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[ Abstract] Objective To observe the effect of virtual reality ( VR) balance training on the balance and
ability in the activities of daily living ( ADL) of children with cerebral palsy. Methods Forty children with
spastic cerebral palsy were divided at random into an intervention group (21 cases) and a control group (19 ca-
ses). All received 30 minutes of daily routine rehabilitation training, including therapeutic exercise, occupational
therapy and home rehabilitation training. Everyone also received 20 minutes of balance training 5 days a week for 3
months. That included sitting and standing balance training and training in transferring the center of gravity. Beyond
that the intervention group additionally trained on the Biomaster virtual reality training system doing image
matching, playing football and skiing. Before the experiment and after 1 and 3 months, both groups’ balance trajec-
tory length, peripheral area, and the unit area the trajectory length were documented and also using the Berg
balance scale ( BBS). ADL ability was quantified using the modified Barthel index (MBI). Results (DAfter the
3 months of training there was a significant improvement in the average trajectory length, peripheral area and unit
area trajectory length of both groups sitting and standing. The average values of the intervention group were ,however,
significantly superior to the control group’s averages. @After the 3 months there were also significant improvements

in the groups’ average BBS and MBI scores, again with significantly greater improvement in the intervention group.
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Conclusion Virtual reality balance training can significantly improve the balance function and ADL ability of chil-

dren with cerebral palsy.

[ Key words] Cerebral palsy; Virtual reality; Balance;

Activities of daily living

Funding: A Jiaxing Municipal Science and Technology Project (2019AD32223)

DOI:10.3760/ cma.j.issn.0254-1424.2023.11.008

P S T R B ) e — 2 5 A7 7 A AR
i s FE AR T el 16 o) 52 FRRE A B, 1P e 1o 1
s TR T TR IG LS 4l LA R AR U1 TP 46405
L E P ANRE TR R RN 1. 4%0 ~
3.2%o , T [E 5Bt AT 2 R A 0 T RE 11 2 0 R
2.48%0*

WFFEIE R, BRI 25 nT LR s M o 28 L B i s
hAE ST F- M5 DI RE . H % A2 T 15 30 (activities of daily
living, ADL) RE Sy FIAE TG B ), MR AUER S 24 R
VEh — BT 24 10 3 52 R, B AT Rk P | st ok
J AP, (H 22 4 AR X i i LS 17 2 BE A ADL
RE 15 M0 4 FH S AF 5 420 I IR IT RGA 7 i — 2P 1R
UE, FETF I, A 5T LIRS 28 R i e B LA A AF 58 X6
G HRT HE 0L I S ST 4 1 2 ) i e 8 LT i T BE RN
ADL &7 (52 M, BRARIE AN

AMEFHZE

— R R BRE

A bR HE  OFF A28 R 12 bR 5 @
IR 4~7 % QT0O A E R G0 H BN ; DN
MLKIZ 3l ) BE 43 9 R 48 (gross motor function classifi-
cation system, GMFCS) 7+~ I ~ M4 ; ®EILE R
B R

HEBR AR : OIAJN D) RETC kW R IR SK ;@G
I A A VB s B I B ST B ; @ikt
6 N H WHZ T ARG (A RER 19 BURT B LK )
254 ; P 2% il Ji PR AR B U 4R 5 URE S I 45

AR 2019 4F 7 & 2022 4F 4 55 2% ER
CERFBEEEEDOTISEZIRYT S iR
%) 38 25 A e £8 L 40 B9 A AR BIEST R L R R
WE, Fi2 B AL T 3 15 43 Sy XF B (19 1)) R0 T T 4
(21 B, 2 AL YRR SFIAFE RS SR P2y
Lr e JRE GMFCS 43 2% 45— Bl R BERH 2 G327 5%
Privde, 2R RGiT8 L (P>0.05) , BAT Al L

PRI 1, AW IR 5 24T 50 B e R 2= R B 2%
B HAZALE (JXEY-2019)X183)

N 5 RS

2 AL G T8 MBI, B 697 .
YENLIRYY ZBEREE I 245, HAR S 77 5 R R R
ST IMAR G L2 D ae oE AT PEAN , £ xF dEdl e, 2
AT EFE ST I S ISR WL 2k VLA 22 fd I
Y RINGE AT 55 T MU 2145 VRV 3R 97 A0 45 4k
FRIER &S L GsshDiaedl gh b g,
ZrBHAl L Y/ H YR 30 min, B 5 d, S 3 A4
A,

XoF B 257 A1 D R U1 Sk, A 4 AR 3 5T
S | I N s W11 =il Sl 1 - || 2 R O [ R
1/ H B 20 min, B8 5 d, FR2e T80 3

T 25 A M U030 55 B AR A7 7 2 e Il k.
K H Biomaster LN RG, T4 L2
o AR R OL Y A2 S DB, o8 B A 7 gl 7 A, B
PR E EBILWE T IED (SRS, i
A7 AR ASE B 0k 7 ST S A I 2. IR, S B OLE
il S Y0 R 0L L S Y 2 N 2%, BBOL AR 7 R SR AT
P, NG N EERER FICE, 25k mEH%E, B
& OFE R VCit—% B R 8 s 2 AH [ B R T Y
FELRHE P, R M 2 9K & 4 SRoZ s iR, LT
Bt 1E 8 J5 45 41 ; @ 2 BRI h——F% s LA 19 <7 1)
RPN ) A R ER, PRI R AR 4 @
Gr——p AT 932 By 53 LAk ke 1 38 ) A% b
34, okt B ) 5 159 4 . SR A Bk 3 i UL S 4
KNG RBILE LG A% Ee 1. VIZRBTE R
3 min, SEENE G , BE 4t BRAS o315 00, LA I B 7R 48
SR HBY R MR T 4k BRS04 S TR
W UGk 7 SR R L SN AR 52 B8 T | R R R
RoE M, AW AT S E R JE R 5 0 iE B AR LN L
Py, YRR 1 %K/ B, BR20 min, B 5 d, #F
T3 N H

®1 24UBILI—RBOR

o Py PER (B AR P-4y B B GMFCS 432 (i)
20 31 1%k o i o
) @ (% ,x+s) (kg,x+s) (em,x+s) % Mm%
X HRZH 19 10 9 5.57+0.72 21.47+£5.05 117.21+9.92 7 12
i 21 12 5.50+0.92 20.24+3.69 113.62+8.16 8 13




- 994 - h AR R BE A SRS 2k 2023 4E 11 145 45 %% 114 Chin J Phys Med Rehabil, November 2023, Vol. 45, No.11

=

Ay WG K 1.3 A TR, R B-PHY A
- oy e A I 2k R 4 | Berg V- 11 % ( Berg balance
scale, BBS) "' Fl E 11 Barthel 5 %1 ( modified Barthel
index, MBI) P43 %} 2 41 f Lk A7 - #r S AE AT ADL
RE VA . T PEE 38 Rl — 307 I 52 A%,

1B fEVE SE < SR B-PHY 545 1) i 46 I
YRS (HMERIRFE R A R A ) X2 41
JLHEAT A8 A7 53l 37467 1 SF- i D REVE E . FE & G
BT AT R 2R PR T AT, S ) L
AR e N R 5 0, B AR 1 - (DA A - il
YIRE T E—— B LZZ 18 A 75 P A T & L, AR B
T 5 kT R A A A A% TR AR R R Y S 2, SUHR S AL AT
J5, S 90° , WU H AR5, ST A SR F 75 B
WG] 3 57 - 1 T RE T E —— 8 LW Ak 22 18 7
F RS & L, AL SR & AL — 2L,
A SRl 57, BCHR ML RT 7 AR e ¥, O &2 iR
30 s, PERERTEEG S R E SR, A E R R RS
W WAL IE P A0 R T R SR T AR L K
PO TR (B /A B T R ) B AR R R
e T8 iy 0 T

2. BBS ¥4 2K F BBS X} 2 408 JLEEE VI 2k )5
P DI REEATIPAL , NG AR N7 3T
DALl S7 BB s Sy CHT R B 360° 45 14 NI
HU BRI 0~4 43, 4% 56 43, 1550 s R i 57
D) RERLLS

3. MBI 343« 2% ] MBI $¥F43%F 2 2H #2 LAY ADL RE
FIHAT VAL 38T, IS FE KA o] /M4 ) A4
Ve M A I TR ES RS ATk 10 A4
i H P, AT 100 43, 1550 e 4R B ADL fig
B

WU Geiter ik

fifi HH SPSS 26.0 WGt it AF % A5 Bcdi it 17 42 1
ST AL B A BRI AF A IR A A THECTORE A
BERIR CRHXC KB TP R TR DL (ms) 2R, R ¢
e P BT 2240 H. P<0.05N K 2 %A G312

# =X

— 2 LT TR S5 45 i ] g, A A7 SF- 47 2 fig
Fods

THET, 2 4B LA PR A TR A T A
kK e, AR 25 RS it¥E X (P>0.05), 5
AN T AT EE, 2 L FRIEAR7E T 1 A H
JFERANE, HANER LG I8 X (P>0.05),
T3 A H G, 2 LR LR TE bR 5 40 N+ A

W EENGE AN 2ZE R A S 2#E X (P<0.05) ;
H AT R 38 A 14 05035 i 1 34 8 35 00 T X RE 4
2 B H G E X (P<0.05) , BRI
%% 20

R 22 AL TS A5 I 1] A (-5 25 T2 KL

e (2£s)
" . EE A B T AR
4] i #eh SR K A 29
Xif B 21
TR 19  93.37+15.50 12.58+4.94 8.48+3.25
+#Hi14H 19 83.17+15.22 8.92+2.95  10.27+3.36
T3 4~H 19  70.78+15.99* 5.18+1.78"  15.04+5.09*
FHiH
TG 21 100.40+20.06 14.10+5.68 7.99+2.88
1 4H 21 81.40+14.26 8.42+2.04  10.10+2.53
Fwi3 A 21 60.89+11.04*  3.54+1.34* 19.17+7.10®
T SN TR, * P<0.05 ; 5% B4 T 3 4~ A J5 i, P P<
0.05
T2 HBILTIUET S5 45 B[] a5 sk 37 - i D) BE
[

TR LT 1A H 5,2 HH 85Il
Mk 30 s, MR TSP #rshREAI . T3 N A)E,
gl LA SR TR By ARG K 38
ET XA, H AW 22 74 Fit22 5 L (P<0.05),
BB 3,

R3 2 QBT AT o S A ISR (2s)

2151 B% BE K (mm) ﬁ?fnfmz TF\ $ﬂﬁ1é?mi)
X} HEZH
THwT 19 - - -
FHi14H 19 - - _
+#i3 4 H 19  63.62+£13.94 5.67+1.54 11.92+3.63
T
T THT 21 - - -
Foi 14~ H 21 - - -
T3 1A 21 55.56+10.61*  4.04+0.98"  14.34+3.57"

T 50 RREH T 3 AR HLEL, * P<0.05 5 - s AR Al

= 2 LT BT S 45 i E) 5 BBS & MBI 143
R
THRT, 2 20 8 LA BBS K MBI P43 He 4, 4H ]
TG X (P>0.05) . 5L T TRTAH L,
2 2B LAY BBS & MBI ¥ 78+ 1 A 5 B
L HANER LGSR X (P>0.05), T34
HJG,2 41 LI BBS Az MBI W43 Y48 4 N T Fi T A
P (P<0.05) , HT#ZH % BBS & MBI 353 2k
WL B EL T X A, 8 22 R A G FE X
(P<0.05) , EAREIREIEILE 4,



rhAE PR S R J A 2023 4F 11 A% 45 %58 11 ] Chin J Phys Med Rehabil, November 2023, Vol. 45, No.11 -+ 995 -

=4 24RILFHRS BBS K MBI ¥F4F LA (43, 74s)

g0 % _ BBS 4> _ MBI 143 _
T TRy Tw1™AkE TW3NAE i TWw1™HARE TW3THE

X B2 19 9.53+4.40 16.63+3.22 26.21+5.02¢ 32.79+1.20 36.05+1.06 41.79+0.94°
Fid 21 8.81+3.23 18.29+1.98 31.95+5.00% 32.81+5.31 36.76+5.61 45.33+5.23%

i SN T HRT L, P<0.05 ; 5% B4 T 3 A~ H )5 Fbie, Y P<0.05

i

FRZE R L PR A R S B A
BRI HoRe A 2 i R WL 28 45 T R 9%
TAAE . I, e 28 T XURE 8 )L iz 3l 8 e ik
55, wh SLASUE ME 22 16 Bl 52 BR WO i )
GEM O A T i G RS B Y R R R
SE VB4 ST DR S AT P, O
iy S RE I 2k %F 2 25 B UURE 8 LF- 32 3l D) RE A ek
5 )¢ ADL e J1 A48 BA H 2 R L, AWESEE
A Dy RE ARSI A B R LA R, RS A
BBS - 3 A ¥EAG LAY F- i DI e

BT FEAR B8 T PR D) RE | 5% 0% it B 0256 (L 28
N AR ) ) HE 2L ARG 0 ik A LT 25 5 R
SNGx ., A HLE SR 5 1 2 RE I R (9 2 Ak |
FIAT MBI G BoAR , #AE H AR 5455 T w1
NGRS, 38 i T e 1) 8 AT BESZ N Sk, 1 Uk 12
SFUEWT AT 55 S ) X EOLBEAT L, B N Tk
TR B E AR RE R KRR THBOR T AR R4 RN 5 2
—E, REAEL SN 2R LB 3 A H S 9-F
I RE (ADL AE J7 ¥ B s AR 3 T O] ik
FRILEBGBR NGNS R LTSS RS
JLH S B ) 17 5 @] 52 (A [ Pk A 9 R 480 35
35, VeiE 5 SR LR YN ZRafE B2 O RE X LAY 3h A i
PR LI o3 A, LABTAS 24 3l B9 B M4 w5 1
R R @0 R LR W R 2 R R i, 1Y
5t 8L KE A0 EL B R R A5t , 4 v L R AR A B
AEIE i A SR 2, 9 SR LR A UL A Bip 98 4,
FTFIHIE PR NE 23, 45 T I IR R, W5
J B, AR S B B8 MR A T 1 8 ) ) BER T SR g
ARG | R RE RIAS VAR JEiE 78 70 B A, LA A3 i A
JLFHEDItE Gz sh g, & i LAY ADL BE s, ik 3
TGN TETk S IR E AR

LA [ PN Ah L G0 ik e LAY B0 A
ISR, [EX ke 2 % BT 30 | = i 300 B L) 1 P e
Lo BRARFSEANZ T S RO X A 1 5 i B 2 1 A
A ST DRI X 2% A7 % B i e A8 LAY B2 TR
BAEIOCH . APFIER 4~7 ZWEIL, KRE 2
W g —E A gz shse 1 5 a 1 J7, %
HEFTAT A LB B0 R R a5 B A2 5 R A SR AT 55

S PRI 2 | R 0B S A R 4 2 A R R I 45
AWFFEER BN, T3 A 5,2 48 LR 5 2
fiE S ADL BEJT A W 5 PR W, 15 52 1 = I il ki
BILEE RN T BRCR . BRI Z I A
Mok Loz sh D ae L A BRI AN A H AR
WS, M IZ AR IR BB LA AR T — @ e
L, S I ALY BRI G T AN ) 22w it
AEESE RTINS i AR LN AR Rk B T
WEYRIT X AR 005 Ze SR A T — 7
Ti] , A1 5 A0 B S 1 g RS A e ) O e AR i B
JUEE TS AT A4 SR gt T — s S

ABPFELR BN, Wi L2 1 A H REE
Yy J5 B AN R Akl 30 s, T 3 AN H IS i AL
A F1 i 7 A AT MR 5 (P>0.05) o Jha 451
5N I ZE 6 Ji UL B i -F- i S BE VI 26 A4 REH5 12
g D BORTEE s KM A B2 AR5
152 FEE VN 2R A9 R 23 e S L3 o T 12 8
PEZ AR IR (B B8, SRHESE T R hy
e i HE 14 5 A2 U1 50 Ji e 8L ) R Az S RE D L A
FR IR Kz A N H A 1 52 B0 SRR B 3 S0, X b 4R
N T FRE RSN GR A b A

25 LT iAR A s ] R 00 30 S A I 5 n] B 4
ok e B L RY-FAF DO REFN ADL BE ) . 75 E 4R Y
ST ARBETOBAFAE — AL, AR A BN L
A, H WU e RAEATREVT 55 J5 SERE T8
FExf B AT 58

& £ X W

[1] hWEREE¥SILERE LI ZE RS, TEBENRE Y2/
Mt RERE R Gl T2 2 2, P E R 2 BE R R4 25 LR RR A
Ll Z g A E IR R TS (2022) B — . MEIR [T ].
rhA s HY LRI R 2% 7%, 2022, 37 (12) ;: 887-892. DOI; 10.3760/
e¢ma.j.cn101070-20220505-00500.

(2] ZEWeh TR, 22504, 45 P B+ 4 i/ JL I P R 37 AT 0%
SRR T AR ST LRI R 24 7, 2018, 32 (5) : 378-383.DOI
10.3760/ cma.j.issn.2095-428X.2018.05.013.

(3] WA, RMAH, BRANR, 45 F G0 1 B A2 111 5% 2 2 e i e L
JHCASE- By R AN AR 16 R (FsZ e [ T P R a4 i, 2022, (24) .
4632-4634.DO01 : 10.19829/].zgfybj.issn.1001-4411.2022.24.022.

(4] fa[B6 ARTT 7%, ERINAL | %5 Berg YA 2 X 28 25 70 i 06 )L 3 - Al
UIRevrE F Mo [J]. B4 ,2010,25( 1) :21-23.DOI . 10.
3870/ 2gkf.2010.01.008.

[5] ZRAEZE, MG, X420, A5 /NG AR 9 % e 2 0 i e JL 2 DA 11 )



-+ 996 - h AR R BE A SRS 2k 2023 4E 11 145 45 %% 114 Chin J Phys Med Rehabil, November 2023, Vol. 45, No.11

RERE R AT [ )], E PR & 25 DA 54, 2017,23(3) : 367-368. [J].Front Public Health,2022,10;865474. DOI: 10.3389/FPUBH.
DOI:10.3760/ cma.j.issn.1007-1245.2017.03.023. 2022.865474.

[6] 23 Z3CEE BKH 4G, 5. L2 A HLER A VI 25X 5 2 0 figy [15] Lee K,Oh H,Lee G.Fully Immersive virtual reality game-based trai-
iR s L E Gz shal e K B H AR 05 15 ShRE 71 AU 52 iR [J].Hh4Ed ning for an adolescent with spastic diplegic cerebral palsy: a case re-
HESS5HE 4, 2022,44 (8) : 712-714.DOI ; 10.3760/ cma. j. port [ J]. Children, 2022, 9 ( 10 ) 1512. DOI; 10. 3390/CHIL-
issn.0254-1424.2022.08.009. DREN9101512.

(7] ¥ 3EEE, TkEHE (A0, 45 8 4000 SN b AR X s 2 0 fi e £ [16] Jung SH,Song SH, Kim SD, et al. Does virtual reality training using
JLPSsh e 2 [ J] . hAE M B EE 2 S5 R 475, 2019,41(4) « the Xbox Kinect have a positive effect on physical functioning in chil-
291-293.D01;10.3760/ cma.].issn.0254-1424.2019.04.013. dren with spastic cerebral palsy? A case series[ J]. J Pediatr Rehabil

[8] AkZs skBE L A S I RESBOEH S % M E Med,2018,11(2) :95-101.DOI : 10.3233/PRM-160415.

ST A ST T A E A B 2k, 2015,21(9) 1 1069-1073. [17] = ARl o @ 46 (et v i L 3 A0 75 A48 B 1R D g
DOI;10.3969/j.issn.1006-9771.2015.09.018. 4T TR i T e i R S S i ) o B sz [0 ). b AR ST L

[9] P SR R0 RB N, 55 7 IF S B0 e )L 35 -1 R ) B dL Rl R 2L R, 2022,37(7) :502-509.DOT; 10.3760/ cma. j.cn101070-
KIS UIRe e [ )], A B 2 5 R 52 4% 35, 2018,40(2) . 20211113-01353.
129-131.D01;10.3760/ cma. j.issn.0254-1424.2018.02.012. (18] hEREE¥SILERE Ll 254, hERE AR E /L

[10] Galli M, Cimolin V,Pau M et al.Foot pressure distribution in children IitERE R E L & 2 hEEIRP SR E EIfa2 LHES
with cerebral palsy while standing[ J]. Res Dev Disabil ,2015,41-42; AV 2y 2 v E PR B A FE T (2022) BB U FR B IR Y
52-57. DOI:10.1016/j.ridd.2015.05.006. () L] Aese FULRHIG R 24 75 ,2022,37(16) : 1201-1229.DOI ;

[ 11] Saggini R, Anastasi GP,Battilomo S, et al.Consensus paper on postural 10.3760/ ¢ma.j.cn101070-20220711-00850.
dysfunction; recommendations for prevention, diagnosis and therapy [19] e EE Wil L AR AL GG BE R T Fi % 2 % Rl i
[J].J Biol Regul Homeost Agents,2021,35(2) ;441-456. DOI: 10. FfE LA KIZ Shyr L msgm [ 1] h AR B R 2 5 R 40K
23812/20-743-A. 2017,39(9) :686-691.DOI;10.3760/ cma.j.issn.0254-1424.2017.09.

[12] Novak I,Honan I. Effectiveness of paediatric occupational therapy for 013.
children with disabilities: a systematic review[ J].Aust Ocup Ther J, [20] Jha KK,Karunanithi GB,Sahana A, et al. Randomised trial of virtual
2019,66(3) :258-273.D01.:10.1111/1440-1630.12573. reality gaming and physiotherapy on balance, gross motor performance

[13] Flynn S,Palma P,Bender A. Feasibility of using the Sony PlayStation and daily functions among children with bilateral spastic cerebral palsy
2 gaming platform for an individual poststroke: a case report[ J].J [J]. Somatosens Mot Res, 2021, 38 (2): 117-126. DOI; 10. 1080/
Neurol Phys Ther, 2007, 31 ( 4): 180-189. DOI. 10. 1097/NPT. 08990220.2021.1876016.
0b013e31815d00d5.

(&[5 B 451 :2023-09-23)
(R )

[14] Liu W,Hu Y,Li J,et al. Effect of virtual reality on balance function in

children with cerebral palsy: a systematic review and meta-analysis

CERH A G
FEEFSXTRIRXRANRRXFHHITHERERNAE

A [ BBt 1] ( 225 AR P B A PR RS 9 8 — 225K ) ) TR B I SEBRIE 00, SRR & DL SR8 30, h AR R 2= & R A 24k
VFIFHERZ R — A58 B DCIe SCR IR [RITEFP B BRI R 3%

L BT A RIS S,

2AEFE BUEATAE I TG IR A, B R RIS SCHY I TIRIE A TR R SR I T T 518, MEH T il TR R R R ik &
FEZW ST PN RS 18 30 R R RS SCE BV BRAT AR B 5

3AHEFIWR RN G, IR R KRB PEBRKE 1 HZ)E.

4 FFR A SO T A AN R A2, Ty i sl T

5. TR R F2 B SO A58 A SB S TR S , BUSE S SRR () BORM IO A, VE & U A RE B3l

6. LETHIR & 3R 09 SCB AR 12 5 SO A FRROR R (230 ik &R alie) .

TAETRR R R W SOE P B | AT A SCHR A SRR FN3E 1203 B 2 S0 oy & 325, AR5 B ik B R SCiik, - A SCE R
REFEAECPENBIZE) ,2006,45(1) :21-23" , FEL A “This article is based on a study first reported in the Chin J Intern Med,2006,45
(1):21-247



