Transfer office at (585) 275-3998 or
http://www.urmc.rochester.edu/technology-transfer/.

The University of Rochester is again rated as one of 
the best educational institutions in the nation for pat-
ent licensing revenue, according to the Association 
for University Technology Managers. The AUTM U.S. 
Licensing Activity Survey is an annual report of the 
technology transfer activity of top universities, research 
institutions, and teaching hospitals across the nation. 

In 2007, the UR received over $53 million in royalty 
revenue for its licensed patents, ranking it ninth in the 
nation. For seven years in a row, the UR has ranked in 
the top ten among U.S. universities. The technologi-
cal advances by members of the Rochester Center for 
Biomedical Ultrasound continue to contribute to the 
UR’s success.

The University of Rochester Office of Technology 
Transfer protects the scientific and intellectual ad-
vances developed at the UR, and engages in activities 
to transfer these technologies into the private sector 
where they can benefit society. For more information, 
visit the University of Rochester Technology Transfer 
office at http://www.urmc.rochester.edu/technology-
transfer/.

University of Rochester a Leader in 
Technology Commercialization

U.S. Patents

A new patent on sonoelastographic imaging of soft 
tissue was issued to RCBU members this year. The 
patent, titled Real Time Visualization of Shear Wave 
Propagation in Soft Materials with Sonoelastography 
(U.S. Patent No. 7,444,875), was issued to Zhe Wu 
and Kevin J. Parker on November 4, 2008. In this 
technology, sonoelastography is used to examine the 
elasticity of soft tissue by visualizing the behavior of 
shear waves excited by an external ultrasonic source. 
The technique allows the shear wave propagation to 
be virtually slowed down so that it can be visualized 
using the existing Doppler hardware in modern ultra-
sound systems. The images, called “crawling waves”. 
provide information similar to magnetic resonance 
elastography, with the advantage of ultrasound's real 
time visualization of the vibrating fields.

New Sonoelastography Patent Issued to 
RCBU Members
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was held at Lake Travis, in Austin, Texas, from October 27–30, 2008. Co-organized by RCBU member 
Kevin Parker, the annual conference provides an international forum for the advancement of knowledge 
and methods for the measurement and imaging of elastic properties of tissues with ultrasound.

“The Seventh International Conference comes at a time when there is strong growth and expansion of this 
new field of Elastography, on a number of fronts. There are new clinical applications, new clinical trials, 
and new clinical scanners being produced by manufacturers. These expanding fronts are good portents for 
the future of this field,” said Dr. Parker.

RCBU members Kevin Parker, Marvin Doyley, Zhe Wu, Stephen McAleavey, Ben Castaneda, Manoj 
Menon, and Etana Elegbe attended the conference and presented seven abstracts. The conference itself had 
21 sessions, including: 
• Clinical and Animal Applications – I
• Methods for Imaging Elastic Tissue Properties – I
• Signal and Image Processing 
• Mechanical Properties of Tissues
• Methods for Imaging Elastic Tissue Properties – II
• Mechanical Measurement Techniques for Tissues – I
• Clinical and Animal Applications – II 
• Forward and Inverse Problems – I
• Cardiovascular Elasticity
• Forward and Inverse Problems – II
• Methods for Imaging Elastic Tissue Properties – III 
• Instrumentation

In addition to posters, exhibits, and abstract presentations, two tutorials were presented: The Continuum 
of Elastic Responses, From Compression to MRE by Dr. Kevin Parker from the University of Rochester and 
High Speed Ultrasound Imaging Using Unfocused Transmit Beams and 23 Pixel–Oriented Processing by 
Dr. Ron Daigle representing Verasonics, Inc., in Redmond, Washington.

The Conference is conducted under the joint auspices of the Rochester Center for Biomedical Ultrasound 
and the Ultrasonics Laboratory in the Department of Diagnostic and Interventional Imaging at the Univer-
sity of Texas Health Science Center at Houston. 

Next year’s Conference is planned for the Netherlands and will be hosted by Dr. Chris de Korte (NL) of the 
Radboud University Medical Center. 

TISSUE ELASTICITY CONFERENCE HIGHLIGHTS

Ben Castaneda, Etana Elegbe, and Manoj MenonRCBU members at the 7th International Elasticity 
Conference in Austin, Texas, from left to right: 
Etana Elegbe, Ben Castaneda, Zhe Wu, 
Marvin Doyley, Stephen McAleavey, Kevin Parker, 
and Manoj Menon.

The Seventh International Conference on the Ultrasonic Measurement and Imaging of Tissue Elasticity
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2008 RCBU Seminars
January, 2008
Exploring Applications for Ultrasound  in 
Implanted Cardiac Devices 

Karl Q. Schwarz, MD and Mehmet Aktas, 
MD, Echocardiography Laboratory, 
University of Rochester

March, 2008
What Do We Do? The Biomedical & 
Materials Multimodal Imaging Lab at the 
Rochester Institute of Technology: A Look 
Inside

Maria Helguera, PhD, Carlson Center for 
Imaging Science at the Rochester Institute 
of Technology 

May, 2008
Update on Lithotripsy Practice and Research

Erdal Erturk, MD, Department of Urology, 
University of Rochester  

June, 2008 
Extracting Information from Elastographic 
Images

Benjamin Castaneda, MS, Department of 
Electrical and Computer Engineering,  
University of Rochester

July, 2008
A Panoramic Ultrasonic Internal Imager and 
Related Minimally Invasive CMUT Arrays for 
Medical Imaging and Treatment 

Jingkuang Chen, PhD, Department of 
Electrical and Computer Engineering, 
University of New Mexico, Albuquerque

July, 2008 
Parametric Imaging: The Future of Disease 
Diagnosis

Marvin Doyley, PhD, Department of 
Electrical and Computer Engineering, 
University of Rochester
 

September, 2008
Assessing Hemostasis In Vitro Using 
Ultrasound Radiation Force

William Walker, PhD Department of Elec-
trical and Computer Engineering, 
University of Virginia

Mehmet Aktas, MD (left) and Karl Q. Schwarz, 
MD (right), Echocardiography Laboratory, 
University of Rochester

William Walker, PhD (left) speaking with Edwin 
Carstensen, PhD, (right) after his presentation

RCBU Seminar Attendees
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In 2008, the Uni-
versity of Rochester 
and the RCBU were 
pleased to welcome 
Marvin Doyley, PhD, 
to our community. 
Dr. Doyley joined us 
after six years at Dart-
mouth, where he was 
a Research Assistant 
Professor of Engineer-
ing at the Thayer 
School of Engineer-
ing, and a Research 

Assistant Professor of Radiology at Dartmouth 
Medical School.      
 “The University of Rochester is a good place 
to pursue my research in biomedicine and ul-
trasound, specifically multimodality parametric 
imaging,” says Dr. Doyley.
   Dr. Doyley received his BSc in Applied Phys-
ics at Brunel University in Uxbridge Middlesex, 
UK. He then earned his doctorate in Biophysics 
at the University of London: Institute of Cancer 
Research. He is currently teaching courses on  
medical imaging and communications systems.

RCBU People

The Doyley Lab: 
(Top to bottom)
Sanghamithra Korukonda,
Himanshu Shekhar,
Shayin Jing

Marvin Doyley, PhD

Floyd Dunn, an hon-
orary member of the 
Rochester Center for 
Biomedical Ultrasound 
(RCBU), received the 
William J. and Francis 
J. Fry Award for his 
contributions to the 
general area of biophys-
ics and bioeffects of 
ultrasound, from the 
International Society on 
Therapeutic Ultrasound 
on September 12, 2008 in Minneapolis, MN. An 
award plaque and honorarium were presented. 
Dr. Dunn (Professor Emeritus of the University 
of Illinois) has been an honorary member of the 
RCBU since its inception in 1986.  

María Helguera was nominated for the Eisenhart 
Award for Excellence in Teaching in December 
2008.

Sheryl Gracewski received the University Dean’s 
Award for Meritorious Service in PhD Defenses.

Benjamin Castaneda received an Honorable 
Mention Poster Award at the 2008 SPIE Medical 
Imaging Conference for his presentation titled 
“Measurement of thermally-ablated lesions in 
sonoelastographic images using level sets”. 

RCBU Awards

Benjamin Castaneda, MS

Floyd Dunn, PhD
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EDUCATION
The RCBU provides a rich environment for education and training in biomedical ultrasound. 
Students have access to state-of-the-art research facilities to engage in leading-edge research in 
ultrasound. Students can pursue advanced degrees in various engineering and basic science 
departments. The UR offers graduate-level courses in biomedical ultrasound and closely related 
fields. RCBU laboratories offer exciting opportunities for post-doctoral research in ultrasound 
and collaborations with other areas of biomedical ultrasound imaging and therapy.

Training Completed

• Kenneth Hoyt completed his post-doctoral 
fellowship training in the laboratory of Kevin 
Parker. Ken is now an Assistant Professor in 
the Department of Radiology at the University 
of Alabama at Birmingham.

• Karl G. Baum defended his PhD dissertation ti-
tled “Multimodal Breast Imaging: Registration, 
Visualization and Image Synthesis” in February 
2008. He completed his PhD in Imaging Sci-
ence at the Rochester Institute of Technology 
(RIT) under the supervision of María Helguera. 
Karl is now a postdoctoral fellow in the Bio-
medical and Materials Multimodal Imaging 
Lab at RIT.

• Jarrod Orzulak received his MS degree in 
Electrical and Computer Engineering in May 
2008. His master’s thesis, titled “Shear Wave 
Formation and Tracking for Detection of 
Liver Fibrosis”, was supervised by Stephen 
McAleavey. Jarrod is now working at the MIT 
AgeLab. 

• Benjamin Castaneda accepted a new posi-
tion as faculty of the Department of Electri-
cal Engineering in the Pontificia Universidad 
Catolica del Peru. He will also be appointed 
as the director of the newly created Medical 
Image Research Laboratory. He will lead the 
effort of his University to start a new research 
line in this topic. In addition to his research in 
elasticity imaging, he will focus on developing 
technology for the Peruvian reality. In particu-
lar, he has started a project to develop image 
processing techniques for early detection of 
tuberculosis. His new contact email will be: 
castaneda.b@pucp.edu.pe. Ben will be com-
pleting his PhD in spring 2009.

• Ben Castaneda taught a Medical Imaging 
Workshop at the Pontificia Universidad 
Catolica del Peru in Lima, Peru. Nearly twenty 
students, including sonographers, senior 
undergraduate and graduate students from dif-
ferent universities, attended the class.

Courses and Workshops

Participants of the Medical Imaging course taught 
by Benjamin Castaneda

• Deborah Rubens taught Doppler ultrasound 
hands-on workshops for RSNA, abdominal 
case-based reviews for ARRS, and ultrasound 
imaging courses for the Women’s Imaging 
conference in San Antonio, TX. 

• David Blackstock taught the summer acous-
tics course, ECE 432–Acoustic Waves, at the 
University of Rochester.

• Stephen McAleavey presented an overview 
of Ultrasound Imaging and Biomedical Ap-
plications to about 30 patent examiners in 
Washington, D.C. at the U.S. Patent Office. 
The seminar was run under the auspices of 
SPIE.
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EDUCATION

A new Ultrasound Teaching Laboratory is be-
ing developed by Center Members Stephen 
McAleavey and Diane Dalecki. The teaching 
lab is housed in the new state-of-the-art Robert 
B. Goergen Hall for Biomedical Engineering and 
Optics.  
 The Ultrasound Teaching Lab provides oppor-
tunities for student training in experimental tech-
niques related to biomedical ultrasound. Facili-
ties include equipment for the measurement and 
calibration of acoustic fields, several diagnostic 
imaging devices, and apparatus for characterizing 
the acoustic properties of materials. The teaching 
laboratory is closely associated with the courses 
BME 251/451–Biomedical Ultrasound and BME 
453–Advanced Biomedical Ultrasound Imaging.
 The Robert B. Goergen Hall provides state-of-
the-art research and teaching facilities designed to 
stimulate cross-disciplinary learning and scientific 
discovery. The Biomedical Engineerng depart-
ment, the administrative office of the RCBU, and 
research laboratories of several RCBU members 
are now located in Goergen Hall.

New Ultrasound Teaching Laboratory

New Ultrasound Journal Club
A new Ultrasound Journal Club began this year 
and was organized by BME graduate student, 
Manoj Menon. The bi-weekly Ultrasound Journal 
Club is attended by an interdisciplinary group 
of students and faculty interested in biomedical 
applications of ultrasound. Topics of discussion 
rotate weekly, thus providing students with a 
broad exposure to the field of ultrasound, and 
experience reading and critiquing scientific litera-
ture related to biomedical ultrasound.

Kelley Garvin (left), BME graduate student. instructing 
students in acoustic field calibration in the Ultrasound 
Teaching Lab.

BME graduate student Carlos Sevilla (left) instructing 
students in the Ultrasound Teaching Lab for the course 
BME 251–Biomedical Ultrasound.
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Biomedical Ultrasound (BME 451)
  Presents the physical basis for the use of high-fre-

quency sound in medicine. Topics include acoustic 
properties of tissue, sound propagation (both linear 
and nonlinear) in tissues, interaction of ultrasound 
with gas bodies (acoustic cavitation and contrast 
agents), thermal and non-thermal biological effects, 
ultrasonography, dosimetry, hyperthermia, and litho-
tripsy. 

Advanced Biomedical Ultrasound (BME 453)
 Investigates the imaging techniques applied in state-

of-the-art ultrasound imaging and their theoretical 
bases. Topics include linear acoustic systems, spatial 
impulse responses, the k-space formulation, meth-
ods of acoustic field calculation, dynamic focusing 
and apodization, scattering, the statistics of acoustic 
speckle, speckle correlation, compounding tech-
niques, phase aberration correction, velocity estima-
tion, and flow imaging. 

Medical Imaging-Theory and Implementation (ECE 452)
  Provides an introduction to the principles of X-ray, 

CT, PET, MRI, and ultrasound imaging. The empha-
sis is on providing linear models of each modality, 
which allows linear systems and Fourier transform 
techniques to be applied to analysis problems.

Fundamentals of Acoustical Waves (ECE 432)
 Introduces acoustical waves. Topics include acous-

tic wave equation; plane, spherical, and cylindrical 
wave propagation; reflection and transmission at 
boundaries; normal modes; absorption and disper-
sion; radiation from points, spheres, cylinders, pis-
tons, and arrays; diffraction; and nonlinear acoustics.

MR Imaging: From Spins to Brains (BME 513)
 Introduces the physics of magnetic resonance (MR) 

imaging and reviews its application to medical imag-
ing. Provides a comprehensive background of the 
MR imaging technique and its application to medi-
cal or research issues. Discusses how the MR tech-
nique takes advantage of physiological principles 
and tissue structure to provide diagnostic images 
for clinicians and researchers. Introduces functional 
brain imaging and related issues in data analysis. 

Biosolid Mechanics (BME 483)
 This course examines the application of engineering 

mechanics to biological tissues, including bone, soft 
tissue, cell membranes, and muscle. Other topics 
include realistic modeling of biological structures, 
including musculoskeletal joints and tissues, inves-
tigations of the responses of biological tissues to 
mechanical factors, and experimental methods and 
material models.

Elasticity (ME449)
 Presents an analysis of stress and strain, equilib-

rium, compatibility, elastic stress-strain relations, 
and material symmetries.  Additional topics in-
clude torsion and bending of bars, plane stress and 
plane strain, stress functions, applications to half-
plane and half-space problems, wedges, notches, 
and 3D problems via potentials.

Nonlinear Finite Element Analysis (BME 487)
 Examines the theory and application of nonlin-

ear finite element analysis in solid and biosolid 
mechanics. Topics include generalization of FE 
concepts, review of solid mechanics, nonlinear 
incremental analysis, displacement-based FE for-
mulation for large displacements and large strains, 
nonlinear constitutive relations, incompressibility 
and contact conditions, rubber-like materials, bio-
mechanical materials, and solution methods.

Biomedical Optics (BME 492)
 Introduces the major diagnostic methods in 
 biomedical optics. The course emphasizes 
 spectroscopy (absorption, fluorescence, Raman, 

elastic scattering), photon migration techniques 
(steady-state and time-resolved), and high-resolu-
tion subsurface imaging (confocal, multi-photon, 
optical coherence tomography). Essential methods 
of multivariate data analysis are taught in the con-
text of spectroscopy. 

Physiological Control Systems (BME 428)
 Focuses on the application of control theory to 

physiological systems. Presents modern control 
theory in the context of physiological systems that 
use feedback mechanisms. Begins with an over-
view of linear systems analysis, including Laplace 
transforms and transfer functions. Discusses the re-
sponse dynamics of open- and closed-loop systems 
such as the regulation of cardiac output and level 
of glucose, stability analysis, and identification of 
physiological control systems.(66)

Introduction to analytical modeling and compu-
tational simulations of systems. Examples will 
include cardiovascular, respiratory, muscle, neural 
and population models. Analytical models for 
several physiological systems will be studied, and 
simulations will be written in Matlab.

All courses are not offered each semester. See the 
University of Rochester Undergraduate and Graduate 
Bulletins for more information.

EDUCATION
Biomedical Ultrasound (BME 251/451)

Advanced Biomedical Ultrasound (BME 453)

Medical Imaging–Theory and Implementation (ECE 452)

Fundamentals of Acoustical Waves (ECE 432)

MR Imaging: From Spins to Brains (BME 513)

Biosolid Mechanics (BME 483)

Elasticity (ME449)

Nonlinear Finite Element Analysis (BME 487)

Biomedical Optics (BME 492)

Physiological Control Systems (BME 428)

Models and Simulations of Biomedical Systems 
(BME 267/467)
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2008 PUBLICATIONS

Astheimer JP, Waag RC. Born iterative reconstruction us-
ing perturbed-phase field estimates. J. Acoust. Soc. Am. 
124:2353-63; 2008.

Baum K, Helguera M, Schmidt E, Rafferty K, Krol A. Evalua-
tion of genetic algorithm-generated multivariate color tables 
for the visualization of multimodal medical fused data sets. 
Nuclear Science Symposium Record, IEEE, p. 4350-4360; 
2008.

Baum K, Helguera M, Krol A. Fusion viewer: A new tool for 
fusion and visualization of multimodal medical data sets. 
Journal of Digital Imaging, 21, Suppl. 1, S59-S68; 2008.

Bhatt S, Dogra VS. Role of ultrasound in testicular and scro-
tal trauma. Radiographics, 28:1617-1629; 2008.

Carstensen EL, Parker KJ, Lerner RM. Elastography in 
the management of liver disease. Ultrasound Med. Biol., 
34:1535-1546; 2008.

Cassar S, Bhatt S, Paltiel HJ, Dogra VS. Role of spectral 
Doppler sonography in the evaluation of partial testicular 
torsion. J. Ultrasound Med. 27:1629-38; 2008.

Castaneda B, Tamez-Pena G, Zhang M, Hoyt K, Bylund K, 
Christensen J, Saad W, Strang J, Rubens DJ, Parker KJ. Mea-
surement of thermally-ablated lesions in sonoelastographic 
images using level set methods. Proceedings of SPIE, 
v. 6920, Medical Imaging 2008: Ultrasonic Imaging and 
Signal Processing, pp. 692018-1 – 692018-8.

Church CC, Carstensen EL, Nyborg WN, Carson PL, Frizzell 
LA, Bailey MR. Risk of exposure to diagnostic ultrasound in 
postnatal subjects: Nonthermal mechanisms. J. Ultrasound 
Med. 27:565-592; 2008.

Diaz K, Castaneda B. Semi-automated segmentation of 
the prostate gland boundary in ultrasound images using a 
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Medical Imaging 2008: Image Processing, pp. 69144A-1 – 
69144A-8.
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PA, Joseph JV, Strang J, Rubens DJ, Parker KJ. Tissue elas-
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Biomarkers 4:213-25; 2008.

Hoyt K, Kneezel T, Castaneda B, Parker KJ. Quantitative so-
noelastography for the in vivo assessment of skeletal muscle 
viscoelasticity. Phys. Med. Biol. 53: 4063-4080; 2008.

Hoyt K, Castaneda B, Parker KJ. Two-dimensional sono-
elastographic shear velocity imaging. Ultrasound Med. Biol. 
34:276-288; 2008.

Lancianese, SL, Kwok, E, Beck, CJ, Lerner, AL. Predicting 
regional variations in trabecular bone mechanical properties 
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43: 1039-1046; 2008.

Lin EP, Bhatt S, Dogra VS. Diagnostic clues to ectopic preg-
nancy. Radiographics, 28:1661-1671; 2008.

Marshall J, Lin EP, Bhatt S, Dogra VS. Inflammatory pseudo-
tumor of the kidney. J. Ultrasound Med. 27:803-807; 2008.

Miao H, Gracewski SM, Dalecki D. Ultrasonic excitation of 
a bubble inside a deformable tube: Implications for ultrason-
ically induced hemorrhage. J. Acoust. Soc. Am. 124:2374-
84; 2008.
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ultrasound: Mechanical effects. J. Ultrasound Med. 27:597-
605; 2008.
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SPIE, v. 6917, Medical Imaging 2008: Image Perception, 
Observer Performance, and Technology Assessment, pp. 
691718-1 – 691718-9.
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nowitz R, Mevorach R. Third trimester ultrasound of fetal 
pyelectasis: Predictor for postnatal surgery. J. Pediatr. Urol. 
4, 51-4; 2008.
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of sonographic birth-weight prediction in obese patients 
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Obstet. Gynecol. 32:66-70; 2008.

Wang H, Weaver JB, Doyley MM, Kennedy FE, Paulsen KD. 
Optimized motion estimation for MRE data with reduced 
motion encodes. Phys. Med. Biol. 53:2181-96; 2008.

Walvoord D, Easton R, Baum KG, Krol A, Helguera M. 
Localization of fiducial skin markers in MR images using 
correlation pattern recognition for PET/MRI nonrigid breast 
image registration. Applied Imagery Pattern Recognition 
AIPR; 2008, in press.

Yao J, Lancianese SL, Hovinga KR, Lee J, Lerner AL.  MR im-
age analysis of meniscal translation and tibio-menisco-fem-
oral contact in deep knee flexion. J. Orthopaedic Research, 
(PMID 18183628); 2008.

Zhang M, Castaneda B, Christensen J, Saad WE, Bylund K, 
Hoyt K, Strang JG, Rubens DJ, Parker KJ. Real-time sono-
elastography of hepatic thermal lesions in a swine model. 
Med Phys. 35, 4132-41; 2008.

Zhang M, Nigwekar P, Castaneda B, Hoyt K, Joseph J, di 
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Quantitative characterization of viscoelastic properties of 
human prostate correlated with histology. Ultrasound Med. 
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2008 PRESENTATIONS
Baum K, MacNamara K, Helguera M. Design of a multiple 
component geometric breast phantom. Medical Imaging, 
Proceedings of SPIE, 6913, 69134H-1-12, 2008.

Bhatt S, Klekers A, Simon R, Dogra V. Sonographic spec-
trum of splenic lesions. Presented at the AIUM Annual 
Convention in San Diego. March 2008.

Canosa RL, Baum KG. Modeling decision-making in single- 
and multi-modal medical images. Medical Imaging, Pro-
ceedings of SPIE. 2008.

Castaneda B, Hoyt K, Kneezel T, Wu S, Strang J, Rubens 
DJ, Parker KJ. Study of the viscoelastic properties of normal 
prostate tissue using crawling waves: Preliminary results. 
Seventh International Conference on the Ultrasonic Mea-
surement and Imaging of Tissue Elasticity, Austin, TX, 2008.

Castaneda B, Wu S, Hoyt K, Strang J, Rubens DJ, Parker KJ. 
Calibration of the vibration amplitude measure by a sono-
elastographic system. Seventh International Conference on 
the Ultrasonic Measurement and Imaging of Tissue Elastic-
ity, Austin, TX, 2008.
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Strang J, Rubens DJ, Parker KJ. Application of non–rigid 
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2008 saw the redesign of the RCBU web site at a new address: www.urmc.rochester.edu/rcbu. The updated 
web presence went live in October and highlights the key elements of RCBU’s mission: Research, 
Innovation, and Education. Features include:

A• n introduction to the RCBU
The latest RCBU news and a news archive• 
RCBU people, including directories of RCBU faculty, staff members, and students• 
A Directors' page• 
Current research• 
Lists and links to recent publications by RCBU members• 
RCBU innovation news, including patents• 
RCBU annual reports• 
RCBU seminars, including information about upcoming seminars and an archive of past seminars• 
Information and links to the Tissue Elasticity Conference• 
RCBU education page, with information about related courses, students, and recent graduates• 

“We wanted the website to have a similar look and navigation system as that of the entire University,” said 
Maria Randazzo, Public Relations Assistant for RCBU. “However, we also wanted features that make it 
uniquely RCBU, representative of the expertise and resources of the entire RCBU.”

RCBU would like to thank Owen Zacharias, RCBU webmaster, who created the web site and continues to 
help keep it current.

Introducing the Rochester Center for Biomedical Ultrasound’s Redesigned Web Site

New RCBU Web Site

Visit: www.urmc.rochester.edu/rcbu
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