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ABSTRACT

The Star Excursion Balance Test (SEBT) is oneifumatclinical test that widely used to assess dyitabalance in
patients with ankle injuries. Since the abilitytbfs test to detect impairments between athletéls and without
chronic ankle instability(CAl) is not clear, thenaiof present study was to determine if the modEE&T could
detect reach deficits in patients with unilateraRIC A convenience sample of thirty elite and sute ehomen
athletes were selected and assigned into two grdDps group (Mean + SD: age: 2543.5 years; heighit68+0.09
m; weight: 62.7+7.3kg), and healthy controls (MearSD: age: 26#4.2 years; height: 1.6940.05 m; weigh
62.7+7.3 kg).The dynamic balance test was obtairsdg modified SEBT from both limbs of each patint. The
independent sample t-test was used for both betgeemp and within group inter-limb comparisons. Té&as no
significant difference in any directions of modifiEEBT between two groups in both limbs. No swamfi inter-
limb differences were also observed within bothugso The modified SEBT may not enough sensitive to
differentiate between athletes with and without .GBther factors such as ankle range of motion, heustength
and pain intensity should be considered for betttrpretation of the SEBT results.

INTRODUCTION

Ankle sprains are one of the most common loweresxity injuries and the most common injuries in §ddr After

initial injury, the rate of recurrence may be aghhas 80% among active individuals. Altered meatelnjoint

stability due to repeated disruptions to ankle gritg with resultant deficits in neuromuscular amhthas been
described as chronic ankle instability(CAI[2].

Several authors have speculated that sensorimefimitd are the primary cause of CAl and shouldHeeprimary
target of conservative intervention strategies[3A§pects of neuromuscular control may be quantifierough
measures of postural control[2]. Clinicians oftese ypostural control assessments to evaluate righjuofy, initial
deficits resulting from injury, and level of imprement after intervention[6]. Postural control didicduring quiet
standing after acute lateral ankle sprain and osehwith CAl have been frequently reported[7-9lwhwer the
sensitivity of these measures has been questidigd [

One functional clinical test that may be usefuldgtect deficits related to CAl is the Star Excumsi®alance
Test(SEBT)[10-12]. The SEBT is a test of dynamibsity associated with lower extremity patholodpat may
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provide a more accurate assessment of lower exydaorictions than tests involving only quiet stargli1]. This
test used widely in ankle problems such as acuéeadlaankle sprain[13, 14], evaluate the risk oftained ankle
sprain[15]and CAI[2, 11, 16, 17].

Because this test consisting of 3 trials, each different reach direction may be very time consugfiil], the
modified SEBT recommended that consists of onlg&h directions including anterior(ANT), posterom#tM)
and posterolateral(PL)[18]. This modification sw#vgtally reduces the time necessary to perfornStEBT, reduces
the level of fatigue development and showed a gebability in previous studies[6].

Although, in clinical and laboratory settings, t8&&BT might be used to evaluate effective intenamtand
prevention program for lower extremity injuries[®Jut there is poor relationship between clinicalffe distance)
and laboratory (kinematic of reach) outcomes o thst[16]. Several factors can interfere with tbsults of the
SEBT, including neuromuscular control, range ofiorgtsensory deficit and proprioception[19] thatyna#fect the
reliability of this test. Although the most of eeidces support deficits in postural control meastme&EBT, the
others revealed that this test is not enough seasd differentiate between ankle groups and akstwveen CAl and
control subjects [1, 18].

Some previous researches revealed that subjedtsuwiliateral CAl reached significantly less far their involved
limb compared to uninvolved limbs and to the sithtched limbs of a control group[10]. While measurem the
SEBTSs are reliable, the ability of this tool to elgttimpairments between healthy and injured subjleas yet to be
determined[10]. Based on current evidences, thesecanflicting evidences about the ability of thEBS to
differentiate between patients with and withoutlarikjuries. Therefore, the aim of present studg wadetermine
if the modified SEBT could detect reach deficitpatients with unilateral CAI.

MATERIALSAND METHODS

Subjects

A convenience sample of thirty elite and sub eltemen athletes were selected and assigned to tagogr CAl
group (Mean £ SD: age: 25+3.5years; height: 1.68%0,; weight: 62.7+7.3kg) and control group thatevathletes
without CAl (Mean + SD: age:26+4.2years;height: £895m;weight:62.7+7.3kg). The sample size wasutated
with a power of 80% and significance level of 0.UBe athletes in both groups were played in vobdlytbasketball
and handball teams four times a week. The contmiwas matched in age, height, weight and theirm leg
with CAI group. The injured limb in CAIl group wakd dominant leg. Subjects completed an intervieyanding
their ankle injury history to determine if they ntée eligibility criteria. The inclusion and exclas criteria that
endorsed by the International Ankle Consortium wemesidered in this study[20].

Subjects were diagnosed as unilateral CAl, if tiadiepts: 1)had a history of at least one ankle ispoa the

involved ankle and created at least one interrugtgdof desired physical activity with inflammat@ymptoms, 2)
reported more than two episodes of the ankle giwiag on the involved side in the past 6 monthd)e&8) no history
of previous surgeries to the musculoskeletal stinest 4) had no history of a fracture in either dovextremity

requiring realignment and, 5) had no acute injorynusculoskeletal structures of other joints ofltveer extremity

in the previous 3 months that impacted joint intggand function, resulting in at least one int@ted day of
desired physical. One of the diagnosis criterionSAl in International Ankle Consortium guidelineaw the general
self reported foot and ankle function questionnaiigis questionnaire was not considered as ouusimh criteria,

because the reliability and validity of this questiaire was not investigated to date in PersiaterAthat, the
anthropometric data were collected and finally dyeamic balance test was obtained from each paaiiti The
study was approved by the local ethical committekan informed consent was obtained from all piaditts.

Procedure

Dynamic balance was assessed using the modified SHi2 modified SEBT measures the reach distanée\in,
PM and PL directions of “injured” and “uninjurediribs in CAIl group and “involved” and “uninvolvedintbs in
control group[21]. The participants were stood withrefoot in the center of grid laid on the flootthw3 lines
extending at 135° and 90° increments from the cerftgrid (figure 1). They maintained a single kgnce on one
leg, while reaching with the contralateral leg aisds possible along the chosen line.
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Figure 1: Themodified SEBT in anterior (I€ft picture), posteromedial (middle picture) and posterolateral (right picture) directions

The maximal reach distance was measured by matkmdgape measure with erasable ink at the pointreviie
most distal part of the foot reached. The trial witscarded and repeated if the participant failedntaintain
unilateral stance, lifted or moved the stance fomh the grid, touched down with the reach foofaited to return
the reaching foot to the starting position. The teass obtained from both sides with 5 minutes begtveen them.
Reach distances were then normalized to subjesgstedngth, which was measured from the anterioesopiliac

spine to the distal tip of the medial malleolus][ZBhe mean of the normalized reach distancesHher3 trials in
each direction were calculated and served as thendient measures.

Statistical analysis
One-sample Kolmogorov-Smirnov test of normality wesed to test the normal distribution of data. Véedu
independent sample t-test for between group commasi We also used the independent sample t-testitioin

group comparisons to compare differences betweenlitmbs in each group. The data were mentioned eamM
(95% CI) with a significance level of p<0.05.

RESULTS

Analysis revealed no significant differences betwegured limb of CAIl group and involved limb of gwols in the
mean group differences of reach distances. Alscsigaificant differences were observed in the meeoup
differences of reach distances between uninjuret bf CAl group and uninvolved limb of controls(kali).

Table 1: Between group comparisons of mean group differencesin reach distances*

Reach direction|  Injured-Involved mean differenc@s% CI) | p-value| Uninjured —uninvolved mean diffeses (95% Cl)| p-value
ANT -0.69 (-4.48,3.11) 0.72 -1.52 (-5.27,2.23) 0.4p
PM -1.57 (-6.66,3.51) 0.53 0.71 (-4.02,5.43) 0.76
PL -3.95 (-11.49,3.59) 0.29 -2.73 (-9.68,4.23) 0.43

*N=15 in each group

Table 2: Within group comparisons of mean reach distances*

CAI groug P Control grouj P
Reach direction| Injured Uninjured Involved Uninvolved
ANT 79.83 (76.47,83.19) 78.90 (75.44,82.37 0/68 8(78240,82.64) 80.42 (78.57,82.27), 0.94
PM 108.24 (104.52,111.96) 110.82 (107.01,114.63) 0.3109.81 (106,113.62)| 110.11 (106.98,113.24) (.89
PL 99.10 (93.26,104.94) 101.04 (95.37,106.71) 061 .0BD®@7.75,108.36 103.77 (99.23,108.3[L)  0}83

*N=15 in each group
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The results of within group comparisons showedignificant differences between the mean reach wigts of two
limbs in both CAl and control groups(table 2).

DISCUSSION

The aim of present study was to compare the dynatability of athletes with and without CAI, based

functional modified SEBT. The primary finding of ostudy was that there was no significant diffeesint any
directions of modified SEBT between two groups othblimbs. The within group comparisons also showed
significant inter-limb differences in both groups.

The validity of the SEBTs to detect reach defigitsubjects with CAl has yet to be clearly estdfdib. This is a
difficult challenge, as no dynamic functional téstconsidered a gold standard for validation of 8#BTs, and
there is limited evidence to support the use ot#igefunctional tests to differentiate betweeniinduals with and
without CAI.

Dynamic postural control measures usually usedsess the risk of musculoskeletal injury, postrinfleficits and
amount of improvement after treatments[2,17,23-Z%le ankle is the most common joint that addressitd
SEBT. Ankle instability lead to various balance awhsorimotor deficits and these deficits can tesuivorse
SEBT reach distances than healthy subjects. Pafieslof lower extremity can result in postural aediromuscular
control deficits.

The SEBT is a functional method to determine theeslleof dynamic postural control in individual witlbwer
extremity injury including patellofemoral pain slnome[26], anterior cruciate ligament reconstrug2d], and
CAI [10,17,18,27-30]. In clinical and laboratoryttiegs, the SEBT might be used to evaluate effedtitervention
and prevention program for lower extremity injuriéde body of evidences suggest that, the SEBTphtential to
predict lower extremity injury and is an objectimeeasurement that can determine dynamic posturaraton
impairment related to lower extremity injury[6].

Despite to the results of our study, most of presistudies revealed that ankle instability can leagostural

control deficits measured by SEBT[10,11,27-29, &ijt the SEBT's data were not normalized in somé¢heke

studies. We found only two studies that were sintidaour results. Martinez et al reported that hedistances are
not enough sensitive and have lower accuracy ferdiftiate between ankle groups, and wavelet aisaysd/or

force plate measurements can detect this impaisreiter[1].

Also, Soften et al revealed that the SEBT canr&drdninate between CAl and control subjects. Thayctude that
several factor such as muscle strength, flexibditg activity level contributes to SEBT resultseyimentioned that
inhomogeneity of their population may be the ottmmfounding factor[18]. Some other factors that rognge the
reliability of the SEBT results are neuromusculainteol, core stability, range of motion, balancedan
proprioception[19].

A recent literature review conclude that outcomesehthe low effect size in the ankle instabilitjetature,

moderate effect size(0.35) in the anterior crudigtament deficient and very strong effect sizasge1.30-1.80)

for patients with patellofemoral pain syndrome. ¥aéso mentioned that all of the confidence intera the CAl

literatures, crossed zero that have the lessdcalimportance. Similar to ankle literature, inraudy, differences
in all reach directions crossed zero and this méaatsthey aren’t clinically important[6]. Eviderscshowed that
there is poor relationship between clinical andotabory outcomes, and SEBT is not enough accumitetect
differences between CAIl and control subjects[18m8 recently published guidelines, classified tagepts after
lateral ankle sprain to lateral ankle sprain copftkat recovered from initial injury without symptoprogression)
and CAI[32, 33]. It is mentioned that lateral anldprain coppers used different sensorimotor adaptand

different motor strategies after injury[15, 34].

Doherty et al investigated the results of SEBThireé groups and showed that participants with G#d dynamic
balance deficits in relation to both other groupisey observed no differences between lateral asydain coppers
and control subjects. In our study we didn’'t ustmteanentioned classification system in diagnosipatient after
lateral ankle sprain. Maybe the most of patientsoum study were lateral ankle sprain coppers tteat hot

significant balance deficits.
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Participants in our study, were included from inlogmneous population from different sport speciatiff¢yball,
handball and basketball), that may contribute toresults. We also didn’t use functional disabilityestionnaires
as important diagnostic criteria, because the Rersiersion of these questionnaires were not treatsland
validated. Considering the smaller sample sizthésother limitation of this study and using theajer sample size
can cover the great deal of variability.

It can be concluded that the modified SEBTis naisg&’e enough to differentiate between athleteth WAl and
the healthy ones. Researchers are encouraged sideprother factors such as ankle range of motmuscle
strength, pain intensity and the other aforemestioconfounding factors to narrowly diagnose andsifg the CAI
and better determination of sensitivity of SEBT dignamic postural control screening.
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