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A Positive Vestibular/Ocular Motor
Screening (VOMS) Is Associated With
Increased Recovery Time After
Sports-Related Concussion in
Youth and Adolescent Athletes

Anthony J. Anzalone,*yz BS, Damond Blueitt,*yz MD, Tami Case,*yz PA-C,
Tiffany McGuffin,*yz MS, ATC, Kalyssa Pollard,*yz MS, CCRP,
J. Craig Garrison,*yz PhD, PT, ATC, Margaret T. Jones,*§ PhD, Robert Pavur,*|| PhD,
Stephanie Turner,*yz BS, and Jonathan M. Oliver,*yz{ PhD
Investigation performed at Texas Health Ben Hogan Sports Medicine Concussion Center,
Fort Worth, Texas, USA

Background: Vestibular and ocular motor impairments are routinely reported in patients with sports-related concussion (SRC)
and may result in delayed return to play (RTP). The Vestibular/Ocular Motor Screening (VOMS) assessment has been shown
to be consistent and sensitive in identifying concussion when used as part of a comprehensive examination. To what extent these
impairments or symptoms are associated with length of recovery is unknown.

Purpose: To examine whether symptom provocation or clinical abnormality in specific domains of the VOMS results in protracted
recovery (time from SRC to commencement of RTP protocol).

Study Design: Cohort study (prognosis); Level of evidence, 2.

Methods: A retrospective chart review was conducted of 167 patients (69 girls, 98 boys; mean 6 SD age, 15 6 2 years [range,
11-19 years]) presenting with SRC in 2014. During the initial visit, VOMS was performed in which symptom provocation or clinical
abnormality (eg, unsmooth eye movements) was documented by use of a dichotomous scale (0 = not present, 1 = present). The
VOMS used in this clinic consisted of smooth pursuits (SMO_PUR), horizontal and vertical saccades (HOR_SAC and VER_SAC),
horizontal and vertical vestibular ocular reflex (HOR_VOR and VER_VOR), near point of convergence (NPC), and accommodation
(ACCOM). Domains were also categorized into ocular motor (SMO_PUR, HOR_SAC, VER_SAC, NPC, ACCOM) and vestibular
(HOR_VOR, VER_VOR). Cox proportional hazard models were used to explore the relationship between the domains and recov-
ery. Alpha was set at P � .05.

Results: Symptom provocation and/or clinical abnormality in all domains except NPC (P = .107) and ACCOM (P = .234) delayed
recovery (domain, hazard ratio [95% CI]: SMO_PUR, 0.65 [0.47-0.90], P = .009; HOR_SAC, 0.68 [0.50-0.94], P = .018; VER_SAC,
0.55 [0.40-0.75], P \ .001; HOR_VOR, 0.68 [0.49-0.94], P = .018; VER_VOR, 0.60 [0.44-0.83], P = .002). The lowest crude hazard
ratio was for ocular motor category (0.45 [0.32-0.63], P \ .001).

Conclusion: These data suggest that symptom provocation/clinical abnormality associated with all domains except NPC and
ACCOM can delay recovery after SRC in youth and adolescents. Thus, the VOMS not only may augment current diagnostic tools
but also may serve as a predictor of recovery time in patients with SRC. The findings of this study may lead to more effective
prognosis of concussion in youth and adolescents.

Keywords: concussion; vestibular; ocular motor; symptoms

The consensus definition of concussion established at the
4th International Conference on Concussion in Sport in

2012 describes concussion as a ‘‘complex process affecting
the brain.’’26 The acute signs and symptoms associated
with concussion vary but may include immediate loss of con-
sciousness, headache, amnesia, dizziness, impaired postural
control, ophthalmic dysfunction, and cognitive dysfunc-
tion.7,18,26 The US Centers for Disease Control and
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Prevention estimate that 1.7 million traumatic brain inju-
ries (TBIs) occur annually,14 with approximately 300,000
of those injuries classified as sports-related concussion
(SRC).15 In the United States it is estimated that 44 million
children and adolescents participate in organized sport. A
recent investigation of high school sports found that SRC
represented 13.2% (n = 1936) of all athletic injuries that
occurred during the 2008-2010 academic years.23 Additional
reports have estimated that 30% of concussions in 5- to
19-year-olds are sports related.4,27 However, those values
may not be all-encompassing because the general consensus
is that roughly 53% of SRCs go unreported to the appropri-
ate medical professionals.12 The American Medical Society
for Sports Medicine, in a recent position statement, sug-
gested that protective equipment does not reduce the inci-
dence and/or severity of concussion in sport,18 highlighting
the need for effective diagnosis and management of SRC.

Recently, it has been reported that vestibular and ocular
motor dysfunction accompanies SRC.28 Dizziness, a symp-
tom associated with vestibular dysfunction, is reported in
more than 50% of concussed athletes,21 and dizziness at
the time of injury has been reported to be more strongly
associated with protracted recovery (.21 days) than any
other clinical symptom.22 In addition to dizziness, vision
impairments are concurrently reported in concussed ath-
letes.19 Similar symptoms (eg, abnormal eye movements,
visual instability, impaired postural control, dizziness, and
headaches) are associated with disruption of both the vestib-
ular and ocular motor systems and are frequently reported
after concussive injury.19 Concussed patients often have
atypical clinical assessments of saccades, pursuit, near
point of convergence (NPC), accommodation, and the vestib-
ular ocular reflex (VOR).34 Research demonstrates that col-
legiate and professional athletes tend to recover from SRC
in approximately 1 week.8,25 However, a number of investi-
gations have found that youth and adolescents often require
a protracted period of recovery.3,5,16 Given that vestibular
and ocular motor system impairments are often reported
in patients with protracted recovery, it is important that
clinicians be equipped with a valid and reliable screening
tool to detect vestibular and ocular motor dysfunction, espe-
cially in a pediatric population.

Conventional tools for diagnosis and management of
a concussive injury include physical and neurological exami-
nations, neurocognitive testing, and sideline inventories
such as the Sport Concussion Assessment Tool–3 (SCAT3)
and Child SCAT3.26 Valid instruments that uniquely assess
vestibular and/or ocular motor function do exist (eg, the
Balance Error Scoring System [BESS] and King-Devick
Test)17,20; however, those tests do not sufficiently evaluate
the complexity or synergy of the vestibular and ocular motor
systems,28 which are accountable for sensing motion of the

head, maintenance of visual stability, balance, and vision.32

Recently, a comprehensive assessment of the vestibular and
ocular motor system was established. The Vestibular/Ocular
Motor Screening (VOMS) was initially developed, assessed
for internal consistency, and validated at the University of
Pittsburgh Medical Center.28 The VOMS is a clinical
appraisal of the vestibular and ocular motor systems that
evaluates smooth-pursuit eye movements, saccadic eye
movements, NPC, the VOR, and visual motion sensitivity.
Preliminary reports indicate that the VOMS accurately dif-
ferentiates between athletes with SRC and healthy con-
trols.28 However, the relationship between vestibular and
ocular motor impairments and symptoms, as identified by
the VOMS, and recovery time after SRC is unknown.
Thus, the purpose of the current study was to examine
the relationship between symptom provocation/clinical
abnormality from each VOMS domain and the time from
concussive incident to commencement of the graduated
return to play (RTP) protocol.

METHODS

Data and Participants

A retrospective, cross-sectional investigation was con-
ducted via chart review to evaluate those patients treated
for SRC from January 2014 to December 2014. This study
was approved by the institutional review board. Given that
the nature of this study was retrospective and that the risk
posed to privacy was no more than minimal, the institu-
tional review board granted full waiver of consent.

Initial chart review was conducted for 275 patients who
presented to the clinic with a concussion from January
2014 to December 2014. Only those patients with a diag-
nosed SRC, between the ages of 11 to 20 years, who were
assessed within 14 days of the initial date of injury were
included in the analyses. Data were recorded from a total
of 167 patients and included patient age at the time of con-
cussion, sex, mechanism of injury, date of injury, date of
initial evaluation, previous concussion, VOMS at first
appointment, and date patient was cleared to begin the
graduated RTP protocol. Patients with a history of any
the following were excluded from this study: vestibular
and/or ocular motor pathologic condition; brain surgery;
ophthalmic surgery; neurological, cognitive, or behavioral
disorders; or TBI graded more severe than concussion.

Measures

The Vestibular/Ocular Motor Screening. Adapted from
an earlier version of instrumentation previously described,28
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the VOMS used at this clinic and reported in this study
included brief assessments in the following domains: smooth
pursuits, horizontal and vertical saccades, horizontal and
vertical VOR, NPC, and accommodation. The domain visual
motion sensitivity was excluded from this report because it
was measured inconsistently and was dependent on severity
of symptoms identified in the patient. During each evalua-
tion, a trained clinician administered the VOMS in an exam-
ination room. Symptom provocation/clinical abnormality was
reported dichotomously by a clinician (0 = no; 1 = yes) follow-
ing evaluation of each domain for purposes of statistical anal-
yses. Symptoms included but were not limited to headache,
dizziness, nausea, and fogginess. Abnormal clinical findings
included NPC larger than 6 cm, abnormal smooth pursuits,
or abnormal saccadic eye movements. A video of the VOMS
with accompanying instructions is available in the online ver-
sion of this article.

Determination of Recovery Time. A patient was cleared
to begin the graduated RTP protocol after he or she had
remained symptom free for a minimum of 48 hours, dis-
played a normal physical examination, exhibited a normal
VOMS, and achieved neurocognitive testing scores that
were at the patient’s baseline or within normal limits.
The number of days from the date of the initial injury to
beginning of the graduated RTP protocol was considered
the recovery time and was used for statistical analyses.

Statistical Analyses

Both univariate and multivariate Cox proportional hazard
models were used to explore the relationship between each
of the 7 domains of the VOMS used in the clinic (smooth pur-
suits, horizontal and vertical saccades, horizontal and verti-
cal VOR, NPC, and accommodation) and the time from
concussive incident to clearance to begin graduated RTP pro-
tocol. In addition, we later categorized those domains attrib-
uted to ocular motor (smooth pursuits, horizontal and vertical
saccades, NPC, and accommodation) and vestibular (horizon-
tal and vertical VOR) assessments. The proportional hazards
assumption necessary for the Cox proportional hazard model
was tested by analyzing the significance of the interaction of
time with each of the 7 domains. This assumption was sup-
ported. The results for the multivariate Cox proportional haz-
ard model are also adjusted for sex. All P values are reported
for 2-sided tests. SAS 9.4 was used to perform all analyses in
this study.

RESULTS

Patients ranged in age from 11 to 19 years (mean 6 SD, 15
6 2 years). The sample included more boys (58.7%; n = 98)
than girls (41.3%; n = 69). Approximately thirty percent
(29.9%; n = 50) had experienced prior concussion. The over-
all recovery time was 19.9 6 12.8 days and did not differ
between those with previous concussion (20.3 6 11.2
days) and those without (19.7 6 13.4 days; P = .79). The
time from concussive incident to graduated RTP protocol
was significantly shorter for boys than for girls (boys,
16.9 6 9.0 days; girls, 24.1 6 15.9 days; P = .001).33

Patients presenting without symptom provocation or clini-
cal abnormality (n = 54; 32.3%) returned to graduated RTP
protocol faster (13.4 6 8.2 days) than those presenting with
symptom provocation on at least 1 VOMS domain (23.0 6

13.4 days; P \ .001). A positive correlation (r = 0.31; P \
.001) was noted between the number of positive domains
exhibited by the patients at the time of examination and
recovery. All patients returned to play; thus, there were
no censored data. The most common sports for which
patients reported participation were basketball (11.4%;
n = 19), football (42.5%; n = 71), and soccer (19.2%; n =
32). Other sports were lower in number and made up
27% (n = 45) of the total patient population. A distribution
of patients presenting with symptom provocation/clinical
abnormality within at least 1 VOMS domain is provided
in Table 1. When VOMS domains were categorized into
ocular motor or vestibular, a slightly larger proportion of
patients reported symptom provocation from those
domains attributed to ocular motor assessments (65.3%;
n = 109) compared with those categorized as vestibular
assessments (55.1%; n = 92). The results from the univar-
iate Cox proportional hazards model are presented in
Table 2. These data suggest that symptom provocation
resulting from all domains associated with the VOMS,
except NPC and accommodation, delays recovery. How-
ever, examination of the multivariate Cox proportional
hazards model reveals the likelihood of a confounding vari-
able and/or multicollinearity, because the number of signif-
icant crude hazard ratios decreases in the presence of
controlling for other domains. An interesting finding is
that a person with a concussion who has an ocular motor
impairment has a significant hazard ratio value of approx-
imately 0.45 regardless of whether we control for the other
VOMS domains and sex. This was the lowest hazard ratio.

DISCUSSION

The purpose of the current study was to examine the rela-
tionship between symptom provocation/clinical abnormal-
ity from each VOMS domain and time from concussive
incident to initiation of the graduated RTP protocol. The
main finding was that symptom provocation/clinical

TABLE 1
Distribution of Patients Reporting Symptom
Provocation With 1 or More VOMS Domains

and Corresponding Recovery Time

VOMS Domain n (%) Recovery Time, da

Smooth pursuits 61 (36.8) 23.2 6 12.3
Horizontal saccades 81 (48.5) 22.9 6 12.3
Vertical saccades 89 (53.6) 23.4 6 13.9
Horizontal vestibular ocular reflex 65 (40.0) 22.3 6 10.4
Vertical vestibular ocular reflex 73 (45.3) 23.0 6 12.9
Near point of convergence 28 (16.8) 26.0 6 14.9
Accommodation 39 (23.4) 23.2 6 11.5

aRecovery time (mean 6 SD) was calculated as time from con-
cussive incident to clearance to initiate return-to-play protocol.
VOMS, Vestibular/Ocular Motor Screening.
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abnormality following all VOMS domains, excluding NPC
and accommodation, is associated with an increased recov-
ery time after SRC in youth and adolescent athletes.

Research has not been able to identify which, if any, clin-
ical measures of concussion lead to a protracted recovery in
children and adolescents.35 While the VOMS is consistent
and sensitive in identifying concussion,28 to what extent
vestibular or ocular motor impairments affect recovery
time is largely unknown. Thus, the present study is the first
to examine whether symptom provocation/clinical abnor-
mality in specific domains of the VOMS results in extended
recovery time after SRC in youth and adolescents. Ellis
et al13 recently reported that a large percentage (63%) of
pediatric (aged �19 years) SRC patients with postconcus-
sion syndrome (ie, recovery time .30 days) met the criteria
for vestibulo-ocular dysfunction (VOD). Identification of
VOD in that study used both clinical examination findings
and results from a self-reported postconcussion symptom
scale (PCSS). However, the explicit clinical abnormality
and/or symptom associated with the injury and subsequent
protracted recovery was not expounded. Further, although
reported, the determination of VOD in that study has not
been standardized or fully validated.

In the current study, the lowest crude hazard ratio,
associated with the longest recovery time, was observed
in those patients presenting with clinical abnormality or
symptom related to vertical saccades and vertical VOR.
Saccadic eye movement, a component of the ocular motor
system, functions to focus images in the visual field onto
the fovea centralis. In contrast, the VOR, under the control
of the vestibular system, acts to stabilize images onto the
retina while the head is moving. The neuroanatomic

mechanism that facilitates the synergy of vestibular and
ocular motor function consists of a complex network of sen-
sory organs and processing areas that interact with the
multiple components of the brain and spinal cord.32

Thus, the precise mechanisms by which VOMS abnormal-
ities arise after head trauma remain unclear. Physical
examination via tools such as the VOMS may offer insight
into the extent of the injury, but it remains relatively
unknown whether the clinical abnormalities are a result
of injury at the neuronal level (eg, excitotoxicity and cyto-
skeletal degradation) or at the structural level. While the
current data suggest that those patients presenting with
clinical abnormality or symptoms related to vertical sac-
cades and vertical VOR may require a more conservative
approach to recovery, future research is warranted to clas-
sify specific abnormalities of the vestibular and ocular
motor systems and to identify the underlying mechanism
of such injuries. Still, the brief and simple nature of the
VOMS used in this study makes it an effective and attrac-
tive option for the diagnosis of SRC and assessment of ves-
tibular and ocular motor dysfunction.

Research demonstrates a high occurrence of vision
abnormalities (ie, accommodative disorders, convergence
insufficiency, and saccadic dysfunction) associated with
adolescent concussions.24 Furthermore, previous literature
has suggested that convergence insufficiency provokes
concussion-related symptoms (ie, headache, difficulty
focusing, blurred vision)31 and is common in young ath-
letes with greater neurocognitive impairment.30 Pearce
et al30 reported that patients with convergence insuffi-
ciency have higher PCSS total scores than those without
convergence insufficiency, leading those authors to suggest

TABLE 2
Univariate and Multivariate Cox Regression Proportional Hazards Models for VOMS Domainsa

VOMS Domain Univariate HRb (95% CI) P Multivariate HR (95% CI) P Multivariate HRc (95% CI) P

Smooth pursuits 0.65
(0.47-0.90)

.009 0.98
(0.64-1.52)

.938 0.96
(0.62-1.51)

.875

Horizontal saccades 0.68
(0.50-0.94)

.018 1.24
(0.71-2.17)

.454 1.19
(0.68-2.11)

.538

Vertical saccades 0.55
(0.40-0.75)

\.001 0.84
(0.47-1.50)

.556 0.92
(0.52-1.64)

.781

Horizontal VOR 0.68
(0.49-0.94)

.018 0.84
(0.48-1.48)

.551 0.78
(0.44-1.38)

.393

Vertical VOR 0.60
(0.44-0.83)

.002 0.89
(0.50-1.58)

.688 0.97
(0.55-1.72)

.913

Near point of convergence 0.70
(0.46-1.08)

.107 0.79
(0.43-1.43)

.427 0.78
(0.42-1.42)

.409

Accommodation 0.79
(0.55-1.16)

.234 1.29
(0.75-2.22)

.35 1.32
(0.47-2.53)

.333

Vestibular 0.55
(0.40-0.76)

\.001 1.09
(0.47-2.52)

.849 1.09
(0.47-2.53)

.842

Ocular motor 0.45
(0.32-0.63)

\.001 0.47
(0.23-0.97)

.042 0.44
(0.21-0.88)

.021

aThe domains attributed to ocular motor assessments are smooth pursuits, horizontal and vertical saccades, near point of convergence,
and accommodation. The domains attributed to vestibular assessments are horizontal and vertical VOR. HR, hazard ratio; VOMS, Vestib-
ular/Ocular Motor Screening; VOR, vestibular ocular reflex.

bCrude HR.
cAdjusted for sex.
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that convergence insufficiency may simply be an indicator
of more severe injury. Nonetheless, convergence insuffi-
ciency is reported to be present in up to 46% of patients
with mild traumatic brain injury and concussion.2,6,9,10,28,30

In contrast, only 16.8% (28 of 167) of subjects in the current
study presented with convergence insufficiency; however,
those with convergence insufficiency did tend to have slower
recoveries (26.0 6 14.9 days). Despite the slower recoveries
observed in those with convergence insufficiency, the fact
that the crude hazard ratio associated with NPC approached
1 but was not significant suggests that assessing domains
individually may not prove useful in predicting a protracted
recovery. When domains were grouped as ocular motor or
vestibular, abnormality within the ocular motor domain,
which included NPC and accommodation, resulted in the
lowest crude hazard ratio compared with individual domains.
Taken together, these data support the utility of the VOMS
as a whole and do not support assessment of individual
domains exclusively for prognosis.

Clinical Implications

Although it is well documented that injury presentation and
trajectory vary from patient to patient, targeted management
of SRC is not common.11 Current recommendations state
that cognitive and physical rest forms the foundation of acute
SRC management.26 Although the medical community gen-
erally accepts those guidelines, the amount of rest recom-
mended after SRC is not widely agreed upon, and few
studies have examined the precise effect of cognitive and
physical rest as it relates to recovery time. Furthermore, lim-
ited research has examined alternative SRC management
strategies. Identification of specific vestibular/ocular motor
abnormalities and their associated prognosis using the
VOMS may aid clinicians in SRC management. Targeted ves-
tibular/ocular motor rehabilitation has been examined in the
context of concussion management. Although vestibular and
ocular motor rehabilitation is not widely used, early research
supports the use of such rehabilitation after concussion.1,29

As an example, customized vestibular rehabilitation has
proven to successfully reduce dizziness and improve balance
after concussion in both youth and adults.1 Still, further
studies that examine targeted rehabilitation after SRC are
warranted.

Limitations

The findings from this study are not without limitations.
Data from the current study were collected in a retrospective
manner, and thus complete data were not available for all
patients. Further, a lack of baseline VOMS measurements
prohibits us from knowing whether abnormalities associ-
ated with the VOMS were indeed a result of the SRC. Rapid
recovery may also have reduced the number of positive
symptoms and abnormalities observed in the current study,
although all patients were seen within 14 days of injury (5.7
6 3.5 days) in agreement with Mucha et al.28 Further study
is warranted in which VOMS is used as a sideline evalua-
tion tool immediately after injury. The results presented
herein are limited to youth and adolescent athletes (ages

11-19), a greater percentage of whom were male, and thus
may not be indicative of the pattern associated with adult
athletes. The anatomic and physiologic characteristics of
vestibular and ocular motor dysfunction are elaborate, and
clinicians using similar screening tools must be aware of
the numerous neurological disorders that present with ves-
tibular or ocular motor dysfunction.32 While all patients
with known underlying vestibular and ocular motor patho-
logic disorders were excluded from analysis, future research
should aim to acquire serial VOMS results from young ath-
letes and longitudinally examine developmental changes
and results in the event that SRC occurs.

CONCLUSION

The results of this research suggest that symptom provoca-
tion and clinical abnormality within all domains of the
VOMS, except for NPC and accommodation, delay recovery
after SRC in youth and adolescents. Thus, the VOMS not
only augments current diagnostic tools but also can predict
a protracted recovery in young patients with SRC. Early iden-
tification of VOMS abnormalities after SRC may lead to
advanced use of targeted rehabilitation, which may enhance
the prognosis of recovery for patients who sustain SRC.

A Video Supplement for this article is available in the online ver-

sion or at http://ajsm.sagepub.com/supplemental.

REFERENCES

1. Alsalaheen BA, Mucha A, Morris LO, et al. Vestibular rehabilitation for

dizziness and balance disorders after concussion. J Neurol Phys

Ther. 2010;34(2):87-93.

2. Alvarez TL, Kim EH, Vicci VR, Dhar SK, Biswal BB, Barrett AM. Con-

current vision dysfunctions in convergence insufficiency with trau-

matic brain injury. Optom Vis Sci. 2012;89(12):1740-1751.

3. Babcock L, Byczkowski T, Wade SL, Ho M, Mookerjee S, Bazarian

JJ. Predicting postconcussion syndrome after mild traumatic brain

injury in children and adolescents who present to the emergency

department. JAMA Pediatr. 2013;167(2):156-161.

4. Bakhos LL, Lockhart GR, Myers R, Linakis JG. Emergency depart-

ment visits for concussion in young child athletes. Pediatrics.

2010;126(3):e550-e556.

5. Barlow KM, Crawford S, Stevenson A, Sandhu SS, Belanger F,

Dewey D. Epidemiology of postconcussion syndrome in pediatric

mild traumatic brain injury. Pediatrics. 2010;126(2):e374-e381.

6. Brahm KD, Wilgenburg HM, Kirby J, Ingalla S, Chang CY, Goodrich

GL. Visual impairment and dysfunction in combat-injured servicemem-

bers with traumatic brain injury. Optom Vis Sci. 2009;86(7):817-825.

7. Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’

Association position statement: management of sport concussion.

J Athl Train. 2014;49(2):245-265.

8. Casson IR, Viano DC, Powell JW, Pellman EJ. Twelve years of National

Football League concussion data. Sports Health. 2010;2(6):471-483.

9. Ciuffreda KJ, Kapoor N, Rutner D, Suchoff IB, Han ME, Craig S.

Occurrence of oculomotor dysfunctions in acquired brain injury: a ret-

rospective analysis. Optometry. 2007;78(4):155-161.

10. Cohen M, Groswasser Z, Barchadski R, Appel A. Convergence insuf-

ficiency in brain-injured patients. Brain Inj. 1989;3(2):187-191.

11. Collins MW, Kontos AP, Reynolds E, Murawski CD, Fu FH. A com-

prehensive, targeted approach to the clinical care of athletes follow-

ing sport-related concussion. Knee Surg Sports Traumatol Arthrosc.

2014;22(2):235-246.

AJSM Vol. XX, No. X, XXXX Positive VOMS Increases Recovery Time 5

 at HARRIS METHODIST HLTH SERVICE on October 28, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/


12. Daneshvar DH, Nowinski CJ, McKee AC, Cantu RC. The epidemiology

of sport-related concussion. Clin Sports Med. 2011;30(1):1-17, vii.

13. Ellis MJ, Cordingley D, Vis S, Reimer K, Leiter J, Russell K. Vestibulo-

ocular dysfunction in pediatric sports-related concussion. J Neuro-

surg Pediatr. 2015;16(3):248-255.

14. Faul M, Coronado V. Epidemiology of traumatic brain injury. Handb

Clin Neurol. 2015;127:3-13.

15. Gessel LM, Fields SK, Collins CL, Dick RW, Comstock RD. Concus-

sions among United States high school and collegiate athletes. J Athl

Train. 2007;42(4):495-503.

16. Grubenhoff JA, Deakyne SJ, Brou L, Bajaj L, Comstock RD, Kirk-

wood MW. Acute concussion symptom severity and delayed symp-

tom resolution. Pediatrics. 2014;134(1):54-62.

17. Guskiewicz KM. Postural stability assessment following concussion:

one piece of the puzzle. Clin J Sport Med. 2001;11(3):182-189.

18. Harmon KG, Drezner J, Gammons M, et al. American Medical Soci-

ety for Sports Medicine position statement: concussion in sport. Clin

J Sport Med. 2013;23(1):1-18.

19. Hoffer ME, Gottshall KR, Moore R, Balough BJ, Wester D. Character-

izing and treating dizziness after mild head trauma. Otol Neurotol.

2004;25(2):135-138.

20. King D, Brughelli M, Hume P, Gissane C. Concussions in amateur

rugby union identified with the use of a rapid visual screening tool.

J Neurol Sci. 2013;326(1-2):59-63.

21. Kontos AP, Elbin RJ, Schatz P, et al. A revised factor structure for the

post-concussion symptom scale: baseline and postconcussion fac-

tors. Am J Sports Med. 2012;40(10):2375-2384.

22. Lau BC, Kontos AP, Collins MW, Mucha A, Lovell MR. Which on-field

signs/symptoms predict protracted recovery from sport-related con-

cussion among high school football players? Am J Sports Med.

2011;39(11):2311-2318.

23. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of

concussions among United States high school athletes in 20 sports.

Am J Sports Med. 2012;40(4):747-755.

24. Master CL, Scheiman M, Gallaway M, et al. Vision diagnoses are

common after concussion in adolescents. Clin Pediatr (Phila).

2016;55(3):260-267.

25. McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and

recovery time following concussion in collegiate football players:

the NCAA Concussion Study. JAMA. 2003;290(19):2556-2563.

26. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement

on concussion in sport: the 4th International Conference on Con-

cussion in Sport, Zurich, November 2012. J Athl Train. 2013;48(4):

554-575.

27. Meehan WP III, d’Hemecourt P, Comstock RD. High school concus-

sions in the 2008-2009 academic year: mechanism, symptoms, and

management. Am J Sports Med. 2010;38(12):2405-2409.

28. Mucha A, Collins MW, Elbin RJ, et al. A Brief Vestibular/Ocular Motor

Screening (VOMS) assessment to evaluate concussions: preliminary

findings. Am J Sports Med. 2014;42(10):2479-2486.

29. Naguib MB, Madian Y, Refaat M, Mohsen O, El Tabakh M, Abo-Setta

A. Characterisation and objective monitoring of balance disorders

following head trauma, using videonystagmography. J Laryngol

Otol. 2012;126(1):26-33.

30. Pearce KL, Sufrinko A, Lau BC, Henry L, Collins MW, Kontos AP.

Near point of convergence after a sport-related concussion: mea-

surement reliability and relationship to neurocognitive impairment

and symptoms. Am J Sports Med. 2015;43(12):3055-3061.

31. Scheiman M, Gallaway M, Frantz KA, et al. Nearpoint of conver-

gence: test procedure, target selection, and normative data. Optom

Vis Sci. 2003;80(3):214-225.

32. Schubert MC, Minor LB. Vestibulo-ocular physiology underlying ves-

tibular hypofunction. Phys Ther. 2004;84(4):373-385.

33. Stone SG, Lee BJ, Garrison JC, Blueitt D, Creed K. Sex differences in

time to return-to-play progression following sport-related concussion

[published ahead of print October 3, 2016]. Sports Health. DOI:

10.1177/1941738116672184.

34. Ventura RE, Jancuska JM, Balcer LJ, Galetta SL. Diagnostic tests for

concussion: is vision part of the puzzle? J Neuroophthalmol.

2015;35(1):73-81.

35. Zemek RL, Farion KJ, Sampson M, McGahern C. Prognosticators of

persistent symptoms following pediatric concussion: a systematic

review. JAMA Pediatr. 2013;167(3):259-265.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

6 Anzalone et al The American Journal of Sports Medicine

 at HARRIS METHODIST HLTH SERVICE on October 28, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/

