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Objective: To investigate the static and dynamic analysis of ankle joint complex between subjects with
chronic ankle instability (CAI) and healthy controls.

Method: A total of 38 subjects and CAI group (N=19) and healthy control (N=19) participated in this first

study. Variables that were measured in this study were as follows: 1) Subtalar joint axis inclination and
deviation 2) Rearfoot angle 3) Navicular drop test 4) Heel alignment view in alignment analysis. Intra
Correlation Coefficient (ICC) is used for reliability. A secondary 17 subjects are recruited including 9 of CAI
and healthy for gait analysis between group. Lower extremity sagittal, frontal, and transverse kinematics
were measured. All data were analyzed to ensemble curve analysis.
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Results: 1) There were statistically significant differences in standing rearfoot, navicular drop, heel alignment
view, subtalar joint (ST]) inclination and deviation. 2) Only in sagittal, meaningful difference is showed
during walking in gait analysis.

Conclusion: Morphological problem can affect ankle sprain in aspect of structure with no relation to
compensation of neuromuscular.
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INTRODUCTION

oY 2= 20PHM(Chronic Ankle Instability: CA2 A 7|HH

(mechanical) 22|11 7|&H (functional) &= 20HHH9| f2l0] o)

A7t 2SI 22{ N RACKHertel, 2002). Ml H A0 M= cAl &
Xtet A t{ET(Control 1E)2| EAES Hluwet A1} SQHFEH0]
2 I HF4HQ 2 IEO| EuEon, &=o =E 530| X
SHZ|O 24 /I”0| BI6t X XpN7F &4E £ ATt 2t
RACHMonaghan, Delahunt & Caulfield, 2006). QM2 & & Y=
oM Ydsts 22US FH 2|9 ¥ EOt ottt 220 F
E9| ot gntz LA™SH BA Tt RACHDejong, Koldenhoven & Hertel,
2020). £3|, 'Yt YSHE AN Hots oHX| MHQ| 7|50 SES
O|X|0, ot 320f| O|4f0| HHsIH 2E E= AT &7/ 20| ¥
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2k2 O|XICtn HA5EACHDonatelli & Wolf 1990).
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CHSofka, 2021). Y=aHO| L2X FHYEE &oI5ty| ot Chfst
HHES0| QUCE Ho| HMHL FS(calcaneus)2| 2=t I—H’“°| 712018
of w2t s = = AU, A=t L (inversion)2| 42 E= &
I} BAO| & 0l0] E £ QUCtn © PmEf(Beynnon, Renstrom, Alosa,

Baumhauer & Vacek, 2001). 22l MEATAOA= LI HYO| st
B2Y J|HMoE SFL9| odt HHZ %Rﬂ 712 B B¢,
olet Z2 AMXQ Fo4 ME0 Yttt =2FE HHEZ Hitst=

bl

20| X|20f| L2} S} EHKim, Kim, Kang, Cho & Lee, 2018).
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ZZFZl(rearfoot angle)2 =2 2|H(eversion)dt LIHS| SXYUZ
LEEFLHALE =31 2 (subtalar joint)2| 2|LH(pronation)@t 2| 2|(supi-
nation)2| S AUZ LIEIH= XEEAN, S| K| et 2400 AS

= HHEE0 O8I HYHl HESH 222 &
H

[e:]
o
(Kirby, 2001). £3|, B Al AE3 2E 2| =9 #eko| L

o
(medial deviate) &l B9 ZFEX|H0| E& +% X[HEHE

DHEE doZ = Ues 7tsd0| 0 I, HY| ko war Y
Mot = Qe RHEQIS| Zo|7F S0{ 0] Mzt EE Ao Xt
A0l QUCE [MEbAM, ASSH BHO| 3|H & ZH2 U5 24 2
2 HIES 4N ZHOM iR 28t M S o 5= Ut HAH
Ol 3L SE5E (mid-tarsa)E =25 HE WE SOt (medial
longitudinal arch)2| FSEXIE ste I=2 SHX|TF THESE Z|LY7} X|
HE A OfX|7} ROtN BAS Xefd = QUCL TS ot HAt
(Navicular drop testy= 728} 2O

Lf =, HEZ(flat foot, pes planus)2]
oCE 7|Z20 2 AR EICHPicciano, Rowlands & Worrell, 1993).
SIXIHEEM 2 DX KMOIAM & LIELLEX|TE 2ER252 HIR

=

=
Al

S|
T30 AIZtE B3R |ACZ HIWSH(Tt O OfECt [MatM, 22
5 EMES 37| QM= SE 2Mo| e MIkPalmer & Epler, 1990),
o2 & (mal-alignment)2| THEH2 D12 S5IH 0| =510
2y fldE FEcks AuY HETF Aaditt 9F U=s gt 9
4ol chet X O2(n 38 E42 AFHO| miefg & Ao M, Ha|
SHEOoZ Rt 2g QXIS 71 tYS2 AMHO| 2elstn &4 of
B HEES HEBUCEM ga g FYES RE 5 US AoLh
2tM, 2 AF0AME CAl B4S s48H= CHAD Control I8 7H
TN 2HE M el M sty 92 SHAIEBE M0t 3%t

= A= 1A AFEIRIZEE ) 24 AFERE S5 24)2
SHSEAH

& 3|(International Ankle Consortium, IAC)0f| A
Z Zg 7|F0| TESH= TR20M~55M1Q A
SE DHSIUCEL SHYSH2|ol 0| maf CAl At ME 2+
4EX|(Foot and Ankle Ability Measure: FAAM 95%, FAAM Sports 80%)
™

A
=
T o 7KK =dof 2HESN, LEo| & H ojY e g 12|41

CAl EXtZ2TH|L=
HIsHe cal EXto| B

Giving way(¥| 81 E) SA2 =E5ts Aoz M0, Fel 7|
=2 25 g UEAS &4E, 221 2 dE 715 S¥E
OjXl= 2tA 3 O[LHol| StX| F4of EHE 71Tl Aoz HE5Y
Ch =22 IHESER(0l 7|20 L2l &= HEE St JH
SHA| B2 tids M8t

ZE meits Ao Folshy| ™ Y argo) ciet 230 s&
¢t O[SHE o = HO 2A} 8 SolMet CAl A ME 2 ZEX
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£ XP7h 28 M (self-repor) 22 TIHWSIALE. = AL E= WHE2
Al 2 20
o =

2|/ 3|(IRB: Institutional Review Board)S 3l
O 2 XIS ALCKIRB no. KISS-1806-034-01).
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rlo
=
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mjo
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1) 1X A SIXIHEEM

2 g9 ox|EE 590 st MR8 =HEStn #tE HelZ
EH5t7| flsl 3098 Ol&~50F O|gtel Zest w2 37(Q 38¥E
Ao 2 3}0j(Terwee et al, 2012) CAl 1& 199, Control 1& 19H

=
2 1A g7o| miitz MY RACk(Table 1).

Table 1. Demographic characteristics of the subjects (Study. 1)

Participants Age (years) Height (cm) Weight (Kg)
CAl (n=19) 2347+85 17714174 7863+11.3
Control (n=19) 22.32+8.6 174.84+12.8 76.74+19.2

2) 2%t AT 3N SE 2N

2 79 XY S& 2MZ 26t It HE2 SHRIC CHAX}

££ (Chinn, Dicharry & Hertel, 2013)9| A3t ZANtE ALY G-

power T2 0| 2t OFQ| Al&H, YA LEsHE S2 U9
°

o XO|(mean difference)E S5l effect size?t 7t ZA| LE2 sagittal

planes 7|E2 = SIRACE SAXC THY] 1-b U2 8 FeATE a Ut
2 05, effect size 1.565 EE & 16BS MYSIRL, & s
(drop-out rate)g 1243 2082 MAESIRACL 2T LEHX}t == T
17822 CAl O& 99, Control 18 8FS 2kt A71o| mextz M
oA CH(Table 2).
Table 2. Demographic characteristics of the subjects (Study. 2)
- Age Height Weight
Participants (years) (cm) Kg)
CAIl male (n=5) 26.8+5.2 175.2+5.2 78+9
CAl female (n=4) 22.75%4.2 167.1+7.1 54.1+8
- Age Height Weight
Participants (years) (cm) Kg)
Control male (n=4) 27.25%4.2 175.75+3.2 69.78+1.2
Control female (n=4) 27.25+57 161+6 53.35+5.0

2. 47 5%
1) 58 3|

MEE CAl EIRHE, Control 1S HIYSR SIXIPHEY o B3
BAE HABIRICD], A8 E FHISE Table 31t 2Lt
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Table 3. Instruments and analysis program

[tem Instrument Unit
Study 1
Self-made 1

STJ Locator

Digital Inclinometer BevelBox Mini Digital

Protractor
Navicular drop Mitutoyo, Caliper, JP 1
caliper
Goniometer Tech-Med, DUKAL Cop 1
Median MDXP-40 Inc
X-ray 1

radiography X-ray, KR
Study 2
VICON NEXUS systems,

3D motion analysis

system Oxford Metric Ltd, Oxford, UK
3D motion analysis VICON MX-F20, 7
camera Oxford Metric Ltd, Oxford, UK
Force-plate MX control, Oxford Metric Ltd, 1
P Oxford, UK
Running timer TAKEI TKK 1274 running timer 2

2) &4

(1) A=t #HE 2™ = Z%(Sagittal, Transverse)
Kim, B.H. (2014). "Biomechanical Characteristics of Subtalar Joint and
Lower Extremity Gait Pattern in Those with Chronic Ankle Instability.

(A)

(E) (F)

KJSB

Published Master's Thesis. Graduate School of Yonsei University"2| &
TO Al FHEEl Subtalar joint locator (STIE AHES}O!(Figure 1) CAl
JED} Control & 2t 7% #E 9 &= 7|87|& SHSIRALL
£y W2 HZ(talus)2l MUH(antero-medial)dt (Figure 1A) T=
(calcaneus)2| = 2|Z(postero-lateral)0fl (Figure 1B) 2|2 x EA|E
8 = L52 WH/QHE BtEXoz ZX0|H HA|E X0
o250 22Ul JtE M2 2E HoE JHEsict 2t /X[of =

st 20| X & 21 E{(Figure 1C,
HE O|235}0](Figure 1F 1G) Al
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(2) 52 AAH(Rearfoot angle test)

2 Ao =7t AAE HSX|X|(weight-bearing) & HIHZ X X|
(non-weight bearing) &EHS| HAIE ZI™SIQILCE L@l HIEZ
(gastrocnemius)@| -7 ST & (musculotendinous junction)t| Al 5
ZZo| BEEJX| 0|2 M (bisecting line)2 XL (Figure 2A) 20| &
XtMl(neutral position)E &7| fIsl AX|et HXIE AETI0] L8 &
ZOo|M HE=(talar dome)S FXIGHY &0 “IHK|= FHO| & &7
20| SLSHA =ARICI W2tEl= K& SdH(Shultz, Nguyen &
Levine, 2009) S& AHME H2 7 THXIO|AH SEAXIONM =[chst
SXO|X| %A ot = DL|O{O|E{(Figure 2B)S A =& ZEE &

M ACHRibeiro et al, 2011).

—_

(3) A= s AHAH(Navicular drop test)
o]

B Ao FAE 812 HALE (Figure 3) M AtMlet & XtMlo| F
&= ZE(navicular tuberosity)2| &=0| X}O|E H|WBHCHShultz et al,

(©) D)

Figure 1. The process of locating the subtalar joint (STJ) axis of rotation inclination angle using the STIL (A) Anterior view, (B) Posterior view, (C)
Anterior view, (D) Posterior view, (E) Lateral view, (F) STJ inclination, (G) STJ deviation
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(B)

Figure 3. Navicular drop test

2009). 1= H7M(talar dome)2| L, 2|F2 FXISIH LHo| 7|20| F
Arst A|EI} HBXIXE HE AES HLSFRALE

=2 MM =

Figure 4. Heel alignment view

S} % CHSaltzman & El-Khoury, 1995). G4 2412 ViewRexTechheim 44
o| WAMY A4E 0|83t0] HZ3SHRACE

L co=2

IS Yot 7| sl 7CHe| XM Fto2t
(VICON MX-F20; Oxford Metric Ltd, Oxford, UK)E AtE3sto] % &
M XHRE S, 4 Ho|Hs X5 200 HzE +=TSHACE
OFH M2 Lower-body Plug-in-gait marker set (Figure 5)2 AM23}3Ct.
XEM| MO A| HERE Z2()Q] 28E HHRIUHA| 4 H, 2aH
HH) 2593 #Holg sl X|HEFETI|(MX control, Oxford Metric
Ltd, Oxford, UK) 1CHE AHESIRICE CIO|E = 2,000 Hz2 +=HSIA2H
FE3 HO|HE XYHCE M- WeKAnterior-Posterior), ZH-< &
SH(Medial-Lateral), 12|10 =X Hsk(Vertical)g 22 x, y, z2 HFs}
of BMRAL

RASIw LASI LPSI »

RTHI®
® LTHI O
RKNE @ @ LKNE o
RTIB @
® LTiB @]
RANK @ LANK

-~

RTOE LTOE LHEE

RHEE

Figure 5. Lower-body plug-in-gait marker set. RASI: right anterior
superior iliac spin, LASI: left anterior superior iliac spine, RTHI: right
thigh, LTHI: left thigh, RKNEE: right knee, LKNE: left knee, RTIB: right
tibia, LTIB: left tibia, RANK: right ankle, LANK: left ankle, RTOE: right
toe, LTOE: left toe, LPSI: left posterior superior iliac spine, RPSI: right
posterior superior iliac spine, LHEE: left heel, RHEE: right heel

3. 84 &M

1L

2 A9l 7 Me2le SHXIFHEM ME|ZE oI5ty ldf =
Ljf Ab2b HZ=(ICC: Intra-correlation coefficient), 1& Zt0| X0|E =
QI5t7| 2I5l Hedges'E &l &1l 3 7|(effect size)2t A E|FZH(con-
fidence interval)2 =MSIRACEL 23 24 Al +=Tst 258%™ HOlE
2 XIX|F7ZHE 100% interpolation 8t & 245 HE EXM(Ensemble
Curve Analysisy2 HAISIUCHRL|FFE a<.05). Z& &4 X2|&= SPSS
25.0 (IMB, USA)S 0| 85}RiLCt
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RESULTS

HEo SHYHOM HESH B2 21 5, 257 4k, FYE o1
AL 258 8 A4 Y| MREE =E=E5| Q6 W HH 5
2, 2 24A200] Xt = XY ZYSHRACKTable 4). 2= HAIOM =
2 JEABAE EYCH, AHESH 2E H FAILE 913), A XA
FE AHE(969)0M 7HY = LHEHRECL

Table 4. Intraclass correlation coefficient (ICC) and Standard Error of
Measurement (SEM) of STJ (sagittal, transverse), Rearfoot (Non-weight
bearing, Wight bearing), Navicular drop

1) 23} 37|

KJSB

-1

0

Figure 6. Results of effect size (p<.05)

Table 5. Effect size

Measures ICC SEM
STJ sagittal 913 1.1
STJ transverse 748 08
Rearfoot (Non-weight bearing) 724 25
Rearfoot (Weight-bearing) 969 18
Navicular drop 842 0.1

Variables

Effect size

Confidence Interval

(@)
Rearfoot Non-WB -0.002 -0.127 ~ 0.07
2. 85 #Holof| ojet 2E 2t 23t 37 Rearfoot WB 0.701 0638 ~ 0.764
Navicular -0.708 -0.712 ~ -0.705
2 7t M SR Y E| &t 37|E QIS CHTable 5). =& Z+ - :
PrIg el bA7IE =S ) =5 A Heel alignment view -0.276 -0.317 ~ 0.236
EHIMSXANE HMelst == MBS, FHE 5t AL =5 ST Sagittal (ndlination) 0520 0439 ~ 0.604
o agittal (Inclination . K ~ U
by S =
2 g8 Z4x a2|a A= ﬂ._*’é* I SAYH, =EHM iz
Off Hlm&to] ZFEMIF 2 {22 LIEFLTHp<.05) (Figure 6). ST) Transverse (Deviation) 1.201 1157 ~ 1.245
A
( ) Walking
. Sagittal plane Frontal plane © Transverse plane
- &V ADD
= ——— CAIMean —— CAIMean N 2 —— CAIMean
g M N\ 772 CAl Upper CI g CAl Upper CI g 10 TN CAl Upper CI
g M B TR E e | T CAl Lower O ,g /) CAl Lower O g ............ CAl Lower O
S AZ Control Mean > _ Control Mean ® ¢ o ———— Control Mean
3 15 ........ Control Upper CI P Y B R B B P - — Control Upper CI
2 20 Control Lower C 2 K - Control Lower O < ” Control Lower O
o B N -10 A8D
30 Kl % Gait Cycle 12 % Gait Cycle 30 % Gait Cycle
(B) ;
Running
40 Sagittal plane 8 Frontal plane 30 Transverse plane
oF oo ADD
20
——— CAIMean 4 CAI Mean N ———— CAIMean
é ,,,,,,, CAl Upper €I § 2 F2t T S NG e, ey pmmecen CAl Upper CI g" 10 e eeeeee- CAl Upper CI
8 CAlLower O g 0 CAlLower O ‘% — CAlLower O
2 —— Control Mean S 2 Control Mean g" ¢ —— Control Mean
< 2 ]
'g rrrrrrr Control Upper CI € < NN e Control Upper CI 5 N\ T S e Control Upper CI
B Control Lower 1 = 5 Control Lower C1 h Control Lower @
-20
PF [ ABD
30 % Gait Cycle 10 % Gait Cycle 30 % Gait Cycle

Figure 7. Ankle kinematics while (A) walking and (B) running
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A2 +ASts A= LERRCHFigure 7).

DISCUSSION

Rearfoot angle(H|X|&X|X|), Rearfoot angle(X| & X|X]), Heel alignment

view, Navicular drop test, STJ AoR (sagittal, transverse), &% 242 &
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