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| Abstract |

PURPOSE: The purpose of this study was to investigate and
evaluate muscle activity and foot pressure during gait, and
isokinetic strength and balance in persons with functional
ankle instability (FAI).

METHODS: Nine healthy subjects (CON, n=9) without
FAl and 11 patients (FAL n=11) with FAI participated in the
study after having been screened with an ankle instability
instrument and a balance error scoring system. In addition,
FAI was classified as non-involved (FAI-N) or involved
(FAI-I), and CON was classified as dominant or non-
dominant. All subjects were evaluated for isokinetic strength

(plantar flexion, dorsiflexion, inversion and eversion of
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30°/sec and 60°/sec), balance (static and dynamic), muscle
activity (tibialis anterior, peroneus longus and gastrocnemius)
and foot pressure (static and dynamic) during gait.
RESULTS: Results showed that plantar flexion (p<.05),
dorsiflexion (p<.05), inversion (p<.01) and eversion (p<.00)
of 60°/sec were significantly decreased in FAI-I compared to
those in FAI-N and CON. C 90 of static balance with eyes open
(p<.01) and closed (p<.00) were significantly increased in
FAI compared to those in CON. Forward position of dynamic
balance (p<.01) was significantly decreased in FAI compared
to that in CON. Gastrocnemius and peroneus longus of
dynamic muscle activity (p<.0l), left and right weight
distribution of static foot pressure (p<.00) and pressure
distribution of dynamic foot pressure (p<.00) were
significantly decreased in FAI-I compared to those in FAI-N.
CONCLUSION: We demonstrated that ankle strength,
balance, muscle activity and foot pressure were significantly
correlated with FAL
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HEPE L Fobe]w(tibia)t S (talus) = 4
Eo] Sle AH oA (Leardini 5, 2014), =TS
FHCE WES AL e wo) uiE wol =
Wl (strain) 2] H]&-2 zF3l 1o (Omar 5, 2016), G4
&/dacute injury)o] RIFSHA HHA¥RChaL shgich
(Golano -5, 2010). W=7 2] -5 $j= Fofejm 2|
7}2 Al (lateral mallolus)7} 74| (fibula)o] o2
E Al (medail malleolus) 2.t} ofgfj &0 ]x|31A H L
24 SR MY S5 S AR
7 =3 (Leardini 5, 2014), 0] 2|3+ B o] TxH =
A ujo] wETAe] Q) £AHE £ BB
59 % BN A &4 A Bk vjeba o
Eukzolg] ¢l (anterior talofibular ligament), ¥Hg2] %
o}2] o] tfj(calcaneofibular ligament) ¥ F&E2Fo}e] Q]
H(posterior talofibular ligament)@} -2 7}&20t)j o] &
o] 2 WAgttal 3HgtHOmar 3, 2016). o2 2+
QefAto] WHEA © 2 WSHA HW A &<t
THgiving way), 75 A H5S SHF6lA =il o]t
ArS ThAl HEE B0 Al(chronic ankle instability;
CADolgtal BEtHGoland 5, 2010).

QutA 0 2 CAl= 7])%5A &9 A (functional ankle
instability; FAD3} 7] A2 &9 (mechamcal ankle
instability; MAD) 0.2 R& =Tt FAI= HPEO] W 3o
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o)Afet Wrbw =4
Fo] I &5 T FETForI,
A FotEl Qe ef 22 QI

| €H(ligament laxity) 2 1} (ligament rupture)52]
22l FEE UEb H(Leardini 5, 2014), o5&
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SRITHLim et al, 2015). SPAIE, HALA AR Bt
ZAAFZH(talar tilit angle)¥} EZ-w| QFe-7)(anterior talar
translation)2 £3] MAIQ] <Qitje] o]t W Y
(alignmeny 3} 22 381 olAkE ATl Hejz
274 HsoAT, Sume] 50 ek, W 4 3
AT Byt o] Tl 3
7Fst7] o]F kil B 115}t Waterman 5
Leardini 50142 R lvje] 512514 2bg
Aol 9= ALtlr 7|57 Eotygo g Qs Wy
Ao EAS AES %E}J_ 5} o m, Schmidt
(20112 CAl= 2331 &g} A gle] 17
5 9% A wEpbe] |5 AsHE Yeho], 1 A
e A A4S oAt sl vt
A CALS] BB el 24 o o)
A= W] MAISH A FALE FAHOE 3
7kt oot ook Azt

CAIE 2 AU EE e
SRR
5> 2016). Bowker 3(2016)—‘l FAI+= ® _,7_7%9/] A
82 AU % 2elol Asfsof slem
ofelie] B4 wkg ATk fol8lA WA
1 B3k AL Zole| 28 HhEA o] v
F(hyperinversion)= Z2A3s}= ‘_Tfoi}%i +E0|
HH Azldo g dhEH o] 7]
(Gribble Z, 2014), A= okt %gg@ z
AAEs A ZH2S %%}/\];dq;_ Hil
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Table 1. Physical Characteristics of Subjects

Index FAI CON X
Gender (male) 5 4
Gender (female) 6 5 964
Age (yrs) 21.72+.78 22.33+1.58 -1.118
Height (cm) 172.74+8.95 173.48+5.81 1.049
Weight (kg) 83.28+24.75 76.33+13.6 716
Body Mass Index (kg/m’) 27.66+6.98 25.22+3.46 .886
All 5.36+.5 1.1£1.2 10.217%%**
BESS 24.72+11.2 8.4+5.2 3.3551%*

mean+SD. All; ankle instability instrument, BESS; balance error scoring systems. **p<.01, ***p<.001
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(Donahue -5, 2011), b 5 H7RQl % 24t
4= % 7Hbalance error scoring system; BESS)ol| 4] 247
o] (Bell 5, 2011 7|53t thAE 7]54 W
A &9 A (functional ankle instability; FAL n=11) 2
154 Eavd Se 7L QA e ARt
A5 EA|w(healthy subjects; CON, n=9)0 & A%
St E3 AIIE 53] FAIE= 7S+H(functional ankle
instability non-involved side group; FAI-N)¥} #h&+-
(functional ankle instability involved side group; FAI-[)2
2 RS o, CONS &2 AREsH: g 94l
(control group dominant; CON-D)©. 2, Witjj& dk-S- H]$-
A|H(control group non-dominant; CON-ND)©.2 =23}
ok Alls H=ybd wlof apA e, IEpd A& 3,
sx2gs 9 G T =rle 284 F 97t
A FEo g o]Fo|A qlow, 7k gt o 2fal it
FEE 14, oL B P FBL PR Tk
142 ofzke] R4S ol

N

=
¥R ox o

A A2 18] G-power 3192 2L ]85}
Fom, fojaE <05, kA7) <025, AT <959
A AREBlE ) AEe F EEg= 2000] a7E %)
ChFaul 5, 2007). B2 Fd 2ol A= A9 A W&

& 323 29 Fol W} BAS Q9on, 3

=2 O T
A, e Y B e Sl el A= AAs)
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1:4 o].&lo}oq _é.\:]}ﬂ‘j!_]. H]—\;]].\:J'_Q_ t}o

XW]C’W =73 0}"1 OU% =%
S 2AJ7F o el AAL & %
A5 2 AEe AR ATk
2) &4 29
S 288 S A (primus RS, BTE Tech, USA)
£ A8 le] waakd S99 471 Wl g
(inversion), 7} Z(eversion), 2HH}El3] (plantarflexion)
9 LS dorsiflexion) ] 715 R 912 A4 Fo =
Asloich, wube 23] 2yl WEgg) L 2o
HlR o AME oA 2t & 9% Bahnsl
Adyramometen)®] 34 22 AHAT] T 245
EH YT 2T AP
80° FEHA w3l AHE oAE 24
% (tibia shaft) W 227} SeiA ]94 o &2 AAA
10 ¥ 2Aict 24 5 &
BN o15}151(short iput a9} 3 o
E(foot plate)] 274 % 7]2)2 Fole]mi(fbula)2}
/\lﬁou:] AEZH O T W o-]7]H gl vigj= ligr,}a]é
THso] BRAG LHUS M3k ZTHKim 5,
2004). ZH5w 2o ajo| & Eelsly] 93] 30%sec
o)A 33], 60°/secoll A 53] & T
torque)-S =74 3}o], FAI-12} FAIN, FAI-I2} CON-D 2
FAI-NZ} CON-DE 77} v s}l om, FAIO|A] 5 tf
2]9] 28 2}o)(%)E W] L5} thMuehlbauer 5, 2011).

_I

2 (average peak

3) 4%
42 43 8 =4 AH|Ql BT4 (Balance Trainer
4, HUR, Finland)E AMg-8ko] 2] 2t9] ¢ §, L E%

2 A8
9 Q% ko] oA ek ohel %41 center of

pressure, COP)2] ©]% 7 &(trace length), ©]5 = 2J(C0

Fig. 1. Balance training system (BT4)

area) ¥ ©]5 Zt=(C90 angle)E =743 tH(Chuni}
Choi, 2009). |57 2= COP7H &22) 72, ol 9]
= COP7E 9212 W9I% Uk, 5407 245 79
o] AstEe 14-1:,}144;} olE = XA 21\17-0] o}
zomom §79 S Uehs 4471 2 4

AHA Hlﬁﬂx‘ol 9}8 S o|u|gtcHwang %, 2017). %
WH IS ERls] ffskod
AlakH A Sl ZRAlel

}@E}(Sheeham—} Katz, 201
SHA|(limit of stability)2] 75}
I

z

4
245k B4 A FHEA

(Jadelis =, 2001).

4 T8

LA EE FAEY ZHE(Free EMG, BTS Inc,
Italy) & AM8-5Fo] Z2A =9 FE =X E(sampling rate)
2 1,000 Hz2 3}9931, 7] #-S(baseline noise)2 1 mV
ols} & ¥ A& (input impedance)-2 100 mOhms ©]
A, 5k |1 EL 2045 Hze) of e B2H el handpass
filter)S #|-8-5}11, 5AFA| 71 H]E(common mode rejection
ratio)> 100 dB o}/ A sto] 275k th(Park -
2012). A=2 HRAG O R 7= AE Fdit &
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(surface electromyography for non-invasive assessment of
muscle)ofl A A|tsh= HalAkgde] ute} Folel, oy
74 9 A x| o] Hzlkslgl 0o, o] X(peroneal
muscleye: Fotelm ve] L} 74 Eapw o] 2 Apol]
1/4 A8, 947 L tibialis anterior)> Zola]m & X
A Y3 BAm 2 A9 15 A, A
(gastrocnemiusy> FoFe] o] 7P AL F-jof Fatst
Atk B % 28 8 5H DRYES B9lsl] 919
mA 2HES B 5 50 on 9 ALY WE 912 302
B NS MAEl BOF B4 2aywch 5wl
QS =% 5}o](Choid} Nam, 2014), FAI-I®} FAIN,
FAI-I®} CON 2 FAI-NZ} CONE Z+z} v ws)$ith
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9%, o2x g% 9 HEoR wulERl Qo 77
V4 2 k2t o] AlRshE el A4S Sgakn
(Choi®} Nam, 2014), 9| shopeiet 248 9ia) 734}
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Fig. 3. Electrode placement

Fig. 4. Foot pressure (Pedoscan)

&J(Gong 5, 2009), FAI-IZ} FAI-N, CON-D ¥ CON-ND
S 77t mstec.

3. A& X2|
o] Aol FHE HE 2pE = SPSSWIN Ver. 200
ol-gsto] Huti} F UAE AESHT «F ¢
A T T Yo AfolE v|ushy] 9t
E -7 (independent #test)2 AME3IH O, 5
7} PR Al QDV }4 Aol W ] Hekzk
1}015 B2A43517] Yste] I EAHE A (one-way
ANOVAYS AAsHITh 270 7hol| §-213 Ao ]7} U=
45 A4 4(POSt hoc)ol] w2 thEH| WL E HAI5H
t}. 7}l AAL 93l Grpower (version 3.1.9.2)F o]
S5to] A BARE A O] & 3k3 7 (effect size) 2500 4]
SAA ol =05 ARSAS o R0 oA
ol 334z M9 SAA AHS Sl FAIA Fo
20 F=334 9 0052 HAskq

Jt ofrt o
i)

rLJ 1:-1 r

_\QJQ



32 | J Korean Soc Phys Med Vol. 13, No. 3

Table 2. Differences in Isokinetic Strength between Groups

Index Movement FAI-I FAI-N CON F
PF 1220742177t 142.10£23.42 164.70+19.94 9.393%*
30°/sec DF 87.29+23 33t 101.35+20.37 123.37421.10 6.893*
Peak Torque (Nm) I 106.38£13.19t 123.16£17.10 130.30+17.60 5.849*
E 101.79+28.65 111.95+32.79 138.84427.60 3.965
PF 115.76219.66t 138.30+22.23 148.82+19.85 6.819*
60°/sec DF 93.92+15.86 111.01£17.92 124.73%17.70 10.181%*
Peak Torque (Nm) I 104.6629.721% 123.62+11.92 128.80+16.58 13.921%*
E 98.91+10.991* 121.78+11.85 126.11215.06 13.921%*

mean+SD. PF; plantarflexion, DF; dorsiflexion, I; inversion, E; eversion. *p<.05, **p<.01, ***p<.001, tp<.05 vs. CON, #p<.05 vs. FAI-N

Table 3. Differences in Opened and Closed Eyes on Static Balance between Groups

Index Variable CON t
Trace Length (mm) 314.39+59.59 253.33+47.10 -2.49*
Opened Eyes C90 area (mm?) 343.77+84.65 186.7+29.30 5.20%%*
C90 angle (") -51.30+47.11 -77.51£12.05 3.18
Trace Length (mm) 430.78+69.38 388.77+70.25 .00
Closed Eyes C90 area (mm?) 377.76£95.51 240.25+44.49 3.96%*
C90 angle (") 23.53+65.35 8.6+69.13 3.26%*
mean+SD. *p<.05, **p<.01, ***p<.00
I, \7zat 3. 7Y
2 @2 Table 30 A|ARE vhe} ok =& &
1. et B Aol A trace length (p<.05)2} C90 area (p<.00)2 CON
Aulz EAL Table 1] AAS kel zch Al I w|@S|A FAIGIA 22k oot 4] ehgon,
)9} BESS (p<.01)= CONz} H| w34 FAIo|A Z} =5 72 Ao A C90 area (p<.01)> CONI} H] 3|

Jil
12

317 %A vebete.

54 TS Table 201 AJAISE vEe} 2T} 307secol]
A e 2 (p<0l), TeE L e<0)E FEH
AL(p<05)] -2 CONZ} H| i 3f| 4] FALIo| A Z+zt
T3l e 607secoll Al EEkEr3l (p<.05),
LS FULp<0D), FHAHL(p<01) B HEAYD

(p<01)9] <32 FAI-N 9 CONZ} v L34 FAI-1o) A
247} ofaiA] WA et

A FAISIA 21517 A UeRdeh, 52 28-S Table
4] AIXJ3 Hke} 2}, Forward (p<05)}e- CONath ] )
A FAIA $olar) WA et

35 Z2E8E

54 T2 Table 50f AAIEE vlel 2t GCM

(p<01) FALN % CONZ} B]uafjA] FAIIOA] R-2]5}
A @A Jelykon, PL (p<.05)2 CONZ} H] w3 A

FAL-IO| A §-9]81A WA Hepsdeh
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Table 4. Differences in Dynamic Balance between Groups

Index FAI CON t
Forward (°) 5.70+.80 6.70+.70 2.90%*
Backward (") 3.70+.60 4.20+.50 1.88
Leftward (") 7.30+.70 7.10+.90 -.55
Rightward () 7.60.70 7.20+.90 -1.06

mean+SD. **p<.01

Table 5. Differences in Dynamic Muscle Activity between Groups

index FAI-1 FAI-N CON 11 2 3
TA (%) 48.60+9.59 53.64+6.53 55.98+11.06 -70 -2.02 -1.02
PL (%) 37.62+11.70 47.33£10.77 55.16+12.52 -2.02 -3.23% -1.50

GCM (%) 60.64+12.32 76.52+7.87 91.05+24.14 3.60** -3.43%* -1.88

mean+SD. TA; tibialis anterior, PL; peroneus longus, GCM; gastrocnemius. T1; FAI-I vs. FAI-N, T2; FAI-I vs. CON, T3; FAI-N
vs. CON. *p<.05, **p<.01

Table 6. Differences in Static Foot Pressure between Groups

Index FAI-I FAI-N CON-D CON-ND F
MP (N/em?) 2.24+39 2.60+.44 2.60+.44 2.16+.48 2.817
AP (N/em?) AT+.07 S51+.09 S51x.09 S1£.08 .555
LRWD (%) 53.5243.661 46.5743.66 46.57+3.66 50.70+£3.48 7.432%*
APWD (%) 49.34+£2.56 50.83+2.72 50.83+2.72 48.82+51.16 736

SF (cm?) 169.3+24.98 167.87+24.31 167.87+24.31 183.63+£23.24 .878
FAA () 9.31£2.77 5.50+1.16 5.51£1.35 7.52£1.31 .998

meantSD. MP; maximum pressure, AP; average pressure, LRWD, left and right of weight distribution, APWD; left and right of
weight distribution, SF; surface, FAA; foot axis angle. **p<.01, tp<.01 vs. FAI-N

Table 7. Differences in Dynamic Foot Pressure between Groups

Index FAI-I FAI-N CON-D CON-ND F

PD (N/em?) 43.91+4.60t 56.32+45.10 48.32+£3.49 51.7743.38 16.556%**

meantSD. PD; pressure distribution. ***p<.00, tp<.00 vs. FAI-N

Sl =) V. o#

g2 Pl Table 601 A|AgH vk} Zhek. LRWD
(p<.01)= FAI-NT} ] 8| 4] FAI-Io) 4] §-0]8}7] =7 o] AFtolM = 7le4d UEIE B9 554
Uehdth 52 ekl Table 70 A A8 vpel 2+ o3t g Y B3 Fof| eI wel ool Bt
t}. PD (p<.00):= FAI-N®} H| w1 5}o] FALIo] A &-9]a} £ HES 43) 554 249, 34 ¢ 54 o3, 54
7l @A Vet SR E, J8a A 9 A ek 7AW
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2 oo K WEE| 5tA $HY WIS of
PIAAN 7] S B Hohe] ABAE F7AIIt
(Ko 5, 2016). o] @AF-o] 4 WE WBHY £
HhgFol A MFEIIA 0] S4A] L8]l FAL 7}

T T

ol

FALNT} v 84 FALIO|A B 19% o] 4]
el sl 7ol <t
o] 5o FE3HA K AsHA ZehARE2
538 2918 A3 9k 2%, o
HApAe| = 3l i slo] MRl AR
k51 A| =kl 1 c(Gribble 5, 2014) 3} Eniseler
Z012)& =3 A=9] o 28 v]L9 Aol7}
10%2 205} 290l F2e] 507} AR
A ZFA] eFA Al (postural stability)o] Z-Agtclal B sk
o, Kelli 5(2014)2 ¥IH1gE &40 o3 £5-9
ofshz WEeel 7154 2493 PPAL oFah
Zickn Wshgleh wkebd o] Qe H FAIL 747l
At B4 2elo] WA Uk o] 9wk
of FH 50 ofslel HA Yol Holshs 252 =%
A% 8% 0 2l Ao| el Ao FEHch
EZE o Aol A 2= o) 22 Aol 7k A otd
AL Aol sz 240] oloizly] ulolet

N ON
| s A FALIO| A f-ofshA] S| vebgten, 5
4

, 27] dtEy

r»

r
il
:(o Mo pZ 1o

HE
ok
©

il

FRE AFS AN Aol oz 2197
A gk gAOE AN FAL fASHE 7150
e watel, AFe) RES FE she iR
A A Y £ HABRE A A 2k
£ =gk shchKelli 5, 2014). E3 2GS A
2 A DAY A2 B DG-8A% 4
S48l ofd) 280}, 2poh $3Y0] F0 o
& gk W sHgTkHan 5, 2019). o] AFNH £

= 9 12 el B4 2, 2eln @ eI
$2 #3S CONap v hA] FAISIA] §oJ5HA] 2

HERTE Aol Sist, BRAel 2 erai
FzoR A F4 oI5
2014, WHIR W EHE AL 154
£71710] Aol S o 7| A AA EA et o] HEA Al
ke w)d 4= kil H 11519 thLeardini et al., 2014).
wfeb o] Aol M HA FFEEY AShe NGrg
A 7r2ko] Aole} WA o] Q)

47
Wape] B4 29 Ashs AuAzel 29 ofsiel
HRAol gtk Az 5, 9% B 54 39
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g5 5elo] gaugly] vgoletn AzE distibution of the amplite of surfice electromyograns
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A sl RA debgeE S A8 ae] of 2011;3(3):287-95
3= dhapeko] 7H7HS A BFA| A A Whhfekelo] 1S Bowker S, Terada M, Abbey C, et al. Neural excitability and
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) 2& 279 Al g3k njzrial Bl control groups. J Athl Train. 2016;51(4):33643.
3} th(Schmidt, 2011). 3t Ludwig 5(2016)2 1otz Brendan J, Kenneth L Cameron, et al. Management and
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A] dhapeketo] 2ALS o2 W o] Al7Icka oA glo in athletic patient populations. World J Orthop.
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