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S E C T I O NI N T R O D U C T I O N

MESSAGE 
FROM THE 
DIRECTOR

JILL HIGGINSON

At the Center for Biomedical 
Engineering Research (CBER) we are 
celebrating another successful and 
productive year! 

 I am delighted to welcome new faculty members to CBER and take this 

opportunity to highlight the depth and diversity of ongoing research 

projects and recognize those individuals who have received awards for their 

research efforts. This year we have seen some exciting developments across 

campus including the launching of the Delaware Rehabilitation Institute (see 

p. 22) and admission of the inaugural freshman class to the undergraduate 

program in Biomedical Engineering (see p. 21). We continue to conduct 

cutting-edge research at nano, micro and macro scales for the understanding 

and treatment of stroke, osteoarthritis, osteoporosis, osteogenesis 

imperfecta, cerebral palsy, and other disease processes. Thank you for your 

interest in the Center for Biomedical Engineering Research. I invite you to 

explore our webpages (www.cber.udel.edu), attend the annual research 

symposium, visit one of our labs, or contact our faculty about research 

opportunities. Please contact me or any of our affiliated faculty to discuss 

academic options or collaborative research ideas.

Enjoy!

Jill Higginson, PhD

In this issue...

• Content Direction: Jill Higginson, Elaine Nelson
• Graphic Design: Sarah Rosenthal, Carrie Qualls
• Photography: Ambre Alexender, Kathy Atkinson,  

Doug Baker, Jon Cox, Tyler Jacobson, Evan Krape,  
Kevin Quinlan

• Printing: University Printing

 4 Research

 18 News

23  Degree Programs

 32 Faculty

 36 Recent Publications

Mission Statement

The Center for Biomedical 

Engineering Research, CBER, 

is an interdisciplinary center 

whose mission is to provide 

engineering science and clinical 

technology to reduce the impact 

of disease on the everyday life 

of individuals. It was created to 

provide an appropriate forum 

and infrastructure to promote 

the interaction of biomedical 

researchers from the university and 

the medical community. As such, 

CBER serves as a research umbrella 

under which investigators from a 

variety of fields can work together.

www.cber.udel.edu
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Babies driving robots at UD

What happens when a toddler or preschooler who 

is immobile due to physical disabilities suddenly 

gains mobility through the use of a robot-assisted 

power chair? Will other children and adults 

treat him differently now that he is mobile? Will 

he become more assertive? More vocal? More 

interactive?

Thanks to the unique research environment provided 
by the University of Delaware’s Early Learning 
Center (ELC), Cole Galloway and Christina Ragonesi 
hope to soon have solid data to help answer that 
question. Galloway is an associate professor in UD’s 
Department of Physical Therapy, and Ragonesi is a 
graduate student working on a Ph.D. through UD’s 
multidisciplinary Biomechanics and Movement 
Science (BIOMS) program. She will soon begin work on 
a doctor of physical therapy degree as well.

For the past several years, Galloway has been 
collaborating with Sunil Agrawal, professor in the 
Department of Mechanical Engineering, and his 
graduate student, Xi Chen, on research funded by 
the National Science Foundation and the National 
Institutes of Health aimed at providing early power 
mobility to young children with special needs. The 
team is developing a miniature power chair, armed 
with a robotic brain and affectionately known as  

“UD2,” that keeps kids safe and empowers them to 
explore the world while also providing valuable data 
to the researchers.

Under Galloway’s direction, Ragonesi has been 
training three-year-old Will in the operation of a power 
chair. To date, his use of the chair has been limited to 
open spaces, like the ELC gym, that are large enough 
to accommodate a standard pediatric power chair. 
In the classroom, Will is still consigned to sitting and 
watching while the flurry of preschool activity goes on 
around him. 

Now, because UD2 is small enough to fit in the 
classroom, Will is being given the opportunity to share 
more deeply in the experiences of a typical preschooler 
through all-day immersion with his peers and teachers. 

To test the effect of the power chair, Ragonesi is 
measuring Will’s speech, social interactions, and 
participation in activities both before and after he 
uses UD2 in the classroom. Galloway believes that this 
model of “mobility immersion,” in which a child uses a 
power mobility device in class throughout the day, is 
the first of its kind.

“What’s critical here,” Galloway says, “is early mobility 
immersion. When a child has unlimited access to 
mobility for long periods of time each day across all the 
settings of daily life, we believe that the mobility device 
has a better chance of becoming ‘embodied,’ or viewed 
by the child as an integral part of himself. Without 
embodiment, the device is just a tool that gets the child 
from one place to another but may not significantly 
change the quality or quantity of his interactions.”

In the classroom, Will typically moves from one activity 
to another only when a teacher physically picks him 
up and moves him. UD2 enables him to independently 
decide when, where, and with whom he wants to go. 
Galloway and Ragonesi are especially interested in 
seeing how long it takes Will, who has driven a power 
chair for many months in the ELC halls and on the 
playground, to independently use UD2 for mobility 
and socialization within a new context -- the bustling 
metropolis that is a preschool classroom.

Galloway is grateful for the environment provided by 
the ELC, which is not only enabling him and Ragonesi 
to carry out the study but actually welcoming their 
work and all of its potential implications. He credits 
the ELC administration, teachers, therapists, and Will’s 
family for their commitment to breaking new ground.

The results of the research team’s work to date have 
shown that very young children, even those with 
cognitive disabilities, can learn to drive and that the 
mobility conferred by robot-assisted devices has a 
positive impact on their development. And Galloway is 
confident that the current project will provide further 
evidence of the benefits of early mobility.

His biggest concern is how to provide that mobility 
in the future to all of the children who could benefit 
from it. “We don’t have a commercial source of robot-
assisted power chairs,” he says, “and there’s nothing 
worse than offering this resource to a child during a 
research project and knowing that we can’t sustain it 
with a commercially available device.”

David Weir, director of UD’s Office of Economic 
Innovation and Partnerships, is working to address 
Galloway’s concerns. “The research program that Cole 
and his colleagues have undertaken is an important 
component of the campus-wide initiative to build a 
world-class rehabilitation capability,” he says. 

According to Weir, a study has been initiated to 
determine the economic potential for devices of this 
type, including identifying commercial enterprises 
engaged in the rehabilitation marketplace. A workable 
prototype unit with initial cost estimate is ready for 
first-level patient testing, and discussions have begun 
with potential business partners for advanced testing 
and eventual commercialization of the robot.

View complete articles online: 
www.udel.edu/udaily/2010/aug/mobility080309.html 
www.udel.edu/PR/UDaily/2008/nov/robot110907.html

(NSF 745833 & NIH R21HD058937, PI: Cole Galloway & 
Sunil Agrawal)
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FRAP imaging of loaded bone 
Dr. Liyun Wang’s group aims to understand how mechanical 
forces influence solute and fluid transport in bone. The 
knowledge helps our understanding of normal bone 
adaptation and designing of effective physical and 
pharmaceutical intervention for bone loss. The research 
team integrated controlled mechanical testing with real time 
bioimaging (Fig. 1) to quantitatively study solute and fluid 
convection in microchannels around bone cells (Fig. 2). Their 
study represents a major advance in the bone fluid flow field: 
it provides the first direct evidence that mechanical loading 
induces fluid and solute convection in bone, a phenomenon 
predicted by Piekarski and Munro 30 years ago. They also 
applied mathematical modeling and numerical simulation 
to derive the peak flow velocity (~60 micron/sec for a 400 
microstrain intermittent loading at 0.5 Hz). This study is very 
well received in the community: Chris Price won the 1st place 
award of New Investigator Recognition Award from both ORS 
and Chinese Hard Tissue Society in March 2010. Their paper is 
currently in press in Journal of Bone and Mineral Research  
(http://onlinelibrary.wiley.com/doi/10.1002/jbmr.211/pdf).

(NIH 1R01AR054385, PI: Liyun Wang)

Fig. 2. FRAP tests in loaded and non-loaded bone

UD awarded $11 million for 
osteoarthritis research and 
unique mentoring program for 
women scientists

Scientists and engineers at the University of Delaware 

continue to demonstrate advances in osteoarthritis 

research courtesy of an $11 million award from 

the National Institutes of Health for leading-edge, 

“translational” research that includes a unique 

mentoring program to foster the development of 

women biomedical researchers at UD. The program has 

combined the efforts of 18 faculty from across campus, 

including representatives from the departments of 

biological sciences, physical therapy, mechanical and 

electrical engineering, materials science, and health, 

nutrition and exercise sciences. Researchers from Alfred 

I. duPont Hospital for Children and the Kessler Medical 

Rehabilitation Research and Education Corporation also 

serve as collaborators.

This grant enables UD to continue building the infrastructure 
and expertise to address the mechanisms of osteoarthritis, its 
prevention and treatment by examining the disease from the 
integrated perspectives of tissue mechanics, biomechanics, 
physical therapy and clinical intervention. The grant’s chief 
components are to create a core facility for mentoring 
women in science and engineering, to establish a new 
lab focusing on cytomechanics, or cell mechanics, and to 
advance a set of integrated research projects in osteoarthritis.

Adapted from UDaily:  
www.udel.edu/PR/UDaily/2007/jun/nih061507.html 
(NIH P20-RR16458, PI: Tom Buchanan)

X-ray of total knee replacement (lateral view). 

Fig. 1. Integrated loading/imaging system
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Detection of early molecular 
events in OA progression
Dr. Kirn-Safran, research assistant professor in the 
department of Biological Sciences, is best known for her work 
on the study of the terminal differentiation of progenitor cells 
into cells producing an organized mineralized extracellular 
matrix (ECM) during murine embryonic development. This 
area of research includes the study of the mechanisms of 
cartilage (chondrogenesis), bone (osteogenesis), and tooth 
(odontogenesis) development.

Through the COBRE mechanism, Dr. Kirn-Safran’s group 
is working on understanding the early molecular events 
occurring during progression of osteoarthtritis and 
identifying novel strategies to slow disease progression. 
One approach consists of using heparan sulfate-bearing 
biomaterials coupled to hyaluronan microgels for prolonged 
delivery of chondrogenic factors. This work is conducted 
in collaboration with Dr. Xinqiao Jia (Dept. of Materials 
Science and Engineering). The therapeutic potential of these 
complexes is tested in vitro on cartilage stem cell cultures 
and in a mouse model of early osteoarthritis using an intra-
articular injection approach. Discovery of novel methods for 
activating stem cells in damaged cartilage will benefit a wide 
range of patients affected with chondral lesions. 

In addition, Kirn-Safran uses a transgenic mouse model 
that alters normal expression of perlecan, an essential 
molecule for cartilage/bone development and joint integrity. 
Ongoing research focuses on establishing how altered 
ECM production/secretion influences bone properties in a 
perlecan mouse model. She is currently collaborating with Dr. 
Liyun Wang (Department of Mechanical Engineering), who is 
a specialist in bone mechanics and studies genetic influences 
on cellular mechanotransduction in bone.

Other genetic and experimental mouse models developing 
chondral defects are studied to understand the molecular 
mechanisms regulating joint dysplasia syndromes and bone/
cartilage repair. Specifically, the consequences of genetic or 
experimentally-induced knee instability (ligament resection 
or meniscectomy) in mice is examined using both histological 
and biochemical approaches (immunohistology and systemic 
biomarker detection). The relevance of morphological and 
biochemical changes in animals will be investigated in 
patients susceptible to develop post-traumatic osteoarthritis 
in collaboration with Drs. Katherine Rudolph (Physical 
Therapy) and Christopher Modlesky (Kinesiology &  
Applied Physiology).

(NIH P20-RR16458, Project PI: Catherine Kirn-Safran)

Steiner and Stanhope lead 
Delaware INBRE biomedical 
research program

The Delaware IDeA Network of Biomedical Research 

Excellence (INBRE), a statewide, multi-institutional 

program funded by the National Institutes of Health, 

National Center for Research Resources (NIH-NCRR), 

and administered by the University of Delaware, has 

transitioned to a new leadership team. 

Karl Steiner, senior associate provost for research 
development and professor of electrical and computer 
engineering, has been appointed principal investigator  
of Delaware INBRE, and Steven Stanhope, professor in the 
Department of Kinesiology and Applied Physiology, will  
serve as program coordinator and chair of the INBRE  
research committee.

The program’s primary goals are to support early-career 
faculty in mentored biomedical research; strengthen 
Delaware’s biomedical research infrastructure; integrate 
undergraduate institutions and their students in the research 
process; and enhance biomedical workforce development 
throughout the state.

In addition to supporting bioinformatics initiatives, core 
instrumentation centers, and undergraduate research 
opportunities, the Delaware INBRE provides pilot grant 
support for research projects in three focus areas: cancer, 
cardiovascular science, and the neurosciences.

For more information, visit the Delaware INBRE 
www.dbi.udel.edu/inbre.html and 
Delaware Health Sciences Alliance  
www.delawarehsa.org/ websites.

Adapted from UDaily:  
www.udel.edu/udaily/2010/jun/inbre062510.html
(NIH P20RR016472ZS4, PI: David Weir)

Zoledronate arrested the 
progression of osteoarthritis 
Dr. Liyun Wang’s group is investigating how altered joint 
loading occurred during joint injuries induces the initiation 
and progression of osteoarthritis (OA) and the options of 
possible treatments. They tested the efficacy of zoledronate, 
a potent inhibitor of bone remodeling, in treating post-
trauma OA in experimental animals. The medial meniscus 
in the mouse knee joints were destabilized surgically (DMM 
model), followed by three-month biweekly injection of 
zoledronate. Without treatment, mice developed mild OA 
three-month after surgery. This progress was significantly 
suppressed in treated mice, suggesting that zoledronate 
and similar drugs can be used to delay the OA progression 
after joint trauma. Material properties of the joints are 
currently examined using high-resolution microCT scanning 
and electron microscopy. The treatment regimen (dosage, 
frequency, and delay) will be varied and optimized in  
future studies.

(NIH P20-RR16458, Project PI: Liyun Wang) 
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Most patients 
gain weight 
after getting a 
new knee, UD 
study finds 

You’d think folks who’ve 

had knee replacement surgery -- finally able to walk and 

exercise without pain -- would lose weight instead of put 

on pounds, but surprisingly that’s not the case, according 

to a University of Delaware study.

Researchers Joseph Zeni and Lynn Snyder-Mackler in the 
Department of Physical Therapy in UD’s College of Health 
Sciences found that patients typically drop weight in the first 
few weeks after total knee arthroplasty (TKA), but then the 
number on the scale starts creeping upward, with an average 
weight gain of 14 pounds in two years.

The study, which was sponsored by the National Institutes 
of Health, is reported in the Jan. 15 online edition of 
Osteoarthritis and Cartilage, the official journal of the 
Osteoarthritis Research Society International.

The research involved 106 individuals with end-stage 
osteoarthritis who had knee replacement surgery, and an 
age-matched, healthy control group of 31 subjects who did 
not have surgery. Height, weight, quadriceps strength, and 
self-perceived functional ability were measured during an 
initial visit to UD’s Physical Therapy Clinic, and at a follow-up 
visit two years later.

“We saw a significant increase in body mass index (BMI) over 
two years for the surgical group, but not the control group,” 
says Zeni, a research assistant professor at UD. “Sixty-six 
percent of the people in the surgical group gained weight 
over the two years -- the average weight gain was 14 pounds.”

Those who had the knee replacement surgery started out 
heavier and ended heavier than the control group. The 

weaker the surgery patients were, as measured by the 
strength of the quadriceps, the more weight they gained, 
Zeni notes.

“These findings are making us re-think the component after 
total knee surgery and of patients not being in a routine of 
moving around,” says Snyder-Mackler, Alumni Distinguished 
Professor of Physical Therapy at UD.

She notes that it’s critical that people not wait too long to 
have a knee replaced because their functional level going 
into surgery typically dictates their functional level after 
surgery.

Gaining weight after one knee replacement is worrisome 
because it could jeopardize the patient’s other knee. Between 
35-50 percent will have surgery on the other side within 10 
years, Snyder-Mackler says.

The researchers note that weight gain after a knee 
replacement needs to be treated as a separate concern and 
integrated into post-operative care through a combination of 
approaches, including nutritional counseling to help patients 
with portion control, and more emphasis on retraining 
patients with new knees to walk normally.

“For physical therapists and surgeons, the common thinking is 
that after a patient’s knee has been replaced, that patient will 
be more active,” says Snyder-Mackler. “But the practices and 
habits these patients developed to get around in the years 
prior to surgery are hard to break, and often they don’t take 
advantage of the functional gain once they get a new knee,” 
she notes.

“We need to re-train patients with new knees to walk 
more normally and more systematically. And we need to 
encourage more community participation,” Snyder-Mackler 
adds. “If you’re not getting out of the house, you won’t gain 
the benefit. We need people with new knees to get out 
there -- with the help of their family, their friends, and the 
community at large.”

Article by Tracey Bryant:  
www.udel.edu/udaily/2010/jan/knee012910.html

Assessing the effect of cartilage 
damage on joint lubrication 
Healthy cartilage (and meniscus) provides extremely low 
friction coefficients and wear-free sliding over decades of 
continuous use.  Although the mechanisms of load support 
and lubrication remain current topics of scientific debate, it 
has been established that the unique biphasic structure of the 
material is a prerequisite for both. Osteoarthritis (OA), a disease 
associated with the onset and progressive degradation of 
cartilage, is the leading cause of severe disability in the United 
States.  While the causes of OA remain unclear, two important 
risk factors are obesity and age; these risk factors suggest 
that mechanical stresses and damage accumulation have 
primary roles in its initiation and progression.  The literature 
has clearly shown that: 1) cartilage structure is responsible 
for joint lubrication; 2) joint lubrication reduces the stresses 
associated with locomotion; 3) elevated stresses can initiate 
damage.  Researchers in the tribology lab directed by David 
Burris, Assistant Professor in Mechanical Engineering, perform 
in-situ studies of cartilage microtribology. They hypothesize 
that structure, lubrication and stress are coupled in the joint.  
While insignificant damage likely occurs regularly throughout 
the life of a joint, severe mechanical events and injury can 
induce irrecoverable structural damage.  Such damage may 
impede lubrication locally, increase stress and contribute to 
additional damage of the surrounding healthy tissue. The 
specific aims of this work are to measure and model the 
microscale load bearing properties of healthy and damaged, 
cartilage and meniscus, and develop a model describing 
the mechanical response of the joint. Experiments will be 
conducted to mechanically induce damage and study the 
propagation of local damage under sliding contacts. Ultimately 
this information will be used to evaluate treatments to promote 
lubrication and arrest the progression of OA.

(NIH P20-RR16458, Project PI: David Burris)

David Burris,  
Assistant Professor in 
Mechanical Engineering
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Innovations in  
assistive 
technology
Dr. Kurt Manal, a research 
assistant professor in the 
department of mechanical 
engineering has developed a portable and intuitive 
method for controlling a computer and other electronic 
systems for those with upper limb impairment. The 

”Mouth Mouse” has a number of force sensitive sensors 
embedded in a dental retainer which allows one 
to control a computer by sliding the tongue along 
the roof of the mouth. The sensors detect the force 
applied by the user’s tongue, and based on these forces 
custom software moves the cursor on the computer 
screen. The four sensors are arranged in a diamond 
pattern (north, east, south, & west) and by depressing 
2 sensors simultaneously one can move the cursor 
diagonally. Two additional switches under the right and 
left top pre-molars simulate the right and left mouse 
buttons providing complete access to Windows drag 
and drop, and cut and paste functionality. A working 
prototype of the mouth mouse allows one to type with 
an on-screen keyboard and extensive environmental 
control (TV, lights, thermostat, etc) when used in 
conjunction with home 
automation software such as 
X-10. The ”Mouth Mouse has 
received a notice of allowance 
for patent application and is 
available for licensing through 
the University of Delaware’s 
Intellectual Property & 
Technology Transfer Office.

Overall, this work can benefit the research community engaged 
in the risk assessment of toxicological inhaled aerosols, as well 
as the pharmaceutical industry, by providing improved insight 
and understanding of flow patterns and particle transport in 
the acini. Specifically, our results can contribute to the design of 
pharmaceutical aerosols with the optimal characteristics, and the 
associated pulmonary drug delivery protocols.

(This research was supported by Philip Morris USA Inc. and Philip 
Morris International, PI: Ajay Prasad)

R E S E A R C H

Fluid flow and particle 
dispersion in lung acini
Breathing, defined as the exchange of gases between an 
organism and the environment, is an essential process for 
life. Deposition of hazardous ambient aerosols in the lung 
can reduce the elasticity of lung tissue and compromise 
its capacity for gas exchange. From a drug delivery 
viewpoint, the lungs can be utilized to administer inhaled 
pharmaceutical aerosols to the body for local and systemic 
therapies. The current work addresses both perspectives 
by focusing on particle transport and deposition within the 
lung acini and involves a collaboration between Sudhaker 
Chhabra (Research Engineer, Flow Visualization and Laser 
Anemometry, Heat Transfer research, Inc.) and Ajay Prasad 
(Professor, Department of Mechanical Engineering, University 
of Delaware).

The acinar region of lung consists of flexible airways 
and about 300 million alveoli. Although gas transport is 
governed primarily by diffusion due to the small length 
scales associated with the acinar region (~ 500 µm), the 
transport and deposition of inhaled aerosols is influenced 
by convective airflow patterns. We have created an in-vitro 
model of the alveolus and applied particle image velocimetry 
(PIV) to measure alveolar fluid flow and mixing. Velocity 
data are then used as input to a computation tool which 
integrates particle trajectories over multiple breathing 
cycles to predict aerosol transport and deposition. We 
have examined purely convective particle transport using 
massless particles, and the combined influence of gravity and 
convection using micron-sized particles. 

Our model comprises a 5/6th spherical cap, similar to an 
actual alveolus (Figure 1). Furthermore, our model has been 
created out of highly elastic latex film, and mimics the actual 
alveolus by expanding and contracting rhythmically within 
the breathing cycle. The model accurately represents the 
alveolar geometry by matching several key physiological 
parameters. In addition, dynamic similarity was achieved 

by matching model’s Reynolds and Womersley numbers to 
human alveoli. The expansion and contraction of the alveolus 
creates complex flow patterns within the alveolar cavity, and 
leads to complex particle transport and deposition patterns 
as well (Figure 2).

For synchronous ventilation, our results shows that the 
alveolar wall motion enhances mixing between the 
bronchiole and alveolar fluid, and increases particle transport 
and deposition on the alveolar wall for all particle sizes. 
We found that particles smaller than 0.25 µm follow the 
fluid streamlines quite closely, whereas midsize particles (1 
µm) deviate to some extent from streamlines and exhibit 
complex trajectories. The motion of large particles (> 3 µm) 
is dominated by gravitational settling and shows little effect 
of fluid advection. For asynchronous ventilation, our results 
show that fluid mixing and particle deposition display a 
non-monotonic behavior as the phase lag is increased 
from 0 to π/2. We also observed that varying the geometric 
parameters primarily affects the velocity magnitudes, 
whereas varying the dynamic parameters distorts the flow 
symmetry in addition to altering the velocity magnitudes. We 
also observed that the particles deposit at certain preferred 
locations on the alveolar wall. Furthermore, the preferred 
locations and the fractional particle deposition or suspension 
are functions of geometric and dynamic parameters, and 
phase lag. 

Figure 1. In-vitro model of the alveolus

Figure 2. Velocity maps for synchronous ventilation
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UD researchers study 
microbubbles used in 
diagnostic ultrasound
A University of Delaware research team has received a 
$300,000 National Science Foundation grant to better 
understand ultrasound echoes of encapsulated microbubbles 
used for noninvasive blood pressure monitoring.

Ultrasound, which uses a pulsing high frequency sound 
beyond the upper limit of human hearing to peer into the 
body and provide images, is an important tool in modern 
health care.

Kausik Sarkar, associate professor in the Department of 
Mechanical Engineering, is the principal investigator for  
the project.

Sarkar said microbubbles -- tiny encapsulated bubbles of 
gas -- are used as a contrast-enhancing agent for diagnostic 
ultrasound because they are small enough to penetrate deep 
into the human body.

The project is predicated on the use of a subharmonic signal --  
a signal at a frequency lower than that of the exciting 
ultrasound pulse -- from these microbubbles to noninvasively 
quantify and monitor the ambient blood pressure in an organ.

“Local ambient blood pressure provides important 
information regarding the functional integrity of many 
organs, and it can be used to diagnose and monitor many 
diseases such as defective heart valves, malignant tumors 
and portal hypertension,” Sarkar said. “We propose to use 
in vitro experiments, modeling, perturbative analysis and 
numerical simulation to investigate the dynamics of  
contrast microbubbles with a view to understand and 
optimize such applications.”

Optimization is important because while ultrasound is the 
safest means of medical imaging, its utility is limited by poor 
contrast, Sarkar said, noting that about 20 percent of the 

20 million echocardiographies performed each year in the 
United States do not provide definitive diagnosis for coronary 
heart disease.

“A good contrast agent can measurably improve ultrasound 
imaging,” he said, and better understanding the response of 
contrast microbubbles is key to that improvement.

Sarkar’s research group has been working on encapsulated 
contrast microbubbles for a number of years and has 
established a collaborative research program with Thomas 
Jefferson University’s radiology department that has secured 
funding from Department of Defense and the National 
Institutes of Health.

The UD team had a prior NSF grant and also is funded by  
an NIH IDeA Network of Biomedical Research Excellence 
(INBRE) grant.

Sarkar joined the UD faculty in 2001. He received a bachelor’s 
degree from the Indian Institute of Technology, and a 
master’s and doctorate from the Johns Hopkins University.

Article by Neil Thomas:  
www.udel.edu/udaily/2011/jul/microbubbles072010.html 
(NSF 651912, PI: Kausik Sarkar) 

R E S E A R C H

UD and Nemours/Alfred I. 
duPont Hospital to partner  
on bone disorder study
Osteogenesis imperfecta (OI) is a genetic disorder 
associated with increased bone fragility. One challenge 
in treating patients with OI is that the primary measure 
used to assess bone status [i.e., areal bone mineral density 
(aBMD)] is flawed. aBMD is particularly problematic in 
children because it is dependent on body size. Fortunately, 
advances in magnetic resonance imaging now allow for 
the assessment of trabecular and cortical bone structure, 
important skeletal features that may improve fracture risk 
assessment in children. However, these techniques have 
not been applied to the study of children with OI. Another 
challenge associated with pediatric OI patients is the lack of 
effective treatment options for facilitating bone growth and 
minimizing fractures. One nonpharmacological treatment 
that has shown great promise as a way to increase bone 
mass and improve bone structure is high-frequency, low 
magnitude vibration (HLV). Studies in animals and in humans 
with low bone mass suggest that an HLV treatment 10-20 
min/d for 6-12 months can increase aBMD and improve 
bone structure. Despite the considerable promise of HLV as 
a treatment strategy for children with OI, to date, there are 
no published reports. In search of a new treatment for this 
debilitating disease, a team of researchers from the University 
of Delaware and Nemours/Alfred I. duPont Hospital for 
Children is initiating a two-year study exploring the use of 
an FDA-approved vibration platform in children with OI. The 
team includes Christopher Modlesky, associate professor in 
UD’s Department of Kinesiology and Applied Physiology, and 
Michael Bober, M.D., a pediatric geneticist at Nemours. To 
determine if increased muscle activity and/or the degree of 
vibration transmission to different bone sites is impacting 
bone adaption, this project involves a collaboration with Kurt 
Manal, Research Assistant Professor in  
Mechanical Engineering.

The aim of our project is to determine if MRI can detect the 
underdeveloped trabecular and cortical bone structure in 
children with mild OI type I and to conduct a pilot/feasibility 
study aimed at determining if a daily HLV treatment 
can increase bone mineral accretion and improve bone 
structure in children with mild OI. This study is funded by the 
Osteogenesis Imperfecta Foundation and has been featured 
in UDaily: 
www.udel.edu/udaily/2010/apr/oistudy041510.html 
(Osteogenesis Imperfecta Foundation 09000439,  
PI: Chris Modlesky) 

(A) Magnetic resonance image of a child demonstrating the regions 
(orange boxes) we typically assess during our studies of the 
musculoskeletal system. (B) Cross-section of the mid femur (gray) 
and the surrounding musculature (red) and adipose tissue (yellow). 
(C) Binarized image reflecting the trabecular bone structure at the 
level of distal femur.

Pictured are, from left, engineering graduate 
students Shirshendu Paul and Amit Katiyar, 
Kausik Sarkar, associate professor of 
mechanical engineering, and undergraduate 
researcher Daniel Russakow.
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NIH grant targets improved 
fitness in children with  
cerebral palsy 
Samuel Lee, assistant professor in the Department of Physical 
Therapy at the University of Delaware, has been awarded a 
grant from the National Institutes of Health (NIH) to study 
the use of functional electrical stimulation (FES) to improve 
fitness and strength in children with cerebral palsy.

The five-year $2.5 million grant was awarded through NIH’s 
Eunice Kennedy Shriver National Institute of Child Health and 
Human Development.

Cerebral palsy (CP) is a non-progressive developmental 
disorder of the brain that results in reduced strength, 
affecting functional abilities and limiting activity levels.

A leading health concern in the U.S., lack of activity is 
particularly critical for individuals with CP, as they have 
fewer options for exercise than other children. The problem 
worsens as they mature and fail to gain muscle strength 
commensurate with gains in body weight and height.

While stationary cycling is often used as a method of 
exercise for individuals who lack the balance, strength 
and coordination to walk efficiently, children with CP have 
impaired biomechanics that limit their cycling output.

To address this, Lee proposes to use FES, which applies 
controlled amounts of electric current to muscles to make 
them contract in a nearly normal manner. 

His goal is to demonstrate the ability of FES assistance to 
produce higher heart rates, power output and cadences 
during cycling than children with CP are able to achieve on 
their own.

“Our hope is that with improved ability, children and 
adolescents with CP will be motivated to adopt cycling 
as a long-term activity to maintain health and maximize 
functional ability as they age,” Lee says.

Lee, who earned his doctorate at UD in 1999, is also a 
research associate at Shriners Hospital for Children in 
Philadelphia.

Article by Diane Kukich: 
www.udel.edu/udaily/2011/oct/cerebral-palsy-
research102010.html

Muscle morphology, strength 
and compensatory strategies 
following stroke
In collaboration with the National Center for 
Biomedical Computation (NCBC) at Stanford 
University, we are conducting a five-year, $1.6 
million study funded by the National Institutes 
of Health. The overall goal of the NCBC project is 
to develop subject-specific walking simulations 
of individuals with post-stroke hemiparesis to 
further our understanding of muscle deficits on 
gait, and ultimately to guide clinical treatment. 
Dr. Jill Higginson is the lead researcher on this 
multi-disciplinary study. Other collaborators 
include Stuart Binder-Macleod and Darcy 
Reisman from the Department of Physical Therapy 
and Thomas Buchanan from the Mechanical 
Engineering Department. With the assistance of 
Nils Hakansson (post-doctoral fellow) and graduate 
students, data derived from Magnetic Resonance 
Imaging (MRI) of individual leg muscles, twitch 
interpolation to identify muscle activation failure, strength 
testing, gait analysis and clinical exams are used to accurately 
identify limitations and compensatory strategies used by 
individual stroke survivors during gait. These data are being 
used to augment the existing OpenSim toolkit (created by 
Simbios investigators at Stanford University) to simplify the 
input of subject-specific properties, interface with EMG-
driven simulations, and provide alternative analysis options.

During the past 2 years of the project, data has been 
collected from 14 post-stroke hemiparetic subjects and 4 
healthy controls. To quantify individual post-stroke muscle 
atrophy, MRI and digital reconstruction software were used 
to measure fifteen individual leg muscle volumes on both 
the paretic and non-paretic leg. All muscle volumes were 
adjusted to exclude non-contractile tissue content, and 
muscle atrophy was quantified by comparing the volumes 

between paretic and non-paretic sides. The 
results suggest that all individual paretic 
muscles atrophy significantly relative to the 
non-paretic side except the gracilis muscles. 
Based on twitch interpolation and other 

electrical stimulation data from the ankle 
plantar and dorsiflexor muscles of stroke 

and healthy subjects, we are developing 
a model of force prediction in the paretic 

plantarflexors. The force-generating capacity 
will be compared with measures of muscle 
volume to determine whether atrophy or 
impaired activation is the primary source of 

post-stroke weakness. Results suggest that using 
sub-maximal stimulation bursts can provide 

sufficient data to estimate true force-generating 
capacity in paretic muscles.

Using gait simulations of healthy subjects, we have 
determined available strategies to compensate for 

impaired plantar and dorsiflexor muscles. From the stroke 
simulations, we have identified muscle deficits and used 
perturbation analysis to quantify how muscles contribute 

to pre-swing knee flexion and center-of-mass support; both 
are important parameters in maintaining normal gait speed. 

We continue to collaborate with the Simbios NCBC to 
facilitate implementation and augmentation of an open-
source simulation toolkit (www.simtk.org). We have 
streamlined data collection during walking trials for healthy 
and post-stroke individuals such that data can be used as 
input to both EMG-driven and OpenSim models. We can 
calibrate these EMG-driven models to a set of dynamic tasks 
and derive subject-specific muscle properties which are 
imported to OpenSim. Predicted muscle forces have been 
compared between model types. Results will be posted and 
shared with biomechanists around the world to enhance the 
utility of muscle-actuated simulations in a clinical setting.

(NIH R01NS055383, PI: Jill Higginson)

Functional electrical 
stimulation may improve 
fitness and strength in 
children with cerebral palsy.
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similar but complementary movements, enabling  
the task to continue with almost no loss in the quality  
of the performance.

“Dr. Latash is the most recent in a long line of distinguished 
keynote speakers at our research symposia,” said Jill 
Higginson, assistant professor of mechanical engineering  
and CBER director. “His research on the control and 
coordination of human voluntary movements has 
implications for our studies on stroke, arthritis, running, 
motor control, and modeling.”

In addition to Latash’s talk, the program featured 10 student 
podium presentations and 45 research posters. Latash joined 
six UD faculty members as judges in a competition to choose 
the top two in each category. Winners were as follows:

PODIUM PRESENTATIONS

Stephanie Di Stasi, “Perturbation Training Improves Gait 
Patterns in ACL-Deficient Females.”
Deepak Kumar, “Articular Loading in People with 
Knee Osteoarthritis.”

POSTERS

Trisha Kesar, “Cortical Motor Mapping in Cerebral Palsy.”
Vincent Baro, “Biomechanical Responses of the Meniscus 
to Contact Loading.”

Attendees represented a broad array of disciplines at UD, 
including mechanical engineering, physical therapy, electrical 
engineering, biology, kinesiology and applied physiology, 
materials science, chemical engineering, and physics, as 
well as UD’s Biomechanics and Movement Sciences (BIOMS) 
graduate program.

Article by Diane Kukich:  
www.udel.edu/udaily/2010/may/cberresearch051010.html 

Center for Biomedical 
Engineering Research holds 
annual research symposium 

Mark Latash is so fascinated by the concept of synergy 

that he has written an entire book on the use of the term 

in reference to biological systems.

In May 2010, he shared some of his most recent findings on 
the role played by synergies in the control and coordination 
of human movement at the 7th annual Biomechanics 
Research Symposium at the University of Delaware. The event 
was organized and hosted by UD’s Center for Biomedical 
Engineering Research (CBER).

Distinguished Professor of Kinesiology at Penn State 
University, Latash was the keynote speaker at the 
conference, which attracted more than 130 people from UD’s 
biomechanics community.

His talk, “Multi-Digit Synergies: Effects of Age and Fatigue,” 
addressed his development of a powerful new tool to 
study changes in coordination that accompany impaired 
performance with age, fatigue, and potentially other causes 
as well.

Aging, he said, is associated with a shift in control from 
synergic, where the parts of the body work together, to 
somatotopic, where they are more like free agents.  

“In effect,” Latash said, “as we age, we become ‘young’ again, 
where our actions are more like the somewhat aimless 
movements of a baby.

“Interestingly, aging brings with it better element-based 
control, where, for example, one finger is enlisted to do a 
task on its own, but our performance on things that require 
synergies worsens as we get older.”

Richard Willy explains his poster. Liyun Wang discusses a poster.

Latash’s studies of fatigue have also turned up 
some surprising results. He carried out a study to 
determine what happens to multi-finger synergies 
when one finger gets tired. 

“The weakest link theory would suggest that the 
entire performance would suffer from the fatigue 
of that one finger,” Latash said. “But what we found 
is that with fatigue, synergies become better. This is 
not a trivial finding.”

He likened the situation to four men carrying a 
heavy piano up several flights of stairs. If one of the 
four becomes tired and starts to wobble in his hold 
on the piano, he can be asked to step aside while 
the other three continue with the task, reducing 
the manpower by a fourth. However, in Latash’s 
scenario, the other three can compensate with 
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Bone research at UD recognized 
by Orthopaedic Research Society
Christopher Price, research assistant professor in the 
Department of Mechanical Engineering at the University 
of Delaware, won the Orthopaedic Research Society’s New 
Investigator Recognition Award for his groundbreaking work 
on fluid flow in bone. The first-place award was conferred 
at the society’s annual meeting, held in New Orleans from 
March 6-9, 2010. 

Co-authored with Liyun Wang and UD doctoral students 
Xiaozhou Zhou and Wen Li, the research provides the first 
concrete evidence of fluid flow in mechanically loaded bone 
samples -- a critical piece in the puzzle of bone metabolism 
and mechanotransduction, the processes by which cells 
convert mechanical stimuli into biological and chemical 
activity. For more details visit  
www.udel.edu/udaily/2010/mar/price032310.html

In recognition of his research efforts, Dr. Price has received 
three young investigator awards courtesy of the 11th 
International Bone Fluid Flow Workshop, International 
Chinese Hard Tissue Society, & International Sun Valley 
Workshop on Skeletal Biology in 2010. At the same 
international workshop on bone fluid flow, Brandon 
Getsinger and J. Neil Riffitts received the Best Student  
Paper Award.

Women In Science and 
Engineering (WISE)

WISE works to initiate and support programs intended 

to increase the recruitment and retention of tenured/

tenure-track faculty women in fields related to science 

and engineering and to improve the representation of 

women at the highest academic and administrative ranks 

at the University. WISE hosts Brown Bag Lunch Seminars 

during the spring and fall semesters. 

N E W S

Chris Price, right, with Liyun Wang, his 
postdoctoral adviser.

OA Journal Club

The OA Journal Club meets bi-weekly during the spring and 

fall semesters to read and discuss journal articles related 

to Osteoarthritis research. For more information regarding 

meeting times and locations please visit:  

www.cber.udel.edu/journal_club.html

University of Delaware 
welcomes first class  
of biomedical engineers
A new undergraduate program in Biomedical 
Engineering has been established at the University 
of Delaware. In our inaugural year, we have 18 
students who have declared BMEG and may see a 
few more after the end of the fall semester. Of these 
18 freshmen, 6 are in the honors program, 9 are 
women, the incoming GPA and SAT scores are high, 
and they are already asking about undergraduate 
research opportunities. The program director, Jill 
Higginson, leads an executive committee with 
representatives from each department within the 
College of Engineering plus biological sciences. 
More than 50 faculty members from across campus 
have been offered joint appointments and are 
contributing to curriculum development, student 
advisement, accreditation and other crucial 
functions. The ongoing faculty search conducted 
by the College of Engineering is seeking additional 
candidates who will play a formative role in the 
success of the new program and who have research 
interests in rehabilitation, neuroscience and 
cancer to complement our ongoing programs. An 
informative webpage (www.engr.udel.edu/biomed) 
highlights the latest updates about academic 
programs, research opportunities and answers to 
frequently asked questions.

Undergrad student 
recognized for research

At the University of Delaware Mechanical Engineering 

Undergraduate Student Research Symposium in February 

2010, Edward D. Bonnevie received the Best Poster Award 

for his research related to “Microtribology of articular 

cartilage”, supervised by David Burris.
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Buchanan to 
direct Delaware 
Rehabilitation 
Institute

Thomas S. Buchanan, George W. Laird 

Professor of Mechanical Engineering 

at the University of Delaware, has been appointed 

director of the Delaware Rehabilitation Institute (DRI).

The mission of the new institute is to find innovative and 
improved ways to help people recover from injury and 
disease by bringing together biologists, clinical scientists, 
engineers, and policy experts to critically address the issues 
faced by those with disabilities.

“Tom Buchanan brings tremendous skill and expertise to the 
Delaware Rehabilitation Institute,” says University Provost 
Tom Apple. “He has been a top researcher in the area of 
biomechanics, and he has a great history of collaboration. 
He’s a proven leader in establishing research teams and 
interdisciplinary research-based programs.”

Buchanan sees Delaware as having a unique strength in 
rehabilitation sciences. “We have more than 50 faculty 
members in five colleges and ten departments here at UD 
doing research in this area,” he says, “with over $15 million a 
year in external funding. This is a really exciting opportunity 
to promote the great work that’s already underway and  
bring it all together to raise Delaware to a position of  
national prominence.”

DRI will be an important component of UD’s growing health 
sciences presence in fields including biology, biomedical 
engineering, physical therapy, applied physiology, nursing, 
and others.

“The work at UD ranges from subcellular-level research to 
the development of physical therapy approaches to policy 
and community engagement,” Buchanan says. “We have 
multidisciplinary programs in a number of areas, including 
osteoarthritis, stroke, pediatrics, and rehabilitation robotics. 
And our partners in the Delaware Health Sciences Alliance 
will provide important clinical support for our research.”

DRI will initially have administrative space in UD’s McDowell 
Hall, with plans to locate the institute and core research 
facilities at the former Chrysler site over the next five years. 

“These shared core labs will be multidisciplinary and will 
include biologists, engineers, and clinical researchers all 
working together,” Buchanan says.

“I look forward to working with Tom to establish DRI as one 
of our leading interdisciplinary research institutes along the 
Path to Prominence,” says Mark Barteau, senior vice provost 
for research and strategic initiatives. “With the Delaware 
Health Sciences Alliance and the NIH INBRE program, DRI will 
boost our research, education and outreach programs in the 
health sciences to a new and exciting level for UD.”

The 2008 recipient of the E.A. Trabant Award for Women’s 
Equity, Buchanan is credited with playing a key role in the 
increase in women faculty in engineering at UD and with 
engaging his female colleagues in collaborative research.

Buchanan earned his doctorate in theoretical and applied 
mechanics from Northwestern University. He joined the 
UD faculty in 1996, served as chair of the Department 
of Mechanical Engineering from 2004 to 2008, and was 
appointed deputy dean in the College of Engineering 
in 2008. He has also served as academic director of UD’s 
interdisciplinary Biomechanics and Movement Science 
Program and director of its Center for Biomedical  
Engineering Research.

N E W S

He is president of the American Society of Biomechanics and 
a fellow of the American Society of Mechanical Engineers, the 
American Institute for Medical and Biological Engineering, 
and the American College of Sports Medicine.

As deputy dean of engineering, Buchanan spearheaded 
the creation of the new biomedical engineering bachelor’s 
degree program. He also initiated and coordinated cluster 
searches within the college.

“These contributions represent the achievement of major 
goals for the college in strengthening our undergraduate 
programs and in allowing us to focus our faculty hiring in 

strategic areas,” said engineering dean Michael Chajes. “We 
greatly appreciate Tom’s contributions as deputy dean 
over the past two years, and we look forward to continued 
collaborations with him in the area of rehabilitation science.”

Babatunde Ogunnaike, William L. Friend Chair of  
Chemical Engineering, was appointed to replace Buchanan  
as deputy dean. 

Article by Diane Kukich: 
www.udel.edu/udaily/2010/jun/buchanan063010.html

Curriculum   
DEGREE PROGRAMS

PROGR AM UNDER 
GR ADUATE 

GR ADUATE WEBSITE

Applied Physiology 3 www.udel.edu/kaap/graduates/applied_physiology.html

Biological Sciences 3 3 www.bio.udel.edu/

Biomechanics & Movement Sciences 3 www.bmsc.udel.edu/

Biomedical Engineering 3 www.engr.udel.edu/biomed/

Bioresources Engineering 3 3 http://ag.udel.edu/breg/

Electrical & Computer Engineering 3 3 www.ece.udel.edu/

Exercise Science 3 3 www.udel.edu/kaap

Fashion & Apparel Studies 3 3 www.udel.edu/fash/

Materials Science & Engineering 3 www.mseg.udel.edu/

Mechanical Engineering 3 3 www.me.udel.edu/

Neuroscience 3 www.psych.udel.edu/undergraduate/

Physical Therapy 3 www.udel.edu/PT/

Quantitative Biology 3 www.udel.edu/qbio/
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Xinqiao Jia wins DuPont  
Young Professor grant for 
original research
Xinqiao Jia, Assistant Professor in the Department of 
Materials Science and Engineering, was 1 of 12 young 
professors to receive the DuPont Young Professor 
grant for original research. Jia’s primary focus is on 
the synthesis of functional biomaterials for drug 
delivery and tissue engineering applications. Her 
work on the development of elastin mimetic hybrid 
polymers for vocal fold repair and regeneration was 
highlighted in Chemical and Engineering News in 
September 2008. Jia was named Outstanding Junior 
Faculty in UD’s College of Engineering in 2010.

Adapted from UDaily:  
www.udel.edu/udaily/2011/sep/dupont-grants-
professors091410.html

UD Alumnus wins national 
dissertation award 
Xiaoyi Li won the 2009 Andreas Acrivos Dissertation Award in 
Fluid Dynamics, given by the American Physical Society (APS). 
Li’s thesis describes a detailed computational investigation 
of the dynamics of drops, the rheology of emulsions, and 
the mechanics of biological cells subjected to fluid flow. 
Li earned his doctoral degree in mechanical engineering 
in 2007 from the University of Delaware. He is currently a 
senior research scientist in the Thermal and Fluid Sciences 
Department at United Technologies Research Center.

To read more, view the 2010 Mechanical Engineering 
newsletter at:  
www.me.udel.edu/News_Events/newsletters/ME_2010-
Newsletter_LowRes.pdf

Swanik honored by University  
of Pittsburgh
Charles Buz Swanik, associate professor in the Department 
of Kinesiology and Applied Physiology at the University 
of Delaware, was recently honored by his alma mater, the 
University of Pittsburgh’s School of Health and Rehabilitation 
Sciences (SHRS). Swanik received the Distinguished Alumnus 
Award on the occasion of the school’s 40th anniversary on 
May 22. Swanik was lauded by SHRS’s Department of Sports 
Medicine and Nutrition for his accomplishments, leadership, 
and success in the sports medicine and athletic training fields.

Adapted from UDaily:  

www.udel.edu/udaily/2010/jun/swanik061410.html

Binder-Macleod wins national 
physical therapy award
Stuart Binder-Macleod, Edward L. Ratledge Professor 
and chairperson of the Department of Physical Therapy 
at the University of Delaware, has been selected to 
receive the 2010 John H. P. Maley Award for Outstanding 
Contributions to Leadership in Research by the American 
Physical Therapy Association (APTA). Binder-Macleod is an 
internationally known researcher in muscle physiology 
and electrical stimulation. His current work focuses on an 
innovative technique that he, along with colleagues in 
the UD Departments of Physical Therapy and Mechanical 
Engineering, developed to help people who have had strokes 
to improve their walking.

Adapted from UDaily:  
www.udel.edu/udaily/2010/apr/bindermacleod042310.html

N E W S

Buz Swanik, center, accepts the Distinguished Alumnus 
Award from the University of Pittsburgh’s School of Health 
and Rehabilitation Sciences.

Award-winner Xiaoyi Li, left, with Andreas Acrivos, center, and 
Kausik Sarkar.
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Biomechanics and Movement 
Science student wins ACSM 
research grant
Rebecca Fellin, a doctoral student in the Biomechanics 
and Movement Science (BIOMS) graduate program at the 
University of Delaware, has been awarded an American 
College of Sports Medicine (ACSM) research grant to  
support part of her dissertation work. Her dissertation 
research, supervised by Irene Davis, is focused on the effect 
of gait retraining on external and internal lower extremity 
loads in runners. 

Adapted from UDaily:  
www.udel.edu/udaily/2010/apr/fellin042610.html

BIOMS students honored  
by ACSM
Allison Altman and Richard Willy, doctoral students in the 
BIOMS (Biomechanics and Movement Science) Program at 
the University of Delaware, were recently honored by the 
American College of Sports Medicine (ACSM) Biomechanics 
Interest Group (BIG). Altman received the ACSM BIG travel 
award, and Willy was selected for the organization’s research 
award. The two were among just 10 students nationwide to 
receive the awards, which recognize and support promising 
young scientists in the field. Altman is researching the 
biomechanics of footstrike patterns -- rearfoot, midfoot, and 
forefoot -- in runners and the mechanics of barefoot runners. 
Willy is studying the differences in lower extremity mechanics 
between males and females with patellofemoral pain 
syndrome, which is commonly known as runner’s knee. Both 
are advised by Irene Davis.

Adapted from UDaily:  
www.udel.edu/udaily/2010/jun/bioms062810.html

BIOMS students win national 
awards, scholarships 
Five students and two recent alumni of the Biomechanics 
and Movement Science (BIOMS) interdisciplinary graduate 
program at the University of Delaware have received awards 
and scholarships recognizing their accomplishments.

Mehmet Uygur, a doctoral candidate in the Department 
of Kinesiology and Applied Physiology, received a Young 
Investigator Award at the Congress of European College 
of Sport Science for his poster, Effects of Varying the Load 
Force Range and Frequency on Force Coordination in Static 
Manipulation,” which was also published by the National 
Institutes of Health in 2010. Mehmet is advised by  
Slobodan Jaric.

Meg Sions and Dave Logerstadt were awarded Promotion for 
Doctoral Studies (PODS) I Scholarships from the Foundation 
for Physical Therapy. Sions is conducting research aimed at 
determining the impact of chronic low back pain on physical 
and psychosocial function in older adults and is advised 

by Greg Hicks. Logerstadt is investigating the clinical and 
functional consequences of injury, surgery, and rehabilitation 
on athletes who sustain anterior cruciate ligament (ACL) 
injuries and is advised by Lynn Snyder-Mackler.

Rich Willy and Billy Thompson received PODS II Scholarships 
from the same organization. Willy is studying the differences 
in lower extremity mechanics between males and females 
with patellofemoral pain syndrome, or runner’s knee and is 
advised by Irene Davis. Thompson is conducting research 
aimed at understanding how bone cells sense mechanical 
stimuli and translate them into biochemical signals. This work 
has important implications in bone remodeling and has been 
supervised by Cindy Farach-Carson. 

Adapted from UDaily:  
www.udel.edu/udaily/2011/jul/bioms071410.html

Pictured are, from left, Dave Logerstadt, Meg Sions, Billy 
Thompson, Rich Willy and Mehmet Uygur.

CBER Research Grants
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Buchanan brings engineering 
and biology together in 
inaugural lecture
Thomas S. Buchanan delivered his inaugural lecture as 
George W. Laird Professor of Mechanical Engineering at the 
University of Delaware on Thursday, March 4, to an audience 
that included an almost equal number of faculty from 
engineering and the health sciences.

The mix of people reflected the mix of mechanics and 
medicine in Buchanan’s work that goes back to the 1970s 

-- a time before bioengineering was a common entry in the 
academic lexicon. “I remember being the translator between 
my two Ph.D. advisers,” Buchanan said, “explaining the 
engineering side to one and the medical side to the other.” 

Buchanan said that he has always been fascinated with how 
the brain controls the body, and it was this fascination that 
prompted him to go to graduate school at Northwestern 
University after completing his bachelor’s degree at the 
University of San Diego.

His lecture, “Neuromusculoskeletalicious,” addressed his 
current research on the development of patient-specific 
neuromuscular and musculoskeletal models. “There’s a 
lot of attention on patient-specific approaches right now,” 
Buchanan said, “ranging from artificial knees to complex 
surgical techniques designed specifically for a given 
individual.”

He and his research group are modeling the forces in muscles, 
ligaments, tendons, and cartilage in healthy and impaired 
individuals and using these tools to understand disease 
progression and guide the development of appropriate 
treatment paths.

Models are useful in making predictions, but, Buchanan 
pointed out, there is always a discrepancy between 
parameters -- for example, the forces exerted by a muscle 

-- predicted by a model and those measured in the laboratory. 
“That’s the way science works,” he said.

Patient-specific models require a way to incorporate patient-
specific information, so the researchers are using modern 
bioimaging techniques such as ultrasound and magnetic 
resonance imaging to gather information from an individual 
and then “tune” or “train” the model to improve its predictive 
accuracy. Treatment protocols can then be developed based 
on how the person’s body is actually responding to an illness 
or injury rather than on an ideal or typical value.

Buchanan has worked extensively with Lynn Snyder-Mackler, 
Alumni Distinguished Professor of Physical Therapy at UD, on 
a project involving people with anterior cruciate ligament, 
or ACL, injuries. “Lynn has really helped us to steer our work 
toward the clinical side,” he said. “Without her, we wouldn’t be 
nearly as far along as we are.”

Buchanan said he believes that the most interesting 
problems occur at the interface between biology and 
engineering. “A lot is happening there,” he said. “Some of 
the knowledge that will enable the development of patient-
specific treatment approaches will come from biology,  
and some will come from engineering. Biological tissues  
are very active, and the repair process is an interesting topic 
of study for biologists. At the same time, a lot is driven by  
the mechanics, so you can also look at it from the 
engineering side.”

Buchanan is president of the American Society of 
Biomechanics and a fellow of the American Society of 
Mechanical Engineers, the American Institute for Medical  
and Biological Engineering, and the American College of 
Sports Medicine.

The 2008 recipient of the E.A. Trabant Award for Women’s 
Equity, he is credited with playing a key role in the increase in 
women faculty in engineering at UD and with engaging his 
female colleagues in collaborative research.

Buchanan earned his doctorate in theoretical and applied 
mechanics from Northwestern University. He joined the 
UD faculty in 1996, served as chair of the Department 
of Mechanical Engineering from 2004 to 2008, and was 
appointed deputy dean in the College of Engineering 
in 2008. He has also served as academic director of UD’s 
interdisciplinary Biomechanics and Movement Science 
Program and director of its Center for Biomedical  
Engineering Research.

The Laird professorship honors the memory of George 
W. Laird, who earned a bachelor’s degree in mechanical 
engineering in 1968 and a master’s in mechanical and 
aerospace engineering in 1971. Laird was killed in a tragic 
accident in 1977. 

Article by Diane Kukich:  

www.udel.edu/udaily/2010/mar/buchanan030810.html

29
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Athletic training grad  
student wins national  
research scholarship
Craig Oates, a graduate student in the Department of 
Kinesiology and Applied Physiology at the University of 
Delaware, has been selected to receive a 2010 Master’s 
Scholarship from the National Association of Athletic Trainers 
(NATA) Foundation. Oates is doing research on reactive 
knee stiffness regulation strategies and is advised by Buz 
Swanik. His work examines how a person’s muscles promote 
joint stiffness to maximize both stability and performance 
through either activation or relaxation. He will also determine 
what types of physical conditioning programs are optimal 
in rehabilitation settings to promote different stiffness 
regulation strategies. Oates is currently the athletic trainer for 
the Blue Hens baseball team, and he served as the athletic 
trainer for the field hockey team during the fall 2009 season, 
when the Hens won the Colonial Athletic Association title 
and a trip to the NCAA championship tournament. 

Adapted from UDaily:  
www.udel.edu/udaily/2010/may/oates051010.html

Athletic training students  
win NATA Foundation  
research awards
Two students in the University of Delaware’s athletic training 
program have won awards from the National Athletic Trainers’ 
Association (NATA) Research and Education Foundation. 
Allison Kim was the winner for her master’s degree research 
oral presentation, “Reactive Knee Stiffening is Diminished 
Under Cognitive Loads.” Kim served as the athletic trainer 
for the Blue Hens tennis team during the spring 2010 
semester. Craig Oates, now a master’s candidate at UD, won 
the undergraduate poster category for work he did at the 
University of North Carolina Chapel Hill, “Effect of Augmented 
Feedback on Co-Activation Ratio and Knee Valgus in 
Individuals with Medial Knee Displacement.” In addition, 
graduate students Alan Needle and Matt Hinsey were finalists 
in the competition. All are advised by Buz Swanik.

Adapted from UDaily:  
www.udel.edu/udaily/2011/aug/training080410.html

Craig Oates, a graduate student in 
the Department of Kinesiology and 
Applied Physiology 

The Newark Charter School First Lego League Team Includes, From Left, Naman Agrawal, Gavy Aggarwal, Ud Prof. Sunil Agrawal, Nik Theopold, Prof. Austin 
Lobo Of Washington College, Jonathan Lobo And Ben Sydserff.

University professor coaches 
students in Lego League win 
A team of middle school students, from the Newark Charter 
School, co-coached by Sunil Agrawal, professor in the 
Department of Mechanical Engineering at the University 
of Delaware, is on its way to the FIRST Lego League World 
Festival in Atlanta in April after winning the 2009-2010 
Delaware FLL Championship Tournament Award in January. 

FIRST is an acronym for the phrase “For Inspiration and 
Recognition of Science and Technology,” and every year FLL 
works with experts in the field to create a challenge that 

relates to a significant real-world issue. The end result is a 
two-part challenge that requires research to complete the 
project, as well as science and engineering to master the 
complex missions of the robot game.

The 2009 “Smart Move” Challenge was aimed at transforming 
the way people look at transportation. The NCS team chose 
school bus transportation as the focus of their project and 
researched both bus design and routing decision making.

To read the entire UDaily article please visit:  
www.udel.edu/udaily/2010/feb/lego022610.html
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New Faculty Members  
Join CBER

The Center for Biomedical Engineering Research welcomed three new tenure track faculty members. 

X. Lucas Lu, previously a Research Scientist at Columbia University, became an Assistant Professor in the 
Department of Mechanical Engineering in September 2010. Dr. Lu earned his Ph.D. degree with distinction 
in biomedical engineering at Columbia University, New York. His dissertation was titled “Indentation 
Analysis of Articular Cartilage Using the Triphasic Mixture Theory”, which was focused on the theory, 
experiments, and computational analysis of articular cartilage. Afterwards, he became a postdoctoral fellow 
in Bone Bioengineering Laboratory, also at Columbia University, where he performed mechanobiology 
research on bone cell networks. His future research will involve a combination of theoretical modeling, 
imaging, and microfabrication techniques to investigate the mechanotransduction mechanisms of 
chondrocytes in articular cartilage.

Samuel Lee is an Assistant Professor in the Department of Physical Therapy at the University of Delaware 
and holds a joint appointment in Delaware’s Biomechanics and Movement Science Program. Additionally, 
Dr. Lee also is a Research Associate and Scientific Staff at Shriners Hospitals for Children in Philadelphia, PA. 
Sam received his BS in biomedical engineering from Boston University; and both his Masters in physical 
therapy and Ph.D. in applied physiology through the Physical Therapy and Biomechanics and Movement 
Science programs, respectively, at the University of Delaware. Lee’s is interested in improving the function of 
individuals with central nervous system injury through the application of electrical stimulation to activate 
paralyzed or weakened muscles.  To this end, Lee is also interested in the use of electrical stimulation as a 
tool to study the physiologic characteristics of muscle and the central and peripheral nervous systems; to be 

applied as a rehabilitative or training method to improve muscle function and strength; and as a method to produce functional 
movement (FES) of impaired muscles.

Ioannis Poulakakis received his Diploma in Mechanical Engineering and his M.Sc. in Robotics and Control 
Systems from the National Technical University of Athens (NTUA), Athens, Greece, in 1999 and 2000, 
respectively. He obtained his M.Eng. in Mechanical Engineering from McGill University, Montreal, QC, in 
2002, and his M.S. in Applied Mathematics and Ph.D. in Electrical Engineering (Systems) from the University 
of Michigan, Ann Arbor, MI, in 2008. During the year 2009-2010 he was a Postdoctoral Research Associate 
with the Department of Mechanical and Aerospace Engineering at Princeton University, Princeton, NJ. 
Ioannis’s research interests lie in the broad area of dynamics and control with applications to biologically 
inspired mechatronic and multi-agent systems. His work focuses on the theoretical development and 
experimental evaluation of control laws for robotic legged locomotion. Recently, he has started exploring 

the dynamics of cooperative decision making in multi-agent systems through the use of neurophysiologically motivated 
stochastic models.

Suresh G. Advani, Ph.D.
George W. Laird Professor, Mechanical 
Engineering, Biomedical Engineering

Sunil K. Agrawal, Ph.D.
Professor, Mechanical Engineering, 
Biomedical Engineering, Biomechanics and 
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Michael Axe, M.D. 
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First State Orthopaedics

Kenneth E. Barner, Ph.D.
Chairperson, Professor, Electrical and 
Computer Engineering, Biomedical 
Engineering, Biomechanics and  
Movement Science

Stuart Binder-Macleod, Ph.D., PT
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Engineering, Biomedical Engineering, 
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