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Objective: The objective of this systematic review was to
investigate if a positive vestibular or oculomotor screening is
predictive of recovery in patients after concussion.

Data Sources: Using the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines to search through PubMed, Ovid MEDLINE, SPORT-
Discus, and the Cochrane Central Register of Controlled Trials
(CENTRAL) and hand searches of included articles.

Study Selection: Two authors evaluated all articles for
inclusion and assessed their quality using the Mixed Methods
Assessment Tool.

Data Extraction: After quality assessment was completed,
the authors extracted recovery time, vestibular or ocular
assessment results, study population demographics, number
of participants, inclusion and exclusion criteria, symptom scores,

and any other outcomes of assessments reported in the
included studies.

Data Synthesis: Data were critically analyzed by 2 of the
authors and categorized into tables regarding the ability of
researchers of each article to answer the research question.
Many patients who have vision, vestibular, or oculomotor dys-
function appear to have longer recovery times than patients
who do not.

Conclusions: Researchers routinely reported that vestibu-
lar and oculomotor screenings are prognostic of time to recov-
ery. Specifically, a positive Vestibular Ocular Motor Screening
test appears to consistently predict longer recovery.

Key Words: vestibular, concussion, recovery, traumatic
brain injury

recovery compared to a negative test.

Key Points
» A positive Vestibular Ocular Motor Screening (VOMS) consistently demonstrated to be an indicator of longer

« Clinicians should incorporate vestibular and ocular motor screenings into their assessment for concussion as it is a
prognostic factor of prolonged recovery from concussion and reliably elicits concussive symptoms in patients.

present with vestibular and oculomotor symptoms

during the initial diagnosis. Specific symptoms of the
vestibular and oculomotor system include eye movement
abnormalities such as saccadic' and eye-tracking dysfunc-
tion>” and vision abnormalities including vision reaction
time* and pupillary light reflex.’ Rates of vision dysfunction
have been reported at 62%,° oculomotor dysfunction at 21%
to 69%,'® and vestibular dysfunction at 81%’ after concus-
sion. Although these rates include patients who sustained a
concussion during a motor vehicle accident or accident at
the home, school, or work, most patients sustained a sport-
related concussion.'® Several symptoms are indicative of
vestibular or oculomotor dysfunction, including blurred
vision, visual problems, and double vision.® Some research-
ers have reported dizziness in approximately 50% to 80% of
diagnosed concussions.’'°

P atients who are diagnosed with a concussion often

Vision and vestibular symptoms have been investigated
as prognostic factors for recovery from concussive injury,''
with researchers of one scoping review suggesting that ves-
tibular and oculomotor testing can indicate the need for fur-
ther testing that could predict recovery.'? Other injury
characteristics reported in one systematic review to be
associated with recovery were total symptom severity,
headache severity, and dizziness severity. Symptom sever-
ity is the most frequently studied and strongest predictor of
time to recovery.'? It is difficult for clinicians to gain a full
picture of the symptoms and dysfunctions that a patient is
presenting with and to give patients a prognosis without
considering the multisystemic nature of concussive injury.

Often during a clinical evaluation, a multimodal assess-
ment will appropriately inform clinical decision-making.
Vestibular and visual symptoms are often present in patients
after concussion, and clinicians can assess impairments
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related to these systems. Several tools are available to
clinicians to assess the vestibulospinal, vestibulo-ocular,
and oculomotor systems. To assess the vestibulospinal
system, clinicians often use the Balance Error Scoring
System,'* sensory organization test,'>'® Romberg test,"’
Concussion Balance Test,'® or the tandem gait test.'
Some of these tests are included in the most recent side-
line concussion assessment tool (SCAT5)*° and have
been previously validated.'*'” Similar to the vestibulo-
spinal system, the vestibulo-ocular system has multiple
tests that clinicians can use to assess patients. Clinicians
can assess horizontal and vertical vestibular ocular reflex
(VOR) and visual motion sensitivity to challenge the
vestibulo-ocular system. Finally, the oculomotor system can
be assessed using horizontal and vertical saccades, near
point of convergence (NPC), accommodation, smooth pur-
suit, and pupillometry. Currently no single test is suitable to
screen patients for all these subdomains of vestibulo-ocular
and oculomotor systems.

The Vestibular Ocular Motor Screening tool (VOMS)
enables clinicians to assess many of the subdomains of the
vestibulo-ocular and oculomotor systems. The VOMS has
demonstrated that it is reliable and functionally allows cli-
nicians to measure most of the vestibular system and moni-
tor a patient’s vestibular system recovery.”' Thus, when
clinicians use the VOMS, they can gain a substantial under-
standing of which symptoms are provoked after each ocu-
lomotor task and which symptoms patients may be the
most sensitive to. However, to date, no investigators have
specifically examined (via a systematic review or meta-
analysis) the ability of the VOMS or vestibular or oculomo-
tor assessments within the VOMS to predict recovery from
concussion. Thus, our question is as follows: Do patients
who present with a positive vestibular or oculomotor screen-
ing, or single test within a vestibular or oculomotor screening,
after concussion have a longer recovery time than patients
with a negative vestibular or oculomotor screening?

METHODS
Search Strategy

This systematic review was completed using the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.” This review was
registered in PROSPERO (no. CRD42022306344). The
databases secarched include PubMed, Ovid MEDLINE,
SPORTDiscus, and the Cochrane Central Register of Con-
trolled Trials (CENTRAL). The search terms used include
VOMS, concussion, recovery, vestibular, vision, saccades,
NPC, visual motion sensitivity, and King-Devick. The spe-
cific searches were concussion AND VOMS AND recov-
ery, concussion and King-Devick AND recovery, and
concussion AND vestibular OR vision OR saccades OR
near point convergence OR visual motion sensitivity. In
addition to the searches of databases, hand searches of ref-
erence lists of all relevant articles were conducted. The ini-
tial searches were conducted in January 2022. Follow up
searches of PubMed were conducted in July 2022.

Selection Criteria and Quality Assessment

The inclusion criteria were studies of humans in which
researchers assessed patients with the VOMS or another

vestibular or oculomotor screening, recorded duration of
recovery from concussion, English language, limited to the
past 10 years (2012 to 2022), and level 4 evidence or higher
based on the Centre for Evidence-Based Medicine scale.”
Exclusion criteria were studies in which researchers exam-
ined rehabilitation effects on recovery. The results from the
database searches were exported and inputted into Covi-
dence systematic reviewer software (Veritas Health Innova-
tion). Once the results were imported, 2 authors (M.B. and
T.V.M.) screened the titles, abstracts, and full text for inclu-
sion. The Mixed-Methods Appraisal Tool** was used to
assess the quality of studies and was performed within
Covidence (Veritas Health Innovation).

Data Extraction

The primary data extracted from the studies included
recovery time, vestibular or oculomotor scores, and other
objective or subjective measures taken by clinicians or
reported by patients, such as postconcussion symptom
score, patient-report outcome measures, and cognitive or
balance assessments. Secondary data extracted from the
studies included the number of patients, patient demo-
graphics, study design, start and end date, inclusion and
exclusion criteria, and method of recruitment. The data
extraction was performed through Covidence and was orga-
nized by individual study. Each of the articles was evalu-
ated, and the data were extracted and inputted into the
individual data extraction tables in Covidence. If it was
impractical to extract the data from within Covidence, such
as that embedded in a large table, an Excel spreadsheet was
used.

Data Synthesis and Analysis

Once data were extracted, the authors critically evaluated
each of the articles for commonalities and differences,
focusing specifically on the extracted variables. The data
from included studies were reviewed for a possible meta-
analysis; however, the methods and statistical analyses
used in individual studies did not allow for the extraction
of similar data to perform a meta-analysis. A qualitative
synthesis of the findings was used to summarize the conclu-
sions. Articles were categorized into 2 groups based on the
study design and comparators used. The groups included
studies comparing typical and prolonged recovery and
studies assessing recovery over time with a positive or neg-
ative initial vestibular or oculomotor screening finding.

RESULTS

Figure 1 presents the flow diagram based on the PRISMA
guidelines. The literature search retrieved 1612 articles pub-
lished between January 1, 2012, and January 2, 2022. We
removed 684 duplicates and screened 937 studies. After we
screened titles and abstracts, we assessed 42 articles for
inclusion based on their full text. Two articles were included
in the full text screening after a review of the author’s per-
sonal article databases. After a full text evaluation, we
included 18 articles in the review (Tables 1-3).
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Figure. PRISMA flow diagram.

Quality Assessment

The Mixed-Methods Appraisal Tool was used to evaluate
each study for its quality (Tables 4—6). All the included
studies had representative samples of their respective popu-
lations of interest and used appropriate measurements.
Most of the included studies had complete outcome data,
except 4 studies.”>* Although most studies had complete
outcome data, a few had adequate controls for confounding
variables.?¢"-*°* Finally, for all of the studies, exposures
occurred as intended with the exception of one study®® in
which this aspect could not be determined.

Time of Assessment and Operationalization of
Positive Screening

In all of the included studies, the authors conducted ves-
tibular or oculomotor screening assessments at either the
time of injury or during the initial clinic encounter.
Researchers of some studies included subsequent screen-
ings at follow-up visits. For our purposes we did not opera-
tionalize a positive or negative vestibular or oculomotor
screening assessment. However, several studies (Buttner
et al,*>® Eagle et al,’® Glendon et al,*® Henry et al,* Price
et al,'" Sinnott et al,’” Whitney et al,*® and Worts et al*’)
used the VOMS cutoff of greater than a 2-symptom score
increase described by Mucha et al.?' Other authors (Anz-
alone et al,** Leddy et al,*® Master et al,*' and Martinez
et al**) chose to dichotomize patients based on any

symptom provocation. Cheever et al,® Glendon et al,*® and
Sufrinko et al*? did not disclose which they used, and Knell
et al*' examined different cut points for the VOMS.

Studies Comparing Typical and Prolonged Recovery

Researchers of nine of the included studies dichotomized
patient populations into typical and prolonged recovery.
The most common cutoff for typical vs prolonged recovery
was less than or equal to 28 days and greater than 28 days
used in 3 studies.?**** Martinez et al** used less than 29
days and greater than or equal to 29 days; Price et al,'' Ellis
et al,” and Eagle et al*® used less than or equal to 30 days
and greater than 30 days as their recovery cutoff; Leddy
et al*® stratified at 21 days; Cheever et al*® stratified at 16
days; and Sufrinko et al** stratified patients into groups of
less than 15 days, 15 to 29 days, and greater than 29 days
until recovery. For our purposes, we used the stratification
by Sufrinko et al*?; we combined cutoff groups of less than
15 days and 15 to 29 days into one group of less than or
equal to 29 days.

Among studies that dichotomized recovery, researchers
of only 3 studies (Leddy et al,*® Sufrinko et al,** and Worts
et al’”) investigated the association between a positive test
of smooth pursuits at initial presentation and recovery. In 2
studies, the authors found a significant relationship between
positive smooth pursuits at initial presentation and pro-
longed recovery, with Worts et al noting higher symptom
provocation from smooth pursuits among the prolonged

Journal of Athletic Training 51

$S900E 93l) BIA §1-90-GZ0Z e /woo Alooeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

"JoU pIp oym syusied ueyy
A1anooal Ja)e swoidwAs jusy
-sisiad aney 01 AjoyI| low
sawil} g 81om uonounysAp
J10JoWo[N00 Jeingnsan

B ynm pajuasaid oym sjusied

"JOU pIp Oym 80Uy} UBy}
AK1anooal pabuojoid e aney
01 Ajoy1| 810w SaWi} G 8lom
SINA @AIsod e yum susied

‘UOISSNOU0D

Buissasse 1o} |00} [njosN e aq
ued pue Aianogals pabuojoid
101paid Aew 31 ‘Aousioinsul

2ouablonuod Buunseaw Usypp

‘K1anooal
pabuojoid e yum sjusned ul
Apenomed Ailanooal [ealuld

Ja)je ewliedw! panuiuoo

(90°0¢ ‘26°2)
a6 ,co_wwsocoo Snolnald
(2022 '29°2) '8 ‘elewad

(L1162 ‘e272) 26°8 ‘8by
(62792

‘19'2) 68°8 Aluo AOA ‘epniQ
(10 %S6) HO se paheldsig
‘AOA pue Alenooal

Jo yibua| usamiag UoIBID0SSY

09°LL

251 =10 %56 81'S ‘SINA
:A1anooal

pabuojoid 10} HO paisnipy

(68 = U) %529 ‘OdN [ewuouqy
(91 =U) %611 “OdN [ewION
:A1anooal pabuojold
wo/Ly ¥ €¢h ‘OdN [ewiouqy
wo gL ¥ L'y “OdN [eWION
JAISIA [eniul e OdN

sAep
6'€S F 9'LS ‘OdN [ewiouqy
skep /'¥1 + 26} “OdN [EWION
:A1anooey

ev0 =d

‘Ainfunsod syeem 9 1e DdN
10" =d

‘finfunsod syeam g 18 OdN

(1 =U) %€9 ‘SOd

(22 = u) %62 ‘0HS 8oy
:dOA

(1 =U) %g9 ‘SOd

(€2 = u) %0¢g ‘OHS 8oy

:olewa %
KoL ¥ 91 ‘S0d

K22 = L€l ‘DS amndy
:obe ues|\

(%2€) 0g ‘ere

(%9¢) 2 ‘Aue3

:A101s1y uresBbiw 1o ayoepesH
(%9) G ‘ere

(%9) 6 ‘Ae3

:Aungesip Buiures Jo aHAY
(%11) 6 ore

(%) 61 ‘Aue3
:uoissaldap Jo Alaixuy
(%12) L1 ‘ore

(%92) 8¢ ‘Ale3

:SSOUYOIS uonow jo AIol1siH
(%09) 6% ‘@1e

(%0¢€) e ‘Ae3

:9lewa %

Z'v ¥ 'Sk ‘OdN [ewiouqy

€€ + 8L "OdN [ewloN
:swoydwiAs Jo JequinN

S'6 + L'E¥ “OdN [ewlouqy

9v ¥ G771 “OdN [BWION
:Ajienas woydwAsg

67 = 8'S "OdN [ewlouqy

skep €€ ¥ 9t ‘OdN [ewIoN
:uolien|eAa [eniul 0} sheq

9€} = U ‘%Pp'0S OdN lew.iouqy
€L =U ‘%9°6¥ OdN [ewIoN
'€ ¥ p ‘Aanodal pabuojoid
L'L ¥ G6°0 ‘UOISSNOU0D 81NdY
8'0 F ¥£°0 ‘|o4u0d AyeaH
:SUOISSNOUOD SNOIABIH

A 1'€ ¥ 88'9 ‘Alanooal pabuojoid
A2'9 F 119 ‘UOISSNOUOD 8INdY

'uoISSNou0d onewoldwAs
snoinaid e 1o} dn-moj|o}
Buunp uoissnouoo puo
-09S B pPaJayns oym sjuaiied
Aanful reuids jeunjonis
oljewnely Jo abeyliowsy
[elueloRIUI YUM SjuBled

"Joplosip Jejngisan
Bunsixealid 1o ‘Ieplosip
[eolbojoinau ‘|gl 81onas-0}

-9)eJapoW B YlM sjualied
"O4sS Je)e adljo
8y} Ul painseaw A19A0981 Jo
awi} e wo G| ueyy Jeyeald
DdN pue ‘(Aiaixue pue
uoissaidap Buipnoul jou)
JapJlosip poow Jo oujelyoAsd
‘(@Hav/aay Buipnjour)
Aujigesip Bulules) ‘eyoepesay
aurelBiw ‘esnge aoue)s
-gns ‘JoplJosip Jengisan
‘f1ebins Jenoo 1o o1bojoinau
‘afeysioway [elueloeiul
‘f1abins Jenoo ‘eidoAlquie

‘snwisiges)s ‘dn mojjo} 03 1s07

uoISSNoU0d

uey} 81eAas alow papeld
191 10 siepios|p [elolneyaq
1o ‘anuboo ‘jeoibojoinau
‘f1ebins olweyydo ‘Alebins

‘swoldwAs juasisiad
JO 10 DYS ande
Jo sisoubelp ‘1ebunoA

10 A g1 pabe usned

"(gge = u) saulepinb
SNSUBSUO0D JUBIIND
Jad uoissnouoo one
-woidwAs ‘pasoubelp
e yum abe jo A /| pue

2| usamiaq sjusiied

‘uoISSNoU09 JO shAep
] UIYIM passasse

|euoloas
$S010

aAoadsoliay Ze1esia

MBIAB] Yeyd

anioadsoliey oclB 18 ejfeq

[0JU0D 8SBD  4le 18 AaidnQ

9]BJ)SUOWSP SIUBLISSASSE $00° =d ‘USIA [enul 1e DdN A4S ¥ 660l ‘|osuod AyyesH ureiq ‘uonipuod aibojoyred ‘ploAozol L} yoyoo
Jojowo[noo pue Jengisap  :A1lenodal pabuojoid sa AyiesH :90udladxa siea A Jojow Jejnoo Jo Jeingusan ‘OYS yum pasoubeiq oAI0adsold  gle 10 Janesy)
suoIsnjouo) sainses|\ awooINO saoualayig dnoin BLBIID UOISN|OX] BUSIID UOISN|OU| ubisaqg Apnig
abed 1xaN uo panuiuo) Alanosay pabuojoid pue jeaidA] Buuedwos saipnis °| d|qel

Volume 59 ¢ Number 1 ¢ January 2024

52



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

‘1ou pip oym

asoy} uey} Alonooal pakelep
e aAey 0} ‘Ajaandadsal
‘Ajox1] @1ow sawiy 6| pue
Sowl} | 8JOM JISIA pUODDS
ay) 1e aouabianuod juiod

sbuipuyy

wexa [ealsAyd Alenooal
[ewIou SA pakejap JISIA puooas

610" =d ‘(L6¥L°L€ '220L'})
25E5°S ‘HO @ouablanuo)

sBuipuyy

6822 * S2'IE
‘passnouo9 Ajginoy
'] USIA
‘2100s woldwAs gs F uesy
skep
GG'29 F 9¢°G/ ‘Aianooal pakejeQg
skep gg'9 + £} ‘A1oA0oal [ewIoN
skep /2'8€ + 61'9¢

{Ayaixue Jo ‘uols
-saidap ‘epliosip Bulules|
‘aHQy jo sisoubelp Juaind ()
)Su oeIpIEBD pasealoul
10 aseas|p ueay umouy (g)
‘Ainlur Jayjo 01 enp |jiwpealt;
8y} uo asa1axa o} Ayjigeut (g)

olulD Juswabeuep
uoissnouo) Alsian
-IUN BY3 Je HISIA [eniul
jo shep o1~ ulyum
DHS paulelsns oym
(sieah g1—¢| pabe)
so)9|yie JUs0Sss|

-ope a[ewa} pue ajew

Jeau Jo sunsind yioows ay} wexa [eoisAyd A1anooal ‘passnouod AjpInoy ‘nouep el papnjoul (Qy) uoissno Hoyoo
uo aAlsod payse) oym sjusiied [ewJou SA paAe|op HISIA [eliu] :ds * ueaw ‘A1onooeal 0y shkeq  -Bojoinau [e00) Jo @ouspIAg (1)  -UOD BINdE YUM Sjudlied aAnoadsold ozle 10 Appa
(er=u)
%G8 ‘UoIS!|0d (19 = U)
66'€ ¥ 29’7 'SNA %EY ‘YOBI0D (92 = U) %E 81
/'€ ¥ 28°C ‘HOA [eOIUBA  ‘1oeluOoUOU ‘A1anodal pabuojoid
¥S'€ + LG°€ HOA [ejuoziioH (el =u)
617 T 20°¢ ‘9ousbienuo) %G 'gy ‘UoIs!||0d (G} = u)
71'€ T 29'C SOPBOOES [BOIUOA %L '6E JOBIU0D {(EY = U) %E0L
162 ‘J0BIUOOUOU ‘AI9A0DBI [BWION
T+ 02’2 Sopeooes [ejuoziioH ‘Modg
(L0'g = L€'} ‘synsund yioows (92=u)
se|ews) ‘gqs F uesw %g°eS ‘Aanooal pabuojoid
‘uoneoonold woydwAs (291 =u)
Yy ¥ GOV ‘SINA %Z°6€ ‘A1onooes fewloN
8/°€ ¥ 1L0'E ‘HOA [eOIBA X8s slewa
95°€ + 96'2 ‘HOA [ejuozuoH (LLE=U) %eg'8L
vE'v ¥ L2'g ‘9ousblanuo) ‘Agl-€L (e =Uu) %8I
G/'2 F 20°C ‘Sopeddes [edlluaA ‘A 21—8 :A1on00a1 pabuojoid
€V'Z ¥ Gt (982 =u)
‘sopeooes [ejuozioH %€0L ‘AgL—€L (12l =u)
8S°| ¥ 68°0 ‘sunsind yjoows  %/'62 ‘A g1—8 :A1anodal [lewIoN
's9e\ ‘S F uesw by ‘sJalleq abenbue| 0}
‘uoneoonoid woydwAs shep (G—g) & onp Apnis ayy jo asiwaid ayy
(100" > o) eseauoul yun ‘AManoodal pabuojoid  pueisiapun o} Ayjiqeul ‘Ainful
10 Alanooal Jebuo| shkep g/° | skep (y—1) g ‘A1enodal [ewloN UOISSNOUOD 8y} O} paje|al Ainlu Jo ayep
= (68285 0)dx3 ‘sejewo :(HOI) Ainfur eours swiy ueipapy  jou Ainful 1o 10848p [eo1bojol |eniul wouy skep /2
(100" > d) @sealoul shep -nau paiinboe Jo [eyusbuod UIyIm pajenjeas pue
A1enooal [rewliou Hun Jo Alenooal J1abuoj shep (25—-G¢) e Manooal pajoesjoid Jo sisoubelp snoinaid ‘sall OYS Ue yum pasou
B 10} 80UBYD %06 B 9ABY 8¢’ | = (918€22e 0)dx3 ‘solen shep -nful suids 10 08U pIgIOwWod -Beip ‘Ainfur jo swiy 18
AUl ‘SINOA @U1 uo aANl 'SINOA WO (ez2—€1) 81 ‘A1onodal jewoN Jo sisoubelp ‘Aejop jejusw uods e ui buiedioiued solles ased
-sod 189} Jou op oym sjuaijed uj swoldwAs ul esealoul yun-| (("OI) swn Aianooas uelpayy  -dojeaap jo sisoubelp snoinaid ‘A g1—g pabe sjuaied aAloadsold sle 18 [[auy
(ebuel G'/%—G¥1) €€ ‘SO ‘Ae|d 0y uinjal pajuanaid
(ebuei Gz—€) 01 ‘OHS 8IN0Y ey} SUOIPUOD [eDIpaW jus}
(v¥'92 ‘9'2) 62'8 ‘001 :8100S SOd UBIPS|N  -SIX©02 J8yj0 Woym ul sjusiied
(£8°€2 ‘G1°2) L1°L ‘BISeuWy (€1 =u) %¥S ‘SOd "SUOIIPUOD
(ee-ze ‘90°¢) (98 = U) %Ly ‘DS @Indy [edibojoweyidooinau
¥6°6 ‘ouresBiw snoinaid :UOISSNOUOD SNOIABIH JU81SIX800 Ylm Ssjusiied
suolsnjouo) sainses|\ swooInO saoualayig dnoin BLBIID UOISN|OX] BUBIID UoISN|oU| ubisaqg Apnig

abed snoinaid wol4 panupuon

‘L elqel

53

ining

Journal of Athletic Tra



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

(e} '28°0) 801 “opNIO

(€1 ‘88°0) 60"} ‘paisnipe aby
(¥2'1 ‘s8°0) 20" ‘peisnipe Ajn4
Moineqg-bury aAsod

:uoISsSNdouU0d XH

(Gg = u) %/°0€ ‘uoisj0)
(£9 = U) %8°8G ‘10BIU0Y
(6 = U) %6°Z ‘10BIU0OUON
(€ =u) %9 ‘WodsuoN
‘podg

(1 = u) %9¢ ‘elewad

*(Asdajida ‘aowny ureiq
‘al) Ainfur uoissnouod a8y} 0}
pajejal Jou s}09)ep [eo160jo.

‘A1anooal lew (g5°1 ‘96°0) 22°L (82 =U) %P9 ‘@eN  -nau pasinboe Jo |eyuabuod
-lou Jo Jojoipaid [nesn e sem apnIn X8S pue ‘saunlul suids
Buiusaios SINOA eaeBau Y (SS°L ‘96°0) g2’ | ‘paisnipe aby (92 = u) %822 ‘SoA 10 08U pigiowod (Ayd
‘Buiusalos SINOA aAnebau e (g9°L (88 =U) %z'//. ‘ON -0J1sAp Jenosnw “1epiosip
pey oym asoy} uey} Alonooal ‘GO’ L) L€' L ‘paisnipe Ain4 Alanogal pajoeliold  wnJjoads wsnhne ‘al) salljigqe
Jabuo| Aep-1¢°| e ul paynsal SINOA @AIsod (82—v1) -sip Buiuses| Jo sqQy ueyy yoyoo
Buiusalos SINOA @nusod v (1D 9%56) onel ayes 8ousplou| skep 61 (HOI) swn Aronoosy Jayjo sAejep |ejuswdoljanag paso|osIp UON  dAdadsoney . [e 18 8old
er'9 ¥ L0V
‘Aanooal pakejopuoN
ev'/€ ¥ 'L ‘Menodal pakejog
:(sAep) wexs 0} Aunfur wouy swi |
88°GF L'V
‘fanooay pakejopuoN
88/ * /G'6 ‘fonooal pahejeqg
10" >d ‘(ev'8 JJaquinu woydwAg
‘81'2) 8¢'v ‘Bunseyseinausep  2'Ge + 8z ‘Aienodal pehejppuoN
10" >d 16°L) * L¥°0€ ‘Muonooal pakejeq “dn-moj|o} pue sal
“8'9°1e71) 862 ‘Bunsay fensip (%) Aloyusaul dedipuey ssauizziq -reuonsanb jo Alejneq
Y0 =d ‘8L €292 B 9A19081 0} ssaubul
‘80° L) 25°¢ ‘Bunsel aaiubon ¥ 12’12 ‘Manooal pakejopuoN -|[IM pUB UOISSNOUO0D
:(HO) Mianooal pakelsp el F 80|z ‘Aenodal pakejag jo sisoubelp [eolpa|y
‘Kianooal pakejop pue sBuipulj wexa [eaiuln :(%) 8109s xapul Aljigesip YoaN ‘G 10g Aenuep pue
40 sJojoipaid Jusisisuod jsow 100 >d (826 ‘¥'1) 18°C ¥ 209} €10z AInr usamiaq
8y} 8JoM uoljeUILIEXS [BlIUI 2.2 ‘suswuredwi aaniubon ‘Alonooal pakejapuoN anjlIsu| seoud
1e sjuswuredw aAnuboo pue 20 =d 98y F /91 ‘Manodal pakejag -10G Yodg ayng ayy
Bunsay Jeinqisap "Alonodal “(20v ‘€l’L) ¥L°g ‘sseulzzig :(A) aby J& OlUl|D UOISSNOUO0D
pake|ap e aney o} Ajoyl| 810w $0 =d 09=IN spods 8y} 0} pasisjel
aJe oym sjuaied Ayuspi ued ‘(LY L1 ‘80°L) £G°€ ‘@yoepesH ‘eg = 4 :Aanooai pakejspuoN 10 pajuasaid-}as oym
wexe [eoluljo aAIsusyaiduwod (1D %S6) HO A1onooal 9 = N ‘¥€ = 4 :A1enooal pakejeQg sjuaijed pabe-abo) uoyoo
e jo sued pue swoldwAs swog  pakejap pue swoldwAs [eaiul) :(u) Jepuan) 'PasSO[OSIp BUON -|00 pue -JU8dsSeIopY  BAIjDadsolleYY  ,¢[e 18 Zaulle
2000 =4 *(A1onooal
‘(5020°921 1 —885¥€) pokejop yum pejeroosse
80£2°0Z ‘HO Neb wepue]l 9z'6l F 2862 ‘Aanodal pakejeq S| SIY} 9SNe28() SUOISSND podsg ul uoissnouon
2000 =d €6°G F $G'g ‘Aonodal [ewloN -uoo Joud g ueyr Jerealb (£)  UO ddUBIBIUOY |BUON
(2€52°€L1-€6G1°€) 90°'Gl F €8 ‘Passnouod Ajpnoy 10 (s1ex00|q eleq -euIsiu| Y ayi o1
96€8°61 ‘HO @ousbianuo) 2 USIA ‘69) Indino oeIpIeD J08)E Buipioooe uoISSNoUOD
L000 =d ‘al00s woldwAs s F ues|\ ey} suoneolpaw Jo asn (9) ay) pasoubelp oym
‘(€50G°1222—1000) €222 + £2°eS ‘Manooei pahejeq ‘|91 alenes uerisAyd Apnis e Aq
/18 Ly ‘O sunsind yjoows 9161 * g2'Se ‘A1onodal [lewloN J1o ayelapouw jo Aioisiy (S) pajenjeAs alem pue
suolsnjouo) sainses|\ swodnO saoualayig dnoin BLBIID UOISN|OX] BLBIID UOISN|OU| ubiseq Apnis
abed snoinald wol4 panupuo) | ajqel

Volume 59 ¢ Number 1 ¢ January 2024

54



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

‘Aanooal Job
-uo| 8|qissod pue uaping Woy
-dwiAs Jo annoipaid sieadde

Spu0oas
¥'8 * 8'€2 "OdN papadey
SpuU0das
/'8 ¥ 6'k2 “OdN [BwION
:awi} yeb wapuey yse}-a|buls
sIole
2'G ¥ 'L "OdN pepadey
Siold L'y ¥ 2'G ‘“OdN [ewIoN
'sJolle gs3gw
wo L'L ¥ 6°€l “OdN papadey
wo L'g ¥ 2'9 ‘“OdN [ewioN
;ujod Aianodal DdN
wog'9F L'LL ‘OdN papadey
wo gL ¥ L€ ‘“OdN [ewION
uiod yeaiq DdN

(21 =u) %91 ‘“OdN pepedey
(2 =U) %¥ ‘OdN [ewioN
Aixue xH

(21 =u) %91 ‘“OdN pepadey
(2 =U) %¥ ‘OdN [ewIoN
:aHav

(ge = u) %S¥ ‘“OdN pepadey
(L2 =U) %65 ‘OdN [ewloN
:U0ISSNOU09 snolnaid XH
skep 9°¢ + / ‘OdN pepeosy
shep '€ ¥ 89 ‘OdN [ewlioN
:uoneuasaid jpun awi |

(98 =) %Ly ‘“OdN pepadey
(12 =U) %9 ‘OdN [ewloN
:X9S 9jewa

"UoISSNOU0D
Xapul 8y} wolj Aianodal |n}
alojaq Ainful peay puooss e
paurelsns Jo ‘Buibewioinau
uo ABojoyied pajejal-ewnel}

Ainlur jo shep
¥} ulyum uonenjens
1o} O1Ul0 0} pajuSs

DdN pepedal e ‘Anful 1782 ‘DdN pepoday AGSL =671 ‘DAN pepaday  pey ‘wsiueydoaw pajejal ay| -a.1d pue abe jo A |euonoss
SAISSNOUO0D JO SABp 7] UIyIM 8'Gl ‘OdN [ewIoN K21 F 2°S1 ‘DdN [ewloN -syods-uou e Wody Uoissno 61> a1om Aay} Jl uois $S010
sjuaned Buissesse usyp :Aienes woydwAg 9By -U0D B paulelsNs Oym Sjuslled  -SNOUOD B yum sjuslied  oAloadsoljoy B EPENTIETYY
'L 60"k
=10 %S6 ‘€2’ ‘HO ‘100’
=4 '€900=3S1g =9 SNA  (2=U) %el ‘A1onooai Aep 06-0E
LS L OLL =10 %56 (e =u) %el ‘A1onoosl Aep 6251
'62'L '"HO ‘100" =d ‘6200 (= u) %G1 ‘Aenooes Aep 11>
=3S €62 = J :HOA [edloA :eureBIN
SSLLLE =10 %56 (21 =u) %L ‘Aionodsl Aep 06—0€
1€1 'HO 200" =d '980°0 (81 = u) %g. ‘Aionodsl Aep 6251
=3S 1.2 =9 :HOA [ewozlioH (1 =u) %es ‘fonooar Kep 1>
oA :UOISSNOUOD JO XY ON
‘201 =10 %S6 ‘21°0 ‘YO skep
620" =d 8800 = 3S 26} 8'L ¥ g'v ‘Aonodai Aep 06-0€
= ¢ :@0ue)sIp 8ousbianuo) shep
SLL9LE =10 %G6 ‘€' ) 6’1l + 9'¢ ‘A1enooal Aep 62-G1
‘"O k00" =4 'S0L'0=13S skep 6°L x¢¢ ‘Aanooal Aep 1>
‘9GE" = ¢ :SepPrOJES [BOILUOA :uoneluasald [pun swi |
88'L ‘6L =10 %G6 'S’} (€1 = u) %9/ ‘A1enodsi Aep 06-0€ "skep / 1sed
‘sieisn|o ‘HO ‘100" =d ‘ZL'0=13S (91 = u) %9 ‘A1enoosl Aep 62—G 1 ‘uonipuod aLielyo 8y} ulyum uonadwod
woldwAs se Alenoogal Jo Y0 = ¢ :Sepeosoes [euozlioH (22 =U) %18 ‘Aanooai Aep 1> -Asd ‘esnge aoueisgns 10} Jo aonoe.d spods
slojoipald 1snqoi se Jou a1am 6L ‘6L L =10 %S6 x9S 9le|\ JUsWIeal] ‘UoIIPUOD Jojow paziuebio ue Bui
Bunsay Jojowolndo pue Je| G 'HO ‘100" > d ‘G950 A6'L F 0°GL ‘Auanooal Aep 06—0€ Je|ndo 10 JengiseA ‘1sp -INp OYS J18y} pauley
-NQIISaA ‘1anemoH ‘Alanooal =3S ‘Gop" = g :sunsind yljoows A 2| ¥ g'G| ‘Manoodas Aep 62—G| -J0s1p [eaibojoinau ‘Aiebins -sns pey oym ‘sieah
UoISSNOUOD JO Jojolpald :sJ0101paid K12 ¥ 2°GL ‘Aanoodas hep 1> ureiq Joud ‘Aunlur Jo wisiu 2z pue g| jo sabe
poob e alam SapeOOES [BOILUOA A1anooal Aep 06—-0€ SINOA :9by  -eyosw Jesjd ou Yum sal9|yly ay) usamiaq sae|uy Apnis Hoyod e 18 ojuuyns
(—2) shep g
((HOI) uoneuasaid oy swi |
(82 = U) %9'1¢ ‘SOA
(98 =U) %¥'GL ‘ON
suolsnjouo) sainses|\ swooInO saoualayig dnoin BLBIID UOISN|OX] BUBIID UoISN|oU| ubiseq Apnig
abed snoinaid wol4 panupuo) | ajqel

55

ining

Journal of Athletic Tra



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

"9SBasIp 9AISN|900-0UBA ‘QOA ‘Ainlul ureiq onewnel ‘|91 ‘ewoipuis
uonsabuod ainjad ‘SDd {SSBUSNOIdSU0D JO [aA9] ‘DO ‘ebuel ajienbisiul ‘qO| Aol1sIH ‘XH ‘depiosip AlanoesadAyaionep-uonuane ‘qHAy ‘SIepJosip Houep-uolusle ‘sqQgy :suoneinalqay

"UOISSNOU0D
e Jaye sjuaied ul A1enoosl

'€ ¥ ¥'2

‘Kianooal pabuojold

2 ¥ 6’| ‘Aonodal [ewloN
:uoneoonoud

woldwAs sapeooes [eoluap

1'2 + £'¢ ‘Auenodal pabuojoid

6'L F L' ‘Asonooai rewioN
:uoneoonold

(/1 =)
%g ‘Aanooai pabuojoid
(est/s2=u)
%91 ‘A1onooal [lewloN
:$S9USNOIOSUOD JO SSOT
(Sp/L =u)
%91 ‘Alonodas pabuojoid
(#S1/8 = U) %G ‘A19A0D8) [BWION
:loplosip poow XH
(St/v =)
%6 ‘Aanooai pabuojoid
(eS1/G1L =u)
%01 ‘A1onooas [lewloN
:ourelbiw XH
(Sp/81L =u)
%01 ‘Alonodas pabuojoid
(9S1/2LL =u)
%e/ ‘fonooal lewloN
:X8s 9le|\
Ag'L ¥ |1'g| ‘Aanooal pabuojoid
Ag'L ¥ €61 ‘Adenodal [ewioN
:aby
shep
6L T ¥ ‘Aonooai pabuojoid
skep gl ¥ g
‘K1on0oal |lBWION
:uoneuasald |un awi]

(¢ = u) uonedoned

Hods Jo 1X8)u0d 8y} apIsino
pa1inoo0 Ainfur Jiayl 1eyl
paulwielep Sem 11 1o ‘(L1

"61L02 udy pue g102
JagquiaAoN Usamiaq
o1u1jo wianedino

ue o} Aunfur jo shep

pabuojoud jo aAoipaid si woldwAs sapedoes [ejuozLoH shep = U) 9oUBIBS|O [BOIPBW [N} / UIYIIM Uolen|ens 1o}
uoneluasald [eniul e saped /'L ¥ 2’} ‘Menodas pabuojoid €21 F ey ‘Aenodal pabuojoid 10} uinjai Jou pip Aeyl ‘(g pajussaid pue uois
-0BS [BOI1IOA pUB ‘SOpEOOES ¥ L F 70 ‘Aonodal [lewioN shep = u) Ainfur Jioy) aouls sAep -sNOU0O paje|al-Uods
|eyuozuoy ‘synsind yloows :uoneoonold 8'G ¥ G'9| ‘AJanodal [BWION < PaIINIJ0 USIA [BIHUI JIY} e Bujuielsns pjo yoyoo
woJj uonesonosd wordwAig woldwAs sunsind yjoows :uoneinp Alenodoey 1Byl paulwialep Jole| seml] A gl o1g| pabe sao|yly  oAoadsollay 6clB 18 SLOA
Spuooes
9'¢l ¥ 0'€€ "OdN papaday
SpU02as
2'Gl ¥ €2¢€ ‘OdN |ewloN
:awin yeb wepue) ysel-lenqg
suolsnjouo) sainses|\ swodnO saoualayig dnoin BLBIID UOISN|OX] BLBIID UOISN|OU| ubiseq Apnis

abed snoinaid wol4 panupuon

‘L elqel

Volume 59 ¢ Number 1 ¢ January 2024

56



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

‘Jou pip oym
sjuaned uey} Jonodal
01 Jabuo| aye) 0}
Ajoy1] 81ow Apueoiiu
-Bis a1em uonounysAp
o|peooeES Jo ‘synsind
yloows ‘HOA ‘uolep
-OWIW0298 ‘“DdN Yim
esald oym syusned

‘Buiuonouny
Jojowo|noo pue
Jejngisaa yum Buoje
uolssnouoojsod sAep
8 punoJe auljaseq
Jeau 0} paulnial
uoISSNOU0D Jaje
uaping woldwAs
sa19|yie Ausianiun

‘awl} Alanooal
pasealoul ue Yyim
pajeroosse sem DdN
pue uolepoWwWodo.
1deoxa SINOA

ay} uo 1sa1 aailsod Auy

sAep G ‘sunsind yoows+
skep |g ‘apny

-||dwe aAepOoWWo20Y —
skep 0G| ‘apny

-I[dwe aAepowwod0y +

shAep /¥ ‘eoueeg—

sAep /0] ‘@ouejeg+

shep ‘€5 ‘"HOA—

skep /01 ‘"HOA+

Aan0281 0] Wi} UBIPS

G00" >d ‘(€-0) 0°0 ‘skep g
000" =d ‘L0LVy— =2

‘(Gge1-0) 0'e ‘shep v
000" =d ‘S/ev—=2

‘(5'02-0) 0'¢ ‘shep g
:(UoISSNOU0D Jaye
9109S SINOA Uelipaw)

Bunsal yuel ubis UOXOD|INN
skep '€l + 0'€2

‘A1an028l SINOA 9AISOd
skepz'g ¥ vel

‘Kanooal SNOA anirebapN

:own} Alanooay
(€9'0—2€'0)

G0 Jojow JeinoQ

(92°0-%'0) G5°0 JeInqnsap
(91°1-85°0)

6/°0 ‘UOIIEPOWILIODDY

(80°1-9%°0) L0 ‘“OdN
(€8°0-v+'0)

9°0 'HOA [edIaA
(¥6°0-6%°0)

89°0 ‘HOA [eluozLIOH
(S2'0-+0)

GG'0 ‘SOpedoes [BOIUaA
(¥6°0-5°0)

89°0 ‘sepeooes [ejuozlioH
(6:0-2¥°0)

G9'0 ‘sunsind yijoows
‘HH oe

-lleAlun ‘sainseaw SINOA

(69 = U) %91 ‘Aeixuy
(08 = u) %8| ‘eureibiy
(egL =u)
%8¢ ‘SS8uXdIS UONO|\
‘salpigiowo)
(91—c1 "ol) v}
:0by
(BL1 =U) %L¥ ‘saeI
(662 = U) %6S ‘sojewa
DI
(9=U) %evI ‘OHS
(S8 = U) %Gg ‘sele|yie Iy
:Aujgesip BuiuiesT
(e =U) %8°¢L ‘OHS
(06 = U) %S ‘seelue |Iv
:uU0oISSNJU0? snolAald
(s2=u)+'19 ‘OHS
(26 =u)
%.'G9 ‘sald|yie IV
Xas 9\
Age ¥ 2902 ‘0dS
AG'L ¥ 50z ‘see|ye |1y
:oby

(¥ = U) %2 ‘18Ui0
(2€ =U) %g'61 190003
(L2 =u) %S 2y ‘Ileqiood

(6L =u)
%V L1 ‘lleqieyseg
:uonedioied podsg

(0g=u)

% 6°6¢ ‘UOISSNOU0D Jold
(69 = U) %€ LY ‘SHID
(86 = U) %.'8S ‘shog

Aiebins

o160j0inau snoinaid

10 abeyliowsay
[elueJORIUI YUM SIUBlEd

paso|osip 8UON

uoISSNoU0d
uey} 819A8S dlow
pepelb g1 Jo ‘siep
-10sIp |eiolABYS(q 10
‘aAIubo9 ‘jeoibojoinau
‘f1ebuns oiweyydo
‘f1ebuns urelq ‘uon
-Ipuoo a16ojoyied Jojow
Je[noo Jo Jeingusan

Jeuoneusaiu| ay} Buisn
uoISSNOU0D JO SISOU
-Beip mau e yum Ainful
40 A | ulyum pajues

-a1d oym A g| 01 G pabe

‘g|dwes o,g| e Bunues
-aldai ‘syuaned ogpe
|10} B JO 1no susied

oujelpad pajosjes
Alwopues gev Jo [e10} v

‘uoseas

0202610z &y} Buunp
UOISSNOUO0D € paule}

-sns oym sajajyie Agbny

‘uoIsSsnouo0d

4o shep | uiyum

passasse ‘p|o A 0z 01
L+ ‘OHS yum pesoubeiq

HUO0Y09 aAl0adsoliay .o 10 Jaisepy

10Y00 8AI10adsold ocl® 18 Uopua|n

HU0oY09 8Al0adsold B 18 auojezuy

suoisnjouo)

salnses|\ awodnQ

soouaiayig dnoin

BLIB)ID UOISN[OXT

BLIB)ID UOISN[oU|

ubiseq Apmis

abed 1xaN uo panupuo) BuluaaI0S J0J0WOINIQ JO JeINgNSaA dAINISOd Jaly A1aA0day snonuijuo) Buissassy salpnis  °g ajqel

57

ining

Journal of Athletic Tra



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

‘Bulueelos SINOA
2y} Jalje asealoul
woydwaAs juiod
-2 B UBY} SS9| pey
oym sjuaned ueyy Jeb
-uo| Apueoniubis sem
Aianooal jo yibus) ayy
‘asealoul woldwAs
aJow Jo iod-g

e pey oym sjusied uj

‘A1anooal

Jabuoj Ajpueoiiubis

B 9ABY JOU Op Oym

syuaned o} pasedwod

swoldwiAs Jeingn
-SOA BABY OUM Sjudlied

820" =d

‘8'Y ‘SOpEBOOES [BOILIOA
G20 =d

‘Y0’G ‘SOpPEBOES [BUOZIIOH
920" =d

‘86"t ‘sunsind yioows
‘(e4enbs-1yp yuel
-60oj se10)N-uEldEY) AI10
-N02al Bunoipaid SINOA

[ewJouge J0} 9AIND [BAIMNS

skep ¥6'v¢ ‘Isisiad

sAep g'9z ‘enoidw|
skep 662 ‘@UON
:A1anooal nun shep uesy

(2 = u) %g ‘umousun
(€ =) %¥ ‘feroeany
(1 = u) %z ‘ueisy
(GL=u)
%22 ‘UBdLIBWY UBdLY
(¥ = U) %69 ‘@NUM
:90ey
(67 =U) %eL
XS 9B\
XA
by
(5= u) %v'62 ISISIed
(g =u) %G| ‘@UON
:aurelbI
(9 = u) g'gg “sISI9d
(9 = u) %05 ‘eroidw|
(€ =U) %G| ‘@UON
1SSBUNOIS UONOI
1 =U%E | 1sIsiad
| = U %g aroidw|
9=U%¢c'¢l SUON
UOISSNOUOD SNOIABIH
(01 = u) %88s “sislad
(£ =u) %g"8g ‘eroidw
(¥ = u) %02 ‘@UON
:olewa
K12 T 9°GL qsisiad
gz * gGl ‘enoidw)
A6'L ¥ €l ‘BUON
:aby
/1 =u‘sisied
21 =u ‘anoidw
02 = U ‘@uoN
:sdnoun
(9v1—0v HoI)
98 ‘uonnjosal 0} dw |
(€6 =u)
%¢gg ‘UOIIEPOWWODDY
(L¥} =U) %S€E ‘OdN
(S22 = u) %99 "dOA
(82 =u)
%99 ‘synsind yioows

(82 = U) %89 ‘eoueleg

(G5€ = U) %28 ‘sopeddes
:uonejussaid

1e sjolep wexa [eaisAyd

(6€ = U) %6 ‘aav

sAep 09 ‘sunsind yjoows— (27 =u) % | ‘uoissaidaqg

pas0|osIp 8UON

Buibewioinau
aAlisod Jo Anful
aulds |BOIAI9 JUBLINDUOYD)

"Blep SINOA 109]100 0}
paido oym wnIosuod
YYD 8y} ul uonnusul
Bunedionied e Buipuane
9|IyMm UOISSNOUOD B
paulelsns oym ajo|yie Uy

‘ueroisAyd Bunean; Aq
paulwJalep Sse uolen
-|leAd @ouBIRd|O [BOIpaW
‘UoISSNOUOD Jaye shep
L=} | 1B UISIA [eO1Ul[0
puodas ‘Ainful jo sAep
0} UIYIM Juswssasse
[eaiulo e a19|dwon

9102 ‘1
aunp pue ‘v10z ‘L Anp
usamjaq welboid uois
-SNoU0Y) Joje|\ SPUIN

elydiepe|iyd jo [endsoH
s.uaIpliyD 8y 0} 6'058
10 ‘6°058 ‘¥°0G8 ‘€058
‘2°0G8 ‘21°058°11°0G8
‘1°0G8 ‘0°058 S8epod
UOISINSYH UIUIN ‘sosea
-sIQ JO uoledlyIsse|)

10Y00 8AIj0adsold gel® 10 Aounym

seles

8sBD 9AI108dsold LB 18 Houuis

suoIsNjou0)

SeINSes|\ 8WOooINQO seoualayig dnoio

BB UOISN[OXT

BlIB1ID UoIsnjou|

ubisaq Apnig

abed snoinaid wol4 panuiuon g ajqel

Volume 59 ¢ Number 1 ¢ January 2024

58



Conclusions
VOMS was associ-
ated with a 3.5-day
longer recovery.

Symptom increase of 2
or more on the

+

6.8;

*

Outcome Measures
.031

symptoms (mean =SD,
% abnormal test)

Smooth pursuits, 7.9 + 6.2;
8.4 + 7.3, 82%

6.6; 82%
Vertical saccades, 8.3 +

81%
Horizontal saccades, 8.4
6.6; 82%
Convergence, 8.3

81%
VOR-horizontal 8.3 = 6.7;

83%
VOR-vertical 8.4 + 6.8; 85%

Visual motion sensitivity,

P
Initial VOMS assessment

Convergence, 4.64,

54)
= 3)

5)
=9)

11)

Group Differences

(n
Noncontact, 4.4% (n

Limited contact, 16.2%
ADHD:

Sport classification:
Contact, 79.4% (n
7% (n

Hx migraines:

13% (n

Exclusion Criteria

Inclusion Criteria

Design

Table 2. Continued From Previous Page

Study

patients (P =.008)* and Suftrinko et al finding smooth pur-
suits had the strongest association with recovery over 30
days (odds ratio [OR] = 1.5 [95% CI = 1.19, 1.90], P <
.001).>* Although Leddy et al*® did not find a statistically
significant relationship between a positive smooth pursuit
at initial examination (1 to 10 days postinjury), upon a sec-
ond visit (13.6 = 1 days after visit 1) the authors did find a
statistically significant association (P = .0001) between a
positive smooth pursuit test and longer recovery at the sec-
ond visit. When comparing saccadic testing and prolonged
recovery, Worts et al*” found that patients who had a higher
symptom provocation for either horizontal or vertical sac-
cades were more likely to be in the prolonged recovery
group (horizontal saccades: P = .003, crude (unadjusted)
OR = 2.087 [95% CI = 1.375, 3.167]; vertical saccades:
P = .039, crude OR = 1.462 [95% CI = 0.983, 2.173]).
Similarly, Sufrinko et al** found that a positive smooth pur-
suit was predictive of recovery of 30 to 90 days (OR = 1.5
[95% CI = 1.19, 1.90], P < .001) and a positive smooth
pursuit, horizontal or vertical saccades was predictive of a
recovery of 15 to 29 days (smooth pursuits: OR = 1.25
[95% CI = 1.02, 1.55], P = .036; horizontal saccades:
OR = 1.31 [95% CI = 1.06, 1.62], P = .013; vertical sac-
cade: OR = 1.22 [95% CI = 1.01, 1.47], P =.035).

A similar assessment of saccadic functioning, the King-
Devick test, was included in 4 studies within this subgroup
that dichotomized recovery.''?**-° Among these studies,
only Worts et al*® found that patients who took longer to
complete the King-Devick test were more likely to have a
prolonged recovery (total time: P < .001; crude OR =
2.984 [95% CI = 1.958, 4.546]). Specifically, patients in
the prolonged group took a longer (73.2 = 21.7 seconds)
time to complete the King-Devick test than those in normal
recovery (56.9 * 14.0 seconds).’® Martinez et al** found
that patients who had symptom provocation during the test
were almost 3 times as likely to have a prolonged recovery
(OR = 2.98, P < .01). Price et al'' found a small but non-
significant effect of 1.09 (95% CI = 0.88, 1.34), demon-
strating a potential increased likelihood of prolonged
recovery when testing took longer than the 75th percentile
for the respective age group on the King-Devick test. In
contrast, Cheever et al*® found no statistically significant
difference between performance on the King-Devick test
between patients who had a prolonged vs normal recovery
at initial visit or any subsequent visit (initial visit: P =
214; 2 weeks: P =.779; 6 weeks: P =.698).

A positive NPC appears to be associated with prolonged
concussion recovery, according to 4 studies,?****3-? which
reported statistically significant relationships. Sufrinko
et al*?> found a similar result comparing convergence dis-
tance predictive of a recovery of 15 to 90 days compared to
a recovery of <14 days. Cheever et al*® did not find an
association between a positive NPC and the likelihood of
prolonged recovery at initial visit (P = .114); however, the
authors used a shorter elapsed time to dichotomize patients
into prolonged and normal recovery, namely, 16 days.

Researchers of four studies**>%*** examined VOR test-
ing with mixed results. Eagle et al*® reported a significant
relationship between a positive VOR and longer recovery
time in both male and female patients. Sufrinko et al*?
found positive horizontal and vertical VOR predictive of
longer recovery with reported ORs as high as 1.31 by using
the horizontal VOR test to predict a recovery of 30 to 90
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Table 4. Quality Assessment Results: Studies Comparing Typical and Prolonged Recovery

Qb5: Intervention Administered

Q2: Appropriate Q3: Complete Q4: Confounders

Q1: Representative

Level of
Evidence

as Intended

Measures Outcome Data Accounted For

Participants

Study Design

Reference

Yes
Yes
Yes
Yes
Yes

Can't tell
Yes
Yes
Yes
Yes
Yes
Yes

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Prospective cohort
Case control

Cheever et al®

Yes
Yes
No

DuPrey et al*®

Retrospective chart review

Eagle et al®®

Retrospective cross sectional
Prospective case series
Quantitative RCT

Ellis et al?”

Yes
No

Knell et al®’

Can't tell
Yes
Yes
Yes
Yes
Yes

Leddy et al®®

Yes
Yes
Yes
Yes
Yes

Retrospective cohort

Martinez et al®**
Price et al'’!

Can't tell
Yes
Yes

Retrospective cohort

Cohort study

Sufrinko et al®?

Retrospective cross sectional

Retrospective cohort

Walker et al®®

Can't tell

Worts et al*®

Abbreviation: RCT, randomized controlled trial.

days compared to a recovery less than 14 days. Interest-
ingly, in the same study, the horizontal and vertical VOR
tests were unable to predict a recovery of 15 to 29 days
compared to a recovery of less than 14 days when using
multinomial regressions.*> Counter to these results, research-
ers of 2 studies (Leddy et al** and Worts et al*°) found no
statistically significant differences between patients with a
prolonged and normal recovery when comparing results of
VOR testing. Worts et al*® did find numerical differences
between the prolonged and normal groups on VOR testing,
but the differences did not reach statistical significance.

Eagle et al,*® Sufrinko et al,** and Worts et al** examined
visual motion sensitivity (VMS) with similar findings across
studies that a positive VMS is related to prolonged recovery.
Eagle et al*® found a significant relationship between a lon-
ger recovery and positive VMS. When Worts et al*® included
extreme test scores in regression models, they found that
VMS is likely to predict prolonged recovery with an OR of
1.54 (95% CI = 1.13, 2.09) and a crude OR of 4.36 (95%
CI = 2.13, 8.93) for an adjusted OR. Sufrinko et al** found
in a multinomial regression analysis that a patient with a
positive VMS was 1.23 times as likely to have a 30- to 90-
day recovery relative to a recovery less than or equal to 14
days.

Finally, researchers of 5 studies reported on
grouped vestibular and oculomotor testing positivity and its
relationship to prolonged recovery. Worts et al*® found all
of the VOMS measures, except VOR, to be predictive of
prolonged recovery. Price et al'' reported a negative
VOMS predictive of normal recovery (fully adjusted inci-
dence rate ratio = 1.31 [95% CI = 1.05, 1.63), with a nega-
tive predictive value of 80.77%. Eagle et al** found that
any increase in symptoms during VOMS testing was pre-
dictive of a longer recovery in males only, and in females,
only the vestibular assessments within the VOMS was
predicative of prolonged recovery. Similarly, if a patient
did not have a 1-unit increase, researchers found a 90%
chance that patients recovered within 30 days.>** Martinez
et al** found that patients were 4 times more likely to have
a prolonged recovery if they had symptom provocation on
any of the screening tests (OR = 4.28, P <.01). Addition-
ally, the same study found consistently, across multiple
analyses, that a positive vestibular screen was associated
with a 3 to 4 times increased odds of delayed recovery in
patients after concussion.*® Ellis et al*’ noted that more
than 1 subjective report of vision problems and 1 positive
oculomotor or vestibular test were predictive of prolonged
recovery (adjusted OR = 4.1 [95% CI = 1.04, 16.16]). A
positive oculomotor or vestibular test in the previous study?’
included symptom provocation or an abnormal finding on a
singular test. Researchers of these 5 studies demonstrated
consistently that the VOMS, vestibular screenings, or oculo-
motor screenings may help predict recovery.

11,27,30,34,39

Studies Assessing Continuous Time to Recovery
After Positive Vestibular or Oculomotor Test

Although many study designs classified patients into
normal and prolonged recovery, others chose to use recov-
ery as a continuous variable. Researchers of four stud-
ies®’*%4%4! ysed continuous days until recovery or return to
play. Anzalone et al,** Master et al,*' and Whitney et al*®
reported on smooth pursuits and its relationship to
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Table 5. Quality Assessment Results: Studies Assessing Continuous Recovery After Positive Vestibular or Oculomotor Screening

Q5: Intervention Administered

Q1: Representative Q2: Appropriate Q3: Complete Q4: Confounders

Level of

as Intended
Yes
Yes
Yes
Yes
Yes
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recovery; all researchers found a significantly longer recov-
ery in patients who had a positive smooth pursuits test than
patients who had a negative test. Similarly, a positive sac-
cades was found to be significantly associated with a longer
recovery by Whitney et al*® (P =.025) and Anzalone et al*
(horizontal saccades: P = .018, vertical saccades:
P < .001), a positive VOR was found by Anzalone et al*’
(horizontal VOR: P = .018, vertical VOR: P = .002) and
Master et al*! (log-rank P =.001), and a positive NPC was
found by Whitney et al*® (P =.031).

Whitney et al*® found that patients who had a VOMS
symptom increase of greater than or equal to 2 had an aver-
age recovery time of 3.5 days longer than those who had a
negative VOMS. Knell et al*' assessed symptom increase
within sexes and found that (1) in males, a 1-unit increase
in symptom provocation during VOMS assessment
increased recovery time by 1.38 days (P <.001), and (2) in
females, the recovery duration per 1-unit increase was 1.73
days (P < .001). Similarly, Price et al'' reported that
patients who had a 2-point increase on any VOMS test had
a 1.31-day longer recovery than patients with a lesser
increase. Researchers of another study found that patients
who reported more than 1 vision problem and at least 1
positive oculomotor or vestibular test had a median recov-
ery time of 40 days (interquartile range = 28.5-54 days)
compared to 21 days (interquartile range = 13-32 days) in
patients who did not report these symptoms and had nega-
tive oculomotor or vestibular tests.?’

Additionally, Sinnott et al*” examined recovery among
patients who had no vestibular symptoms compared to those
who reported their vestibular symptoms were improving
over time and patients who indicated their vestibular symp-
toms were persisting. In patients with improving vestibular
symptoms, recovery was 3.47 days longer than patients with
no vestibular symptoms. The difference reported by Sinnott
et al’” between patients who had no symptoms and persisting
symptoms was even greater with patients experiencing per-
sisting symptoms having a 11.99-day longer recovery than
patients with no vestibular symptoms. Researchers of these
studies consistently suggest that a longer recovery is associ-
ated with positive vestibular or oculomotor tests.

DISCUSSION

Researchers of 14 of the 19 included studies in this sys-
tematic review suggest that patients having a positive ves-
tibular or oculomotor screening test is indicative of longer
recovery than patients who do not test positive on these
screenings. Authors of these studies consistently found that
vestibular or oculomotor tests are able to predict recovery,
with authors of studies reporting a difference of slightly
more than 1 day.'' In contrast, other authors report a 3- to
4-day difference in recovery length.*'>73® It appears that
if patients report vestibular or oculomotor symptoms or
screen positive on vestibular or oculomotor testing, they
will have a longer recovery than patients who do not
because these systems affect how people interact with their
environment. Other researchers have found the VOMS to
have relatively low false-positive rates** and similar
impairments between collegiate and high school athletes.*
Moreover, sideline assessments of oculomotor testing, like
the King-Devick test, have been found to be a good supple-
mental tool to traditional sideline assessment tools, such as

(2]
N
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Table 6. Quality Assessment Results: Studies Examining Natural Recovery of Vestibular and Oculomotor Screenings

Qb5: Intervention Administered

Q4: Confounders
Accounted For

Q1: Representative Q2: Appropriate Q3: Complete

Level of
Evidence

as Intended

QOutcome Data

Measures

Participants

Study Design

Reference

Yes
Yes
Yes

Can't tell

Yes
Yes
No

Yes
Yes
Yes

Yes
Yes
Yes

Prospective longitudinal
Prospective cohort

Buttner et al®®

Can't tell

Glendon et al*®
Henry et al?®

Can't tell

Prospective case series

the SCATS5.** Within the broader prognostic indicator liter-
ature for concussion, this review builds upon previous liter-
ature'>'® in which authors suggest that vestibular or
oculomotor dysfunction may play a role in identifying
patients with persisting symptoms who have a longer
recovery. As such, the vestibular and oculomotor assess-
ments should be included as part of a multimodal con-
cussion assessment battery.

Our findings should be interpreted in the context of sev-
eral limitations. Most patients were seen in concussion spe-
cialty care; the aggregation of findings suffered from
inconsistent methods, including assessment tool and tim-
ing; and outcome measures were inconsistent. Within the
studies included in the systematic review in which
researchers examined VOMS testing, 8 studies (Biittner
et al,>> Eagle et al,>* Glendon et al,*® Henry et al,*> Price
et al,'' Sinnott et al,”” Whitney et al,*® and Worts et al*”)
classified a positive VOMS as symptom provocation of
greater than 2, as proposed in the original article for
VOMS testing by Mucha et al.?' Authors of 4 articles (Anz-
alone et al,** Leddy et al,*® Master et al,*' and Martinez
et al**) used any symptom provocation as a positive
VOMS. This discrepancy makes it difficult to compare
studies because of the different operationalizations for
which some patients in the latter group of studies would
test positive. In the former group, if the symptoms did not
reach a threshold greater than 2, the patients would have
been noted as negative. The populations studied in the
included articles ranged from as young as 5 years old to 40
years old. However, only Biittner et al** included athletes
who were older than collegiate athletes, and authors of 2
studies (Ellis et al*’ and Walker et al**) did not exclude
patients younger than 5 years old in their methods. The
weighted mean age for studies that reported mean age is
16.4 years old, demonstrating that the patient population is
concentrated in high school-aged patients. The adolescent
age group appears to sustain an inordinate number of con-
cussions, as supported by epidemiologic research.*” Having
most patients treated in concussion specialty care limits the
clinical applicability of this review. Patients who are seen
in specialty care often have access to private insurance and
are of a higher socioeconomic status, and thus, they are
able to seek care earlier, which has also been found to
reduce recovery time.*® Also, our findings may not be gen-
eralizable to patients in lower socioeconomic situations.
Additionally, patients evaluated in specialty clinics may
have had symptoms longer*’ or more severe symptoms
than patients who were evaluated by only an athletic trainer
or primary care provider. These patients may not represent
the larger proportion of patients whose concussions do not
require specialty care.

Additionally, the methods of the included studies were
varied, and the authors were unable to combine the results
of these studies into a meta-analysis. Furthermore, the
authors reported a variety of evaluation timepoints, out-
comes, and analytical approaches, including VOMS com-
ponent interpretation, which limited the direct comparison
of results across studies (Supplemental Table). Further-
more, recent evidence suggests that using a change score
with the VOMS, rather than the total score, may improve
the identification of concussion through component and
overall clinical cut-offs.*® Future researchers should use
multiple variables in the concussion evaluation to help
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clinicians predict a prolonged recovery while using the
shortest clinical examination.

CONCLUSIONS

Vestibular and oculomotor screening tests can help
inform clinicians about a patient’s status. With the findings
of this systematic review, we conclude that a positive ves-
tibular or oculomotor assessment may be prognostic of a
longer recovery time than a negative screening (Strength of
Recommendation: B). Although researchers of most studies
found that a positive vestibular or oculomotor screen was
associated with a longer recovery, most of the included
studies were level 3 or 4 evidence and are not generalizable
to patient populations. However, clinicians in all settings
should be encouraged to include vestibular or oculomotor
assessments into their concussion assessment battery to
inform rehabilitative efforts and monitor recovery (Strength
of Recommendation: C). These assessments are cost effec-
tive, require little to no equipment, and can assist clinicians
in determining dysfunction, informing rehabilitative efforts,
and aiding in determining a patient’s prognosis.
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