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ABSTRACT

Background: in combat sports athletes have a high incidence of
concussive injuries that lead to short-term or long-term vestibular
impairment and cognitive function. Understanding how concussion
history impacts vestibular and cognitive functions, thereby
enhancing the safety and performance of combat sports athletes.

Objective: To evaluate the association between the history of
concussion with vestibular impairment and cognitive function in
sports athletes.

Methodology: A cross-sectional study was conducted at Hayatabad
Sports Complex in Peshawar from November 2023 to April 2024, on
n=115 athletes involved in combat sports with a history of
concussion within the last 30 days. The data was collected through
Sports Concussion Office Assessment Tool 6 (SCOAT- 6) was used
to assess Vestibular Impairment (mVOMS) and cognitive
dysfunction. Regression analysis for association of History of
Concussion with Vestibular and Cognitive Impairment via SPSS
version 23.

Result: The mean of age of the (n=115) participants was 18.7 + 2.4
years were with n=28(24.3%) mild, n=18(15.7%) moderate and
n=6(5.2%) severity of concussion. There was a statistically
significant (p<0.05) association between the history of concussion
with vestibular and cognitive impairment on the mVOMS and
Cognitive test scores on SCOAT-6.

Conclusion: The combat athlete with a history of concussion may
have poor cognitive and vestibular function.
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INTRODUCTION

Combat sports have a high incidence of
concussive injuries among all sports, can lead to
significant cognitive and vestibular dysfunction in
these athletes. Concussions account for 5% to 9% of
all sports-related injuries, with a higher incidence in
individuals aged 12-18[1, 2]. As vestibulo-ocular
function is critical for athletes, it affects their agility
and ability to execute strikes effectively. It was also
observed in the studies that history of concussion in
these sports may contribute to vestibular
dysfunction.

Vestibular dysfunction may cause impairment
in spatial cognition, memory, orientation and
attention. Bilateral vestibular impairment has been
associated with cognitive impairment and may
develop Alzheimer's disease. The studies reported
that after initial concussion cognitive skills like
visual and verbal memory, cognitive processing
attention and executive function are significantly
affected, may persist from moth to years[3, 4].

Recent studies have found that combat sport
athletes exhibit a higher prevalence of oculomotor
abnormalities compared to non-athletic controls,
suggesting that concussion history may contribute
to vestibular dysfunction. This dysfunction can
manifest in symptoms such as dizziness and
balance issues, which are critical for performance in
combat sports [5, 6].

The correlation between vestibular and
cognitive function impairments and concussion
history in combat sports athletes is imperative to
investigate, given the high rate of concussions in
these sports and the possible long-term effects on
these abilities. Decisions about returning to play
and targeted rehabilitation can be influenced by
knowledge of the cognitive and vestibular
impairments linked to a history of concussions. To
determine which athletes are at risk for future
complications and to determine the best course of
action for treatment, thorough evaluations of
vestibular and cognitive functions in athletes with a
history of concussion are also necessary. By filling in
the knowledge gap regarding the effects of
vestibular and cognitive functions on concussion
history, the proposed study seeks to improve
combat sports athletes' performance and safety.

METHODOLOGY

Study design: This was a cross-sectional study.
The research was carried out in Hayatabad Sports
Complex in Peshawar from November 2023 and
April 2024. This study was approved by the
Research and Ethical Committee (Riphah/RCRAHS-
ISB/REC/MS-PT/01832). It was carried out according
to the principles stated in the Declaration of

Helsinki. Written informed consent was obtained
from participants in the study.

Participants: Male combat athletes, aged
between 18-30 years were included in the study.
Moreover, participants with a history of concussion
within the last month on Cantu Evidence-Based
Grading System of Concussion (CEBGS-C) grade I-IlI
were also included. For comparison, without any
history of concussion within the last three months.
However, participants who had concussions other
than SRC and athletes who were fractured or had
moderate concussions were excluded from the
study.

Sample size: A total of n=115 sample size was
calculated through G power, keeping effect size
medium (0.14), a error margin at 0.05. To avoid
error probability, the power (1- ) was set at 0.95%
and the total number of predictors was 2.

Outcome measures: In combat athletes with a
history of concussion, an initial assessment was
done by a sports physical therapist through Cantu
Evidence-Based Grading System of Concussion
(CEBGS-C) to grade the sports-related severity of
concussion as mild, moderate, and severe. No loss
of consciousness and post-traumatic amnesia lasts
for < 30 minutes and post-concussion symptoms <
24 hours showed mild severity of concussion,
Moderate  concussion  involved  loss  of
consciousness <1 minute or post-traumatic amnesia
> 30 minutes <24 hours or Post-concussion sign&
symptom >24 hours <7 days. Severe grade
showed Loss of consciousness exceeding 1 minute,
post-traumatic amnesia lasting more than 24 hours,
andfor  post-concussion signs & symptoms
persisting for less than 7 days[7]. Sports Concussion
Office Assessment Tool 6 (SCOAT 6) was used to
evaluate concussion especially cognitive and
vestibular impairment occurring within the first
three to thirty days. SCOAT 6 includes a 10-word
recall and digits backward test, blood pressure and
heart rate measurements, a neurologic examination
and assessment of cervical spine, timed tandem
gait as a single task and complex dual task with
added three cognitive tasks, a modified vestibular
ocular motor screening, delayed word recall and a
mental health and sleep screen. Modified
vestibular/Ocular  motor screening (mVOMS)
included questions about headache, dizziness,
nausea, and fogginess to find out the frequencies
and percentages of patients with and without
VOMS symptoms while playing contact sports. For
Cognitive impairment, Verbal cognitive tests was
used that includes questions to assess immediate
memory (total score 30), Concentration (total score
4), Orientation (total score 60sec) and Delayed
word recall (total score 10). The descriptive analysis
of total number of symptoms, symptoms severity
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score and cognitive tests (CT) in terms of athlete’s
concussion were conducted[8].

Statistical methods: The data was presented in
the tables as mean=SD and n (%). The multiple linear
regression test was applied. The variables were
created of categorical variables. The SPSS version
23 was used for data analysis.

40

30

RESULT

The mean age of the n=115 study participants
was 18.7 + 2.4 years with age range of 12 (min. 14 to
max 26). The frequency distribution of different
type of combat athletes included in the study can
be seen in figure 1. From the of n=115 athletes,
majority 90 (78.3 %) have no VOMS symptoms and
25 (21.7 %) have VOMS symptoms, respectively.

31
26.96%

27
22 23.48%
10 19.13%
or . . "
Teakwondo Karate Mix Martial Arts Boxing

Figure 1: Types of combat sports of the participants

The mean & SD of no. of symptoms (23) and
symptoms severity score (138) of the (n=115)
participants was 3.1+ 3.6 and 5.7 + 8.6, respectively.
The mean & SD of cognitive tests i.e., Immediate

memory (30), Concentration (4), Orientation
(60sec) and Delayed word recall (10) of the (n=115)
athletes were 14.6 + 6.4, 1.3 + 1.2, 21.1 + 14 and 3.6 +
2, respectively. (Table 1)

Table 1: No. of symptoms, Symptoms severity score and Cognitive tests of the participants (n=115)

Variables Minimum  Maximum Mean SD
No. of Symptoms = 23 14 3.1 3.6
Symptoms severity score = 138 39 5.7 8.6
CT- Immediate memory =30 30 14.6 6.4
CT- Concentration = 4 4 1.3 1.2
CT- Orientation = 60 sec 60 21.1 14
CT- Delayed word recall = 10 8 3.6 2

CT-Cognitive Testing; SD-Standard Deviation

No Sign & Symptoms 63

Non
Concussed

Grade 3 (Severe): .

Grade 2 (Moderate): 18

Concussed

Grade 1 (Mild): 28

0 10 20 30 40 50 60 70

Figure 1: Severity of Concussion via Cantu Evidence
Base Grading System

The descriptive analysis of Severity of
Concussion via Cantu Evidence Base Grading
System (CEBGS) of the contact sports athletes were
carried out to find the frequencies and percentages
of concussion severity among contact sports
athletes. Out of n=115 athletes, 52 (45.2%) have

concussions in which majority 28 (24.3 %) of the
athletes have grade 1-mild level of concussion sign
and symptoms followed by 18 (15.7 %) have grade 2-
moderate level and 6 (5.2%) have grade 3-severe
level of concussion sign and symptoms, whereas,
63 (54.8%) athletes have no concussion and thus
have no concussion sign and symptoms,
respectively. (Figure 1)

A multiple regression model was carried out to
determine the association of history of concussion
with vestibular impairment and cognitive function
in sports athletes. This model significantly predicted
the association between history of concussion and
vestibular impairment [F (113) =108.1, p<0.001]. The
presence of concussion among the participants
causes 48.9% (Adj. R’=.484) variance in mVOMS as
compared to non-concussed athletes. There is also
a significant association between history of
concussion and cognitive function [F (113) =176.2,
p<0.001]. The presence of concussion among the
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participants also causes 60.9% (Adj. R’-.606)
variance in cognitive function among concussed
athletes as compared to non-concussed athletes,
respectively. The result also showed that as the one
sample of history of concussion increases, 3.87 unit
decrease in mVOMS score, which showed (p<0.001)

negative significant association. For the cognition
There was also significant (p<0.001) negative
association, showing that the increase in one
sample with history of concussion cause 36.26-unit
decrease in cognitive test score. (Table 2)

Table 2: Regression Coefficients of the outcome variables

95% Cl for B

MeanzSD F(113) Sig. Lower Bound  Upper Bound
Vestibular Impairment 2.7%2.7 -3.87 108.1 0.00%** -4.610 -3.134
(mVOMS)
Non-Concussed Cognition
R *%k . R
(Cognitive Test) 40.8+23.2 -36.26 176.2  0.00 41.672 30.849

Reference variable- Concussed

Significance level-p<0.05%, p<0.01** &p<0.001**; Cl-Confidence Interval; Std-Standard Deviation; 8-Unstandardized beta

DISCUSSION

The study objective was to find the association
between the history of concussion with vestibular
impairment and cognitive function in sports
athletes. There was strong association showing
that sports athletes with concussion had poorer
Vestibular and Cognitive functions as compared to
sports athletes without concussion.

Eagle et al. compared vestibular/oculomotor
dysfunction among sports athletes with and
without a history of concussion using the VOMS.
Athletes with a concussion history in the past two
years showed significantly more
vestibular/oculomotor dysfunction and reported
greater symptoms after vertical and horizontal
saccades, vertical and horizontal VOR, and VMS
tests. The study also found that dizziness, a
vestibular symptom, occurs in 50-80% of concussed
patients[9]. Mucha et al. reported an association
between concussion history and vestibular
impairment among sports athletes (P<o0.05)[10].
Both studies were aligned with our study's findings
on the link between concussion history and
vestibular impairment in contact sports athletes.
Joice C et al. found that a history of SRC
significantly affects cognitive domains such as
memory, executive function, and psychomotor
function in concussed athletes compared to non-
concussed athletes [11].

Gregory K et al. aimed to examine the
association between concussion history and factors
related to cognitive, behavioural, and emotional
health among US high school athletes. Similarly,
Alkathiry et al. compared vestibular symptoms and
hypersensitivity responses in teenage athletes with
and without SRC, finding worse vestibular
symptoms in athletes with SRC[12].

Athletes in combat sports with a history of
concussion often experience vestibular impairment
and cognitive  deficits due to complex

pathophysiological mechanisms. Vestibular
dysfunction, commonly manifesting as dizziness
and vertigo, is linked to injuries in the vestibular
system, particularly the inferior vestibular nerve,
which can lead to prolonged recovery and worse
outcomes post-concussion[13]. Cognitive
impairments, such as slower processing speed and
reduced cognitive flexibility, have been associated
with white matter damage in critical brain regions,
including the prefrontal cortex, which is essential
for executive functions[14].

Additionally, the vestibular/ocular motor
screening assessment reveals significant
differences in vestibular function between combat
athletes and healthy controls, indicating underlying
vestibular and oculomotor impairments[15]. These
findings suggest that the interplay between
vestibular dysfunction and cognitive deficits in
combat sports athletes is rooted in both peripheral
and central neural injuries, necessitating a
comprehensive approach to assessment and
rehabilitation[16, 17].

In current study the gender and severity of the
symptoms were not studies, these both factors
along with frequency of concussion may contribute
further to the results.

CONCLUSION

Cognitive and Vestibular Impairments is higher
among athletes with concussion as compared to
non-concussed athletes. The magnitude of
concussion among combat athlete and its impact
warrant further research to determine effective
intervention strategies to minimize the negative
impact on the athlete health.
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