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Abstract

Background: This study aims to investigate the immediate
effects of combining transcranial direct current stimulation
(tDCS) with balance training on ankle function in college
students with chronic ankle instability (CAl). Traditional in-
terventions focus on peripheral improvements, while this
study targets cortical areas to enhance balance and motor
control, assessing whether simultaneous tDCS and balance
training can provide immediate functional benefits.

Desgn: Sindeblind, parallel-design, randomized clinical
trial.

Methods: This study involved 30 college students from G
University with chronic ankle instability (CAIT score < 24),
randomly assigned to a control (BBS) or experimental group
(BBS plus tDCY), with 15 in each. Using a single-blind, paral-
lel-design randomized trial, the experimental group received
combined tDCS and balance training, while the control
group received only balance training. The intervention in—
cluded 20 minutes of 1.5 mA tDCS to the motor cortex op—
posite the unstable ankle. Satic balance was assessed via the
Biodex Balance System, and ankle dorsiflexion ROM was
measured with a goniometer. Data analys's used SPSS 26.0,
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with significance set at 0.05.

Results: Both BBS and BBS plus tDCS groups showed sig—
nificant post-training increases in CAIT scores (p<05), with a
larger effect in the BBS plus tDCS group (d=1.54) compared
to the BBS group (d=0.79), though not statistically significant
between groups (p>.05). Static balance improved significantly
in both groups immediately after training (p<05), with a
agreater effect in the BBS plus tDCS group both immediately
(0=0.80) and after 24 hours (d=0.86), but inter-group differ—
ences were not significant (0>.05). No significant dorsiflexion
change occurred in the B8S plus tDCS group (p>.05), while a
decrease was noted in the BBS group (p<05).

Conclusion: This study suggests that combining tDCS with
balance training may enhance static balance recovery in
young adults with chronic ankle instability, offering potential
benefits for future CAl rehabilitation.

Key words: balance training, chronic ankle instability,
static balance, transcranial direct current stimulation
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oty 2= S8 M(Chronic ankle instability, CAIS ZS CITH| BISXQl &=A0=2 215t J|H+=&J|(mecha-
noreceptor)2l Jls XMote SASZ &iCh 0|28 =42 NR+84 2212 o2 Ol XIt(Hertel, 2008), 21t
HOZ TNl A& 59| 24 xHSCHMcKeont Hertel, 2008). XIAl QHEAHC| Z2E2 B3 T
I SIIZ 0|0{XI12(Cheung S, 2016: Lee S, 2019; Li S, 2019), LAMENA =2 MHEASS 0PISICL W2t
N 28 22 A& THHIOHE A SHAIMOI IHIZ CHSS
ACHHou S, 2022).
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ol otel 2= =&l EF S0l MoteD(Ward S, 2015), Xt 25 HIEQ S24 240 M2 DA &4t
Moot =& CHNeedle S, 2017). 0l2i8t 25 LA S2429 Bl 28N UHEN 24350 &2 0IXIn
(Lepley S, 2014; Pietrosimone &, 2015), ZUECZ 2 519 78 LAE ZHE & QUCL HetA x2S
I&EM1)S BEECZ ot= Xg 0| Jls el 24 HZo M22 H282 MAIZ = UCHXiao S, 2020)

dSI AR X=(Transcranial direct current stimulation, tDCS)2 & ¥o| S22 HIASHCZ TEE
2 Q= oHNEH o2 =T QUL tDCS= =8 &oi 2HXiel 78 & 25 &1 THES IHedk=dl =010,
1~ mASl MZE MFRE 230N S=222 MY6tH TI&E WX FHo| AA =5 XHSHHGiancatarina S,
2024; Nitschedt Paulus, 2001; Yitayehdt Teshome, 2016). 56| Lt 25 LIAS HACE & HARE2 L5
oR9 IIE-28 ALY X2 S8t 28 e Its&2 MAIGHD UCHDuttaDt Chugh, 2012). Ol A& Ael9|
& Z8(0utta S, 2014)t B8 s Sa(Kaski S, 2012), 112l1) CAl &Xiel 25 LI E2410 s& 78
A5 M (Kaminski S, 2017) S 7 Z=2 LSED AUCH

Z1eiLE tDCSIE KAl 28 2t &1 E 3I20 0IXli= D&l tHolM= (AMS] 2201 HDIELD JUSH, HRE A
Ot st sh = 2 MD| EOHHl =8t ACH= SHAHIDE QUCHCraig S, 2017). E£8H tDCSeE 78 E812| SAl
HEZ0| OIXl= s2E S0l st A7= i< MSHROICH [etd 8 A+= 78 =81 tDCSe| HWElo| ¢= ¢t
& CHEtME0l & JIs0l 01Xl SAXQ SIS ASotL, o 22 25 II2S HXOZ o= HIESH
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S2IE J|=0 2 =X X0 Oloh 2Yatd D AIE SOIMH RO MYEH A0 S2gQCH

AR ZIIRF &= AES G'power AZERM(ver. 3.1, Heinrich-Heine—-Universitat Dusseldorf, Germany)Z 0|
f HAES Eoll AESIRLE Cohen's d= 1.36, & 15, 2&8H 0.95, |ol== 0.052 A&}M=S
& 3

. SEe SEEEE Mot 2ISH2Z 302 FIUHPE S0l SEEHES ot

B

pr
x

2 o= ol =Dl(single-blind), HaldH(parallel design), SERI2AAIE (randomized clinical trial)2
2 PR FES Sol0] e 30Hs X2 AEZS 2 15HA R26ICE 232 ZAHARE & AIEZAL
Z2HXM0| HolE 2015 AN HEZQ! Biodex balance system(BBS)Z 1t A& ZQ! BBS plus tDCSZ0| EStg

= ors

a A
S SA0 2 88 ofd, UEE2 2 giots JMESIItE 2= 082 88 48

=
(g wilyui)

\_/\_/

2|

i=

10

_|_

o

0=
0
b
| H
I
E
=
@
O
@,
Q
0
Q
35
c
=]
<
o
0,
<
®
=
m|nJ

Sofl 212f 1115|122 BBS =14
=

H
AULHL SIS 2 SR IS XSLEE Ealotd] 2 20ME R& =M

5. =M
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Table 1. General characteristics (A=30)

BBS plus tDCS (n=15) BBS (n=15)

Age (year) 23.47+2.53 23.47+3.09

Height (cm) 168.47+10.51 164.80+5.47

Weight (kg) 65.27+14.13 70.67+£19.38

Foot size (cm) 250.33+£17.57 249.67+13.16

The values are presented meanzstandard deviation.

2. 25 LH0 HE CAITY &-2 ¢}

28 Y0l 12 CAITS A-29| Bigh= CHSI 2THTable 2). BBSZI BBS plus tDCSZS CAIT= &8 A=
S2I5HH EItoHAD(p<.05), BBS plus tDCST(c=1.54)01 BBS=(d=0.79)2Ct =2 SUTIIE LIECL O 2
= SHXSZ KO8 X0t HUAUCHP>.05).

-

= Yol 2 FX 29 Hshl= 3 2CHTable 2). BBSZ1 BBS plus tDCSZ2 HAZE Ha= 8¢
SFOIGHHI EI15tA0(p<05), BBS plus tDCSZ(a=0.80)01 BBSZ(¢=0.63)2Lt =2 SIS LIEHHCH 24
= XI= &3 AAl BBS plus tDCSZ(0=0.86)01 BBSZ(d=0.64)2Lt =2 Sn3AIIE UEHH2LE OF 2t XH0I
= SHHESZ K26 X010t SAUACKHE>.05).

2 Ll (e Y¢S =8 259 A-F9| Hat= S ZCHTable 2). BBSZ1 BBS plus tDCSZ2| Ys =&
A& = e 2= BBS plus tDCSZIAM 72018 XH0IDF AALD(6>0.05), BBSZOUIA = ZAGHACH<0.05). 24412+
= K= S0 SAI BBSZ(e=0.97)UIM =2 S3IIE LIEHHCE 08 2 X0l= SHRS=Z 228 X010t ARUCH
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Table 2. Comparison between groups
BBS (n=15) tDCS plus BBS (n=15)  Between—group differencest
Pre 16.80+5.14 17.40+3.94
CAIT mmediate 20.93+5.26 03.87+4.42 2.93(0.73,5.13)"
Change
Post-Pret 0.79(1.90,6.37)" 1.54(3.93,9.00)™ 0.49(-1.20,5.87)
Pre 1.49+1.12 1.39+0.78
mmediate 0.94+0.49 0.9140.29 -0.03(-0.36, 0.30)
Change
Static balance o ¢ oot 0.63(0.11, 0.99)" 0.80(0.20, 0.74)" 0.47(0.20, 0.74)
24h change 0.95+0.41 0.86+0.36 0.53(0.29, 0.77)t
Post-Pret 0.64(0.11, 0.97)" 0.86(0.29, 0.77)" 0.02(-0.52, 0.50)
Pre 13.32+6.03 12.08+3.83
mmediate 9.11+1.66 10.69+3.22 1.58(0.09, 3.07)"
Change
0.95(1.48, 6.94)" 0.45(-0.17, 3.35) 0.58(-0.17, 3.35)
10.82+2.93 2.01(0.50, 3.52)t
0.58(-6.02, 0.78)

DFROM Post—ref
8.81+2.61
0.43(-0.71, 3.63)

24h change
0.97(1.46, 7.56)

Post—Pret
TMean change(95% confidence interval), ¥ Cohen’s d(95% confidence interval), p<0.05, "p<0.01, *p<0.001, BBS

The post—pre values were described as absolute values.
Biodex balance system, tDCS : Transcranial direct—current stimulation, CAIT : Cumberland Ankle Instability Tool

DFROM : Dorsiflexion Range of motion
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