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Effects of Y-Balance Exercise on Spatio-temporal Gait Parameters

in Subjects with Chronic Ankle Instability

Geun Tae Park', M.Sc, P.T. - Min Ji Kang’, M.Sc, P.T. - Jin Tae Han’, Ph.D., P.T.

!Physio Conditioning Training Center
’Dept. of Physical Therapy, College of Science, Kyungsung University

Abstract exercise and various exercises combining balance and
Background: This study aimed to investigate the ef- proprioception are effective for subjects with chronic
fect of Y-balance exercise on spatio-temporal gait pa- ankle instability.

rameters in subjects with chronic ankle instability.

Design: Randomized Controlled Trial. Key words: Exercise Therapy,
Method: A study was conducted on 43 people with Instability, Gait
chronic ankle instability. Subjects performed modified

Y-balance exercise 3 times a week for 50 minutes, 4

weeks. Gait parameters were measured using a gait

analysis treadmill before exercise, 2 weeks after ex-

ercise, and 4 weeks after exercise. A gait analysis

treadmill (FDM-T AP1171, Zebris, Germany) was

used to measure gait parameters. Mean values were

compared using Repeated measured two-way

ANOVA.

Result:: When comparing the results of three meas-

urements taken before exercise, 2 weeks after ex-

ercise, and 4 weeks after exercise, there were sig-

nificant differences in the qualitative and quantitative

Ankle,

Joint

aspects of gait in gait variables such as step distance,

AR A}
step time, step ratio, and sway ratio. 72
Conclusions: These results suggest that the Y-balance TARFEA T YR 309
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W7 (ankle joint)> U] #HEE 5 WIRISHA S4F = @dolw, W W(ankle sprain)> 7HY S A4
Z sz F4 &4 dF-ES ZAsckBoruta 5, 1990; Goland &, 2010; ©]th-&, 2022). Wy o] nHE x| of
B 23

T =
HE g o A X &521Q1 S 7hs w7 =S4 WY 25 B2/ (chronic ankle instability, CAI)©]

=
%, 1998; Koldenhoven %, 2019). E}El Bd F 2= % &AL ARz A &t 31?‘& 7.&7# ?%71 o
IS TA =, EEE ] ERMEAL TR V54l vste] &S v A Hrh g RHEA o
= b= o CALR o|o) %A ¥ Th(Hertel, 2000; Hertel 5, 2006; Hubbard 2} Hertel, 2006; -2.3F, 2023). 1t
AL 7)o A ek °l X527t B RE, CAICE A E = AL Austy] falrs #3 $HS A
5 HHo7 HE3h= Aol 337} AtiBeynnon %, 2002; Verhagen 5, 2000).

Y-8 FAAKY-balance test, YBT)= g 34 3} F87]Z(gluteus maximus muscle) oFel|Z: 2 a1 %] F& 5
(hamstring)®] A4 244 4 v S AHEEE dl TS & F .2 ™(Overmoyer$} Reiser, 2015), th2] 2} e
Ao FAF ool Qlo] xFsE AAF WO E AFE7F ETRPlisky 5, 2009). Y-113 -5 (Y-balance ex-
ercise)> A E| % £ YBTE 2 ZR I OR F435 Zlojt), o] gt -y Juvdy F5vd 17
RO BIAQ] 9 WEE 7hsotA sk e WHeE bele 4E W XS S 7] A, /FYA
I 7158 HAYS A= Hl o] ARF FEEZRIORoR ThsAol ok AZtEThaTE, 2017,

Hertel, 2002; Shaun 5, 2018).

CAIC] = tPdAEANA 8 55 283t A3 AF5S v, % 249 54 Mg s At 47
o149 8 % #8o] YBT % SEBT(star excursion balance test)®] =2 AZ|E FT7IAH 1, o] A=Y
[e)

&4 AA| A ) e Ela 71se A 9 el &47} oS 2| $Hh(Kinzey 2} Armstrong, 1998;
Plisky 5, 2009; Wortmann¥} Docherty, 2013) L3k CAIO] Q= Abehol thsh 78 259 482 o] Hgst
of 7]oyslk= 2 7F(tibialis anterior)?} 71E 2] (peroneus longus)«] ST E F7MAFH A(Conceigio 5,
2016), *| AW (base of suppon)a 2243 8 TS g EokgAdo] a3) 9SS UERIth AW, 2014).

s b o] st 7 S Az AA 9 A 22 72 JRE vlx] A 2] (batch processing) S
AR eF #8 ] 28-S Tk v Folal, BT 22 SAYS AITITHHan 5, 2015). T WS A E
st SR =ol A ' EdE s = sh A4 HE e 48 A3 e —‘7} 9 JEHE =

4 ]l

2 &
2o 29 st BRSmY P 193 AF A P2t 4

)
32,
o
=)
o
I
E
I,
PU
(il
O
f
03:
o o
=
2
_o|L
rir

= Qg 7ksd e s Aw
= A A HEze) wEe] 4 = 2]l
CAT®| tisl we= A8 1Y e A5 Gl S 2HET % F88 AA =T

?i pis =2
2 ol&3 el AANCHFHBE 5, 2009; AL 5, 2016; FAE 5, 2018; Chinn 5, 2014), HEF FAE
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7 271, 2020). 2123 vhEf o whE kel v =
E SFehe AAET ol SUske A5l AN H(Hertel F, 2006; Stiffler 5, 2017), W Bl el
et =) s A AHe] MstE o] &8 AR ATHEIZE o), 2018; sHES s} o] &7, 2018). ©] &}
Aol BE A P A e TR B, 749 v e A 54 S5E B wE A8
Y, B w1 s A B TH= A ALshe Aaree] diee o FolXaL gl e (19, 2014;
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1. oi7CH &

A= CAZE Sl 4379 A= FoE AR ow ol HAS Adysilal, gt 48S 214
WA WHE B0l A 9 7) =991 CAIT(chronic ankle instability test)S ©]-8-3Fo] thAkal A4S & t<i-= 1>,
AE gigdzke] 23S CAF Sl thidAFES] 418 798 E4E W SRA%S o] 835t AH S W}
2AE siglon, AdATe] Fojsts diidabEdlAl A7 it Wy 57 Sl tist AYg Fw3)
5] e sk 2 54

o, o] e} IS Fol IS AE A AP ATl FAT e A= vk AlAl
Z

= 5743%H7] Table 1 ¥ #Zo] 43 AASFAH<Table 1>,

Table 1. General characteristics

T Subjects(n =43)
Age (year) 30.81+10.34
Sex (male/female) male(n=3), female(n=40)
Height (cm) 162.35+5.31
Weight (kg) 58.33+7.00
BMI (kg/m’) 22.07+1.67°

*Mean+SD, p<.05
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Ao Q= AFEE F CAIT AAF A3} 247 0]849] 2K(Cruz-Diaz -5, 2015; Donahue 5, 2011; Hiller 5, 2006;
Sawkins 5, 2007)% 41733},

2 AZATE 71830] QAY QPR HAYe] ol FBel ATl Y= A, HF W Hlx v
A% 9 Q3o 722 APo] Y A, 17T Yebalance $E) A 80| o & ALEE AT tharel EEA
714 ek

B WFE 7| Fate] FAAEHQl B40] 75 dt ZE0 FDM-T AP1171(Zebris, Germany)= AHg-3to] 13
& AAsklon, dkgte= Al 7E E o] Qlar, ol Ul FEdo] =2 ZulA oz o] oA
o} B35S 1AE] 9% AlM s 343270 o)L, 100HzE =2 T35 AME-8b, 152 AA(1 sensor/en?)
Z7o] 7hsstth AlFE (1ICC=0.7), Ba HEEoA] tif-2 S5 (ICC=0.8)N4 5
(ICC=0.9)5 Yehd Zoz Hd3qd ATl AE 3oz deA Utk
AAY B3 W 4S8 tdAES ebgAol e mhko] Ael 7 =4S sk ool &, 2018;
Lee &, 2019), B3 A| S == dlo]H g
AF2-3F$1 Uh<Figure 1>,
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Figure 1. Gait analysis treadmill
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2ok o] 2 Ao 2 HI7IEKCruz-Diaz 5, 2015; Sawkins %,
AFLICC=96), 53 HAEA HAE AlFHA
© APAT A elA

T =2

I
ST

2007). CAITE A3 4 9l
(Sawkins &, 2007; Hiller 5, 2006). CAIT

9,
rlr
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P
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ol
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I [
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i}
kit
[l
S
a2
kit
-
o
)

(ICC2,1=.96) 0.2 = =
WA el AT 1>,

7t 2272
Al B Eqk 3 o] ] g7) e} Wl ko] ] 271 7F A el o] Foixl X o] ARl s
K Perry, 2010).
L. ZSAIZH
ASAREE A As 5718 edshod 2agh ARl S SARKstride time)oll A e gt ghbate] o
3k AIZHS A A K (step time)©]2F $HCH(Perry, 2010).
Ch ClE?l ® 2&7] HE
BHF7]= °F 60%2] T 7](stance phase)®} ©F 40%°] &5 7](swing phase)Z = ¢ 3/ TH(Neumann, 2010).
3) M FH
rEe 8o Aol B A4S st B wgel titt S-S AT Aol AAlsksla,
st7] flell S5 WHgske] AASESITh w52

Y-balance 3=
g 27 9 4F o] F PP
A8 19 oF 502, 1500 3%, 473¢

1032, °]¢k o] A &5 A~gAzto] o

Table 2. Y-balance exercise program
Exercise Frequency
Warm up 10 minuites
Y-balance exercise program 30 minuites
Cool down 10 minuites
() +3E V-8 25221
F gk vietol] Ho|EZE o] &ato] Y B e whElem, v Bk A fleA s o] &ete] F =
gk Y Boel A9 ALg e ATE ¥ Bk R % WU, HARS Pk Al BFOE £5E
Agsrglon, ok Mk H7HE - HAE M) AR 135°R o] FoiA] lom, HHK] F 9] A 90°9] 4=
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Y-balance -5 YA 7h-d] 8% 2hS ) shabE A Ao 52 AlZsEl on, nltef Foiglx]
&2 Wl E the) & o] 838to] Y Eoke] Mlrd WERS el S A slth % Al thele FHujd o
TES WY T 5 YEF ARt 52 A vEAS e A e WA B2 AeeA z1esks) o,
O]F &45 e Aol 1 55 AW sth %5 Al TElE U SA4E OF, U, FFRoR
2Bk &5 1A E(et)oll 10~157(rep)= 73R 0H, 3kl & 3AES] 55 W3l ol F
33], 45°3F AYssick

YBT+= #AF Al gk thel s o] =gt AgE S48k 7162 B7F S5 0| thPlisky 5, 2009). Y-balance
25 o]y g YBTE 5 0% A&k Zlolth 5 Al AES AE Ato]e] &= AJREE 23 ol 3131
(A T, 2014), 5 AP Fofl FAAE Q= FH F Y v S AEHA Y A7) aea Fe
(short-foot) 52| TFekst 502 A3t A& THH T, 2013; Lee &, 2019). A4 SFZZ TS F5©

2019)<Table 2>

4) =+ At




94 35S 98l v 5
| 5133 EH(Van Hooren¥} Peake, 2018;

7)
Van Mechelen -, 1993). & A7-ollA FH] 53 vhyg] 5ol 234 EdEd 52 ¢F 353 o|Ul= 4 &
Hlom, A3 Aol M EdEd 55 13] 30 o, F 55U A HA 07 AE s Ao ZAEA ] a3t

3k 5, 2010), £H] 52 HA o GARE AL Ao AlAE B Age

Aolet AT7} YoM (ERI
7_}—

HAste] Fgo] e A=

Subjects(r=43)

Measurement: Before intervention

Spatio—temporal gait parameters: Gait analysis treadmill

Intervention : Y-balance exercise program(50min x 3davs x 2weeks)

Measurement: After 2weeks intervention

Spatio—temporal gait parameters: Gait analysis treadmill

Intervention : Y-balance exercise program(50min x 3davs x 2weeks)

Measurement: After 4weeks intervention

Spatio-temporal gait parameters: Gait analysis treadmill

Analysis of data : Repeated measured two-way ANOVA

Results

Figure 3. Diagram of experimental design

B ooqro] k7 F-A4]L SPSS 25.0 Version(IBM SPSS Inc., USA)S ©]-&3Fo] EA12] 2]} th. Y-balance &5
23 Age] upE &35 vENSe B WS nlwsty] §s BAVIMOE vHES o] Nk EAREA]

(two way repeated measures ANOVA)E AHESIQITE oSS AT 0= 052 A3kt
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. A+47

% 2 & HAF 39, o7 407, F 43950l A=)
Hyt ol 30.81£10.344], BF-AlE 5833+7.00kg, 71 162.35£531emCZ  UER}OW, H BMIE
22.07+1.67kg/m' o] Q1 aL, 450 Al At 37, QEZKO] EAS At 40 R o]FolA It
<Table 1>,

2. Y-balance 2SI 212 7|20 M= Ha <4 H| W

1) 22712

Yobalance $FLE IR 4§ 7|7tel] whE B W5 F AgA wwelM £Y5} EFSOR T

of lastgla, A Ul Ev A wE, % /1) Fvbel wet AgAeE Frksklon, BASHL

FIg Apol7 drhp<0s). etk A Ul £33 HEYS AeA ) W] £ 170 4
1]

[e]
(sides)oll HE A3 282 LERLEA] 29k THp>.05). 717k W -5 HlwE B, %
ol AeARTE F7Feklal, SAIA o2 fofgh Apol U THp<.05). SHAIRE &35
= WA 3 avEF o R vwdt A3 &4 H

A A THTable 3-6).

14
I
e
=
rp
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>
2

Table 3. Stride length statistics according to intervention period (unit : cm)
Gait parameters Pre 2week 4week
step affected 61.07+£7.22 68.58+5.93 70.67+4.63
length non-affected 62.33+6.36 68.51+5.88 70.02+4.54
(Mean+SD)

Table 4. Testing of within-subject effects according to intervention period

Type I SS df MS F P

period Sphericity 3585.26 2 1791.63 165.23 0.00"
assumed

period sides Sphericity 41.07 2 20.53 1.89 0.15
assumed

'p<0.05
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Table 5. Pairwise comparison test for stride length across intervention periods

Period SE MD P
2weeks 0.53 -6.84 0.00"
Pre

4weeks 0.52 -8.65 0.00"
pre 0.53 6.84 0.00"

2weeks
4weeks 0.43 -1.80 0.00"
pre 0.52 8.65 0.00"

4weeks
2weeks 0.44 1.80 0.00"

'p<0.05

Table 6. Testing the between-subject effect of stride length according to the intervention period

Type 1 SS dr MS F P
Sides 2.05 1 2.05 0.02 0.87
Error 6772.20 84 80.62

Y-balance 52 1510] A8 V] 7ke] ubZ WA W T ASARE vlatel M EF59 BlEYSO R st
of wlaskglal, vk 14 As B, AgAgte] A oR folgt AbolS HATthp<.05). 12 7HA
Wl 2353 1S A1 vlael A 250 713 4 sides) ol HHE A8 e gkt
(p>.05). 713l W U MnE B, &5 A Brh 25 5 8l 45 Foll AARte] fhaskglaL, FA8HE 0
= AOJE Apol = %131‘:}(17< 05). SAIRE 4= 8l vl S DAk WA 2 avh A ow nlast At

Table 7. Step time statistics according to intervention period (unit : sec)
Gait parameters Pre 2week 4week
Step affected 0.56+0.03 0.54+0.02 0.50+0.03
time non-affected 0.56+0.31 0.54+0.02 0.51+0.03
(Mean+SD)

Table 8. Multivariate variation of phase time relative to intervention period.

Value F Hypothesis df Error df P
Period 0.69 93.44 2 83 0.00"
Period sides 0.01 0.40 2 83 0.66

'p<0.05




fARel AAEl B Wapol v IF 79

4
ox
i
n
Y
ol
Ho
off
o
r =}
o,
i
I
i1
r [
ox
o,
filo
N
2
2
o,

Table 9. Pairwise comparison test for step time across intervention periods

Period SE MD P
2weeks 0.00 0.02 0.00"
Pre

4dweeks 0.00 0.04 0.00"
Pre 0.00 -0.02 0.00"

2weeks
4weeks 0.00 0.02 0.00"
Pre 0.00 -0.04 0.00"

4dweeks
2weeks 0.00 -0.02 0.00"

'p<0.05

Table 10. Testing the between-subject effect of step time according to the intervention period

Type I SS dr MS F P
Sides 0.00 1 0.00 0.22 0.63
Error 0.19 84 0.00
3) CE7| Hl&
Yebalance £ELR I G 77ke] W B WE F R 0SS SP5 NEPZOR TS

Wk 0T, £5 Bg 7130] Zhgel uet maFIIA £4Z tH7] vlgo] c0v%el Z7HIAH, 13
A G2 alEel TPk A Blvh v A A 250 A8 713t whE HEY] e 5o S AfolE
HETHp<05). AT EZT vlEGE] Uy] vES s wE S 717 2 SR (sides)o] HE
FAEE UEREA] St (p=05). ©F 717k e thed vl Ay}, S5 2% F 9 4% Fof Ty
Hlgo] aekgla, SAGH R Fogh Aol 7k AU ThHp<.05). et £F53} nEE52] HE7] gl o
g WA b &3k Aol SASA R Fog Aol A THp<.05)(Table 11-14).
Table 11. Descriptive statistics of stance phase according to intervention period (unit : %)
Gait parameters Pre 2week dweek
Stance affected 63.53+1.20 61.97+1.49 61.46+1.71
phase non-affected 62.89+1.07 61.63+1.41 60.97+1.67

(Mean+SD)

Table 12. Multivariate variation of stance phase according to intervention period

Value F Hypothesis df Error df P
Period 0.62 69.87 2 83 0.00"
Period sides 0.01 0.43 2 83 0.64

'p<0.05
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Table 13. Pairwise comparison test of stance phase according to intervention period
Period SE MD P
2weeks 0.15 1.41 0.00"
Pre
dweeks 0.19 1.99 0.00"
Dweeks Pre 0.15 -1.41 0.00"
4dweeks 0.19 0.58 0.04"
Sweeks Pre 0.19 -1.99 0.00"
2weeks 0.00 -0.02 0.00"
*p<0.05
Table 14. Testing the between-subjects effect on stance velocity across intervention periods
Type 1 SS dr MS F P
Sides 15.62 1 15.62 4.53 0.03"
Error 289.75 81 3.44
*p<0.05
4) =7 HIEB
Y-balance #2270 A& 7|3te] W WA WF T Em7] BlES EASH HEYFOE ek H]
waklar, 52 A8 713kl Sk whet WA 5] 7] HlEo] 40%el T A, B
Al 7 BlEel 77k A BT vhi R A Aok, 250 A8 VIRbel whE &7 vlE2 old 2fol=
B THp<.05). SHANE 453} W5 0] S5 vlES vlas] B 2 713 8l S (sides) ol whE
SRS YA RSt 5 VI3l tiE tfE Bl Ay, R By 2T W RF 45 Fol T
Hlgo] F7k8l3laL, AT A R {08 Afo| 7k QU THp<.05). BEFE A5 HIEGS Ew7] BlEel o
Sk A P a3 A elA FAITH R {25 AfolE K THp<.05)(Table 15-18).

Table 15. Descriptive statistics of swing phase rate according to treatment period (unit : %)
Gait parameters Pre 2week dweek
Swing affected 36.46+1.20 38.02+1.49 38.53+1.71
phase non-affected 37.10+1.07 38.37+1.41 39.02+1.67

(Mean+SD)
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Table 16. Multivariate on swing phase rate according to treatment period

Value F Hypothesis df Error df P
Period 0.62 69.87 2 83 0.00"
Period sides 0.01 0.43 2 83 0.64

*p<0.05

Table 17. Test of pairwise comparisons on swing phase rate in CAI according to treatment period

Period SE MD P
2weeks 0.15 -1.41 0.00"
Pre

4dweeks 0.19 -1.99 0.00"
Pre 0.15 1.41 0.00"

2weeks
4weeks 0.19 -0.58 0.04
Pre 0.19 1.99 0.00"

4dweeks
2weeks 0.19 0.58 0.04

'p<0.05

Table 18. Test of between-subjects effects on swing phase rate according to treatment period

Type I SS df MS F P
Sides 15.62 1 15.62 4.53 0.03*
Error 289.75 84 3.44
*p<0.05
v, . &
W QATE o] AAREE A Z1g MAsl £AE S the B F shuel Wl ojg dolt.
YBTE 2% 154 9 84 - A9 AASl Y D 5H B 5 ke el A o Kinzey)

rlr

Armstrong, 1998; Wortmann¥} Docherty, 2013), ¥H5ol 4 o] B4 Y& o S5ahe d Qlo] &2 A s 713
AAP oJtl(aza=2, 2017; Shaun &, 2018).

A7 YBTE T4 Y-balance & R0 7t 9D FAol] vkl 2 8-o] 7hsdt A o theh A

TEA ZEA7F Sle Zlolet AT, 84 9 Ve H T2l thEt el tial] Lopry] fls) A AT
Al2E SRS o] 943E2: Y-balance £-5°] CAICl &3}H < Zloj2t AZbE o] -5 28 7|te] w2 13 v
A= FF 9 skl ohsl Lo Al shih

G ArEE BY JEEE 49 FEAEAAM Y A FFel 9% 5 s8I TEY MY B A
SE 2 B TV BEo] Ut S 985 s, vy #dE9 W A S8V, S B,
o] Z(calf muscle), Hrie] Wl Zelizold o5 Aol dole} o] Wshyh B3 v T d572] 44
Wskel & deS BAlvkal shlvh(Lim <5, 2017). 18] 3L ubeks A el Welsar Ay e ady 5
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