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In the recent years, active video games or commercial gaming-based virtual reality
are becoming increasingly popular among community and healthcare professional.
Nintendo Wii Fit, a commercially available gaming system using Wii balance board in
order to perform balance activities. Balance training using Wii Fit gaming system is
reported to improve balance in healthy young adults, community-dwelling elderly
people and individuals with neurological disorder. Using transcranial magnetic
stimulation (TMS), we could investigate neuroplasticity accompanying motor function
changes induced by physical training. Despite the increasing number of applications
using Wii Fit balance activity for neurorehabilitation, there remains a paucity of
research directly investigating the neural mechanisms supporting its use in stroke
rehabilitation. Previous study indicated that training with Wii Fit has the potential to
improve balance and modulate corticomotor excitability post stroke. However, whether
the healthy young adults produce the similar effect as stroke patients is still unknown.
Hence, in this study we examined the immediate, short-term and long-term effect of Wii
Fit balance activity on corticomotor excitability of the lower limb motor cortex and
posturographical changes in healthy young adults. And thereby, to understand the

correlation between corticomotor excitability and posturographical changes.



We used assessor blind randomized controlled study, recruiting twenty healthy

young adults. The subjects were randomly assigned to either training group and

reference group. In the training group, subjects received Wii Fit balance activity in

standing, three 30-minute treatment sessions per week for two weeks. The reference

group received Wii upper limb activity in sitting, three 30-minute treatment sessions per

week for two weeks. Every subjects were evaluated at pre-training, after 30 minutes

training, post-training and follow-up period (two weeks after training). The

measurements include tibialis anterior (TA) motor threshold and motor evoked potential

using TMS, Sensory organization test, Limits of stability test, Berg Balance Scale,

Timed up and go test and performance curve plotted by Wii game score.

The results showed that after Wii Fit balance activity three 30-minute treatment

sessions per week for two weeks, Wii performance curve demonstrated significant

training effect (training group: Chi-Square=18.125, p =0.03, reference group:

Chi-Square=36.353, p =0.011). After training, corticomotor excitability of tibialis

anterior significantly changed in training group (Chi-Square=8.649.@45) and there

was no significant changes in reference group (Chi-Square=2=045%4). However,

our study failed to demonstrate significantly different in postural stability, balance and

walking ability compared to the reference group.

The results found that Wii Fit balance training in healthy young adults were task

VI



specific not because of familiarity with the game equipment. Each training group

performed significantly better in their trained conditions; that is, Wii Fit balance training

group performed significantly better than Wii upper limb activity group on Wii Fit

balance activity scores and vice versa. In terms of neural plasticity, past studies showed

that after motor skill training, corticomotor excitability increased. In contrast,

corticomotor excitability decreased after balance training. Our results reported that

motor evoked potential of tibialis anterior increased after 30 minutes Wii Fit balance

activity is similar to motor skill training. However, motor threshold of tibialis anterior

increased after two weeks Wii Fit balance activity is similar to traditional balance

training. Our study failed to find significant training effect on postural stability, balance

and walking ability in both training and reference group. It suggests that two weeks Wii

Fit balance activity is insufficient to improve healthy young adults balance skills. On

the other hand, unsuitable task difficulty may be another reasons. Further study with

longer training sessions and proper task difficulty for subjects with balance training

requirement might be necessary.

Key words: Wii Fit, balance activity, transcranial magnetic stimulation, postural control
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AT UT ISR S BT RE R TR - R TEE L 3

BAed PR S e FEL1 L > AL A BnE k=Rl B

1 SRERtH

Barkers 4+t 1985# 5 =t 4 & % g% 5 47 A SFEE B a0 8 £ 0 e 1%
A3 R TR e T T e YT E ko SRR T KRR A B R L
BEM S AFTE %7 N 5 H SRk e(single-pulse TMS) & = 3% 3= — T 3b i@
RF % 0 3lgigm ide (T 88 § 1 o & g veende §F ) i (motor threshold, MT)
% % T3 % % = (motor evoked potential, MEPR) 78 #¢ & 4 72 21 5 %8k o

=R

Cacchio % A 7 7 50 =i B & & A J| % Spped e 3 'pn vefp B A (54 12
WELSg A PR TR EOREE N T ARLAPM i 098 RERE TR
2 PRl Tl s 0.94; LRIG RAPE Bdcs 097 o @ A iTHE T AR E R
HFRGARZAPM GG 075 RIFFF G A AAM Rlcs 0.68: £ RIT A ARM
#ci 073 %1 7k > Cacchio® 77§ 16 =i @ b & i 82 & RPEs voehiq g
Bl sl S5 FRERG TR ENL P ARAPM Gl 0.92; & FH# T =
ety Eenf Rl RAPM hlici: 0.87 R Rp[E TR EhL RIG RAPY ¥z 0.9 &
EA S R ARG @ N BRI RAPM flics 0.38 %5 L L L AT B kT Bt
BEFRAG TAFTIRGEZERCRIRSAEAPMN > 2450 T T P
RIGFEEE o RIREFREERICR

TR

Yen & A 7=y 28 =Hiie b %—*ﬁ;:@ 4 ¥R p 58 83" R (body weight
support treadmill training) 1 * g Tl R o 18 6 & & fp] m pee SRR
BilE st BRI g L s ot i B R F IR ERDED el (TR B
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HF e ot S T GER 4 A oo b 2 Ap e 0.8390 T IA B ARH o7

2. BETELEEEFR
T ORERERAR LA RN AL R A My & o £ Y

TARETA T EIARE T REE I RN TRELRRE AFTERED LK

£ P13 (Sensory organization test. SGH}E =_*L & B3 (Limits of stability, LOS)-

(D) EEE &R

R

Brouwer® 4 @& * # L T "aZ F T RE TR K E & BFET 70 & #4320
T30 AREEEREFE Y SR TERE PROL PG RPY Glcs B 5 0452

0.38 =33 pt vk, Ford-Smith % 4 i * # fi T "% % T §rkie (7 p 4 5 & B2 40

\1

\W«
che

"R X EACEEET AR TEERFEANEY BEFESOLPEARKL
IR faBch 0.26; FPRpES idbdr o gk Gl h 0680 K& VAT TR
£ &Ry & ¥ (fair) 1 4 (good)ni I &

Ly

Badke & 4 - ffms iy S enk F o 3tip fa frich é 4 HEFRE LK S

B B g e N TR A SRS LY R TE SRR A i

% fidn BcA Hoerip B (il s 0.55 > fofp #e X T R A i M (R #cR] 5 0.69 o

2 LT TLRBIR

B R

Pickerill % 4 & * R TFREFETIRPIFEN 230 F £ dEE
oo B IUR PR B H & (movement velocity) pl 5 & 4p M (ki 0.80 ;
M #1(directional control}t ¢l % & 4p B 7 #ci 0.69 > Ao 4% T LR BT
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PRI BRI R ek Chien® 4 & % i § % BT FREF BB
RIFESTHRAEY R HR b H s (EpERF (Movement timed ] & 4R B % o 0.91
@ #% B fLE (movement path sway)ip| % & 4p B T fici 0.78 » B 48 2 VR BRI

R VAR S S FIEa N SRR T LRI

k

<R

Pickerill % A vt g i T 0% 4T =% { Biodex T ff= % si(Biodex Balance
System) a7 fr R BEFELVRPREAL2Z T ¥ A ERFE ] OFREFFET
PR E BT TR AT R P a0 BEER T (endpoint excursion)y Biodex T {7k suar £ Pl en
S dpdl o ARM Gl 0460 R FCAR AP - PLliston E A AT ¢ b B ETUR

BB TRRF AR e T e LA apphid > 2% 5-072%-067 &

YRR o3

3. mRLIgE L
B X T grE £ L Berg® A 3t 1989 w15 B 0 B % % IR X A hT Ry

Sop e B SRR AR R R b R 4 G AL

Ao BR LS4 Ly BIHP AP BALE A AP NLAREY TR o B A
BLABMEEA Bl tar @4y i T f§Tae 4 A%AF o FHwmnE 3 2
P A B o (M- ) o

TR

Downs & 4 i wppiof X T g L RH* N EGAEFHY > ¢ T EBD I
T et P VIR A i P *Jfﬁﬁ‘k ’ -l";‘&‘ET/?JFéjF\ TRz M it 0.98; B

BEE A2 AP M Adi 0.97 - ¥Codi £ 4 Mg 23 % i RATRE 0 2

ERAPM Cificit 0.922F % & v AT B OH LT R A4 LHPRIEF R

RIEEH P B RIG A
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Spagnuolo % A v g i X T HFE £ s A A PR Y S FE R & 21 iR
FE AL L0FK P o B E PO AT R A o A AR R AP M G5 -0.65
A T ER Aok (i RAPM G#c: 061 FiE¢ R -°Godi% 4 ez 23
TR R AR K i L T R A Bk R T % SR (Mini-BESTest)

Adc FILA FAPM it 0.85 0 TIF AAPM %

F Rt
Godi ¥ 4 A& 23 % frf BATNE F 1 > e F 3 624 1 BiE b

¥ 1§ jpl s g & (Minimal Detectable Change, MDGYr ot < T f=§ 4 {8 4 8 * 425
6.2 Pt L5 B R Tfma 4 cnitopt b R AT gER A h g B S 0.77
O RALEG TIPS SR T ES R LY BRERE 097 e E
5 F OTUENR AR i R AT e i B R % Mao % 4 ez 123 =% B
&?‘f 1¥E3 Y b {6 % 14-30-90-180 % ot I = £ B 4 g i (effect size)
FressdFme his® 1432 30%x»cfsfe 3 085 ¥ 301 90 % »e/i i 5 0.69; %

903 180 % »c s R % 069 £ 4 ¢ 2 B AF it o™

4. pEAe AR
hpEde 4P| 5 Mathias% 4 »2 1986& »r B » 2w n 2 5 R ap i ~ B 2
21 EWV AL o FIPL R m B LR ANIRAIER o LR FINIFTELEE A DT

R BB AT BRI RS EHT ST AT

Podsiadlo® 4 #ic? 60 AL T i B & 4 i (73 PFAS A RN 0 % % R RIEE P
R 2 AP B Cidicid 0.98 5 RIEH R AR 2 4p b e 0.99 % Steffen® ez 96
AT BB K A R PR A AR 0 B R RIG RAPM Cidicit 0.97 - Bara¥ 4 47
191 %Y ARFVREALRFELCR > BEHTRFEFN G AL ARM G
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1. SRER T

i SR ) 5 MagStim200 (MagStim Ltd, Whitland, UK » {7 #*
grigm vuin ¥ 2. < Rl d L BT R 0 T BcdR R G 467 AUl (double cone coil)
fI* % w7 Bk (EMG Biopac MP150, Biopac Systems Inc, Goleta, CAAY
WIpE 3 7 = o B4R4E ¥ (sampling rate} 5000#4% % (Hz) » 3 5iijm it B %
T % 20 Hz~3K Hze zu5ii * 3 /& 5 — &4 (1 Ag-AQCl £ & T &% &7 A
Lo TARECR Y R RIEm U s S TR Al - AR $EE 3
Al FEORER PR F A XRFHHEEFRLI LG RF ORI R
FFIRAF 2 OB M A MY 4 R BB Ry 2 R BT A
Boo 4 F o KR H R At R T R B AR Kb 5 B ow P F § (occipital
notch)sid 47 5 # #h 5 & )54 ® (mastoid processiyid 2> ¢ . gL % 2 78 (vertex)

EEANFERAET > HINFTHFEIRTIE DL BB IR L ey o

Lz ¥ 5 & iz @ izgk(hot spoty A% Féif gl Aoty ARt gE s 10 3 7 248
WL TR foflpr =8 7 % o L8 TR 54 @y S

A. # iTf {&(motor threshold, MT) 2 & ko & 2 Fl 43 L g flgr

20 IRV RGEIeE D T KR PRigE 0.05 mV o Ee EE T

‘l«

o g e A R B Tk b & (T B & (resting motor threshold, RMTF)
%“%ﬁéﬁ’?%fp*_v"zjsi;/ﬁxéiq‘ll;‘;’r&«’ﬂiﬁ VR A ARG 0 TR E R A
FRG2EHRE  HEAR] R 29 REAL T REd T G2 FHEN
ALF e

B. & i¥3 % % i=(motor evoked potential, MER) & * # \ & iT | &2 120%
g R o W h A BEE S T g BT S x T w R R D

Tyo s P st KA B A AR
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LS TR ES 8 o

AEL R BETHERT R B LR R TV R

A.

BB £ ORI ORI S8 3 T 4y dic(equilibrium score, ES) gt 5 T firen
AR RApE e TEDE S whht 2 Ttk B S EREFH 2 K
S ERFaGE 1004 S B ET SR 04 Z B L THRE o L RRRE

AR EER REFE 15 Rk (eyes open) B 1T 5 2 5 B px(eyes
closed); g % 5 3 2 L% F # (eyes open, sway referenced surroung)
£ ¥ 8 4 5 A¥F F H (eyes open, sway referenced supp@tif 158 5 7 B
% % %45 I+ ¥ (eyes closed, sway referenced suppom)§ 158 6 = L% F
# % K e ¥ (eyes open, sway referenced surround and suppertl |+ 5t
EEAREZ L FAPRRES 204 0 v AR R B T ORI E A 5 A ik
2 T ity iy, 4 (composite score) £ it sk 2 TR TR
BV BB H TP EBI IR o (TR E(H 4

== 24

E"‘—‘é"-\l_"%;‘f‘g‘

~

G
e

-

. W REANBPRRE) XEF BT R
BT grende B0 4R 4 ¢ (center of pressurg) T B g R o T g H-k
&2 F R (reaction time) # # :# & (movement velocityje = # #5741
(directional controly & s i 5 & kU HL RIS T = 38 Az de (T2
Fenpr L > Uil o BEAR ] A A F BRGNS BB R L XFE
FRA P BB nTiog Ko (ERE)E T B R A B
B AR~ R TRy 4 ARRE S 2 e qrd] 5 3 BEE SUBSLE R R st B0
wRA P RBEA B P A AT BB AR IT 1000 & X
7 e I ARARIT Y - B A AR 4 AR o R R - B R R s
Pk RR R LR FE TR L AR R A AR P o g%
FoAvREY TR AR EAY - B EARES BB
B B A BT RN B RRIHRE LS L o BTVRPIRES G
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BERMHARN TR P EF VR RIROF BER R EALA 2 R B ERER
AT .

AFT R FMeB D ¥ EAEEE LR 0 T 0 R R 2 Wil Fit T s e
o FHER A TR LA IR IR E DL B ERELFF = S

Fx 3044 A FE S KW Fit 5% T gra s 24 peng g L s
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FzZ > B 3004 SHAFEATDOWI L FIER o A XRFF TR
— TR RGEE o ERN B AT
1 e :
i%ﬁ%i%%ﬁiﬁﬁj’%Wé%#ﬁ’%ﬁﬁﬁ%kﬁ’iﬁﬁ%ﬁ
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THFEIARRT pARFAYFELY R FE S S 2202 0 ¥ F (ASUS,
MW221U)- 4% - £ 38 % & (7 Wi Fit = resih ¥ jRig sk chid b o 75 p 2
£ SV RE TR 4 foT sahds (T F i 4 (motor responseRFt ke % 5
e A fEnagE o I RS P R A RA R > RIRIRIREF
EFCEIRECR e AL RR A F R UMHEARAIRA Y RS
oo 4 BRI o E T 1404 B FH TR 244

RS c BF LT AN EH > X F 3044 0

RPEH L) AR (AR 46200 R F 6500 ) S iER
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b F IR AL RS A A S BFR LR pRE R F 140 &
M LR OB LETRL 208 NEARY c BRY L &R A4S EDS

B 2T 30448 o

¥ E THEIEE AT A

X H PR SPSS 17.(R PG ic HE 7 4 47 A8 3 D R 5 SRR Tl e

B R A R T IRIRE) A SRR T e o A~ AR
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i
RplFFEeF BRRE ~ Bhd R~ 2 e dd] ~ ORATEEE L 4 R AR
FRE FLREE AR R e ST e WL 5 104 o R R B s o i*u.ﬂ_
poEnt a3 o0 i kA% e T (Friedmantesti % L e hw B B REREGIRD
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oz AT A EVIREE E EH) AT SR AT SR EE o R AL

ok

9

pE > 0.05 AFfads et 24w E gt e B E RS 47
BE2R  dpfBiemplop i A3 T EF2 L8 PE- HEFFIEE S
# ¥ (Wilcoxon Signed-Rank Test) T 2 % {8 4 47 - @ )T&‘,Ra - R LR R
#* & -2 R U 2 (Mann-Whitney U test) 5 = 2 B 8 F A3 is end 74 &
1758 ERHEFLR > FpE ] 005 A A e AR BSOS T4
Br mBEFALAR R EBEI ¥V AT R 4P M4 $7(correlation analysis)
R FFHAIL > L RFFGD A » SEH AL TRELaecg(® FF L2 & (F
FE R IR E)LTE 2 E R e (R R &R hT R i A S T
RRIFFOF R - BEER S o)L pApM I FIX R L e

EHE G104 0 Pl * TR F & 4R RdicA 7 (Spearman correlation analysis)
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