
3 6   T H E  P E N N  S TAT E R    J u l y /A u g u s t  2 0 1 6     J u l y /A u g u s t  2 0 1 6    T H E  P E N N  S TAT E R    3 7

A  
LASTING  
IMPACT

A  
LASTING  
IMPACT

With increasing 
attention being paid to

SPORT-RELATED 
CONCUSSIONS,
there’s much to learn 

about how to diagnose 
and treat brain injuries. 

At the Penn State 
Center for Sport 

Concussion Research 
and Service, professor

SEMYON 
SLOBOUNOV 
is examining some  
of the unanswered 

questions—and asking
a few of his own. 
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STANDING IN A BLACK-CURTAINED 
chamber, a harness around each leg, and wearing 
3-D glasses equipped with a movement sensor. A 
screen lights up in front of me, and I’m immersed 
in a digital re-creation of the inside of an elevator, 
facing the door. 

Graduate student Alexa Walter ’15 Sci hands 
me a joystick, and explains that the “elevator” will 
move up and down. My job is to watch out the 
door’s window and count the floors as I ascend 
and descend, then use the joystick to indicate 
which floor I think I’m on when it stops. I’ll see 
whether I’m correct after the doors open. 

From the second floor, my virtual elevator be-
gins to rise. One floor, two floors, three—the 
sound of hammering breaks my concentration—
more floors. The motion stops. I move the joystick 
to eight. The doors open—I’m wrong, it’s the sev-
enth. The doors shut again, and now I descend, 
one, two—a bell rings—four?—a computerized 
voice booms, “How many courses are you taking 
this semester?” I’m supposed to answer out loud. 
“None,” I tell it. The elevator stops again, but I’ve 
lost track, and try to mentally review the past few 
moments. I choose the first floor, but when the 
doors open, I’m wrong again. I cannot believe 
how poorly I’m doing.

“You can imagine if you’re not paying attention 
or you’re not feeling well,” Walter says, “it would 
be really hard.”

The elevator is one of the virtual reality tests 
in Penn State’s Center for Sport Concussion Re-
search and Service, located in the basement of 
Rec Hall. Over the past three years, somewhere 
around 70 percent of Penn State’s student- 
athletes have ridden this same elevator or per-
formed other tasks, like retracing their steps after 
being led through a virtual building, and bending 
and swaying their bodies in response to a “shift-
ing” room. (Some of the athletes were dealing 
with concussions, while most were healthy sub-
jects providing baseline data for the research.)

Pioneered by the center’s director, Semyon 
Slobounov, the system offers a new way to test 
concussions, different from the traditional neu-
ropsychological assessments. It’s able to detect 
potential problems in thinking and movement—
even after the usual methods have cleared an ath-
lete to return to the field. 

I think back to the several concussions and 
countless lighter blows to the head I’ve experi-
enced, thanks to a clumsy childhood and later 
sports. It’s been years since, and I have no symp-
toms now. Still, I ask Walter if my dismal perfor-
mance in the virtual elevator could be reflective of 
my past. “That’s the big debate,” she says. What is 
the real impact of a blow to the brain? How long 
does it last? When are you truly healed? “No one 
really knows.” And when it comes to concussion 
care, that’s the problem.

EOPLE IN THE U.S. SUFFER 
between 1.6 and 3.8 million concus-
sions each year as a result of sports 
and recreation, according to the 
American Academy of Neurology. 

These seemingly mild traumatic brain injuries, 
or TBIs, vary from person to person, but often 
cause headache, dizziness, disorientation, and 
confusion. The effects, leading guidelines ex-
plain, are largely due to a disturbance in brain 
function—and not injury to its physical structure. 
This concept is bolstered by the fact that patients 

I’M 
generally don’t show any 
problems in basic MRIs 
and CT scans. What’s 
more, the vast majority of 
the cases spontaneously 
clear up within seven to  
10 days. 

Except maybe not. 
Semyon Slobounov, a pro-
fessor of kinesiology and 
neurosurgery at Penn State 
in addition to his role at 
the concussion center, has 
long believed that there is 
more to mild TBIs than 
the clinical symptoms. His 
thinking goes back to his 
days in the former Soviet 
Union, where he studied  
under a neuropsychologist 
named Alexander Luria. 
Luria famously worked 
with World War II veterans who’d suffered head 
trauma. At first sight, some of the military men 
looked perfectly fine: Luria observed their mem-
ory and thinking ability, which revealed no prob-
lems. And yet, Slobounov explains, when they left 
the hospital to go home, they became lost after 
only a couple of turns. “Was the injury resolved or 
not?” Slobounov asks. “Surely not.”

The problem, Slobounov explains, is that Lu-
ria’s assessment was looking only at the soliders’ 

symptoms. The diagno-
ses weren’t grounded in 
the physical injury it-
self, making the process 
akin to treating the fe-
ver without addressing 
the underlying infection. 
And because the evalua-
tion was fairly simple, the 
soldiers’ injured brains 
could tap into redundant 
networks and perform 
well enough to mask the 
problem—a phenomenon 
known as compensating. 
But as soon as the sol-
diers were put into a more 
complicated situation, the 
underlying injury over-
whelmed the system. 

Slobounov sees a simi-
lar problem in today’s 

concussion tests: They’ve been formalized into 
sophisticated neuropsychological exams, which 
measure many different variables—such as an 
athlete’s sensitivity to light or ability to answer a 
question—but they still just look at the recovery 
of outward symptoms and not the actual physical 
injury itself. 

Over the past few years, Slobounov has de-
ployed newer, more advanced imaging tools and 
analytic techniques in his lab and found residual 
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  ABNORMALITIES IN ATHLETES’ BRAINS LONG AFTER THEIR SYMPTOMS  

  HAD RESOLVED AND THE ATHLETES HAD BEEN CLEARED TO PLAY AGAIN.     
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 STRONG PEDIGREE  Slobounov, former
head coach of the USSR’s Olympic diving 
team, has Ph.D.s in psychology and kinesiology. 
He joined the Penn State faculty in 1994.



abnormalities in the brains of concussed Penn 
State athletes days, months, even a year after 
their clinical symptoms had officially resolved. 
Their neural networks weren’t acting the way 
they did before the injury, their electrical activity 
was off, and even the chemistry and metabolism 
weren’t normal—all this despite being cleared to 
play again. 

“It’s very, very worrisome, because truly, there 
are metabolic and other abnormalities that last 
for a month or two after symptoms have cleared 
up and cognition and eye tracking and balance 
are all normal,” says Robert Cantu, co-director of 
the Neurological Sports Injury Center at Brigham 
and Women’s Hospital in Boston. 

Slobounov’s findings resonate with research 
from other labs, as well as data from animal 
studies that have unraveled cascades of destruc-
tion that follow a concussion, including torn 
and stretched brain cells, inflammation, and 
wild swings in brain chemistry. Says Slobounov: 
“There is nothing mild about mild TBI, if you 
look at the cellular level.” 

EFORE EMIGRATING TO THE 
the U.S. in 1989, Slobounov also 
worked with Russian boxers, de-
veloping ways to measure their re-
flexes and reaction time, outside of 

any trauma research. He noticed that when he 
matched boxers against non-boxers in basic lab 
tests—like pushing a button on cue—the reac-
tion time scarcely differed between them. The 
differences emerged when he mocked up a more 
lifelike situation, using mirrors, projections, and 
video cameras to create a virtual “opponent.” 
The boxers seemed to react more to the authen-
tic situation—in this case, their reaction times 
were much faster compared to the control group. 
It was, Slobounov realized, remarkably similar 
to Luria’s study of wounded soldiers: Lab tests 
aren’t as reliable a gauge of cognitive ability as 
tests reflecting more complicated—and more au-
thentic—situations. 

Fifteen years ago, by then at Penn State, Slo-
bounov decided to extend the idea. Teaming up 
with a group of researchers, along with Wayne 
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Sebastianelli ’89r Hershey, the university’s 
longtime director of athletic medicine, and Slo-
bounov’s computer-programmer wife, Elena ’95 
MS Eng, he set about to create a more realistic 
measure for tracking concussion symptoms. 

The end result is the virtual reality system that 
I so thoroughly failed. And Slobounov’s predic-
tions indeed seem to have panned out so far: His 
system can detect deficits in the balance and pos-
ture control among affected athletes, well after 
they’d passed standard tasks and been cleared to 
compete again. 

And, because his testing produces a clear nu-
merical score, it offers a more objective measure 
than many of the neuropsychological tests, which 
often rely on self-reports from athletes on their 
emotions, dizziness, and vision.

Crucially, Slobounov has combined his func-
tional test with brain-imaging techniques, like 
EEG and functional MRI, to allow him to peer 
deeply into the injured brain in real time as it fac-
es challenges. In some tasks—like spatial mem-
ory—concussed athletes can still compensate 

enough to match a non-concussed control, but 
as they do, their brains are working double-time 
and recruiting extra networks for help.

URRENT RETURN-TO-PLAY 
guidelines aren’t informed by find-
ings like Slobounov’s, in part be-
cause scientists don’t yet know how 
those findings translate into clinical 

risk. Should a player sit out just because a func-
tional MRI of her brain shows it’s working a little 
harder to help her navigate a digital corridor? 
Does it matter that a formerly concussed athlete 
still shows differences in his EEG test a year after 
the injury, even if he’s passed his neuro-cognitive 
tests? Typical posture tests show that an athlete’s 
balance control returns within three to five days 
after an injury—does it really matter if Slobou-
nov’s virtual-reality challenge still shows deficits 
eight days out? 

It’s akin to the controversy over routine cancer 
screening in medicine: Tests can reveal perfectly 
benign tumors or cysts that would never cause a 
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 SCREENING TOOLS  At the Penn State center, a youth hockey player straps
on virtual-reality goggles for baseline testing. His task is to react while a researcher 
“tips” the room. The harness is a safety measure.
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problem, but they raise a question as to whether 
to perform an invasive biopsy, just in case. 

“There are a lot more questions than there are 
answers at this point,” says Mark Hallett, chief of 
the Human Motor Control Section at the Nation-
al Institute of Neurological Diseases and Stroke. 
“Imaging and other studies are showing much 
more subtle elements, but how important they 
are is not particularly clear yet.”

“We can’t tell you what the risk is,” agrees 
Thomas Talavage, a Purdue University biomedical 
engineer who has worked with Slobounov—and 
who has found evidence of changes in the brain 
chemistry of players who didn’t even sustain a full 
concussion. “But not knowing what the risk is,” he 
says, “is very different from there not being a risk.” 

There’s a disconnect in the field, Talavage points 
out, between the idea that mild TBIs are transient 
and less serious, and the kinds of problems that 
have made concussions so notorious lately. “We’re 
seeing changes where theoretically ‘nothing’ is 
happening, yet we have several populations later 
in life who are clearly evidencing something very 
serious having gone wrong.” This includes a series 
of high-profile suicides by NFL players and even a 
few college athletes whose brains revealed signs of 
chronic traumatic encephalopathy, or CTE, a de-
generative brain disease associated with repeated 
head trauma. Similarly, other athletes have also 
died unexpectedly or become profoundly disabled 
after even just minor blows following an initial 
concussion, a phenomenon known as second-
impact syndrome. 

For all the unanswered questions surrounding 
Slobounov’s work, there are as many or more on 
the clinical side: How many or what kind of blows 
does it take to cause CTE? Why do some people 
suffer worse long-term effects from concussion 
than others? How can clinicians know for sure it’s 
safe to send a high school kid back onto the field 
after a concussion and not risk serious damage if 
he or she is hit again? It’s hard to believe that there 
won’t turn out to be a connection to the neurol-
ogy—but the data just aren’t there yet. 
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Today, in his center at Penn State, Slobounov 
has several projects open that he hopes will help 
connect some of these dots. As part of a collabora-
tion with Louisiana State University and the Head 
Health Network, which designs helmet sensor sys-
tems, Slobounov’s lab joined with Penn State head 
athletic trainer Tim Bream ’83 H&HD and team 
physician Peter Seidenberg ’96 MD Hershey to 
track the number, force, and direction of impacts 
to 24 Penn State football players’ heads in every 
practice during the 2015 football season. They’re 
comparing players’ performances on virtual-re-
ality tests of balance, memory, and reaction time 
before, during, and after the season against 24 
students not at risk for concussion. Added to those 
numbers, Slobounov gathered pre- and post-sea-
son blood work, multiple types of brain and spinal 
cord imaging, and genetic information—basically, 
says grad student Alexa Walter, everything the lab 
could think of. 

“We’ll combine them, and we’ll see,” Slobounov 
says. “You could say it looks like we’re fishing—and 
on the one hand, yes, but on the other hand there 
may be conceptual value here.”

Slobounov, Walter, and colleagues are sifting 
through the data now, and are using external labs 
to help analyze the biological and neuroimaging 
information to ensure unbiased independent han-
dling of whatever correlations may emerge—an 
important point in the wake of broader concerns 
about research in a field that is often assisted by 
invested organizations like the NFL. (Slobounov’s 
work has been supported by a variety of sources, 
including NFL Charities, the National Institutes of 
Health, the National Institute of Neurological Dis-
orders and Stroke, and Penn State internal funds.) 

On a broader scale, Slobounov also helped cre-
ate a new multi-center consortium combining the 

imaging expertise of eight universities, including 
Penn State and Talavage’s lab at Purdue. The goal is 
to pursue research similar to the Head Health Net-
work project, but on a much larger scale—3,000 
youths nationwide in a study designed to span 
multiple years—if the funding comes through. 

The data that come from these projects will, 
the researchers hope, offer a better sense of the 
long-term progression of a concussion and what 
in the brain and body might correlate with real 
risk and recovery. The sorts of patterns that might 
emerge—perhaps a number or type of hits, or a 
time interval between hits associated with certain 
brain activity changes—could be the key to pre-
venting and managing concussions safely. Perhaps 
in the future, real-time helmet tracking will help 
identify athletes who might be approaching a dan-
gerous number of blows in a given season, so that 
coaches might pull them out early. Or maybe it 
will change clinical practice such that athletes with 
concussions routinely sit out three weeks, or three 
months, depending on what researchers learn.

The goal isn’t to find a way to stop sports like 
football altogether. It’s to find a way to make them 
safer. Slobounov has coached Olympic diving 
champions, and has competed in sports himself. “I 
have been an athlete, I will die an athlete,” he says. 
“And I believe it is a good thing to be an athlete in 
any sport. But there is a proper way of doing this. 
If injury happens, you have to properly manage  
it. You cannot arrest the healing process. It is a 
grave mistake.”   

Shannon Fischer is a freelance writer based in 
Boston. Her work has appeared in New Scientist, 
IEEE’s Pulse magazine, and Boston magazine.
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Is a concussion always 
obvious right away?  
Sometimes, yes, but 
not always. There is a 
small percentage who 
don’t have symptoms 
until the next day, 
or later, and they’re 
a challenge because 
you’re sending them 
back into play because 
they seem fine.

Is there anything a 
person can do to pre-
vent a concussion?  
It is important to un-
derstand your activity’s 
most common mecha-
nism of a concussion 
and try to eliminate 
that. So, in soccer, one 
play would be to not 
head the ball.

Can helmets reduce 
the risk of concus-
sion? 
Maybe. But they might 
increase your risk, 
too. For example, if an 
athlete wears a helmet, 
he may also feel more 
protected and play 
more aggressively. On 
the other hand, if you 
wear a bike helmet and 
get hit by a car, your 

risk of brain injury is 
significantly reduced. 

How important is rest 
during recovery?  
As time goes by, you 
want to increase your 
activity slowly. “Rela-
tive rest” is impor-
tant—not complete 
shutdown. If you lie 
around doing noth-
ing for a long time, it 
will actually take you 
longer to get better 
than if you use a slow 
but structured routine 
to get back.

Any other advice? 
Retiring from sport 
after concussion is not 
an easy decision. There 
are multiple factors 
involved: What’s the 
person’s history with 
concussions? What 
are the risks of the 
sport? What are the 
benefits of playing? I 
really want the athlete 
to come to grips with 
that and the family to 
feel good about the 
decision.  For more, 
search “concussion” 
on pennstatermag.
com.   —AD

ALTHOUGH THERE IS STILL UNCERTAINTY
about the effects of concussion, what safety 

measures can you take after— or even 
before— a blow to the head? To find out,  

we talked to pediatrician Harry Bramley ’99r 
Hershey,  medical director of the Penn State 
Hershey Concussion Program, a full-service 
brain injury recovery program. The program, 

which Bramley founded in 2005, has more  
than 3,000 patients annually. 

               


