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Background

Deficits in dynamic neuromuscular control have been associated with post-injury
sequelae and increased injury risk. The Y-Balance Test Lower Quarter (YBT-LQ) has
emerged as a tool to identify these deficits.

Purpose

To review the reliability of the YBT-LQ, determine if performance on the YBT-LQ varies
among populations (i.e., sex, sport/activity, and competition level), and to determine the
injury risk identification validity of the YBT-LQ based on asymmetry, individual reach
direction performance, or composite score.

Study Design

Systematic Review

Methods

A comprehensive search was performed of 10 online databases from inception to October
30, 2019. Only studies that tested dynamic single leg balance using the YBT-LQ were
included. Studies were excluded if the Y-Balance Test kit was not utilized during testing
or if there was a major deviation from the Y-Balance test procedure. For methodological
quality assessment, the modified Downs and Black scale and the Newcastle-Ottawa Scale
were used.

Results

Fifty-seven studies (four in multiple categories) were included with nine studies assessing
reliability, 36 assessing population differences, and 16 assessing injury prediction were
included. Intra-rater reliability ranged from 0.85-0.91. Sex differences were observed in
the posteromedial direction (males: 109.6 [95%CI 107.4-111.8]; females: 102.3 [95%CI
97.2-107.4; p = 0.01]) and posterolateral direction (males: 107.0 [95%CI 105.0-109.1];
females: 102.0 [95%CI 97.8-106.2]). However, no difference was observed between sexes in
the anterior reach direction (males: 71.9 [95%CI 69.5-74.5]; females: 70.8 [95%CI
65.7-75.9]; p=0.708). Differences in composite score were noted between soccer (97.6;
95%CI 95.9-99.3) and basketball (92.8; 95%CI 90.4-95.3; p <0.01), and baseball (97.4;
95%CI 94.6-100.2) and basketball (92.8; 95%CI 90.4-95.3; p=0.02). Given the
heterogeneity of injury prediction studies, a meta-analysis of these data was not possible.
Three of the 13 studies reported a relationship between anterior reach asymmetry reach
and injury risk, three of 10 studies for posteromedial and posterolateral reach asymmetry,
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and one of 13 studies reported relationship with composite reach asymmetry.

Conclusions

There was moderate to high quality evidence demonstrating that the YBT-LQ is a reliable
dynamic neuromuscular control test. Significant differences in sex and sport were
observed. If general cut points (i.e., not population specific) are used, the YBT-LQ may
not be predictive of injury. Clinical population specific requirements (e.g., age, sex, sport/
activity) should be considered when interpreting YBT-LQ performance, particularly when

used to identify risk factors for injury.

Level of Evidence
1b

INTRODUCTION

Despite increased evidence on injury prevention and identi-
fication, injuries ranging from minor to career-limiting con-
tinue to rise.l2 Deficits in lower extremity dynamic neu-
romuscular control have been implicated as an injury risk
factor and have been observed after lower extremity in-
jury.3-6 Interventions to improve lower extremity dynamic
neuromuscular control have been utilized as a component
in multiple injury prevention programs. Specifically, re-
searchers have observed that athletes who participated in
an injury prevention program displayed improved lower ex-
tremity dynamic neuromuscular control.”8 One study ob-
served that the intervention group who was most compliant
demonstrated the greatest lower extremity dynamic neu-
romuscular control improvement, and sustained lower ex-
tremity injuries at decreased rates.8 Additionally, health
care practitioners frequently utilize dynamic neuromuscu-
lar control as an outcome measure for return to sport cri-
terion. Thus, there is a need for a lower extremity dynamic
neuromuscular control test that identifies athletes at in-
creased injury risk, captures changes that may occur with
intervention, and evaluates return to sport readiness (i.e.,
ensure motor control deficits that occur after injury have
normalized). In order to be useful in a sports setting the test
would need to be valid and easy to use.

The Star Excursion Balance Test (SEBT) and Y-Balance
Test Lower Quarter (YBT-LQ) have been studied and used
extensively for the determination of physical readiness and
injury risk identification, return to sport testing, and pre-
post intervention measurement.®® The SEBT, through a
systematic review, has been found to be reliable, valid, and
responsive to specific dynamic neuromuscular control
training for injured and healthy athletic populations.® The
advantage of the SEBT and YBT-LQ is that they test neuro-
muscular control at the limits of stability, which may allow
for identification and magnification of subtle deficits and
asymmetry.©

The YBT-LQ was developed from the SEBT in order to
improve the reliability and field expediency of the SEBT.?
The YBT-LQ was simplified to use only the most reliable
three reach directions (compared to eight reach directions
with the SEBT). While both tests require dynamic neuro-
muscular control at the limits of stability, there are differ-
ences between the tests. The YBT-LQ uses a standardized
approach via a testing kit and revised protocol to improve
the reliability and testing speed. Protocol revisions include:
heel of stance foot is allowed to raise, no touch down is al-

lowed with reaching limb, and kit incorporates a standard
reach height off the ground is used.”

While the efficiency of the test may have been improved,
these differences in test procedures can alter performance,
leading researchers to conclude that the SEBT and YBT-LQ
are not interchangeable.10:11 Coughlan et al.10 compared
the performance on the SEBT and YBT-LQ, and found that
healthy males reached farther on the SEBT in the anterior
direction, but had similar reach distances in the posterior
directions.10 Fullam et al.1l examined the kinematic differ-
ences between the SEBT and YBT-LQ. It was confirmed that
healthy males reached farther in the anterior direction, and
from a kinematic perspective, the YBT-LQ anterior reach
had greater hip flexion.!! These differences may be due to
procedural differences or the use of a standardized YBT-LQ
test kit. In addition to the differences in results between
the YBT-LQ and SEBT, researchers have found that there
may be differences in performance based on sex, sport and
competition level in both tests.3 Differences have been re-
ported between subject performance on the YBT-LQ based
on country of origin,'2 as well as, competition level.13,14
However, it is uncertain whether these findings are isolated
to these populations or represent a true difference in per-
formance among populations.

While a systematic review has been performed on the
reliability and discriminant validity of the SEBT, the YBT-
LQ has not undergone a similar rigorous analysis regarding
its effectiveness regarding injury risk identification.® In the
SEBT systematic review, the YBT-LQ was described as re-
liable, but only one study was available; thus, there is a
need to investigate and summarize the YBT-LQ literature.®
The purpose of this systematic review and meta-analysis
was to review the reliability of the YBT-LQ, determine if
performance on the YBT-LQ varies among populations (i.e.,
sex, sport/activity, and competition level), and to determine
the injury risk identification validity of the YBT-LQ based
on asymmetry, individual reach direction performance, or
composite score.

METHODS
STUDY DESIGN

A systematic review was performed on the reliability, valid-
ity, and population differences of the YBT-LQ. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were utilized to conduct and report
this review.15 This review was prospectively registered with
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Prospero CRD42018090102.
SEARCH STRATEGY

A comprehensive computerized search was performed, em-
ploying online databases (MEDLINE, CINAHL, Cochrane,
Embase, SPORTDiscus, Health Source-Consumer Edition,
Health Source: Nursing/Academic Edition, SocINDEX, and
Social Sciences), from inception to October 30, 2019. Med-
ical subject headings (MeSH) and keywords were utilized for
“dynamic balance,” “Y-Balance Test,” “Star Excursion Balance
Test,” and “single leg balance.” The full search strategy en-
tailed “y balance test*”[All Fields] OR “star excursion bal-
ance test*”[All Fields] OR YBT[AIl Fields] OR SEBT[AIl
Fields]. References were tracked in Covidence systematic re-
view software (Veritas Health Innovation, Melbourne, Aus-
tralia).

9

ELIGIBILITY CRITERIA

Studies examining the YBT-LQ were included if they met
the following criteria: 1) tested dynamic single leg balance
using the YBT-LQ; 2) full-text articles were written in Eng-
lish. Study exclusion criteria consisted of 1) studies that did
not use the Y-Balance Test kit during testing; 2) major de-
viation from the Y-Balance Test procedure (e.g., stance foot
heel kept down); 3) the Y-Balance Test Upper Quarter pro-
cedure was utilized instead of the YBT-LQ; 4) conference
abstracts or non-peer-reviewed papers.

STUDY SELECTION

Four reviewers (GB, MG, BH, KS) were split into pairs, and
each pair independently assessed half of the selected stud-
ies. Title and abstracts were first screened using inclusion
and exclusion criteria. Four reviewers independently, who
were all physical therapists and specialized in sports med-
icine, executed full-text review following title and abstract
screening. Any conflicts were first discussed within the four
reviewers. If a consensus could not be reached, another re-
viewer (P]), who is a physical therapist, athletic trainer,
PhD, with over twenty years’ experience in sports medicine,
was utilized to determine final study eligibility. Following
full-text review, a hand search was performed for any stud-
ies missed within the initial search.

DATA EXTRACTION

Data were extracted into a customized Excel spreadsheet
(Version 2013, Microsoft, Redmond, Washington, United
States) in three domains: reliability, population differences,
and injury prediction. Two reviewers verified data for each
domain. Disagreements concerning data domain placement
were resolved by a third reviewer (P]). Data elements in-
cluded study characteristics (e.g., publication data, study
design, and population), YBT-LQ methodology, and results
(number of injuries, reach distance, reach asymmetry, and
reliability).

QUALITY ASSESSMENT

All three domains (reliability, population differences, and

injury prediction) were each analyzed by two independent
reviewers (GB, MG, BH, KS). A third reviewer (P]) resolved
any quality assessment disagreements. The Oxford Centre
for Evidence-Based Medicine (OCEBM) levels of evidence
(Level I to IV)16 was used to discern study design. The YBT-
LQ methodology was specifically assessed for uniformity.®
The YBT-LQ protocol factors that were assessed included
the use of shoes during testing, the use of the average or
maximum reach for each reach direction, hand placement
during testing, number of practice trials, and number of
data collection trials.® The modified Downs and Black tool
was utilized for methodological assessment for studies
within the reliability and population differences do-
mains.!”18 The modified Downs and Black tool has been
shown to be reliable and valid.1” This methodological tool
was scored on a scale of 0 to 15. The scoring system has a
stratified ranking, with a score of 12 or greater deemed high
quality, a score of 10 to 11 deemed moderate quality, and a
score at or below 9 deemed low quality.!® The Newcastle-
Ottawa Scale (NOS) was utilized for methodological assess-
ment for studies within the injury prediction domain. The
NOS incorporates a ‘star system’ for three broad perspec-
tives: the selection of the study groups (four questions); the
comparability of the groups (one question); and the ascer-
tainment of outcome of interest (three questions). Multiple
questions can have more than one star, which may result in
the number of stars totaling greater than total number of
questions.1?

STATISTICAL ANALYSES

Percentage agreement and Cohen Kappa statistics were cal-
culated to provide absolute agreement between raters in
SPSS 23 (SPSS Inc, IBM, Chicago, Illinois). The extracted
data were aggregated into three domains: reliability, pop-
ulation differences, and injury prediction. Reliability data
were summarized in a narrative fashion. The population
differences domain data were analyzed by pooling the study
means through a random effects inverse variance approach,
originally described by DerSimonian and Laird.20 Studies
that reported more than one individual cohort were each
calculated as individual studies. Heterogeneity was as-
sessed with the Cochrane Q and I2 with high heterogeneity
designated by a Q p-value <0.10 and 12 >50%. Meta-analysis
was used to combine and summarize the data. In outcomes
related meta-analysis, high heterogeneity indicates that
there is large variation in study outcomes between studies
and that results should not be pooled or combined. In this
meta-analysis, high heterogeneity was observed indicating
that there indeed may be differences in performance on
the YBT-LQ among populations (i.e., age, sex, sport, ac-
tivity, occupation, and injury status). Through an abun-
dance of caution, a random effects model was used assum-
ing that even within populations, results fall in a normal
distribution. Data subdivisions were first grouped by sex
for each YBT-LQ reach and composite score then analyzed
through a series of z-tests (p<0.05). Due to the differences
found between sexes, and the paucity of female studies,
only males were assessed for further subdivisions. Addi-
tionally, competition level was not able to be compared as
there were no greater than two subgroups at each compe-
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tition level. Male sports differences (for all three YBT-LQ
reaches and composite scores) were analyzed through one-
way ANOVA with Tukey-Kramer Q tests to localize pair-
wise differences based on pooled study means and variances
(p<0.05).21 All meta-analyses were performed in R version
3.5.1 (R Core Team (2013). R: A language and environment
for statistical computing (R Foundation for Statistical Com-
puting, Vienna, Austria. URL http://www.R-project.org/),
using the meta package.22 Given the heterogeneity in study
design and data reporting, injury prediction data were sum-
marized in a narrative fashion.

RESULTS
STUDY SELECTION

A total of 982 titles were identified through the initial data-
base and hand searches. After removal of duplicate articles,
732 abstracts were reviewed for relevance. Substantial
agreement was demonstrated in title and abstract screening
(k=0.976, p<0.01). Full text eligibility assessment of the re-
maining 411 articles resulted in 57 articles with 4 in mul-
tiple categories (Figure 1).3912-1423-50 Nijne stud-
jes$25,33,40,46,51-54 assessed reliability, 36
studies12-14,23-30,32,35,37,38,41-45,47,49,54-67 ayamined dif-
ferences in the performance on the YBT-LQ in different
populations or reported mean performance on the YBT-
LQ in a specific population, and 16 stud-
jes3,31,34,56,39,48,50,57,64,68-74 examined injury prediction
(see Table 1). Substantial agreement was also observed for
full text review (k=0.84, p<0.01).

QUALITY ASSESSMENT

The NOS was used to assess quality of the included cohort
studies (n=16). For the remaining 41 articles, the Downs and
Black tool was used to assess quality. The scores of the in-
cluded studies on the NOS ranged from 6-9 out of a possible
9, while the scores on the Downs and Black tool ranged from
7-13 out of a possible 15 (see summary in Table 1).

RELIABILITY

Nine studies®25,33:40,46,51-54 a5gessed reliability of YBT-LQ
(see Table 1). Intraclass correlation coefficients (ICCs) for
intrarater reliability ranged from 0.57-0.82 in adolescent
populations,#? and 0.85-0.91 in adult populations.? Inter-
rater reliability ICCs ranged from 0.81-1.00.9:33:46,51 Test-
retest reliability was assessed in five studies with ICCs rang-
ing from 0.63-0.93.25,33,52-54

SEX DIFFERENCES

When sex was considered alone, differences were observed
in the posteromedial direction (Male: 109.695% CI
107.4-111.8; Female: 102.395% CI 97.2-107.4; p < 0.01) and
posterolateral direction (Male: 107.095% CI 105.0-109.1;
Female: 102.095% CI 97.8-106.2;
p=0‘036).12—14,25,27,37,43,44,58—61,63—66 However, no differ-
ence was observed between sexes in the anterior reach di-
rection (Male: 71.995% CI 69.5-74.5; Female: 70.895% CI

and hand scarching
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Figure 1. PRISMA study selection demonstrating the
systematic review of the literature for reliability,
validity, and population differences for the Y-
Balance Test Lower Quarter. PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses.

65.7-75.9; p=0.708)12—14,25,27,37,44,54,57—61,63,65—67 or in

composite score (Male: 95.895% CI 94.5-97.2; Female:
95.395% CI 92.9-97.8; p=0.75) (Figure
2).12-14,24-30,32,37,38,42-44,55-57,59-66 However, there were
significant differences based on sex, competition level, and
sport throughout Figure 2. To illustrate, male Rwandan high
school soccer players have a mean composite reach of 105.6
(95% CI 102.99-108.21),12 while male professional basket-
ball players have a mean composite reach of 92.0 (95% CI
90.16-93.84).27 These scores also differ from female colle-
giate athletes, where a mean composite reach of 100.0 (95%
CI 98.87-101.13) was observed.30

COMPETITION LEVEL DIFFERENCES

When competition level was considered alone (middle
school, high school, college, professional), no differences
were observed for the anterior (p = 0.05), posteromedial (p =

0.69), posterolateral (p = 0.62), or composite score (p =0.15)
(Figure 3, 4, 5, 6).12-14,23-30,52,35,37,38,41-45,47,49,54-67

SPORT DIFFERENCES

In the anterior reach direction, a significant difference was
observed between soccer and basketball athletes (Soccer:
76.095% CI 73.6-78.4; Basketball: 70.595% CI 67.7-73.2; p
< 0.01).12-14.27 Iy the posteromedial reach direction, a sig-
nificant difference was observed between soccer and basket-
ball athletes (Soccer: 114.895% CI 111.6-118.3; Basketball:
105.695% CI 101.9-109.4; p < 0.01), and baseball and bas-
ketball athletes (Baseball: 113.895% CI 109.5- 118.1; Bas-
ketball 105.695% CI 101.9-109.4; p < 0.01).12-1427 In the
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Table 1: Study demographics, design, and risk of bias

Level of . .
Evidence Study Competition #.Of ROl R
Author 4 Sport subjects (Downs and
(Study Domain Level
. M:F Black)
Design)
Alnahdi et al. 4 (Case Population .
2014 series) differences ) ) 30:31 13/15
Reliability
Avery et al. 4 (Case and .
2017 series) Population Ice Hockey Youth 36:0 12/15
differences
1 Reliability
Benis et al. (Randomized and . .
2016 controlled Population Basketball Elite 0:28 13/15
trial) differences
1
Bonato et al. (Randomized Population . .
2017 controlled differences Basketball Elite 0:160 13/15
trial)
Booysen et al. 4 (Case Population University & .
2015 series) differences Soccer Elite >0:0 12/15
Middle
. School High 88:0
Bullock etal. téﬁ:‘; Fopulation Basketball School 105:0 12/15
Collegiate 46:041:0
Professional
. High School
Butler et al. 4 (Case Population . 38:037:0
2012 series) differences Soccer Colleg!ate 44:0 12715
Professional
Butler et al 4 (Case Population .
2013 series) differences Soccer Adolescent 26:0 12/15
. High School
Butler et al. 4 (Case Population . 88:078:0
2016 series) differences Baseball Colleg!ate 90:0 13/15
Professional
. 1 .
Chaouachi et (Randomized Pppulatlon Soccer Adole'scent 26:0 12/15
al.2017 X differences Elite
control trial)
Basketball
Basketball Cheer
& Dance Cross 9:00:2
Country Cross 0:413:.0
Chimeraet al. 3 (Case Population Country Football Division | 0:_17 6,9:0
2015 control) differences Golf Soccer Collegiate 0:30:28 12/15
Swimming & 0:175:0
Diving Tennis 0:57:0
Tennis Track & 0:30:8
Field Track & Field
Volleyball
Adolescent
Chimeraetal. 4 (Case Population . Varsity . .
2016 series) differences Rowing Adolescent 0:310:21 11715
Novice
Division |
Engquist et al. 4 (Case Population ) ngii:’ztle 88:79 12/15
2015 series) differences 31:72
College
students
Faigenbaum et 2
& (Randomized Reliability - - 97:91 10/15
al.2014 X
control trial)
Gorman et al. 3 (Case Population Single Sport Multi- . .
2012 control) differences Sport High School 68:24 12715
Greenberg et 2 Reliability Athletes Adolescent 0:21 11/15
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al. 2019

(Prospective

cohort)
Hochetal. 3(Case Population . . .
2017 control) differences Field Hockey Collegiate 0:20 11/15
Hudson et al. 4 (Case Population . .
2017 series) differences Volleyball Collegiate 0:90 11/15
2 .
Johnston et al. . Population Under 20 50:0
2019 (Prospective | ji¢terences Rugby Senior 211:0 11715
cohort)
Kenny et al 2 Pre-
2018 (Prospective Reliability Dance professional 3:35 9/15
cohort)
Middle High 53:.0
Krysak et al. Zszéggc:lsasl Population Golf School 129:0 11/15
2019 cohort) differences College 207:0
Professional 29:0
Lacey et al ¢ (?ilgsr;rlva- Gaelic Football, Local sports
’ Reliability Hurling, Camogie, 11:8 10/15
2019 repeated clubs
Soccer, Rugby
measures)
Linek et al 2 Adolescent
’ (Randomized Reliability Soccer semi- 38:0 9/15
2017 X .
control trial) professional
Lisman et al. 4 (Cross- Population Middle High
2018 sectional) differences Football School 2952 12115
Miller et al. 3(Case Population ) . .
2017 control) differences High School 117:178 12/15
de la Motte et 4 (Case Population . .
al. 2016 A series) differences US Marines ) 356:0 13/15
de la Motte et 4 (Case Population US Military ) )
al.2016 B series) differences applicants 837:147 10/15
Linek et al 2b Population Elite
2019 (Cr_oss- differences Soccer Adolescents 43:0 12/15
sectional)
Lopez- 3 Population
Valenciano et (Cross- op Soccer Professional 88:79 10/15
. differences
al.2019 sectional)
Muehlbauer et 4 (Cross- Population o .
al.2019 sectional) differences Soccer Sub-Elite 76:0 11715
O'Malley et al. 4 (Case Population . . .
2016 series) differences Gaelic Football Collegiate 78:0 13/15
Plisky et al 2
Y : (Randomized Reliability Soccer Collegiate 15:0 7/15
2009 X
control trial)
1 . Elementary/
Rossler etal. (Randomized Pppulatlon Soccer Middle 157 12/15
2015 X differences
control trial) School
3 Population
Ryuetal. 2019 (Case . p Baseball Professional 42:0 10/15
differences
control)
Schafer et al 2
’ (Randomized Reliability Service Members - 53:11 10/15
2013 X
control trial)
Schlingermann 1 Population
g (Randomized op Gaelic Football Collegiate 131:0 11/15
etal. 2017 X differences
control trial)
Slater et al. 4 Population . . i
2018 (Descriptive) differences Ice Skating Senior Level 17:15 10/15
Smith (Laura) 2b (Cross- - Football . 30:0
etal. 2018 sectional) Reliability Basketball High School 12:348:0 12/15
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Lacrosse Softball

0:101:15
Soccer
Smith (Joseph) 2b (Cross- Population . .
ot al. 2018 sectional) differences Basketball Soccer High School 94:91 13/15
Teyhen et al. 4 (Case Population - .
2014 series) differences Military Army 2311 12/15
Teyhen et al. 3 (Case Population - .
2016 control) differences Military Army 1380:86 13/15
Level of #of
Evidence Study Competition R Risk of Bias
Author ! Sport subjects
(Study Domain Level ) (Newcastle)
; M:F
Design)
Brumitt et al 2
' (Prospective Predictive Basketball Collegiate 169:0 8
2018
cohort)
Butler et al 2
’ (Prospective Predictive Football Collegiate 59:0 9
2013
cohort)
Coast Guard
2 Maritime
Cosio-Lima et . . - Security .
al. 2016 (Prospective Predictive Military Response 31:.0 7
cohort)
Team
Candidates
de la Motte et 2
(Prospective Predictive Military - 1433:281 10
al.2019
cohort)
Gonell et al 2 Professional
: (Prospective Predictive Soccer 34:040:0 6
2015 Amateur
cohort)
Gonzalez et al 2 Division |
2018 (Prospective Predictive Rowing Collegiate 0:31 11
cohort)
54:0
Baseball 67:35
9 Basketball Division 11/ 161:0
Hartley et al. . . Football Lacrosse 19:0
2017 (Pré’jﬁ(fftt)“’e Predictive Soccer Softball CO’;:?IQ o 62:48 6
Tennis Volleyball g 0:30 10:0
Other 0:30
11:24
Johnston et al 2
’ (Prospective Predictive Rugby Elite 109:0 9
2019
cohort)
Lai et al. 2017 3(Case Predictive . Division | 177:117 6
control) Collegiate
. 2
Lisman et al. . _— Football, Lacrosse, . .
2019 (Prospective Predictive Baseball High School 156:0 10
cohort)
2
Ruffe et al (Prospective Predictive Cross Country High School 68:80 10
Cohort)
Siupsinskas et 2
p (Prospective Predictive Basketball Professional 0:169 10
al.2019
cohort)
Basketball Cross
Country Track & 9:213:17
Smith et al 2 Field Tennis Division | /3555
2015 ’ (Prospective Predictive Football Golf Collegiate 68:00:3 8
cohort) Volleyball Soccer & 0:80:27
Swimming & 0:17
Diving
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Teyhen et al 2 Arm
Y ’ (Prospective Predictive Military Y 188:0 9
2015 . Rangers
prognostic)
Vaulerin et al 2
’ (Prospective Predictive Fire-fighters - 39:0 10
2019
cohort)
9 Volleyball Cross
Wright et al. (Prospective Predictive Country Track & Division | 144743 6
2017 P Field Lacrosse Collegiate 34:480:3
cohort) Soccer

*A higher score on the Downs and Black and the Newcastle-Ottawa Scale indicates lower risk of bias

posterolateral reach direction, a significant difference was
observed between soccer and basketball athletes(Soccer:
111.8, 95%CI 108.5-115.0; Basketball: 102.095% CI
101.3-104.4; p < 0.01), and baseball and basketball athletes
(Baseball: 107.795% CI 105.7-106.1; Basketball: 102.095%
CI101.3-104.4; p < 0.01).12-14.27 Eor composite score, there
was a significant difference between soccer and basketball
athletes (Soccer: 97.695% CI 95.9-99.3; Basketball: 92.895%
CI 90.4-95.3; p < 0.01) and baseball and basketball athletes
(Baseball: 97.495% CI 94.6-100.2; Basketball: 92.895% CI
90.4-95.3; p = 0.02).12-14,27

INJURY PREDICTION

A total of 16 studies>31,34,36,39,48,50,57,64,68-74 jnyestigated
the association between YBT-LQ performance and injury
risk: 12 investigated anterior reach asymmetry, 10 investi-
gated asymmetries in the posteromedial and posterolateral
directions, five studied individual reach directions, and 13
utilized composite scores. Populations studied include col-
legiate athletes3,36:39,50,57,68,70 (n=1,493), elite female bas-
ketball players’ (n=169), male high school athletes’2
(n=156), professional and amateur soccer athletes34 (n=74),
rugby players’! (n=109), high school cross country run-
ners®* (n=148), military personnel31:48:69 (n=1919), and
firefighters’4 (n=39).

ANTERIOR REACH ASYMMETRY

Twelve studies34:36,39:48,50,57,64,68,69,72-74 jnyestigated the
injury prediction ability of the YBT-LQ anterior reach asym-
metry (Subjects: n=3,986). Five of these studies3450,57,64,68
examined anterior reach asymmetry using a cut off of >4
cm; three3457.64 reported raw numbers of subjects falling
above and below this cut off score. Due to the high level of
methodological and reporting discrepancies in the available
data, a meta-analysis was not able to be completed.

Smith et al.%8 utilized the 4 cm threshold and found a re-
lationship with future injury risk, reporting an OR of 2.20
(95% CI 1.09-4.46). The remaining seven studies varied in
interpretation of anterior reach performance. Five stud-
ies39,48,69,72,74 ytilized anterior asymmetry cut off values
varying from 2-3cm; of these, Valuerin et al.”4 found an
asymmetry of >2cm was predictive of ankle sprains.
Siupsinksaks et al.”3 reported only limb difference scores
and did not find an association to injury in elite female bas-
ketball players. Hartley et al.3¢ created a reach distance cut

off of 54.5 %LL for the anterior reach and found a signif-
icant difference between injured and uninjured collegiate
athletes. Populations and definition of injury and asymme-
try varied between studies, however, the three studies iden-
tifying a relationship between injury risk and anterior reach
all included collegiate or professional athletes.

POSTEROMEDIAL AND POSTEROLATERAL ASYMMETRY

Ten studies>34.36,39,57,64,68,72-74 examined the relation-
ship between posteromedial and/or posterolateral reach
asymmetry and future injury risk. Gonell et al.34 reported
an OR of 3.86 (95%CI 1.46-10.95) for male soccer players
with a posteromedial asymmetry of 4cm or greater. No rela-
tionship was observed with posterolateral asymmetry. Four
studies>764:68,72 ysed the same 4cm or greater asymmetry
threshold for both the posteromedial and posterolateral di-
rections, and found no relationship to future non-contact
injuries in collegiate basketball players, high school cross
country runners, collegiate athletes, or musculoskeletal in-
juries in male high school athletes, respectively. Hartley et
al.36 also reported a significant difference in posteromedial
reach asymmetry, with injured female athletes having a sig-
nificantly reduced asymmetry compared to uninjured coun-
terparts. Lai et al.3? reported asymmetries of 9cm in the
posteromedial reach direction and 3cm in the posterolat-
eral direction resulted in a sensitivity of 17.1% and 54.9%
(respectively), while specificity was reported as 89.9% and
54.6% (respectively). Valuerin et al.”# and Siupsinskas et
al.”3 reported varying values for asymmetry in reach direc-
tions or limb differences, though no relationships to future
injury risk were noted. Finally, Butler et al.3 did not observe
significant differences in reach asymmetry between injured
and uninjured football players.

INDIVIDUAL REACH DIRECTIONS DISTANCE

Five studies3436:50:69,71 described the relationship between
injury and individual reach directions. Four of these stud-
ies34.36,50,69 reported normalized reach distances for all
reach directions, with no significant difference noted be-
tween injured and uninjured subjects.

Johnston et al.”! examined the relationship between the
anterior reach and future concussions. Using an inertial
sensor, rugby players with increased sample entropy when
reaching in the anterior direction were found to be 3 times
more likely to sustain a concussion. No association between
posteromedial and posterolateral reaches to concussion
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Study TE seTE

Muehlbauer HighSchool Soccer 2019
Muehlbauer MiddleSchool Soccer 2019
Butler (Rwanda) HighSchool Soccer 2013
Muehlbauer HighSchool Soccer 2019
Engquist College Athlete 2015

Butler Pro Soccer 2012

Slater Professional (Singles) IceSkating 2018
Butler College Soccer 2012

108.05 1.3538
106.80 2.2253
105.60 1.3336
103.00 1.1566
102.80 0.1066
101.80 0.1809
101.48 1.6649
100.90 0.1480

Butler Pro Baseball 2016 98.40 0.1581
Butler HighSchool Soccer 2012 98.40 0.1784
Teyhen Adult Military 2014 98.30 0.7522
Muehlbauer HighSchool Soccer 2019 98.15 1.5368
Butler (US) HighSchool Soccer 2013 97.80 1.2159
Butler HighSchool Baseball 2016 97.50 0.9381
Krysak Professional Golf 2019 97.46 1.7641
Smith HighSchool Athlete 2017 97.20 0.7581
Slater Professional (Dance) IceSkating 2018  96.44 1.4819
Krysak College Golf 2019 96.35 0.6944
Butler College Baseball 2016 96.10 0.8266
Krysak HighSchool Golf 2019 95.96 0.9923
Chaochi HighSchool Soccer 2017 95.50 1.1767
Bullock HighSchool Basketball 2016 95.00 0.3904
Slater Professional (Pairs) IceSkating 2018 94.51 3.2000
Krysak MiddleSchool Golf 2019 94.50 1.4835
Ryu Professional Baseball 2019 94.40 0.8471
de la Motte Adult Military 2016 94.30 0.4929
Ruffe HighSchool CrossCountry 2019 92.70 1.1035
Linek Adolsecent Soccer 2019 92.20 1.0484
Bullock College Basketball 2016 92.10 0.8611
Bullock Pro Basketball 2016 92.00 0.9370
Bullock MiddleSchool Basketball 2016 91.90 0.8997
de la Motte Adult Military 2015 91.30 0.2869
Booysen Pro Soccer 2015 91.10 0.9654
Booysen College Soccer 2015 89.30 0.9238
O'Malley College Gaelic 2016 88.70 0.6624
Lépez-Valenciano Professional Soccer 2019  88.30 0.8315
Lisman MiddleSchool Football 2018 88.30 1.5784
Lisman HighSchool Football 2018 87.20 1.1094

86.10 1.0000

Avery MiddleSchool Hockey 2017

105.47 2.0290
100.60 0.0900
100.00 0.5774

Slater Professional (Dance) IceSkating 2018
Engquist College Athlete 2015
Chimera College Athlete 2015

Brumitt College Volleyball 2019 99.90 1.0885
Chimera HighSchool Row 2016 99.30 1.0401
Slater Professional (Pairs) IceSkating 2018 97.12 6.0139
Lépez-Valenciano Professional Soccer 2019 96.80 0.9648
Teyhen Adult Military 2014 95.10 0.7541
Hudson College Volleyball 2016 94.00 0.6746
Slater Professional (Singles) IceSkating 2018 93.48 2.2130
Ruffe HighSchool CrossCountry 2019 92.40 0.8944
de la Motte Adult Military 2015 88.70 0.6516
Hoch College FieldHockey 2017 88.70 1.3081

85.20 0.4822

Bonato Professional Basketball 2017

Random effects model
Heterogeneity: 1 =99%, +* = 14.7807, p=0
Residual heterogeneity: 1? = 99%, v* = 19.4751,p = 0

95%-Cl Weight

—S- 108.05 [105.40; 110.70]  1.8%
—s—  106.80 [102.44; 111.16]  15%
- 105.60 [102.99; 108.21]  1.8%
= 103.00 [100.73; 105.27]  1.9%
102.80 [102.59; 103.01]  2.1%
: 101.80 [101.45;102.15]  2.1%
P 10148 [98.22;104.74] 1.7%
100.90 [100.61; 101.19]  2.1%
: 98.40 [98.09; 98.71] 2.1%
: 98.40 [98.05 98.75] 2.1%
= 98.30 [96.83; 99.77] 2.0%
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—_— 97.12 [85.34;108.91]  0.6%
= 96.80 [94.91; 98.69] 1.9%
- 95.10 [93.62 96.58] 2.0%
= 94.00 [92.68; 95.32] 2.0%
- 93.48 [89.14; 97.82] 16%
= 9240 [90.65 94.15] 2.0%
= 8870 [87.42 89.98] 2.0%
= 88.70 [86.14; 91.26] 1.9%
8520 [84.25 86.15] 2.0%
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Figure 2: Pooled Y-Balance Test Composite Score, Grouped by Sex. MS = Middle School, HS = High School, Col

= College, Pro = Professional, ADU = Adult

was noted.

COMPOSITE

One3 of 13 studies331,34:39,48,50,57,64,68,69,72-74 found a re-
lationship between composite score and future injury. But-
ler et al.3 reported an odds ratio of 3.5 (95%CI 2.4-5.3) when
using a cutoff of 89.6% (SN=100%, SP=71.7%) in football
players. Wright et al.>0 and Brumitt et al.>7 utilized different
composite cutoffs for athletic teams, ranging from 89-94%,
all yielding non-significant likelihood ratios (ranges
0.55-1.32 and 0.50-1.70, respectively). Nine stud-
jes31,54,39,48,68,69,72-74 did not report significant relation-

ships between composite scores and future injury.

Three studies34:64.69 examined the relationship between
composite score asymmetry and future injury. Gonell et
al.34 and Ruffe et al.®4 both utilized 12cm or greater thresh-
old for asymmetry and no relationship to injury was noted.
De la Motte et al.®? found no significant differences in com-
posite asymmetry between injured and uninjured military
personnel (p=0.50).

DISCUSSION

Testing is an important function for researchers, health care
providers, and performance professionals. Many decisions
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Study TE seTE 95%-Cl Weight
Krysak HighSchool 2019 106.53 1.1507 > 106.53 [104.27; 108.79] 2.3%
Smith HighSchool 2018 92.40 0.8910 = 92.40 [90.65; 94.15] 2.4%
Butler (Rwanda) HighSchool 2013  83.90 1.2159 L 83.90 [81.52; 86.28] 2.3%
Muehlbauer HighSchool 2019 81.45 1.8548 .. 81.45 [77.81; 85.09] 2.2%
Muehlbauer MiddleSchool 2019 79.80 2.8218 — 79.80 [74.27; 85.33] 2.0%
Muehlbauer HighSchool 2019 77.20 1.2875 - 77.20 [74.68; 79.72] 23%
Butler (US) HighSchool 2013 76.50 1.2944 - 76.50 [73.96; 79.04] 23%
Butler HighSchool 2012 76.20 0.1622 76.20 [75.88; 76.52] 2.4%
Bullock HighSchool 2016 76.00 0.5855 76.00 [74.85; 77.15] 24%
Butler HighSchool 2016 75.90 0.8102 7590 [74.31; 77.49] 24%
Engquist College 2015 75.80 0.0959 75.80 [75.61; 75.99] 24%
Bullock MiddleSchool 2016 73.70 0.8400 73.70 [72.05; 75.35] 2.4%
Butler Professional 2016 73.20 0.6535 | 73.20 [71.92; 74.48] 24%
Muehlbauer HighSchool 2018 73.05 1.9777 . 73.05 [69.17; 76.83] 22%
Butler College 2012 72.80 0.1644 : 72,80 [72.48; 73.12] 2.4%
Krysak MiddleSchool 2019 72.27 11332 - 72,27 [70.05; 74.49] 2.3%
Butler Professional 2012 72.20 0.1960 ' 7220 [71.82; 72.58] 2.4%
Krysak College 2019 71.81 0.6436 71.81 [70.55; 73.07] 24%
Butler College 2016 71.60 0.7586 71.60 [70.11; 73.09] 24%
Slater (Singles) Professional 2018 69.49 1.6271 - 69.49 [66.30; 72.68] 2.3%
Krysak Professional 2019 69.33 2.0037 — 69.33 [65.40; 73.26] 22%
de la Motte Adult 2016 68.20 0.3816 : 68.20 [67.45; 68.95] 24%
Bullock College 2018 68.00 0.6738 68.00 [66.68, 69.32] 24%
Linek HighSchool 2019 66.75 1.2664 - 66.75 [64.27; 69.23] 23%
Slater (Dance) Professional 2018  66.56 2.0025 - 66.56 [62.64; 70.49] 22%
O'Malley College 2016 65.80 0.8719 = 65.80 [64.09; 67.51] 2.4%
Slater (Pairs) Professional 2018 65.45 2.3275 — 65.45 [60.89; 70.01] 21%
Lisman MiddleSchool 2018 64.10 1.0399 B 64.10 [62.06; 66.14] 2.3%
Ruffe HighSchool 2019 63.85 0.9277 = 63.85 [62.03; 65.67] 24%
Lisman HighSchool 2018 63.40 0.8043 63.40 [61.82; 64.98] 24%
Ryu Professional 2019 63.15 0.9783 B 63.15 [61.23; 65.07] 24%
Bullock Professional 2016 63.00 1.3275 — 63.00 [60.40; 65.60] 23%
Miller HighSchool 2017 63.00 0.0925 63.00 [62.82; 63.18] 2.4%
Johnston HighSchool 2019 58.90 0.6647 58.90 [57.60; 60.20] 2.4%
Johnston Professional 2019 57.20 0.3855 : 57.20 [56.44; 57.96] 24%
Smith HighSchool 2018 95.00 0.9592 = 95.00 [93.12; 96.88] 24%
Slater (Dance) Professional 2018  75.46 1.8392 - 75.46 [71.86; 79.08] 2.2%
Engquist College 2015 73.40 0.0788 73.40 [73.25; 73.55] 24%
Slater (Pairs) Professional 2018 67.68 2.1249 B 67.68 [63.52; 71.84] 22%
Brumitt College 2019 66.10 0.5615 66.10 [65.00; 67.20] 2.4%
Slater (Singles) Professional 2018 66.06 1.7330 - 66.06 [62.67, 69.46] 22%
Hoch College 2017 63.10 0.9481 = 63.10 [61.24; 64.96] 2.4%
Ruffe HighSchool 2019 59.90 0.7211 : 59.90 [58.49; 61.31] 2.4%
Random effects model < 71.72 [69.83; 73.61] 100.0%
Heterogeneity: 2= 100%, p =0 ‘ T ‘ T I

Residual heterogeneity: /2= 100%, p = 0 60 70 80 90 100

Figure 3: Pooled Y-Balance Test, Anterior Reach, Grouped by Sex. MS = Middle School, HS = High School, Col =

College, Pro = Professional, ADU = Adult

hinge on test results, and it is essential to have validated
tests in this process. While commonly used, the YBT-LQ has
not been rigorously studied via systematic review and meta-
analysis. This systematic review observed that the YBT-LQ
is a highly reliable test. Dynamic balance differences were
observed between sex, sport, and competition level, and
asymmetry in the anterior reach demonstrated increased
risk of lower extremity injury.

RELIABILITY

The YBT-LQ demonstrated high reliability over time and
between raters. The high YBT-LQ reliability is comparable

to the SEBT, which highlights the ability of the YBT-LQ
to accurately measure dynamic neuromuscular control.’
Higher variability in single session performance on the
YBT-LQ in children may be due to the greater variability of
balance performance seen in children.”>

DIFFERENCE IN YBT-LQ BY SEX, SPORT, AND
COMPETITION LEVEL

SEX DIFFERENCES

When sex was considered alone, differences were observed
in the posteromedial and posterolateral directions, but no
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Study TE seTE 95%-Cl Weight
Krysak 2019 106.53 1.1507 > 106.53 [104.27; 108.79] 2.9%
Smith 2018 92.40 0.8910 > 9240 [90.65 94.15] 3.0%
Butler (Rwanda) 2013 83.90 1.2169 : — 83.90 [81.52; 86.28] 2.9%
Muehlbauer 2019 81.45 1.8548 ; — 8145 [77.81; 85.09] 2.8%
Muehlbauer 2019 77.20 1.2875 —. 77.20 [74.68; 79.72] 2.9%
Butler (US) 2013 76.50 1.2944 B 76.50 [73.96; 79.04] 2.9%
Butler 2012 76.20 0.1622 76.20 [75.88; 76.52] 3.0%
Bullock 2016 76.00 0.5855 . 76.00 [74.85; 77.15] 3.0%
Butler 2016 75.90 0.8102 D 7590 [74.31;, 77.49] 3.0%
Muehlbauer 2019 73.05 1.9777 — 73.05 [69.17; 76.93] 2.8%
Linek 2019 66.75 1.2664 — 66.75 [64.27; 69.23] 2.9%
Ruffe 2019 63.85 0.9277 —— 63.856 [62.03; 65.67] 3.0%
Lisman 2018 63.40 0.8043 —+— : 63.40 [61.82; 64.98] 3.0%
Miller 2017 63.00 0.0925 63.00 [62.82; 63.18] 3.0%
Johnston 2019 58.90 0.8647 < : 58.90 [57.60; 60.20] 3.0%
Muehlbauer 2019 79.80 2.8218 P —— 79.80 [74.27, 85.33] 26%
Bullock 2016 73.70 0.8400 o 7370 [72.05; 75.35] 3.0%
Krysak 2019 72.27 1.1332 N 7227 [70.05; 74.49] 3.0%
Lisman 2018 64.10 1.0399 —— 64.10 [62.06; 66.14] 3.0%
— i 1
Engquist 2015 75.80 0.0959 75.80 [75.61; 75.99] 3.0%
Butler 2012 72.80 0.1644 7280 [72.48; 73.12] 3.0%
Krysak 2019 71.81 0.6436 : 7181 [70.55; 73.07] 3.0%
Butler 2016 71.60 0.7586 k3 7160 [70.11; 73.09] 3.0%
Bullock 2016 68.00 0.6738 B 68.00 [66.68; 69.32] 3.0%
O'Malley 2016 65.80 0.8719 . : 65.80 [64.09; 67.51] 3.0%
Butler 2016 73.20 0.6535 - 7320 [71.92; 74.48] 3.0%
Butler 2012 72.20 0.1960 . 7220 [71.82; 72.58] 3.0%
Slater (Singles) 2018 69.49 1.6271 —Ea 69.49 [66.30; 72.68] 2.9%
Krysak 2019 69.33 2.0037 — 69.33 [65.40; 73.26] 2.8%
Slater (Dance) 2018 66.56 2.0025 —=— 66.56 [62.64; 70.49] 2.8%
Slater (Pairs) 2018 6545 2.3275 ————— 6545 [60.89; 70.01] 2.7%
Ryu 2019 63.15 0.9783 —— 63.15 [61.23; 65.07] 3.0%
Bullock 2016 63.00 1.3275 — 63.00 [60.40; 65.60] 2.9%
Johnston 2019 57.20 0.3855 : 57.20 [56.44; 57.96] 3.0%
Random effects model - 72.04 [69.57; 74.51] 100.0%

Heterogeneity: /* = 100%, p = 0 T T

Residual heterogeneity: 1% =100%, p=0 B0 65
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Figure 4: Pooled Y-Balance Test, Anterior Reach, Compared by Sport. MS = Middle School, HS = High School,

Col = College, Pro = Professional

differences were observed between sexes in the anterior
reach direction or in composite score. While it may appear
that there was not a difference between sexes in composite
score, it is important to note that there was large variability
in each sex, sport, and age/competition level in YBT-LQ per-
formance. This was confirmed by the high heterogeneity
observed indicating that there indeed may be differences
in performance on the YBT-LQ among populations (i.e.,
age, sex, sport, activity, occupation, and injury status). This
overall heterogeneity helped confirm that sex, sport, and
competition level differences may exist. Thus, when the
pooled means were analyzed, no differences were noted.
Composite reach scores varied by as much as 13 %LL de-

pending on the sex, sport, and competition level. These dif-
ferences may point to the differences seen in injury rate and
type by sex.”6

SPORT DIFFERENCES

There were significant differences observed between base-
ball and basketball in the posteromedial, posterolateral
reach directions, and overall composite reach, with baseball
demonstrating greater reach distances normalized to limb
length. There were also differences observed between soc-
cer and basketball in the anterior, posteromedial, postero-
lateral reach directions, and overall composite reach, with
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Study TE seTE 95%-Cl Weight
Bullock 2016 104.20 1.1086 = 104.20 [102.03; 106.37] 3.3%
Krysak 2019 104.54 2.2362 —— 104.54 [100.16; 108.92] 3.0%
Lisman 2018 101.20 2.2655 —+—— 101.20 [96.76; 105.64] 3.0%
Muehlbauer 2019 120.15 2.3859 — 120.15 [115.47; 124.83] 3.0%
— .
Bullock 2016 107.00 0.9759 ——i 107.00 [105.09; 108.91] 3.4%
Butler 2016 111.10 1.0340 ¥ B 111.10 [109.07; 113.13] 3.4%
Butler 2012 111.00 0.2433 : 111.00 [110.52; 111.48] 3.5%
Butler (Rwanda) 2013 116.00 1.6474 —— 116.00 [112.77; 119.23] 3.2%
Butler (US) 2013 114.00 1.6082 —— 114.00 [110.85; 117.15] 3.2%
Johnston 2019 103.70 0.8344 : 3 103.70 [102.06; 105.34] 3.4%
Linek 2019 104.10 1.4683 — 104.10 [101.22; 106.98] 3.3%
Ruffe 2019 93.65 1.5219 « ' 93.65 [90.67; 96.63] 3.2%
Krysak 2019 106.53 1.1507 = 106.53 [104.27; 108.79] 3.3%
Lisman 2018 102.90 1.4838 — 102.90 [99.99; 105.81] 32%
Muehlbauer 2019 113.95 2.1648 ‘—-'-— 113.95 [109.71; 118.19] 3.0%
Muehlbauer 2019 115.95 1.1893 B 115.95 [113.62; 118.28] 3.3%
Muehlbauer 2019 123.70 1.3005 - 123.70 [121.15;126.25] 3.3%
<:J.’—>
Bullock 2016 106.30 1.1972 - 106.30 [103.95; 108.65] 3.3%
Butler 2016 110.70 0.9851 - 110.70 [108.77; 112.63] 3.4%
Butler 2012 115.20 0.2137 : 115.20 [114.78; 115.62] 3.5%
O'Malley 2016 100.00 0.9511 - 100.00 [98.14; 101.86] 34%
Krysak 2019 107.58 0.8820 - 107.58 [105.85; 109.31] 3.4%
Bullock 2016 105.00 1.3275 —- 105.00 [102.40; 107.60] 3.3%
Butler 2016 119.40 0.8222 3 119.40 [117.79;121.01] 3.4%
Butler 2012 118.50 0.1809 : 118.50 [118.15; 118.85] 3.5%
Johnston 2019 102.10 0.5645 : 102.10 [100.99; 103.21] 3.4%
Ryu 2019 109.90 1.0647 . 109.90 [107.81; 111.99] 3.3%
Krysak 2019 109.50 2.1355 —— 109.50 [105.31; 113.69] 3.0%
Slater (Singles) 2018 120.15 2.2016 P — 120.15 [115.83; 124.47] 3.0%
Slater (Dance) 2018 111.34 2.6761 — 111.34 [106.10; 116.58] 2.9%
Slater (Pairs) 2018 111.63 4.0900 —— 111.63 [103.61; 119.65] 2.3%
Random effects model o ‘ 109.66 [107.54; 111.79] 100.0%

Heterogeneity: 17 = 99%, p = 0 ' ' '

Residual heterogeneity: I* = 98%, p = 0
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Figure 5: Pooled Y-Balance Test, Posteromedial Reach, Compared by Sport. MS = Middle School, HS = High

School, Col = College, Pro = Professional

soccer demonstrating greater reach distances normalized
to limb length. This may be due to sport specific adapta-
tions in dynamic balance based on the demands and envi-
ronment of the sport. For example, while both sports spend
time running, soccer spends more time in unilateral stance
at the limit of stability (e.g., kicking the ball) compared to
basketball.”” While these differences may be due to sport
specific adaptations, or limb dominance, specifically greater
dynamic balance strategies on the stance leg during the
kicking motion, it is also worth noting that dynamic neuro-
muscular control differences could be due to disparate an-
thropometric body types in athletes. For example, basket-
ball players may in general have longer femurs than soccer

players, which may make single limb squatting (i.e., an-
terior reach) biomechanically more difficult for basketball
players.

POPULATION DIFFERENCES SUMMARY

There were significant differences across populations by sex
and sport in YBT-LQ reach distance. There were not enough
studies to analyze all the possible sex, sport, competition
level permutations; however, it was clear that differences
exist. For example, when male Rwandan high school soccer
players were compared to male high school soccer players
from the United States, the posteromedial and posterolat-
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eral reach distances were not different.!? However, there
was a significant difference in anterior reach and composite
score. This shows YBT-LQ performance can potentially be
affected by environment factors (e.g., in Rwanda there is
less frequent wearing of athletic shoes and more frequent
deep squatting for activities of daily living compared to the
United States).12

It is interesting to note, that not only sex, sport, and en-
vironment might influence YBT-LQ performance, but also
biological maturation. Researchers have found that YBT-LQ
reach distance was significantly associated with the total
Balance Error Scoring System score as YBT-LQ anterior and
posteromedial reach distances.”8

INJURY PREDICTION VALIDITY OF THE YBT-LQ

Since there were sport and gender differences in YBT-LQ,
predictive studies could only be analyzed if they used a pop-
ulation specific cut point or examined homogeneous popu-
lations (e.g., male collegiate football players). Cut points for
asymmetry and composite score varied

between studies. Due to these differences, composite
score was found to be predictive of future injury in one
study.3 More research is needed to develop these popula-
tion-specific cut points to more accurately determine future
injury risk.

Lehr et al.5 used population specific cut points across
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multiple sports. The researchers found that accurate injury
risk identification was possible when multiple risk factors,
including the YBT-LQ, were combined. The authors used
age, sex, and sport specific risk cut points to place athletes
in risk categories. These cut points were based on previ-
ously published injury prediction studies and normative
databases.> Thus, it is important to include age, sex, and
sport cut points for injury risk identification. This study was
not included in the meta-analysis since the researchers in-
cluded multiple risk factors and the YBT-LQ was not able to
be isolated as a risk factor. Further, Teyhen et al.”® found
using a multifactorial model in soldiers that included YBT-
LQ: Anterior Reach < 72% limb length as one of the risk fac-
tors in the model. This study further illustrates the point
that YBT cut points are population specific but also that the
YBT should be used as part of a multifactorial model rather
than a single risk factor in isolation.

Six studies3436,39,48,50,68 examined reach asymmetry as
a predictor of injury. Four of the studies found a positive re-
lationship between injury risk and reach asymmetry. How-
ever, there was variability in the definition of “asymmetry”
with a wide cut point range and different risk reporting
methods (e.g., odds ratios, likelihood ratio, sensitivity, and
specificity). Thus, there may be an association with reach
asymmetry and injury risk, but this was difficult to quantify
given the variability of data reporting and analysis. Given
that sport and sex differences were observed, it is likely that
tolerance for asymmetry and direction of asymmetry may
differ by sport or population. While asymmetry is an ab-
solute value that is relative to the individual, it also may
need population specific cut points, like composite score. A
meta-analysis was not performed and definitive conclusions
could not be drawn.

LIMITATIONS

While 57 articles were included in this review, there were
not enough studies (even when combined) to provide
enough power to compare populations by the different com-
binations of sex, sport, and competition levels. A meta-
analysis on the YBT-LQ predictive ability was not com-
pleted because only two studies were found that used
homogeneous methodology and reporting measures. YBT-
LQ reach asymmetry as a predictive factor was not analyzed
due to the highly variable reported risk cut points. Two
studies®40 were low quality, while the rest were moderate
and high quality. Furthermore, some of the studies had high
heterogeneity in the specific YBT-LQ methodology (hands
free versus hands on hip, maximum versus average reach,
etc.). Due to the study risk of bias stratification, and the
methodological heterogeneity, these findings need to be
taken with some caution. The YBT-LQ is a controlled dy-
namic balance test. As many sport injuries are sustained at
high velocities and forces, the YBT-LQ does not mimic some
sport mechanisms of injury, which decreases the transfer-
ability of these results to the sport setting. Finally, this sys-
tematic review investigated athletic and active populations;
thus, these findings cannot be generalized to all adult pop-
ulations (inactive adults, geriatrics, etc.).

RECOMMENDATIONS FOR FUTURE RESEARCH

From this meta-analysis, it is clear that populations when
stratified by sex and sport perform significantly differently
on the YBT-LQ. This has two large implications. First, fu-
ture research needs to establish normative data for a wide
range of populations that utilize this test. Second, injury
predictive studies need to use population specific (e.g., age,
sex, sport/activity) cut points for composite score and reach
asymmetry. For asymmetry, these cut points should be
greater than the standard error of measure (3.2cm),? so that
meaningful asymmetry, beyond the error of measure, can
be identified. Further, given the findings of Lehr et al.> and
Teyhen et al.”? it may be most appropriate to combine the
YBT-LQ asymmetry and composite score specific to age,
sex, and sport, along with other testing to accurately deter-
mine injury risk. Interestingly, country of origin seemed to
impact performance; thus, cut points may need to specify
beyond the aforementioned factors to include geographical
location. Future research should use adequately powered
and homogenous age, sex, and sport/activity specific analy-
sis to determine if composite score is related to injury risk.

CONCLUSION

The YBT-LQ is a reliable tool for capturing dynamic single
leg neuromuscular control at the limits of stability. Perfor-
mance on the YBT-LQ differs based on age, sex, and sport,
therefore clinicians should consider these factors when in-
terpreting results to ensure accurate clinical decision-mak-
ing. The relationship between the YBT-LQ and future injury
risk remains unclear; future studies should utilize popula-
tion specific cut points and homogenous samples to deter-
mine utility in injury prediction.
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