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Abstract: - Sports medicine advancements are continuously evolving allowing professionals to utilize tools to
provide for their athletes’ care. These tools have allowed clinicians to better diagnose and determine the extent
of an athlete’s injury. Over the last 20 years, an emphasis has been placed on mild traumatic brain injuries
(mTBI) and/or concussions. This focus on mTBI and concussions has led to an understanding of the mechanism
of injury (MOI), development of grading/severity scales of injury, and diagnostic tools for properly assessing an
athlete suffering from an injury to the brain. Clinicians understanding of concussion has excelled in recent
years, but with advancement in technologies and diagnostic tools, all professionals need to understand the
importance of incorporating tools into the diagnostic procedure. Thus, the purpose of this review is to evaluate
common tools in practice, as well as newer tools, that could be utilized by sports medicine professionals.
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1 Introduction Though research has become more prevalent, it is
In today’s society, sports have reached an all-time still in its infancy compared to other topics in the
high of popularity and continue to grow. This field. As more information is dlgcpvered about
growth has led to athletes of all ages participating in concussions, the better sports medicine personnel
a variety of sports from youth to professional. With will be able to properl.y dla.lgnose a concussion.
so many individuals participating in sport, athletes Thus, the purpose of this article is to identify the
know a risk of injury exists with participation. In the validity, sensitivity and specificity of common

past, focus has been heavily aimed at concussion tools used by clinicians.

musculoskeletal and ligamentous injuries. A new ) -

focus of brain injuries, specifically the sport-related Defining and Recognition

concussion, has become more prevalent and studied Individuals surroun'dlng' sport, whether that
in recent years. Not to say that other types of be coaches,.a.thletes, athletic directors, parents and
injuries cannot be catastrophic, but individuals sports -medlclne personnel, need to be al?le to
surrounding sport need to be more aware of head recognize common symptoms f’f a concussion to
injuries due to less research surrounding the topic. help better protect, but properly identify, someone at
According to Howell et al16, an estimated 1.6 — 3.8 risk!®. These individuals will be around athletes

million concussions occurred from sport annually more than a physician, who would give the clinical
and has increased from 23% to 57% from the year diagnosis, so the education of everyone will
2005 to 2012. drastically help athletes and their protection.
In addition, what makes the diagnosis of an mTBI Numerous organizations like the National Collegiate

Athletics Association (NCAA) and NATA (National

more difficult is the variety of signs and symptoms ) - —
Athletic Trainers’ Association (NATA) recommend

(S/s) that could occur. Common signs and

symptoms can include neurological deficits, visual, the education and Baszeline scre??ing. of athletes
hearing, sensory and motor control deficits, nausea, prior to participation = Hootman ™ reviewed injury
and more depending on the site of injury'S. rates in collegiate athletes to find that sport-related
Recently, mTBI’s and concussions have become a gqncpssions accounted forls five percent of all
main focal point in sports medicine research. Injuries across twenty sports .

Furthermore, current research surrounding the topic
has focused heavily on incidence rates, significance
levels, assessments and recovery from the injury®.
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2. Education

Perhaps one of the hardest factors in identifying a
concussion is that the injury can be presented
differently between individuals and based on where
it occurred within the brain. The severity of
concussions can range from mild to severe, so the
importance to understand the types and grades at
which concussions can be categorized. The two
categories of concussions mentioned in the National
Athletic Training Associations’ position statement
are focal and diffusel3. Focal or post-traumatic
intracranial mass lesions to the brain can be
presented through a wide variety of conditions
including subdural hematoma, epidural hematomas,
cerebral contusions, intracerebral hemorrhages and
hematomas13. Injuries like cranial hematomoas and
hemorrhages are less common, yet serious. These
concussions that can occur within sport and the
identification of these injuries can be a matter of
saving a life. Typical conditions following a focal
injury to the brain can include: loss of consciousness
(LOC), cranial nerve deficits, mental deterioration
and continued worsening symptoms13.

A diffuse brain injury can present a wide variety of
injury with the most severe being injury to the
brainstem, but more commonly presented is the
cerebral concussion. A cerebral concussion,
sometimes termed mild traumatic brain injury
(mTBI), can best be categorized as a diffuse injury
due to the mechanism of injury (MOI)13. Common
diffuse injuries come from acceleration/deceleration
and or rotational motions, sometimes including
both13. This mechanism of injury causes a sudden
change that can result in tissue damage. If tissue
damage does occur, a variety of signs and symptoms
can be presented depending on the severity and the
location of the tissue damage. An injury to the
frontal lobe may present differently than tissue
damage to the occipital lobe, so consideration of
location is important when evaluations are being
completed. Therefore, signs and symptoms that can
be presented from cerebral concussions may
include: headache, dizziness, nausea, vomiting,
balance problems, feeling “slowed down,” fatigue,
trouble sleeping, sensitivity to light or noise, LOC,

blurred vision, difficulty with remembering,
memory and concentration13.

2 Grading Scale:

As more information comes into light with

concussions, varying grading scale or severity scales
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have been used to classify a concussion. However,
not one scale can particularly be agreed upon, but
similarities have been shown in three systems since
the late 1990s3. Those scales coming from Cantu,
the American Academy of Neurology, and the
Colorado Medical Society’.see Table 1.

Table 1. Criteria of Concussion/mTBI Grading Scales*

Grade 1 (Mild) Grade 2 (Moderate) Grade 3 (Severe)
Cantu No LOC' LOC <1 min or LOC > 1 min
PTA%PCSS® <30 min PTA > min <24 hr PTA >24 hr
PCSS > 30 min, 7 < days
Colorado Confusion w/o amnesia Confusion w amnesia Any LOC
Medical No LOC No LOC
Society
American Transient confusion Transient confusion Any LOC
Academy of No LOC No LOC
Neurology Symptoms or mental Symptoms or mental

status or abnormalities
last more than 15 min

status abnormalities
resolve within 15 min

ILOC, Loss of consciousness
2PTA, posttraumatic amnesia
3PCSS, post-concussion symptom score

*Adopted from Bodin et al.?, Cantu®, and Guskiewicz et al.'3

Cantu® published the first scale to grade the severity
of concussions: grade 1, mild, with no loss of
consciousness; grade 2, moderate, with less than
five minutes of unconsciousness or more than thirty
minutes of post traumatic amnesia; grade 3, severe,
with five or more minutes of unconsciousness or 24
or more hours of post traumatic amnesia®.

The Colorado Medical Society used a
grading scale similar to that of Cantu®by measuring
the amount of amnesia and LOC presented in an
individual, which is seen in his proposal. The
Colorado Medical Society grades are as follows:
grade 1, confusion without amnesia or LOC; grade
2, confusion with amnesia without LOC and grade
3, being any LOC®. To expand upon this scale, The
American Academy of Neurology (AAN) added
further criteria to their scale. The AAN added a
scale to measure how long symptoms or mental
status abnormalities were present. The difference
between grade 1 and 2 was the length of these
abnormalities being less than 15 minutes is
considered grade 1, while over 15 minutes was
considered grade 2 concussion®'3. With adherence
to the Colorado Medical Society Scale, any LOC
was considered a grade 3 concussion. In today’s
NATA position statement'®, the recommendation of
these three scales is the American Academy of
Neurology.

3 Evaluation Tools:

Sport Concussion Assessment Tool (SCAT). The
SCAT, now on its 5" edition, is a memory and
symptom assessment tool that can be used to
perform an in depth assessment for an individual

Volume 18, 2021



WSEAS TRANSACTIONS on BIOLOGY and BIOMEDICINE
DOI: 10.37394/23208.2021.18.5

suspected of a concussion®. If done properly, the
SCAT assessment should take no less than 10
minutes. Basis of the SCAT is the Standardized
Assessment of Concussion (SAC), Post-Concussion
Symptom Scale (PCSS), which includes a 22 self-
report scale rating from O (none) to 6 (severe), as
well as a modified Balance Error Scoring System
(BESS), in addition to numerous other sections
within the SCAT to thoroughly evaluate a variety of
brain functions?'.Preseason SCAT baseline testing
can be useful for interpreting post-injury test scores
also. The diagnosis of a concussion is a clinical
judgment, made by a medical professional.

Balance Error Scoring System (BESS). The BESS
Test is a postural stability measurement designed to
evaluate concussed and healthy athletes in a quick
manner. Figure 1 shows that the athlete is asked to
perform numerous stances (double leg, single leg,
tandem stance) both eyes open or closed for twenty
seconds as errors are counted throughout the
exam™>’?,

The BESS Test is a vital component to incorporate
into concussion examinations, because numerous
studies have shown that balance can be altered for
three to ten days in most cases, typically resolving
in the first three to five days, but in extreme cases,
28-37 days can be the time period!!%16:21.2425
Ozinga et al. (2018) have shown age as an impactful
factor on both baseline and concussed scores. This
impact is thought to occur at younger ages, because
sensory system and automatic motor process have
not fully developed.

e e
)

d

(a) (b)

(c)

Figure 1. Balance Error Scoring System (BESS).
Top row, firm surface condition Bottom row, soft
surface condition, Left column, parallel stance,
Middle column, single-leg stance, Right column,
Tandem stance

Immediate Post-Concussion Assessment and
Cognitive Testing (IMPACT Test). ImPACT is a
commonly used baseline tool requiring 25-30
minutes as shown in figure 2. This tool provides a
22 question post-concussion symptoms score, as
well as six neurocognitive subjects that include
attention span, working memory, sustained and
selective attention time, response variability,
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nonverbal problem solving, and reaction time during
the test”?.

(https://www.juniorhockey.com/news/news_detail.p

hp?news_id=79867)

A composite score from various domains evaluates
verbal memory, visual memory, processing speed
and reaction time’. Similar computerized tools like
the ImPACT Test are available, such as the
Automated Neuropsychological Assessment Metrics
(ANAM), CogSport, and Concussion Resolution
Index. Each supporting computerized test
incorporates similar examinations of memory and
reaction time'>.

Vestibular Ocular Motor Screen (VOMS). The
VOMS testis five- to ten-minute visual and ocular
function screening through which an individual is
required to complete an eye-tracking screen,
specifically measuring visual acuity, smooth
pursuits, saccades, and ability to focus on stationary
objects>!*2!.  This specific assessment puts
additional strain on the vestibular complex,
providing information regarding head movements,
visual and balance control’!. Due to the vestibular
system providing feedback from balance and visual
acuities, thus, the VOMS test needs to be divided
into subsections because of the uniqueness of each
area.

Figure 3. Face to Face Vestibular Ocular Motor
Screen
Face to Face Vestibular Ocular Motor Screen shown
in Figure 3. Those two subsections are the
vestibulo-ocular system, which is responsible for
maintaining visual fields, and the vestibule-spinal
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system, being responsible for controlling postural
stability?!. The VOMS test, unlike the BESS and
SOT test, adds a dynamic component to vestibular
and vestibulo-ocular motor systems?!.

King-Devick Test. The King-Devick Test consists
of a series of four cards. The first card is used as a
practice or introduction card to familiarize the
individual with the test. Each of the following cards
can be termed as exam cards, where the clinician
will take a time for the reading of each card”!’. The
athlete is asked to read a series of numbers with
varying spacing between cards as quickly and
accurately as possible”!*?’. Additionally, errors are
counted if numbers are skipped or incorrectly read.
Upon completion, the time and total numbers of
errors are corrected’. Although the King-Devick
Test provides an object measurement for sport
related concussions, it is limited to only to testing
oculomotor impairment excluding any vestibular
components®®,

Trazer. The Trazer is a versatile piece of
equipment (television with an operating and analysis
system attached)that can be used to evaluate
sensory, cognitive and neuromuscular system
through evaluation of balance, posture, agility and
reaction time as shown in Figure 4.

Figure 4. Testing point of TRAZER
Also, the Trazer analyzes movements of the lower
extremity, more specifically the knee and ankle
joints. Though, not much research has been
published on the TRAZER, the components in
which the TRAZER does focus on related to

concussion are visual, vestibular, cognitive,
neuromuscular/musculoskeletal and
cardiorespiratory ~ systems*.  Furthermore, two

collegiate football programs (University of Alabama
& Troy University) have been shown to use the
TRAZER in their baseline assessment'*2,

EquiTest (Sensory Organization Test, SOT).
Figure 5 represents a visual of the SOT has recently
become a versatile tool in concussion management,
as it can be utilized to measure vestibular,
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somatosensory, and neurocognitive function on an
individual?>26-30:33,

80T2 30T5

HS-80T2 HS-80T5

Figure 5 EquiTest (Sensory Organization Test,
SOT) Position
The measurements are derived from the utilization
of a force plate, reference point, anterior and
posterior tilting of the force plate, and the
surrounding area during the test disrupts
somatosensory or visual inputs 2. The SOT allows
clinicians to objectively measure abnormalities in

the sensory systems assisting with posture
stability?*3?.
Virtual Reality (VR) Technology. Virtual

reality tools allow for a level of engagement and
sense of presence by simulating daily activities
while providing a measureable stimulus*as shown
in Figure 6. VR technology has allowed clinicians to
integrate vestibular, visual, and somatosensory
information, which have all are potentially present
in a concussed athlete”.

Figure 6 Virtual Reality (VR) Technology position

Current research focus has been placed on
components, such as visual, somatosensory and
balance and anticipatory rates’®*°. Numerous tools
have been developed to measure an athlete
suspected of a concussion or mTBI by evaluating
eye movement that identifies abnormalities in the
athlete’s baseline measure?. VR tools can be
compared to the VOMS, but are also thought to
measure predictive timing®®. By providing a
measurement for predictive timing in athletes,
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clinicians and sports medicine team can determine if
an athletes’ performance is deemed unsafe to return
to competition.

4 Reliability, Sensitivity, and
Specificity of These Tools :
Sport Concussion Assessment Tool (SCAT)

(Broken down into subsections, SAC, PCSS,
MBESS). Sport medicine professionals have utilized
the SCAT since 2004 when it was introduced at the
International Conference on Concussion in Sport in
Prague®. The SCAT is now on the 5th version and
still widely used today. Putukian et al. (2015)
looked into the specificity and sensitivity of
detecting a concussion?’. Upon review, concussed
individuals score dropped 3.5 points compared to
baseline scores®’. Furthermore, a 96% sensitivity
and 81% specificity in detecting individuals
suspected of concussion was determined?’. Though
the SCAT 2 has been shown to be a valid tool for
health care professionals, an updated review of the
SCAT 5 should be conducted to test reliability,
since more has been added to the evaluation. The
SCAT has since added a cervical spine and
neurological screening, plus has given the clinician
more questions on observational signs.

Balance Error Scoring System (BESS). The
Balance Error Scoring System has been shown to
have a low sensitivity, with high specificity, when
diagnosing sport-related concussions. Buckley et
al.(2016) observed that the sensitivity and
specificity of the modified BESS were 71.4% and
65.7%, respectively, for collegiate athletes with
acute sport-related concussions.® However, when
post-injury results were compared with baseline
values, 60% of participants were misclassified at
some point during the testing protocol (acute or
recovery)'. Furthermore, Baracks et al.(2018) found
the BESS test presented differences in balance
analyzes'. To support Barrack’s claimed sensitivity
and specificity, Caccese’ found a low sensitivity
(.34) and high specificity (.91-.97) for the BESS
test’.

Immediate Post-Concussion Assessment and
Cognitive Testing (IMPACT). Elbin et al. (2019)
found no significant improvements on the ImPACT
test when retaking the test on the same day in
healthy individuals.® Therefore, the ImPACT test
can be a suitable tool within a clinician’s diagnosis
protocol due to the unlikely hood of improvements,
even with familiarity of the examination’. Only
slight improvements were found on visual motor
speed, while all other measurements remained
stable?®. Furthermore, the IMPACT Test is shown to
have a sensitivity of 81.9% and a specificity of

E-ISSN: 2224-2902

47

Brady Armitage, B. Sue Graves

89.4% when combining symptom scores and the
ImPACT test’?®. Also, InPACT data revealed an
85% diagnosis rate of concussion®.

Vestibular/Ocular-Motor Screening
(VOMS). Mucha et al.(2014) observed in
individuals, who suffered an mTBI,, had a total
mean symptom score on the VOMS significantly
lower than that of non-concussed individual
(<.001)%. Also, a positive correlation between each
VOMS domain to the Post Concussion Symptom
scale (.28-.65) was seen!®?. However, further
research on validity is needed due to the wide scope
of the examination to specifically identify areas of
deficit. Thoughadditional research is necessary, this
test could be used for rehabilitation protocols of
sport-related concussions due to the wide scope of
tests given and ease of administration.

King-Devick Test. Previous research has

validated that the King-Devick test can recognize a
sport related concussion (SRC) when an athlete’s
Post-Concussion Symptom Scale (PCSS) does not
reflect possible concussion'>!®!?. Furthermore, the
King-Devick Test has shown similar deficits in
scores on visual motor speed and reaction time to
thatof the SCAT and ImPACT Test'®".
Additionally, concussed football athletes were
measured at baseline and post concussion to show
an average 46.9 sec to 37.0 seconds at baseline to
complete the exam'2, Thus, the King-Devick can be
a reliable tool, even showing a high sensitivity
(1.00) and specificity (.94) in test scores following
concussion’. However, conflicting evidence has
shown the King-Devick test is predisposed to
practice  effects, indicating a performance
improvement over time'®?. Though, conflicting
evidence has been presented, Putukian et al. (2015)
stated the importance of a baseline testing to
compare scores when a concussion is suspected to
limit this adaption®’.
TRAZER. Current published peer-reviewed
research does not exist to our knowledge on the
TRAZER’s effectiveness as a tool to manage
concussions. Though the TRAZER’s effectiveness
has not been studied thoroughly, information on the
various domains of focus when using their
concussion protocol are prevalent*>. The TRAZER
does incorporate numerous domains found on other
concussion tools, such as neurocognitive functions,
metabolic  function, and dynamic movement
analysis. Thus, the TRAZER could be a versatile
tool in a clinicians’ diagnosis procedure, if a
thorough understanding of the tool and domains of
focus are known when adding this tool to a
concussion return to play protocols.
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EquiTest (SOT). Though the popularity of the SOT
has become more prevalent in recent years, evidence
is limited and needs to be interpreted rationally.
Numerous studies have shown the SOT to be a
viable tool for objectively measuring individuals’
balance and postural control'?233 In addition, Ford-
Smith and colleagues found deficits in post-
concussion symptom scores compared to baseline
scores, specifically in total score and vestibular
impairment'"!"’.  Individuals, also, following
vestibulo-oculomotor training, saw significant
improvements in symptoms upon follow up
testing''. On the contrary, Wisely et al, found the
SOT to be an unreliable tool when managing an
athlete suspected of concussion®'. Their findings
indicated a large variety in scores, but the specific
population tested was significantly older (average
age >60) than the previous studies mentioned above,
thus, adding thought to the population when
administering tests, when measuring possible
concussions, is important.

Virtual Reality (VR) Technology. Virtual reality
tools have started to become a relevant tool used in
concussion management®'*%3  The advancement in
technology has allowed VR to bring components of
clinic tools to one device for quick evaluation with
objective measurements®®. Research is still in the
infancy of wusing these tools for concussion
protocols, but Teel et al. (2016) investigated the
sensitivity and specificity of balance in concussed
athletes® . They found a sensitivity of 87.7% and a
specificity of 85.7% when measuring an athlete’s
balance post-concussion. Additionally stated, a
65.7% positive predictive value was found, plus a
97.7% negative predictive value when looking at the
balance of concussed athletes®®. Mucha and others
investigated eye tracking and predicative measures
using vertical, horizontal and circular tracks?!.
These same researchers did not see a significant
difference in groups, most likely due to the
population being healthy adults, although a
correlation of horizontal and vertical tracking was
seen, if either performed at a low score®.
Furthermore, research is just in the infancy of using
VR technology in brain injuries, but provides
clinicians and the sports medicine a direction on
where research needs to grow.

CONCLUSION:

Sports medicine professionals are able to utilize a
wide variety of tools, covering numerous domains
that can provide optimal care for their athletes. The
tools mentioned have allowed for these clinicians to
better diagnose and determine the extent of an
athlete’s injury. An emphasis will still be placed on
the continuation of concussion research. That focus
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should be directed toward the mechanism of injury
(MOI), severity of injury, or current and new
diagnostic tools effectiveness, sensitivity, and
specificity in determining if an athlete has suffered a
concussion or mTBI. The knowledge of a clinicians’
understanding of concussion has excelled in the last
20 years and will continue to grow with the
advancement of research and diagnostic tools.
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