
It is an exciting time at the 
Naval Health Research Cen-
ter (NHRC) Warfi ghter Perfor-

mance Lab at NB Point Loma, 
Calif., which is in the midst of 
standing up its newest technologi-
cal advancement: A Computer As-
sisted Rehabilitation Environment 
(CAREN) or Virtual Environment 
(VE) system. The CAREN at the 
NHRC lab is one of seven in use 
in the world today; the system is 
also being used in clinical settings 
at the Walter Reed Army Medical 
Center’s Military Amputee Train-
ing Center, Washington, D.C., and 
the Brooke Army Medical Cen-
ter’s Center for the Intrepid, San 
Antonio, Texas. What makes the 
development of the CAREN or VE 
system at the NHRC lab different 
than the ones developed at the 
U.S.-based facilities is its capabil-
ity to be used not only for clinical 
or rehabilitative purposes but also 
for improving performance and 
strengthening resilience. 

“We are really trying to expand the 
capabilities of the CAREN system to do 
a number of things in new and emerging 
areas of research, which is why in general 
we refer to it as a Virtual Environment 
(VE),” says Capt. Lanny L. Boswell, 
USN, Ph.D., head, NHRC Warfi ghter 
Performance. “We’ve taken the CAREN, 
which has certain protocols set up for gait 
training, for example, and Dr. Bartlett 
and her staff has taken that to another 
level by integrating different operational 
environments and things of that nature, 
so we can better simulate what the warf-
ighter is going to go back to.” 

Overall, the NHRC Warfi ghter de-
partment conducts research related to 
the measurement, maintenance, resto-
ration, enhancement and modeling of 

human performance in military opera-
tional environments. Emphasis is on the 
measurement and understanding of the 
processes that lead to physical and mental 
performance degradation, development of 
countermeasures to maintain or enhance 
performance, and the development of 
standards which allows safe and effec-
tive performance across all operational 
platforms.

“Our charter or mandate is to look 
at, research and develop anything that 
will both decrease injuries — gain resil-
ience for the healthy warfi ghter by opti-
mizing their performance — as well as 
take a wounded warrior and do any type 
of research and science that brings us 
knowledge into getting that warfi ghter 
back up to deployable and operational 
status, explains Boswell.”

RESEARCH AND PROGRESS
The NHRC Warfi gher depart-

ment is currently involved in many 
studies that look at advancing both 
rehab strategies, as well as improv-
ing or strengthening performance 
and resilience. 

“There are two halves or sides 
to the NHRC Warfi ghter depart-
ment’s approach,” notes Boswell. 
“The wounded warrior, which 
includes reset and restore, and 
then the healthy warfi ghter, which 
includes building resilience and 
decreasing the chance of them sus-
taining an injury. Essentially, we 
are looking at what the warfi ghter 
brings to the fi ght; their physical 
capabilities and their cognitive, 
decision-making capabilities.” 

He points out that the lab 
is also focusing on — and the 
CAREN platform may be useful 
in identifying subtle forms of  — 
traumatic brain injury (TBI).

“On the wounded warrior side, 
we are looking at things such as 

TBI and PTSD, and tactical/cognitive 
return-to-duty standards of a wounded 
warrior, as well as advanced rehab strate-
gies for amputees or any type of spinal 
injury,” Boswell explains. “We are look-
ing at anything that may optimize their 
capability and build resiliency.” 

The lab is also looking at operational 
fi tness and conditioning to build warf-
ighter resilience in environmental stresses 
such as heat, cold, altitude and water, for 
example. “We look at the physical and 
cognitive for each of those subject mat-
ters,” he says. “We think we are unique 
because we are trying to pinpoint the 
things that have operational relevance.”

The CAREN is providing the technol-
ogy to replicate what these warriors go 
through in different operational settings, 

THE FUTURE IS NOW:
Inside the NHRC’s New
Virtual Warfi ghter Lab

The CAREN system has a split-belt treadmill 
that runs the length of the platform with an 

independent integrated force plate under each 
belt. Body movements are acquired by a 

10-camera motion capture system.
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offi cer, NHRC Warfi ghter Performance. 
“Some are used in the lab and some are 
portable, which we can take out in the 
fi eld to assess cognitive functioning dur-
ing operational training. We are trying 
to do things using research that have 
actionable potential and as much of an 
immediate effect as it can on the opera-
tional warfi ghter, whether he is wounded 
or still deployable.” 

BUILDING RESILIENCY
The lab is also working to develop 

methods and training that it hopes will 
strengthen and improve a warfi ghter’s 
resiliency.

“The term ‘resilience’ has a lot of 
potential, but we are still at the very 
beginning of determining what resilience 
looks like and whether or not it is train-
able,” notes Johnson. “The fi eld at large 
suffers from confusion of defi nition. We 
can talk about resilience training from 
the perspective of giving these guys 
the skills and tools that they can use 
to mitigate stress and improve perfor-
mance, but from a scientifi c perspective 
we can’t really say this builds resilience. 
We just don’t know that yet.” 

He points out that one piece that the 
lab is really interested in and that really 
ties together these two domains — the 
performance enhancement piece and 
the warrior reset piece — is looking at 
the brain and the behavior of those who 
do really well under extreme stress and 
under diffi cult circumstances, such as 
special operations personnel. 

“If we can fi nd out how individuals 
are wired, how they think, how they 
behave, how they regulate emotions, we 
can teach it to other people, we can train 

cart testing, hot and cold chambers, swim 
fl umes, vestibular balance machines, pilot 
simulation machines, spatial orientation 
devices and high-speed cameras for bio-
mechanics, to name a few of the tools 
available. 

“We also use computerized measures 
of neuro-psychological functioning,” adds 
Douglas Christian Johnson, Ph.D., science 

and how they react to different stimuli 
and stressors, such as diffi cult topography 
and enemy entanglements.

“We are excited because the CAREN 
does a good job of balancing between a 
real-world environment and the control 
and safety of the lab,” notes Lt. Jamie L. 
Bartlett, USN, Ph.D, operations offi cer, 
NHRC Warfi ghter Performance. “It is an 
exciting technology that is essentially 
like a fl ight simulator that allows pa-
tients to react and move within the virtual 
environment. We are excited about the 
speed of the technology: everything can 
be done in real time, including the data 
collection and feedback. So as we are 
working with the technology, what we 
are collecting is baseline data, to see 
how people move in a virtual environ-
ment. And what we will be able to do 
from that is compare other populations 
— clinical- or performance-based popu-
lations — as we develop scenarios and 
realistic military environments that we 
want people to move in.”

In addition to the VE or CAREN, there 
is a very robust human performance lab, 
including bikes, treadmills, metabolic 

The CAREN system is surrounded by an 
8-foot tall, 180-degree screen whose 

images are synchronized with movement 
of the platform and input from the user.

U.S. NAVY PHOTO BY MASS COMMUNICATION 
SPECIALIST 3RD CLASS CHELSEA A. RADFORD
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then identifi ed what type of physical-
strengthening programs and activities that 
need to take place to make the programs 
more training-specifi c to their mission.” 

DIAGNOSING INJURY
Boswell points out that TBI is such 

an emerging sort of medical condition 
that there is more unknown than there 
is known about the condition. 

“We are trying to identify in the VE 
some of the markers that may be used for 
that detection,” says Boswell. “We are 
looking at balance and vestibular issues. 
You have to be careful with TBI. I think 
there is a general understanding in the 
lay population that we know everything 
about it and it is just a matter of engag-
ing the right devices to fi x it. But it is an 
emerging body of knowledge.”

“It stems from the lack of objective 
diagnostic measures,” adds Johnson. 
“Many neuro-psychology assessments 
are not sensitive enough. You can even 
send someone who has had a blast injury 
for a CT or MRI and there will be nega-
tive fi ndings, despite some behavioral 
symptoms. It is a real challenge.”

“Right now, we are trying to increase 
the capabilities of the CAREN to be an 
adaptable system so that any of these ar-
eas that the warfi ghter encounters we will 
be able to address in a research format,” 
says Bartlett. “We have general areas of 
capabilities that we are trying to stand 
up, such as having someone interact in 
a very realistic environment that they 
would see in Afghanistan: a high-altitude, 
extreme environment with inclines. You 
can increase someone’s load carriage 
capacity and look how their tactical 
decision-making is effected during that 
physical stress. The VE is being geared 
up for that kind of capacity, and that is 
what we are moving toward.”

Boswell points out that the lab has 
studies going on that look at specifi city 
of training. 

“For example, expeditionary type 
fi ghters — Marines or SPECWAR — 
the majority of their type of deployment 
requirements are lifting, pulling, push-
ing, carrying, climbing and anaerobic 
bursts,” notes Boswell. “What we have 
done is a job-task analysis to look at job 
requirements for those warfi ghters, and 

it in other people” Johnson points out. 
“We have to fi nd a way to translate what 
makes these people different, and use 
different aspects of training interventions 
that are successful in the warrior-reset 
community. If it helps someone to get 
better in the warrior-reset community, 
then that potential tool may help someone 
to perform better or give them an edge 
operationally.”

From the cognitive neuroscience per-
spective, the lab is primarily looking at 
differences in brain structure and function 
and is investigating that through magnetic 
resonance imaging (MRI). 

“We have a couple of studies already 
underway where we are looking at dif-
ferences between special operators and 
healthy controls,” notes Johnson. “We are 
also looking at the impact of stressful 
military training to see if there are objec-
tive neuro-scientifi c variables that we can 
demonstrate that, ‘Yes, this person has 
learned,’ and it is identifi able by looking 
at their brain function and structure.”

The VE or CAREN system is going 
to help the lab make great strides in re-
search and data collection and analysis.
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warfi ghter is disoriented or may have 
suffered a blast injury that can result in 
some incapacitating head trauma.

“It is based on a grip-strength test, 
and it is looking at roughly 50 percent of 
an individual’s maximum grip strength to 
fi nd out if that person may have suffered 
a head injury,” notes Johnson. 

Bartlett says that in order to put it 
all into context it helps to look at two of 
the populations that the lab works with, 
notably those with TBIs and those with 
lower limb loss.

“Someone with an amputation, it is 
pretty easy to identify what the problem 
is, and we can address that with very 
direct modes of therapy to strengthen 
them, as well as add a prosthetic, for 
example,” she points out. “But with TBI, 
every injury is completely different. We 
have to take that into consideration when 
we are doing research, that we are trying 
to come up with something that has to 
be more broad stroke and we know that 
these are all unique individuals that we 
are treating.”

The NHRC is involved in numerous 
studies looking at trying to give clinicians 

part of that is assessment and diagnosis, 
and currently there isn’t a published stan-
dard for diagnosing of TBI; it is under 
post-concussive syndrome, which is an 
additional diagnosis.” 

He notes that one of the projects that 
NHRC just got funding for is a potential 
screen that individuals out in the fi eld 
could essentially use to find out if a 

According to Johnson, one of the 
restraints that they have in approach-
ing all of this research is in diagnosis. 
“It seems like with TBI — it has often 
been called the signature injury of this 
current engagement — there isn’t even a 
diagnostic category for TBI,” he explains. 
“So we are not completely in the dark on 
this but in terms of treatment, the fi rst 
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The CAREN system consists of a nine-foot diameter 
platform on six hydraulic actuators that can be 

programmed to move in any direction (yaw, pitch and 
roll up to 25 degrees) independently or simultaneously. 
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better tools to make clinical decisions, 
such as whether a warfi ghter is ready to 
return to an operational setting or not, 
especially relative to the TBI injuries. 

“The goal is to give them a stronger 
battery of tests for clinicians to be con-
fi dent in to make better assessments,” 
Johnson notes.

IMPROVING PERFORMANCE
The VE or CAREN system at the 

NHRC lab will also push the limits in 
the analysis of warfi ghter performance 
and training.

“Our CAREN was stood up to ad-
dress not only some of the research ques-
tions associated with the clinical side 
but the performance side as well,” says 
Bartlett. “So when we talk about markers 
and screening techniques that we are 
looking at, that is a new line of research 
to go down because the other CAREN 
systems are just bogged down to have 
to address clinical and patients’ needs 
fi rst, and research questions second. 
So, our goal is to answer the research 
questions.”

With TBIs specifi cally, the lab is 
hoping to increase the CAREN’s ca-
pabilities “to identify markers to identify 
the screening process that can be tran-
sitioned out into clinics,” notes Bartlett. 
“So using the system as a way to advance 
diagnostic tools that can be used, not 
in the CAREN but by clinicians who 
don’t have a CAREN but other tools, is 
important. It is a way to identify what 
works best and then transition it out to 
VA and medical facilities and even out 
to the fi eld.”

She points out that the lab will also 
use the VE system to look at how a 
patient interacts in a realistic world.

“How do they interact with their bal-
ance or vestibular issues, or how do 
they react to something that changes 
quickly?” says Bartlett. “And we can 
do that in a controlled environment that 
is safe for the subject.”

The lab also has other types of im-
mersive trainers that it is funded to do 
research on in terms of evaluating its 
effectiveness. One in particular, called 
the infantry immersive trainer, is look-
ing at a mock Afghan or Iraq village 
where groups of Marines, for example, 
go through, train and practice different 
operations out in the fi eld. 

“So the concept is similar across 
all of these types of training, and that 
is exposing individuals to as real as 

JUNE 2010 • GOVERNMENT RECREATION & FITNESS 33





possible of an environment without the 
real consequences so they can learn how 
to learn under stress,” notes Johnson.

One of the things the Warfi ghter de-
partment is excited about is using the VE 
system to put a warfi ghter under physical 
stress and measure their cognitive or 
tactical ability at the same time. This is 
one of the few systems that allows one 
to do that in a lab setting.  

“We can put someone in full battle 
rattle — appropriate loads that are ac-
curate for each, and use realistic-using 
weapons that can be synchronized with 
the CAREN system to do fi rst-person 
shooter-type scenarios and have them 
interact with the environment,” notes 
Bartlett.

An important goal is to build a bat-
tery of normative values so that the 
lab always knows what the machine is 
measuring and what the variances are 
on those measurements, notes Boswell. 
“The next step is to roll into these more 
advanced questions. So, for example, 
we can take the biomechanical gait of a 
normal active-duty population between 
the ages of 18 and 27 carrying a cer-
tain amount of load. We can add to that 
equation someone who has been exposed 
to TBI and then we have a database of 
knowledge. We are just in the infancy 
in the development of this technology.”

COLLABORATIVE EFFORTS
A major part of the NHRC mission is 

teaming with other medical facilities, as 
well as medical professionals from each 
service, VAs and medical communities, 
to coordinate and further research efforts 
and directions.

For example, the NHRC is working 
with Dr. Kim Gottshall, a vestibular sci-
entist at the Naval Medical Center San 
Diego (NMCSD) on a study looking at 
vestibular or balance disorders caused 
by TBIs.

“We are collaborating with them on 
a couple of studies that are working on 
these vestibular issues,” notes Bartlett. 
“So, we are looking at vestibular issues 
in TBI-injured patients that are coming 
through Dr. Gottshall’s realm.”

To help with the studies and the 

assessment and treatment of balance 
disorders, the NMCSD and the lab use 
many tools and pieces of state-of-the-art 
equipment, including the Neurocom and 
the KoreBalance machines.

“One of our other areas here for the 
future is looking at some of the different 
musculoskeletal injuries or casualties 
that are coming out of the theaters of 
operation,” notes Boswell. 

The lab is also involved in some re-
search with Dr. Martin Paulus, professor 
at UCSD.

“We are looking at the neuro-mecha-
nisms of elite and optimal performance 
with the goal of further informing train-
ing and treatment for other folks,” notes 
Johnson. —GRF
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Naval Health Research Center (NHRC) staff (left to right) 
Capt. Lanny L. Boswell, Lt. Jamie L. Bartlett, and Dr. Pinata H. 
Sessoms work in front of the Computer Assisted Rehabilitation 

Environment (CAREN) or Virtual Environment (VE) System.
U.S. NAVY PHOTO BY MASS COMMUNICATION SPECIALIST 3RD CLASS CHELSEA A. RADFORD
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