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A Brief Vestibular/Ocular Motor
Screening (VOMS) Assessment
to Evaluate Concussions
Preliminary Findings
Anne Mucha,* DPT, Michael W. Collins,y PhD, R.J. Elbin,z PhD,
Joseph M. Furman,§ MD, PhD, Cara Troutman-Enseki,* DPT, Ryan M. DeWolf,y MS, ATC,
Greg Marchetti,|| PhD, and Anthony P. Kontos,y{ PhD
Investigation performed at the University of Pittsburgh, Pittsburgh, Pennsylvania, USA
Background: Vestibular and ocular motor impairments and symptoms have been documented in patients with sport-related concussions. However, there is no current brief clinical screen to assess and monitor these issues.
Purpose: To describe and provide initial data for the internal consistency and validity of a brief clinical screening tool for vestibular
and ocular motor impairments and symptoms after sport-related concussions.
Study Design: Cross-sectional study; Level of evidence, 2.
Methods: Sixty-four patients, aged 13.9 6 2.5 years and seen approximately 5.5 6 4.0 days after a sport-related concussion, and
78 controls were administered the Vestibular/Ocular Motor Screening (VOMS) assessment, which included 5 domains:
(1) smooth pursuit, (2) horizontal and vertical saccades, (3) near point of convergence (NPC) distance, (4) horizontal vestibular
ocular reflex (VOR), and (5) visual motion sensitivity (VMS). Participants were also administered the Post-Concussion Symptom
Scale (PCSS).
Results: Sixty-one percent of patients reported symptom provocation after at least 1 VOMS item. All VOMS items were positively
correlated to the PCSS total symptom score. The VOR (odds ratio [OR], 3.89; P \ .001) and VMS (OR, 3.37; P \ .01) components
of the VOMS were most predictive of being in the concussed group. An NPC distance 5 cm and any VOMS item symptom score
2 resulted in an increase in the probability of correctly identifying concussed patients of 38% and 50%, respectively. Receiver
operating characteristic curves supported a model including the VOR, VMS, NPC distance, and ln(age) that resulted in a high
predicted probability (area under the curve = 0.89) for identifying concussed patients.
Conclusion: The VOMS demonstrated internal consistency as well as sensitivity in identifying patients with concussions. The current findings provide preliminary support for the utility of the VOMS as a brief vestibular/ocular motor screen after sport-related
concussions. The VOMS may augment current assessment tools and may serve as a single component of a comprehensive
approach to the assessment of concussions.
Keywords: concussion; vestibular; ocular motor; symptoms

recovery from this injury.20,27 Dizziness, which may represent an underlying impairment of the vestibular and/or ocular motor systems, is reported by 50% of concussed
athletes23 and is associated with a 6.4-times greater risk,
relative to any other on-field symptom, in predicting protracted (.21 days) recovery.24 Despite the emerging evidence that vestibular-related impairments and symptoms
are important to assess after concussions, there are currently no brief but comprehensive clinical tools to do so.
Additional measures are needed to help clinicians identify
vestibular impairments and symptoms after concussions.
The vestibular system is a complex network that
includes small sensory organs of the inner ear (utricle, saccule, and semicircular canals) and connections to the brain

A sport-related concussion is an individualized injury that
presents with a myriad of cognitive, physical, emotional,
somatic, and sleep-related symptoms and impairments
that should require a multifaceted approach to assessment
and management.14,26 Among the recommended assessments are physical examinations, clinical interviews,
symptom reports, and neurocognitive and balance tests.
Recently, researchers have reported that vestibular
impairments are common after a concussion and may delay
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stem, cerebellum, cerebral cortex, ocular system, and postural muscles. This system provides information regarding
head movements and positions to maintain visual and balance control. The vestibular system is organized into 2 distinct functional units. The vestibulo-ocular system
maintains visual stability during head movements,
whereas the vestibulospinal system is responsible for postural control.12 Because of the organization and neurophysiology of the vestibular system, impairments in the
vestibulo-ocular system commonly manifest as symptoms
of dizziness and visual instability. Conversely, vestibulospinal system dysfunction commonly results in disrupted
balance.21 Because these 2 functional vestibular networks
do not share identical neuronal circuitry, it is possible to
have impairments of the vestibulo-ocular system without
impairments of the vestibulospinal system.1
It is known that vestibulospinal (ie, balance) impairments are common within the first few days after a concussion.11,17 Subjectively, nearly 40% of athletes report balance
disruption in the first week after a sport-related concussion.23 However, the utility of balance impairments alone
as a measure of a vestibular system injury may be limited
because objective clinical balance impairments recover for
the majority of athletes within 3 to 5 days after the
injury.17,30 It is likely that balance impairments are distinct
from other vestibular-related impairments and symptoms, as
most athletes who experience dizziness after a concussion do
not report concomitant balance impairments.24 In neuro-otology clinics, vestibulo-ocular and vestibulospinal functions are
assessed separately, as their constructs are unique.33 Until
recently, all vestibular impairments after concussions were
commonly assessed using the Balance Error Scoring System
(BESS)16 or the Sensory Organization Test (SOT).28 However, these measures are static assessments and only represent the vestibulospinal aspect of the vestibular system.
These tests do not address dynamic aspects of the vestibular
system or vestibulo-ocular control. Thus, dysfunction resulting from vestibulo-ocular impairments and symptoms may
be overlooked when using only vestibulospinal assessments.
As such, additional clinical vestibular assessments are warranted that go beyond the current vestibulospinal measures
to include vestibulo-ocular and ocular motor aspects.
In addition to vestibular impairments, ocular motor
impairments are also common after concussions. Nearly
30% of concussed athletes report visual problems during
the first week after the injury.23 Ocular motor impairments and symptoms may manifest as blurred vision, diplopia, impaired eye movements, difficulty in reading,
dizziness, headaches, ocular pain, and poor visual-based

concentration.7 A recent study of rugby players illustrated
the value of assessing saccadic eye movements to better
identify concussions without reported signs/symptoms using
the King-Devick test.22 However, the King-Devick test does
not evaluate other areas of ocular motor function such as
pursuit, convergence, or accommodation, all of which have
been implicated in mild traumatic brain injury (mTBI) studies as important indicators of dysfunction.5,6 Current concussion evaluation tools such as the Sideline Assessment
of Concussion (SAC), Sport Concussion Assessment Tool–3
(SCAT-3), BESS, and SOT do not include assessments of
vestibulo-ocular and ocular motor function. The frequency
of reported dizziness and visual problems in athletes with
sport-related concussions suggests that a more comprehensive assessment of vestibular and ocular motor impairments
and symptoms is needed. The identification of these vestibular and visual-related impairments and symptoms represents an emerging component of assessment that may
positively augment current approaches to the evaluation
and management of concussions.
The purpose of this article was to describe and provide
initial data for the internal consistency of a new brief clinical screening tool of vestibular and ocular motor impairments and symptoms after sport-related concussions. We
also examined the screening tool’s predictive validity in correctly identifying concussed athletes from healthy controls.

MATERIALS AND METHODS
Research Design
A cross-sectional research design was used to examine
vestibular and ocular motor, balance, and symptom assessments of patients with a diagnosed sport-related concussion compared with healthy controls.

Participants
A total of 100 consecutive patients with a diagnosed sportrelated concussion met study criteria and were enrolled in
the study. Thirty-six of these patients were excluded
because of 1 exclusion criteria (see below). Complete
data were available for 64 of the concussed patients with
time since injury of 21 days. A control group consisting
of 78 healthy participants aged 18 years was selected
from a total of 106 eligible athletes who participated in
a baseline concussion testing and education program.
Any concussed or control participant older than 18 years
with a history of more than 1 concussion, brain surgery,
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neurological disorder, treatment for substance abuse, and/
or psychiatric disorder was excluded from the study.

Instrumentation
The Vestibular/Ocular Motor Screening (VOMS)
Assessment. The VOMS was developed to assess vestibular
and ocular motor impairments via patient-reported symptom provocation after each assessment. The VOMS
employed in this study consisted of brief assessments in
the following 5 domains: (1) smooth pursuit, (2) horizontal
and vertical saccades, (3) convergence, (4) horizontal vestibular ocular reflex (VOR), and (5) visual motion sensitivity (VMS). A copy of the VOMS form and standardized
instructions for each test are provided in Appendix 1
(available in the online version of this article at
http://ajsm.sagepub.com/supplemental). A visual depiction
representing each test is provided in Appendix 2 (available
online). Patients verbally rate changes in headache, dizziness, nausea, and fogginess symptoms compared with their
immediate preassessment state on a scale of 0 (none) to 10
(severe) after each VOMS assessment to determine if each
assessment provokes symptoms. Convergence was
assessed by both symptom report and objective measurement of the near point of convergence (NPC; see description in Appendix 1). The NPC values were averaged
across 3 trials, and normal NPC values are within
5 cm.32 It is important to note that only horizontal VOR
data are reported in this article; however, the VOMS has
since been modified to incorporate the assessment of
VOR in both the horizontal and vertical planes. The
VOMS takes approximately 5 to 10 minutes to administer.
The Post-Concussion Symptom Scale (PCSS). The PCSS
was used to measure concussion-related symptoms. The
scale consists of 22 self-reported symptom items (eg, dizziness, headache) rated on a scale from 0 (none) to 6 (severe).
Total symptom scores on the PCSS range from 0 to 132.
The PCSS takes approximately 5 minutes to complete.

Procedures
This study was approved under an exempt medical records
review protocol by the University of Pittsburgh Human
Subjects Institutional Review Board. All concussed
patients completed the VOMS and PCSS assessments during their initial clinical visit after a sport-related concussion. Physical therapists trained in screening vestibular
and ocular motor function administered the 3 measures
in private examination rooms. The order of administration
of these measures was (1) the PCSS, (2) a computerized
neurocognitive test whose data were not analyzed for the
purposes of this study, and (3) the VOMS. All healthy controls completed the VOMS and PCSS as part of a standard
baseline testing and education program. The VOMS was
administered individually in a clinic setting to the control
group by vestibular physical therapists and athletic trainers educated in vestibular and ocular motor screening. The
PCSS was administered to the controls in small groups
(with 3 participants) in supervised examination rooms.
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Data Analysis
Patient and control differences on group demographic
characteristics and VOMS domain measures were tested
using a nonparametric Mann-Whitney U test for continuous variables and contingency table analyses, with the x2
test for categorical variables. Age was tested against the
hypothesis of a normal distribution with the KolmogorovSmirnov test. Transformations were evaluated for use as
covariates in multivariate analyses. A significance level
of P \ .05 was set for the preceding analyses.
To examine the internal consistency of the VOMS, a Cronbach a analysis was conducted to assess internal consistency.
A series of Spearman rank-order correlations between VOMS
and PCSS scores among the concussed patients were conducted to examine the convergent validity of the VOMS.
Logistic regression sensitivity and specificity analyses
were performed to examine the predictive validity of the
VOMS to discriminate between concussed patients and controls. Univariate associations with odds ratios (ORs) between
the likelihood of concussions and all demographic and VOMS
test outcomes were first assessed. Variables demonstrating
a significant association at a P \ .10 threshold were then
retained for the multivariate estimation of the best subset
of predictors of the likelihood of concussions. A step forward
likelihood ratio process was used with a P \ .05 criterion to
select predictors for a final multivariate model. Receiver operating characteristic (ROC) curves with area under the curve
(AUC) analyses, cutoff scores, and likelihood ratios (LRs)
were used to describe the accuracy of individual VOMS
item scores and the predictive probabilities from the final
best subset model to identify concussed patients.

RESULTS
Demographic Data
The sample of concussed patients consisted of 64 patients
(36 male, 28 female) aged 13.9 6 2.5 years (range, 9-18
years) who were seen approximately 5.5 6 4.0 days (range,
1-21 days) after the injury. The majority of the sample
(93.8%; n = 60) was enrolled in the study within 14 days
of the injury. The control sample consisted of 78 participants (57 male, 21 female) aged 12.9 6 1.6 years (range,
10-17 years). Patients in the concussed group were significantly (P \ .01) older, and this group had a greater proportion of female patients (44%; P = .04) than the control
group (27%). With regard to previous concussions, the
patients and controls were not significantly different (P =
.10). There was a history of concussions in 14 (22%) of
the patients and 9 (12%) of the controls. The mean NPC
distance was obtained from 62 of the concussed patients.
The data for age demonstrated a nonnormal distribution.
This variable demonstrated a normal distribution after
natural logarithmic transformation.

Internal Consistency of the VOMS
The internal consistency of the VOMS total symptom score
and the NPC distance was high, with Cronbach a = .92. All
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TABLE 1
Interitem Correlations for VOMS Assessment Domain Scores and Convergence Distance in Concussed Patientsa
VOMS Domain
Smooth pursuit
Horizontal saccade
Vertical saccade
Convergence
Horizontal vestibular ocular reflex
Visual motion sensitivity
Near point of convergence distance, cm

Smooth
Pursuit

Horizontal
Saccade

Vertical
Saccade

Convergence

Horizontal Vestibular
Ocular Reflex

Visual Motion
Sensitivity

—
0.88
0.85
0.83
0.62
0.82
0.53

—
—
0.85
0.82
0.72
0.84
0.52

—
—
—
0.81
0.63
0.82
0.44

—
—
—
—
0.71
0.77
0.49

—
—
—
—
—
0.71
0.52

—
—
—
—
—
—
0.50

a

VOMS, Vestibular/Ocular Motor Screening.

TABLE 2
VOMS Assessment Domains for Symptom Provocation and Total Symptom
Scores in Concussed Patients and Healthy Controlsa
Concussed Patients
(n = 64b)

VOMS Domain
Smooth pursuit
Horizontal saccade
Vertical saccade
Convergence
Horizontal vestibular ocular reflex
Visual motion sensitivity
Near point of convergence distance, cm

2.1
2.5
2.1
2.2
3.7
3.1
5.9

6
6
6
6
6
6
6

4.8
4.8
4.6
4.0
5.1
5.7
7.7

(0-31)
(0-29)
(0-29)
(0-20)
(0-22)
(0-35)
(0-41.3)

Controls
(n = 78)
0.1
0.1
0.1
0.1
0.1
0.1
1.9

6
6
6
6
6
6
6

0.3
0.3
0.3
0.3
0.3
0.3
3.2

(0-2)
(0-2)
(0-2)
(0-2)
(0-2)
(0-2)
(0-15.3)

P Value, Group
Differencec

Correlation
to PCSSd

\.001
\.001
\.001
\.001
\.001
\.001
\.001

0.38
0.59
0.47
0.65
0.54
0.44
0.28

a

Values are expressed as mean 6 SD (range). PCSS, Post-Concussion Symptom Scale; VOMS, Vestibular/Ocular Motor Screening.
n = 62 concussed patients for near point of convergence distance.
c
Mann-Whitney U nonparametric test.
d
All P \ .01 except near point of convergence distance (P \ .03, Spearman nonparametric correlation).
b

of the items contributed positively to the overall internal
consistency. The lowest interitem correlations were seen
between the NPC distance and the VOMS symptom scores,
ranging from 0.44 (vertical saccade) to 0.53 (smooth pursuit) (Table 1).

Symptom Provocation After VOMS Assessments
The VOR item was associated with the highest percentage of concussed patients reporting symptom provocation after administration (61%; n = 39) and the highest
mean total symptom score (3.7 6 5.1). The smooth pursuit and vertical saccade items evoked symptoms in the
minimum percentage of concussed patients (33%; n =
21), with mean total symptom scores of 2.1 6 4.8 and
2.1 6 4.6, respectively. The maximum percentage of controls reporting symptom provocation on any VOMS test
item was 9% (n = 7) and was found for the VOR, horizontal saccade, and smooth pursuit items. No controls
reported a total symptom score greater than 2 after
any VOMS individual item test. The mean total symptom
scores for all VOMS tests were significantly (all P \ .001)
greater in the concussed patients compared with controls
(Table 2).

NPC Distance
The mean NPC distance was significantly greater in the
concussed group compared with the control group (P \
.001), with a mean difference between groups of 4.0 cm
(95% CI, 1.9-6.1 cm). The mean NPC distance across the
3 trials for the concussed patient sample was 5.9 6
7.7 cm (range, 0-41.3 cm), whereas the NPC distance for
the control group averaged 1.9 6 3.2 cm (Table 2).

Relationship Between the VOMS and
PCSS Among Concussed Patients
In the concussed group, results from Spearman rank-order
correlations yielded several significant relationships
between the VOMS items and PCSS scores (Table 2). The
VOMS total symptom scores were moderately positively
correlated (all P \ .05) to the PCSS, ranging from 0.28
(NPC distance) to 0.65 (convergence symptom score).

Predicting Concussions and Healthy Controls
Age (ln transformed) (OR, 17.65; P = .01) and male sex
(OR, 0.49; P = .05) were independently associated with
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TABLE 3
VOMS Assessment Domain Scores: Individual Item Associations With the Likelihood of Concussionsa
VOMS Domain
Smooth pursuit
Horizontal saccade
Vertical saccade
Convergence
Horizontal vestibular ocular reflex
Visual motion sensitivity
Near point of convergence distance, cm

b

Wald x2

P Value

Odds Ratio

.83
1.01
.98
.78
1.36
1.21
.19

7.89
10.31
8.96
7.98
16.97
10.35
13.33

\.01
\.01
\.01
\.01
\.001
\.01
\.001

2.29
2.75
2.65
2.18
3.89
3.37
1.21

R2

b

0.28
0.34
0.31
0.30
0.53
0.40
0.23

a

Logistic regression (maximum likelihood estimation), adjusted for ln(age). VOMS, Vestibular/Ocular Motor Screening.
Nagelkerke R2.

b

TABLE 4
AUC Analysis, Cutoff Score, and LR of Positive Results for VOMS Domain Scoresa
VOMS Domain

AUC

P Value

Cutoff Score for
Positive Test Result ()

LR for Positive
Test Result

Smooth pursuit
Horizontal saccade
Vertical saccade
Convergence
Horizontal vestibular ocular reflex
Visual motion sensitivity
Near point of convergence distance, cm

0.64
0.68
0.65
0.64
0.78
0.73
0.73

\.01
\.001
\.01
\.01
\.001
\.001
\.001

2
2
2
2
2
2
5

23.9
28.9
23.9
26.4
42.8
32.7
5.8

a

AUC, area under the curve; LR, likelihood ratio; VOMS, Vestibular/Ocular Motor Screening.

the likelihood of concussions and were included as potential confounding variables in the assessment of each
VOMS item. All VOMS symptom scores and the NPC distance demonstrated a significant relationship with the
likelihood of concussions. Age, and not sex, was a significant covariate with each VOMS item in the association
with the likelihood of concussions. With an adjustment
for ln(age), individual VOMS scores predicted between
23% (NPC distance) and 53% (VOR) of the variance in
the likelihood of concussions. The strongest individual
score associations were supported for VOR (OR, 3.89; P \
.001), VMS (OR, 3.37; P \ .01), and NPC distance (OR,
1.21 for each 1-cm increase; P \ .001) (Table 3).
The ROC AUC analyses demonstrated that all unadjusted VOMS scores accurately identified patients with
concussions, with a maximum AUC of 0.78 (VOR) (Table
4). A cutoff of 2 total symptoms on any VOMS item demonstrated positive LRs between 23.9 (smooth pursuit, vertical saccade) and 42.8 (VOR). An NPC distance of 5 cm
demonstrated a positive LR of 5.8 (Table 4). These results
implied a minimum increase in the posttest probability of
correctly identifying a concussed patient of approximately
50% for any VOMS symptom score of 2 and 38% for an
NPC distance of 5 cm based on a pretest probability of
44% in the study sample.
Multivariate logistic regression using a forward entry
method identified the best subset of independent predictors of concussions as VMS (OR, 2.84; P \ .02), VOR
(OR, 2.80; P \ .01), and convergence distance (OR, 1.15;

P \ .05), with ln(age) as a significant covariate (P = .03).
This 4-factor model predicted 61% of the variance in the
likelihood of concussions. The ROC analysis for the accuracy of the predicted probability from this model to identify
patients with concussions demonstrated an AUC of 0.89
(95% CI, 0.84-0.95; P \ .001) (Figure 1).

DISCUSSION
The results of this initial study suggest that the VOMS,
a brief (5-10 minute) screen for vestibular and ocular motor
impairments and symptoms, possesses internal consistency and demonstrates basic validity compared with the
PCSS and may serve to augment current assessments
used after sport-related concussions. Our findings also provide preliminary evidence for the use of the VOMS to identify patients with sport-related concussions from healthy
controls.
The VOMS demonstrated excellent internal consistency
(a = .92) in the current sample. The highest interitem correlations were between the individual symptom scores,
with lower correlations between the symptom scores and
NPC distance measures. This finding suggests that the
VOMS items measure related, but not identical, components of the vestibular and ocular motor systems. The
VOMS was able to distinguish concussed from nonconcussed athletes. Patients in the concussed group scored significantly higher on all of the VOMS items than did the
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Figure 1. Receiver operating characteristic curve describing
the area under the curve (AUC) for identifying patients with
concussions versus healthy controls using vestibular ocular
reflex and visual motion sensitivity symptom scores and
near point of convergence distance. *Adjusted for ln(age):
AUC = 0.89. Dotted line indicates AUC = 0.50 (P \ .001).
controls. In fact, it was clear from the data that the
controls exhibited very few symptoms after each VOMS
component. In addition, the mean NPC distance for the
concussed group was more than 3 times greater than
that for the control group. Moreover, the variability in
symptoms and NPC distance was very low for the controls.
Together, these findings indicate that the VOMS provides
a measure that may be useful in differentiating concussed
patients from controls.
To examine the concurrent validity of the VOMS, we
compared it to an established measure of concussions,
namely, the PCSS total score. Each of the VOMS items
was positively correlated with the PCSS total score. These
correlations were moderate and provide partial initial support for the concurrent validity of the VOMS but suggest
that the VOMS and PCSS may not measure the same construct. In addition, the NPC distance was correlated at
a lower level (r = 0.28). Ideally, 2 measures should be moderately (r = 0.30-0.60) to highly (r . 0.70) correlated to
indicate concurrent validity.
The findings indicate that the VOR, VMS, and NPC distance components of the VOMS in combination are clinically useful in identifying concussions. The current
study’s results also provide clinically practical cutoff values for the VOMS item symptom scores and the NPC distance to accurately identify patients with concussions.
Assuming an initial 50% probability (ie, chance) of a concussion, any individual VOMS item with a total symptom
score of 2 increases the probability of being concussed
by at least 46%. Similarly, an NPC distance of 5 cm

increases the probability of a concussion by at least 34%.
The nature of these cutoff values is both intuitive and useful to clinicians for identifying patients with concussions.
The current study’s findings highlight the importance of
the ocular motor components of the VOMS, particularly
NPC distance. Clinically, convergence insufficiency can
mimic many of the signs/symptoms attributed to concussions such as headache, difficulty in reading, difficulty in
focusing, and blurred vision.32 Although ocular motor
impairments after an mTBI have been reported by researchers,5,6 this study is the first to examine ocular motor impairments and symptoms after sport-related concussions.
Ocular motor components (smooth pursuit, vertical/
horizontal saccades, convergence) of the VOMS provoked
symptoms in 33% to 42% of patients in the current sample.
Additionally, NPC distance measures were, on average,
4.0 cm greater in concussed patients than in controls.
According to the literature, NPC values up to 5 cm are considered normal in the general population.32 Our findings
also support using a cutoff value of 5 cm for the NPC distance after sport-related concussions, which resulted in
a 34% increase in accurately diagnosing a concussion.
Common concussion assessment tools such as the SAC25
and BESS, which are components of the SCAT-3,3,26 do not
include measures of vestibular or ocular motor function.
The King-Devick test,29 a test that includes saccadic eye
movements, has recently been used for assessments after
concussions.13,22 According to the present study’s results,
pursuit eye movements and NPC distance, in addition to
saccades, should be included in any ocular motor assessment of concussions.

Clinical Implications
The VOMS demonstrated high sensitivity, indicating that
a positive test result was highly accurate in identifying
athletes who experienced a sport-related concussion. As
such, it may have additional utility in providing information to guide clinical management. A concussion has typically been conceptualized as a uniform condition, which
has limited the assessment and management approach to
this injury. However, researchers and clinicians have
begun to conceptualize concussions using more individualized methods in which each injury has a predominant clinical presentation and trajectory that should inform both
the assessment and treatment.10 The current findings suggest that through the VOMS, patients with impairments
and symptoms in vestibular and ocular motor function
after sport-related concussions can be identified. As such,
the VOMS may assist in prompting referrals for more targeted vestibular and vision assessments and rehabilitation
when any item is positive.
The concept of rehabilitation in concussion management is evolving. Vestibular rehabilitation is known to be
effective in the management of specific conditions such as
vestibular hypofunction, benign paroxysmal positional vertigo, migraine-related dizziness, and central vestibular disorders.4,18 The emerging literature also supports
vestibular rehabilitation for dizziness, balance, and
vestibulo-ocular impairments after concussions.2,19,27
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Many ocular motor problems can also be managed with
vision training or a modification to lenses.8 Research has
shown that convergence insufficiency, in particular, is
responsive to targeted vision therapy.31 Additionally, there
is evidence to support the use of vision therapy for accommodative deficits, impaired version movements, and minor
ocular misalignments.8 The value of incorporating vestibular and visual rehabilitation into the management of postconcussive patients with vestibular and ocular motor
impairments, as identified by the VOMS, warrants further
study.
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a selection effect for a specific type of patient with pronounced impairments and symptoms after a concussion.
Finally, it is important to note that the VOMS is a screening tool that is primarily symptom based and is not
intended to serve as a comprehensive measure of vestibular and ocular motor impairments. The VOMS is designed
to elicit symptoms that can be used to identify and refer
patients with possible vestibular and ocular motor involvement after concussions for additional evaluation.

CONCLUSION
Future Directions and Research
To our knowledge, there are no clinical tools that provide
a brief but comprehensive assessment of vestibular and ocular motor functioning and symptoms after concussions. The
results of the current study suggest that the VOMS has the
potential to fill this void in the clinical assessment of this
injury. Our preliminary study provides initial evidence for
the use of the VOMS to assess vestibular and ocular motor
screening as part of a comprehensive approach that also
includes clinical examination, symptom evaluation, neurocognitive testing, and balance assessment components.
Researchers have indicated that the utility of many
tools used for the identification of deficits after a concussion
is limited to the acute stage of the injury.9,15,16,30 As such,
researchers should examine the ability of the VOMS to
detect impairments after concussions across time with
serial administration in the acute (sideline), subacute,
and chronic phases as an adjunct to other concussion management tools. Additional research on whether the VOMS
can help predict recovery time from this injury is also warranted. Moreover, the use of the VOMS as a screening tool
to trigger immediate referral for vestibular and ocular
motor therapy and its effect on recovery time is warranted.
Such a study would allow researchers to determine the
clinical utility of the VOMS for identifying patients for
early intervention.

The current findings indicate that the VOMS possessed
internal consistency and was able to differentiate between
concussed athletes and healthy unmatched controls. The
results supported moderate correlations between the
VOMS items and total concussion symptom scores, providing initial evidence for the concurrent validity of the measure. Cutoff scores of 2 total symptoms after any VOMS
item or an NPC distance of 5 cm resulted in high rates
(96% and 84%, respectively) of identifying concussions.
Moreover, a combination of VOR, VMS, and NPC distance
scores (controlling for age) resulted in a positive prediction
rate of 0.89 for identifying this injury. The VOMS appears
to assess distinct vestibular and ocular motor symptoms,
which are unrelated to current clinical balance measures.
The VOMS may help clinicians to identify patients for vestibular and ocular referrals and more targeted treatment,
thereby enhancing recovery from this injury.
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Limitations
The data from the current study are cross-sectional, and
complete data were not available for all participants. The
VOMS was not administered in a standardized order to
all participants. The use of subjective patient reporting of
symptoms after VOMS testing may lead to recall bias.
The lack of baseline measures in this study precludes us
from knowing whether scores on the VOMS are representative of the effects of concussions per se. The concussed
patients may have had pre-existing vestibular and ocular
motor symptoms before their injuries. However, the very
low VOMS symptom and NPC distance scores for the
healthy controls in the current study suggest that this
a priori group difference was unlikely. Participants in the
control group were significantly younger than those in
the concussed group. However, age differences between
the groups were controlled for using statistical procedures.
The sample represents only patients presenting to a concussion clinic, which may have biased the sample toward
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