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Vestibular Rehabilitation Is Associated With
Visuovestibular Improvement in Pediatric Concussion
Eileen P. Storey, BA, Douglas J. Wiebe, PhD, Bernadette A. D’Alonzo, MPH,
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Matthew F. Grady, MD, CAQSM, and Christina L. Master, MD, CAQSM

Background and Purpose: Vision and vestibular-related deficits are
common after concussion and are associated with prolonged recovery times, substantially impacting the quality of life for children. The
utility of targeted vestibular rehabilitation for these deficits in children after concussion is unknown. The purpose of this study was to
determine whether active vestibular rehabilitation is associated with
an improvement in visuovestibular signs and symptoms in children
with concussion.
Methods: A retrospective cohort study of children diagnosed with
concussion and referred to vestibular rehabilitation between 2012 and
2014 was conducted. Patient-reported symptoms and visuovestibular
performance measures were assessed in the medical practice and
physical therapy settings.
Results: One hundred nine children were included in the study with a
mean age of 11.8 (3.4) years. Among this group, 59 (54%) were male
and 48 (44%) had a sports-related concussion. Children presented to
a pediatric sports medicine office and physical therapy a median of
24 (interquartile range [IQR], 14-42) and 55 (IQR, 39-94) days after
injury, respectively. Concussion symptoms decreased from a median
of 9 (IQR, 5-13) symptoms at initial evaluation to a median of 0 (IQR,
0-2) symptoms at final assessment. Performance on all visuovestibular
tasks improved significantly over the course of therapy except for
near point of convergence. For the 45 children who completed the
Balance Error Scoring System at both initial and final therapy visits,
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there was a significant improvement in mean level of performance
(P < 0.0001). Characteristics between those who completed a full
versus partial course of physical therapy were similar.
Discussion and Conclusions: Vestibular rehabilitation in children
with concussion is associated with improvement in symptoms as
well as visuovestibular performance. This active intervention may
benefit children with persistent symptoms after concussion. Future
prospective studies are needed to determine the efficacy and optimal
postinjury timing of vestibular rehabilitation.
Video Abstract available for more insights from the authors (see
Supplemental Digital Content 1, available at: http://links.lww.com/
JNPT/A208).
Key words: concussion, children, human movement system, vestibular rehabilitation, visuovestibular system
(JNPT 2018;42: 134–141)

INTRODUCTION

O

f the estimated 3.8 million cases of concussion each
year in the United States, 65% occur in children and
adolescents.1−3 The proportion of youth concussions has increased dramatically in the past 15 years with the rise in concussion awareness and youth participation in sports.4 Although
most individuals with concussion report symptom resolution
within 7 to 10 days, approximately 30% experience symptoms
that do not resolve within 2 weeks.5−8 For this substantial
group, visuovestibular deficits are often contributors to persistent symptoms.9−11 Given the prevalence of vestibular-related
deficits after concussion and their association with prolonged
recovery, active vestibular rehabilitation is a therapeutic intervention of interest in concussion management.12
Vestibular rehabilitation involves the use of specific exercises designed to reduce dizziness and improve gaze stability and balance function. Previous studies have shown
that vestibular rehabilitation improves outcomes for adults
and children with vestibular dysfunction unrelated to concussion, such as vertigo and motion sensitivity.13−18 Since
postconcussive symptoms and deficits may relate to vestibular
dysfunction,9,10,19 vestibular rehabilitation has been described
in the literature as a promising therapeutic intervention for
adults and adolescents with prolonged dizziness and balance
deficits after concussion.20−25
Active vestibular rehabilitation has also recently received attention as a potential tool in the acute management
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of pediatric concussion. One randomized controlled trial in
subjects 12 to 30 years of age (median: 15 years of age) found
that those who received vestibular and physical therapy had
reduced time until medical clearance to return to sport than
an age- and sex-matched control group.24 More recently, a
retrospective cohort study of 25 subjects, 12 to 20 years of
age (median: 15 years of age), demonstrated that a multimodal course of therapy is safe and associated with reduced
symptoms.26 While these studies offer preliminary evidence
for the safety and potential efficacy of physical therapy in
adolescent populations, our study extends this line of investigation by examining the clinical presentation and outcomes of
a larger and younger cohort of children with both sports- and
non-sports-related concussion to address persistent symptoms
and visuovestibular deficits. We describe changes in patientreported symptoms and performance on visuovestibular tasks
following vestibular rehabilitation.

METHODS
Research Design and Participants
We conducted a retrospective cohort study of 109 children diagnosed with concussion who were referred for physical therapy services within a large pediatric tertiary care network for vestibular rehabilitation between April 24, 2012, and
March 31, 2014. Study eligibility criteria were (1) 18 years
of age or younger, (2) diagnosis of concussion and referral
to therapy from a physician inside the care network within 1
year of injury, (3) absence of intracranial hemorrhage or other
traumatic abnormalities on neuroimaging, and (4) no subsequent concussions during the treatment period. Although the
cohort included children with both sports-related and nonsports, trauma-related injuries, including assaults, motor vehicle crashes, and falls, all children had comparable injuries.9
Study data were collected via a query of the electronic health
record (EPIC) and abstracted electronically into the Research
Electronic Data Capture (REDCap) tool hosted at the same
hospital network for analysis.27 The study was approved by
the institutional review board at The Children’s Hospital of
Philadelphia.

Clinical Assessments and Management
Four physicians with experience caring for concussion
within the same care network confirmed the diagnosis using the definition specified by the International Consensus on
Concussion in Sport as an injury caused by transmission of
biomechanical forces to the brain leading to clinical symptoms affecting multiple domains of physical, cognitive, sleep,
and neurobehavioral functioning.28
At the time of presentation to clinic, demographic data,
past medical and concussion history, family history, and injury
details were recorded in the electronic medical record. Children also reported if they had any of the 22 concussion-related
symptoms listed on the Post-Concussion Symptom Scale.29
All children underwent a standardized examination performed
and documented in the electronic medical record by 1 of the
4 physicians. A standardized template was created within the
electronic medical record to ensure consistent documentation
across providers. The clinical examination included a standard
C 2018 Academy of Neurologic Physical Therapy, APTA

ized visuovestibular assessment that evaluated smooth pursuits, horizontal and vertical saccades, horizontal and vertical
gaze stability, tandem gait, near point of convergence (NPC),
and accommodation.9,30
Ocular smooth pursuits were assessed by having the
child follow the clinician’s finger as it moved progressively
more rapidly from one side of the child’s visual field to the
other. If children showed evidence of nystagmus or reported
symptom provocation, the test was documented as abnormal.
Horizontal and vertical saccades were tested by having a child
look back and forth as rapidly as they could between 2 targets
held shoulder-width and forehead-chin distance apart, respectively, without moving their head. If a child reported symptom
provocation or exhibited signs of eyes slowing, watering, or
reddening as observed by the physician, the examination was
documented as abnormal. Children were assessed up to 30
repetitions to address potential ceiling effects with saccadic
assessment unless they were limited by symptom provocation.
Gaze stability was assessed by having a child shake his or
her head in both the pitch (vertical) and yaw (horizontal) directions while keeping his or her eyes fixed on a stationary
target. If a child reported symptom provocation, the examination was documented as abnormal. Near point of convergence
and accommodation were measured using a standard Astron
accommodative rule (Gulden Ophthalmics, Elkins Park, PA)
with a single-column 20/30 card. Abnormal NPC was defined as a break at greater than 6 cm and accommodation
was defined as abnormal at a distance greater than the ageadjusted standard.31,32 As part of the visuovestibular examination, children also completed a dynamic tandem gait task
in which the child walked heel-toe in a straight line both forward and backward with eyes open and closed to assess balance. The clinician documented each condition (forward eyes
open, forward eyes closed, backward eyes open, backward eyes
closed) separately and noted the condition as abnormal if the
child raised arms for stability, widened his or her gait, had
significant truncal sway, or stepped off the line. Details of
the examination have been previously published9 and are further described in Supplemental Digital Content 2 Appendix,
available at: http://links.lww.com/JNPT/A209. Referrals for
vestibular rehabilitation were based on clinical findings on
the visuovestibular examination. In general, children who had
deficits that persisted more than 3 weeks after injury were
referred to physical therapy for vestibular rehabilitation.
The visuovestibular examination was administered at
every medical office visit. The standardization across visits
allowed for the comparison of patient-reported symptoms and
performance on the visuovestibular examination. Findings of
the following variables were compared between initial and final
clinical visits: number of patient-reported symptoms, symptoms provoked by smooth pursuits, and saccades and gaze
stability testing, as well as performance on the NPC, accommodation, and tandem gait tasks.

Vestibular Rehabilitation Exposure
Vestibular rehabilitation was performed by physical
therapists at 4 sites within the same pediatric care network
and consisted of a customized program to target each child’s
impairments and functional limitations related to dizziness,
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balance, and visual deficits. Vestibular rehabilitation in this
pediatric care network is similar to other programs described
in the literature with modifications to accommodate the
younger pediatric population.33−37 All children underwent
a thorough multimodal evaluation by a licensed physical
therapist trained in managing pediatric concussion to identify
specific deficits to target with therapy.
The initial physical therapy evaluation followed a standardized protocol designed to identify individual deficits and
develop a customized, targeted therapeutic plan. The evaluation included a concussion history and an examination of
the visuovestibular systems. The visuovestibular examination
included tasks that matched those administered on the clinical examination, including smooth pursuits, saccades, gaze
stability, and convergence. Rehabilitation interventions were
designed to promote habituation and adaptation in order to improve gaze stability and eye-head coordination. Balance was
assessed using the Balance Error Scoring System (BESS), a
validated tool for repeated measures of postural stability at
visits until static balance plateaued.38 The test consisted of 3
stances performed with eyes closed on both firm and foam
surfaces for a total of 6 conditions. The physical therapist administering the session used the standardized BESS scoring
system and noted errors, or deviations from the proper stance,
accumulated by the subject. Errors included moving hands off
iliac crest, opening eyes, stepping, stumbling or falling, abduction or flexion of the hip beyond 30◦ , lifting the forefoot
or heel off of the testing surface, and remaining out of the
proper testing position for more than 5 seconds. All errors
were summed to produce total scores for the firm and foam
surfaces and those scores were combined to yield an overall
BESS score. Because of ceiling effects reported with BESS
testing,38 additional examination of dynamic tandem gait as
described previously was also used longitudinally.
All children in physical therapy received a comprehensive daily exercise program with visuovestibular objectives to
complete between each therapy session as part of their active
rehabilitation (see Supplemental Digital Content 2 Appendix,
available at: http://links.lww.com/JNPT/A209). Each course
of physical therapy followed a similar framework, prescribing specific visual oculomotor and balance exercises to target
impairments and gradually increasing the difficulty of those
exercises to help children return to preinjury functional levels,
with the progression of difficulty tailored to each child. Results
were compared between initial and final therapy visits.

Statistical Analysis
Descriptive statistics, including means, medians, ranges,
and interquartile ranges (IQRs), were used to describe demographics and characteristics upon initial presentation. Continuous variables were evaluated with histograms, Q-Q plots, and
the Kolmogorov-Smirnov test to assess normality to inform the
approach to analysis. When comparing those who completed
therapy and those who did not, paired and unpaired t tests and
nonparametric tests were used to assess for differences in continuous variables, and χ 2 tests and Fisher exact test were used
to assess for differences in categorical variables. In addition,
we also tested each continuous variable with nonparametric
tests of medians. Results were similar and thus not reported
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for the sake of brevity. Multivariate logistic regression was
used to assess for changes in performance between initial and
final visits based on demographics and clinical characteristics.
A P value of 0.05 was used as a cutoff for significance. All
statistical analyses were performed using Stata (version 14.2,
Stata Corp).

RESULTS
Participants
Of the 123 children referred to physical therapy for
vestibular rehabilitation during the study period, 109 (88%)
met the study eligibility criteria. Nine children were excluded
because they were referred from outside sports medicine and
trauma clinics and so they did not have medical office assessments, 1 child suffered a second concussion during the
treatment period, and 4 children presented to therapy more
than 365 days after injury (Figure 1). The remaining group
of children (59 males, 50 females) had a median age of 12
years (range, 5-18 years), with 39 (36%) aged 10 years or
younger. More than half of the children (56%) sustained a
concussion outside of the sports setting. Of the 48 (44%) with
a sports-related concussion, 18 (37%) continued to play after
injury. Thirty-four (31%) had a prior history of concussion
and 13 (12%) had loss of consciousness at the time of injury
(Table 1).

Presentation
Children presented to clinic a median of 24 days (IQR,
14-42) after injury. All 109 children presented with signs of
visuovestibular dysfunction on the initial medical office examination (Table 1). Approximately 8 of every 10 children
had symptom provocation with horizontal (79.6%) and vertical (83.3%) saccades. Of the 105 children who had gaze
stability assessed at their initial examination, 56 (53.9%) became symptomatic in the yaw (horizontal) direction while 53
(51.0%) became symptomatic in the pitch (vertical) direction. Of the 108 children who completed the tandem gait task,
83 (77.6%) were abnormal. On vision-specific testing, 26.0%
had abnormal convergence and 34.7% had abnormal accommodation. At presentation to physical therapy, 102 children
completed the BESS and scored a median of 33 errors (range,
8-60).
Although all children had signs of visuovestibular
dysfunction on physical examination upon presentation, 77
(70.1%) reported at least 1 visuovestibular symptom at their
initial clinical visit, as 61 (56.0%) presented with dizziness,
61 (56.0%) with balance problems, and 46 (42.2%) with vision problems. Those who had abnormal findings on NPC and
accommodation were not significantly more likely to endorse
visual symptoms at presentation (P = 0.624 and P = 0.234,
respectively). Notably, 59 (54.1%) children described more
than 1 vestibular symptom at their initial clinical visit: 79%
of children with dizziness also reported balance problems,
while 67.7% with dizziness also reported vision problems
(Figure 2). Headache was the most common presenting symptom, described by 91 (83.5%) children.
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Figure 1.

Vestibular Rehabilitation Is Associated With Visuovestibular Improvement

Flow diagram of patients included in the study.

Clinical Outcomes
Of the 109 children who presented to physical therapy
for vestibular rehabilitation, 14 (13%) completed an initial
evaluation but did not return for a second visit. The 95 children who completed at least 2 visits of vestibular rehabilitation
showed improvements in postconcussion symptoms and performance on visuovestibular tasks by their final visit to therapy.
Concussion symptoms decreased from a median of 9 (IQR, 513) symptoms at initial evaluation to a median of 0 (IQR, 0-2)
symptoms at final assessment. Twenty percent of children still
reported at least 1 vestibular-related symptom (dizziness, balance problems, vision problems) at their final visit compared
with 70.1% initially. Headaches remained the most common
symptom at the final evaluation but were reported by 24% of
children after the intervention compared with 83.5% initially.
Performance on all visuovestibular tasks improved substantially over the course of therapy (Table 2). At final evaluation, 19 of the 72 children (26%) who completed the visuovestibular examination continued to have deficits compared
with all 95 children with deficits at initial evaluation. Balance
also improved substantially in both the clinical and physical
therapy settings. Of those who completed the tandem gait task
at final evaluation, 14.1% still had balance deficits, which was
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a decrease of 63% from clinical presentation. Of the 83 children who completed the BESS at their initial therapy visit, the
average total score was 33.8 (10.85). Fifty children completed
the BESS at final evaluation and had an average total score
of 21.7 (8.8). For the 45 children who completed the BESS
at both initial and final therapy visits, there was a significant
improvement in mean level of performance (P < 0.0001).
Fifty-three children (49%) completed an entire course
of vestibular rehabilitation, as indicated by a discharge assessment documenting achievement of recovery goals. Children
who completed therapy did so in a median of 7 visits (IQR,
5-9) occurring over a median duration of 56 days (IQR, 4279). Reasons for not completing therapy included nonadherence, lack of insurance coverage, referral to vision therapy,
or missed discharge assessment. There were no significant
visuovestibular differences between those who completed an
entire or partial course of vestibular rehabilitation at presentation except for performance on the BESS (P = 0.037) and
tandem gait backward with eyes closed (P = 0.023), which
was worse in those not completing vestibular physical therapy
(PT) (Table 3). Those who completed vestibular PT had a significantly lower overall symptom burden at presentation than
those who did not complete (P = 0.006).
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Table 1. Demographics and Clinical Characteristics of
109 Pediatric Patients Referred to Vestibular
Rehabilitation After Concussion
Total Sample (n = 109)

Variable

Sex
Males
54.1%
Females
45.9%
Age, y
≤10
35.8%
11-14
36.7%
15-18
27.5%
Loss of consciousness
11.9%
Sports related
44%
Prior concussion
31.2%
Symptoms at presentation
Headache
83.5%
Dizziness
56.0%
Balance problems
56.0%
Visual problems
42.2%
Symptom provocation on visuovestibular examination
Horizontal saccades
79.6
Vertical saccades
83.3
Horizontal gaze stability
53.9
Vertical gaze stability
51
Performance on physical examination
Mean (SD)
Horizontal saccades
15.6 (9.5) repetitions
Vertical saccades
14.1 (9.1) repetitions
BESS
32.7 (11.2) errors
% Abnormal
Convergence
26.0
Accommodation
34.7
Tandem gait
Eyes open backward
44.9
Eyes closed backward
77.6

DISCUSSION
The goal of this study was to identify any association between vestibular rehabilitation after concussion and
improvement in concussion symptoms and visuovestibular

Figure 2. Visuovestibular symptoms at clinical presentation
in a cohort of pediatric patients referred to vestibular
rehabilitation after concussion.

performance. The prevalence of vestibular deficits and their
association with prolonged recovery after concussion have
been well established.9,39−42 In addition, many authors have
described the use of vestibular rehabilitation to manage adult
and adolescent concussions.20−25 Overall, the results in this
study confirm these previously published studies, indicating
that even young children with persistent dizziness and balance
deficits after concussion can tolerate and potentially benefit
from a course of vestibular rehabilitation. In particular, this
study is the first to indicate that younger preadolescent children with concussion demonstrate a reduction in symptoms
and improvement in visuovestibular performance associated
with vestibular therapy.

Table 2. Mean Change in Oculomotor and Balance Performance Before and After Therapy Among Those Who Had
More Than 1 Visit of Vestibular Therapy (n = 95)

Variable
Saccades
Horizontal
Vertical
Gaze stability
Horizontal
Vertical
Tandem gait
Backward open
Backward closed
Convergence
Accommodation
BESS

Pa

Before
Therapy
Provoked
Symptoms, %

After
Therapy
Provoked
Symptoms, %

Pb

28.4
28.3

<0.0001
<0.0001

78.1
82.3

20.0
20

<0.0001
<0.0001

...
...

...
...

...
...

52.7
51.6
Abnormal, %

6.7
7.9
Abnormal, %

<0.0001
<0.0001

...
...
...
...
Errors, Mean

...
...
...
...
Errors, Mean

...
...
...
...

47.4
76.8
22.7
34.1

6.3
14.1
15.4
5.0

<0.0001
<0.0001
0.397
0.0009

33.8

21.7

<0.0001

...

...

...

Before Therapy
Repetitions,
Mean

After Therapy
Repetitions,
Mean

16.1
15.0

Abbreviation: BESS, Balance Error Scoring System.
a
P-value based on paired t test. 0.05 was used as a cutoff for significance.
b
P-value based on difference of proportions test. 0.05 was used as a cutoff for significance.
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Table 3. Comparing Presentation of Those Who Completed (n = 53) and Those Who Did Not Complete (n = 42) an
Entire Course of Vestibular Therapy

Variable
Saccades
Horizontal
Vertical
Gaze stability
Horizontal
Vertical
Tandem gait
Backward open
Backward closed
Convergence
Accommodation

BESS

Completed
Therapy
Repetitions,
Mean (SD)

Did Not
Complete
Therapy
Repetitions,
Mean (SD)

Pa

Completed
Therapy
Provoked
Symptoms, %

Did Not
Complete
Therapy
Provoked
Symptoms, %

Pb

15.8 (1.7)
14.5 (1.6)

15.5 (1.6)
13.7 (1.5)

0.909
0.691

73.6
83.0

84.9
83.0

0.151
1.000

...
...

...
...

...
...

52.8
49.1
Abnormal, %

53.1
51.0
Abnormal, %

0.981
0.843

...
...
...
...
Errors, Mean
(SD)
35 (1.7)

...
...
...
...
Errors, Mean
(SD)
31 (1.5)

...
...
...
...

37.7
67.9
22.2
29.6

51.9
86.5
31.8
42.9

0.144
0.023
0.449
0.342

0.037

...

...

...

Abbreviation: BESS, Balance Error Scoring System.
a
P-value based on paired t test. 0.05 was used as a cutoff for significance.
b
P-value based on difference of proportions test. 0.05 was used as a cutoff for significance.

A vestibular cluster of signs and symptoms that include oculomotor and balance function has been previously
defined,43 and our data indicate that both symptom provocation
and performance on oculomotor and balance tasks improved
in our cohort receiving vestibular therapy. This reinforces
the importance of assessing oculomotor function even in the
absence of balance dysfunction. While all clinical measures
of visuovestibular function improved after therapy, including
accommodation, NPC did not. Accommodation is related to
convergence in a visual cluster of physical examination signs43
and, while accommodation may contribute to NPC deficits in
many children with concussion, our data indicate that there is
a subset of children who have NPC deficits that are not primarily driven by accommodation deficits and do not improve after
vestibular therapy despite resolution of their accommodation
deficits. This indicates an important potential role for targeted
vision rehabilitation to address these deficits that persist after
vestibular PT. These persisting visual deficits may also partially account for the subset of children (24%) with lingering
symptoms following vestibular PT. These persistent symptoms
after vestibular PT may also be explained by the underlying
presence of nonspecific symptoms in adolescents as base rates
of concussion symptoms have been reported as high as 28% in
uninjured teens.44 Identification of visuovestibular deficits in
children is important since these deficits have important implications for return-to-learn and return-to-play decisions. Since
impairment in saccadic eye movements can cause significant
symptoms related to school activities, such as reading and
note-taking, it is critical to find ways to facilitate recovery for
children with ongoing vestibular- and vision-related symptoms
after concussion. In addition, since children often do not recognize visual symptoms even when they have underlying visual
deficits on their physical examination,45 it is especially important for clinicians to proactively detect and treat these deficits

C 2018 Academy of Neurologic Physical Therapy, APTA

that can substantially affect school performance.46 Thus, clinicians caring for children recovering from concussion should
consider vestibular rehabilitation for children who have ongoing visuovestibular symptoms and deficits.
In addition to considering vestibular rehabilitation as a
treatment option for children after concussion, it is important
for clinicians to recognize some of the barriers to completing
this active intervention. Reasons for nonadherence to recommended physical therapy are wide and varied in scope, including insurance reasons, referral to vision therapy, or missed
discharge assessment. This area represents an important line
of future investigation in order to identify barriers to treatment
or disparities in access to treatment that may need to be addressed in order to realize the full rehabilitative potential of
such an active intervention. However, in this study, there were
no significant differences between those who adhered to an entire course of vestibular rehabilitation and those who did not,
suggesting that those who did not complete therapy still had a
sufficient dose of therapy to improve. This indicates that children may vary in the amount of therapy they need to recover
from a concussion. Further research is needed to determine individual factors that could influence responsiveness to active
therapeutic interventions after concussion.
This study has several methodological limitations. The
findings cannot be generalized to concussion in all populations since children in our study came from a pediatric subspecialty referral population. Those with less severe injuries
that resolved within 1 to 2 weeks likely would not have been
referred to physical therapy for vestibular rehabilitation to
recover from concussion. In addition, since this was a retrospective study without a control group, we cannot attribute
improvements to therapy. Children typically were not seen in
the medical practice until more than 3 weeks postinjury and
did not begin vestibular rehabilitation until more than 7 weeks
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postinjury; therefore, improved outcomes could be attributed
to spontaneous recovery with time. Since preinjury physical
characteristics and performance on the visuovestibular clinical
examination prior to injury were unknown, the visuovestibular
symptoms and deficits may have been preexisting and unrelated to the injury. However, as the prevalence of vestibular
disorders among children in the general population is significantly lower than what we found in this study,47,48 it is likely
that most of these vestibular symptoms and deficits were related to the concussion.
Our outcome measures were limited to subjective assessments that depend on clinician judgment and patient effort
and are influenced by learning effects. This study would be
improved if additional clinical tests, such as the Head Impulse Test and Dynamic Visual Acuity Test, were included to
further characterize the vestibular function of children after
concussion and during a course of rehabilitation. In addition,
the visuovestibular examination is a clinical examination and
BESS was designed as a sideline measure to acutely evaluate
concussion, so their reliability in the chronic concussion population is not firmly established; however, recent studies have
demonstrated the potential reliability of these assessments in
this setting.49−51 Additional research is needed to demonstrate
the reliability of these assessments for concussion and to incorporate objective balance measurements with force plates and
accelerometers and objective vision measurements with advanced eye tracking technology. Despite these limitations and
the small sample size, statistically significant improvements in
the resolution of symptoms and visuovestibular deficits were
noted.

CONCLUSIONS
The results of our retrospective cohort study indicate
that children with prolonged deficits after concussion tolerate
vestibular rehabilitation and show improvement in symptoms
and visuovestibular deficits, warranting future prospective investigations to evaluate the efficacy and optimal timing postinjury of vestibular rehabilitation for this population. Further
research is needed to determine whether children with certain
comorbidities or presenting symptoms are more likely to make
gains with a course of vestibular rehabilitation.
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