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PURPOSE This study aimed to analyze the dynamic posture stabilization and
kinematic variables between visual feedback and Y-balance training groups during
jump-landing. METHODS Thirty-eight male players (age: 22.6 + 1.12 years, height:
175 £ 3.54 cm, weight: 65.5 £ 5.11 kg) were included in this study, and chronic ankle
instability was checked using Cumberland Ankle Instability Tool (CAIT) and Balance
Error Scoring System (BESS). They were randomly assigned to the Visual biofeedback
(Training group: TG, n = 19) and Y-balance groups (Control group: CG, n = 19) for
four weeks. TG performed balance training using the Biodex balance system (BBS)
and CG performed training using the Y-balance system. During jump landing, time
to stabilization (TTS), force plate (COP, GRF); joint angle and moment were collected
and analyzed. All analyses were performed with SPSS 21.0, and Bonferroni was used
for repeated measured ANOVA and post-hoc. RESULTS The results indicated that
there was an interaction between TG and CG in terms of AP and ML directions of
TTS (p < 0.05). AP/MLTTS of the TG for the post-test was smaller than that for CG (AP:
p = 0.000; ML: p = 0.046). ML TTS of the TG for post-test was smaller than at pre-test
(p = 0.041), and AP TTS of the CG for ankle joint moment (p < 0.05). There was an
interaction between TG and CG in terms of dorsiflexion (DF) and plantarflexion (PF)
of joint moment (p < 0.05). Ankle moment of the CG for post-test decreased than at
pre-test (DF: p = 0.040, PF: p = 0.032), and ankle dorsiflexion moment of the CG for
post-test was decreased than at pre-test (p = 0.046). CONCLUSIONS Balance ability
was achieved more effectively through visual biofeedback training than Y-balance
training. Therefore, we recommend balanced training with visual feedback on
chronic ankle instability.

klE off G4 &40 A ST & Sl FxolH ot F4 &4o] Bt

Exog wAIst 49 1A W S A (chronic ankle instability:
=2 A7 (tibia), Fote ¥ (fibula)et HL#(talug) 2 35 CAD) S7golzta F20 QIj 9] Yj-t/do] Aol /442 TethAlL-
o] Q1= AH T4 (hinge joint) FEjo]al 1 FHof&= TS0l Mohrej & Al-Kenani, 2016a, 2016b; Golano et al., 2010). THg &

H(anterior talofibular ligament), &&*]&0}2] 91 t(calcaneofibular
ligament), F1EZEol2] 9l (posterior talofibular ligament) 522 71A1A B A (mechanical ankle instability: MA)O.2 ERE
AZA = o] JJcHAI-Mohrej & Al-Kenani, 2016b; Golano et al., 2010;

Leardini et al., 2014). FEHHL 73t QFREH (inversion) 2. & QA
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A FEE o FAYUS B HETEY FAYS HedotE = A
< Ho|n o] Qlg] six|¢Ee] 7t Wl RHAE, XAy, 4EFA4
59 259HHQl 8 aolA M2 ¥3l7F Yehdth(Delahunt et al.,
2010; Jeon et al., 2018; Kim et al., 2004; Yang & Kim, 2016).
oA WEIHE 9 PSS FAFAI717] el thdet BEle] B
FA A AF7F AAE Y. o] F A7 vto] @ 3 E(Visual Bio-
feedback: VBF) &2 A|Z}& AR E QQA|slo] A7 ZH(Vestibular
sense), AdZHSomatosenses)T FZrm =W (Auditory feedback)
= B9l 155848 A AEE AAGAF L o] F 5 A4 FEet
BHAIA HIBAAQ] AAE BAHQ ANE st HEAd 9
2yl 58 "9 2 Slo|th(Brauer et al., 2001; Dault et al.,
2003; Sackley & Lincoln, 1997; Zijlstra et al., 2010). A1Z+4 Z X5
= 2445 4L BT 4= Sl o R AAE Y] 2asgt &
SHE Ao AHEE ¢ UEE 232 FH $HA7| 1A oh= 2
& 0]Ql9] &S wAA=H & 98 HHenry & Wester-
velt, 2005). E3F A1ZHE JRE Fof HZHAIH 02 RE 50 3|
A ATAY £27t 771 27} Qlo] 9414 ks Fo414
o0& FENA 9 F FAU T vAS FAUS 2Hot= 58S F
A 4= ATHDj, 1999). 1871 W&o A E52 A Y 223
£ X35 TE0] 715380 2 AUE AT £ YD ol ADE
BE B AAEEE AAG=t B2 FF2
HTyson et al., 2000). AlZZ Hlo| QW EW FHO EXJOF AAR
vHEAQl £ F} sho] 7hsotal AHilo] =347t TR o]
A7 07 B4 4= 9IthRizzo et al., 2009). °o]#gt FAHES 53|
HF 59 1o gA 24T 5 doH & AN T I
B S HEA fAsEE ARH0E FHAE 5 S
Ao 2 sl A tHScoppa et al., 2013; Vos et al., 2022).

2 dAtodE B3 EHRAE Btk o QMY 48
AlZHTime-to-Stabilization: TTS)& A5}t g3t AQA|7F
2 AR AEo] AWEE £77] 9o IR Aoz 549 A
Wty dlo|El & ARgsto] Al4lETE o]= X HEHY TojEl7} 9]
2445 dAH & RS A-7A] Eeols AR SOl Y=

e 3} &8 A17H9
oJul= FFol= AlAI7E F]1 2810 ol BEgShHA] AlA|9] Bt
A3 HFHE AAATE AARE & EQXERE AAI7E e SHA] Alof

= A1HE TetcHPollock et al., 2000; Riemann & Lephart,
Sl

g o

i

B
fo

2002). AP Ao A vHeF g3} 4 @ AJ7to] F7Fet 39 AA W +F
ot A TS Alojo] EA7F Al sl o]
E B AA W S AFAL S THYRE BUE 4= Al B
5FHtHBrown et al., 2004; Gribble & Robinson, 2009; Liu &
Heise, 2013; Ross et al., 2009; Wikstrom et al., 2004).

AG7HA] e B84 EAE e 9 W e &5
At v d 7o) #WE A= AP AT, £ A7lo] Tt
Sl712= QHE3t 28 A1XMS B8 AIAA HloleEW o gitE
Br7ket A3t= B E v gltiArdakani et al., 2019; Herb et al.,
2018; Koldenhoven et al., 2022). £3] 524 ZA| SH4sh= 52# 9]
AeollA AR AEE Aol 5% BF AHE fFAlote 5
O & QHY3t A gATtolRh: BIQlE Bo A4 Hio]QuEuo] &
A BE HYokA H7Het = QA A2 A o E =2 7H
£ AU UK Wikstrom et al., 2005). ThebA] & A9 HA-L A
71 vto| e EW T9] FIHIS PFo] Yol AX & A A
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£ AFolAls B AY &4 diste] Ast 5 G 254G, 5
T, 8T, AEE)E Ao R T U EQHY SRt 389 A
ZFodxt2 A5 Hage: 22.6+1.12years, height: 175+3.54cm,
weight: 65.5+5.11kg). £ A& Fofst7] 3~6704 Hofl 4 13
4 TEAF olgo] e AFHgNES B0kt E3t 370
ojyf Wgyd o] B4 o]Fo] glu IA Ao R Qlsf disydR R
H ETE L= ASETo] £ A3E FoT £ JEE sttt
(Gribble et al., 2004). AFZA o 2 2o]E AA3 AR HE =
Ao g vy W EQHY S-S Adsty] e 7129 APATE
Zrslo] F=71R] AAFSEAE AHtHde Noronha et al., 2008; Hiller
et al., 2006). AHAE= CAIT(Cumberland Ankle Instability Tool)
AEAE AHESHITHde Noronha et al., 2008). o]n] A& Ao
Al T2 AFEE(CC=.963)% B E(a=.831)E SET AAMTHO R
E Ao E 274 o5l FFE B9 TAA Fx B
A A9 A3 EH ASES 1AM E Aottt ole& o
Ao T A AARTHRl IEE Y 3 24} <4 B7Hbalance
error scoring system: BESS)E A A|5}¥tt. BESS B 7ol A 247 o]
7185 RS 2 A1 AR HE AEotltHBell et al.,
2011). & Aol T A7 x =& 245H7] Al G-power
3.1.9.2 Z2IZ o] &5t3l om, §-ol5E €05 BA7] <.025, A
9 (95004 4=t S W AAT T FES4E= 3870 A E
(Faul et al., 2007). & Foj&olAl= A+ =4 L 8ol dis)
25| A5t 7 s Aol A & AES st

A7)

2 A7) AT £ a ¥} P7PFH|E Biodex Balance Sys-
tem(BBS)(Biodex Medical Systems, Shirley, NY, USA)S AM&-5}S
o} BBS= B4/ 748 9 UM T o Rk de| ALEEH
37 JeK(Youssef et al., 2018). BBS A|AH]l W AREEE s ML-
SI(Medio-Lateral Stability Index), APSI(Antero-Posteror Stability
Index) ¥ OASI(Overall Stability Index)Z# COM%} COP 7+9]
AE B9 A4E Foiote] 54 A 8L Brleke ol
(Rozzi et al., 1999).

Y-balance £# A% Y-balance kit(Move 2 Perform, Evans-
ville, IN, USA)E AFH&-35t3itt. Y-balance kit:= 7]£9] Star excur-
sion balance(@%3P2] AFx 7|4, EZ Q3 FEIG9] A<, 3§
7WAZE 5 Aol Al7HA] (W -anterior, $WS-posterome-
dial, 38|=-posterolateral) 0. & ZAA]7] o]t} Y-balance 4
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y o2 =g A7] & Aol EoIA Q= B A(indicator box)
AR Hoiet g dojd & AR E FoteH 13] £33 A
=2 74] ARgte}, Aol Al Y-balance TS 53] k4 259 &
,FA8 9 2T 2 2AATHEC] 84 AL 4 Q)
AL, AA| AN ZEASEL] B B8 A, AY 5 71k
d&st7] gt shte] AAMEERZ AREE tHPaterno et al., 2004:
Shaffer et al., 2013).

£ Aol = A% %XJ Al 584 HlolElg F&517] 95l 8
9] A4 7F2HOqus 7+; Qualisys, SWE)2} 544 A5 E 9
E517] Y8l 1919 #] tﬂ‘ﬂ’—. é"éﬂ(Type 9260AAG; Kistler, SWDE
AH&-stdet

o o ogt

oE
i

o)

el

ol

AT RS2 CAIY TAE F7HA AAPTHS AAIRE & BBSE
ARESE A ZbA] vlo] @ W &Hl e X tH(training group: TG; n=19)¥+
Y-balance kitE AFH&3F Y-balance &3 ™(control group: CG:
n=19)Z F2Y Wit F 7HA] H3EHEL 5L A7l F 4
Fo] A4 dFYof 384 F 123] AAEAHHoch & Silkman,
zmmnnfB%ﬂkﬂHﬁfﬂqaiﬂ%ﬂﬂE1HW6ﬂE¢
Poldot. THS FFote B AT-FAREANA Hipol A=
UEE A&EH 02 FAIGHA oto] gk S0l 7“0] Holx TrZPE]
T JEE SIS NE G S FAAIR 2 AAstelth
CGe= A7 ﬁ?“’ﬂ/\‘] 3 B o]-&oto] 77 LJ A= ol Al
Y-balance 8 WHS YA Z 07 ZA|5H AE5FHHKim et al.,
2021). OIHOP A2 33 9 3 A7HzE0] Y-balance 5%}
of gt W& wEwS FE 5 %E}(Klm et al., 2021). A-3oizt
S FAITEE ol8ste] 13 £ Al UM INEE HAISH T
Z7F BAA 7S 3B-S AE5FtHCavio Gonell et al., 2015; Kim
et al., 2021; Salas-Gomez et al., 2020). 57} &9 = 4
34 Al QI 25~3080) 24 EHE AASITh BE A+ A=
]'H"J < Fadfs7] Yol £ A 5~108 7F FH|&52 A5t

% SS9 AAGHA] Y= ol vigo] 2 FLE A
%'—?l' A =gk Atote] 85 213ttt

AR/ B7E FAE T R SRS FPolnh. Ao R
IAT = Q7R v Zo|& dytslsto] Ao & QIgh M
A9 Ao|7t ATl PR FLE stiet. the] dols &2 A
HolA 5 the]e] HAdJFGw7IAl(Anterior Superior Iliac Spine:
ASIS)A % -‘?Ei W& E A (medial malleolus)7HA& &A1= 274519
h(Sipe et al., 2019). 4] JZLO o] FHof 4] I %09 50%

2 A1) £7] Eol= ’\7\‘31'514“(Countermovement jump;
CM))E $=35to] ASIS PHA L] A9 w9 o2k CMJ Y &°]E 3
3] A3t Pt 2019 50%= AAFSIA HWebster & Gribble, 2010).
AT HIE A AP OE Hx & Qo] Aol 5 F+2E
(Vertec, Sports Imports, Hilliard, OH)< E{ |3t F 2|52 o]
SHFA7(FA))E 2027 AAsHAtHFigure 1)(Shaw et al., 2008).
Z 334 AAstelon, JE & FRES HASH] £ A-F, A
g £77] 9ol A oHA] ZolAE B 52 A F T2

o B
=
o]
A
9]

el g
-[olv

=

TaEE3

MARE 0T T
= A 9olsty AslA A= D 227} H ok
ol chat Ho]E| S5tk
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Fig. 1. Jump-landing protocol
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H d
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Fig. 2. Time to stabilization information

Ag B4

?Oﬂ*‘] g 53 33 RS YA E(raw data)= AHEF

£ 6HzZ A% 5 43 HE YA AGEHRLE (4th order
Butterworth low-pass filter)E Z-&5}% 2 H(McErlain-Naylor et
al.,, 2014), AAEH dolH = A5 10HzE A5 5 43 ¥

HYA A9BHLEE Aot ZEHES Pt tHMacKenzie
et al., 2014).

AT A8 AT AAe7] 5l GRE, =344 W+ (sequential
estimation), ¥FHA}(standard deviation)& AR&slo] EA451%ch
(Colby et al., 1999; Liu & Heise, 2013). o] A7} 845 A5}
QFg3st 28 A7HE Aok GRF A 50} AAZL Atolo] A S Al
AbskGiTt QPESF & QAITE AME WPHE oh23 2t} 1) AP(anterior-
posterior), ML(medial- lateral), V(vertical) ¥3F2] GRF glo]E] &8,
2) GRF A3 A= dHPS 8ok gon, &34 gt AH&ot
o] gho] shto] tlolElg F7lotAA Bt AL & 1383 28] B,
134004 3347129 B<t, 130llA 48744 Bt 134 nPF7HA] Y
B AME, 3) QAL <A B9 AA BEHEAY] 25 % MR

Korean Journal of Sport Science 2022, 33(3), 359-368


http://kjss.sports.re.kr

362

S. Kim and J. Moon

A%, 4) GRFY] A4 B BEHAF 25 %0 == A8 QM
ste A0 2 Fi, 5) GRFY A& A -0l A EHEAL 25 %Ol 2L EE]
A9 AIZEE AT

Al A Z A (center of mass: COM)2 ZF B4 9] 24X & 7|&0 &
S (anterior-posterior), Z-(medial-lateral), 52 (vertical) ¥
9] Z HYE A& AL, BS54 (center of pressure: COP)2 A
T 9 9 93k Hd BeE AEsioith HEAE, BERAES

Al (sagittal plane)?] /2|4 #IQ1E &5t

Time(sec)
01 02 03 04 05 06 07 08 0% 1 11 12

Gound Reaction Force (M)

Fig. 3. The comparison of TTS between TG and CG groups for ML
direction

Table 1. The results of data at force plate during jump-landing

SAAE

BAAE ] A BE AE Rl gt One sample Kolmogorov
SmimovE &l A4 A5 AAISHITE 11 A7 HE WA Hf
/go] FEEGT A 7 5L ARE TdsH] sl APdAAR] o
S SYEE t-testE AAISIAT 191 A4S A-E-S THohy] Yol
FAAA old & —‘?—"]'—Ev-* (Two-way mixed ANOVA)E 3513
o, o thFH|WE QIgt A1F 2F(Type I error)S EA517] 9

3 Euzy Eﬂ.’“(Bonferrorn correction)& &-&3t R4 A
ottt BE SAE K42 p  05E A5kt

Gound Reaction Force (N}

Fig. 4. The comparison of TTS between pre- and post-test of CG group
for AP direction

TG CG Group/test interaction

Pre-test Post-test Pre-test Post-test F p 7
AP 0.731+0.179 0.647+0.141 0.798+0.129 0.899+0.081 6.599 013 .099
(];ch) ML 0.766+0.174" 0.658+0.156 0.683+0.183 0.757+0.111 4.991 029" 077
v 0.727+0.196 0.674+0.197 0.789+0.189 0.697+0.166 157 .693 .003
AP 0.080+0.020 0.098+0.070 0.110+0.110 0.093+0.021 1.174 283 .019
C(g;/[ ML 0.345+0.056 0.348+0.049 0.365+0.051 0.359+0.045 120 730 .002
0.235+0.206 0.203+0.052 0.257+0.215 0.216+0.057 013 909 .000
COP AP 0.367+0.239 0.323+0.117 0.479+0.258 0.467+0.267 078 781 .001
(m) ML 0.374+0.118 0.275+0.086 0.389+0.116 0.317+0.158 200 656 .003
AP 0.157+0.445 0.039+0.337 0.797+1.635 0.352+1.137 467 497 .008

([(\I}/l?j;) ML 0.400+1.217 0.176+0.317 0.628+0.736 0.320+0.479 .040 .842 .001
\% 20.62+2.92 19.80+2.96 21.45+2.35 21.06+3.31 .085 72 .001

AP=Anterior-Posterior, ML=Medial-Lateral, V=Vertical

*indicates a statistically significant difference pre- and post-test in training group(TG)
® indicates a statistically significant difference pre- and post-test in control group(CG) ‘p<.05
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247)014 251 WS s EARME
A E}%ﬂ ekTable 1). A% 7 AFRAAE 2E el
oA BAHSL Fol7t LA QLT o9l B BAFRAL AN
A7} s} 4 A7ke] AP, ML ol H A5 a8 7 ekt
6.599, p=.013; ML: F=4.991, p=.029). AFS-AA A3} TGO
o gel A 2% vt Zasherkp=042)

£ ATOIA BB} RERYY L5 WS the] FARYS
AR A3 b3t Lek(Table 2). A 7 APHAARS BE WQlo]
Z}o ] A

4117 p= 047 PF F 8977 p=.004). AHTE
A FCGe T H Hth S, M52 HHE 2% %7}‘8}&‘;4
(DF: p=.045, PF: p=.001).

=9

1 7 Ul A=W FY B0l G T A A B R 2
4} o9 SEASH Hele] ojm L vALA] B
ol 2700] SIc). o} 919 5 AL A2 slolomEn Feiat
Y-balance £¥-& 77 AAJ6l01a £ AT HE & 7] 542 5
o QPgsh A QA7 AWk T2 shAHE o] F A PYHRE

S EERUTCS

=

AP9} ML W3] gigt £ & 75_' =2 H]JJ-OI'ME EH CG‘C‘ TG
B QRAE 4283 AS & 4 ISl I A8 AR #
Al & AA4H 9 ooty 9k GRF &3¢ FAdlol=d €Q3t
AlZro|th(Letafatkar et al., 2018). AYPATA T L E9HY
A AT A4 AT Bt} GREZF 8= = 23 A7ko] A8 5
Aoty B ISR HBrown et al., 2004). 12 7] W&o @ dMA|7to]
285 Y3t AQAITRE WHEo] BTttt u|E sS4 5
E A4 = VFB &3 ®WHo] Y-balance &3 i HEroh &
|A7to] A et 52 mibgo] et 202 AlrEH. 59,
B4 AA| PSS A6ty el AA el Ae AA =& S =W,
APd 23 H 245 ", 5 9hAF 2 ApEE gkgof ojEgt
tHWikstrom et al., 2005). Nam & Lee(2019)9] Aol A AlZH2]
oW 3HS YT A+ AEL $P 7L (Tibialis Anterior),
1&or2]F(Peroneus Longus), doHe] &2 (Rectus Femoris),
Aohe] =242 Z(Biceps Femoris), FHAZ(Gastrocnemius) 5
o] & B A UEhdA #E3 259 714 #8A4E A
S0t 5 A9 FAISF(co-contraction)& FFTHch
I ST 259 SAIEE0| =R = ol f-2 UA W 7 A4
9] &A1l AFE A (reinvestment)E S of2] 4zt AlAH9] &
A 25H mEWo] gt £ 5 FFAI7I7] oA ot
(Manzoor et al., 2017; Nam & Lee, 2019). o|g{3l 7|4 9] Hi&
FPO0 2 Qs £ A9 A= U EQEAAS 7ML e A
=2 WG E B YotA veid A0 R datdh B3 I E
Aol A= 5, 4, JddEo] Aot A dEIE o] Byt 3t
Zrol sl A|A15] AR o] & QIS 3 FAF AIEL WolAl=
A% AAEHDault et al., 2003; Doherty et al., 2014). 3}A4]
9k Y-balance €3 A& w2 AR QHY3SE F2to] == A &
ohlal @512 AP WRFe] QP A8 A7to] F7lekgiTh A+t

Table 2. The results of kinematic and kinetic variables for lower extremity joints during jump-landing

TG CG Group/test interaction
Pre-test Post-test Pre-test Post-test F p 7
Ankle angle (deg) DF 6.8248.29 4.68+4.61 7.5343.48 89141433 674 415 011
. "
Anklemoment DF  0.036:0.004 0.026:£0.021 0.007+0.063 0.033+£0.019 4.117 047 055
(N/kg) PF  -0.742+0.191 -0.699:0.161 0.649+0.167" -0.902+0.256 8.977 004" 130
Knee angle (deg) AP -45.42+13.88 -52.20410.46 -43.60+14.86 -55.05+7 44 628 431 010
Kneemoment  F -0.305£0.150 -0.317£0.130 -0.482+0.458 0.5120.571 011 916 000
(N/kg) E 1.25140.338 1.28240.364 1.47040.444 1.354+0.222 670 416 011
Hipangle (deg) F 48.92+10.33 53124721 53.11+11.87 56.62+11.54 018 894 000
Hipmoment ~ F 0.279+0.543 0.133+0.445 0.819+1.204 0.423+0.934 391 534 006
(N/kg) E  -0.989+0512 -1.01120.448 -1.355+1.238 -1.556+1.357 151 699 003

DF=Dorsiflexion, PF=Plantarflexion, F=Flexion, E=Extension

*indicates a statistically significant difference pre- and post-test in training group (TG)

® indicates a statistically significant difference pre- and post-test in control group (CG) ‘p<.05
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oA XA 574719 AP W3 A EEE2 EHEY wiS5=
I3} A &ZF3of 95 AlojEtal 5t tH(Mochizuki et al., 20006).
Z 45 B2 Y-balance & HdPstA oA HEHEE o]
&0tz HFo] =2 A0 F5H} £ Oq:l“’ﬂ’ﬂ A=
Y-balance®] =3 W] gt AHAIEE A& =12 1 Aol wet
4 FPotg=t ol WE FEwo| ot Jrﬁﬁ 7190l 2=
OjEsh= Aol UEhd Ao R HRlth 7] 3G Al 94¥ o g &
2 P HI 22 1R DAAETI7IA Y P04 ol
2] Z3 2o & Qe st agol| QlojA] B EAIZ HA S 5= QL
tH(Sherwood et al.,, 2019). 187] fj&o] & 417 A|oj& &3t &
2k Y P SEe v L3 59 oA = B
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