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Objective: This study aimed to investigate the characteristics of the declination of the subtalar
joint rotation axis and the structural features of the ankle joint complex such as rear-foot angle
alignment and ligament laxity test between chronic ankle instability (CAI) patients and healthy
control.

Method: A total of 76 subjects and CAI group (N=38, age: 23.11 +7.63 yrs, height: 165.67 +9.54 cm,
weight: 60.13 + 11.71 kg) and healthy control (N=38, age: 23.55 + 7.03 yrs, height: 167.92 +9.22 cm,
weight: 64.58 + 13.40 kg) participated in this study.

Results: The declination of the subtalar joint rotation axis of the CAI group was statistically
different from healthy control in both sagittal slope and transverse slope. The rear-foot angle of
CAI group was different from a healthy control. Compared to healthy control, they had the
structure of rear-foot varus that could have a high occurrence rate of ankle varus sprain. CAI
group had loose ATFL and CFL compared to the healthy control.

Conclusion: The results of this study showed that the deviation of the subtalar joint rotation
axis and the structural features of the ankle joint complex were different between the CAI group
and the healthy control and this difference is a meaningful factor in the occurrence of lateral
ankle sprains.

Keywords: Subtalar joint axis, Chronic ankle instability, Rear-foot angle, Talar tilt test, Anterior
drawer test
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oon, Cho, & Lee, 2010), 7F&F Hl
2ol HHHIEZE(ENH I,

plantar flexion), 2HZHE (LI, inversion), % (rear-foot)2| 1t
5t FA (2|2, supination) S22t Z0t2|(SHEl, leg)2l 7t
=22 ¥|H, external rotation) 22U E| LAMSICIT
2N e 27X (ateral ankle sprain) F40|CHCroy,

Koppenhaver, Saliba, & Hertel, 2013; Hertel, 2002). A% X 2HH
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B4 B oF 77%7t SFX|(Lower extremity)Ofl A EHAHSHCED 1
el 0|5 Ua 242 18%E AHXA[SICi D 2a{™ UCEH
(Beynnon, Murphy, & Alosa, 2002; Lynch, 2002; Tropp, Askling,
& Gillquist, 1985). &= £42| £2|= 85% O|¢0| F=LS0t
2| 2ICH(™ 7 H| QICH, anterior talofibular ligament, ATFL)LE 23
X|&otz2| QIcH(EH| 2ILH, calcaneofibular ligament, CFL2t Zt2 2|
& QlCH(lateral ligament) £=40|2t0 E &[T O H(Balduini
& Tetzlaff, 1982; Beynnon et al., 2002; Kim, Kim, Kang, Cho, &
Lee, 2018), sliiE QICHE2| STt X R (incomplete healing)
OhY s STd SX2Q| EHO| 0jX|l= F=o| At
S LCHBahr et al, 1997; Hollis, Blasier, & Flahiff 1995; Hollis,
Blasier, Flahiff & Hofmann, 1995; Hubbard & Cordova, 2009). 2t
o 22 20PYd(chronic ankle instability)2 A HA T2 &
It 24 0|3 B4 2elof g2l A2 8 WX 12|10 g &
2 o O|RE Wizttt Ae{X AST(eon,
Kim, Ryew, & Hyun, 2018), BHdZQl &=0| Sorgdut 21-A
2l(giving-way) 2|1 EF(pain)dt F5(swelling) 50| Lt
= 20N, 2| P(posttraumatic) &= ZEHFS| F2 &

t11 SR CHDoherty et al, 2014; Hubbard & Hertel, 2006).

H'|

Borr

=
32| &

|_

o
U

BEEEQl WE AX S22 oA QfEo| sk MF, W
o /Y % & LB 2E(HEl &E, anterior talocrural
joinhe| =& L Aol QUCHD St Ol ZALSH|
2ol Mt B3 HAAKREZ HAL anterior drawer test, ADT)2t
=L AAL HAKAS 7|1=27| AL, talar tilt test) S AHESt

O] It S} CHCroy, Saliba, Saliba, Anderson, & Hertel,
2013; Lynch, 2002). & &= Az}t Ol gtEXQl Y= AX}
£ Sofl 2td L5 QY d(chronic ankle instability) EHALE
of 31~40%2| H|E0[2t1 S5t 204 (Freeman,
=g E 71 BXte| oF 10~15%= =&
HEdah 2HE0]
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(Larsen, 1988).

12 SLH(HS, talus)at LB X|H(ES S, calcaneus)
LHOIl 1Ko 22 o X FH &S
FEOol2t 3t} S M (Kirby, 2001; Rockar, 1995),
ZH(propulsive phase)Ofl A Al&fB(sagittal plane)
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St SO (Friel, McLean, Myers, &
Caceres, 2006; Nigg, Cole, & Nachbauer, 1993), K& X|X| X3t
Ell(non-weight bearing)OllAle] & Zt=& ZA7|9t E2|7|
E0to| 2530 FE2 &=Lt 3P CHMonaghan et al, 2014;

Monaghan et al, 2013). A& He|Q| &F A= =1t =

T Aol It HFRHA oot RSERE H3Y Fe
oets oot oM UX|TH olet HitHE Fa HYAE Hof
o 42 45 dx 240 i aelo] E == ACkn SHQCt
(Beynnon, Renstrom, Alosa, Baumhauer, & Vacek, 2001). £3|
=& UHt(rear-foot varus) dH(alignment) +&2 &= STE &
Ho| ntrot OtZHE FEQS FHe = ULt =0
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Table 1. Inclusion criteria (CAl)
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Criteria

A history of at least 1 significant ankle sprain
« The initial sprain must have occurred at least 12 months prior to study enrollment
» Was associated with inflammatory symptoms (pain, swelling, etc.)

« Created at least 1 interrupted day of desired physical activity

A history of the previously injured ankle joint 'giving way', and/or recurrent sprain and/or 'feelings of instability’

« Ankle Instability Instrument (All): answer 'yes' to at least five yes/no questions (This should include question 1, plus four others)
A general self-reported foot and ankle function questionnaire is recommended to describe the level of disability of the
cohort, but should only be an inclusion criterion if the level of self-reported function is important to the research

question (FAAM)

Ankle Instability Instrument =5
Foot and Ankle Ability Measure -Sports subscale- <80
Foot and Ankle Ability Measure -Activities of Daily Living subscale- <90
Table 2. Characteristic subject (Mean + SD) HOIS0| CHell otE 2ol QUL M2t 2 AR =
Ol HEE2 BOolX A 3 = = Zlo| 2otdl njx
Variables CAl (n=38) Healthy (n=38) |_}’O =27 EI_I-O o 2._|-I EJ—I- COﬂtrO| J—I:i J—' =2 E |_I‘E
" P S — = 9/, =@ olfjel £4, 12| $F 2T Sg Tl
ge ears) =7 >l 4s 2uT BEE J|5XEE MBS 80| Utk
Height (cm) 165.67 + 9.54 167.92 + 1340
Weight (kg) 60.13 = 11.71 64.58 + 1340 METHOD

(Donatelli et al, 1999; Souza e
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Table 3. Research equipment

Item Instrument Unit
Subtalar The subtalar joint axis locator
locator (Spooner & Kirby, 2006) -Based 1
on research and self-produced
Digital Level box mini digital 1
goniometer inclinometer
Circular Baseline 12-1000-25 plastic
goniometer goniometer 1
360 degree gead 12 inch arms
1) SLE 2 [x% £F

Spooner & Kirby2| SAT0A ZHEE Sub talar locatorE Ht
Bo2 XA HZES locatorE ARSI CAl &I} control

U =LY 2 3W = 7|27|E IR, Subtalar
L (HZ, talus) AHZ LEX[MES S,
HOZ XBAIE ofg] 7f J8 = &

% o| gicta Mzt

i_
A

rlo
L Jo o

0L M
r

B E
=2

locator &9

0

18

calcaneus) Ht

Am
I'Ir r||- it
R o< amn

b do
0 >
N
0%
o

A

1=
|

Hu
s

oot 7HY SXOIX| B
4 S17| 20|t =2t
2 1785t 'A|

o M H
=2
bong 2

30 I o

rir
oy
o
A
o
S

rr

nE o i mo
wr U gy

oH
a
£

rok ru
b o
oz

2
_|\l
IV
A4
o
H
>
ot

Figure 2. Subtalar locator measurement
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S 24t £F2 WA OEXE " 20 Ck2| 13 XIFo|
g A o 3, YEX|Z2HIEZ, Gastrocnemius)2|

SH UEK|H EF27X| 0|2 M (bisecting
lineyg X1 ol 5 XtAM|(neutral position)E &7| /s &
Xt BXE AHESHY L AZo|M SUME X6t &
O LAX|= S| =20] & =72k SLstA =AZIC
1 MZtE|= YX|E Sdf|(Smith, Clarke, Hamill, & Santopietro,
1986) S AMIE 2 F| DXt FE XM 0
2 ot Z(CH3H SEO|X| U T HEHOIM A ZEAHE F
X b EX(w o] AKAZI T O HEfOIM =F 24
& =X} YUCHGarbalosa, McClure, Catlin, & Wooden, 1994),

(Figure 3).
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Figure 3. Rear-foot angle measurement
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o EEXE T HAZE I 2o| Foz LHLU ALt Of Xt = X £F310] L2288 HHSIAULE 25 4= 5
A= =A0IL 227F U L gE-S(Positive) 22 7| Lf AHA S ZHe 91202 OFF &2 MBS 2o,
St "X 2 32 39EtS(Negative) 22 7| E5IRALE. SLE 22 V27 49 g dEATE AYT(942), 7t
LEXBorZ| TSl =4 ofRE TS AR 2 & ZH(921NZ 0f2 =A LIEFGCHTable 4).
A HAE 2E SHX|2F 907t Bl g Tt SEHOIM ZA
A= ot £02 FYLWE NFHAF|D OHE 2o2= HEXE
O LYHA|F | HHS E3) 2B X|Z0[2|QI0)o &AMS Bt Table 4. Intra-class correlation coefficient (ICC) of all measure
oot Hoz Xty £ 242 mHAtel dEXE & Measures IcC SE
OHZHIE AIZIS U ST KLIKA 2ol YurSo Rear foot (prone) 0912 2683
2 7|238}D, HiOjo] #Q SMHI20=Z J|23IQICt 0] £ 7 :
5ok, Lirhel 3 S8%S I=oraan. of = STJ sagittal 0942 2473
o] HAEE Q152 M4 E 70| (certificated athletic trainer)
7} X® AHS st0] AT 7|2SHACE STJ transverse 0.921 3.532
SE: Standard Error
3. 34 &4
2 7o 82 M2l& SPSS 210 (BM, USAS 0l83stR, 2. SHE #E =3 21}
g5 =29 00 ME F TTHCAL Healthy)2| =2
T £70| 27| KOIE 24BH7| IS0l Hedges'E S =2t CAI BT Control 18O SUY 2 7|27| 8w 21,
37| (effect size)2t M 2|F7Hconfidence interval)g =ASHACH o2fo| ®et 20| AletP(sagittal) 12| 7H2 H(transverse)of|
(FoF=F a<.05). Me| ZIE7| 27| X0l F 7I27I0M 25 XtO|7F LIEFE
OO, 37| XAO|= MES F Z(Hedges'g>.52 2 LIEILD
RESULTS SAHAHLZE Ro[h X0|7} LIEHGCH(Table 5).
1. M2 5% 3. 3% Zz 54 Ant
HESE S MEfOIN =F 2 ZF, UL ™ 7|27 CAl O&1t control 1&2| Rear-foot angle H| Znf, Of
2t ZFO M= E =S| Qs R} Hm 5 =, 24A[2t el met 20| & OE ¢t 549 Kol dEs 2 A
Table 5. Result of subtalar joint locator (Mean £ SD)
Variables Group N Results Hedges'g cl
CAl 38 4430 £ 3.90 Lower Upper
STJ sagittal (°) 0.55
H 38 4209 + 4.04 0.09 1.01
CAl 38 1764 + 140 Lower Upper
STJ transverse (°) 0.66
H 38 16.67 + 1.51 0.2 1.12
CAl: Chronic ankle instability, H: Healthy
Table 6. Result of rear-foot angle (Mean + SD)
Variables Group N Results Hedges'g cl
CAl 38 894 + 357 Lower Upper
Rear-foot angle (°) 0.71
38 6.74 + 246 0.25 117

Rear-foot angle (prone position): + inversion, varus, CAl: Chronic ankle instability, H: Healthy

http://e-kjsb.org
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Et5tCH(Table 6).
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(a) Neutral touch down (b) Inverted touch down (c) Everted touch down

w EGRF
EGRF

Figure 4. Normal inclination of subtalar joint axis of rotation with shoes on

& Hertel, 2018). 2t CAl BHAHSO| 748l S0 o3k kAt 5t0] control 1E0| H|sH O fIEet /X0 ALt AS &
8 &4 2ol /Ed0| #hte AE AXISHY WA HsHH = ARULCEL
2l O|&(irregularity) SX&S S = U= MHHQ Y2 SUL BHO| H0| Ha HIoM Holdt B2, Fo| K|
olsishor 2 Zo|ct =, oHd L= #E FHHEE X =t O 2 Wl DHEQ Hojl MEE|= X|HEHo 37|2 ¢
=9 7IAFQ =&t {484 759 XNotE 25ty Sff W= Gz foo| LMo FYE 5 UCHD WEEH, 2
(Delahunt et al, 2010) ZO|A{Q| IEMS ot Fat HHl mjH Aol Aol HIFEHM CAl 2Rt SUL 2E H0| i
S 29| 3|7t oj4E Zol2t TEHEO mEr wWo| J|AH HRAoIM HOjHt A2 =2 1 7t 2/ Helo| Aes=2
8709 mew HEE St 3% 2FH IS FHANE = U control L E0f H|gH O &5 Azt 24 0| &0 AUCt
= o MEZH HE U of2E 5F Fo &K Y2 1= 5 AUrk
712 S| LHZ|™O| YA WHS=XE &Ql50] &
OlMe| YE SE0| X|£Xoz Uiy = JUEE St 29 2. FERLER} U 24
2o| 3% xEE S50 Aot Y EdS =2EAF|= A
2ROl HZ0| Ere ez HOICL EF ZE0|M= CAl IE0| control 1E0| Hls| == Lyt
2 olo] Ants AMWMEH CAl BXHEO| ZEJh AMH (rear foot varus)2 2 E# 22° O varus alignmentES E0|=
(22170 O 33, 7k2 (0970 HZo 2 LiE HYElE S Aog oo, & o] 48 Tl HEfoIM &
25 control 1E0]| H|sh o 2 7|27|8 LiEHHE HeE & 20| EFE A|HS CIE I &= 2H0| A AHZHE &
QIS MAGI T Autof H|F Ot CAl At 2Tt 71 &7| W20l L= AZHE FEZ O|0{F =E0| &Ch=
o HRlo] A= E HolLts AS & = UAJULE AF AE McPoil (1988)2] MHAT ZutZ EOt CAl 2X=0| control
&l control 1E1 CAI EHAtze| SZE 2E 2™ Ho| ¥ 50| Hish U= 242 g Jte40| § =0t & £ Ut
7t 20 AS ¥ = AY2H, O LIOt7L CAl BHAHE Q) (McPoil, Knecht, & Schuit, 1988), (Figure 5). CAl Ext&2| &
ST 2E I Ho| vt L gEt Ll Jsdar 2 2 2 2™ F0| control 1E0| HI3| Zt tZo=z O
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