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Abbreviations: VRT, Vestibular Rehabilitation therapy; 
SRC, sports-related concussion; TBI, traumatic brain injury; BPPV, 
benign paroxysmal vertigo; VOR, vestibulo-ocular reflex; CNS, 
central nervous system; RTP, return-to-play; DHI dizziness handicap 
inventory.

Introduction
Balance is a precursor to movement and requires the seamless 

integration of the somatosensory, visual, and vestibular systems. All 
three systems send signals of sensory information to the brain, which 
is then processed to assist with balance, both static and dynamic, 
which are controlled by adjusting motor output of each of these three 
systems. In turn, the body can maintain posture and gaze.1,2 Depending 
on the sport performed, the postural control system may be taxed in 
many ways though balance is a general requirement for success as an 
athlete.3

A sports-related concussion (SRC) is a commonly acquired 
traumatic brain injury (TBI) that can negatively impact the postural 
control system, thus impacting an athletes’ postural stability.4,5 

Concussions are typically a result of both biological and mechanical 
disturbances caused by a “direct blow to the head, face, neck, or 
elsewhere on the body with an impulsive force transmitted to the 
head”.6 The diagnosis is challenging due to a lack of structured 

definition and variation of clinical characteristics among players; 
however, individuals scoring higher with the post-concussion 
symptom scale scores are often those with undiagnosed concussions, 
leaving them more vulnerable for future concussions.7 

It is estimated that 1.6 to 3.8 million sport- or recreational-related 
concussions occur annually.8 Dizziness and vertigo occur in up to 
75% of individuals diagnosed with TBI which may have secondary 
occurrences of benign paroxysmal vertigo (BPPV), vestibulo-ocular 
reflex (VOR) impairment, sensory organization impairment, visual 
motion sensitivity, balance dysfunction, cervicogenic dizziness, 
and exercise-induced dizziness.9–12 Although central compensation 
of the central nervous system (CNS) may occur spontaneously 
through neurological changes within the cerebellum and brainstem, 
maladaptive strategies, prolonged recovery time, and incomplete 
recovery may be a result of delaying or foregoing VRT.13

Vestibular Rehabilitation Therapy (VRT) is an exercise-based 
treatment program designed to promote vestibular habituation, 
adaptation, and substitution. It is applied as therapy in several 
vestibular disorders.14–17 VRT is designed to ameliorate symptoms of 
vertigo and/or dizziness, improve balance, improve quality of life, and 
restore gaze stability post vestibular insult.2,14–17

Current return-to-play (RTP) protocols focus on reducing post-
concussion symptoms through periods of physical and cognitive 
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Abstract

Background: Vestibular Rehabilitation therapy (VRT) is an exercise-based treatment 
program designed to promote vestibular habituation, adaptation, and substitution. The 
goals of VRT are to enhance gaze stability, postural stability, and to improve activities 
of daily living. Dizziness and balance impairments are common following sport-related 
concussions; however, it is unclear how much impact VRT may have in the treatment for 
this population. 

Purpose: To conduct a systematic review to verify the application and outcomes of VRT 
after sport-related concussion with persistent dizziness and to determine the effectiveness 
of the treatment for sport-related concussion. 

Method: A systematic review of the following electronic databases was conducted: 
CINAHL Complete, PsycINFO, SPORTDiscus, Academic Search Complete, PUBMED, 
COCHRANE, and MEDLINE. The search ranged from January 2011 to April 2023. 

Results: 248 articles were found based on the specific search criteria. From them, 105 were 
selected and 54 records screened. After applying the criteria of inclusion and exclusion, 
four articles remained for examination. 

Conclusion: Vestibular rehabilitation therapy shows promise to improve dizziness and 
imbalance symptoms in those who have suffered sport-related concussions. As current 
return-to-play protocols do not account for adequate compensation of the vestibular system 
and may result in reinjury, vestibular rehabilitation may be able to assist the player’s 
recovery time, and in turn prevent reinjury; however, due to limited evidence, further 
studies are necessary to confirm these findings. 
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rest through 6 stages. Although medical clearance is expected within 
7-10 days, recent research suggests that prolonged rest adversely 
affects the pathophysiology of concussion, delays onset of effective 
therapies, and may be detrimental to recovery.6,18–20 A recent cross-
sectional study found that although “educators are following 
recommended practices of teaching a multifaceted approach to 
concussion evaluation and management, there is a lack of instruction 
on the use of a stepwise return-to-play progression and emerging 
SRC management tools that evaluate vestibular and ocular-motor 
deficits”.20–22 Evaluation of neurocognitive status, such as memory and 
attention span, is recommended to be performed by comparing pre- 
and post-injury results of the Immediate Post-Concussion Assessment 
and Cognitive Testing (ImPACT).22 Additionally, neuroimaging of 
athlete’s post-concussion reveals changes in brain physiology beyond 
clinical symptom resolution; therefore, current protocols may result in 
premature RTP decisions for athletes with concussion, increasing risk 
of reinjury due to a poorly compensated vestibular system.23

Despite the high incidence of dizziness and balance dysfunction 
in sport related concussion, reports of vestibular and balance 
rehabilitation in the management of concussion are sparse. It is 
important to verify VRT as a tool that can be utilized to reintroduce 
an athlete to the field after persistent dizziness following sport-related 
concussion. Due to lack of evidence-based management procedures, 
the aim of this review is to summarize the existing data and to 
describe the use and effectiveness of vestibular rehabilitation therapy 
as treatment for sport-related concussions.

Methodology
This systematic review was guided by the principles of the 

Preferred Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P).24,25 Articles published from January 2011 
to April 2023 were included due to the recent interest in this topic 
and to ensure current and relevant research and treatment outcomes. 
The following databases were utilized: Cumulative Index to Nursing 
and Allied Health Literature (CINAHL Complete), PsycINFO, 
SPORTDiscus, Academic Search Complete, PUBMED, Cochrane 
Central Register of Controlled Trials, and MEDLINE. Each database 
was searched simultaneously using EBSCOhost, a collection of all 
EBSCOhost databases.

Search process

The following search terms were used: (sports-related concussion 
OR sports-related TBI OR traumatic brain injury) AND (vestibular 
rehabilitation or vestibular therapy) NOT (military OR veteran). The 
titles of all the studies from each database were enumerated on an 
Excel table document to identify doubled publications. 

The inclusion criteria were (1) athletes diagnosed with concussion; 
(2) original data applying vestibular rehabilitation; (3) reporting at 
least one outcome measure related to the efficacy of the treatment; 
(4) written in English, Portuguese, or Spanish. Studies were excluded 
if: (1) they were classified as literature or systematic reviews, 
expert opinions, or case reports; (2) does not include athletes with 
concussion; (3) applied vestibular rehabilitation in combination 
with other rehabilitative therapies/multimodal interventions (e.g., 
manual therapy, strength training, occupational tasks, counselling, or 
medication).

Screening

At the initial screening stage, studies were included or excluded 
based on titles and abstracts. Abstracts determined to be included 

in the literature review were retrieved, if needed. Each full-text 
article was carefully appraised at the second level screening process 
according to the inclusion and exclusion criteria. The data extraction 
procedure was not blind once all the manuscript information related 
to journal, institution, authors, study design, intervention, outcomes 
were evident.

Results
The systematic review’s course is presented in Figure 1. The 

electronic database search yielded 105 records after duplicates were 
removed. 

Figure 1 Results of the systematic review process.

The examination of titles and abstracts resulted in the retrieval of 24 
full-text records. Following full-text review, 4 studies were included in 
qualitative analysis (Table 1). A fifth article meeting inclusion criteria 
was excluded due to the nature of possible duplication published in 
2012 and 2014. Additionally, Kleffelgaard et al.14 did not specifically 
tailor to sport-related concussion; however, this study had found no 
difference in vestibular rehabilitation outcomes between causes of 
injury at post-intervention follow-up. The quality analysis focused on 
whether each study had sample size justification, utilized a control 
group, randomized study participants, included an analysis of the 
results, and specifically stated inclusionary and exclusionary criteria. 
The current study also analyzes the level of evidence of included 
studies. The quality analysis revealed that four studies included sample 
size justification, three of which used a control group and randomized 
their study participants. Each of the five studies analyzed their results 
and listed inclusion and exclusionary criteria. Of the included articles, 
two of the articles were of level 2 of evidence, one study was level 3 
of evidence, and one study was level 4 of evidence. 

It was observed that all the studies conducted evaluated both 
genders. The sample size ranged from 42 to 50 subjects in two weeks 
to four months. The interventions focused primarily on improving 
balance. The focus on outcomes was effectiveness of vestibular 
rehabilitation. Exercise training interventions included participants 
walking on moving platform to evaluate posture, sway, and gait 
speed. Individuals were given differing tasks to complete, and they 
were multitasked during sessions to evaluate dual-tasking skills. Each 
study assessed different outcome measurements. Table 2 presents 
the summary of each article and their findings. This table includes 
the study’s authors, year it was conducted, the participants included 
in it, its purpose, treatment and/or intervention, assessment and/or 
questionnaires used, and the main findings. 
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Note: Activities-specific Balance Confidence scale (ABC), Mild 
traumatic brain injury (mTBI), sub-threshold physical activation 
(SPA), Post-Concussion Symptoms Scale (PCSS), Rivermead 
Post-Concussion Symptoms Questionnaire (RPCSQ), Dizziness 
Handicap Inventory (DHI), High-Level Mobility Assessment Tool 
(HLMAT), Hospital Anxiety and Depression Scale (HADS), Balance 
Error Scoring System (BESS), Vestibulo-ocular reflex (VOR), Post-

Concussion Symptoms Scale (PCSS), Numerical Pain Rating Scale 
(NPRS), Neck Disability Index (NDI), Headache Disability Index 
(HDI), Activities-Specific Balance Confidence Scale (ABC), Sport 
related concussion (SRC), Cervical Flexor Endurance (CFE), Joint 
Position Error (JPE), Vertigo Symptom Scale (VSS), Sport Concussion 
Assessment Tool-2 (SCAT-2). 

Table 1 Quality analysis of studies for the literature review

Study Sample size 
justification

Control 
group Randomized Analysis of 

results
Inclusion and 
exclusion criteria Level of evidence

Kleffelgaard et al.14 Y Y Y Y Y 2
Schneider et al.20 Y Y Y Y Y 2
Alsalaheen et al.15 Y N N Y Y 3
Alsalaheen et al.16 N N N Y Y 4

Discussion
The vestibular system plays an important role in the regulation 

of balance, spatial orientation, and gaze stability. Dizziness and 
imbalance are the two most common early concussion symptoms 
following an athletic injury and/or head injury of non-athletic origin, 
occurring in 75% and 79% of patients, respectively.29,30 According 
to several studies, damage to the vestibular system can exacerbate 
other concussion symptoms, proving to be a risk for extended 
recovery.11,18,26–28

As seen in this systematic review, a wide range of tools can be used 
to assess athletes’ balance abilities post-concussion.6,23,31 Currently, 
evaluation protocols are not standardized; therefore, the studies are 
unable to be directly compared to demonstrate effectiveness.14–16,20 
Recent consensus over concussion management suggests cognitive 
rest in the earlier phase (the first 24-48 hours), followed by a gradual 
return to activities, and most recently, the creation of protocols to 
actively target concussion rehabilitation has been explored.6

Vestibular rehabilitation therapy (VRT) utilized as a treatment 
option in cases of dizziness and imbalance post-concussion has been 
promising.1–3 The aim of VRT is to encourage the plasticity of the 
patients’ existing and partially intact neural systems by creating new 
neurological connections to bypass damage to the system that has 
occurred through injury.14 There are three main categories of VRT: 
(a) habituation which involves continuous and progressive exposure 
to stimuli that provokes symptoms until the symptoms are no longer 
present with the presented stimuli; (b) adaptation which includes 
training the brain to rely on portions of the vestibular system which 
remain unaffected through various stimulating motions; and (c) 
substitution which includes saccadic strategy exercises to track objects 
with and without head movement in various planes to enhance the 
brain’s reliance on the visual and somatosensory systems.17,19 For the 
most effective treatment, patients should complete VRT with a trained 
clinician to ensure accuracy. The clinician’s role will also include 
developing an individualized treatment plan by assessing the patient’s 
capabilities at the beginning of treatment to avoid overstimulation 
while continuing to follow an established protocol.3,15–18 Managing 
dizziness and imbalance through the use of vestibular rehabilitation 
post-concussion is part of emerging research and post-concussion 
syndrome is a significant topic in contemporary science.

When reviewing the studies used for this literature review, a lack 
of progression patterns and duration standardization is seen. With 
each of the 4 studies, none suggested recommended protocol, number 
of treatment sessions, or frequency.14–16,20 Even though time was not 

specified, most symptoms seem to resolve from 6 to 12 weeks after 
beginning treatment according to each study’s timeline. It is unclear 
whether faster recovery rates correlate with the duration of care or 
exercise type. Overall, in all four studies there is evidence that athletes 
suffering from post-concussion syndrome would likely benefit from 
VRT.32,33

A Cochrane review concluded that there is moderate to robust 
evidence of the success of vestibular rehabilitation for individuals 
with vestibular disorders, and regarding the current systematic review 
this may extend to individuals with vestibular disorders of athletic 
traumatic origin.33–36 Evidence from the review of literature suggests 
that patients who experience symptoms of dizziness and/or imbalance 
should be referred to Vestibular Rehabilitation Therapy (VRT). 

Limitations and future directions
More research is needed to definitively conclude whether 

vestibular rehabilitation is effective for athletes suffering from 
vestibular disorders of a traumatic origin. There is an absence of 
available randomized controlled trials or cross-sectional studies. Most 
of the data collected on this subject are retrospective or small cohort 
studies. 

The lack of standardization of VRT protocol also proves to be a 
limitation. Although individualized treatment plans are important 
in targeting post-concussion symptoms, accurate research relies on 
standardization to verify effectiveness. In future studies, it would be 
beneficial to record the timeline from incident to implementation, 
results and subjective effectiveness of VRT that is capable of 
being quantified and compared such as with the dizziness handicap 
inventory (DHI), as well as a description of treatment progression 
and documentation of VRT exercises utilized. It is also important 
to include normative data for athletes with PCS regarding medical 
history, social/recreational activities, and demographics.

This study’s aim was to understand vestibular rehabilitation 
benefits after a concussion; however, the results were limited due 
to the lack of a control group and the retrospective nature of the 
data accumulated. Due to different concussions needing different 
management techniques, a recommendation is to have a profile for 
each patient who sustained a concussion so that all the tests taken 
(subjective symptoms, neurocognition, and balance) can be all in one 
place and easily viewed. A multi-disciplinary approach is encouraged 
so that audiologists, neuropsychologists, physicians, athletic trainers, 
and physical therapists can share knowledge to best learn from and 
treat concussions. 
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Conclusion 
There is limited evidence of the efficiency of VRT in athletes after 

sustaining SRC. Current evidence shows promise in this population. 
Further studies on a higher level are needed to evaluate the effects of 
VRT in athletes who experience vestibular and/or balance dysfunction 
after a concussion. 

Acknowledgments
None.

Conflicts of interest
The authors declare there are no conflicts of interest.

References
1. Aligene K, Lin E. Vestibular and balance treatment of the concussed 

athlete. NeuroRehabilitation. 2013;32(3):543–553.

2. Jones SM, Jones TA, Mills KN, et al. Anatomical and physiological 
considerations in vestibular dysfunction and compensation. Semin Hear. 
2009;30(4):231–241.

3. Christy JB, Cochrane GD, Almutairi A, et al. Peripheral vestibular and 
balance function in athletes with and without concussion. J Neurol Phys 
Ther. 2019;43(3):153–159.

4. Avedesian JM, Singh H, Diekfuss JA, et al. Loss of motor stability after 
sports-related concussion: Opportunities for motor learning strategies 
to reduce musculoskeletal injury risk. Sports Med. 2021;51(11):2299–
2309.

5. Johnston W, O’Reilly M, Duignan C, et al. Association of dynamic 
balance with sports-related concussion: A prospective cohort study. Am 
J Sports Med. 2019;47(1):197–205. 

6. McCrory P, Meeuwisse W, Dvořák J, et al. Consensus statement on 
concussion in sport-the 5th international conference on concussion in 
sport held in Berlin, October 2016. Br J Sports Med. 2017;51(11):838–
847.

7. Meehan WP 3rd, Mannix RC, O’Brien MJ, et al. The prevalence of 
undiagnosed concussions in athletes. Clin J Sport Med. 2013;23(5):339–
342. 

8. Kazl C, Torres A. Definition, Classification, and Epidemiology of 
concussion. Semin Pediatr Neurol. 2019;30:9–13.

9. Tuohimaa P. Vestibular disturbances after acute mild head injury. Acta 
Otolaryngol Suppl. 1978;359:3–67.

10. Broglio SP, Baldwin G, Castellani RJ, et al. Summary of the 2015 
university of michigan sport concussion summit. concussion. 
2016;1(4):CNC23.

11. Valovich McLeod TC, Hale TD. Vestibular and balance issues following 
sport-related concussion. Brain Inj. 2015;29(2):175–184.

12. Kontos AP, Deitrick JM, Collins MW, et al. Review of vestibular and 
oculomotor screening and concussion rehabilitation. J Athl Train. 
2017;52(3):256–261.

13. Tighilet B, Bordiga P, Cassel R, et al. Peripheral vestibular plasticity vs 
central compensation: evidence and questions. J Neurol. 2019;266(Suppl 
1):27–32.

14. Kleffelgaard I, Soberg HL, Tamber AL, et al. The effects of vestibular 
rehabilitation on dizziness and balance problems in patients after 
traumatic brain injury: a randomized controlled trial. Clin Rehabil. 
2019;33(1):74–84.

15. Alsalaheen BA, Mucha A, Morris LO, et al. Vestibular rehabilitation for 
dizziness and balance disorders after concussion. J Neurol Phys Ther. 
2010;34(2):87–93.

16. Alsalaheen BA, Whitney SL, Marchetti GF, et al. Relationship between 
cognitive assessment and balance measures in adolescents referred 
for vestibular physical therapy after concussion. Clin J Sport Med. 
2016;26(1):46–52.

17. Sulway S, Whitney SL. Advances in vestibular rehabilitation. Adv 
Otorhinolaryngol. 2019;82:164–169.

18. Leddy J, Baker JG, Haider MN, et al. A physiological approach to 
prolonged recovery from sport-related concussion. J Athl Train. 
2017;52(3):299–308.

19. Johnston KM, Bloom GA, Ramsay J, et al. Current concepts in 
concussion rehabilitation. Curr Sports Med Rep. 2004;3(6):316–323.

20. Schneider KJ, Meeuwisse WH, Nettel-Aguirre A, et al. Cervicovestibular 
rehabilitation in sport-related concussion: a randomised controlled trial. 
Br J Sports Med. 2014;48(17):1294–1298.

21. Wallace IJ, Hainline C, Lieberman DE. Sports and the human brain: an 
evolutionary perspective. Handb Clin Neurol. 2018;158:3–10.

22. Gaudet CE, Weyandt LL. Immediate post-concussion and cognitive 
testing (ImPACT): a systematic review of the prevalence and assessment 
of invalid performance. Clin Neuropsychol. 2017;31(1):43–58.

23. Manderino LM, Gunstad J. Performance of the immediate post-
concussion assessment and cognitive testing protocol validity indices. 
Arch Clin Neuropsychol. 2018;33(5):596–605.

24. Moher D, Shamseer L, Clarke M, et al. Group. Preferred reporting items 
for systematic review and meta-analysis protocols (PRISMA-P) 2015 
statement. Syst Rev. 2015;4(1):1.

25. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015: 
elaboration and explanation. BMJ. 2015;350:7647.

26. Mucha A, Fedor S, DeMarco D. Vestibular dysfunction and concussion. 
Handb Clin Neurol. 2018;158:135–144.

27. Søberg HL, Andelic N, Langhammer B, et al. Effect of vestibular 
rehabilitation on change in health-related quality of life in patients 
with dizziness and balance problems after traumatic brain injury: A 
randomized controlled trial. J Rehabil Med. 2021;53(4):jrm00181.

28. Kleffelgaard I, Soberg HL, Bruusgaard KA, et al. Vestibular rehabilitation 
after traumatic brain injury: case series. Phys Ther. 2016;96(6):839–849.

29. Marar M, McIlvain NM, Fields SK, et al. Epidemiology of concussions 
among United States high school athletes in 20 sports. Am J Sports Med. 
2012;40(4):747–755.

30. Peterson CL, Ferrara MS, Mrazik M, et al. Evaluation of 
neuropsychological domain scores and postural stability following 
cerebral concussion in sports. Clin J Sport Med. 2003;13(4):230–237.

31. Guskiewicz KM, Bruce SL, Cantu RC, et al; NATIONAL athletic 
trainers association. recommendations on management of sport-related 
concussion: summary of the national athletic trainers’ association 
position statement. Neurosurgery. 2004;55(4):891–895.

32. Hillier SL, McDonnell M. Vestibular rehabilitation for unilateral 
peripheral vestibular dysfunction. Cochrane Database Syst Rev. 
2011;(2):CD005397. update in: Cochrane Database Syst Rev. 
2015;1:CD005397.

33. McDonnell MN, Hillier SL. Vestibular rehabilitation for unilateral 
peripheral vestibular dysfunction. Cochrane Database Syst Rev. 
2015;1:CD005397.

34. Gurley JM, Hujsak BD, Kelly JL. Vestibular rehabilitation following 
mild traumatic brain injury. NeuroRehabilitation. 2013;32(3):519–528.

35. Nagib S, Linens SW. Vestibular rehabilitation therapy improves 
perceived disability associated with dizziness postconcussion. J Sport 
Rehabil. 2019;28(7):764–768.

36. Alsalaheen BA, Whitney SL, Mucha A, et al. Exercise prescription 
patterns in patients treated with vestibular rehabilitation after concussion. 
Physiother Res Int. 2013;18(2):100–108.

https://doi.org/10.15406/joentr.2023.15.00532
https://pubmed.ncbi.nlm.nih.gov/23648608/
https://pubmed.ncbi.nlm.nih.gov/23648608/
https://pubmed.ncbi.nlm.nih.gov/21072129/
https://pubmed.ncbi.nlm.nih.gov/21072129/
https://pubmed.ncbi.nlm.nih.gov/21072129/
https://pubmed.ncbi.nlm.nih.gov/31205229/
https://pubmed.ncbi.nlm.nih.gov/31205229/
https://pubmed.ncbi.nlm.nih.gov/31205229/
https://pubmed.ncbi.nlm.nih.gov/34339041/
https://pubmed.ncbi.nlm.nih.gov/34339041/
https://pubmed.ncbi.nlm.nih.gov/34339041/
https://pubmed.ncbi.nlm.nih.gov/34339041/
https://pubmed.ncbi.nlm.nih.gov/30501391/
https://pubmed.ncbi.nlm.nih.gov/30501391/
https://pubmed.ncbi.nlm.nih.gov/30501391/
https://pubmed.ncbi.nlm.nih.gov/28446457/
https://pubmed.ncbi.nlm.nih.gov/28446457/
https://pubmed.ncbi.nlm.nih.gov/28446457/
https://pubmed.ncbi.nlm.nih.gov/28446457/
https://pubmed.ncbi.nlm.nih.gov/23727697/
https://pubmed.ncbi.nlm.nih.gov/23727697/
https://pubmed.ncbi.nlm.nih.gov/23727697/
https://pubmed.ncbi.nlm.nih.gov/31235026/
https://pubmed.ncbi.nlm.nih.gov/31235026/
https://pubmed.ncbi.nlm.nih.gov/310630/
https://pubmed.ncbi.nlm.nih.gov/310630/
https://fcd.mcw.edu/?search/showPublication/id/854788
https://fcd.mcw.edu/?search/showPublication/id/854788
https://fcd.mcw.edu/?search/showPublication/id/854788
https://pubmed.ncbi.nlm.nih.gov/25291297/
https://pubmed.ncbi.nlm.nih.gov/25291297/
https://pubmed.ncbi.nlm.nih.gov/28387548/
https://pubmed.ncbi.nlm.nih.gov/28387548/
https://pubmed.ncbi.nlm.nih.gov/28387548/
https://pubmed.ncbi.nlm.nih.gov/31134376/
https://pubmed.ncbi.nlm.nih.gov/31134376/
https://pubmed.ncbi.nlm.nih.gov/31134376/
https://pubmed.ncbi.nlm.nih.gov/30056743/
https://pubmed.ncbi.nlm.nih.gov/30056743/
https://pubmed.ncbi.nlm.nih.gov/30056743/
https://pubmed.ncbi.nlm.nih.gov/30056743/
https://pubmed.ncbi.nlm.nih.gov/20588094/
https://pubmed.ncbi.nlm.nih.gov/20588094/
https://pubmed.ncbi.nlm.nih.gov/20588094/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856020/
https://pubmed.ncbi.nlm.nih.gov/30947180/
https://pubmed.ncbi.nlm.nih.gov/30947180/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384826/
https://pubmed.ncbi.nlm.nih.gov/15509473/
https://pubmed.ncbi.nlm.nih.gov/15509473/
https://pubmed.ncbi.nlm.nih.gov/24855132/
https://pubmed.ncbi.nlm.nih.gov/24855132/
https://pubmed.ncbi.nlm.nih.gov/24855132/
https://pubmed.ncbi.nlm.nih.gov/30482358/
https://pubmed.ncbi.nlm.nih.gov/30482358/
https://pubmed.ncbi.nlm.nih.gov/27687890/
https://pubmed.ncbi.nlm.nih.gov/27687890/
https://pubmed.ncbi.nlm.nih.gov/27687890/
https://pubmed.ncbi.nlm.nih.gov/29088321/
https://pubmed.ncbi.nlm.nih.gov/29088321/
https://pubmed.ncbi.nlm.nih.gov/29088321/
https://pubmed.ncbi.nlm.nih.gov/25554246/
https://pubmed.ncbi.nlm.nih.gov/25554246/
https://pubmed.ncbi.nlm.nih.gov/25554246/
https://pubmed.ncbi.nlm.nih.gov/25555855/
https://pubmed.ncbi.nlm.nih.gov/25555855/
https://pubmed.ncbi.nlm.nih.gov/25555855/
https://pubmed.ncbi.nlm.nih.gov/30482341/
https://pubmed.ncbi.nlm.nih.gov/30482341/
https://pubmed.ncbi.nlm.nih.gov/33842981/
https://pubmed.ncbi.nlm.nih.gov/33842981/
https://pubmed.ncbi.nlm.nih.gov/33842981/
https://pubmed.ncbi.nlm.nih.gov/33842981/
https://pubmed.ncbi.nlm.nih.gov/26586860/
https://pubmed.ncbi.nlm.nih.gov/26586860/
https://pubmed.ncbi.nlm.nih.gov/22287642/
https://pubmed.ncbi.nlm.nih.gov/22287642/
https://pubmed.ncbi.nlm.nih.gov/22287642/
https://pubmed.ncbi.nlm.nih.gov/12855925/
https://pubmed.ncbi.nlm.nih.gov/12855925/
https://pubmed.ncbi.nlm.nih.gov/12855925/
https://www.researchgate.net/publication/8256148_Recommendations_on_Management_of_Sport-related_Concussion_Summary_of_the_National_Athletic_Trainers'_Association_Position_Statement
https://www.researchgate.net/publication/8256148_Recommendations_on_Management_of_Sport-related_Concussion_Summary_of_the_National_Athletic_Trainers'_Association_Position_Statement
https://www.researchgate.net/publication/8256148_Recommendations_on_Management_of_Sport-related_Concussion_Summary_of_the_National_Athletic_Trainers'_Association_Position_Statement
https://www.researchgate.net/publication/8256148_Recommendations_on_Management_of_Sport-related_Concussion_Summary_of_the_National_Athletic_Trainers'_Association_Position_Statement
https://pubmed.ncbi.nlm.nih.gov/21328277/
https://pubmed.ncbi.nlm.nih.gov/21328277/
https://pubmed.ncbi.nlm.nih.gov/21328277/
https://pubmed.ncbi.nlm.nih.gov/21328277/
https://pubmed.ncbi.nlm.nih.gov/25581507/
https://pubmed.ncbi.nlm.nih.gov/25581507/
https://pubmed.ncbi.nlm.nih.gov/25581507/
https://pubmed.ncbi.nlm.nih.gov/23648606/
https://pubmed.ncbi.nlm.nih.gov/23648606/
https://pubmed.ncbi.nlm.nih.gov/30040008/
https://pubmed.ncbi.nlm.nih.gov/30040008/
https://pubmed.ncbi.nlm.nih.gov/30040008/
https://pubmed.ncbi.nlm.nih.gov/22786783/
https://pubmed.ncbi.nlm.nih.gov/22786783/
https://pubmed.ncbi.nlm.nih.gov/22786783/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methodology
	Search process 
	Screening

	Results
	Discussion
	Limitations and future directions 
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Table 1
	Table 2

