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Engineering bionic limbs
With NIH and Department of Defense funding support, a team 
of engineers at Vanderbilt’s Center for Intelligent Mechatron-
ics, led by H. Fort Flowers Professor of Mechanical Engineering 
Michael Goldfarb, has developed revolutionary bionic prosthetics, 
including a robotic leg that reproduces the natural movement of a 
human leg, a robotic hand with dexterity that approaches that of 
the human hand, and an advanced exoskeleton that allows para-
plegics to stand up and walk. The exoskeleton research has led 
to the development of a commercial product licensed to Parker 
Hannifin Corporation and called Indego®. In early 2016, Indego® 
was approved for sale and use in the U.S. by the Food and Drug 
Administration. Additional studies are ongoing to demonstrate 
the rehabilitation and quality of life benefits of this technology for 
spinal cord injury patients, including veterans. 

Preventing Zika by preventing mosquito bites
Cornelius Vanderbilt Professor of Biological Sciences Laurence 
Zwiebel’s lab examined the molecular biology of mosquitoes’ 
sense of smell and developed a compound that overstimulates  
their odor receptors, the equivalent of flashing a bright light in 
front of someone’s eyes. By overloading the olfactory system, the 
compound would make human scent not smell good to the mos-
quito, and it would fly away rather than bite. This could have appli-
cations for stopping the spread of mosquito-borne illnesses, such 
as the Zika virus, dengue virus, and malaria. Additional research 
will be conducted to determine if the compound is safe for human 
use. This research was funded in part by the National Institute of 
Allergy and Infectious Diseases.

Sticky mittens offer clues to infant 
development
Amy Needham, professor of psychology and human development, 
working with colleagues at other institutions, has demonstrated 
a powerful link between training infants to reach for an object 
and later heightened interest in objects and focused attention. 
The researchers facilitated parent-guided reaching training for 36 
3-month-old infants for 10 minutes a day for two weeks. Half of 
the infants were outfitted with “sticky mittens”—mittens with Vel-
cro that enabled blocks also covered with Velcro to adhere to their 
hands. Results showed that the infants who had received active 
motor training (via the sticky mittens) showed more visual inter-
est in a toy and showed more focused attention during play than 
the comparison group. The results remained evident a year later 
when 25 of the infants were tested again. The study was funded by 
the National Institute of Child Health and Human Development.

 
Cotton candy machines may help in making 
artificial organs
After tinkering with cotton candy machines to try to get them 
to spin out networks of threads comparable in size, density, and 
complexity to the patterns formed by capillaries (the vessels that 
deliver oxygen and nutrients to cells and carry away waste), a Van-
derbilt professor used this technique to produce a three-dimen-
sional artificial capillary system that can keep living cells viable 
and functional for more than a week. The goal is to make fiber net-
works that can be used as templates to produce the capillary sys-
tems required to create full-scale artificial organs. Next, the pro-
fessor will fine-tune the technique to match the characteristics of 
the small vessel networks in different types of tissues and explore 
a variety of cell types. This research was supported by the National 
Institute of Biomedical Imaging and Bioengineering (NIBIB).
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Three-month-old infants were outfitted with Velcro mittens to 
teach them early reaching skills. (Vanderbilt)



Using virtual reality to help teenagers with 
autism learn how to drive 

With funding from NIMH, engineers at Vanderbilt, in collaboration 
with researchers from the Vanderbilt Kennedy Center, have devel-
oped a virtual reality simulator specifically designed to help teenag-
ers with autism spectrum disorder (ASD) learn how to drive. Surveys 
indicate that about 30 percent of adolescents with ASD either drive 
or want to drive. There are a number of off-the-shelf driving simula-
tors available, but none have the capabilities built into the Vanderbilt 
VR Adaptive Driving Intervention Architecture (VADIA). VADIA is 
designed to teach adolescents with ASD the basic rules of the road 
and gathers information about the unique ways that they react to 
driving situations. This allows the system to alter driving scenarios 
with varying degrees of difficulty to provide users with the training 
they need while keeping them engaged in the process. 

Engineering professors attract NIH grants for 
wide-ranging research
In 2016, faculty at the School of Engineering were awarded NIH 
funding to support a variety of innovative research areas, including: 

•	Addressing	the	failure	rate	in	clinical	ultrasound	imaging,	which	
can lead to multiple attempts at biopsies for diagnostic samples of 
lesions. The research team is developing an advanced ultrasound 
image-formation method that models several mechanisms that 
cause degradation and then removes their effects. 

•	Sorting	out	the	theoretical	challenges	to	using	diffusion	weighted	
magnetic resonance imaging to understand complex regions of the 
brain, which would make it easier for clinicians to diagnose prob-
lems and develop useful biomarkers. 

•	Developing	 a	 series	 of	 image-processing	 algorithms	 for	 CT	
images, allowing clinicians to see the position of cochlear implant 
electrodes with respect to the nerves they activate, which can 
improve hearing in long-term cochlear implant users without 
requiring additional surgery. 

Tissue on a chip
An interdisciplinary team of researchers from Vanderbilt Univer-
sity Medical Center, the School of Engineering, and the College of 
Arts and Science are working with colleagues from other institu-
tions	on	a	grant	from	the	National	Center	for	Advancing	Transla-
tional Science to create a “microbrain bioreactor,” an organ simula-
tor containing a small population of human cells that can be used 
to	test	new	drugs.	This	grant	is	part	of	the	$70	million	“Tissue	Chip	
for	Drug	Testing”	program,	a	five-year	program	that	is	a	cooper-
ative effort on the part of NIH, the Defense Advanced Research 
Projects Agency and the FDA. As part of the grant, the Vanderbilt 
team has developed a neuro-vascular unit on a chip with the capa-
bility to model the blood-brain barrier, with applications for the 
study of brain inflammation, a contributor to neurodegenerative 
conditions such as Alzheimer’s and Parkinson’s disease.

Mass spectrometry research initiatives
NIH has awarded a major renewal grant to continue the National 
Research Resource for Imaging Mass Spectrometry at the School of 
Medicine. The five-year, $10.5-million grant will support ground-
breaking projects aimed at visualizing at the molecular level retinal 
disease, ovarian cancer, the impact of diabetes on the kidney and 
brain, and host-pathogen interactions in infectious diseases.

Grant gives clinical boost to surgical device 
development
A grant from NIBIB supports intensive training and mentoring 
for engineering graduate students to improve biomedical treat-
ments and the development of surgical devices, with the goal of 
improving the translation of these breakthroughs from the labora-
tory to a clinical setting. The program for second- and third-year 
engineering Ph.D. students includes sessions with surgeons and 
interventionalists who are researching diseases of the brain, liver, 
and kidneys and working to cure cancer, with a strong focus on 
technology transfer. 
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A study participant uses the driving simulator. (Vanderbilt)
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