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ost Americans have probably seen media cover-

age of a National Football League (NFL) game.

Because American football is a full contact sport,

it is probably not surprising that frequent colli-
sions between players result in concussions, or “mild” traumatic
brain injury (TBI) [1]. While concussions have been associated
with American football and its players since 1994, athletes are
not the only people affected by them [2]. 69 million individuals
sustain TBI each year worldwide [3]. According to the Centers
for Disease Control and Prevention (CDC), while a concussion
itself is not life-threatening, it is the after effects of the concus-
sion that contribute to complications which may hinder a per-
son’s quality of life for some time [1]. Recent research on the
oculomotor system and neuro-optometric rehabilitation may
offer affected individuals more opportunities for concussion
recovery. Concussions affect our brain in a multitude of ways,
including our physical, chemical, mental, and visual processes;
however, neuro-optometric rehabilitation is a glimmer of hope

for those recovering from traumatic brain injury.

DEFINING CONCUSSIONS AS “"MILD"
TRAUMATIC BRAIN INJURY

Establishing that the damage begins in the brain is the first step

in understanding how concussions affect our brain's various
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processes. The brain itself is encased by the cranium, a bony
structure which helps protect the brain from injury [4]. The skull
is the combination of the cranium and other bones that protect
the brain. In between the skull and the brain are the meninges:
three layers of tissue that serve to protect the brain and spi-
nal cord [4]. Even though the brain has all of these protective
mechanisms, damage is still possible. A concussion is a mild
form of TBI, which can be caused by a hit to the head (a bump,
blow, or jolt) or by a hit to the body [1]. When this sudden impact
occurs, it causes the brain to move inside the skull. As stated by
the CDC's “Heads Up" initiative, this results in various chemical
changes in the brain as well as brain cells potentially being dam-
aged and stretched [1]. Any type of TBI affects a person’s quality
of life in the short term and/or long-term [5]. The four main areas
affected by concussions are thinking, sensation, language, and
emotion [5]. The CDC details the effects of concussions as a
variety of symptoms within each area. These symptoms are
some of the many examples that show how concussions affect
the physical, chemical, mental, and visual processes of our
brain. Some symptoms in each of the four categories are shown

in the infographic below [5,6].

The greater the force of the impact, the more severe the concus-

sion symptoms [7]. After sustaining one concussion, a person

CONCUSSION
SYMPTOMS

—

Balance Problems

/

Blurry Vision

Information obtained from the Centers for Disease Control and Prevention (CDC) [5,6].

53

Spring 2021 Issue



is much more likely to suffer from a second one. Moreover, a

second concussion tends to cause symptoms that last longer
[7]. The signs and symptoms of TBI may be overlooked by many
people, even the individual affected. It can take days or even
months for symptoms to be noticed [5]. This is because people
who are suffering from TBI can appear unaffected on the outside.
Sometimes, the person may not be able to recognize or want to
admit that they are struggling [5]. When an individual’s physical,
chemical, mental, and visual processes are altered from a con-
cussion, it can be difficult to reason through what is happening,
let alone express to someone clearly what it feels like. However,
studies on the oculomotor system have been instrumental in

understanding and treating the far-reaching effects of TBI.

HOW HEAD IMPACTS LIKE CONCUS-
SIONS AFFECT THE OCULOMOTOR
SYSTEM

The oculomotor system is how our brain processes informa-
tion through our eye movements. In fact, more than 70% of our
brain is dedicated to vision, and our eyes receive 80% of all the
sensory information we take in from the world [8]. Because

our brain is so involved in how our eyes function and process

Grey Matters Temple University

information, our eyes can be impaired as well when a concus-
sion occurs. 90% of patients with TBI experience visual symp-
toms as a result of the close relationship between our brain and
eyes [8]. One such visual symptom is convergence insufficiency
[9]. Convergence is a form of vergence that describes how the
eyes turn inwards towards the nose in order to look at an object.
Convergence insufficiency describes the opposite. It is a phe-
nomena where the eyes have difficulty working together and
focusing on an object. Instead of both eyes turning inwards, one
eye turns outwards. This can result in symptoms such as blurred
vision, diplopia (double vision), and headaches [9]. When these
symptoms are present, a person’'s depth perception can be
affected. Good depth perception allows us to track objects in
front of us as well as do near sighted activities such as reading
and writing [10]. However, when an individual is experiencing
convergence insufficiency, their ability to track objects and do
near sighted tasks may be limited [10]. These symptoms may be
present immediately after the head impact occurred or they may
develop days after the injury [5]. Various studies have explored
how long convergence insufficiency affects the individual after

they have sustained a concussion.
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USING SOCCER AS A BASELINE FOR
STUDYING THE VISUAL EFFECTS OF A
CONCUSSION

A 2016 study by Dr. Kawata from Temple University's Kinesiology
Department had 20 healthy volunteers participate in a soccer
heading exercise followed by the near point of convergence
(NPC) assessment [9]. A soccer header is a technique that is
used to control the ball by using the head to pass or shoot. This
technique was used to give the volunteers mild head impacts.
The NPC assessment is a way to determine how the mild head
impacts affected the individual's oculomotor system. The NPC
is the distance where both eyes can focus on an object before
experiencing the symptoms of convergence insufficiency [9].
These volunteers were split up into two groups- a soccer head-
ing group (n=10) and a control group (n=10) [9]. A JUGS machine
(an automated throwing machine) was used to propel the soccer
ball up to speeds of 1.2 m/s (25 mph) towards the subject who
was 12 m (40 ft) away. Once the soccer ball reached the sub-
jects, those in the soccer heading group were asked to perform
10 standing headers with a one minute break in between each
one. In contrast, those in the control group had to remain stand-
ing and inactive for 10 minutes [9]. After the soccer headers
were completed, both the soccer heading and control groups
completed the NPC assessment [9]. For the NPC assessment,
the subjects were seated with their head upright, directly facing
a Snellen chart. A Snellen chart is an eye chart used to mea-
sure visual acuity, which indicates how sharp or clear a person'’s
vision is [11,12]. Reading the letters on this chart is a common
test used during check up appointments in primary eye care vis-
its [11]. The subject was asked to focus on a single letter as the
chart was moved along the length of a ruler, towards them at a

rate of around 1-2 cm/s [9]. When the subject verbally told the

tester they were experiencing diplopia (double vision), and could
no longer see the chart as a single object, the NPC measurement
was taken in centimeters as the distance between the subject
and the Snellen chart. The NPC assessment was done at pre-,
0 hours post-, and 24 hours-post-heading [9]. The results of the
NPC assessment demonstrated the negative effects repeated
head impact can have on the oculomotor system by revealing
convergence insufficiency [9]. At 0 hours post-heading, the NPC
was 3 cm; and it increased to 3.65 cm at 24 hours-post-heading
[9]. The increase from 3 cm to 3.65 cm is an indication of con-
vergence insufficiency because the Snellen chart had to be kept
farther away for the participant to be able to focus on it after
post-heading. Another way to think about this is that the closer
the Snellen chart can get, the less affected the oculomotor sys-
tem of said participant is. The results suggest that convergence
insufficiency is still present 24 hours-post-heading. Dr. Kawata's
study references a 2014 study by Dr. Mucha from University of
Pittsburgh Medical Center, which provided more insight into the
persistent nature of convergence insufficiency [13]. Dr. Mucha
used the NPC assessment and observed athletes approximately
5.5 days post concussion. The resulting average NPC was 4 cm
greater than the control group. At approximately 5.5 days-post-
heading, convergence insufficiency was still seen as evidenced
by blurred vision and diplopia. Dr. Kawata's study acknowledges
that it can be difficult to compare NPC scores across differ-
ent studies given they all use different levels of head impact
severity [13]. However, the data from both Dr. Kawata's study
and Dr. Mucha'’s study show evidence that convergence can be
significantly affected and present as convergence insufficiency
by even the smallest magnitude of head impact for more than
24 hours [9,13]. When blurred vision and diplopia occur in an

isolated incident, it might not be apparent how disorienting it



can be to live with these recurring symptoms for multiple days
on end. The ability of our eyes to work together is instrumental
in how we function in the world around us. Our eyes have to
be able to see a singular object in front of us and maintain that
object in focus for an extended period of time. This is an innate
process that we are not necessarily conscious of, yet it is a key
task that the brain and oculomotor system execute together on
a daily basis. During concussion recovery, it is possible to re-es-
tablish a strong connection between the brain and the oculomo-

tor system through neuro-optometric rehabilitation.

NEURO-OPTOMETRIC REHABILITATION
AS A TREATMENT OPTION FOR
TRAUMATIC BRAIN INJURY

Concussions affect the physical, chemical, mental, and visual
processes of our brain. If a patient’s concussion remains undi-
agnosed and untreated, then their risk for further brain injuries
increases, and their ability to do day-to-day activities decreases

[8]. Therefore, diagnosing and treating concussions requires a

team of diverse health professionals that specialize in the vari-
ous processes of the brain and body. One of those health profes-
sionals is an optometrist, also known as a doctor of optometry.
Optometrists and those who specialize in neuro-optometric
rehabilitation can provide a necessary treatment for those
affected by the visual symptoms of TBI [8,10]. Neuro-optometric
rehabilitation is a form of vision therapy that can retrain the brain
after injury [10]. This form of therapy is made possible by a prop-
erty of the brain called neuroplasticity, which refers to the rewir-
ing of neural connections that allows for self-repair. As the brain
is recovering, it needs help reprogramming itself to properly pro-
cess visual input again. The recovery process is largely reliant
on neuroplasticity since it is the rewiring of neurons that allows
for the restoration of previously damaged cognition. Retraining
the brain can be done through the use of treatments such as
visual exercises, digital aids, and specialized lenses. There are
immediate signs of relief once treatment starts. However, the
extent of improvement depends on the cause of the brain injury,

the individual's health, and the commitment to treatment [10].

While the ability of our eyes to be able to see a singular object in
front of us is a process we are not necessarily conscious of, it is
possible to increase our awareness of this ability [10]. Increasing
our awareness will ultimately improve our convergence skills
and our brain’s ability to process visual information. One of the
treatments an optometrist can give to improve the patient’s con-
vergence skills is a visual exercise similar to Dr. Kawata's NPC
assessment [9]. Instead of using a Snellen chart, a simpler object
such as a pencil with a brightly colored eraser can be used [14].
The patient has to be seated or standing tall with their head
upright, and holding the pencil in front of their nose. The patient
moves the pencil towards their nose slowly while focusing their
eyes on the eraser. When the patient begins to experience dip-
lopia (double vision) and blurred vision, they have to stop mov-
ing the pencil towards their nose. The presence of the following
symptoms of convergence insufficiency mean that the eyes are
no longer converging or focusing on the eraser properly. The
patient can readjust their eyes by moving the pencil back out
away from the nose some distance until the pencil appears as a
singular and clear object again. Over time, the patient should be
able to bring the pencil very close to their nose without experi-
encing convergence insufficiency, indicating an improvement of
their convergence skills [14]. Alleviating visual symptoms such
as convergence insufficiency is just one aspect of concussion
recovery. Effective treatment for TBI requires scientific research
into how our physical, chemical, mental, and visual processes
are affected by concussions. This research has led to various
treatments and therapies, such as neuro-optometric rehabilita-
tion. While substantial brain injury research has been conducted
on athletes, not everyone who has been affected by brain injury

is an athlete.

TRAUMATIC BRAIN INJURY IS A PUBLIC
HEALTH ISSUE

The American Optometric Association reports that 2.4 million
Americans are affected by brain injury each year [15]. The scope
of brain injury is larger than just a single activity. TBIs can hap-
pen in a variety of different settings. Falls, being hit by or against
an object, and motor vehicle crashes were the most common
causes of TBI-related emergency department visits at 47.9%,
171%, and 13.2%, respectively [16]. Falls and motor vehicle
crashes were the most common causes of TBI-related hospital-
izations at 52.3% and 20.4%, respectively [16]. Self-harm, falls,
motor vehicle crashes were the common causes of TBI-related
death at 32.5%, 28.1%, and 18.7%, respectively [16]. 80% of all
TBI injuries are reported as concussions [17]. Behind the statis-

tics are people from all different walks of life and backgrounds
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from children all the way up to the elderly [16]. Being able to put
faces to the data can further emphasize the gravity of traumatic

brain injury.

A PERSONAL REFLECTION ON CON-
CUSSION RECOVERY

Concussions impair the physical, chemical, mental, and visual
processes of the brain, but that was something | never truly
understood until it happened to me. In 2015, | got my first con-
cussion when a high speed tennis ball hit my face during high
school gym class. In 2018, | got my second concussion by hit-
ting my head on a metal corner of a nearby table while fixing a
hospital bed. There are a multitude of ways to describe what
a concussion feels like from just looking at the medical symp-
toms and scientific research. However, if | had to describe it from
personal experience, | would say that my concussions made me
feel like a completely different person for months after each
diagnosis. For the longest time, my identity was consumed by
my symptoms. While | appeared the same on the outside, | was
battling with the pain of my symptoms everyday. Things | had
done very easily before my concussions were suddenly very dif-
ficult. Going to various treatments and therapies was frustrating
at times because | would not always get relief from my symp-
toms. But without the support of my family, friends, physicians,
physical therapists, and an optometrist, | would not be where |
am today: talking about my experiences and living a life free of
my once overbearing symptoms. Maintaining hope during the
recovery process is essential. Through my journey, | learned the
true meaning of patience and perseverance, and that is some-
thing |1 am genuinely grateful for. Millions of people in the US
and worldwide are affected by brain injury. A TBI is life-alter-
ing, and the people who do survive their TBI have their lives
significantly affected for some time. Through researching the
health effects of TBI, advancements in the care of such injuries
have been made. Specifically, investigation into our oculomotor
system has revealed how impactful vision is post-concussion.
These discoveries have led to various treatments and therapies,
such as neuro-optometric rehabilitation. Access to support and
rehabilitation services give those affected by TBI hope that they

may experience improvement in their quality of life. ¥
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