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Abstract



Background: Individuals who suffer from ankle instability may experience restricted
movement and a weakening of the muscles that support the ankle.

Purpose: The aim of this study was to investigate the effects of functional instabilitgof th
ankle joint on static and dynamic balance performances.

Basic Methods

Twenty-five participants (8 male, 17 female) were recruited for this study. (lfjecds were
divided into two groupsanankle instability ané normal ankle stability groud-he staticand
dynamic limits of stability performanagereassessenh singleleg standing using the
BioRescue devicdn additionthe Functional Reach Te$RT) and the Modified Functional
Reach TestMFRT) were also recorded

Main Results

Significant difference between the two groups were found inrtfeving distancand the
meanvelocity of the centenf pressure durinthesingleleg standing test, the pendular limits
of stability test, andhie MFRT. However, the FRT showed no significant difference between
the two groupsThe results showed that the static and dynamic balance performances were
reduced in the ankle instability group congzawith the control group.

Principal Conclusion

Boththe MFRTand BioRescuweresensitiveand appropriate pick clinically important

differences between the two groups. The use of the MFRT is a quick and inegpinscal
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measure of postural instability relevanindividualswith ankle instability Further studies
should useéhe MFRT to determinthe effectiveessof clinical interventions for ankle

instability that targetmprovaments inbalance.

Key Words: Ankle instability, Balance, Modified functional reach test

Introduction

Functional instabilityof the talocrural joint is defined as being off balance due to an
instability that causes repeated ankle spfajn$hose who suffer from this condition may
experience restricted movement and a weakening of the muscles that supportethenie|
sprans occur during physical activity, particularly during landing after gjufhhey have a
greater than 70% risk of reoccurring and can develop into chronic instabaiigral ankle
sprains, syndesmosis, and deltoid ligament sprains account for 85%, 10%, and 5% of all ankle
joint sprains, respectively. In addition, greater than 40% of lateral spraireealop into
chronic instability of the ankle joint[2]. Most ankle joint sprains cause inversidredbot at
the ankle plantar flexionhe anterior tafibular ligament represents the most commonly
injured structure in an ankle sprain; iinsolved in over 90% of all sprains[3]. In addition,
ankle sprains have been showrtémise weakness of the tibialis anterior muscle as well as a

decrease in proproeption and sensory deficit[4,3h particular, individuals feel balance



instability during activities that require the ankle joints to support weight, iimgjusfanding
and walking. The cause of the functional instability in the ankle joints is nolyclea
understood but can be divided into epidemiological factors and functional factors[6].
Epidemiologicafactors can account fopserts injuries however ankle instability ihe main
functional factor. Thigan lead to subsequent partial deafferentiaticine proprioceptive
reflex throughdamage to the lateral ligamearid/or the mechanoreceptors of the muscles and
tendons[6,7]. Thus, functional instability of the ankle joint is related to sensorimatzidn,
ankle evertor strength, ankle ligamemd®n, and deficient balancghich are the main
causes of reoccurring ankle sprfm9].

Balance is the ability to maintain the centre of gravity (COG) on thedjasgport
(BOS) in a given environment. Balance ability can be divided into static avaanily balance.
Maintaining posture and movement can be determined by the coordination of these two
balance abilitigd.0]. Improving the ability to balance is critically important clinically to
prevent reoccurring ankle joint sprains[11]. To maintain balance while perfofamogional
activities, many complex factors are involved, including lomdremity muscle strength,
peripheral sensation, visual acuity, and proprioceptive reaction times[12].

The movement ofhe ankle joints plays an essential rol@astural control[13],
however the mostrecentstudieshaveinvestigated the interventiaffecs of functional

instability of the ankle joints opostural controsuch as taping, exercises, or ankle



orthoses[14-16]This study aimed tevaluated static and dynamic balance performance in
people with and withoufunctional instability of the ankle joints determine whether such

balance testare able to identify clinically important differences between these groups

Methods

A sample size calculation was performed based on an estimated effect size derived
from Daubneyand Culham[17] whaexaminedalanceduringFRT and a sample size of 10 in
each group was determined tosficientto identify significant differenceA convenience
sample of kalthy participants without any limitations in théaily activities were recruited
from a university population. We conduciedeneral selfeported foot and ankle function
guestionnairef 178 people for the selection of research subjéctanthe survey 25 adult
volunteers who hadonsented to participate in the study and met the selection cnenea
selectedAll participants were fully informed about test methods, and the puspadeprior
to tesing. The study was approved by the Institutional Review Board of Jeonju University
(jIRB-2015-0109). The 25 subjects were divided into two groups: 10 were enrolleddanto
ankle functional instability (AFI) group and 15 into the ankle functional stabiliBS)Agroup
based on the dominant ankle joiRtrinclusion criteria for the AFI group; individuatsust
haveexperienced at least thraekle sprains witlhe initial sprairoccuring at least 12

months prior tgarticipation felt balance instability due to their ankles during daily living



andhadscored 26 or higher on the Ankle Joint Functional Assessment Tool (AIFBAT)
The AJFAT is a widely used tool for measurthgfunctional instability of the ankle joint. It
consists of 12 categories, each measured on a scale of 0 to 4 points, giving a mabdi@um
pointg[19]. A high AJFAT scoréndicates agreater instability of the ankle joints. The
selection criteria for the AFS group were: those who had no experience of ankis spra
before and who scored 20 points or lower in the AJFAT. The exclusion criteria weareusr
lower limbsurgeryin either loweldimb; previousfracturesin eitherlower limb which
requiredrealignmentacute musculoskeletadjury in eitherlower limb in the previous 3
months[1§.

A single leg standing testas conducted to evaluate thdividual’s static balance
ability usingBioRescudo determine the limits of stabiligndto evaluate the dynamic
balance ability. BioRescue consists of a computer connecfie@0 pressure senspeach
10x10 mm, over and area of 610x586 anddisdayed ona monitor of 93x52 cnData
were collected at sampling rate of 100 Hz.

The experiment room was quiet aingle from distractionsluring theassessment3he
study subjects wore comfortable clothes and had bare feet during the tesb Broest, the
required posture of each condition was explained and demonstrated to each Soibglct.
assessments an assistant was positioluseto subjectto prevent falling during the test. The

subjectyplaced their heels on the same line onpfesssue plateaccording to the



measurement tool manual and stood with a 30° angle betweefettteduring the test
(Figure 1)

Thesingle leg standing testas repeated three times. The subjects were aslstahtb
on the BioRescupressure platand bend the knee on the contralateral side up to the popliteal
region withtheir arm crosse(Figure?2), this posture was then maintained for 15 s during data
collection. The surface area of the ellipse, the movement lesngiithe mean velocity of the
pressure centavere used taleterminghe amount of postural sway.

The aim of the limits of the stability test was to measure the stability limit of the
subject through weight movements in eight directions while standing on one leg. Subject
stood on one leg in the same posture while looking at the mdbitdng this test hands were
placed on the iliac crests and the arm movements were allowed to maintain @farecthe
test was initiated, the direction of weight movement required for the test sydayeid on the
monitor screen and the subjects moved their weight as far as they were ablernectiendf
the arrow. The eight weight movement directions were front, back, left, right, éfgritdck
left, front right, and back righT.he surface area of the ellipse wasorded throughout the
test sequence.

Forthe functional reach test (FRie subjects werasked to reach as far forwaad
possible keeping tlrearns parallel and level witlthe ruler and without bendintbeir knee

and hip joint(Figure 3) The mean of the three trials was used for data anafyarcordance



with aprevious study Wwich demonstrated tesetest reliability(ICC = 0.92) andnter-tester
reliability (ICC = 0.98)[20].

In the modified functional reach test (MFRT)ge subjects weresked tcabduct their
shoulder to the level of the ruler and then instructed to reach as far to the side as possibl
without losing their balance, taking a step, or touching the(Wiglre 3) Three
measurements were obtained and averaged in this analgsisordance with previous work
on the inter-rater reliability of the MFRT which repori@C = 090-0.97[21].

An independent test and ManiWhitney Utest were used before the experiment to
assess differences in the general and medical charactesfatiestwo groups. The
independent test was used to examine differences in the static and dynamic balance between
the two groups. IBM SPSS (version 21.0) was used for statistical data proeesisiag

statistical significance level of 0.05.

Results

The mean age, height, weight, foot size, and AJFAT score in the AFI (Bonales
and 7 femalesyere 21 years, 165.9 cm, 58.6 kg, 242.5 mm, and 29.6 points, respectively,
while those in the AFS groyp males and 10 femaleskgre 21.2 years, 166.3 cm, 58.3 kg,
245.7 mm, and 3.8 points, respectively (Table b ime since last ankle sprain was 8.4

2.2 months antherecallable number of ankle sprains was 4.2 = 1.3 in the AFI graunndp
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the static balance ability assessment, the surface area ofijise &bm the single leg

standing test showed no significant difference between the gfpu8.074, 95% CI = -

308.70 ~ 16.72)Howeverthemoving distancef the pressure centre and the mean velocity

of the pressure centre showed a significant differemeed(001, 95% CI = -20.74 ~ -7.07; p
=0.001, 95% CI =-0.71 ~ -0.21, respectively) (Tabldr2jhe dynamic balance ability
assessment, there was a significant difference in the limits of stability in ghe Isig test (p
=0.047, 95% CIl = 6.57 ~ 740.6(able 2) There vasa significant difference in MFRT

between the two groups (p = 0.007, 95% CI = 1.31 ~ 7.24), however there was no significant

differences in the FRT between the two gro(ps 0.874, 95% CIl = -4.71 ~ 4.08)able 3)

Discussion

We investigated the effects of functional instabitifithe ankle jointvhenbalandng
by comparing the static and dynamic balance abilities of individuals with instabilifiés (A
group) and those without them (AF8)anytermshave beemsed to describeepetitive ankle
sprains including; functional instability, chronistability and residuainstability which has
led to confusion in terminology[22]-he participantswith theankle instability arenostly
youngpeople who were in good health and withany limitations in theirdaily activities
Therefore it was decided tse the ankle functionaistability as a definition of repetitive

ankle sprainsRegarding static balance, there were no significant differences in the mean
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velocity of the pressureeatre in the single leg standing test between the two groups.
However, the AFI group had significantly reducgdtic and dynamibalance when
compared to the AFS grouphd limits of stabilityduringthesingleleg test and MFRT
showed that the AFS grounad significantly greater balance abilities than the AFI group (p <
0.05). However, there were no significant differences in the surface areaahpse in the
single leg standing test and the FR&tween the two groups.

The single leg standing test filve static balance assessmamducted on the
BioRescue was used to determine the balance abilities based on the level af postyr
This measured the length of the pressure cdrdjectory the mean velocity of the pressure
centre, and the suda area of the ellip§23,24]. One possible reastimtthere wasiot a
significant difference in the surface area of the ellipse in the single ledjrgiaast between
the two groupswas thathe FAI groupdid not have any significant difficulties in@ming
daily activitiescompared to thEAS individualsdespitehavinginstability of the ankle joints.
In addition, the surface area of the ellipssessethe overall movement area of the centre of
the pressure during postural sway, which céatdk nsitivity for measuringpecific
unstable events during static posture compared to other measurement variables.

There were no significant differences in FRT, as a dynamic balance assessment
between the two groups, whereas there was a significant difeeireMFRT. FRT measures

the anterior and posterior stability of ankle joints and is mainly affectédeoyuscle
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strength of the plantar flexor[LAlVinter et a[25] reported that improvements in FRT
reflected the control abilities in the anterior angtpaor directions of the dominant foot in

the ankle jointHowever, nost ankle joint functional instabilities reduce medial and lateral
stability due to damage in the anterior talofibular ligament, which is a lateral gf2&le

FRT reflects anterior @ahposterior stability to a greater extent than medial and lateral stability
in ankle joints, therefore, no significant difference in balance abilitess®en between the
two groups. However, MFRT reflects medial and lateral stability to aggreatenthan

anterior and posterior stability. Therefore, the MFRT appears to be moreestotabl
assessing dynamic balance with respect to the lateral stability of the ankbnpitime

present study suggests that the MFRT may be a quick and inexpensiva pledsure of
postural instability of thankle joint. The Star Excursion Balance Test (SEBT) is a functional
test that incorporates a singég stance on one leg whilst trying to reach as far as possible
with the opposite leg. This has previously been used to evaluate dynamic postuchircont
individualswith chronic ankle instability[27,28]. Previous studiesereported differences in
reach distances between lower limbs on the SEBT, whashbeen found to be sensitive in
identifying in individuals with ankle instability[229]. In addition, the method and result of
thelimit of stability in the single legestused inthis studyweresimilar to theSEBTused in
previous studigg7-29. Therefore, @irther studies should use the MFRAd the SEBTo

determine the effectiveness of clinical intervention that taiggirovements in balance.
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The above results support the hypothesis of this sthd{individuals who have
instability in their ankle joints have inferior static and dynamic balance ceshfmanormal
individuals. The limitations of this study were as followgst, the number of individuals was
small and therefore we were unablekplore if subgroups existed in the ankle joint
instability group . Also, participants were generatiyherwisehealthyuniversity students
without anylimitations in theirdaily activities.Thus, our results may not represathtankle
joint functional instabilitiesSeconda shortcoming was thah assistant was present to
protect subjects from falling duringdhbalance test which may have reduced the effect of fear
of falling. Thus, it is necessary to find a new experimental method that can overcome these
limitations and to verify effective physical therapy methods for subjehb have functional
ankle joint nstability. Therefore, we suggest tHatther studies should use the various
functional tests whicimight be better at identifying individuals wistmkleinstability as they
can more closely replicate usual physical activity and provide a more reéesessment of

joint stability, strength, and sensorimotor function.
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Figure 1.Thebasic position of balance evaluation using BioRescue.
Figure2. The evaluationfathesingle leg standing testas performed in @anding position.
The subjects stood on tpeessure platef BioRescue and lifted one leg

Figure3. Figure3. Thefunctional reach test (A) and modified functional reach test (B).

Table 1.General and clinical characteristics of the subjects (N=25)

Ankle Sability Group  Ankle Instability Group p
(n=15) (n=10)
Age (yrs) 21.2+1.12 21.0t0.8 0.62
Height (cm) 166.3:8.1 165.9:6.6 0.89
Weight (kg) 58.3t8.9 58.6:10.5 0.95
Foot size 245.%12.4 242.514.6 0.57
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(mm)

AJFAT 0.00
3.8t5.5 29.6t2.5
Score

Abbreviations AJFAT, Ankle joint functional asessmertbol

AMeantSD, ‘p<0.05.

Table 2 Comparison of measuresshgle leg standing teand pendular test using

BioRescue between groufi$=25)

Ankle 95% Confidence
Ankle Sability
Instability p-value Interval of the
Group (n=15)
Group (n=10) difference

Single leg standing test

Surface area of thalipse () 234.4£88.0 380.4222.2 0.074 -308.70 ~ 16.72
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Moving distance dm) 35.747.9 49.6£8.4 0.001 -20.74 ~ -7.07
Mean velocity ¢m/s) 1.2+0.3 1.70.3 0.001 -0.71~-0.21
Limits of stability test

Surface area of the ellipser] 757.2£652.6 383.6:116.9  0.047 6.57 ~ 740.60

AMeantSD, ‘p<0.05.

Table 3. Comparison of measures of the functional reach test and the modifiezhfincti

reach test between groups (N=25)

95% Confidence
Ankle Stability  Ankle Instability
p-value Interval of the
Group (n=15) Group (n=10)

difference
FRT (cm) 19.6t3.4 20.0£7.28 0.874 -4.71~4.03
MFRT (cm) 757.2£652.6 383.6:116.9 0.007 1.31~7.24
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AbbreviationsFRT, Functional reach test, MFRT, Modified functional reach test

MeantSD, ‘p<0.05.

Figure 1. Theasic positiorof balance evaluen usingBioRescue
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Figure2. The evaluation ofhe single leg standing testas performed in atanding position.

The subjects stood on tpeessure platef BioRescue and lifted one leg
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Figure3. Thefunctional reach & (A) and modified functional reach tg&).
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