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Dynamic Postural Control and Ankle Joint Laxity
among Dancers and Non-dancers with Chronic
Ankle Instability, and Healthy Dancers
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Received : 08 May 2024 Objective: The purpose of this study was to investigate whether dancers with chronic ankle

Revised : 18 June 2024 instability (CAI) exhibit different characteristics in dynamic postural control ability and ankle

Accepted: 24 June 2024 joint laxity compared to dancers without CAI and non-dancers with CAL
Method: Twelve dancers with CAI, 14 dancers without CAI, and 12 non-dancers with CAI
participated in the study. Dynamic balance was evaluated using the Star Excursion Balance
Test (SEBT) and the single-leg hop balance. The laxity of the ankle joint was evaluated through
the anterior drawer test and the talar tilt test. SEBT measured maximum reach distances in
anterior, posteromedial, and posterolateral directions. Single-leg hop assessed center of pressure
(COP) and time-to-boundary (TTB) outcomes. One-way ANOVA and Chi-square tests were
performed to compare the outcome variables among the three groups.

Results: Dancers with CAI demonstrated greater reach distance in the posterolateral direction
compared to non-dancers with CAI during SEBT (p=.014). Secondly, dancers without CAI
showed greater reach distance in the posterolateral (p<.001) and posteromedial (p=.001)
directions during SEBT compared to non-dancers with CAI Additionally, dancers without
CAI exhibited better postural control with higher TTB AP mean of minima (p=.003) and
TTB AP standard deviation of minima (p=.012) during single-leg hop compared to non-
dancers with CAI Thirdly, dancers with CAI showed a lower positive rate during the
anterior drawer test compared to non-dancers with CAI (p=.019).
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ZH7F Holz 14 Mol 2, 2) A

=
2B (giving way)s Bt 2t8ES =, 3) 25 7|

[} ’
s HEX| Yoz gl AEX(Foot and Ankle Ability Measure:

FAAM-ADL <90%, FAAM-sports <80%); 4) 7|sX &5 =2¢t
Hd MEX|(Identification of Functional Ankle Instability: IdFAI

(FAAM-ADL =100%, FAAM-sports =100%); 3) 7|&X &5 =
g AEX|(IdFAI <11) (Huston, Van Lunen & Hoch, 2014;
Laessoe, Svendsen, Christensen, Rasmussen & Gaml, 2019).

FE&+£ 8 TE s 7| SndEevE T2 o=
Z/asstu Ee o 48 X 29 S5 ZoUs 8%
oM 78 Ol &2 HAL0(Lin et al, 2011), 4HH| CH
sto| XSt =2 EQMOZ A BSloz TE FO| dhay| s
g das FE8+E Fo5trnt

£ O@XAts 2 0| AR ™ Ay agof Chsy
20t 42 ot = &Y oA A MT FAME FHHSHY
Ch 2 79 82 oozt dHRUDE S &
Q2 LHEES HIYHCE F 749 HO|HE Fstol 2MS
ZISHFH CHIRB No. 7001988-202209-HR-1691-02 & 7001988~

202207-HR-1631-02).

2. AFEK}

2 HdYo| #osty| © AT HOXto|A MY " A £
HEl= HE0 CHsy 4ot = 7|X Y HEXE 2Lt
712 EE HEX|= LI0|, T2 AESts &, 8 48 U=
Azt 2 A2 BA AR 7 oot 2K &
d s 7 AT Hojxts AA R ASFE {6 7], 2F
A, T2l Zo|E &L, Me[=rt SEE AxX T
ME7F & HO| 2 AAKanterior drawer test)2t = Zhh

ZAL AAktalar tilt test)E HAISHFRACHRyan, 1994; Van Dijk,
Mol, Lim, Marti & Bossuyt, 1996). 2= A7 X 52 &
oF FH|RES AASH = MAH|O 24712] HoM BEAL OFHE
21U A b 7N anterior superior iliac spine), |5 St 7HA|
(posterior superior iliac spine), ‘£ Ct2|tH(thigh), 'ECt2[to| QF
Z/7t% 2| EPE87|(medial/lateral epicondyle), HZHtH(tibia),
QI /7% 2 A (medial/lateral malleolus), 1HR 2|2t
2| (1% metatarsal head), 2™ Z&{2|8 2|24 metatarsal
head), SEHM| 2&{2|t HZ|(5% metatarsal head), &&= X|tt
(calcaneus)Ofl 2&35IQACH & XM =F QM| 2& SEBT,
single leg hop test7t A/ 20 2 DHFH|OICH 3HA FA
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SEBT &% XM =EE N2 HFSH7| Qs &8 &
XE 7ta2sto] ofE ek & AZ(anterior, ANT), FIOHZ, F
7tZ (posterolateral, PL) 222t AA|SICHPlisky et al, 2009).
Ay EIIRte| AAb Ch2|E & EHORG-6 AMTI, Watertown,
MA, USA)Q| S0 /IXIA|7|1, HIHA BHE|= &S 90k
E ol Eft 50|22 02 = HIEO| BEAIE M e
E z(Ofst el WeE XARCE & &2 s M(il

MLE 2 iliac
cres)Ofl {IXISHA 5t 85 AtMl = T HHQ| JHAS Z
23ISIUCE S2F =8 A| ZAL Ch2|Q| UWEFSIt HO|X|X|
AL} H|HAL Ch2|7} CHA| RIF 22 S0tetA F40| =252
X %2 Ao d322 QIFECE SERTS| MO 7|&F2 O
1F ZCHJeon, Lee & Lee, 2022): 1) H|ZA} CI2|E el #@2
= AZ A2 S0tA] R 2) AL S M0l £0| o

K7Lt £0] B2 HE; 3) & T /oA ZAF B2 S5 Y;
4) HIGAL T2l 2 BtEE E5E

2) Single leg hop
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[
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Figure 1. Single leg hop task. A, starting position, standardized to 50% of the subject’s height from a center of the force plate.
B, double-leg maximum vertical forward jump. C, single leg landing on a force plate with the involved leg.

AXIZE A Y; 3) & B A0 FF LO| SO{LX| @
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£ AF0IN A e HAls = LT ot Iy
TS LOtET| o AN, MY HOXIE HO|Z2| 7t
EXI2[0| M Ch2|et 2ol 288 o|atst7| °“Er(Ryan
1994). AR oF =22 HZ M (tibia)2| ofzf £22 &1
FE2 20, ChE &2 &HtEe = WiX|(calcaneus)E &1
o= O ZiCHRyan, 1994). H|ZAL Lot HIWSHO] At
goz LtALt & X[HoM EHAZlEe ALt
| Lh= 22, It=31H S20|&(very hypermobile) A<
positive) 22 TITHSIGCHRyan, 1994). S ZAF ZA}
HZ (inversion) =42 ZAIS7| Qs ALEE|T, HAL
=02 Yol ofzf HES TOF nFA|F| 1 CHE
HEHS ZEW OHZEHE A|ZACHRyan, 1994). H|ZAL &
AL ol S TE XILEX| A 2E0l& 42 M
Ck(Ryan, 1994).
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SEBTSt single leg hop &¢t £&H=l HEAL OF 9| H|O|E{ &
8LHo| QM O 2HVICON, MX—F20, Oxford Metric Ltd,
Oxford, UNE &8l +TIAD, 3% % 24 Al2E
(VICON, NEXUS System)2 O|83t0{ H7I5tRACt SEBTO| Z|CH
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i 2|2 metatarsal head)2| BtAF O 2t AHE|7F 7+ ©
X|Ho 2 Ho[sl0](Jeon et al, 2022) MY E 74ROl Cia| &
O|Z2 EFolet = HHESE HI|SIYU S M (Gabriner, Houston,
Kirby & Hoch, 2015), Ct2| Z0|= Y AFWIIAIQL HZ
A Ato|o| A MAH2|2 S CHHertel, Braham, Hale
& Olmsted-Kramer, 2006). £&+El OFH9| 2&5&% O O|H
£ 200 Hz ME & E(sampling rate)2 =% | AL} SEBT |Cf
Y AP HE L 2E HoE {lg oA /A HolHe
Visual 3D ZZ &M (Visual 3D software, C-Motion Inc, MD,
USA)Z 08510 Mool Hd 5 wdst o] 2F
(random erronS &0|7| ?I8ll 6 Hz2| Butterworth 4X} X<
(fourth-order low-pass) HEHE AMESIRACE Single leg hop
test 52 S8 Xt = 58 BMZ I8l Force plate HIO|
BE 2000 HzS| MEUER +TSIA2MH, 5 HzO| 4K XY
Butterworth 2EE &3 O|=E MAHSIRALCE L SHH
Olo|E =8 QI8 x7| XX|(initial contact) A|REE 5%
S0to| HO|EE AR, £7| &X|= =% X|H ot
(vertical ground reaction force)0| 10 N O|&Ql A|EoZ
OIStRUCE COP HIOIHE $=&3t7| sk 19 Uit o
2, SHM LSzt o2|, QtZ A, JtZ S A (ateral
maIIequs)Oil HAE Al OPAZ 7149 2hvirtual foot)S &

Moto] ZAtdg o R REE SHRACE COP ?/X| HIO|HE &
OH 2%l (anteroposterior, AP), 2t7tZ (mediolateral, ML) &t
o cop EEHAL He| Ed =5 AHLSIYUCHVan Wegen,
Van Emmerik & Riccio, 2002; Van Wegen, Van Emmerik,
Wagenaar & Ellis, 2001). TTBE COPZ} 7| X M(base of support)
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Table 1. Characteristics of participants and questionnaire scores

Variable Dancers with CAl Dancers without CAl Non-dancers with CAI Post hoc
(n=12) (n=14) (n=12)
" Dancers without CAl <
Age (yr) 23.33 (3.39) 21.07 (1.73) 24.58 (4.14) 028 Non-dancers with CAI
Height (cm)" 165.48 (5.70) 164.82 (6.07) 164.93 (6.63) 748 -
Dancers with CAl <
" Non-dancers with CAI",
Body mass (kg) 52.88 (6.97) 53.50 (5.31) 60.30 (4.87) 005 Dancers without CAI <
Non-dancers with CAI"
Dancers without CAl <
Dancers with CAI™
T i ,
|dFAI 18.92 (4.25) 121 (1.93) 2142 (4.48) <.001 Dancers without CAl <
Non-dancers with CAI"™
Dancers with CAl <
FAAM-ADL (%)! 7917 (9.27) 9991 (032) 7897 (1075) <0p1  Dancers without CA™,

Non-dancers with CAl <
Dancers without CAI™

Dancers with CAl <

Dancers without CAI"™
. o ,
FAAM-Sports (%) 65.77 (12.80) 99.49 (1.30) 71.50 (9.58) <.001 Non-dancers with CAl <

Dancers without CAI™

Non-dancers without CAI <

Tegner 6.08 (1.00) 7.14 (135) 517 (1.12) 001 e AR

Dance training

. 9.75 (2.39) 1043 (3.11) -
experience

*p<.05, *p<.01, ***p<.001

{: indicates that the Kruskal-Wallis test was conducted

Abbreviation: CAl, chronic ankle instability; FAAM-ADL, Foot and Ankle Ability Measure-Activity Daily Living; IdFAI, Identification of
Functional Ankle Instability

Note: values are indicated as mean and standard deviation

of ZA0| =E35t= O ZdiEls AXtE I—fE|'l—H7| 2zt #ele 4. EAHEM

E(Hertel & Olmsted-Kramer, 2007), &2 TTB &8¢t COP

7t 7|MHo| ZAHO| =S A[ZHO] el XpM| =EO| Ay 2 oM =TEl HO|E{e| SAKXE|= IBM SPSS version
S LIEFHCHMcKeon & Hertel, 2008). TTB BIQIS A AHS}HY| 26.0 (IBM Corp,, Armonk, NY, USA)2 O|&5}ZICE F&4= CA|,
el Jtatel wE 7|ECR Lol Zo|et HO|E thEstgin, ATt F8, ARl CAl 7F 2T SAEE EY 8 7Y
TER LSi2|i of2|, 2HR Lo|2|i K|, SHHRY WS 2| b =3 X0|E Hwst7| s Frtd Ao what U HYX|
el LEXio| FAE AL O E 242) oHF, 2F, 7t 24+ 24 (one-way analysis of variance, one-way ANOVA)1
Z, FZo| =MUZ XX ZBAHS SHSIACL TTB AP} Kruskal-Wallis A8S &3 24I3IRA1, Bonferroni AtE 24
ML 2ol TTB minimal| ®x, EEHXIE AU, 2 FTUSIRALE Y5 2HEO| ot M| OFol datde 2
Matlab (MATLAB R2018a, Mathworks Inc, Natick, MA, USA)S M517| 218l chi-square 2ES AlASIAU T, 23 7|(effect
AHESHY ¢S LHESIICE size) &HES RIS Cramer's VE AHESHRACHKIm, 2017). Chi-

square AHQ| B3 7|= Ot 22 J|ELE M &Lk
EtZ(small, >0.07), &7Hmedium, >0.21), S(large, >0.35). &
AX Ro+F(2 0.052 HYSIRALCE

http://e-kjab.org
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Table 2. The results of descriptive statistics Mean (SD) for each group for SEBT

. Dancers Dancers Non-dancers
Variables with CAI without CAI with CAI F P Post hoc
SEBT

Anterior .

(% Leg length) 63.94 (6.07) 69.70 (6.47) 64.03 (5.77) 3.832 031

Posteromedial o Non-dancers with CAl <

(% Leg length) 101.05 (9.24) 105.26 (10.62) 89.03 (9.21) 8.579 001 Dancers without CAI™
Non-dancers with CAl <

Posterolateral 10308 (934) 11002 (801) 9588 (875) 9384 001" Dancers with CAI,

(% Leg length)

Non-dancers with CAl <
Dancers without CAI™

*p<.05, **p<.01, ***p<.001
Abbreviation: CAl, chronic ankle instability; SEBT, star excursion balance test

Table 3. The results of descriptive statistics Mean (SD) for each group for single leg hop

e D N e

cop

ML S.D. (cm)' 102 (0.15) 104 (0.16) 121 (0.25) 3476 078 -

AP SD. (cm)' 0.74 (0.25) 0.70 (0.14) 0.73 (0.10) 0172 689 -

ML range (cm)" 8.23 (1.88) 9.95 (4.86) 7.33 (3.65) 1650 134 -

AP range (cm)' 7.27 3.07) 8.99 (3.59) 6.32 (2.38) 2,501 114 -

ML velocity (cm/s) 3.29 (045) 3.62 (0.80) 372 (093) 1051 360 -

AP velocity (cm/s) 1.89 (0.48) 2.06 (0.50) 196 (0.63) 0338 715 -
TTB

ML mean of minima () 1.15 (0.27) 114 (031) 0.88 (0.33) 2987 063 -

AP mean of minima (s)'  7.50 (2.80) 8.28 (1.58) 551 (2.29) 5.120 003" Ng;ndcaefscevfﬂl Eﬁ'lf

ML SD of minima (s)" 136 (0.33) 136 (0.60) 1.09 (0.53) 1156 309 -

AP SD of minima (s)" 7.06 (3.10) 742 (2.18) 5.13 (2.56) 2750 012 Non-dancers with CAl <

Dancers without CAI"

*p<.05, **p<.01

1: indicates that the Kruskal-Wallis test was conducted
Abbreviation: AP, anteroposterior; CAl, chronic ankle instability; COP, center of pressure; ML, mediolateral; SD, standard deviation; TTB,

time to boundary

RESULTS

1. 917 BAH

Mg 2t

A

£4 %to|

)

HqE

i
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Hjo

Sk A7

ot Z1}, L}O|(p=.280),

HE(p=.005)01M SHZE XtO|7t LtEGCHTable 1). FEA
2 St "ot 21 SH”=EQl IdFAI (p<.001), FAAM-
ADL (p<.001), FAAM-Sports (p<.001)0A 22t EAXo=z
O Xpo7t AR, A 2HE BIHX|Ql Tegner (p
=.001)0IlAM F2lgt Xt0|7} LIEHH Ch(Table 1).
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Table 4. The results of descriptive statistics n (%) each group for ankle joint laxity

Dancers with Dancers without

Non-dancers with

. ) .
Special test CAl CAI CAl X p Effect size?
N 11 (91.7%) 11 (78.6%) 5 (41.7%)
ADT 7.902 019 0.456
P 1 (8.3%) 3 (21.4%) 7 (58.3%)
N 6 (50%) 11 (78.6%) 4 (33.3%)
T 5.545 063 0.382
P 6 (50%) 3 (21.4%) 8 (66.7%)
*p<.05

3Effect size was determined using the Cramer's V

Abbreviation: ADT, anterior drawer test; CAl, chronic ankle instability; N, negative;
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