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Evaluation of the vestibular and ocular
motor screening (VOMS) as a
prognostic tool for protracted recovery
following paediatric sports-

related concussion

Gregory Knell

ABSTRACT

Objective To understand the relationship between

initial vestibular and ocular motor screening (VOMS)

and recovery time, and the utility of VOMS to screen for
protracted recovery in youth/adolescent patients with
sport-related concussion (SRC).

Methods Participants (8—18 years) who were diagnosed
with an SRC within 7 days of the injury were administered
the VOMS test by certified medical personnel. Recovery
time (days) and protracted recovery (>30 days) were the
primary outcomes. Multivariable regression models were
used to evaluate the association between VOMS symptom
provocation and (1) recovery time (days) and (2) protracted
recovery. Measures of VOMS validity, predictive ability and
receiver operator curves were used to assess VOMS as a
prognostic tool to accurately classify a normal/protracted
recovery.

Results After adjustment, any symptom provocation
across all VOMS domains was associated (p<0.05) with
greater recovery time, except the convergence test
(p=0.08) in females. All VOMS test thresholds (>1to >10) in
males and (>1to >5) in females were associated (p<0.05)
with recovery time. However, the VOMS test performed
poorly among males (receiver operating characteristic
(ROC) area=0.66) and failed among females (ROC
area=0.56) as a prognostic tool to identify those that will
have a normal/protracted recovery.

Conclusion In this sample, overall, the VOMS test was
associated with recovery time (days); however, the VOMS
was not a valid stand-alone prognostic tool to identify a
delayed recovery, but may be useful in combination with
other concussion symptomology assessments. Future
studies should confirm these findings in larger samples
while taking into consideration other comorbid factors that
may influence recovery time.

INTRODUCTION

Sportrelated concussions (SRCs) during
childhood and adolescence are a signifi-
cant public health problem." Recent reports
suggest that up to 1.9 million youth athletes
suffer an SRC each year,? and despite efforts to
mitigate concussion risk,” there is evidence

,"** Todd Caze,** Scott O Burkhart’

What are the new findings

The vestibular and ocular motor screening (VOMS)

is not a valid prognostic tool to identify patients with
sport-related concussion who will take longer than 30
days to recover in a paediatric sample.

How might it impact on clinical practice in the
near future

These results demonstrate that elements of the VOMS
test are significantly related to recovery time, and
therefore future clinical practice may include VOMS as
a necessary element of a larger prognostic evaluation
for protracted recovery.

of increasing trends in SRC risk in some
notable sports.” Although SRCs are gener-
ally a short-term injury, with most recovering
within 1 month, a proportion of children and
adolescents experience delayed or protracted
recovery from an SRC.* A protracted SRC
recovery may progress to long-term health
complications, such as declines in academic
performance, social engagement, and quality
of life ratings, elevated mood dysfunction,
higher healthcare utilisation and disability.” '’

Given the potential for several deleterious
long-term health effects associated with a
protracted SRC recovery, there have been
several recent studies aimed atidentifying risk
factors for SRC recovery time and protracted
recovery. Evidence suggests greater severity
and volume of symptoms are the strongest
predictors of slower recovery.'' Demographic
and preinjury factors of sex,'"” ' younger
age,””" personal history of migraine,"
preinjury mental health problems'® and
concussion history'” have also been found
to be related to recovery time. There is some
evidence on the potential effect of postacute
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injury factors on recovery time, such as loss of conscious-
ness, retrograde amnesia and anterograde amnesia;
however, findings have been inconsistent.'" '® Despite
the seemingly wide array of factors associated with SRC
recovery time, the evidence clearly demonstrates that
the onset and development of postinjury SRC-related
symptoms (headaches or migraines," dizziness,” ocular
motor problems,” visual motor speed®') are markedly
related to SRC recovery time. Unfortunately, no clinic-
based tools or measures exist to identify those patients
with SRC who are at risk of a protracted recovery.
However, one such tool, the vestibular and ocular motor
screening (VOMS), has been found to be related to
SRC recovery time in samples of children and adoles-
cents,”** and young adults.”

The VOMS is a symptom provocation measure devel-
oped to differentiate athletes with concussion from
non-concussion controls.”® ¥ VOMS assesses several
domains within ocular motor and vestibular function.
Although previous research has found VOMS to be
related to recovery time in varied populations, the VOMS
has not been evaluated as a prognostic tool to identify
those who may take longer to recover from an SRC. This
can aid clinicians in determining the likelihood of a
patient taking longer than expected to recover, thereby
allowing for more personalised follow-up procedures
to improve clinical management and long-term patient
outcomes. Therefore, the current aims of this paper are:
(1) to determine the association between recovery time
and (A) symptom provocation across the various VOMS
domains and (B) a positive test using various VOMS
thresholds, and (2) to determine the utility of VOMS as
a prognostic tool to identify those adolescents who will
have a normal/protracted recovery from SRC.

METHODS

Study design, setting and participants

Data for this prospective case series study were collected
between October 2017 and January 2020 at a paedi-
atric sports concussion clinic in Plano, Texas. Data for
all measures were collected at the time of initial clinical
examination apart from clinical recovery time which was
collected at the date of medical clearance. Study inclu-
sion criteria were patients aged 8-18 years, participating
in a sport at the time of injury, diagnosed with an SRC
and evaluated within 7 days from the initial date of injury.
Exclusion criteria included any of the following: previous
diagnosis of developmental delay, diagnosis of comorbid
neck or spine injuries, previous diagnosis of congenital
or acquired neurological defect or injury (moderate to
severe traumatic brain injury) not related to the current
concussion injury and inability to understand the
premise of the study due to language barriers. Prior to
the collection of any study-related data, all participants
and their parents (if the participant was a minor) were
given written informed consent and provided signatures
of consent/assent.

Data collection

Study participants were administered the VOMS by one of
six licensed medical professionals (physician, neuropsy-
chologists, nurse practitioner, certified athletic trainer)
trained in the administration of the VOMS.*® Only one
individual administered the VOMS test per participant;
however, the individual administering the VOMS differed
across patients. All those administering the VOMS were
trained by a single neuropsychologist to ensure stan-
dardised administration of VOMS. All participant data
were collected on a study-designed data sheet and later
entered into database software by the study coordinator.
The data collection procedure occurred as part of the
standard clinical examination for which the participant
was a patient in the clinic. The standardised clinical eval-
uation includes a clinical interview to ascertain details of
the injury including mechanism, loss of consciousness,
post-traumatic amnesia, history of concussion, current
symptoms and what settings elicit symptom provoca-
tion. The clinical interview was conducted first, followed
by the VOMS or cognitive testing. Analysis of the data
occurred after all data were collected using Stata/MP
V.15.1 (StataCorp, College Station, Texas, USA).

Variables

Sport-related concussion

Participants with suspected concussions, defined as a
‘complex pathophysiological process affecting the brain,
induced by biomechanical forces’,” were diagnosed by a
licensed medical professional trained in the assessment
and treatment of concussion with the following criteria
required for diagnosis: clear mechanism of injury, pres-
ence of symptoms at time of injury, current symptoms
and one or more areas of cognitive impairment. All
concussions were required to have occurred during

sports participation.

Vestibular and ocular motor screening

The VOMS is a symptom provocation measure using
smooth eye pursuit movements, saccadic eye movements,
near point of convergence, vestibular ocular reflex and
visual motion sensitivity to differentiate athletes with
concussion from non-concussion controls.”’” The VOMS
integrates the interaction of the vestibular and ocular
motor systems and includes both patient and clinician
reporting.”* For aim 1A, to determine the association
between recovery time and symptom provocation across
the various VOMS domains, a symptom provocation was
calculated by taking the sum of the differences in symptom
provocation scores (scale of 0-10) from baseline for each
VOMS test. The sum of differences in symptom provo-
cation scores (from baseline to post-VOMS domain test)
was modelled as discrete estimates. For aim 1B, to deter-
mine the association between recovery time and a positive
test using various VOMS test thresholds, a positive VOMS
test using a k-unit threshold was defined as a symptom
provocation increase of at least k-units from baseline. For
instance, a positive VOMS test using a l-unit threshold
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was defined as a symptom provocation increase of at least
1 unit from baseline on any VOMS test. Positive VOMS
test thresholds 1-10 were modelled to determine the
association between a positive VOMS test and recovery
time in days (aim 1B) and to determine the utility of
VOMS as a prognostic tool in correctly identifying those
adolescents who will have a normal/protracted recovery
from SRC (aim 2).

Recovery time

For aim 1, recovery time (days) was the primary outcome
of interest. Recovery was defined as the date of medical
clearance and included athletes being completely
returned to both academics and sports participation.
Consistent with current consensus guidelines,' medical
clearance for a full return to play was defined as a return
to preinjury levels of symptoms and preinjury levels of
cognitive, vestibular and ocular performance along with
no symptom provocation during exertion.” Patients were
evaluated at each follow-up clinical visit for potential
medical clearance. Typically, a follow-up visit was sched-
uled 7-14days after the initial clinical visit. Additionally,
participants were instructed to adjust the scheduling
of follow-up visits based on their own self-reported
recovery. If the patient was not medically cleared at the
first follow-up visit, a second follow-up visit was scheduled
7-14days after the initial follow-up visit. This pattern
repeated itself until the patient was medically cleared.
Recovery time in days was estimated as the date of medical
clearance subtracted by the date of injury.

Protracted recovery

For aim 2, protracted recovery was the primary outcome
of interest. Protracted recovery was defined as a recovery
time taking greater than or equal to 30 days from the
date of injury to the date of medical clearance.* !

Other variables

Variables entered as potential confounders based on
their known associations with VOMS and recovery time
were collected as part of the standard patient intake form.
These included age, sport played when injured, history of
concussion (s) and the time since injury (days). The sport
played when injured was reported by the participant and
included 31 unique sports. Each sport was then classi-
fied as a non-contact, contact or collision sport based on
previously defined criteria.”

Data analysis
The variables of interest used in the subsequent models
to estimate the association between VOMS test scores and
SRC recovery time were assessed for missing data and
normality when appropriate. Participant characteristics
were evaluated with t-tests, Hosmer-Lemeshow and x?
tests for heterogeneity to determine if there were statis-
tical differences in the mean, median and proportion
estimates, respectively.

For aim 1, the outcome of interest was a count of the
number of days to recover, which was inherently absent of

zeros. To account for this data structure, zero-truncated
negative binomial regression models were built to esti-
mate the relation between recovery time (days) and
symptom provocation across the various VOMS domains
(aim 1A) and a positive VOMS test across thresholds
(aim 1B). Models were built in sex stratum to account
for potential modifying effects. The models included
a crude (unadjusted) model, age-adjusted model and
a fully adjusted model. Covariate selection for the
multivariable model was based off bivariable tests for asso-
ciations between protracted recovery and the covariate of
interest. Those statistical tests reaching a threshold level
of 0.05 were included in the multivariable model. Age
was locked in the model given the possibility of a certain
level of cognitive development required to understand
or answer the questions accurately. Tests for collinearity
between variables were performed along with post hoc
analyses of model fit and tests for the appropriateness of
the zero-truncated negative binomial model selection.
Observations producing outlying days to recover (males,
>60days (n=5); females, >70days (n=8)) were deleted to
improve the overall model fit.

The prognostic ability of the VOMS tool for identifying
participants as having a normal or protracted recovery
(aim 2) was tested using receiver operating characteris-
tics (ROC), and estimates of sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV) for each of the VOMS positive test thresholds
(1-10). The area under the ROC curve was qualitatively
evaluated based on the following criteria: 20.90, excel-
lent; 0.89-0.80, good; 0.79-0.70, fair; 0.69-0.60, poor;
<0.60, fail.

Sensitivity analysis

Sensitivity analyses were conducted to (1) examine the
effect of including those aged 8-9 years in the analytical
sample and (2) to examine the potential for bias when
excluding those observations which took longer than 60
days (males) and 70 days (females) to recover from the
SRC. Tests for differences by sex, sport type, concussion
history and days since injury by those included and those
excluded, as well as comparisons of the estimated effect
sizes and measures of association were used to detect the
presence of a bias.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Table 1 details the participants’ characteristics by
protracted recovery (>30days) classification. No variable
used in the analysis contained greater than 10% missing
data (see table 1), therefore a complete case analysis
was used in analyses. A total of 407 (74.1%) participants
recovered in amedian (IQR) 18.0 (13.0-23.0) days, which
was significantly less (p<0.001) than the 142 protracted
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Table 1
setting, 2017-2020

Descriptive statistics by recovery status in patients undergoing concussion recovery treatments in a paediatric clinic

Recovery time*, n (%)

Total Normal recovery Protracted recovery
(n=549) (n=407) (n=142) P value
Recovery time (days), median (IQR) 21.0 (15.0-31.0) 18.0 (13.0-283.0) 43.0 (35.0-52.0) <0.001
Age
8-12 years 152 (27.7) 121 (29.7) 31 (21.8) 0.07
13-18 years 397 (72.3) 286 (70.3) 111 (78.2)
Missing 0(0.0) 0 (0.0) 0 (0.0)
Sex
Male 312 (56.8) 246 (60.3) 66 (46.5) 0.01
Female 237 (43.2) 162 (39.7) 76 (53.5)
Missing 0 (0.0 0(0.0) 0 (0.0
Sport
Non-contact 68 (12.4) 42 (10.3) 26 (18.3) 0.02
Contact 220 (40.1) 159 (39.1) 61 (43.0)
Collision 216 (39.3) 173 (42.5) 43 (30.3)
Missing 45 (8.2) 33 (8.1) 12 (8.5)
History of concussions
No 405 (73.8) 307 (75.4) 98 (69.0) 0.14
Yes 144 (26.2) 100 (24.6) 44 (31.0)
Missing 0(0.0) 0(0.0) 0 (0.0
Time since injury (days), median (IQR) 3.0 (2.0-4.0) 2.0 (1.0-4.0) 3.0 (2.0-5.0) <0.001

*Normal recovery was defined as less than 30 days from date of injury. Recovery was defined as medical clearance to return to normal

activity (return to play, return to learn).

recovery participants who recovered in a median (IQR)
43.0 (35.0-52.0) days. There were significant differences
by participant sex (p=0.01), and in the proportions
of participants engaging in non-contact, contact and
collision sports (p=0.02). There were no significant
differences in the proportions of participant age groups
(children, 8-12 years; adolescents, 13-18 years) (p=0.07)
and history of concussion (p=0.14) by protracted recovery
groups. Among those with a normal recovery time, the
median (IQR) time since injury was 2.0 (1.0-4.0) days,
compared with a median (IQR) 3.0 (2.0-5.0) days among
those with a protracted recovery (p<0.001).

Figure 1 depicts the distribution and descriptive statis-
tics for aim 1 outcome of interest, number of days to
recover. There was a statistically different (p<0.001)
median time to recover from a sports-related concus-
sion between males (19 days) and females (23 days). The
distribution of time to recover for both sexes was posi-
tively skewed, with ranges of 1-120days for males and
0-113days for females.

Table 2 presents the descriptive statistics of the VOMS
symptom provocation test difference scores by domain
and sex.

The results from table 2 indicate that the summed
VOMS symptom provocation test difference scores across
all symptom tests are positively skewed for both males

and females. Further, for both males and females, the
smooth pursuit test in the ocular motor domain had the
lowest median (males, 0.0 (IQR=0.0-1.0); females, 0.0
(IQR=0.0-2.0)) summed test difference scores, while the
motor sensitivity test in the vestibular domain had the
highest median (males, 3.0 (IQR=1.0-6.0); females, 4.0
(IQR=2.0-6.0)) summed test difference scores.

The results from the bivariable and multivariable
zero-truncated negative binomial regression models to
determine the association between recovery time and any
symptom provocation across the various VOMS domains
(aim 1A) are shown in table 3.

Results indicate that, after adjustment, any symptom
provocation across all vestibular and ocular motor
domains of the VOMS test is associated (p<0.05) with
recovery time in males. Among females, in the fully
adjusted models, only the convergence test in the ocular
motor domain was not associated (p=0.08) with recovery
time, while all other tests were significantly associated
(p<0.05) with a recovery time.

The results from the bivariable and multivariable
regression models to determine the association between
various thresholds of a positive VOMS test and recovery
time (aim 1B) are shown in table 4.

The associations of the VOMS test thresholds with
recovery time differed among males and females. Among
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Figure 1 Distribution and descriptive statistics for SRC

recovery time (days) by sex among paediatric patients in a
clinic setting, 2017-2020.

males, all VOMS test threshold scores of 1 or greater were
significantly related to longer recovery time. However,
among females, only VOMS test threshold scores ranging
from 1 or more to 5 or more were found to be statistically
related to greater recovery time. Specifically, if a male
participant were to experience at least a l-unit increase
in symptom provocation following any of the VOMS tests,
the expected recovery time would increase by a factor of
exp(0.3223846)=1.38 days (p<0.001), while holding all
other factors (age, sex, days since injury and sport type)
constant. Among females, those who experienced at
least a 1-unit increase in symptom provocation following
any of the VOMS tests, the expected recovery time
would increase by a factor of exp(0.548789)=1.73 days
(p<0.001), while holding all other factors (age, sex, days
since injury and sport type) constant.

Table 5 provides the results on the assessment of the
validity and predictive values of the VOMS test (aim 2).

Among males and excluding a zero test result on the
VOMS, the sensitivity of the VOMS tool ranged from
44.1% (95% CI 31.2% t0 57.6%) t0 93.2% (95% CI 83.5%
to 98.1%) and the specificity ranged from 16.7% (95%
CI12.2% to 21.9%) to 73.2% (95% CI 67.2% to 78.6%),

Open access

Table 2 Descriptive statistics of the summed VOMS
symptom provocation test difference scores by domain
and sex in a clinic-based sample of paediatric patients,
2017-2020

VOMS domain* Mean (SD) Median (IQR) Range
Males
Ocular motor
Smooth pursuits 0.89 (1.58) 0(0.0-1.0) 0-12
Saccades—horizontal  1.65 (2.43) 0(0.0-2.0) 0-13
Saccades—vertical 2.02 (2.75) 1.0(0.0-3.0) 0-13
Convergence 2.27 (4.34) 0(0.0-3.0) 0-56
Vestibular
Ocular reflex— 2.96 (3.56) 2.0(0.0-4.00) 0-19
horizontal
Ocular reflex—vertical  3.01 (3.78) 2.0 (0.0-4.0) 0-24
Motor sensitivity 4.05(4.44) 3.0(1.0-6.00 0-27
Females
Ocular motor
Smooth pursuits 1.37 (2.01) 1.0(0.0-2.0) 0-12
Saccades—horizontal  2.20 (2.91) 0(0.0-3.0) 0-23
Saccades—vertical 2.62 (3.14) 2.0(0.0-4.00 0-15
Convergence 3.02 (4.49) 0(0.0-4.00 0-49
Vestibular
Ocular reflex— 3.57 (3.54) 2.0(1.0-5.00 0-16
horizontal
Ocular reflex—vertical  3.82 (3.70) 3.0 (1.0-5.0) 0-21
Motor sensitivity 4.62 (3.99) 4.0(2.0-6.00 0-18

*Each of these estimates represents the summed values of
symptom provocation (0-10) test differences (from baseline)
across all symptom tests (headache, fogginess, dizziness,
nausea), except near point of convergence (convergence) which
measured in centimetres.

VOMS, vestibular and ocular motor screening.

depending on the threshold selected. Among females,
the sensitivity of the VOMS tool ranged from 41.2% (95%
CI 29.4% to 53.8%) to 97.1% (95% CI 89.8% to 99.6%)
and the specificity ranged from 9.9% (95% CI 12.2% to
21.9%) to 60.3% (95% CI 52.3% to 67.9%), depending
on the threshold selected. For example, using the two-
point symptom provocation threshold (=2 symptom
provocation difference from baseline) would indicate
that among those who had a protracted recovery time,
86.4% of males and 92.7% of females correctly tested
positive for a protracted recovery using the VOMS. Alter-
natively, among those who had a normal recovery time,
28.5% of males and 23.0% of females test negative on
the VOMS using the two-point symptom provocation
threshold. Overall, using the two-point symptom provoca-
tion threshold, the VOMS test’s ability to identify patients
with a protracted recovery is acceptable, but it misiden-
tifies a number of patients who are normal as abnormal
(false positives).
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Table 3 Bivariable and multivariable negative binomial regression models for the association between VOMS test symptom
provocation and recovery time (days) from a sport-related concussion in a clinic-based sample of paediatric patients, 2017-

2020
Crude Age adjusted Fully adjusted
VOMS domain B (SE) P value B (SE) P value B (SE) P value
Males
Ocular motor
Smooth pursuits 0.09 (0.02) <0.001 0.09 (0.02) <0.001 0.08 (0.02) <0.001
Saccades—horizontal 0.06 (0.01) <0.001 0.06 (0.01) <0.001 0.06 (0.01) <0.001
Saccades—vertical 0.06 (0.01) <0.001 0.06 (0.01) <0.001 0.05 (0.01) <0.001
Convergence 0.03 (0.01) <0.001 0.03 (0.01) <0.001 0.02 (0.01) <0.001
Vestibular
Ocular reflex—horizontal 0.04 (0.01) <0.001 0.04 (0.01) <0.001 0.04 (0.01) <0.001
Ocular reflex—vertical 0.04 (0.01) <0.001 0.04 (0.01) <0.001 0.04 (0.01) <0.001
Motor sensitivity 0.04 (0.01) <0.001 0.04 (0.01) <0.001 0.04 (0.01) <0.001
Females
Ocular motor
Smooth pursuits 0.05 (0.02) 0.006 0.05 (0.02) 0.006 0.05 (0.02) 0.01
Saccades—horizontal 0.04 (0.01) 0.003 0.04 (0.01) 0.002 0.04 (0.01) 0.003
Saccades—vertical 0.04 (0.01) 0.002 0.04 (0.01) 0.001 0.04 (0.01) 0.005
Convergence 0.02 (0.01) 0.02 0.02 (0.01) 0.03 0.02 (0.01) 0.08
Vestibular
Ocular reflex—horizontal 0.04 (0.01) <0.001 0.04 (0.01) 0.001 0.04 (0.01) 0.001
Ocular reflex—vertical 0.04 (0.01) <0.001 0.04 (0.01) <0.001 0.04 (0.01) <0.001
Motor sensitivity 0.04 (0.01) <0.001 0.04 (0.01) <0.001 0.04 (0.01) <0.001
VOMS, vestibular and ocular motor screening.
Figure 2 presents the ROC curves for VOMS as a prog- ~ DISCUSSION
nostic tool to identify those with/without protracted Main findings

recovery from SRC (aim 2). The threshold values used
in the ROC curve analysis were the VOMS test threshold
values. For males and females, the area under the ROC
curve was 0.66 and 0.56, respectively. Overall, the VOMS
test performed poorly and failed as a prognostic tool to
screen for protracted recovery among males and females,
respectively.

Results from the sensitivity analyses used to determine
the potential for bias when including those aged 8-9
years and those who took longer than 60 days (males)
and 70 days (females) to recover from the SRC indicate
no bias exists. Tests for differences by sex, sport type,
concussion history and days since injury were evaluated.
Results indicate those excluded did not differ (p>0.05)
from those included in the analysis on the basis of these
factors (results not shown). Additionally, the effect
sizes of the parameter estimates estimating the associa-
tion between domains of the VOMS tests and a positive
VOMS test did not differ by greater than 10%, nor did
any estimate change in statistical significance (results
not shown).

This study found that the VOMS test domains and
VOMS test thresholds were significantly associated with
a recovery time (days) from an SRC among a relatively
large sample of male and female children and adoles-
cents. The observed effect sizes were differentially
associated across sexes, indicating a potential modifying
effect by sex. Results were similar after controlling for
age, days since injury and sport type (collision, contact,
non-contact). Despite the VOMS associations with SRC
recovery time, the VOMS test performed poorly when
used as a prognostic tool to identify those that will have a
protracted SRC recovery (>30 days).

From a clinical perspective, the VOMS test may be best
evaluated on the basis of its predictive ability. In clinical
settings, the ability of any test to accurately predict those
who will have a normal or protracted recovery can be
useful for developing personalised recovery protocols
that align with the expected recovery time classifica-
tion. In reviewing the results of the predictive value of
the VOMS test (see table 4), the VOMS test generally
performs adequately to correctly identify those who will
have a normal recovery (NPV >70%). In particular, at the
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Table 4 Bivariable and multivariable zero-truncated negative binomial regression models for recovery time from a sport-
related concussion among those that test positive on VOMS in a clinic-based sample of paediatric patients, 2017-2020

Crude Age adjusted Fully adjusted
VOMS positive test threshold B (SE) P value B (SE) P value B (SE) P value
Males
0 —0.35 (0.09) <0.001 —-0.35 (0.09) <0.001 -0.34 (0.09) <0.001
>1 0.32 (0.08) <0.001 0.32 (0.08) <0.001 0.32 (0.08) <0.001
>2 0.30 (0.07) <0.001 0.30 (0.07) <0.001 0.28 (0.07) <0.001
>3 0.29 (0.06) <0.001 0.30 (0.06) <0.001 0.27 (0.06) <0.001
>4 0.27 (0.06) <0.001 0.28 (0.06) <0.001 0.27 (0.06) <0.001
>5 0.25 (0.06) <0.001 0.26 (0.06) <0.001 0.26 (0.06) <0.001
>6 0.25 (0.06) <0.001 0.23 (0.06) <0.001 0.22 (0.06) <0.001
>7 0.22 (0.06) <0.001 0.20 (0.06) 0.001 0.17 (0.06) 0.004
>8 0.19 (0.06) 0.002 0.19 (0.06) 0.002 0.17 (0.06) 0.005
>9 0.20 (0.06) 0.002 0.20 (0.06) 0.001 0.18 (0.06) 0.004
>10 0.21 (0.06) 0.001 0.21 (0.06) 0.001 0.18 (0.06) 0.003
Females
0 —-0.46 (0.13) <0.001 -0.41 (0.13) 0.002 -0.52 (0.14) <0.001
>1 0.48 (0.12) <0.001 0.43 (0.13) <0.001 0.55 (0.14) <0.001
>2 0.45 (0.08) <0.001 0.42 (0.08) <0.001 0.46 (0.09) <0.001
>3 0.19 (0.07) 0.005 0.17 (0.07) 0.01 0.19 (0.07) 0.01
>4 0.21 (0.06) 0.001 0.20 (0.06) 0.002 0.24 (0.07) <0.001
>5 0.14 (0.06) 0.03 0.13 (0.06) 0.04 0.15 (0.07) 0.02
>6 0.12 (0.06) 0.07 0.11 (0.06) 0.09 0.13 (0.07) 0.05
>7 0.09 (0.06) 0.16 0.08 (0.06) 0.20 0.10 (0.07) 0.13
>8 0.09 (0.07) 0.18 0.08 (0.06) 0.22 0.10 (0.07) 0.14
>9 0.05 (0.06) 0.41 0.05 (0.07) 0.47 0.06 (0.07) 0.40
>10 0.05 (0.07) 0.48 0.05 (0.07) 0.53 0.05 (0.07) 0.43

VOMS, vestibular and ocular motor screening.

21 threshold, the test was able to correctly predict 91%
of males and 89% of females who would go on to have
a normal recovery time. Despite the low positive predic-
tive values at this threshold (males, 21%; females, 31%),
within this sample, clinicians can have some confidence
that if a patient does not exhibit at least a 1-unit increase
in symptom provocation on any VOMS test, then the
patient has approximately a 90% probability of recov-
ering within 30 days.

Overall, however, based on the poor results from the
ROC analysis, the VOMS cannot be used as a stand-alone
prognostic tool to identify those that will have a delayed
recovery. This finding is consistent with previous research
highlighting that persistent symptoms are not the func-
tion of a single pathophysiological mechanism, but
rather are the result of multiple complex symptoms and/
or confounding pathologies.” However, a positive test on
the VOMS may be a reliable indication to the clinician
to conduct other assessments including concussion symp-
tomology (eg, PCSS (Post Concussion Symptom Scale)),
ocular motor speed (eg, King-Devick), mood (eg, Patient

Health Questionnaire-9, Generalized Anxiety Disorder
Scale-7), interpretation tendency (eg, Anxiety Sensi-
tivity) and cognitive functioning (eg, ImPACT, C3 Logix)
to more accurately identify those at risk of persistent
symptoms and delayed recovery. Predicting protracted
recovery is important when planning for the care of
athletes following an SRC to provide anticipatory educa-
tion and guidance regarding the recovery trajectory as
well as to consider an earlier introduction of clinical
interventions for patients with longer predicted recov-
eries.

The findings from this study align with previous
research studying the association between the VOMS and
recovery time. Ellis et al found vestibular ocular dysfunc-
tion was significantly associated with postconcussion
syndrome (three or more symptoms for at least 1 month
after injury) in a sample of 101 paediatric patients.* Simi-
larly, Anzalone et alfound in a sample of 167 patients that
VOMS was significantly associated with recovery time,
with the strongest findings within the ocular motor cate-
gory.” Sufrinko and colleagues also found components
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Table 5 Validity and predictive value of the VOMS test for protracted recovery (>30days) from a sport-related concussion in

a clinic-based sample of paediatric patients, 2017-2020

Validity of test

Predictive value of test

PPV
(95% CI)

NPV
(95% ClI)

7.5 (2.5 t0 20.2)

21.1 (19.7 to 22.6)
22.4 (20.3 to 24.7)
25.8 (22.7 to 29.0)
28.1 (24.0 to 32.4)
29.2 (24.3 to 34.6)
28.4 (22.6 to 34.9)
27.9 (21.8 t0 35.1)
27.6 (21.2 to 35.1)
28.2 (21.6 to 35.9)
28.5 (21.9 to 36.3)

11.8 (3.0 t0 36.2)

31.3 (29.9 to 32.7)
33.7 (31.3 to 36.1)
31.6 (27.8 to 35.8)
33.9 (29.0 to 39.1)
31.9 (26.6 to 37.9)
32.7 (26.9 t0 39.2)
33.0 (26.6 to 40.1)
33.0 (26.5 to 40.3)
30.7 (24.1 to 38.2)
30.4 (23.7 to 38.1)

78.9 (77.6 t0 80.2)
91.1 (79.3 to 96.5)
89.8 (81.7 to 94.5)
90.8 (45.4 to 56.9)
89.5 (84.7 to 92.9)
88.0 (83.7 to 91.3)
85.8 (82.0 to 88.9)
84.9 (81.3 t0 87.9)
84.4 (81.0 to 87.3)
84.5 (81.2 to 87.4)
84.6 (81.3 to 87.5)

68.9 (67.5 to 70.2)
88.9 (65.4 to 97.1)
88.1 (75.2 to 94.7)
74.3 (65.1 to 81.8)
75.8 (68.5 to 81.8)
72.7 (66.2 to 78.4)
73.1 (67.1 to 78.4)
72.9 (67.3t0 77.8)
72.7 (67.3t0 77.5)
71.0 (65.9 to 75.6)
70.8 (65.7 to 75.4)

Sensitivity Specificity
VOMS positive test threshold (95% CI) (95% CI)
Males
0 1(1.1t0 14.2) 85.0 (79.9 t0 89.2)
>1 93.2 (83.5 to 98.1) 16.7 (12.2 to 21.9)
>2 86.4 (75.0 to 94.0) 28.5 (22.9 to 34.5)
>3 81.4 (69.1 to 90.3) 43.9 (37.6 to 50.4)
>4 72.9 (59.7 to 83.6) 55.3 (48.8 to 61.6)
>5 64.4 (50.9 to 76.5) 62.6 (56.2 to 68.7)
>6 52.5 (39.1 to 65.7) 68.3 (62.1 to 74.1)
>7 47.5 (34.3 to 60.9) 70.7 (64.6 to 76.3)
>8 44.1 (31.2 t0 57.6) 72.4 (66.3 to0 77.9)
>9 441 (31.2 to 57.6) 73.2 (67.2 to 78.6)
>10 44.1 (31.2 to 57.6) 73.2 (67.6 to 79.0)
Females
0 9(0.4t0 10.2) 90.7 (85.1 t0 94.7)
>1 97.1 (89.8 to 99.6) 9.9 (5.8 to 15.6)
>2 92.7 (83.7 to 97.6) 23.0 (16.7 to 30.3)
>3 72.1 (59.9 to 82.3) 34.2 (26.9 to 42.0)
>4 64.7 (52.2 to 75.9) 46.6 (38.7 to 54.6)
>5 55.9 (43.3 to 67.9) 49.7 (41.7 to 57.7)
>6 52.9 (40.5 to 65.2) 54.0 (46.0 to 61.9)
>7 48.5 (36.2 to 61.0) 58.4 (50.4 to 66.1)
>8 47.1 (34.8 to 59.6) 59.6 (51.6 to 67.3)
>9 42.0 (30.2 to 54.5) 59.9 (51.9 to 67.5)
>10 41.2 (29.4 to 53.8) 60.3 (52.3 to 67.9)

NPV, negative predictive value; PPV, positive predictive value; VOMS, vestibular and ocular motor screening.

of the VOMS to be related to SRC recovery time (n=69),
but lacked the ability to predict recovery time.** Most
recently, Whitney et al found that abnormal scores (=2
point symptom provocation) on tests within the ocular
motor domain were significantly associated with recovery
time, but tests in the vestibular domain were not associ-
ated with recovery time.*” This study was conducted in a
sample of 79 college age athletes, the majority of which
being male. The differences in age and sex make-up
between the current study and Whitney et al’s sample, in
addition to the current study’s additional power with the
larger sample, may explain some of the observed differ-
ences in the results. Despite the current study’s results
generally aligning with previous results on the association
between the VOMS and recovery time, to our knowledge,
no other studies have evaluated the VOMS as a prog-
nostic tool to screen for protracted recovery. The current
study’s findings, along with those others, demonstrate
consistent findings, across varied sites/samples, that
positive symptom provocation with VOMS is significantly

associated with recovery time across both sexes in chil-
dren and adolescents.

Limitations

Findings from this study should be considered in light
of its limitations. First, despite data collection occurring
within 7 days of the injury, the lack of a true baseline
estimate of VOMS does not allow one to definitively
conclude that the observed symptomology is the result
of the concussion alone. We found that even with
restricting the analytical sample to those patients seen
within the first 7 days of injury, the time from injury
to examination was still a statistically significant factor
that was included in the multivariable analyses. There-
fore, true baseline measures of VOMS would allow for
a better understanding of the causal relations between
SRC and VOMS estimates. Second, the administration of
the VOMS and diagnoses of concussions differed among
a group of licensed medical professionals with no eval-
uation of interrater reliability, thereby introducing the
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Figure 2 Receiver operating characteristics (ROC) for
vestibular and ocular motor screening tool to classify

those who will have a protracted sport-related concussion
recovery by sex among a sample of paediatric patients in a
clinic setting, 2017-2020. Positive for protracted recovery is
defined as recovery of >30days.

potential for differential misclassification. However, each
medical professional had specialised training in concus-
sion diagnosis and evaluation, and was trained by a
single neuropsychologist who also oversaw all VOMS and
concussion testing. Further, due to a lack of consensus in
the literature on the relations between premorbid factors
and concussion recovery, we did not account for some
factors that may be associated with concussion recovery,
including history of migraines, psychological problems
and loss of consciousness. This same point can be made for
the use of a 30-day threshold for protracted recovery. It is
possible and likely that the ability of the VOMS as a prog-
nosticator for protracted recovery may differ with other
previously used protracted recovery thresholds.'” **
Fourth, while this study’s sample was relatively large, the
analytical sample was limited in size to 549 patients of
limited generalisability. This also limited our ability to
stratify analyses on the basis of age groups (children and
adolescents), as has been found to be related to recovery
time.® Further research on a larger, more diverse sample
will help account for individual differences, random error

and potential modifying effects by age. Finally, this study
was conducted in a specialty concussion clinic that takes
a rehabilitative approach to recovery. Future research is
necessary to evaluate the utility of VOMS to other settings
outside of the original data collection site for replication
purposes, as there is likely a difference in results within
the specialised concussion centre setting when compared
with emergency medicine and primary care settings. This
may account for patients within the current study with
recoveries over 100 days. Additionally, as part of the
current study site’s approach to rehabilitation, positive
findings on VOMS often result in prescriptive home exer-
cise programmes or referral to physical therapy. Though
beyond the scope of this study, variation in adherence to
rehabilitation could have impacted recovery time in the
sample.

CONCLUSION

Although these results indicate VOMS is not sufficientas a
stand-alone prognostic tool in determining who will have
a protracted recovery, it does demonstrate that elements
of the VOMS test are significantly related to recovery
time, and therefore future clinical practice may include
VOMS as a necessary element of a larger prognostic eval-
uation for protracted recovery. Consistent with previous
research,'' * the results from this study indicated highly
variable and individualised nature of concussion recovery
among adolescents. Future research should examine the
effect of various treatments on concussion recovery time,
as well as the potential effect of vestibular dysfunction
trajectories during the recovery period, to further refine
the estimated time to recover. The findings from these
studies will improve the ability for clinicians to predict
the time to recover from a concussion among adolescent
athletes, which may inform future policies and guidelines
on returning to play.
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