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Context: Biological sex and history of motion sickness are
known modifiers associated with a false-positive baseline Vestibu-
lar/Ocular Motor Screening (VOMS). However, other factors may
be associated with a false-positive VOMS in collegiate athletes.

Objective: To identify contributing factors to false-positive
VOMS assessments using population-specific criteria. We also
critically appraised previously reported interpretation criteria.

Design: Descriptive laboratory study.

Setting: Single-site collegiate athletic training clinic.

Patients or Other Participants: National Collegiate Athletic
Association Division | athletes (n = 462 [41% female]) aged
18.8 £ 1.4 years.

Main Outcome Measure(s): Participants completed the Athlete
Sleep Behavior Questionnaire, the 7-ltem Generalized Anxiety
Index, the Immediate Postconcussion Assessment and Cogni-
tive Testing battery, the Patient Health Questionnaire-9, the
Revised Head Injury Scale, the Sensory Organization Test,
and the VOMS as part of a multidimensional baseline concus-
sion assessment. Participants were classified into 2 groups
based on whether they had a total symptom score of greater
than or equal to 8 after VOMS administration, excluding the
baseline checklist. We used y? and independent ¢ tests to com-
pare group demographics. A binary logistic regression with
adjusted odds ratios (ORs) was used to evaluate the influence

of sex, corrected vision, attention-deficit/hyperactivity disorder,
Immediate Postconcussion Assessment and Cognitive Test-
ing composite scores, concussion history, history of treatment
for headache and/or migraine, Generalized Anxiety Index
scores, Patient Health Questionnaire-9 scores, Athlete Sleep
Behavior Questionnaire scores, and Sensory Organization
Test equilibrium scores and somatosensory, visual, and ves-
tibular sensory ratios on false-positive rates.

Results: Approximately 9.1% (42 of 462 [30 females]) met
criteria for a false-positive VOMS. A significantly greater proportion
of females had false positives (x%; = 18.37, P < .001). Female
sex (OR = 2.79; 95% Cl = 1.17, 6.65; P = .02) and history of
treatment for headache (OR = 4.99; 95% CI = 1.21, 20.59; P =
.026) were the only significant predictors of false-positive VOMS.
Depending on cutoff interpretation, false-positive rates using our
data ranged from 9.1% to 22.5%.

Conclusions: Our results support the most recent interpre-
tation guidelines for the VOMS in collegiate athletes due to a low
false-positive rate and ease of interpretation. Biological sex and
history of headaches should be considered when administering
the VOMS in the absence of a baseline.

Key Words: head injuries/concussion, athletic training, physi-
cal therapy/rehabilitation, clinical assessment/grading scales

previous work.

than males.

Key Points

« False-positive rates in collegiate athletes have previously been found to be relatively low (approximately 10%) using a
clinical cutoff described previously in an adolescent population.
» Using population-specific clinical cutoffs, the false-positive rate found in this study was similar to that found in

« Females were about 3 times more likely to exhibit a false-positive Vestibular/Ocular Motor Screening at baseline

symptoms after a sport-related concussion (SRC),

with up to 84% of high school athletes reporting diz-
ziness after injury.'* Vestibular dysfunction may also manifest
as vertigo, nausea, postural instability, and visual problems.
Similarly, 81% (n = 200 of 247) of adolescents between 7
and 18 years of age who presented with at least 1 vestibular
symptom after a diagnosed concussion took on median 53 days
longer to return to school and 77 days to return to sport when

V estibular dysfunction is one of the most reported

compared with pediatric athletes without the same symptoms.*
The sizable differences in time removed from school and
sport emphasize the importance of evaluating for vestibular
deficits after SRC.

The Vestibular/Ocular Motor Screening (VOMS) was
developed to assess vestibular and ocular motor impair-
ments via symptom provocation.* Previous clinical inter-
pretation guidelines suggest that having any VOMS item
symptom score greater than or equal to 2 (2 of 10) and a
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near-point convergence (NPC) distance greater than or equal
to 5 cm increases the probability of correctly identifying
young athletes with concussion by 50% and 38%, respec-
tively.* More recently, a cutoff criterion that consists of a
post-VOMS symptom score greater than or equal to 8 was
established in collegiate athletes.” A singular criterion of a
symptom score provides clinicians with a simple and clear
means for VOMS interpretation.” Independent evaluation of
false-positive rates and contributing factors is warranted for
this interpretation criterion in collegiate athletes.®’

The reliability, discriminative validity, concurrent valid-
ity, and change scores of the VOMS have been previously
described; however, as the clinical interpretation guidelines
of the VOMS are variable, there is no general consensus on
which guidelines to use.*>’'* The existence of multiple
interpretation guidelines and a lack of consensus related to
which criteria to use to interpret the VOMS is problematic.
Using the interpretation criteria of a symptom score greater
than or equal to 2 for any VOMS subtest and an NPC distance
greater than or equal to 5 cm, the VOMS has been demon-
strated to have a low false-positive rate of 11% in collegiate
athletes during the preinjury (baseline) concussion assessment.”
The false-positive rate is doubled (22%) in military personnel
using these same criteria. In adolescent athletes, false positives
have ranged from approximately 9% to 29.3%.>!""'> Potential
rationale for these false-positive rates include a history of
motion sickness and migraine as well as an inability to accu-
rately describe personal symptomology.®”'¢!” Though the
evidence related to biological sex on recovery from concussion
remains mixed, authors of previous studies have suggested that
females are more likely to report suspected concussions
and symptoms, which may contribute to a false-positive
VOMS.'®2° For example, female collegiate athletes are 3 times
more likely to exhibit a false-positive VOMS than males.’

Given that motion sickness and biological sex are associated
with a false-positive VOMS in healthy collegiate athletes, addi-
tional modifiers may confound the results of the assessment.
The identification of additional modifiers is warranted to assist
clinician understanding of potential sources of error that may
influence the clinical interpretation of the VOMS before and
after concussion. Moreover, the newly established clinical cut-
off criteria in collegiate athletes have yet to be vetted in terms
of false-positive rates in an independent sample.’ Therefore,
the purposes of this study were to (1) determine the false-
positive rate at the baseline assessment, (2) identify additional
risk factors that may contribute to a false-positive VOMS,
and (3) compare the false-positive rate with other published
clinical interpretation guidelines.

METHODS
Participants

Data were collected for this descriptive laboratory study
between the 2019 and 2022 sport seasons as part of an
ongoing prospective study evaluating SRC in collegiate
athletes between 17 and 24 years of age.?' Despite some
of the data collection occurring during the COVID-19 pan-
demic, all participants completed the VOMS as administered
before the implementation of preventative measures to miti-
gate the spread of the virus. Inclusion criteria consisted of
being an active collegiate athlete and having complete data
for all included assessments. This study was approved by the

university’s institutional review board and all participants
provided informed consent before data collection.

Measures

Athlete Sleep Behavior Questionnaire. The Athlete Sleep
Behavior Questionnaire (ASBQ) is an 18-item tool that evalu-
ates sleep practices in athletes during a 1-month period.** Par-
ticipants respond to each item using a 5-point Likert scale: 1
= never to 5 = always, with higher composite scores indica-
tive of worse sleep behaviors. The composite ASBQ score
was used for analysis. The ASBQ has demonstrated moderate
to large correlations with other validated sleep questionnaires
(r = 0.32-0.69) and acceptable reliability (intraclass correla-
tion coefficient [ICC] = 0.87).

Seven-Item Generalized Anxiety Index. The 7-Item
Generalized Anxiety Index (GAD-7) consists of 7 items mea-
suring how often anxiety affects individuals during their daily
lives over a 2-week period. Participants respond to each item
using a 4-point Likert scale ranging from 0 = not at all to
3 = nearly every day. Higher GAD-7 composite scores
are suggestive of higher anxiety. The GAD-7 composite
score was used for analysis. The GAD-7 has been shown
to be reliable, consistent, and valid for assessing generalized
anxiety with an ICC = 0.83, Cronbach o = 0.92, sensitivity
of 89%, and specificity of 82%.%

Immediate Postconcussion Assessment and Cognitive
Testing. Immediate Postconcussion Assessment and Cogni-
tive Testing (ImPACT; ImPACT Applications) is a commonly
used computerized neurocognitive test battery.* The InPACT
battery consists of self-reported medical history, a symptom
scale, and 8 neurocognitive subtests that yield verbal memory,
visual memory, visual motor speed, and reaction time outcome
scores. The IMPACT baseline assessments were reviewed for
validity based on the manufacturer’s instructions and supple-
mental validity criteria.>*° The medical history domain was
used to record the self-reported hours of sleep in the prior night,
history of diagnosed attention-deficit disorder or attention-
deficit/hyperactivity disorder, diagnosed concussion, and treat-
ment for headache and/or migraine. The ImPACT has been
demonstrated to have variable test-retest reliability (ICC =
0.19-0.88) and validity (ICC = 0.20-0.88) when compared
with traditional neuropsychological tests.>” The ImPACT has
been demonstrated to be sensitive (79.2%-94.6%) and spe-
cific (89.4%-97.3%) to concussion during the acute phase
of injury.?’?®

Patient Health Questionnaire-9. The Patient Health
Questionnaire-9 (PHQ-9) is a 9-item measure of depression.”’
Participants rated 9 items on the severity of their depression
symptoms within the past 2 weeks using a Likert scale that
ranged from 0 = not at all to 3 = nearly every day. A com-
posite PHQ-9 score greater than or equal to 10 has been dem-
onstrated to have equal sensitivity and specificity of 88% for
diagnosing major depression.?* The PHQ-9 composite score
was used for analysis.

Revised Head Injury Scale. The Revised Head Injury
Scale (HIS-r) is a 22-item symptom inventory specific to
SRC.* For each endorsed item, the participant rated the dura-
tion and severity on a 6-point Likert scale based on a 24-hour
period. Duration was rated from 1 = brief to 6 = consistent
and severity from 0 = not severe to 6 = severe, with a poten-
tial maximum score of 132 for each qualifier. The HIS-r has
been demonstrated to have a sensitivity and specificity of
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77.5% and 100%, respectively, in collegiate athletes.®!
The HIS-r duration and severity composite scores were
used for analysis.

Sensory Organization Test. The Sensory Organization
Test (SOT) is a computerized balance measure that consists
of somatosensory, vestibular, and visual challenges. The
SOT was administered on the Natus Smart Balance Master
System (NeuroCom International) or the Bertec Computerized
Dynamic Posturography Unit (Bertec Corp). The Natus Smart
Balance Master was discontinued during the study period and
therefore the Bertec unit was then used to administer the SOT.
During the SOT, participants completed 3 trials of 6 condi-
tions for a total of 18 trials. Each trial lasted 20 seconds. The
6 SOT conditions consist of 3 different visual conditions (eyes
open, eyes closed, sway-referenced visual surround) and 2 dif-
ferent surface conditions (fixed, sway referenced). The term
sway reference refers to when the visual surround, the force
platform, or both tilt in response to a participant’s center-of-
gravity sway. The SOT yields an equilibrium score and vestib-
ular, visual, and somatosensory sensory ratios, which were all
included in our analyses. The Natus SOT has been previously
demonstrated to have a sensitivity of 12.8% to 72.5% and a
specificity of 85.0% to 94.9% in collegiate athletes.'*>

The VOMS. The VOMS consists of 7 subtests: (1) smooth
pursuits, (2) horizontal saccades, (3) vertical saccades, (4)
NPC, (5) horizontal vestibular-ocular reflex, (6) vertical
vestibular-ocular reflex, and (7) visual motion sensitivity.*’
Before and after each VOMS subtest, the patients were asked
to rate their symptoms of headache, dizziness, nausea, and
fogginess on a Likert scale that ranged from 0 = symptom not
present to 10 being the most severe. The NPC was assessed
by averaging the distances (centimeters) across 3 trials, with
the “normal” cutoff of NPC distance reported to be less than
5 ¢cm.*® For this study, the total VOMS symptom score was
calculated by adding the total number of symptoms reported
after each subtest (excluding the baseline symptoms), with a
maximum of 40 points for each subtest and 280 points for the
entirety of the assessment.’

For this study we used population-specific interpretation
criteria that consisted of a total symptom score of greater
than or equal to 8.° This criterion was chosen as it reflects a
simpler way to score and interpret the VOMS. Total symp-
tom score has been reported to have the highest accuracy in
identifying SRC compared with controls (area under the
curve = 0.91).° Additionally, it was determined that NPC did
not distinguish concussed athletes from healthy controls.

Procedures

Upon arrival at a sports medicine clinic, all participants
reviewed and provided consent before data collection. Par-
ticipants then completed the ASBQ, GAD-7, HIS-r, and
PHQ-9. Next, athletes were randomly divided into pairs in
which they completed the SOT and VOMS individually at 2
separate stations or completed the ImPACT in groups of 2.
All assessments were administered by a trained research team
member on a desktop computer equipped with Microsoft
Windows 10 and the latest version of Google Chrome. For
ImPACT, participants were provided written, supplemental,
and standardized verbal directions throughout the assessment.
The total testing duration was 75 minutes.

To complete the SOT, participants were provided a stan-
dardized set of instructions before they stepped onto the

force platform and were positioned in accordance with the
manufacturer’s guidelines.>**’ Participants were then admin-
istered practice trials that lasted no more than 5 seconds per
condition. The SOT trials were administered in a randomized
order. As this was a baseline assessment, if a participant
received a score for a trial that was below the manufacturer’s
normative data (ie, red trial), that trial was repeated up to 3
times until their score was within normal limits (ie, green
trial). If after the third attempt, the trial remained below nor-
mative values, the trial was kept as a red trial.

To complete the VOMS, participants received standardized
instructions prior to reporting their symptoms before and after
each subtest. For the NPC, a tongue depressor with a printed,
14-point size “X” was used as the point of focus.* The NPC
was measured (centimeters) using a tape measure as the aver-
age distance from the tip of the participant’s nose to the
tongue depressor across 3 trials.

Data Analysis

Participants were divided into 2 groups based on if they
did or did not have a VOMS total symptom score of greater
than or equal to 8.*° Group comparisons for sex and age
were performed using y* and independent -test analyses,
respectively. A binary logistic regression (LR) model with
adjusted odds ratios (ORs) using an enter method estimated
the association between the independent variables—each
outcome score from the baseline assessment—and the depen-
dent variable—a VOMS false-positive baseline test (false-posi-
tive or true-negative). Despite entering 21 predictor variables
into our model, we maintained a number of events per variable
of at least 10, which has been previously described.*® The final
independent variable list included biological sex; corrected
vision; history of attention-deficit disorder or attention-deficit/
hyperactivity disorder; number of prior concussions; history of
treatment for headache; history of treatment for migraine; treat-
ment for anxiety and/or depression; InPACT composite scores
(verbal memory, visual memory, visual motor speed, reaction
time); composite scores for the GAD-7, PHQ-9, and ASBQ;
hours of sleep (via ImPACT); symptom duration (HIS-r);
symptom severity (HIS-r); and the SOT equilibrium score and
somatosensory, visual, and vestibular sensory ratios. Explained
pseudovariance in the LR equation was determined using
Nagelkerke R®. All analyses were performed with SPSS (ver-
sion 28.0.1; IBM Corp) with o0 = .05.

RESULTS
Demographics

Of the original 511 National Collegiate Athletic Association
Division I collegiate athletes, 42 were excluded due to missing
data on one or more of the primary outcome measures, whereas
7 declined to participate. Therefore, a total of 462 (187 female
[40%], 275 male [60%]) collegiate athletes were included in
our analyses. Groups were similar in age (true-negative =
18.8 = 1.4 years vs false-positive = 18.5 = 1.1 years, P >
0.05) and other demographic variables (Table 1). Medians and
interquartile ranges for each continuous risk factor included in
our model across groups are presented in Table 2.

602 Volume 59 e Number 6 ® June 2024

$S900E 98l) BIA 0€-20-SZ0Z Je /woo Aloyoeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



Table 1. Medical History Demographics per Group Table 2. Medians and Interquartile Ranges (IQRs) for Continuous
No. (% of Group) Risk Factors per Group
True-Negative False-Positive Median (IQR)
Group (n = 420) (n=42) Risk Factor False-Positive True-Negative
ADD/ADHD 30 (7) 14 (3) VOMS
Headache 7 (16) 8(19) Total symptom score 15.00 (10.75) 0.00 (0.00)
Migraine 18 (4) 4(9) NPC, cm 1.50 (2.79) 1.83 (3.83)
Anxiety/depression 27 (6) 9 (21) ImPACT composite scores
Concussion history 101 (24) 17 (40) Verbal memory 91.50 (12.00) 93.00 (11.00)
1 concussion 65 (15) 13 (31) Visual memory 82.00 (15) 83.00 (15.00)
2 concussions 27 (6) 3(7) Visual motor speed 41.08 (7.83) 42.96 (8.56)
3 concussions 8(2) 1(2) Reaction time 0.57 (0.06) 0.54 (0.08)
4 concussions 1(0.2) 0(0) Patient-reported outcomes
Abbreviatons: ADD, atention-defitcsorder; ADHD, attetiodeit Hours of sleep 550 (55 0.0 (1.00)
yperactivity disorder. ASBQ total 38.00 (9.75) 35.00 (8.25)
HIS-r duration 4.00 (10.25) 0.00 (2.00)
PHQ-9 total 2.00 (3.00) 0.00 (1.00)
Approximately 9.1% of participants (12 males, 30 females) Sensory Organization Test
demonstrated a false-positive VOMS assessment. Among par- Equilibrium score 80.00 (7.46) 82.00 (5.21)
ticipants with false positives, there was a significantly greater Somatosensory ratio 97.44 (3.45) 97.19 (3.18)
proportion of females (n = 462, x> = 18.37, P <.001, 4% Visual ratio 88.58 (9.87) 92.03 (6.50)
Vestibular ratio 77.45 (11.71) 78.34 (10.61)

males vs 16% females). Table 3 summarizes the false-positive
rates in the current study as well as previously reported false-
positive rates in relationship to different cutoff criteria and sam-
ples. Table 4 demonstrates how false-positive rates can vary
because of different cutoff interpretations, using the data from
this study.

Multivariable LR

The overall binary LR was statistically significant (P <
.001) and accounted for about 36% of the total variance (R* =
0.355). Sex (OR = 2.79; 95% CI = 1.17, 6.65; P =. 020) and
history of treatment for headache (OR = 4.99; 95% CI =
1.21, 20.59; P = .026) were the only significant predictors of
a false-positive VOMS assessment. Results of the LR model
are presented in Table 5.

DISCUSSION

The primary aim of our study was to cross-validate
population-specific VOMS clinical interpretation guidelines.
A secondary aim of this study was to determine contribut-
ing factors to a false-positive VOMS based on these and
other population-specific interpretation criteria (Tables 3
and 4).67!113:1637 The overall false-positive rate using
newly established cutoff criteria in collegiate athletes was
9.1%, which is consistent with prior research.” We observed
that being a female and receiving prior treatment for headache
were associated with an increased risk for a false-positive
VOMS. Lastly, we determined that false-positive rates are
largely dependent on interpretation guidelines. Our findings
should be considered when administering the VOMS, espe-
cially in the absence of a baseline assessment.

Reported false-positive rates of the VOMS range from
9% to 29.3% in adolescents to 21.9% in US military person-
nel and 11% in collegiate athletes based on criteria established
in young athletes.®”*!" For this study, we applied an interpre-
tation criterion (>8 total symptoms) specific to collegiate ath-
letes.” Using this criterion, our sample of healthy collegiate
athletes had a low false-positive rate of 9.1%, which is consis-
tent with previous research.®”*!" Given the low false-positive

Abbreviations: ASBQ, Athlete Sleep Behavior Questionnaire; GAD-7,
Generalized Anxiety Index-7; HIS-r, Revised Head Injury Scale;
IMPACT, Immediate Postconcussion Assessment and Cognitive
Testing; NPC, near-point convergence; PHQ-9, Patient Health Ques-
tionnaire-9; VOMS, Vestibular/Ocular Motor Screening.

rate observed in this study and the previously published high
area under the curve (0.91), clinicians that work with colle-
giate athletes should consider using the total symptom score
(>8) to interpret the VOMS.’ This is the first study to cross-
validate the cutoff score reported by Kontos et al in concussed
collegiate athletes and is in partial alignment with the recently
published Sport Concussion Office Assessment Tool-6, as it
does not include the NPC.>** In sum, using a total symp-
tom score (>8) is a relatively easy way to interpret the
VOMS with an acceptable false-positive rate and in con-
junction with the high discriminative ability found previ-
ously in collegiate athletes.’

Biological sex and a history of motion sickness are known
risk factors for false-positive VOMS performance in colle-
giate athletes. Kontos and colleagues reported that 72% of
athletes who exceeded clinical cutoffs reported a history of
motion sickness and that female athletes were 3 times more
likely to have one or more VOMS items above the clinical
cutoff, leading to a false-positive outcome.” Similarly, Henry
et al observed that males reported fewer vestibular-ocular
symptoms when using the VOMS within 2 weeks of a diag-
nosed concussion.*® Given the consistency of biological sex
differences with this study and related research associated
with vestibular-ocular function after concussion, we believe
this warrants further discussion.

As mentioned in our introduction, the influence of female
sex on recovery from concussion remains equivocal.'® That
said, some evidence suggests that high school female athletes
are more likely to develop persisting symptoms (ie, lasting
greater than 28 days) after a concussion.**** In this study, bio-
logical sex was identified as a key factor associated with a
false-positive assessment. This finding may be due to females
being more likely to report symptoms.*® Brown et al
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Table 3. Previously Established Vestibular/Ocular Motor Screening False-Positive Rates

False-Positive

Population Cutoff Criteria Rate, % Source
Adolescent >2 symptoms on any subtest oran NPC >5 cm (original cutoff)® N/A Mucha et al,* 2014
Adolescent >2 symptoms on any subtest and/or NPC >5 cm 9-16 Moran et al,® 2018; Moran et al,’® 2019
Adolescent >2 symptoms on any subtest or NPC >5 cm 29.3 Iverson et al," 2021
Military >2 symptoms on any subtest and NPC >5 cm 21.9 Kontos et al,® 2022
Collegiate >2 symptoms on any subtest or? NPC >5 cm 11 Kontos et al,” 2016
(uses and but is in an or context)
Collegiate >8 total symptom score without NPC 9.1 Current study

Abbreviation: NPC, near-point convergence.
& According to the conclusion section of the study.

concluded that healthy female athletes were more likely to
report vision or hearing problems, headache/migraine, and
difficulty concentrating during baseline assessments.** These
symptoms are consistent with those of the VOMS. That
female athletes are more willing to disclose symptoms may
be a result of psychology but also of physiology in the
absence of a concussion. For example, the menstrual cycle
may be associated with vestibular-ocular symptom reporting
in the absence of a concussion. Symptoms such as headache
and difficulty concentrating have been associated with pre-
menstrual syndrome and are similar to the VOMS symptoms
headache and fogginess.** Nausea, a symptom recorded as
part of the VOMS, and motion sickness are predictors of a
false-positive VOMS. Each symptom has been demonstrated
to be significantly higher in collegiate females who do not
use oral contraceptives during symptom provocation tasks
similar to the VOMS.* Accounting for the menstrual cycle
at the baseline and postinjury assessments is important and
may assist clinicians in determining if symptoms provoked
during the administration of VOMS are due to vestibular-
ocular dysfunction or another cause. Future researchers should
consider the development of sex-specific cutoffs to ensure
that clinicians are providing individualized care to their
patients in accordance with the biopsychosocial model of
health care.

Interestingly, a history of treatment for headaches was
also a significant predictor in this study; however, the confi-
dence interval was relatively large and thus this result should
be interpreted with caution. Despite the inclusion of multiple
predictors in our regression model, no other modifiers were
identified. Surprisingly, the SOT outcome scores were not
associated with false-positive VOMS assessments. The SOT

Table 4. False-Positive Rates Associated With Different Cutoff
Interpretations in Current Study

Clinical
Classification

True-negative 420 90.9

Clinical Cutoff No. Percentage®

>8 total symptoms

False-positive 42 9.1
>8 total symptoms AND NPC True-negative 397 85.9
>5cm False-positive 65 14.1

>8 total symptoms OR
NPC >5cm
NPC >5 cm only

True-negative 358 77.5
False-positive 104 225
True-negative 392 84.8
False-positive 70 15.2
True-negative 396 85.7
False-positive 66 14.3

NPC >5 cm only

Abbreviation: NPC, near-point convergence.
2 False-positive rates are bolded.

was included as a predictor in our analysis as the vestibulo-
ocular and vestibulospinal systems are challenged during the
assessment. Though the SOT outcome scores were not asso-
ciated with a false-positive VOMS, this does not imply that
the VOMS and SOT are always measuring different constructs.
However, authors of 2 separate studies concluded that the
VOMS measured different aspects of vestibular function
when compared with the Balance Error Scoring System
and King-Devick assessments, which also purport to measure
vestibulo-ocular and vestibulospinal function.*'® Future
researchers should investigate the relationship between the
SOT and VOMS outcome scores.

Lastly, we compared different VOMS cutoff interpretation
guidelines in terms of false-positive rates. To date, the most
frequently used clinical cutoff to evaluate VOMS perfor-
mance has been a symptom score greater than or equal to 2
for any domain or an NPC of greater than or equal to 5 cm.*
However, discrepancies exist in terms of the wording of these
clinical interpretation guidelines. The underlying issues asso-
ciated with variable clinical interpretation criteria are based
on the use of and, or, and and/or. For example, when discuss-
ing the clinical cutoffs in their abstract, Mucha et al stated:
“An NPC distance > 2 5 cm and any VOMS item symptoms
score > 2 resulted in an increase in the probability of cor-
rectly identifying concussed patients of 38% and 50%, respec-
tively.”* In their conclusion, Mucha and colleagues stated that
“cutoff scores of > 2 total symptoms after any VOMS item
or an NPC distance of > 5 cm resulted in high rates of identify-
ing concussions.”™ Although those sentences technically mean
the same thing, it may lead to confusion in the clinical interpre-
tation of the VOMS. Similarly, articles have reported using the
symptom score and/or as well as or NPC (Table 3).%">!16 For
example, authors of 1 study explicitly mentioned using greater
than or equal to 2 symptoms and/or a NPC of greater than or
equal to 5 cm; however, in the same article the authors reported
that “clinical cutoff scores are defined as >2 symptoms on
VOMS subscales or >5 cm on NPC distance.” These criteria
can be interpreted in 2 distinct ways:

1. An individual would need to be above both cutoffs to
be considered positive.

2. An individual would need to be above only one cutoff
to be considered positive.

These alternate interpretations based on and/or versus just
or may change interpretation and decision-making, though
the VOMS should not be used in isolation for clinical decision-
making after a concussion.
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Table 5. Results of Binary Logistic Regression

95% Cl
Predictor Coefficient P Value Odds Ratio Lower Upper
Demographics
Sex (female) 1.02 .020% 2.79 1.17 6.65
Corrected vision 0.56 .163 1.75 0.79 3.85
ADD/ADHD 0.65 .260 1.93 0.61 6.05
Treatment for headache 1.60 .026* 4.99 1.21 20.59
Treatment for migraine —0.49 .591 0.60 0.09 3.74
Depression/anxiety -0.59 .361 0.55 0.15 1.97
Concussion history 0.67 115 1.95 0.84 4.50
ImMPACT composites
Verbal memory 0.01 .602 1.01 0.96 1.05
Visual memory —0.01 .589 0.99 0.95 1.02
Visual motor speed —0.05 194 0.94 0.87 1.02
Reaction time 0.21 .953 1.24 0.00 1608.87
Patient-reported outcomes
GAD-7 total 0.10 .235 1.10 0.93 1.30
ASBQ total 0.04 .154 1.04 0.98 1.11
Hours of sleep (ASBQ) 0.14 .366 1.15 0.84 1.59
HIS-r duration 0.16 .239 1.18 0.89 1.55
HIS-r severity —0.09 .559 0.90 0.64 1.26
PHQ-9 total 0.16 21 117 0.95 1.44
Sensory Organization Test
Equilibrium score -0.12 142 0.88 0.74 1.04
Somatosensory ratio 0.03 .705 1.03 0.87 1.22
Visual ratio —0.001 .982 0.99 0.89 1.1
Vestibular ratio 0.01 .362 1.01 0.97 1.06

Abbreviations: ADD, attention-deficit disorder; ADHD, attention-deficit/hyperactivity disorder; ASBQ, Athlete Sleep Behavior Question-
naire; GAD-7, Generalized Anxiety Index-7; HIS-r, Revised Head Injury Scale; PHQ-9, Patient Health Questionnaire-9.

@ Indicates statistical significance at P < .05.

A separate study reported a false-positive rate of 11%
based on symptom scores less than 2 on all VOMS items;
however, the authors seemed to have included the NPC dis-
tance in their original operational definition of what consti-
tuted a false-positive.” A discrepancy exists between the results
found in Table 3 within that manuscript, as the table shows
11% based on NPC distance only, not symptoms.” Another
discrepancy in the literature related to the VOMS includes
interpreting the cutoffs as a function of a symptom provocation
change score from baseline, despite the Mucha et al article’s
not accounting for a change from the baseline assessment.****/
Additionally, in terms of the NPC distance cutoff, researchers
have reported using both greater than and greater than or equal
to 5 cm, sometimes even within the same study.®'® Table 5
provides examples of how these different verbiages influence
the false-positive rates when applied to the data of this study.
Overall, these observations reflect small, but important,
changes and inconsistencies in verbiage that can make it dif-
ficult to interpret the VOMS and to compare findings across
multiple studies. Our findings support a simple and cross-
validated way to interpret the VOMS.?

This study is not without limitations. As with any study
involving patient-reported outcomes, recall bias may have
influenced our demographic results. It is unclear whether the
order of tests, which was relatively random based on clinician
availability, may have influenced our results. For example, it
has been shown that strenuous exercise can influence VOMS
results.*®* However, our participants were tested in small
groups of no more than 4 at a time (tested individually during
the VOMS assessment) by 1 of 3 clinicians who were all
trained in the administration of the VOMS by the same

individual. The SOT was administered on 1 of 2 balance units
due to the discontinuation of one (Natus) and an upgraded
unit (Bertec) being installed during the study. It is unclear
whether the use of 2 different units administering the SOT had
any significant effect on the SOT outcome scores, as the Bertec
Computerized Dynamic Posturography unit’s measurement
properties have yet to be established in collegiate athletes. That
said, the SOT guidelines and algorithms are the same between
the 2 units. Additionally, we did not query athletes about a his-
tory of motion sickness, a known risk factor that may also have
contributed to misclassification.®” As this study is part of an
ongoing prospective study, motion sickness was not queried
because the ongoing study was not specific to false-positive
VOMS assessments a priori; however, the addition of an item
asking about a history of motion sickness is warranted if the
screen is to be used. Said again, as we did not evaluate the role
of motion sickness as a risk for a false-positive VOMS, we
cannot support or refute the findings of related literature.
Regarding our LR model, there were relatively few individuals
in the false-positive group given the number of predictors
entered. Importantly, balancing our data is not necessarily the
only valid approach in this instance. If one of the classes (ie,
true negatives) is actually much more common in the popula-
tion (which it is according to a variety of other VOMS studies
examining false-positive rates) and not solely in our sample, a
naive model (ie, classifying everything as belonging to the
most common category [ie, true-positive]) can actually be a
good estimate. In other words, although there are few false-
positive cases, we feel that the model provides a good idea of
what “normal” is, given the large number of true negatives.
Additionally, history of headache as a predictor has a wide
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confidence interval and so that finding should be interpreted
with caution. Given that the only other predictor was sex, and
that sex differences have been found in previous work, we feel
that, although the model might not be perfect, it gives a good
picture of what might classify someone as false-positive.
Lastly, we did not assess interrater or intrarater reliability of
VOMS assessors; however, all assessors were certified athletic
trainers who were instructed by the same individual in the
administration of the VOMS.

CONCLUSIONS

When using VOMS interpretation guidelines specific to
collegiate athletes, the false-positive rate was similar to that
found in previous research. Female athletes and athletes with
a history of treatment for headaches had a higher false-
positive rate than those who did not. Biological sex and prior
treatment for headaches should be considered when interpret-
ing the VOMS before and after a concussion. Understanding
what an athlete is “trying to get back to” after a concussion
when using the VOMS coupled with the ability to detect
potential vestibular dysfunction in the absence of concussion
emphasizes the importance of the VOMS baseline assessment
if it is to be used clinically. Our findings support using
population-specific interpretation criteria for the VOMS, as
false-positive rates vary when alternate interpretation guide-
lines are used. Lastly, clinicians and researchers should con-
sider their verbiage when incorporating the VOMS into
concussion protocols for the purposes of simplified and con-
sistent interpretation. The use or misuse of and, or, or and/or
may change the interpretation of the VOMS and influence
clinical decision-making after a concussion.
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