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IDENTIFYING COGNITIVE AND POSTURAL DEFICITS THROUGH RE-BASELINE
EVALUATIONS

by
BRIAN J. MIZESKI
(Under the Direction of Nicholas Murray)
ABSTRACT
Introduction: Baseline evaluations provide vital information for clinicians, as they are a
representation of an athlete’s healthy clinical state. It has been recommended when an athlete
recovers from a concussion, they be administered a re-baseline evaluation, as the effects of a
single concussion are not well documented. Limited literature was found which examines re-
baseline examinations following a concussion. Purpose: The purpose of this study was to
evaluate cognitive and postural deficits, in athletes who sustained a concussion, at the conclusion
of the athletic season. Methods: 38 concussed athletes (CONC) were matched on sport and
gender with 38 healthy controls (NORM). All athletes were administered a baseline and re-
baseline assessment including the Standardized Assessment of Concussion (SAC) and the
Balance Error Scoring System (BESS). Within the CONC group, 9 athletes were identified and
matched on the same criteria to be evaluated using center of pressure (CoP) metrics. CoP metrics
included Sample Entropy (SampEn) and Peak Excursion Velocity (PEV) in Mediolateral (M/L)
and Anteroposterior (A/P) directions, and a 95% Confidence Ellipse (95% CE) during eyes open
(EO) and eyes closed (EC) static stances. Twelve repeated measure ANOVAS were used to
evaluate differences between evaluations, with statistical significance set 0.05 a priori. Results:
Repeated measure ANOVAs revealed the SAC was statistically significant over time (p = .004)
but not between groups. There was no significance observed with the BESS for time (p = 0.339)
or group (p = 0.164). SampEn in the A/P direction, during EO static stance did reveal a statically

significance between group X time interaction at re-baseline (p = .023) No significance was



observed for SampEn EO — M/L, SampEn EC — M/L & A/P, PEV EO & EC — M/L & A/P, or
95% CE in an EO or EC condition. Discussion: The results of this study indicate re-baseline
evaluations should include the SAC to assess changes in cognition. The BESS may not be an
applicable assessment for re-baseline evaluations as athletes returned to baseline values. CoP
metrics allow for a more sensitive assessment for postural imbalances, however only SampEn
may be beneficial to include during re-baseline evaluations. Future research should examine the
use of re-baseline evaluations on a yearly basis, which may show changes in cognition and

posture.
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CHAPTER 1: INTRODUCTION

The Centers for Disease Control and Prevention estimates between 1.6 - 3.8 million
concussions occur in sports and recreational activities annually, with more than 50% of all
concussions going unreported throughout all levels of competition?. The National Athletic
Trainers’ Association defines concussion as a head trauma induced alteration in mental status
that may or may not involve loss of consciousness®. However, more common within concussion
literature, concussion has been defined as a “complex pathophysiological change affecting the
brain from biotraumatical forces™*. There are a variety of signs and symptoms that may present
when clinicians evaluate concussive injuries. The 3 most common symptoms include headache,
dizziness, and confusion; which occur 86%, 67%, and 59% of concussions, respectively. Of
those who sustain a concussion, 30% of people will present with balance dysfunction®.

Two common clinical assessments to evaluate concussion include the Standardized
Assessment of Concussion (SAC)® and the Balance Error Scoring System (BESS)’. Each
assessment adds additional information to the concussion status of an athlete by independently
evaluating different aspects of cerebral function®. The SAC is a verbally administered cognitive
assessment, evaluating different cerebral functions: orientation, concentration, as well as
immediate and delayed recall. The BESS has been widely accepted as a reliable, yet subjective,
postural control assessment that measures potential impairment’.

Cognitive impairments related to concussion have been extensively studied from baseline
to multiple days post injury (P1)°*%. The SAC was designed to assess acute cognitive function is
95% sensitive, 76% specific, and is a reliable assessment for concussion evaluation Pl. The SAC

has been a recommended assessment tool during baseline evaluations® as it provides vital



information for each athlete in a “healthy clinical state”. However, no research was found that
examines the SAC as an assessment that may need to be re-administered after recovery.
Balance plays an important role as it aids athletes in their sport specific movements.
When a suspected head injury occurs, balance deficits present in just over ¥ of cases. These
balance deficits are most commonly assessed using the BESS. The BESS is a subjective balance
assessment which has shown to be highly specific, 91%, to detect injury*?. Post - Injury, the
athletes have shown to return to their individual baseline value around 3-7 days*. As a subjective
examination, the BESS has not been shown to be sensitive enough to detect potential balance
deficits multiple days PI”. Multiple factors may alter initial baseline assessment, which may
influence BESS scores P1**5, While the BESS has been extensively studied post — injury, no
studies were found that examined the BESS as it relates to the need to be re-baselined after

concussion recovery.

Where subjective balance assessments, such as the BESS, may not be sensitive to identify
postural deficits after 3-7 days PI, more objective assessments can be utilized detect lingering
deficits after athletes have returned to play (RTP)®. These objective assessments utilize center of
pressure (CoP) metrics to quantify the amount of postural sway athletes present with. When
comparing baseline values to Pl and RTP, Powers and colleagues determined concussed athletes
to still present with postural deficits after returning to competition®. CoP are more sensitive to
detecting postural imbalances, however only one study has evaluated the use of re-baseline
evaluations incorporating objective measurements.

Re-baseline evaluations have been recommended for any athlete who has sustained a
concussion®. Re-baselines allow clinicians to document recovery and assess the presence of

future concussions, as the effects of a single concussion are not yet fully understood. As
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previously mentioned, only one study has investigated the utility of re-baseline evaluations’. A
2015 study by Lynall and colleagues evaluated concussed athletes using a balance and
computerized neurocognitive assessmentst’. The study was primarily focused on the
neurocognitive assessment, ultimately finding no clinical applicability for re-baseline
evaluations. Limited literature currently exists on the need for a re-baseline clinical assessment
following concussive injury.

Therefore, the purpose of this study was to evaluate cognitive and postural deficits, in
athletes who sustained a concussion, at the conclusion of the athletic season compared to healthy
control athletes. It is hypothesized that previously concussed athletes would present with
significant differences during re-baseline for both the SAC and BESS, as well as presenting with

significant differences when evaluating CoP metrics compared to healthy control athletes.
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CHAPTER 2: METHODOLOGY
2.1 RESEARCH SETTING
Baseline and re-baseline evaluations for the current study were conducted in the
biomechanics laboratory of a single NCAA Division | university in southern Georgia. The
biomechanics laboratory is a spacious, multi-purpose area that provides room for a multitude of

various research projects that take place at the university.

2.2 STUDY DESIGN

Concussed athletes (CONC) and healthy control athletes (NORM) were recruited for a
prospective non-randomized pretest — posttest study. The CONC athletes sustained a diagnosed
concussion during the 2014 — 2015 or 2015 — 2016 athletic years. The CONC and NORM
athletes were administered baseline and re-baseline evaluations, which included the SAC, BESS,
and a Center of Pressure (CoP) metric assessment. A complete breakdown of all variables for the
current study can be found in Table 1.

Table 1: Dependent and Independent Variables

Dependent Variables Independent Variables
SAC Total Score Time
BESS Composite Score CONC Athletes
SampEn Eyes Open — Anteroposterior NORM Athletes

SampEn Eyes Open — Mediolateral
PEV Eyes Open — Anteroposterior

PEV Eyes Open — Mediolateral

95% Confidence Ellipse Eyes Open
SampEn Eyes Closed — Anteroposterior
SampEn Eyes Closed — Mediolateral
PEV Eyes Closed — Anteroposterior
PEV Eyes Closed — Mediolateral

95% Confidence Ellipse Eyes Closed
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2.3 PARTICIPANTS
Seventy-six athletes (32 males, 44 females) were recruited for this study. The CONC and
NORM athletes participated in a variety of varsity level athletics, including male and female

cheerleaders. A complete breakdown of athletes by sport can be found in Table 2.

Table 2: All Participants by Sport Evaluated with SAC & BESS

Sport # Per Sport
Football 20
Cheerleading 16
Men’s Soccer 10

Women'’s Track & Field 8

Women’s Soccer 6

Women'’s Basketball 6

Women'’s Swim & Dive 6

Women's Volleyball 2

Baseball 2

# = number of athletes who reported participating in that sport.
N =76 (38 CONC & 38 NORM), CONC = Concussed Athletes,
NORM = Healthy Control Athletes

Thirty-eight CONC athletes (16 males, 22 females) sustained a diagnosed concussion
within their respective sport during the 2014 — 2015 or 2015 — 2016 athletic seasons. A NORM
group of 38 (16 males, 22 females) athletes were matched by sport and gender, and were
recruited with help of the supervising athletic trainer for each sport at the university. The NORM
athletes were uninjured and without a documented concussion during the duration of this study.
Following concussive injury all CONC athletes completed a progressive return to play protocol
and were cleared by the team physician. Tables 3 and 4 outline the inclusion and exclusion
criteria for both CONC and NORM athletes in this study. All individuals signed an informed
consent to participate in the current study, which was approved by the University Institutional

Review Board.
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Table 3: CONC Athlete Criteria for Inclusion and Exclusion

Inclusion Exclusion
Concussion diagnosis by team athletic  Concussion diagnosis by independent
trainer or team physician athletic trainer or physician
Between 18 — 30 years’ old <18 years old & >30 years old
Cleared to return to play by team Not cleared to return by team physician

physician

Table 4: NORM Athlete Criteria for Inclusion and Exclusion

Inclusion Exclusion
Athlete at university Concussion diagnosed during athletic
season
Between 18 — 30 years old <18 years old & >30 years old

Within the CONC participants, CoP data was analyzed for 9 athletes, who were also
matched to a control group based on sport and gender. Nine CONC athletes were identified
whom had completed the postural assessment during baseline and had complete CoP data for the
variables examined in this study: Sample Entropy, Peak Excursion Velocity, and 95%
Confidence Ellipse. Table 5 outlines athletes by sport, who were identified to have CoP metrics

evaluated.
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Table 5: Athletes by Sport — Analyzed CoP Metrics

Sport # Per Sport
Cheerleading 4
Women'’s Soccer 4
Women'’s Swim & Dive 2
Baseball 2
Volleyball 2
Football 2
Women'’s Track & Field 2

Note: # = number of athletes who reported participating in that

SNp(irtl-8 (9 CONC & 9 NORM), CONC = Concussed Athletes,

NORM = Healthy Control Athletes
2.4 DATA COLLECTION

All athletes were administered a baseline concussion evaluation during their individual

pre-participation physical exam. This evaluation is conducted prior to an athlete participating in
any type of practice or competition. Re-baseline examinations were conducted for the CONC
athletes at the conclusion of the athletic season in which they sustained their concussion. The

NORM athletes were randomly selected to be re-baselined during the 1% week of the academic

semester after the conclusion of the athletic season in which they competed.

2.5 INSTRUMENTS & PROCEDURES
Baseline to Re-baseline

We were not able to account for the timing of the re-baseline from the documented
concussion for each CONC participant and thus prevented the current study from regulating time
between each evaluation. A CONC athlete in this study may have been administered their
baseline evaluation in 2012 or 2013, making them a junior or senior at the time of their
concussive injury. The athletes were administered re-baseline assessments on average (CONC)

582 + 382 days and (NORM) 393 * 413 days. The amount of time between evaluations is larger
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for the CONC group, however the NORM group’s closely matches the time between evaluations
Lynall and colleagues reported in 2015, of 397 days for their concussed participants'®t’. When
analyzing the CoP metrics at re-baseline; the average time between evaluations was 370 + 198

days for CONC and 256 + 167 days for NORM athletes.

Standardized Assessment of Concussion

The SAC was verbally administered to each individual athlete at 2 time points, baseline
and re-baseline. There are 4 SAC sections that evaluate orientation, concentration, as well as
immediate and delayed recall. The 4 sections are scored and the scores are combined for a total
SAC score. Thirty points represents the highest possible SAC score, higher scores indicating
higher levels of cognition. The administration of the SAC followed the protocol first used by

McCrea and colleagues®.

Balance Error Scoring System

The BESS is used to subjectively measure balance impairments. A composite score is
determined from 6 individual 20 s trials. Athletes were evaluated at baseline and re-baseline on a
hardwood surface and a 1.5 inch airex pad in 3 different stances: double leg, single leg non —
dominant, and tandem stance with the non — dominant foot back. The administration of the BESS
follows the protocol set forth by Guskiewicz in 20017, The highest score an athlete can receive on
the BESS is 60/60 with lower scores indicating better overall balance. All BESS evaluations were
video recorded in both at the frontal and sagittal plane. To check for accuracy in scoring, the
primary researcher evaluated all athletes, either in person or by video, to account for any potential

discrepancies between evaluators.
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CoP Metric Assessment

CoP was evaluated during 4 trials of quiet static standing at both baseline and re-baseline
with 2 trials in an eyes open (EO) condition and 2 trials in an eyes closed (EC) condition. Before
the assessment began, athletes were instructed to remove shoes and socks, as well as any jewelry
or items in their pockets. When the assessment began, athletes were instructed to stand as still as
possible with their feet, medial malleoli, and knees touching on a Wii Balance Board (WBB)
(Nintendo Corporation, Redmond, WA, USA). The WBB was placed on top of a force platform
(1000 Hz; AMTI Inc., Watertown, MA, USA) measuring 0.40 m x 0.60 m. For static stance in the
EO condition athletes were instructed to look at a target directly in front of them, approximately
1.40 m away. The CoP metrics were collected via the force platform; no data was collected via the
WBB. Each static stance trial lasted 30 s, which was chosen based on reliability of this time

frame8.

2.6 DATA ANALYSIS

In order to obtain CoP metrics, ground reaction forces were obtained from the force
platform using the Vicon Motion Capture System (Vicon Motion Systems LTD, version 1.8.5,
Oxford, UK.). The raw data obtained from the force platform were processed and exported through
the Vicon system to evaluate CoP metrics. A custom Matlab code was utilized to filter data with a
cutoff frequency of 30 Hz. The CoP metrics filtered included Sample Entropy (SampEn), Peak
Excursion Velocity (PEV), and 95% Confidence Ellipse (95% CE). All 3 CoP metrics were
evaluated in an EO and EC condition in the Anteroposterior (A/P) and Mediolateral (M/L)

directions.



17

SampEn is a nonlinear entropic metric used to assess the complexity and regularity of
postural sway by time — dependent CoP signals. It has been shown in the literature to be a more
sensitive entropic metric'®. SampEn provides a value between zero and two, lower values are
indicative of more regularity, whereas, higher values have more irregularity. The algorithm used
to calculate SampEn is shown in Table 6.

Additionally, PEV was evaluated to determine maximum velocity of the entire CoP time
series. Lower velocity indicates better postural control, as velocity reflects the overall efficiency
in relation to the postural control systems?’. PEV was calculated by dividing CoP excursions by
the force platform sampling frequency. The algorithm used to calculate PEV is shown in Table 6.

95% CE quantifies 90 — 95% of the total area in the A/P and M/L directions. As an index
to indicate overall postural performance, larger surfaces may indicate decreased performance,
whereas, smaller surface areas will show increased performance?!. Table 6 outlines the algorithm

used to obtain the Confidence Ellipse metric.
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Table 6: CoP Metric Algorithms

SampEn= In Yt A;
i1 By
PEV= nt g
f — (AP[n + 1] — AP[n])
n fs
W EE 2m-1) g 2n-2-21 ~ |22 2
nn-2) (1-a)2mn- 12

Notes: SampEn = Sample Entropy, PEV = Peak Excursion Velocity, 95% CE =
Confidence Ellipse

2.7 STATISTICAL ANALYSIS
Twelve Repeated Measures Analysis of Variance (ANOVA) were run to determine
differences between variables each variable between baseline and re-baseline scores for time and

within groups.

Table 7: Repeated Measure Analysis of Variance (RM ANOVA)

Group Baseline Re-Baseline Time
CONC Athletes
NORM Athletes

Notes: CONC = Concussed athletes, NORM = Healthy control
athletes

Descriptive statistics, observed power, homogeneity, skewness, and kurtosis were

examined with statistical significance set at 0.05 a priori. Dependent Sample t — tests were
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analyzed for all significant results to determine at which evaluation significant results were
present. All statistical analysis was calculated using SPSS version 23 (IBM corp., 2016).
2.8 OPERATIONAL DEFINITIONS
e Standardized Assessment of Concussion (SAC) — verbal assessment for cognition
e Balance Error Scoring System (BESS) — subjective balance assessment
e Center of Pressure (CoP) Metrics — variables including: Sample Entropy (SampEn), Peak
Excursion Velocity (PEV), and 95% Confidence Ellipse (95% CE).
e Baseline Evaluation — Initial evaluation conducted during pre-participation evaluation
e Re-baseline Evaluation — Follow up assessment, administered the semester following
concussive injury
e Cognition — mental action or process of acquiring knowledge and understanding through
e Balance — The ability to maintain upright posture
e Postural Control — Maintain a desired orientation in response to internal or external

perturbations
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CHAPTER 3: RESULTS
3.1SAC
The scores between baseline and re-baseline was statistically significant over time
(F(1,74) = 8.649, p = 0.004), However no effect was observed between groups (F(1,74) = 0.000,
p = 1.000) from baseline to re-baseline evaluation. Independent sample t-test revealed a
significant difference, p = 0.004, between the evaluations from baseline (mean = 26 * 2), to re-
baseline (mean = 27 + 2). Figure 1 outlines the means and standard deviations for CONC and

NORM at each evaluation.

30

p = 0.004*

29

28

27

26

25
mCONC

24 u NORM

23

22

SAC Assessment Score

21

20
Baseline Re-Baseline

SAC Evaluation Time Points

Figure 1: SAC Concussion Scores for Concussed and Control Participants from
Baseline to Re-baseline

Notes: The maximal score an athlete can receive is 30/30. Higher scores indicate

increased levels of cognition.

p = 0.05, Statistical significance was observed for SAC over time.

3.2 BESS
No main effects were observed for time (F(1,74) =.926, p = .339) or group (F(1,74) =

1.977, p = .164) between baseline and re-baseline evaluations of the BESS. CONC athletes
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returned to baseline values (Pre - mean= 15 + 7; POST — mean = 15 £ 7), Whereas, the NORM
athletes in this study appeared to improve by an average of 3 errors between Baseline (mean =17
+ 7) to Re-Baseline (mean= 14 + 4) between evaluations, while not statistically significant. The

average BESS composite score for CONC and NORM athletes is presented in Figure 2.

30
27
24
21
18

15
mCONC

12 u NORM

SAC Assessment Score

Baseline Re-Baseline

SAC Evaluation Time Points

Figure 2: BESS Composite Scores for Concussed and Control Participants from
Baseline to Re-baseline

Notes: The maximal score an athlete can receive is 60/60. Lower scores indicate better

overall postural control.

p = 0.05, no statistical significance observed
3.3 CoP METRIC ASSESSMENT

SampEn M/L during EC static stance position, PRE — 0.610 + 0.158, POST - 0.663 +
0.204, revealed no significant main effects for time (F(1,16) = .627, p = .440) or group (F(1,16)
=1.006, p = .331). During EO static stance, SampEn M/L, PRE — 0.491 + 0.136, POST — 0.569
+ 0.138, similar results were observed with no significant effects for time (F(1,16) = 2.642, p =

.124) or group (F(1,16) = .909, p = .355). SampEn in the A/P direction with EC during static

stance, PRE — 0.657 + 0.121, POST — 0.689 £+ 0.119, did not identify significant main effects for
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time (F(1,16) = 1.057, p =.319) or group (F(1,16) =.085, p = .774). During SampEn in the A/P

direction with EO static stance, PRE — 0.564 + 0.158, POST — 0.542 + 0.139, no significant

main effects were observed for time (F(1,16) =.277, p = .606). However, a significant group by

time effect was observed at re-baseline (F(1,16) = 6.316, p = .023). The average SampEn EO in

the A/P direction for both groups at baseline was 0.564, compared to re-baseline, 0.543. Table 6

presents the differences between baseline and re-baseline evaluations for both CONC and

NORM athletes.
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0.4
0.3
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0.2
0.1

p = 0.023*
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NORM

Baseline Re-Baseline

SampEn Evalaution Time Point

Figure 3: SampEn EO — A/P from Baseline to Re-Baseline
Notes: p = .005, Statistical significance was observed in SampEn EO - A/P
direction between CONC and NORM athletes.

During EC static stance, PEV in the M/L direction, PRE — 0.066 m/S + 0.028m/S, POST

—0.066m/S + 0.026m/S, did not display significant results for time (F(1,16) = .005, p = .946) or

group (F(1,16) = .071, p =.793). EO static stance PEV in the M/L direction, PRE — 0.049m/S +

0.020m/S, POST —0.041m/S £ 0.011m/S, revealed no main effects for time (F(1,16) = 1.793, p

=.199) or group (F(1,16) = .053, p = .820). When evaluating PEV A/P during EC static stance,

PRE — 0.080m/S £ 0.023m/S, POST — 0.076m/S + 0.019m/S, no main effects were noted for
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time (F(1,16) = .214, p = .650) or group (F(1,16) = 2.748, p = .117). EO PEV A/P, PRE —
0.050m/S = 0.016 m/S, POST — 0.049m/S + 0.014m/S, revealed no main effects for time
(F(1,16) = .033, p = .859) or group (F(1,16) = 3.196, p = .166).

Between baseline and re-baseline evaluations, no main effects were observed using 95%
Confidence Ellipse for time or groups. During EC stance, PRE — 0.000mm £ 0.000mm, POST —
0.038mm * 0.160mm, no main effects were observed for time (F(1,16) = 1.009, p =.330) and
group (F(1,16) = .997, p = .333). When evaluating 95% Confidence Ellipse during EO static
stance, PRE — 0.000mm % 0.000mm, POST — 0.022mm + 0.091mm, there was no main effect

observed for time (F(1,16) = .986, p = .335) or groups (F(1,16) =.989, p = .335).
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CHAPTER 4: DISCUSSION
4.1 Overview

The purpose of this study was to evaluate cognitive and postural deficits, in athletes who
sustained a concussion, at the conclusion of the athletic season compared to healthy control
athletes. It is hypothesized that previously concussed athletes would present with significant
differences during re-baseline for both the SAC and BESS, as well as presenting with significant
differences when evaluating CoP metrics compared to healthy control athletes. We aimed to (1)
compare levels of cognition between CONC to NORM athletes during re-baseline evaluations
after the conclusion of the athletic season, (2) use a clinically accepted balance assessment to
identify postural impairments following a concussion, and (3) utilize a more objective
measurement to quantify postural impairments during re-baseline evaluations. It was
hypothesized that athletes would (1) present with significant differences when evaluated with the
SAC at re-baseline, (2) re-baselined athletes would exhibit significant differences in BESS
composite scores, and (3) concussed athletes would have significant differences when evaluating
CoP metrics. The 4" hypothesis expected CONC athlete to have significant differences
compared to the NORM athletes in this study at re-baseline evaluations.

The hypotheses of this study were only partially met. The SAC demonstrated a
significant time effect for both groups at re-baseline, supporting the 1% hypothesis. When
evaluating BESS, neither CONC or NORM athletes presented with statistically significant
differences between group or evaluation. The CONC athletes returned to baseline composite
score, whereas, the NORM athletes did improve by three errors, while not significant, rejecting

the 2" and 4™ hypothesis. We evaluated 10 CoP metrics with only one, SampEn EO — A/P,
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displaying statistically significant interaction for group by time. This partially supports the 3"

and 4™ hypotheses for this study.

4.2 SAC

McCrea and colleagues®** have studied the SAC in-depth following concussive injury.
The baseline means for the SAC in this study (mean = 26 + 2) support the baseline SAC scores
observed from seminal research by McCrea® (mean = 26 + 2). Maddocks and colleagues?® have
suggested the use of the SAC may only be beneficial in the immediate assessment of concussion,
with the sensitivity ranging from 0.72 — 0.78°. However, no study was found that has
investigated the utility of SAC as a re-baseline assessment tool. This research study found no
major differences between CONC and NORM athletes, conversely we did observe statistical
significance between evaluation time points. Between baseline and re-baseline evaluation both
CONC and NORM athletes presented with a 1 + 2 — point improvement. This change between
evaluations could indicate a continuation of cognitive development or more simply, complete
healing from injury. McCrea observed an improvement from Pl to 48 hours Pl (27 + 3), which
mirrors the scores observed in this study (27 £ 2). The change between evaluations could also be
also be attributed to certain sections of the SAC being considered “too easy” %, or potential
practice effects. CONC athletes in this study would have been exposed to the assessment at
minimum one time more, at Pl, than NORM athletes who were only administered the assessment
at 2 time points — baseline and re-baseline evaluation. Within the NORM athletes, the lack of a
documented concussion may have allowed for cognitive improvement between baseline and re-
baseline evaluations. Cognitive development has been suggested to continue well into an

athlete’s early 20°s4. It has been recommended athletes undergo yearly baseline testing to
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account for these potential changes in cognition®, however there is no known research that
evaluates the SAC during re-baseline evaluations. The results of this study support the idea of
yearly re-evaluation for the SAC.
4.3 BESS

The BESS research results suggest that after concussion, athletes can return to baseline
within 3 to 7 days*. Additionally, BESS balance deficits do not linger past 7 to 10 days. As with
the SAC, there is no known research that examines the BESS during re-baseline evaluations.

Recent literature has evaluated the BESS at multiple days’ post injury. A study by
Guskiewicz and colleagues’ assessed the BESS in concussed athletes matched to a healthy
control at 4 time points; baseline, 1, 3, and 5 days’ post injury. The control athletes averaged 9 +
4 errors with the BESS. Contrastingly, concussed athletes demonstrated a significant decline
from baseline, 12 errors, to post injury evaluation, 15 errors. At day 5 post injury, concussed
athletes on average had all returned to their BESS baseline score. These results compare directly
to the results for CONC athletes in the current study - who returned to baseline values at re-
baseline, 15 errors + 7 errors. It has been suggested that athletes who are administered the BESS
at multiple time points may experience practice effects. Valovich and colleagues'* documented
that practice effects may be contingent upon the difficulty of the task, as the athletes improved
during single leg stance on a firm surface during multiple evaluations. Individual stances were
not evaluated during the current study, however CONC athletes returned to baseline values. The
results of this study refutes the conclusions which suggest CONC athletes have practice effects
when evaluated with the BESS, as the CONC athletes did not clinically or statistically improve at

re-baseline evaluation.
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The current study observed no significant effects for time when evaluating BESS
composite scores. Concussed athletes are expected to return to baseline scores within 3 to 7 days’
post injury. Burk and colleagues® evaluated the BESS to determine if changes in balance occur
over an athlete season. Ninety days’ post baseline evaluation showed a significant decrease
between testing time points, baseline - 9 errors £ 3 and post season — 8 errors £ 3. The CONC
athletes returned to baseline in the current study, however, they did exhibit larger standard
deviations of 7 errors. While there is no concussed group in Burk’s study, the change observed
between evaluations 90 days is supported by changes similar to what we observed in this study
for our NORM athletes from baseline (17 errors 7) to re-baseline (14 errors * 4) It has been
suggested that a decrease of 7 — 9 errors is indicative of concussive injury?*, which may provide
evidence as to the lack of statistical significance found in this study. We noted an improvement
trend for NORM athletes suggesting that non-concussed athletes improve over the course of time
from initial baseline assessment by 3 errors. These improvements, within the NORM groups,
could be the result of the lack of a diagnosed concussion or potential training improvements over
course of an athletic season.

When comparing the time between evaluations for the BESS, re-administration has
occurred in the literature 30 days after the initial evaluation* Our athletes were not re-evaluated
until, on average, 582 (CONC) and 393 (NORM) days. This time frame may be too large to
ultimately detect postural impairments as the BESS has been suggested to return to baseline
values within 3 — 7 days*. Given the results of the current study, the re-administration of the
BESS during re-baseline may not be clinically applicable once an athlete has returned to baseline

values after a concussive injury.
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4.4 CoP Metric Assessment

SampEn has been shown in the literature to be a more sensitive entropic metric to detect
regular or irregular time series signals®®. Higher entropy values reflect a more irregular and less
repeatable signal, whereas, individuals who display lower SampEn values, may display either a
confined or fluid motor pattern and improved postural control. However, previous research has
focused on evaluating approximate entropy (ApEn) within concussed populations.?® ApEn was
statistically significant in the M/L direction at 48 — 96 hours P1. Our results do not support those
of Cavanaugh as we did not observe significant changes at re-baseline. For SampEn in the EO
condition there was no significance effect for either group, CONC (0.608 + 0.106) or NORM
(0.476 + 0.142). There was a significant group x time interaction at re-baseline in the A/P
direction. These results could indicate varying postural control strategies utilized by athletes to
maintain their CoP during re-baseline evaluations. Between visual conditions, EO static standing
is inherently easier, as it allows for sensory information to be interpreted from the visual,
vestibular, and somatosensory systems. EC static standing did not elicit any significant effects
for time or group. The lack of significant change in the EC condition may be attributed to
complete return to normal for CONC athletes. Whereas, the NORM athletes, had no diagnosed
injury and were able to train and compete, ultimately allowing the possibility to have an
improved re-baseline evaluation. SampEn EO in the A/P direction was the only CoP metric that
was statistically significant. When we examine the differences between A/P and M/L directions,
the degrees of freedom in the ankle could be responsible for the results of this study. There are
inherently more degrees of freedom at the ankle in the A/P direction, than the M/L direction, and
may result in more or less fluidity for postural control mechanics in CONC and NORM athletes

during re-baseline.
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The design of this study and metrics evaluated closely match those performed by Powers
and colleagues®®, who evaluated 9 concussed athletes, matched with a healthy control. Powers
and colleagues'® observed statistical significance between groups and on visual condition for both
velocity (25 + 2) and displacement (16 £ 3) in the A/P direction during the post injury evaluation
with EC*. During return to play evaluations significant differences were also observed between
group and for time, suggesting postural deficits were still present after return to play, mean = 26
days + 14 days'®. While return to participation and post injury were not directly evaluated in the
current study, CoP metric re-baseline occurred 370 + 198 days (CONC) and 256 + 167 days
(NORM) after initial evaluation and we found no statistical significance when interpreting PEV
in either the A/P or M/L directions. It can be hypothesized that, during EC static stance the
athlete’s base of support is aided by the type of stance (feet together, ankles touching) decreasing
the amount of velocity in the M/L and A/P directions. In regard to visual condition — EO — static
stance is inherently easier as the athlete is aided by visual stimuli.

Upon evaluation of 95% CE, we did not observe statistical significance in either the EO
or EC conditions. Used to evaluate the magnitude of CoP displacements, a larger surface area
would increase the magnitude of CoP displacement, dependent upon the athlete’s base of
support. The athletes in this study stood on a 0.58 m x 0.45 m force platform which is relatively
small. It can be hypothesized we did not find statistical significance as miniscule changes at each

evaluation may be due to athlete’s base of support relative to the size of the force platform.

4.5 Baseline to Re-baseline
Lynall and colleagues?’ observed a significant improvement of the Sensory Organization

Test (SOT) composite score from baseline to re-baseline. The current study did not specifically
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evaluate the SOT, but when evaluating force plate metrics, a significant difference between
groups for SampEn in the A/P direction was revealed during EO static standing. During re-
baseline evaluation, CONC and NORM athletes, displayed a lower SampEn value, 0.543,
indicating a more controlled motor pattern during quiet standing, which may be attributed to
training advancements. On the contrary, CONC and NORM athletes during baseline evaluations
displayed a higher value of SampEn, 0.565. This may indicate less fluidity of the neural
networks and subsequently less control during quiet standing, which may be due to a lack of
100% effort by the athletes at baseline. These findings may reflect multiple varying postural
control strategies utilized by a multitude of athletes, and support the findings of Lynall et al that
postural control strategies may differ when re-evaluated after concussive injury. CONC athletes
may have also taken the re-baseline evaluation more seriously after sustaining their concussion,
then they did during baseline. While they suggested the utility of re-baseline assessments is
limited, our study is the first of its kind to evaluate clinical and laboratory concussion

assessments which may provide more clinical applicability during re-baseline evaluations.
4.6 Conclusion

Previous literature has suggested re-baseline evaluations be re-administered on a yearly
basis® However, the clinical applicability of re-baseline assessments has not been fully
investigated. Previous research has utilized assessments which may not be clinically assessable
for the majority of clinicians and athletic trainers who administer these assessments®1"2%, As this
study is the first to investigate differences between baseline and re-baseline using commonly
utilized assessments, we can recommend re-baseline evaluations include cognitive assessments,

such as the SAC, to account for cognitive growth.
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There is no evidence to support the utilization of the BESS as a re-baseline assessment
for CONC athletes. When a concussed athlete has returned to baseline PI, the Pl evaluation
should be a sufficient evaluation, as we did not observe obvious practice effects. Re-baseline
evaluations could easily incorporate the BESS as it only takes approximately 3 minutes to
administer. The observed change for NORM athletes between time points could indicate training
and competition does improve balance in non-injured athletes?’, which may lend though to its
consideration as a yearly re-baseline evaluation.

Obijective laboratory assessments have shown to be more sensitive to detect postural
impairments, although these assessments are not readily available to a majority of clinicians. The
results of the current study do not indicate there are postural deficits during re-baseline
assessment, but support the idea that athletes may have different strategies to maintain CoP and
may limit the clinically applicability. The time between evaluations may be a factor as to why we
did not see statistical significance in the current study. Future research should examine the
applicability of re-baseline evaluations on a yearly basis to detect postural and cognitive changes

with or without a diagnosed concussion.



10.

11.

32

REFERENCES

Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic
brain injury: A brief overview. J Head Trauma Rehabil. 2006;21(5):375-378 4p.
Guskiewicz KM. Balance assessment in the management of sport-related concussion.
Clin Sports Med. 2011;30:89-102. doi: 10.1016/j.csm.2010.09.004.

Broglio SP, Cantu RC, Gioia GA, et al. National athletic trainers' association position
statement: Management of sport concussion. J Athl Train. 2014;49(2):245-265 21p. doi:
10.4085/1062-6050-49.1.07.

McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on concussion in
sport: The 4th international conference on concussion in sport, zurich, november 2012. J
Athl Train. 2013;48(4):554-575 22p.

Murray N, Salvatore A, Powell D, Reed-Jones R. Reliability and validity evidence of
multiple balance assessments in athletes with a concussion. J Athl Train. 2014;49(4):540-
549.

McCrea M, Kelly J, Randolph C. The standardized assessment of concussion (SAC):
Manual for administration. waukesha, WI1. Comp Neuropsychol Servs. 1997.

Guskiewicz KM, Ross SE, Marshall SW. Postural stability and neuropsychological
deficits after concussion in collegiate athletes. J Athl Train. 2001;36(3):263-273 11p.
Kurz MJ SN. Applied dynamic systems theory for the analysis of movement. in: Stergiou
N, ed. innovative analyses of human movement. champaign, IL: Human Kinetics.
2004:93-119.

McCrea M, Kelly JP, Randolph C, et al. Standardized assessment of concussion (SAC):
On-site mental status evaluation of the athlete. J Head Trauma Rehabil. 1998;13(2):27-
35 9p.

McCrea M. Standardized mental status assessment of sports concussion. Clin J Sport
Med. 2001;11(3):176-181 6p.

McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and recovery time
following concussion in collegiate football players: The NCAA concussion study. JAMA.
2003;290(19):2556-2563.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

33

Register-Mihalik J, Guskiewicz KM, Mihalik JP, Schmidt JD, Kerr ZY, McCrea MA.
Reliable change, sensitivity, and specificity of a multidimensional concussion assessment
battery: Implications for caution in clinical practice. J Head Trauma Rehabil.
2013;28(4):274-283 10p.

Onate JA, Beck BC, van Lunen BL. On-field testing environment and balance error
scoring system performance during preseason screening of healthy collegiate baseball
players. J Athl Train. 2007;42(4):446-451.

Valovich TC, Perrin DH, Gansneder BM. Repeat administration elicits a practice effect
with the balance error scoring system but not with the standardized assessment of
concussion in high school athletes. J Athl Train. 2003;38(1):51.

Wilkins J, Valovich-McLeod T, Perrin D, Gansneder B. Performance on the balance error
scoring system decreases after fatigue. J Athl Train. 2004;39(2):156.

Powers KC, Kalmar JM, Cinelli ME. Recovery of static stability following a concussion.
Gait Posture. 2014;39(1):611-614. doi: 10.1016/j.gaitpost.2013.05.026.

Lynall RC, Schmidt JD, Mihalik JP, Guskiewicz KM. The clinical utility of a concussion
rebaseline protocol after concussion recovery. Clin J Sport Med. 2015.

Paillard T, Noé, F. Techniques and Methods for Testing the Postural Function in Healthy
and Pathological Subjects. Biomed Res Int. 2015:1-15

Richman JS, Moorman JR. Physiological time series analysis using approximate entropy
and sample entropy. Am J Physiol Heart Circ Physiol. 2000: H2039-H2049

Paillard T, Noé, F. Effect of expertise and visual contribution on postural control in
soccer. Scand J Med Sci Sports. 2006(16):345-348

Schubert P, Kirchner M. Ellipse area calculations and their applicability in
posturograohy. Gait & Posture. 2014 (39):518-522

Maddocks D, Dicker G, Saling M. The assessment of orientation following concussion in
athletes. Clin.J.Sport Med. 1995(5):32-35.

McElhiney D, Kang M, Starkey C, Ragan B. Improving the memory sections of the
standardized assessment of concussion using item analysis. Meas in Phys Ed & Exer Sci.
2014;18(2):123-134.



34

24. Moser RS, Schatz P, Grosner E, Kollias K. One year test-retest reliability of
neurocognitive baseline scores in 10- to 12-year olds. Applied Neuropsy:
Child.2017(6):166-171

25. Burk JM, Munkasy BA, Joyner AB, Buckley TA. Balance error scoring system
performance changes after a competitive athletic season. Clin J Sport Med.
2013;23(4):312-317 6p.

26. Cavanaugh JT, Guskiewicz KM, Giuliani C, Marshall S, Mercer VS, Stergiou N.
Recovery of postural control after cerebral concussion: New insights using approximate
entropy. J Athl Train. 2006;41(3):305-313.



35

APPENDIX A: LITERATURE REVIEW

EPIDEMIOLOGY OF CONCUSSION

The term concussion is derived from the Latin word concussus, which means to shake
violently.! Broadly speaking, the term concussion may be used to describe a clinical state and the
event which brings about the clinical state.? There have been multiple definitions in the literature
that have been used to exemplify concussion. In 2012, the Concussion in Sport Group engaged in
a round table discussion focused on concussive injury. The most commonly used definition of
concussion is a “complex pathophysiological process affecting the brain by traumatic
biomechanical forces.”® Other definitions found in the literature include a mild traumatic brain
injury resulting from biomechanical insult to the brain that initiates a destructive neurometabolic
cascade of events* and a clinical syndrome characterized by immediate and transient
posttraumatic impairment of neural functions.® Concussion can be caused by either a direct blow
to the head, face, neck or any part of the body that causes forces to travel to the head.?
Impairments are typically rapid and short-lived neurologic issues that resolve spontaneously.®
However, symptoms can occur either minutes to hours later, and may not be detected on
immediate post-injury evaluations.®

A great deal of research has been focused on the epidemiology of concussion between
high school athletes and collegiate athletes.®% An estimated 57 million people worldwide have
been hospitalized with one or more traumatic brain injury (TBI1).}! The terms TBI and
concussion are often used interchangeably in the sporting context, particularly in the literature
concerning concussion.® Approximately 44 million boys and girls in the United States participate
in organized youth sports.'? The Centers for Disease Control and Prevention estimates that 1.6-

3.8 million concussions occur in sports and recreational activities annually.” During a 10 year
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period emergency department visits for 8 to 13 year-old children affected by concussion in
organized team sports have doubled and in the 14 to 19 year old age group there was an increase
of 200%.2 The National Colligate Athletic Association (NCAA) reports over the last 10 years the
rate of concussion has stayed consistent with 2.5 concussion occurring for every 1000 athlete
exposures (AE).'® Fifty-five percent of all collegiate concussions are comprised of athletes
participating in the sport of football. °

In 2007, a study was conducted which included a national sample of 180 universities 100
high schools, including a wide range of sports. These studies concluded that concussion
accounted for 5.8% and 8.9% of injury in college athletics and high school, respectively. In both
college and high school athletics, concussions from contact sports, are also well documented.
Multiple researchers have focused on football and the incidence rate of concussions; Guskiewicz
et al'4, Dompier et al*®, and Shankar et al® have all conducted research focusing on the
epidemiology of concussion between high school and collegiate football players. Concussions
among football players occur more often in games than in practice, and contact with another
player or opponent is presented in three studies as being the highest risk play for a concussive
impact.®4

Following initial head impact, there is a neurophysiological change that occurs in the
brain, which is believed to be responsible for the subsequent metabolic disturbances concerning
post-concussion. This disturbance can elicit concussive symptomology; such as a feeling of
being stunned or seeing bright lights, brief loss of consciousness, lightheadedness, vertigo, loss
of balance, headaches, cognitive and memory dysfunction, tinnitus, blurred vison, difficulty
concentrating, lethargy, fatigue, personality changes, inability to perform daily activities, sleep

disturbances, and motor or sensory symptoms.® Guskiewicz and colleagues have documented the
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prevalence of certain signs and symptoms which are most commonly associated with concussion
and found headache, dizziness, and confusion were the three most commonly reported symptoms
among high school and collegiate athletes; 86%, 67%, & 59% respectively.'* Another symptom
of a concussion involves inability to maintain balance and balance disturbances are reported in

30% of injuries.®

ANATOMY AND PHYSIOLOGY FROM INJURY

With limited understanding of the biomechanical framework following head injury, Giza
etal* attempted to review the underlying pathophysiologic processes of concussive brain injury
and report potential neurometabolic changes. However, when discussing metabolic changes that
occur following head injury, it is important to remember that studies have only been conducted
on laboratory rat models and the results applied to human subjects.’

Immediately after biomechanical injury to the brain, there is disruption of neuronal
membranes, axonal stretching, and opening of voltage-dependent K+ channels, which leads to a
marked increase in extracellular K+.18 Excessive extracellular K+ is taken up by surrounding
glial cells,*® allowing the brain to maintain physiologic K+ levels after mild perturbations.?® This
massive excitation is then followed by a wave of relative neuronal suppression that has been
termed spreading depression.?* Early loss of consciousness, amnesia, or other cognitive
dysfunction may be manifestations of a posttraumatic spreading depression—like state.*
Immediately after injury, in an effort to restore homeostasis, energy pumps are activated and
trigger an increase in glucose use.??® An increase in glucose use has been seen in rat models to
last for up to 30 minutes. However, increased glucose metabolism may last up to 4 hours, after

more severe injury.* Accelerated glycolysis leads to increased lactate production, and is seen
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after both ischemic?* and concussive? brain injury. Elevated lactate levels can result in neuronal
dysfunction by inducing acidosis, membrane damage, altered blood brain barrier permeability,
and cerebral edema.?® This dysfunction has the potential to leave neurons vulnerable to a
subsequent ischemic injury.* In a setting of increased glucose use (hyperglycolysis),* cerebral
blood flow (CBF) may be reduced up to50% of normal.?” Additionally, calcium accumulation is
seen within hours of experimental concussion and may persist for up to 2 to 4 days.?® Excess
intracellular Ca?+ may also be sequestered in mitochondria,?® resulting in impaired oxidative
metabolism and, and ultimately, energy failure.* After the initial period of hyperglycolysis,
cerebral glucose use is diminished by 24 hours post injury and remains low for 5 to 10 days.’
Whether the brain is relatively more protected or if the brain is more susceptible to secondary

injury because it is unable to respond adequately to further energy demands is unknown.*

BALANCE AND POSTURAL CONTROL

Balance plays a vital role in the maintenance of fluid, dynamic movement common in
sport, and is defined as the process of maintaining the center of gravity (CoG) within the body’s
base of support.®® Doettl 2015%, defines imbalance as the inability to maintain a vertical upright
position while standing still or during locomotion as a result of concussion and neurological
dysfunction. 30% of sport related concussions will present with balance disturbances and
dizziness has been reported in 75.6% of cases.® Dizziness can be caused by a constellation of
symptoms including vertigo and lightheadedness with motion as a result of vestibular injury
following concussion.3! After concussion, problems with the vestibular system are considered

most likely to be responsible for the individual’s inability to maintain balance.*® Balance
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disturbances have been noted to return to normal within 72 hours; however, prolonged damage

may last more than 7 days beyond the initial injury.°

BASELINE EVALUATION & ASSESSMENT

Clinicians are able to rely on baseline concussion screening to identify signs and
symptoms related to neurocognition, symptomology, and balance.®>3 Baseline testing is used to
aid sports medicine clinicians with information vital to concussion assessments.®* Athletes can
present with a variety of signs and symptoms following a concussion and in order to adequately
assess concussive injury, a battery of tests should be performed. The National Athletic Trainers
Association®** recommends baseline assessments that include a neurological history,
incorporating a physical and symptom evaluation.3* Kelly et al*® documented the use of a
multifaceted approach to concussion evaluation and found that the use of at least three different
assessment tools are utilized at baseline, during evaluation, and for the return to play process;
71.2%, 79.2%, and 66.9% respectively.*

In 2013, Zimmer et al documented differences in baseline assessments for 437 athletes
from 28 different teams using measures of the SAC, BESS, and a neurocognitive exam.* No
differences were observed for the SAC, however, researchers did observe a significant difference
for the neurocognitive exam and a significant difference in administration of the BESS
(p=.002).% These differences were correlated to the height of the participant, as participants who
were taller had a tendency to perform worse on the BESS.* In 2015, Cripps et al*? sought to
investigate if self-reporting of symptoms varied by type of collection method. It was determined
that participants reported a significantly higher amount of symptoms on computer based

assessments during baseline, as opposed to written or verbal assessment.3? Athletes’ baseline
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performance has also been shown be significantly lower when tested in group settings as
opposed to individual settings.®’

Along with the positive aspects of baseline testing, negative aspects also exist. There has
been an idea which suggests athletes may purposely try to perform poorly on baseline
evaluations allowing a quick return to activity. This idea had been investigated by Erdal in 2012,
but there were no significant results to support this notion. Intentionally underperforming on

baseline assessments is difficult and lower baseline scores should be carefully reviewed.*

CONCUSSION ASSESSMENT

When evaluating an individual with a suspected concussion, specific testing which
mirrors baseline assessments need to be included to adequately assess a patient with a
concussion. There are many different clinical tests and evaluation methods used to detect
concussions. Some of the more common testing methods include evaluation of self-reported
symptoms, postural control, and neurocognitive functioning.® Graded Symptom Checklists
(GSC)*, the Standard Assessment of Concussion (SAC)*+%?, and the Balance Error Scoring
System (BESS)* balance assessment are just a few of the specific concussion evaluation tools
used during a concussion assessment. It is important to include baseline testing of athletes, which
further allows for more information about a potentially concussed patient. Baseline testing use is
predicated on the belief that a concussion results in impairment of cognition. It is also important
to ensure that players are free of the effects of concussion before return-to-play. Measurement of
cognition at baseline allows the reliable detection of cognitive impairment following concussive
injury.** Values can be compared to baseline scores during initial assessment and during clinical

decision making, to assist in making a return to play decision. When these tests are used
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individually of themselves, they exhibit a low reliability® rate for assessment (<.70).3%4 Since
2002, the use of a multifaceted approach has been recommended to evaluate concussive injury. A
study published in 2014 reported over the last 10 years a multifaceted approach to concussion

evaluation has been largely incorporated by Certified Athletic Trainer’s (ATC’s).®

GRADED SYMPTOM CHECKLIST

The Graded Symptom Checklist (GSC) is one of the most commonly used clinical
measures in the assessment of concussion, due to the relatively high sensitivity (.89) to detect
injury.3®4% The GSC requires athletes to rate the presence/severity of 25 common concussion
symptoms on a 0—6 Likert scale.>** Higher numbers on the Likert scale indicate higher severity
of an individual symptoms over others. The symptom checklist has been used in various studies
and been shown to be a valid and reliable clinical tool.*” In 2005, McCrea et al studied symptom
severity in concussed populations. At time of injury, 89% of subjects reported increased
symptoms. During follow up evaluation at one-day post injury, results revealed that only 74% of
subjects complained of symptoms. One week post injury, the number of subjects who reported

symptoms dropped drastically to 4%.4

STANDARDIZED ASSESSMENT OF CONCUSSION

The effects of concussion on mental status are usually not obvious or evident on
neurological exam, and it is often difficult to detect and fully characterize the neurocognitive
effects from injury.*® The Standardized Assessment of Concussion (SAC) was developed to
provide team physicians, athletic trainers, and other medical professionals® with an objective

and standardized method of immediately assessing an injured athlete’s mental status on the sport



42

sideline within minutes of having sustained a head impact.*> The SAC represents the first
instrument specifically designed with the intention of quantifiably measuring the immediate
neurocognitive effects of concussion.*® The SAC test was designed to assess the acute cognitive
functions of an individual before and after suffering a suspected head injury within 5 minutes.

The SAC test evaluates 4 domains: orientation, immediate memory, concentration, and
delayed memory, which are all frequently affected by concussion. There are 3 versions of the
SAC that have been reported to be equivalent.>® The immediate memory, concentration, and
delayed memory sections contain unique items on each version, whereas the orientation section
of all 3 versions is identical.

The immediate memory section of the SAC is focused on memorization and regurgitation
of five words which are separated into 3 different lists to limit practice effects. The concentration
portion focuses on the ability to regurgitate sets of three to six digits, in reverse. The orientation
portion concentrates on the month, date, day of the week, year, and time. For the delayed
memory portion, the person being tested is evaluated on the ability to repeat the original five
words from the immediate memory test.>* The tests are scored by adding the number of correct
responses; 5 points can be scored in each of the orientation, concentration, and delayed memory
sections, and 15 points within the immediate memory section to combine fora total of 30 possible
points.>

Previous studies have demonstrated the clinical sensitivity of the Standardized
Assessment of Concussion in evaluating concussions.*®* The sensitivity of the SAC has been
reported to range between 0.72 and 0.78.4* A 2001 study published by McCrea and colleagues
investigated the efficacy of standardized mental testing on the sideline to detect abnormalities

resulting from concussion.*? Sixty-three concussed and fifty-five control subjects were evaluated
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and the injured subjects performed significantly below pre-injury baselines. The research
concluded a decline in SAC score at time of injury to be 95% sensitive and 76% specific.*?
However, Ragan et al in 20073 published results which questioned the validity of the SAC as a
baseline measure. At baseline, 63-70% of items on the SAC were considered too simplistic,
provided little information, and could be eliminated during baseline testing. All 5 orientation
items and 87-100% of immediate memory items were deemed unacceptable.>® After
experiencing a concussion, the SAC would not be able to able to identify a 6 point decrease in

cogitative ability, whereas a 3-point decrease is supposed to indicate a concussive injury.*

ROMBERG TEST

Originally created in the 19" century, the Romberg test was developed to assess balance
deficits with reduced visual sensory input.'® Traditionally, clinicians have used the Romberg test
for assessing disequilibrium in head-injured athletes.> Tested individuals stand as quietly as
possible during duration of testing. Their feet are placed together with the feet touching. Trials
are alternated with visual sensory conditions including EO and EC.**5* After an extensive search
of the literature, there are few studies using the Romberg test. This lack of research may be due
to the Balance Error Scoring System (BESS) test incorporating the stances of the Romberg test.

Therefore, the reliability and validity data of the Romberg test alone are limited.

BALANCE ERROR SCORING SYSTEM
The Balance Error Scoring System (BESS) is the recommended postural control test of
the 4" International Consensus Statement on Concussion.®>® The BESS was developed to

provide clinicians with an inexpensive and practical tool for the assessment of postural
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stability,*® most commonly used during sideline evaluation.>® Currently, it is regarded as the
“clinical gold standard” for measuring balance deficits.*®

Balance is defined as defined as the process of maintaining the center of gravity (CoG) within
the body’s base of support®. Management of balance related deficits will vary dependent upon
the etiology of the deficit.>” Somatosensory and proprioceptive information is transmitted

and integrates the inner ear, allowing
the body to process positional
information in relation to gravity.>” A
balance disturbance is characterized as
the inability to stand with an upright
posture without deviating outside the
limits of the base of support.®° In

response to internal or external

perturbations, an individual’s ability

Figure 3: Balance Error Scoring System Stances to maintain a desired orientation is
Notes: The BESS is comprised of six, twenty second trials. known as postural control and can be
Three trials performed on a stable surface and three performed

on a 1.5 airex pad. Stances include double leg, single leg (non- .

dominant foot), and tandem (non-dominant foot behind inferred from Center of Pressure
dominant)

displacements.>®
A balance disturbance could place an athlete at greater risk for additional injury through
falls or collisions.® Athletes who undergo BESS testing are instructed to close their eyes, place
their hands on their hips, and stand in 3 different positions(single-leg stance, feet together, and
tandem stance) on 2 different surfaces (firm and foam) for 20 seconds each (Figure 3).*3 Errors

are defined as opening eyes, lifting hands off hips, stepping, stumbling or falling out of position,
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lifting forefoot or heel, abducting the hip by more than 30°, or failing to return to the test position
in more than 5 seconds.>® As recently as 2016, a change of 3 — 6 errors from baseline to post
injury has been suggested to be indicative of a concussion.®® Finnoff et al®! examined each of the
BESS stance trials to determine the reliably of the test. The intrarater reliability for the BESS
ranged from 0.50 to 0.88, while the interrater reliability ranged from 0.44 to 0.83.5! In another
study, evaluation of the BESS revealed low to moderate intraclass and test-—retest reliabilities
limiting the validity of the interpretations of scores. (r = 0.60, 0.67)% There are a variety of
variables that can impact overall BESS score, including specific sport, individual history of
lower leg or ankle injury, fatigue from exertion,® repeat test performance, and neuromuscular
balance training.>® Rahn et al® evaluated a concussed and control group to determine the
influence of a live sporting event on BESS performance. The concussed group displayed a
significant decrease at both football and basketball games when compared to the non-concussed,
P=0.004. In 2012, a study by Burk and colleagues administered the BESS to 58 college females.
These athletes were tested on two different occasions, 90 days apart to evaluate changes in the
BESS after an athletic season. The study observed a significant improvement (P=0.003) between
preseason and post season performance (9.00 +/- 2.97 errors and 7.92 +/- 2.78 errors).>®
Following sport related concussion, it has been suggested that the BESS is a reliable and efficient
mean to evaluate concussion.3 However, current reliability would not be adequate for a
measurement with implications for return to participation decisions.®? On average, athletes who
initially present with postural instability after concussion return to their baseline level of

performance on the Balance Error Scoring System within 3 to 5 days of injury.®
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LABORATORY BASED BALANCE ASSESSMENT

Medical professionals use an assessment battery to assess concussion, for which the
reliability and validity have been studied;'®% however, other testing measures may be required to
detect lingering deficits following concussion. Balance assessment is one area of concussion
assessment that typically resolves in 3 — 5 days using standard clinical measures,*® and may be
overlooked following that time point. Balance assessments range from simple clinical sideline
tests to complex laboratory testing. The most common assessments discussed in concussion
literature are the Clinical Test of Sensory Organization and Balance (CTSIB) and the Sensory
Organization Test (SOT),®® which both incorporate the use of a laboratory grade force platform.
Force Platforms provide objective values to assess balance control.®® While, in the last ten years,
there has been an increased interest in the use of the Nintendo Wii Fit as a measure to assess for
postural control deficiencies following concussive injury. Previous authors have utilized the
Nintendo Wii fit balance board and force platforms, in concussed and non-concussed

populations.

CLINICAL TEST OF SENSORY INTEGRATION AND BALANCE

The CTSIB was originally developed in 1986 and involves 6 major scenarios that
systematically removes conflict or sensory inputs.®” The modified CTSIB involves a more
complex force platform and is used more commonly in research.® Administration of the CTSIB
includes alternation between EO or closed, standing on high density foam while looking toward
an object. 1® A 1998 study measured the reliability of the unmodified CTSIB in older adults and
reported an interclass correlation coefficient (ICC) of 0.98, these results suggest the CTSIB can

be a useful test to assess balance deficits in an older population.*®
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APPENDIX C — SAC/BESS EVALUATION FORM

Georgia Southern Athletic Training
Baseline Concussion Evaluation

Name Date Date of Injury
Sport Examiner
Sac Test BESS Test
Orientation (1 point for each correct answer)
What month is it? 0 1 Footwear (Shoes, Barefoot, Braces, Tape, Etc.)
What is the date today? 0 1 Modified Balance Error Scoring System (BESS) testing
What is the day of the week? 0 1 Which foot was tested (i.e. which is the non-dominant foot)
What year is it? 0 1 Testing Surface (Hard floor, Field, Etc.)
What time is it right now? (within 1 hour) 0 1 Condition — On Firm Surface
Orientation Score /5 Double Leg Stance: Errors
Single Leg Stance (non-dominant foot): Errors
Tandem Stance (non-dominant foot at back): Errors

Immediate Memory

List Trial 1 Trial 2 Trial 3 Alternate Word List Condition — On Firm Surface
Elbow 0 1 0o 1 0o 1 Candle Baby Finger Double Leg Stance: Errors
Apple 0 1 0o 1 0o 1 Paper Monkey | Penny Single Leg Stance (non-dominant foot): Errors
Carpet 0 1 0 1 0 1 Sugar Perfume | Blanket Tandem Stance (non-dominant foot at back): Errors
Saddle 0 1 0 1 0 1 Sandwich | Sunset Lemon
Bubble 0o 1 0o 1 0o 1 Wagon Iron Insect
Total /5 /5 /5
Immediate memory score total | / 15 Total Score: Baseline Score:
Concentration: Digits Backward Types of Errors
List Trial 1 Alternate Digit List 1.Hands off iliac crest
4-9-3 0 1 |629 5-2-6 4-1-5 2.0pening Eyes
3-8-1-4 0 1 3-2-7-9 1-7-9-5 4-9-6-8
6-297-1 0 1 | 15286 38527 61843 3.Step, Stumble, or fall
7-1-8-4-6-2 0 1 | 539148 8-3-1.9-6-4 79.4.85.6 4.Moving hips into >30 degrees of abduction
5.Lifting forefoot or heal
6.Remaining out of test position >5 seconds
Total /4

Concentration: Months in Reverse Order
(1 point for entire sequence correct)

Dec-Nov-Oct-Sept-Aug-Jul-Jun-May-Apr-Mar-Feb-Jan 0 | 1 The BESS is calculated by adding one error point for each error

Delayed Recall Score /5 during the six(6) 20-second tests. Multiple Errors count as one.
SAC Total Score: | /30

Date Completed Date Completed

Additional Notes:
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APPENDIX D - ADDITIONAL INFORMATION

Research Question

The purpose of this study was to evaluate cognitive and postural deficits, in athletes who
sustained a concussion, at the conclusion of the athletic season. It is the aim of this research to
(1) compare levels of cognition in CONC to NORM athletes during re-baseline evaluations after
the conclusion of the athletic season, (2) use a clinically accepted balance assessment to identify
postural impairments following a concussion, and (3) utilize a more objective measurement to
quantify postural impairments during re-baseline evaluations.
Hypotheses

It was hypothesized that previously concussed athletes will present with significant
differences during re-baseline for both the SAC and BESS, as well as presenting with significant
differences when evaluating CoP metrics compared to a healthy control group.
Assumptions

The data collected for the current study is based on several assumptions which include
athletes putting forth total effort following instruction provided by test administrators. It was also
assumed that all equipment was up to date and working properly, as well as, complete honesty
from athletes in this study.
Delimitations

The sample population is delimited to athletes and cheerleaders were selected of
convenience at a single university in South Georgia. The university at which this study is being
conducted has a set concussion assessment and RTP protocol which has been set in place by the
university’s sports medicine department. Appropriate inclusion and exclusion criteria was noted

and ensured over the course of the study.



