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Effect of Six Weeks Treadmill Training on the Balance
Function and Quality of Life in Patients With Lower
Extremity Burn Injury: A Pilot Study

Sheng-Sung Chen®, Fu-Chen Chen®’

Abstract

Background: Burns on lower extremity not only limit limb movements but also lead to
decreases in muscle strength and balance function, which in turn affects daily life, work
capabilities, and quality of life. Therefore, treadmills are often used as rehabilitation
training tools to improve balance and quality of life.

Methods: 10 hospitalized patients with burns on lower extremity, who no longer
required surgery, were randomly assigned into an experimental group (30-minute daily
conventional rehabilitation activities plus 30-minute treadmill activity, three times a
week for 6 weeks) or a control group (only 30-minute daily conventional rehabilitation
activities). Outcome measures included the Taiwanese version of the Burn Specific Health
Scale-Brief (BSHS-B-Taiwanese) and Berg’s Balance Scale (BBS). Treadmill speed
was adjusted based on the Rating of Perceived Exertion (RPE). Data were analyzed by
nonparametric statistics.

Results: Both the experimental and control groups had significant improvement in balance
and quality of life after the 6-week intervention period. However, there was no significant
differences between the two groups.

Conclusions: After six weeks of conventional rehabilitation combined with treadmill
training, patients with lower limb burns showed significant improvements in balance and
quality of life; the extent of improvement was comparable to that of patients who received
only conventional rehabilitation.

Keywords: Balance, Burn injury, Quality of life, Treadmill training
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Al S

ERGEAPF LB AP L PLHTE CEFUE S BR - FESE
THECFP TR bty FEH AT 2 )I‘vf’ 5 4 % (Clark et al.,
2018) o P& WEW G $30 B W E4Wﬁb%$&%’ég:%ﬁwﬁ¢@~
o RRE T R O E X v A § 45 (Scar Contracture) » 35 €
i %4 E & ME (Palackic et al., 2021; Schouten et al., 2021) « @ T BUER i &
FAOMEFEERE S L gRERBRIS TR R T kA g
LA 2 2N p KA FEFEE N L T4 U2 A FERTIE ST
#E -

EHHETGEMER T L 200 DR RGBS DR Y HELG F
e 2 LA fE e o Fha g P S s TR R P HEL R i‘i’éw%‘r (de
Lateur et al., 2007; Flores et al., 2020) o — # k35 F & & i@ & 57 3] ~ PLAES 9
# - wrig iz 4 @ (Cycle Ergometers) ~ ##[F]#% (Elliptical Machines) ~ + gF iz 4 &
(Arm Ergometers) ~ %[4;4% > ¥ 3 K3k & Erk 538 fhirski G BHes ¥
AR F R 2L RATENFFLT > B3 wmeFlREE e 5N
B GEE K E Y BN R SR B -

HEGRFDFTEF LT FRPEH o B3 > CAKRERTG LA
TEREY A SR I NG AR g UHES  ERARE PR
B L IZp FAFREE > Fr e b e o (e p i
4 EFH R b foiRag 2 E 5 (Disseldorp et al., 2011) © §5 % 18 # 7 21 T %
edfd 2 BFIRIFE T T A E M R A X & AT EER D g T
WETGRARYFREZRABELDBE T > T UREFIREDRS

KRG H- AR TREELFRSFRETRTEDTARTIR
Aok AR PR BIFRMAN P M EFERT P AR Z R A
A enp § 2 B (Stekelenburg et al,, 2015) » — A& R FGEE 1§ 5 4 B Io R R
ErE ke 24T Rt $ii= (Position) ~ &~ (Splinting) ~ i& # (Exercise) ~ &
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4 5% (Pressure Therapy) (Ahuja et al., 2016) - ¥+ & 35 £ B % - O B
oo TREBEPERFE KR IRIRDIHER > GG E T RFAE PRSP
¥ 4 FF 8 (Cartotto et al,, 2023) » » #F L R HFx E T L IR fTig o+ T
LECERIE R SRS BRSNS A FS k= R ﬁJgﬂﬁf R
2R RN e

%%%@&*ﬁ%ﬁﬁ%{ﬁﬁﬁi‘ﬁﬁﬁﬁﬁ%%vﬁliﬁgﬂ
B L g3 MH a2 ER L oRmy - EXGERERA AT R e
4 T g ,Arrg::z;.g ST A A RRE o a B %@f{;ﬁgii;—gr@gﬁ
i & W F’*"J’%Eﬂsé B R AR FEFREREZH ST R

7 ¥% 17 4_ (Cambiaso-Daniel et al., 2018; Cartotto et al., 2023; Gawaziuk et al., 2018;
Hardee et al., 2014) > 2B p § 2 7E5 i 2R o
E’ii"%’f%%i’ﬁ*“*“/ﬁ PR FRIEEA AR R R LM S
P ENEFTAMERARTI S - WREESEALE SR
Fla R A i gg ET R AR EWERR F R E g i A TR
s § R &AL EE DT LS o L FERE R EA A

gff‘ﬁﬁmﬁ—ﬂj v T TR E L P E o 0B SRR VLEL IR IR By e s 4

ey

xR (Zk%,2000) 5 — & R VUEE ) RRVUE N L w B VR LR RS (S
LS TR TR A S TR G R F SR R

Thre AR AR BIER Y R AR AR R B 4 o R G

E R *K*‘ FERRA R 2PN L > A mF AT FAa gk And (Aliet
al, 2015) - Ali 4430 2422032 40 > - REF 5 22032 40% >4 %
BARNE AEFFIRFR TR EXGE B > LE ik PnT a4
A o 2 iaf I g7 & (Berg’s Balance Scale, BBS) i {7 3% 18 3 T 94 #ic
BRA S6A Y RED| 27 A B STV LEFIRAME G Y REEGR %

‘@ﬂMHiQMQiWJM%Fim 184 AT aE WG 41 K
TR G 4G 5 34 % B4 5 ff (Total Body Surface Area, TBSA) » fiFup¥ ¥
- 2 P68 " A FeawT g v‘uh’ig‘; o BT ER G AL h T R % 1

“J
Ti\4
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Wi Tord e PR S AELR m)?u{rﬂ; T g M & 2R o
ER G2 15 itk Ap B A E & B (Health-Related Quality of Life, HRQOL)
§ P AT '8 > Grisbrook ¥ § - £ 2012 # pRiR 4 T % § 5 ff 42 1 1838 %
TBSA ihi§ %87 1235 § @0 0l it & & &4 i % (Burn Specific
Health Scale-Brief, BSHS-B) % i & ;% ;= & % (Medical Outcomes Study 36-Item
Short Form, SF-36) z* ] HRQOL » = 14 QuickDASH (Quick Disabilities of the
Arm, Shoulder and Hand) :=f p # 2 /5% 1 (4 B 2 2 nFEgper > 2 %%
B4 LR EAp TR W G K 0 BSHS-B & SF-36 0 R R i
FTEE s BcE M i d QuickDASH B I » F S e enisd X "Ufe R g > w4
d § O BB U5 0 P 5 0 SF-36 fr QuickDASH 2 % |22 ¢ e £ B
(Grisbrook et al., 2012) o d **&F & i ac £ % 6 » e EH PRI - A
a3 N T UREBBEFEAGETA T MR g s R
PRAR a0 o Ftdah @ H R e e L FIER G o FRE PN RS
FADFEEFEU I RFALFST > DB mRET G S s ER
%%k hd B & o de Lateur 2007 # $3% 35 = £ W 1§ é,ﬁ EEFAY P
FREE 120G F 3R ?Eé}%:(lf’i?—gmﬁxﬂ FEALA Y BF L A
Abdelbasset #2 Abdelhalimy (2020) #7 5 3 4 » = ¥k enip u i § § EH RS

ul

po gt EEFTREY L
HELETGEF BT i Mﬁi’l PR A SR L S
A 0 Flgt s FARG - B AR Ao B
Wi Tz A E K30 AP ER I BE 2% PHEFCLERS
?,'*z RGN A T ERETAR T;;ié""?:ﬁ—*z Pl x4 i i (de Lateur et al.,
2007) o Ali % (2015) MpaH 75 §F 9T T o R F IS 2 E - REF IR
Bte20% 3 40 % 2L M4 g fehig 4 0 Bz 0 F 60 A 4BchEa i
T EPR 2B SFRE P ABBSER A ficd 27 23 T 48 4 o {352
Jew A AL D SRR PV RE T SRR G LT 4 2 AR

-
7
?‘jr\ -

A

FPE O I LI SR L
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RER
AL ERTRARRC AR AL S e R Ep 11228 220
IH3E3T1IPHF >R ZRFBFRI0 Y S8y > LY S
FEPAGARES A BHRES A T FEE TR ET AR () TR
Y (5 2 1 BBS 47 30 8 A K 40 A 5 (2) E82 420 F 60 K2 B 5 (3) &
Gpres R RGO FEBRERBISRF T () F LEES
FRRALRZQRERD > FEFH T PESVY TFES &
FHI0 A4 £ I8 K AEEYRGAR o PE IR L (1) R R iy
A ORHT Hgﬁéﬁ#+;¢@ FERPE (4o £ 5<E PR AE R -
R AR P ek i) Q) RME MBS TS {HRAIME Q) L
Sk AR RHAEE TR R o AL R RIIARL BRI 2N F A
i R g% 4839 % (KAFGHIRB 112-008) ©

RN ARIBIE
iiﬁfﬁﬁ?ﬁ@f'gfif 3 i)ﬁ"%ﬁ'\jﬁﬂ‘z&%j_ﬁ CE AR R E
Bo iR sEr HEE > 4T LREE R30S 8- BRLINE O TR
S A KL 102 BERFEFBHBIRA » 30485 F35 > FRE6TE
18 =% e 3 o
589 8 73 ﬁﬁpﬁﬁﬂ" XA S FATELBEE BT RRE I E A
@ﬁ%i’jﬁ%ﬁi%iﬁ&ﬁﬁﬁﬁﬁu@ﬂuw,ﬁWMWﬂ#opi
RN R E B FIA CBE S DREEfee F A ATFRER 42

HF BB P TS T 105 el BES 0 ¢ 450 R LRIV BT I

R

WIS R S R SIS AR B N Aot (https://reurl.cc/zIMXT0) 0 42 ¥
’ﬁé’wﬁs;&sﬁ PE T T A b YRIER 5 UTER R A% RS
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ARIEE S SR Ed R 1S 2L B A b R AR RLEF7 RO
BR BT S AsEEa T AR E @,ri{WﬁN&’%ﬁﬁﬁﬁm&
BFaH IR > ¥ - eI R KPR 1S 02 B s B e pEiE 0
EIF6FMEAREL DL A AEHE S FEFUPFE LS 22 R
BEAS A BEfrE R TN TR .

b B FEE KA N EER R BT e (

8~ % 13~ % 18~ %232 % 28 m4apF) + up @ 5% & £ £ (Rating of
Perceived Exertion, RPE) 7+ R Bl " s Bk p e I E®RRRE > FTART
e gAY o R PR 15 22 B0 FRPE 420 10 A 2 14 4 pER
SRA/AZER CVRERAEBIRLEFE 4L 5 1R 5 2GR R
PIK 2250 % Bo* gt > 5332 5 4FRREH60% B wpso %5
HEH OFMKALAET0% Bt v B FA Y 58 & RPEAZE 14 4 pF > P
PE 42i% 17 & pFR| = iz
W Glde  RE s PRk

day

‘;’éé’:’%/ﬂ\—,‘? 5 LL 3 LL

\\?{r
1%
T ol
e
=

i
LSRR GRS P R R

-ETF"_E ~ "FL] ,5Ff£ ) 5’["21] f,%_,_l:;ﬂl“ﬁ °

=
b
F_&
s
o
k|
o+
=
IRy
EL;.

LI (TR 0 3R R ST Y REER 0 63

Berg’s Balance Scale (BBS) ¥ * ki B A T frix 3 » » 7% kg AT
freis R g R 0 ¢ 7 AP ¥V ARBFEROH IR AT EEG
L ER|H grek > T fE s BB ERA B0 AT 48 0 B 56 4 0 L HARE 4T

B % Tfrs qAsds > TR IEFY 153 20 448 -
Taiwanese version of the Burn Specific Health Scale-Brief (BSHS-B-Taiwanese)
AAETGRE R P AT BRELGORER AN L BETHEL
NEEEFAEAG S SIEALE H L AT o o Blades & (1982) # 4 % - R
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R GRERE A £F 1433 P > FILBRE > A FE DTG 40 5Tk i
Koo F T X A 2016 & { i/ & BSHS-B-Taiwanese » M2 ¢ @ 3 < v £ 8 »
R L ETRR R AL T (Hwang et al, 2016) - 42 B 324 125 4 i 4
T4 REAE R AEEALRTE 0L R A RE AR FIEE > KA 5 160
o S ARG 0 AT A ;‘égrmﬁ;s (Gittings et al., 2016; ¥ F i et al., 2017 )
BSHS-B-Taiwanese “,f 7 A %R % % (Interpersonal Relationships) ¢F » H p R
- & % Cronbach's a > .70 ; H ¢ » %A 1 i¥ (Work) ~ ¥ #4157 & (Heat Sensitivity)
e ¥ 4825 i (Body Image) iz = i & # Cronbach's o> .90 o ¥ ¢} > ’,f 7O Ay A
% = (Simple Ability) * » H & d & R[E - £ RIET R & F11L0.74 $1 093 - &
7+ BSHS-B-Taiwanese 7 $& 3 crp[3& - L B3¢ 5 & o »cfk»c & > % » BSHS-B-
Taiwanese £ 36-item Short Form Health Survey-Taiwanese (SF-36-Taiwanese) & 7
PRApR S A P A% WA b o BSHS-B-Taiwanese # 2| %] i fupF [ o
B FE A S BAEZFL G REF LR o ¥ > BSHS-B-Taiwanese ¥
¥t E ARG R 2 E & (Hwangetal, 2016) ©
RPER|* Rip|E 2 fp it i@dprp & g LI emi@ e sp & - & Bf 6 /204 >
6~ REARL BFLAHOP 60T ERRR > 2GS PRETA
2 ?Uﬁ% ;10 AR A Y Ba R 0 5 - BREbel > B s 20 4 R AR
BE ORI el R ¢ Sddkany s E oL G200 iR o
Palackic % (2021) =3 %5 B E 8 (RPE=10) LB % 2eha & 7 1413}

—

N

B EIE Rt st o th

AT G 2 %IE 5 3 7 BBS 2 BSHS-B-Taiwanese # if| ~ # |45 g #7 %
| enid o oo 12 E A fok 372 8 7 53 A 47 > Wilcoxon signed-rank test ¥ % 4 »
v g2 L8 > 2% Mann-Whitney U test 1% 7 Sk e 2 ¥R 22 2 ML B > &
Fk#oaE5 005 (BEKE) 1 IBM SPSS 28.0 Statistics for Windows £ %
#i 48 (IBM Corp., Armonk, NY) » i {7 4p B 303t 4 47 ©
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rAEFTERE 10 2EY %:’ﬁ 4 A6 TiaEE L 381 +
1185 % » L3528 § 5 169.1 £7.77 =& » T35 E 5 67.8+10.05 =7 » TEE
TG oA s 15041224 % TBSA» £ i e X L3595 33.6 £36.62 % o &
FEAAEAT VS ETGF S B2REAGF S 10 % FETG
t& & £ j#F - Mann-Whitney U ~ 47 2 % g7 Tk o2 ¥R e | A fd - 2§
WE X GafENE Ak BHFLE 77 4 rhi'ﬁg% Fldod 1 #577 o

i A E ¥ £ % (cm) WE (ke £LHH (%) LRk
El g 30 178 72 29 16
E2 g 36 175 70 6 17
E3 & 28 162 59 8 24
B e
n=5) E4 & 59 164 65 4 22
E5 g 27 166 84 32 45
Mean 36.0 169.0 70.0 15.8 24.8
(SD) (13.32) (7.07) (9.30) (13.54) (11.78)
Cl1 & 55 162 63 6 16
C2 g 42 181 75 35 135
Cc3 g 30 168 73 11 23
¥R e
(n=5) C4 g 28 176 70 11 19
C5 & 46 159 47 5 19
Mean 40.2 169.2 65.6 13.6 42.4
(SD) (11.28) (9.26) (11.35) (12.28) (51.83)
BRFLE
p 0.46 1 0.83 0.83 1
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MR UNECE ERR U S ‘?ﬁﬂzﬁf%& RPE ¥ A 42iF 14 > 7t 7 4
ERFFTERFEL L oY 2 % BBS £ BSHS-B-Taiwanese 4" #c 2 % 2 °
Wilcoxon signed-rank test & 172 % &7 > F e B4R e - H BBS: = ~ 7
%% 8% (43) ot BSHS-B-Taiwanese > F 2k & ¢ -
£ 8 ; @ %P 2 BSHS-B-Taiwanese %z a0 ~ ¢ ~ {58]
2

feplzmpot gy 25 A

BBS BSHS-B-Taiwanese
0 R Ll i B P LA i)
El 17 35 50 114 91 110
E2 9 29 45 62 113 128
E3 3 17 37 30 59 79
-
(n=15) E4 4 21 35 36 76 90
E5 20 40 51 65 85 98
Mean 10.6 284 43.6 61.4 84.8 101.0
(SD) (7.64) (9.53) (7.33) (33.21) (19.85) (18.87)
Cl 12 37 51 64 98 121
C2 3 21 39 36 57 68
C3 11 36 48 42 48 122
(n=5) Cc4 15 34 51 51 66 85
C5 25 44 52 38 89 110
Mean 13.2 344 48.2 46.2 71.6 101.2
(SD) (7.95) (8.38) (5.36) (11.50) (21.22) (23.81)
KR 4
Z -0.419 -1.048 -1.375 -0.419 -0.94 0
P 0.675 0.295 0.169 0.675 0.347 1

BBS: Berg’s Balance Scale; BSHS-B-Taiwanese: Burn Specific Health Scale-Brief-Taiwanese version.
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%3 Fi%ﬁ%?%&&iﬁﬂiﬂ

BBS BSHS-B-Taiwanese
0 R L R Ll L] 0 iR
VS. VS. VS. VS. VS. VS.
L i8R iR L il i)
Z -2.032 -2.023 -2.032 -1.483 -2.023 -1.753
Bk
P .042 .043 .042 138 .043 .080
Z -2.041 -2.023 -2.032 -2.023 -2.023 -2.023
e w
p .041 .043 .042 .043 .043 .043

BBS: Berg’s Balance Scale; BSHS-B-Taiwanese: Burn Specific Health Scale-Brief-Taiwanese version.

f & Bt # > Mann-Whitney U test % % % 5+ & % & BBS v BSHS-B-
Taiwanese e70 B ~ ¥ |2 (SR A EHEFLR (£ 2)

o

AFETEREEFR THETF GRS OT T RAZEVRE HBH B EHY
Rig > TR A EARET P EEFOEN > RHEH GRS TR YR
REVRE REFLR

NPT R B2 BBS T304 dikd 10.6 A T 43.6 4 0 & Ali & (2015) &

SR T R RARE T b AT mx%’%“ + A fr

L d e T @ hniE (705 2 Cartotto £ (2023) *t E R

G E RN DR Y FER LR ERAp Y DRR - R TTERET G
BRAEXGREFINRFT VTEPEFERRETE > W ES TS W

LR S AR = iﬂm@%im*ﬁ
i » F]4¢ BBS =1

"W%%“&*ﬁ%¢§’F?ﬁ?Ti%E%”mM%7Q~Mwe

i
\\?{r
b
=l
2
T
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FEUARAR LR ETIEG M ) N TG TV R R G
PELE PR 2 F A A B TR AR AT ER R ERTLE
TG TR AL %iim%ﬁ$%’%Fﬁi$64%%im&%pﬁ%
B 3G AL, TR G REA T LA F R R
%~wﬁ¥%%&g,?ﬁ %ﬁﬁ@ R ARG aR e T Ak AR
BhERIEE A A A TR P TR Ao R P

R EARIE N tF o 1 T ﬁiﬁg’*ﬁé“'#ﬁ*@ chei F R S TR E A AL
PUE g R e e RS TS s BRI R 4 g e 1 R
B T8 R o

EOEFRBEVREEBHP IR F e %fi,h"*ﬁ %+ BSHS-B-Taiwanese
P pET a0 o 61.4 4 0 B 3 SR T 24 # 101.0 & > &7 Grisbrook ¥ ¥
¥ (2012) it T2 A7 3 chlp R AR 5 0 Bom § F EE 0BG § oreic F W Bk
EANRocl

FoEFep L REF B S8 —*ﬂ" * BSHS-B-Taiwanese 15 ip| =
5 ﬁ»” |25 SR A FEFTRET GG RGE- KEF O R
i br #gﬁﬁmﬁ TN e S I forcd o Ra 2 EE
?frk— Bielaprs » e AR B A EE I BRG > NF A TEY
EFHWYIR o B EFT R AL RELA R G 0@ 7
TEFENEFEETERY FRA R B S Sl
LR TR RN RIS L S R SRl é/;;—‘_gr\{ﬂ;fr;;:%_’, ﬁﬂ*fﬁg
EREPEFPAM TEEF - BPEF Y 4 oo a1 L
Baif REACE AL SRR ED G ORE G e o

[ERCREE Rl I Sy ’;ﬁki’iﬂ‘ = BSHS-B-Taiwanese # | 3 ;2 3 £ & > &
e B YIRS P R R E R RE AT A EETOREELL o4
BB PR 2 B RO BT G AR RSN e p LR R R
x5 FREF S FRILAPFFARNALIPRORL o ¥ b 42 E2 R
(UGS LIk
P A E ST G R F o RIS R frpEAR L L 5 5

|
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Fep R B {0 2 Bl RRpFRRE A 2 iér‘?r%‘r?’ i
B EOPERF AR P ARG E s Bic o m BSHS-B-Taiwanese ¥ st #iF 4%
WERP PN R 0 FRIEPERFLABREE ESTOE Y R

peeb s A AT e B¢ o El B % 9 BSHS-B-Taiwanese 4 #c 7w ]
PR RSB F gt REE s BR ARS LE > T HEN L Fanitt
%%é;%@o@—ﬁ%=¢m’zﬁ$&%m- PIEP R F) A B 1 E R

513*

‘h\
6‘"}

S TR A 0 KA o REEF G v RRa L > B

Taiwanese ~ #chg T4~ » A T g5 R k%> BT 24

B Glde o %g~m%&%:a@w%zﬁﬁuﬁ@£,wwﬁ
SRR R S

FRAE > 2T R R T 7 FRREVRE Hh B R B R TG
LB > R TR FREEYAFEOY S N AERE BRI
A SR R AN Y ¥ A LR S LR el
APRFEEL- BREEOER FLANEEFFERIAE ST TRUE
BgewgRergr  FHBGET LEEARERTE > mEL RS LY
BN R R BT R FR{EFF ORI 20 FRREN ik .

PR !

DEE 10 L R R EAPERCS o T) iR AR A i
FAPRLAGF 2k 2|8 02 AL LA FO2F

E 4
dFE oo Frig
RS LR e R FE PR ST
TABHEIETFZEMA NG A PRI TR 2 A RETAR 4
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=k

ALEIRAGRF LESP > d RGP R o R R
Fma T g NI RPRREDRFF B FIMAZRGER VRN LET
R UE LY B A

d AT SR TG TRELT GG R ARV RREYRE HEBH B
A ST RIS AR £ °W@F#PF&§Q/§J<]}FR—7 B A TG hEah i AR E
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Feasibility Study of a Tele-Version Handwriting
Intervention Program for School-Aged Children

Ai-Rung Tsai®, Yung-Jung Cheng’, Jia-Le Pong®, Hao-Ling Chen’, Tien-Ni Wang"’

Abstract

Purpose: Handwriting is an important occupational activity for school-age children.
However, the execution of in-person handwriting intervention courses is easily affected by
factors such as the pandemic, location of the classes, and commuting time. Developing a
tele-based program suitable for school-age children would improve the accessibility and
applicability of the intervention. Therefore, this study aimed to develop a tele-version of the
Go-Go Handwriting intervention program and explore the differences in acceptance between
the tele-version and the in-person version.

Methods: This study developed the tele-version handwriting intervention program and
investigated the acceptance of the intervention. Eight typically developing elementary school
children were recruited, with four receiving the tele-version training and four receiving the
in-person version. After the training session, children completed the Pediatric Motivation
Questionnaire (PMQ) to evaluate the program's acceptance level. The Mann-Whitney U test
was used to compare acceptance levels between the tele-version and the in-person version.
Results: The tele-version handwriting program successfully integrated an online format to
meet the needs of school-age children, demonstrating a moderate to high level of acceptance
on the PMQ scale (M = 3.89, SD = 0.72), with no significant differences in scores across
items or total scores compared to the in-person group (M = 4.33, SD = 0.91). Qualitative
results indicated that children responded positively to the course, with engaging stories and
animations enhancing their motivation and interest in participation.

Conclusion: Children participating in the tele-version of the handwriting program exhibited
good acceptance levels. The findings of this study will serve as a reference for future tele-
handwriting courses.
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Exploring Preliminary Feasibility and Effectiveness
of Intensive Parent-Involved NDBI-Based Group
Intervention on Autistic Preschoolers in a Daycare Setting

Guan-Jye Seng™*", Chi-Yung Shang®*, Wen-Che Tsai®, Yen-Nan Chiu®, Susan Shur-Fen Gau“®*,
Hao-Ling Chen®’

Abstract

Purpose: This study aimed to evaluate the effectiveness of an intensive, Naturalistic
Developmental Behaviors Intervention (NDBI)-based, parent-involved, group-based
program for autistic preschoolers in a clinical setting in Taiwan.

Methods: We retrospectively reviewed the charts of autistic preschoolers aged 2 to 6
years old who received an intensive parent-involved NDBI-based group intervention for
8-12 months. The strategies of NDBIs included using naturalistic settings and learning
opportunities, following developmental principles, and facilitating new skills through
behavioral approaches. Outcome measures included autistic symptoms, development
quotient, and group adaptive and participative behaviors. Paired sampled ¢ tests and
repeated measure Analysis of Covariance were utilized to analyze pre- and post-intervention
outcomes.

Results: Charts of 11 autistic preschoolers (8 boys and 3 girls) aged 26 to 50 months (M
= 34.3 months, SD = 7.7) was reviewed and analyzed. The average therapy duration was
309 days. Autism Treatment Evaluation Checklist scores showed significant improvements
in Speech/Language/Communication subscale and the total score (¢ = 5.37, p < 0.001; ¢ =
2.43, p = 0.035). All subscales of the Group Adaptation Function Index showed significant
improvements (¢t = —4.65, p < 0.001 in group regulation; 1 = —4.97, p < 0.001 in learning
response; ¢ = —3.56, p = 0.005 in communicating behaviors; ¢ = —3.89, p = 0.003 in social
behaviors). Unexpectedly, we found a significant decrease in the gross motor subscale of
Chinese Children Developmental Inventory between baseline and postintervention (¢ = 3.66,
p=0.004).

Conclusion: The results support the effectiveness of the program, which integrates key
elements of effective early intervention while also addressing sustainability within the
public early intervention system and affordability for families. This study provides valuable
insights into early intervention practices for autistic preschoolers.

Keywords: Autism, Naturalistic developmental behavioral intervention, Group-based,
Feasibility, Effectiveness
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized
by impaired social communication and restricted and repetitive behaviors and
interests, which hinders autistic individuals’ daily participation (American Psychiatric
Association, 2022). The prevalence of ASD is approximately 1% globally and in
Taiwan, which leads to more than 16000 autistic individuals in Taiwan requiring diverse
clinical services (Chen et al., 2020; Zeidan et al., 2022). Early intervention is pivotal to
support young autistic children’s development including cognition, communication, and
adaptive function (Fuller & Kaiser, 2020; Warren et al., 2011).

Naturalistic Developmental Behavioral Interventions (NDBIs) are one of the
most evidence-supported interventions for autistic preschoolers (Sandbank et al., 2023;
Schreibman et al., 2015). The strategies of NDBIs include using naturalistic settings and
learning opportunities, following developmental principles, and facilitating new skills
through behavioral approaches (Schreibman et al., 2015). The common elements across
different NDBIs models are (1) face-to-face and on the child’s level; (2) following
the child’s lead; (3) positive affect and animation; (4) modeling appropriate language;
(5) responding to attempts to communicate; (6) using communicative temptations;
(7) pace and frequency of direct teaching opportunities; (8) quality of direct teaching
opportunities (Frost et al., 2020).

A meta-analysis of NDBIs found significant positive effects of naturalistic
developmental behavioral intervention on expressive language, autism symptom
reduction, play skills, social engagement, and overall cognitive development, with
marginal effects on joint attention and receptive language (Tiede & Walton, 2019).

A large-scale meta-analysis of non-pharmacological autism interventions found
that NDBIs showed higher empirical support quality than other interventions. These

results from randomized controlled trial (RCT) studies excluding caregiver reports
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demonstrated significant positive effects on play and social communication (Crank et
al., 2021; Sandbank et al., 2020). NDBI is an interdisciplinary model that integrates
principles from various fields (Ingersoll et al., 2024), providing occupational therapists
with effective strategies to engage with autistic children while working toward
occupational therapy goals. Additionally, occupational therapists represent the second or
third largest group of professionals implementing specific NDBI models, highlighting
its widespread use within the field of occupational therapy (Pickard et al., 2024; Seng et
al., 2022).

However, while rigorously studied and established through repeated experiments
and showing robust evidence of manualized NDBIs, families often find it difficult to
access equivalent services in real-world contexts (Bent et al., 2023), suggesting the
needs to explore NDBIs implementation in the community-based or clinical-based
settings (Jobin et al., 2023; Kasari & Smith, 2016; Nahmias et al., 2019). Moreover,
while NDBIs were originally developed for one-on-one interactions, there has been
limited research investigating their adaptation and utilization in group-based settings.
Group settings are prevalent in real-world service provision due to their potential for
achieving cost-effectiveness and sustainability. In addition, learning and participating in
group settings are crucial abilities for autistic preschoolers, as most educational contexts
are group-based. Therefore, facilitating their understanding of group rules, improving
their learning responsiveness, and enhancing social behaviors in group settings should
be important goals of early intervention.

One of the most evidence-supported group-based NDBIs model is Group-Early
Start Denver Model (G-ESDM), which showed benefits to autistic preschoolers in social
communication, cognition, adaptive function, and overall developmental rate (Vivanti
et al., 2019; Vivanti et al., 2014). This model expanded more fidelity dimensions in
NDBIs that are specific to group settings, including promoting peer interactions, arrange

seats according to individual children’s characteristics, choosing activities based on the
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motivation of the ‘group’, and considering the adult-child ratio to ensure the quality
(Vivanti et al., 2017). However, this model is required a comprehensive teamwork and
manpower (e.g., many accredited G-ESDM therapists) to meet the adult-child ratio (i.e.,
1:2~4), and basically are not direct-parent-involved.

Only few studies investigated the group-based NDBIs delivered in the community
or integrated into the routine care (Swain et al., 2020). One feasibility study of
community based NDBIs delivered in group settings showed positive effects on
adaptative function and social skills in autistic preschoolers, showing that broad
NDBIs strategies could be incorporated into group-based services in communities, in
spite of lacking detailed fidelity criteria (Jobin et al., 2023). No studies have explored
the improvement in required behaviors to adapt in group learning contexts, including
following the group rules, responding to learning activities, and social communication
abilities in group settings. Furthermore, the cross-culture perspectives regarding the
feasibility, adaptations, and effectiveness of implementing NDBIs are warranted given
the majority of NDBIs was established in western contexts (Lee et al., 2023; Seng et al.,
2022; Sengupta et al., 2020).

Moreover, parent involvement plays a crucial role in interventions for autistic
children (Martinez-Torres et al., 2021). Parent-mediated intervention (PMI) emphasizes
on teaching parent strategies and parent serve as treatment providers. The majority of
PMI formats involve parent training delivered either individually or in group settings,
often supplemented with short sessions of direct coaching for parent-child dyads
(coaching one parent-child dyad at a time) (Nevill et al., 2018). For instance, World
Health Organization Caregiver Skills Training (WHO CST), Parent-ESDM, and Project
ImPACT (Improving Parents as Communication Teachers) are well-known models
utilized this format to coach parents, and showed promising effectiveness (Ingersoll
& Wainer, 2013; Rogers et al., 2012; Salomone et al., 2021). Only very few studies

reported the format of involving multiple parent-child dyads at a time. Anan et al.
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reported a program called Group Intensive Family Training (GIFT), which involved six
parent-child dyads in a group aimed at teaching behavior analytic techniques (Anan et
al., 2008). However, this program did not implement NDBIs strategies. Project InPACT
proposes an alternative format for delivering ImPACT strategies: a toddler group
involving multiple parent-child dyads participating in group activities with separate
individual coaching sessions outside the group (Ingersoll & Dvortcsak, 2019). However,
there have been no reports on its effectiveness. Although the effect sizes of PMI
reported in meta-analyses were small, previous studies have shown positive impacts on
children’s social communication and parent-child interaction (Nevill et al., 2018; Oono
et al., 2013), suggesting that involving parents into the intervention is beneficial for the
effectiveness.

The daycare for autistic preschoolers at National Taiwan University Hospital
(NTUH), established in 1970 and continuously serving as routine care for autistic
preschoolers in Northern Taiwan, provides an intensive, caregiver-engaged, and group-
based intervention, with good coordination with the diagnosis and transfer system in the
community. As a clinical service with a long history, the daycare at NTUH service has
maintained its unique model of parent-child dyads in group settings, while implemented
Discrete Trial Training (DTT) in the beginning of the program’s establishment (Shyu et
al., 2010), and gradually incorporated NDBI strategies in the past decade along with the
development and dissemination of NDBIs in Taiwan. Within this program, the parents
are required to actively participate and facilitate their children’s participation in group
activities according to the therapists’ instruction, which is a good opportunity of practice
for them to learn and implement NDBI strategies. This model integrates key elements
of effective and feasible early intervention, including evidence-based practices, parental
involvement, and a group setting. Given its alignment with real-world clinical care
(Vivanti, 2022) and the integration of NDBI strategies, evaluating the effectiveness

of this program is crucial to determine whether evidence-based interventions remain

118



NDBI-based Group Intervention for Autism

feasible, generalizable, and effective outside of research contexts.

This study aimed to evaluate the effectiveness of an intensive parent-involved
NDBI-based group intervention on autistic preschoolers in a clinical-based and real-
world setting (i.e., the daycare program in NTUH) in Taiwan. We hypothesized that
autistic preschoolers would show improvements in global development, autistic
symptoms, and adaptative performance in group settings after receiving the program in

the NTUH daycare.

Methods

Study Design and Participants

We retrospectively reviewed the charts of autistic preschoolers who received
autism-specific intervention in clinics of NTUH from December 2021 to September
2023. The institutional review board (IRB) approval number of this study is
202504032RIN. The inclusion criteria for the program were: (1) a clinical diagnosis
of Autism and with a major illness certificate; (2) age between 2 and 6 years; (3) at
least one parents available to attend intervention sessions. There were no exclusion
criteria, and no limitations regarding cognitive function or general development for
participating children. Since the duration of the intervention varied due to both treatment
considerations and practical constraints, we included children who attended the program
for 8 to 12 months in order to evaluate its effectiveness. This duration reflects the typical
length of participation in our setting and aligns with common research practices in

daycare settings (Vivanti et al., 2014; Makrygianni et al., 2017; Vivanti et al., 2019).

Procedure

All patients were referred by child psychiatrists at NTUH, who introduced the
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program and invited families to participate. The therapist then contacted the family to
confirm their interest in attending and to determine which parent would accompany
the child. As part of hospital regulations, families were required to sign a consent form
for admission to the program, which was administered by the hospital's administrative
department. However, the participants did not sign an IRB-informed consent form, as
this study utilized a retrospective chart review design in which informed consent was
waived.

The pre-test was conducted one week prior to admission, while the post-test was
administered on the last day of the program. Parents completed the Autism Treatment
Evaluation Checklist (ATEC) and Chinese Child Developmental Inventory (CCDI)
questionnaires, while the therapist rated the Group Adaptation Function Index (GAFI).

Evaluators (i.e., parents and the therapist) were not blinded to the study.

Intervention

The intervention took place at the daycare facility of NTUH, occurring four times
a week for 2 hours per session and involving 8-10 parent-child dyads. One therapist,
who is a master trainer of an NDBI program (WHO CST), led the group, while parents
acted as facilitators to support their children’s participation. The therapy room was
designed as a preschool classroom, with a large white board, children’s tables and
chairs, cabinet with doors for material storage, and open shelves that were not reachable
by children. The space was sufficient to accommodate 10 parent-child dyads to do both
table tasks and physical activities. Activities included table tasks (e.g., playing with toys
or painting), sensory social routine activities (e.g., singing songs, dancing), storybook
reading, and games with simple rules (e.g., music chair or London Bridge). In this
group setting, preschoolers engaged in shared play and learning activities, creating a

naturalistic context similar to preschools or playgroups.
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The therapist employed NDBIs strategies to facilitate shared engagement and
support the individual development of social communication, play, group adaptative
and participative behaviors, and emotional regulation. For example, the therapist,
acting as the group leader, might initiate a LEGO-building activity with all the children.
During the play, the therapist would implement NDBI strategies, such as creating
opportunities for communication by waiting for the children to request more LEGO
pieces using words or gestures. The therapist might also imitate how the children build
their structures to capture their attention and then demonstrate new ways to assemble
the LEGO pieces to expand their play skills. Parents served as facilitators, providing
prompts to help children achieve specific behavioral goals (e.g., pointing to request
or engaging in new play actions) while also supporting their engagement by offering
encouragement and comfort.

The goals for each child were set in collaborate with their parents and primarily
focused on social communication, emotional regulation, and group adaptive and
participative behaviors. The decision to discharge (i.e., end of the program) was made
collaboratively by the medical team and the family. Discharge reasons included goal
achievement, successful placement, and family expectations or family issues. The
program was fully covered by National Health Insurance (NHI), so families did not

incur any costs for participating in the intervention.

Measures
- Chinese version Clancy Behavior Rating Scale (CBRS)

The Chinese version of the CBRS is a parent-rated questionnaire used to evaluate
autistic characteristics (Shiech, 1983). This version was translated from the original
CBRS (Clancy et al., 1969), with the rating scale modified from 2 points to 3 points.

As a screening tool for ASD, Li et al. suggested that a cutoff score of 6 for positivity is
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optimal, with a specificity of 0.91 and a sensitivity of 0.82 (Li et al., 2005). It consists
of 14 items rated from O (never, to 1 (occasional), to 2 (frequent), with higher scores
indicating greater severity of autistic characteristics. In this study, the CBRS was used
to support the diagnosis of ASD and to present the baseline severity of symptoms in the

children.

- Taiwanese version Screening Tool for Autism in Toddlers and Young
Children (T-STAT ™)

The T-STAT™ is a screening tool designed for autism spectrum disorder,
comprising 12 interactive items that evaluate behaviors across Play, Requesting,
Directing Attention, and Motor Imitation domains. Scores on the T-STAT scale range
from 0 to 4, with lower scores indicating milder impairment (Chiang et al., 2013; Stone
et al., 2004). A specific cutoff point is utilized for screening toddlers aged 24 to 36
months. As not all children in our study fall within this age range, we opted to use the
raw scores from the T-STAT ™ to gauge the baseline severity of autistic symptoms. In
this study, the T-STAT was used as an observational measure to complement the parent-

reported CBRS.

- Autism Treatment Evaluation Checklist (ATEC)

The ATEC is a parent-reported questionnaire suggested as a comprehensive tool
to monitor the treatment effect and progress of children with ASD. As a caregiver-
reported measure, it has been validated against professionally rated tools (Geier et al.,
2013; Magiati et al., 2011). Four subscales assess child outcomes: speech/language/
communication (14 items, 3-point scale), sociability (20 items, 3-point scale), sensory/
cognitive awareness (18 items, 3-point scale), and health/physical behavior (25 items,

4-point scale). The scores for the speech/language/communication subscale and sensory/
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cognitive awareness subscales were reversed to match the other two subscales. Higher
scores represented more severe autistic symptoms; therefore, a decrease in scores
reflects an improvement. We utilized the Chinese version of ATEC, as used in Seng’s
study in 2022, which reported a good reliability of the Chinese version, with Cronbach’s
alpha coefficients higher than 0.9 for the first three subscales, and higher than 0.8 for the
fourth subscale (Seng et al., 2022).

- Chinese Child Developmental Inventory (CCDI)

The CCDI was modified from the Minnesota Child Development Inventory.
Taiwanese norms were established, and the tool has demonstrated adequate reliability
and validity (Hsu, 1978; Wu et al., 2013). In Wu et al.’s study, Cronbach’s alpha
coefficients for internal consistency across dimensions were generally higher than
or near 0.7 (Wu et al., 2013). The CCDI assesses children aged 6 to 78 months.
It consists of eight developmental dimensions, including gross motor, fine motor,
expressive language, comprehension conceptual, situation comprehension, self-
help, personal-social, and general development. It contains 320 items with specific
behavioral descriptions. Parents are required to indicate whether they have observed
these behaviors in their child (i.e., yes or no). The raw scores are converted into
developmental quotients based on age. The developmental quotient (DQ) is calculated

using the following formula: [developmental age / chronological age] x 100.

- Group Adaptation Function Index (GAFI)

The GAFI is a therapist-rated index for assessing the group adaptive and
participative behaviors. It has demonstrated sufficient psychometric properties, with the
Cronbach’s alpha of 0.94 for internal consistency (Lin et al, in preparation). The index

includes four categories: group regulation, learning response, communication behavior,
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and social behavior. Each category comprises 6-9 expected and well-adapted behaviors,
which the therapist rates on a scale from 0 (never occurring) to 4 (fully accomplished),

based on the children’s performance in daycare activities.

Statistical Analysis

The outcome measures, including ATEC scores, developmental quotients of
CCDI, and GAFI scores, are analyzed using paired t tests. We also conducted repeated
measure Analysis of Covariance (ANCOVA) to adjust for hypothesis-driven potential
confounding factors affecting effectiveness, including the child’s age and the number of

days in the program. We used JOMAVI version 2.3 to analyze the data.

Results

Eleven autistic preschoolers (8 boys and 3 girls), aged 26 to 50 months (M =
34.3 months, SD = 10.0), participated. The baseline autistic characteristic, as assessed
by CBRS, ranged from 8 to 21 (M = 14.6, SD = 4.34). Three preschoolers attended
preschools concurrently while receiving the daycare program. All preschoolers
also received other intervention (e.g., occupational therapy, speech therapy, and
physiotherapy) as usual care. Ten preschoolers were accompanied by their mothers
while only one preschooler was accompanied by the father. Most of the parents had
education levels of college or higher, with only one mother having a high school
diploma. The demographic data are shown in Table 1. The average duration attending
daycare program was 309 days, ranging from 262 to 368 days (SD = 37.3). After
discharge from the program, 6 preschoolers transitioned to general preschool, while 5

transitioned to special education preschool.
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Table 1 Participants’ demographics (N =11)

Characteristics Range M (SD) n (%)
Age in months 26-50 34.3 (7.7)
Sex
Boy 8 (72.7%)
Girl 3(27.3%)
Baseline general developmental quotient 33-110 65.2 (20.3)
Baseline CBRS 8-21 14.6 (4.34)
Baseline T-STAT™ (n=9) 0.50-3.50 2.25 (1.07)
Attended preschools while receiving daycare service 2 (18.2%)

Caregivers who engaged in the treatment
Mother 10 (90.9%)
Father 1(9.1%)

Parents’ education levels [n, (%)]

High school 1(9.1%)
College 7 (63.6%)
Graduate 3(27.3%)

CBRS: Chinese version Clancy Behavior Rating Scale; T-STAT: Taiwanese version Screening Tool for Autism in
Toddlers and Young Children

Baseline and Postintervention Differences

We found significant reductions in the ATEC speech/language/communication
subscale and the total score (¢ = —=5.37, p < 0.001; ¢ = =2.43, p = 0.035), with large
(Cohen’s d = —1.62) and medium effect sizes (Cohen’s d = —0.73), respectively.
No significant difference was found in the developmental quotient, except for a
significant decrease in gross motor (¢ = —3.66, p = 0.004, Cohen’s d = 1.10). Significant

improvements were also found in the GAFI in group regulation, learning response,
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communicating behavior, and social behavior (¢ = 4.65, p < 0.001; t =4.99, p <0.001; ¢
=3.56, p=0.005; t = 3.89, p = 0.003), with large effect sizes (d ranged from 1.07 to 1.51).
However, after controlling for children’s age and the number of days in the program
in the repeated measure ANCOVA analyses, only the speech/language/communication
subscale in ATEC showed a significant difference between baseline and postintervention
(F=5.37, p=0.049, n2, = 0.402). The baseline and postintervention differences are

shown in Table 2.

Table 2 Baseline and post-intervention differences (N =11)

Post- Repeated measure

Baseline | o in Paired ¢ test ANCOVAS
M M ; value Effect F value Effect
(SD)  (SD) P size (d) P size (02,)
Autism Symptoms-ATEC
Specch/language/ 18.9 122 537 <0001%% 162 537 0049 0402
communication 5.7) (6.2)
- 15.4 12.8
Sociability 5.5) ©.1) -1.99 0.75 -0.60 0.03 0.869 0.004
Sensory/cognitive 14.5 11.1
AWAreness 5.6) 5.7) -2.05 0.068 -0.62 0.22 0.654 0.026
. . 24.2 24.5
Health/physical behaviors (10.0) 8.5) 0.10 0.920 0.03 0.93 0.363 0.104
72.9 60.9 "
Total (18.7) (25.2) -2.43 0.035 -0.73 0.01 0.910 0.002
Development-CCDI (DQ)
B 84.8 72.8 -
Gross motor (16.6) (17.8) -3.66  0.004 -1.10 0.39 0.550 0.046
. 76.2 83.2
Fine motor (18.4) 27.0) 1.54 0.155 0.46 1.38 0.274 0.147
Expressive language 475 283 1.95 0.079 0.59 0.23 0.642 0.028

(17.6) (29.3)
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Concept comprehension (;(2)?) (gzg) 1.61 0.138 0.49 0.29 0.604 0.035
Situation comprehension (2(7);) (ggg) 0.37 0.718 0.11 1.38 0.274 0.147
Self-help (41"2(5)) (2(1)2) 0.62 0.551 0.19 0.58 0.468 0.068
Personal-social (?gg) (gég) 0.04 0.966 0.01 4.95 0.057 0.382
General development 65.2 69.7 0.79 0.449 0.24 2.09 0.187 0.207

(20.3) (31.9)

Group adaptation-GAFI

. 33 12.5 .
Group regulation (33) 6.7 4.65 <0.001 1.40 1.02 0.343 0.113
Learning response L o) 499  <0.001*** 1.51 0.26 0.621 0.032
g resp: @1 9.0) ! I . ] I I
Communicating behavior 3.1 10.5 3.56 0.005%* 1.07 1.37 0.275 0.147
£ @n 19 ' ' ' ' ' '
Social behavior 0.3 e 3.89 0.003%: 1.17 0.16 0.703 0.019
(1.3) (7.4) ’ ’ ’ ’ ’ ’

ATEC: Autism Treatment and Evaluation Checklist; CCDI, Chinese Child Development Inventory; DQ:
developmental quotients; GAFI: Group Adaptation Function Index.

*p <0.05; **p <0.01; ***p <0.001

§Repeated measure ANCOVA controlled for the child’s age and the number of days in the daycare program.

In repeated-measure ANCOVA analyses, significant age-by-time interactions were
found in speech/language/communication subscale of the ATEC (F = 6.81, p = 0.031,
n2, = 0.460), group regulation in GAFI (' = 5.57, p = 0.046, n2, = 0.411), learning
response in GAFI (/= 6.57, p = 0.033,n2, = 0.451), social behavior in GAFI (&' = 5.54,
p = 0.046, n2p = 0.409), and total score in GAFI (F = 5.62, p = 0.045, n2, = 0.413).
Significant time-by-days in the program interactions were found in general development

in the CCDI (F = 5.53, p = 0.047, n2, = 0.409).
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Discussion

This study reported the significant effectiveness of an intensive, parent-involved
NDBI-based group intervention for autistic preschoolers in mitigating autistic
symptoms in communication, and improving adaptative performance in group contexts,
consistent with our hypothesis. However, we did not find a significant improvement
in general development, which contradicted our hypothesis. This study demonstrates
the effectiveness of a clinically-based intervention program in a real-world setting,
which is valuable given the limited research on the effectiveness of early interventions
implemented as part of routine care. Moreover, to our knowledge, this is the first study
exploring the effectiveness of a group-based NDBI program that involves the multiple
parent-child dyads in the intervention.

Aligning with our hypothesis, we found significant improvements in autistic
symptoms, especially in language and communication, as indicated by the reduction
in ATEC scores. Sandbank and colleagues reported two meta-analyses studies of early
intervention for autistic children in 2020 and 2023, indicating small to medium effect
sizes of NDBIs on language, social communication, and cognition when only including
RCT studies that did not derive from caregiver reports (Sandbank et al., 2020; Sandbank
et al., 2023). Although we used parent-report information as the outcome measure of
autistic symptoms, our findings align with these meta-analyses, suggesting that NDBI
strategies, even when delivered in a group format, are beneficial to autistic preschoolers'
communication. The significant difference in language and communication remained
even after controlling for age and days in the program, demonstrating the robust
effectiveness of this program on communication.

However, we did not find significant improvements in developmental quotients
from this program and observed significant regression in the gross motor developmental

quotient at postintervention. As developmental quotients are compared with their
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typically developing peers of the same age, the lack of significant improvement suggests
that while not significantly improved to catch up with their peers’ developmental level,
the intervention is able to sustain ongoing progress in autistic toddlers, preventing
the widening gap of developmental delays. Additionally, the reduction in gross motor
developmental quotient may be attributed to the fact that gross motor skills were
not prioritized as a primary target within the NDBI activities (Sandbank et al., 2020;
Sandbank et al., 2023; Tiede & Walton, 2019).

Moreover, we observed a significant increase in group adaptive and participative
behaviors, which is not surprising considering the participants received training in a
group-based context over an extended period. Although group adaptation is not typically
a primary focus of NDBI programs, the strategies employed in NDBIs are utilized to
develop new skills (Frost et al., 2020). Therefore, our results offer preliminary evidence
that implementing NDBI strategies in group settings may facilitate the acquisition of
skills necessary for group contexts, such as adhering to group regulations, enhancing
learning responsiveness, and increasing communication and social behaviors towards
adults and peers.

However, the significance in group adaptive and participative behaviors
disappeared once we controlled for children’s age and days in the program. Some
previous studies have reported that younger children may be more responsive to the
intervention, suggesting that age may be associated with the outcomes (Vivanti et al.,
2014). The dosage effect (i.e., the intensity and duration of the treatment) was also
suggested to be positively correlated with the improvement in outcomes in behavioral
interventions for autism (Linstead et al., 2017). In our study, we did find significant
time-by-age effect in communication and group behaviors, and significant time-by-
days-in-the-program effect in general development. Hence, it is not surprising that the
significance diminished once these factors were included, particularly in a small-sample-

size study. These findings suggest that these two factors should be considered when
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interpreting the effectiveness of early interventions.

The program is unique in several dimensions. Firstly, it is relatively intensive, with
sessions occurring four times a week, which is uncommon in Taiwan's current early
intervention system. Since most interventions in Taiwan's early intervention system are
relatively low intensity, typically consisting of only 30 minutes per week, a program that
provides more treatment hours with consistent goal-setting and strategy implementation
is crucial for enhancing the effectiveness of early intervention. Secondly, it is a group-
based intervention of NDBIs involving multiple parent-child dyads. The group-based
format provided a naturalistic context, as typically developing preschoolers learn in a
group-based context (e.g., preschools). Although NDBIs are supported by empirical
evidence, the effectiveness of group-based interventions for autistic preschoolers is still
limited. Our results support the feasibility of implementing NDBIs strategies within a
group context as well as its promising effectiveness on social communication.

Moreover, involving multiple parent-child dyads in the group is novel and under-
investigated in previous research. This model creates rich opportunities for social
interaction among children, among parents, and between children and parents, which
may lead to enhanced social communication in children and improved parent-child
interaction. Additionally, parents can learn from each other and feel supported within the
group dynamic. Therefore, the current study demonstrated the feasibility and benefits
of integrating important elements of early intervention addressed in previous research
of early intervention. Lastly, this program is fully covered by NHI and integrated into
Taiwan’s public system, showing a balance of sustainability and affordability. Concerns
about meeting recommended fidelity of the NDBIs while maintaining cost-effectiveness
in service systems have been raised (Vivanti et al., 2017). The current study
demonstrated that implementing a program that utilizes NDBI strategies in a group-
based format to achieve cost-effectiveness, while remaining affordable for families, is

feasible.
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The participants in this study were considered representative due to a sex ratio
of autism similar to that reported in a global prevalence study (Zeidan et al., 2022), a
high heterogeneity of symptoms, and the fact that all were receiving usual care within
Taiwan’s early intervention system. Thus, the results of the current study may be
applicable to autistic preschoolers in Taiwan, suggesting this program is beneficial and
the dissemination and promotion of it should be encouraged. However, the majority
of participants were accompanied by their mothers when attending the intervention,
indicating that mothers undertake the primary responsibility for bringing autistic
preschoolers to early intervention sessions. Increasing the involvement of fathers in
early intervention may be an important consideration, and further investigation into
whether program adaptations are needed to accommodate fathers' needs and increase
acceptability among fathers is warranted.

There are several limitations in this study. First, it is a nonexperimental study
with a small sample size and lacks a control group, which weakens the results. Second,
although the group was led by a therapist with abundant NDBI implementation
experience, the fidelity of the implementation of this program was not meticulously
reviewed and checked. Implementing NDBI strategies may require adaptations to suit
the group context (Eapen et al., 2013). Therefore, future research should investigate
how therapists adapt NDBI strategies for group contexts and how these adaptations
affect effectiveness. Furthermore, it remains unclear how parents learn and utilize NDBI
strategies in this parent-child dyads group to facilitate children’s participation. Third,
due to the small sample size, we could only include two potential factors in the repeated
measures ANCOVA analyses. However, additional factors may have contributed to
the results and should be considered in future analyses. Lastly, the outcome measures,
which rely on parent-reported and therapist-reported data, may introduce detection
bias. Employing objective measures and a blind design in future studies is warranted to

ensure more robust results.
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Conclusions

This study evaluated the effectiveness of an intensive, group-based NDBI program
for autistic preschoolers, demonstrating significant improvements in autistic symptoms
and group adaptive behaviors, but not in developmental quotients. The program employs
a unique approach involving multiple parent-child dyads and implements NDBI
strategies, demonstrating effectiveness in real-world settings, which emphasize the need
for both sustainability and affordability. The results of this study offer insights into early

intervention practices.
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Digital-Based and Immersive Virtual Reality Mirror
Therapy for Upper Limb Motor and Daily Functions
After Stroke: A Systematic Review and Meta-Analysis

Yu-Wei Hsieh™™", Ya-Ting Chen’, Meng-Ta Lee", Fu-Lin Hsu®, Chih-Chi Chen"

Abstract

Novel forms of mirror therapy (MT) using digital image processing or virtual reality
technology for facilitating upper limb motor function have demonstrated potential as
stroke rehabilitation strategies; however, their efficacy has not been comprehensively
evaluated. This systematic review aimed to evaluate the effects of novel forms of MT on
upper limb motor and daily functions in patients with stroke. PubMed, Scopus, Cochrane
Library, EBSCOhost, and Airiti Library were searched for articles published up to July
2023. Randomized controlled trial (RCT) studies examining the effects of novel forms
of upper limb MT in patients with stroke were included. For the results of review, nine
RCT studies with 304 participants with stroke were included. The novel forms of MT had
a significantly moderate to large effect size on upper limb motor function (standardized
mean difference [SMD] = 0.621 and 0.544, p < .001 and p = .022 for the Fugl-Meyer
Assessment and Manual Function Test, respectively). Novel MT also showed a
significantly moderate effect on quality of life (SMD = 0.501, p = .043) and a significantly
small to moderate effect on manual dexterity (SMD = 0.475, p = .003), muscle tone (SMD
= —0.380, p = .005), and daily function (SMD = 0.468, p < .001) as compared with the
control groups. In conclusion, the review findings suggest that the novel forms of MT are
superior to control interventions in improving upper limb motor function in patients with
stroke. Further high-quality RCTs are recommended to examine optimal treatment dosages
and potential adverse effects of novel MT.

Keywords: Mirror therapy, Digital technology, Virtual reality, Stroke rehabilitation,
Systematic review
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Novel forms of mirror therapy in stroke patients

Introduction

Stroke is a major cause of adult long-term disability worldwide (Collaborators,
2021; Hankey et al., 2002; Ovbiagele et al., 2013). About 65% of patients with stroke
suffer from hemiplegia (Bindawas et al., 2017), and only 50% regain partial motor
function (Gandhi et al., 2020). Limited motor function diminishes their participation
in daily activities and overall quality of life. Hence, there has been an emphasis on
improving the motor and functional recovery of individuals with stroke (Hatem et al.,
2016; Winstein et al., 2016). Classic mirror therapy (MT) has been recognized as an
effective therapeutic intervention (Morkisch et al., 2019; Thieme et al., 2018; Yang et
al., 2018). Classic MT used a physical mirror or mirror box to provide mirror visual
feedback, allowing patients to observe the reflected images of their nonaffected limb’s
movement as if it were the affected limb’s movement (Wu et al., 2013).

In recent years, novel forms of MT have emerged as prominent interventions in
stroke rehabilitation to overcome certain technical limitations associated with classic
MT (Choi et al., 2019; Ding et al., 2019; Ding et al., 2018; Hsu et al., 2022; Kim et
al., 2023; Mekbib et al., 2020; Weber et al., 2019). According to the equipment and
technology used in individual studies, novel forms of MT can be generally classified
into two categories: digital-based MT and immersive virtual reality MT. Digital-based
MT commonly involves using cameras or webcams to capture the movements of the
patient’s unaffected hand, which are then instantly transformed into the movements of
the affected hand through digital image processing software. Immersive virtual reality
MT, on the other hand, requires the use of an immersive VR headset that displays 3D
graphics and virtual hands, typically showcasing the movements of the affected hand
within the virtual environment. Subsequently, the mirror visual feedback of the affected
hand is presented either as a mirrored image of the unaffected hand on a computer

monitor or tablet computer (Ding et al., 2019; Ding et al., 2018; In et al., 2012; Kim et
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al., 2023; Lee et al., 2014) (i.e., digital-based MT) or via a generated virtual hand in a
3D virtual reality environment (i.e., immersive virtual reality MT) (Choi et al., 2019;
Hsu et al., 2022; Lin et al., 2021; Mekbib et al., 2020; Sip et al., 2023; Weber et al.,
2019; Wei et al., 2022).

The studies of novel forms of MT have revealed that patients with stroke gained
significant improvements in motor function compared to those receiving conventional
rehabilitation (Choi et al., 2019; Ding et al., 2019; Ding et al., 2018; Kim et al., 2023).
Moreover, novel forms of MT provide more immersive mirror visual feedback (Hsu et
al., 2022; Lin et al., 2021; Sip et al., 2023) and better perception of limb ownership (Ding
et al., 2018; In et al., 2012), and they reduce the head and neck discomfort and postural
pressure during rehabilitation (Choi et al., 2019; Ding et al., 2019; Ding et al., 2018;
Mekbib et al., 2020; Weber et al., 2019). The advantages of novel forms of MT and
those positive preliminary study findings make them promising approaches for further
rehabilitation applications.

Recent reviews evaluated virtual reality MT for post-stroke upper limb
rehabilitation. A scoping review concluded that immersive virtual reality MT is
safe, feasible, and capable of improving upper limb motor function (Gebreheat et
al., 2024). Moreover, a systematic review reported moderate to large effect sizes for
motor outcomes and suggested potential benefits when combined with conventional
rehabilitation (Okamura et al., 2023).

Although previous reviews and studies have demonstrated positive effects of
novel forms of MT, some important research gaps remain. For example, some novel
MT devices are still in the development stage, with certain studies lacking control
groups (Hoermann et al., 2017; Mekbib et al., 2020; Weber et al., 2019) or involving
small sample sizes (fewer than 20 participants) (Ding et al., 2019; In et al., 2012; Lin
et al., 2021; Sip et al., 2023). The effects of interventions are often limited to specific

subpopulations due to narrow inclusion and exclusion criteria (Ding et al., 2019; Kim
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et al., 2023; Lee et al., 2014; Sip et al., 2023). Moreover, some studies focused on
motor function improvement without addressing daily functional outcomes, which are
critical for assessing the overall impact on quality of life. Additionally, while some
studies utilized digital imaging technology to provide mirror visual feedback (Choi
et al., 2019; Ding et al., 2019; Ding et al., 2018; Hoermann et al., 2017; Hsieh et al.,
2022; In et al., 2012; Kim et al., 2023; Lee et al., 2014), others employed immersive
virtual reality environments (Hsu et al., 2022; Lin et al., 2021; Mekbib et al., 2020; Sip
et al., 2023; Weber et al., 2019). These variations complicate efforts to assess treatment
effectiveness comprehensively. Finally, while the two recent reviews (Gebreheat et
al., 2024; Okamura et al., 2023) provided valuable insights, their scope was restricted.
Both reviews concentrated on virtual reality MT and did not included studies involving
digital-based MT. Additionally, one review did not conduct a meta-analysis, restricting
its ability to quantitatively synthesize findings. To address these issues, this study
aims to evaluate whether the novel forms of MT have greater improvements in upper
limb motor function and daily function for patients with stroke compared with control

intervention, by synthesizing the study results of both types of the novel forms of MT.

Methods

Inclusion and Exclusion Criteria of the Studies

All articles found on the electronic databases were screened with the following
criteria: (1) a study sample of people with stroke, (2) a randomized controlled trial (RCT)
study design, (3) one intervention group implementing a novel form of upper limb
MT (e.g., digital-based MT or immersive virtual reality MT), (4) at least one outcome
measure assessing upper limb motor function and/or daily function, and (5) publication
entirely in either English or Traditional Chinese. If the study intervention combined

novel forms of MT and other rehabilitation therapy (e.g., robot-assisted rehabilitation,
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brain-machine interface, or action observation), the study was excluded. However, the

studies included regular or conventional rehabilitation were not excluded. The protocol

of the systematic review was registered in the International Prospective Register of

Systematic Reviews (PROSPERO, registration number: CRD42023441037).

Search Strategy

Articles written in English were searched for on the following electronic databases:

PubMed, Scopus, Cochrane Library, and EBSCOhost. Airiti Library was searched for

articles in Traditional Chinese. The search strategy used on PubMed is reported in Table

1. All the potential articles published before July 19, 2023, were included.

Table 1 The searching keywords used on PubMed

Search  Query Items found

#8 #6 AND #7 50

#7 #3 AND #4 AND #5 75

#6 #1 OR #2 602,058

#5 “upper limb*” OR “upper extremit*” OR arm* OR shoulder* OR hand* OR 1,480,913
axilla* OR elbow* OR forearm™ OR finger* OR wrist*

#4 “mirror* therapy”” OR “mirror* visual feedback’ OR “mirror* illusion” OR 1,337
“visual illusion“OR “mirror* box” OR “mirror* reflection”

#3 computerized OR computerised OR camera-based OR “virtual reality” OR 652,016
virtual OR digital OR game-based OR “video games” OR augmented

#2 hemipleg* OR hemipar* OR paresis OR paretic OR paretical 50,101

#1 stroke OR poststroke OR cerebrovasc* OR cva OR “cerebrovascular disease” 568,862

OR “cerebrovascular accident” OR “brain infarct*” OR “brain ischemi*” OR

“brain hemorrhag*” OR post-stroke OR apoplexy
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Data Collection and Extraction

All articles found on the databases were imported into EndNote X9, and duplicate
articles were removed. The titles and abstracts of the articles were first screened and
evaluated according to the inclusion and exclusion criteria. The full texts of selected or
possible relevant articles were accessed and reviewed.

After the selection of the relevant articles, the following data were extracted:
sample size, demographic characteristics of the subjects (e.g., age, gender, lesion
site of stroke, and time since stroke onset), the details of the intervention, outcome
measures (e.g., the mean and standard deviation scores of outcomes in each intervention
group), and main study findings. If there were missing data in the selected article, the

corresponding author of the article was contacted by email.

Methodological Quality Assessment

To evaluate the methodological quality of the included articles, two independent
reviewers appraised the articles with the Physiotherapy Evidence Database (PEDro)
scale (Blobaum, 2006; Maher et al., 2003; Physiotherapy Evidence Database, 1999)
and the Cochrane risk-of-bias tool (RoB 2.0) (Sterne et al., 2019). The maximum score
on the PEDro scale is 10. Based on the PEDro score, each study was classified into
excellent (9 to 10 points), good (6 to 8 points), fair (4 to 5 points), or poor quality (3
points or less) (Cashin & McAuley, 2020). The Cochrane risk-of-bias tool was used to
assess 5 domains of bias: (1) randomization process, (2) deviations from the intended
intervention, (3) missing outcome data, (4) measurement of the outcome, and (5)
selection of the reported result. In case of the disagreement between the two reviewers,

a third independent reviewer was consulted for the final decision.
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Statistical Analysis

Comprehensive Meta-Analysis Version 2.0 (Biostat Inc., Englewood, NJ, USA)
was used to analyze the data. The treatment effects of RCT studies with novel forms
of MT on the outcomes were evaluated, and if a single study had 2 control groups, the
effect sizes were assessed separately in comparison with the experimental group. In
addition, the random effects model was used for each comparison due to differences
in sample sizes, intervention dosages, and subject characteristics across each study.
Moreover, subgroup analyses were conducted to evaluate the effect sizes of different
types of novel MT (i.e., digital-based versus immersive virtual reality MT) and the
impact of stroke phase based on the average onset time of more or less than 6 months (i.e.,
chronic versus subacute phase) on the most commonly used outcome, the Fugl-Meyer
Assessment (FMA).

For the outcome measures, the standardized mean difference (SMD) and 95%
confidence interval were utilized to assess the effect sizes of the studies. SMD values of
0.2, 0.5, and 0.8 are respectively considered to indicate small, moderate, and large effect
sizes (Cohen, 1988; Faraone, 2008). All outcome measures included in the analyses
were assessed at two time points: before and after the intervention period.

The Cochran Q test and I” statistics were used to examine the presence of
heterogeneity among the studies. I” statistics of 25%, 50%, and 75% indicate that there is
low, moderate, and high heterogeneity, respectively (Higgins et al., 2003). Furthermore,

the Egger’s regression test was used to evaluate the publication bias in these studies.

Results

Study Selection and Characteristics

The selection process of the articles in this review is depicted in Figure 1. Initially,

195 articles were found on the databases. After screening with the selection criteria, 9
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eligible full-text RCT articles with 304 subjects were included in this review (Choi et
al., 2019; Ding et al., 2019; Ding et al., 2018; Hsu et al., 2022; In et al., 2012; Kim et al.,
2023; Lee et al., 2014; Lin et al., 2021; Sip et al., 2023). All 9 RCT articles were written

Novel forms of mirror therapy in stroke patients

in English and published between 2012 and 2023.

Identification of studies via databases and registers

Records removed before screening (n = 78):

\4

Duplicate records removed (n = 52)
Records removed for other reasons (n = 26)

Records excluded review articles or conference

\ 4

articles or lower extremity
(n=54)

Reports not retrieved

\4

(n=0)

| Reports excluded (n = 54):

" Not included people with stroke (n = 16)

Not novel mirror therapy (n = 16)

No pretest and posttest scores (n = 1)

No outcome measure related to upper-limb
motor ability or daily function (n = 6)

Combined with other therapies
simultaneously (n = 4)

Non randomized controlled trial (n = 11)

M
Records identified from:
c Databases (n = 195)
-% PubMed (n = 50)
e Scopus (n = 95)
2 Cochrane Library (n = 50)
2 EBSCOhost (n = 0)
= Airiti Library (n = 0)
Registers (n = 0)
—
A4
Records screened
(n=117)
v
Reports sought for retrieval
(n=63)
=)
=
=
7}
o
g‘n’ Reports assessed for eligibility
(n=63)
—
v
)
- Studies included in review
- (n=9)
S Reports and quantitative
£ syntheses of included studies
— (n = g)
Figure 1  Flowchart of study selection.
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There were 6 RCTs of digital-based MT (Choi et al., 2019; Ding et al., 2019; Ding
et al., 2018; In et al., 2012; Kim et al., 2023; Lee et al., 2014) and 3 RCTs of immersive
virtual reality MT (all involved using a head-mounted display) (Hsu et al., 2022; Lin et
al., 2021; Sip et al., 2023). The control groups used in the included studies were sham
MT (Choi et al., 2019; In et al., 2012), traditional MT (Choi et al., 2019; Hsu et al., 2022;
Kim et al., 2023; Lin et al., 2021; Sip et al., 2023), conventional rehabilitation (Ding et al.,
2019; Ding et al., 2018; Hsu et al., 2022; Kim et al., 2023), or digital MT with symmetric
training (Lee et al., 2014). The sham MT was conducted in the same environment as
the traditional MT, but the mirror was typically covered with black paper to prevent the
affected hand from being seen. Moreover, only 2 studies of digital-based MT (Ding et al.,
2019; Ding et al., 2018) and 2 studies of immersive virtual reality MT (Hsu et al., 2022;
Lin et al., 2021) had reported that there was no adverse event in the study.

The mean ages of the participants in the RCT studies ranged from 54.25 to 63.89
years old, and the mean onset times of stroke varied from 72.45 days to 45.2 months,
calculated based on the data provided by the authors of each included study. The total
sample sizes of the studies ranged from 18 to 79 subjects. The treatment frequencies
of novel forms of MT provided in the studies varied from 30 to 90 minutes per day, 2
to 6 days per week, for 3 to 9 weeks. In addition, the most commonly used outcome
measure was the FMA. If the outcome measures applied in at least 2 included studies,
the data were included in the meta-analysis. The outcomes used in one individual study
were excluded from the meta-analysis, except for the 3 outcomes that all measure daily
function (i.e., Barthel Index [BI], Functional Independence Measure [FIM], and Motor
Activity Log [MAL]) and 2 outcomes that all assess quality of life (i.e., Short Form-8
[SF-8] and Short Form-36 [SF-36]).

Methodological Quality

Table 2 presents the PEDro score of each RCT study; the scores ranged from 4 to
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8. In all, 6 studies were rated as having good study quality (Choi et al., 2019; Ding et
al., 2019; Ding et al., 2018; Hsu et al., 2022; Kim et al., 2023; Lin et al., 2021), while
the remaining 3 studies had fair study quality (In et al., 2012; Lee et al., 2014; Sip et
al., 2023). Furthermore, the methodological quality of each included study and across
all studies using Cochrane risk-of bias tool 2 (RoB 2) is shown in Figure 2A and 2B.
Among the included studies, 6 were rated as having a high risk of bias, 1 study was
classified as having some concerns, and 2 studies were judged to have a low risk of
bias. In terms of specific domains, 5 studies (55.6%) demonstrated a low risk of bias
in the randomization process, and all studies (100%) had a low risk of bias regarding
deviations from the intended interventions. Additionally, 5 studies (55.6%) exhibited a
low risk of bias in reporting outcome data, while 6 studies (66.7%) showed a low risk
of bias in outcome assessment. Furthermore, 3 studies (33.3%) appropriately mitigated

bias in the selection of reported results.

Table 2 Quality assessment of the included randomized controlled trial (RCT) studies
with the PEDro scale

First author In Lee Ding Ding Choi Lin Hsu Kim Sip
(year) (2012) (2014) (2018) (2019) (2019) (2021) (2022) (2023) (2023)

Lel el Y % % % Y Y Y % %
criteria
Random 1 1 1 1 1 1 1 1 1
allocation
Concealed 0 0 1 1 1 1 1 0 0
allocation
Baseline | | | 1 1 1 1 1 0
comparability
Blind 0 0 0 0 0 0 0 0 0
subjects
Blind 0 0 0 0 0 0 0 0 0
therapists
L indl 0 1 1 | 0 | 1 1 0
asSessors
Adequate 0 0 1 | | 1 1 1 1
follow-up
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Intention-to-
treat analysis

Between
group 1 1 1 1 1 1 1 1 1
comparisons

Point
estimates and 1 1 1 1 1 1 1 1 1
variability

Total score 4 5 7
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Figure 2 (A) Summary of risk of bias for each included study and (B) Percentage of
risk of bias across all items for included studies.
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Effect Size on Upper limb Motor Function

As for the treatment effects, the meta-analysis results of novel forms of MT on
upper limb motor function measuring by the FMA and Manual Function Test (MFT)
in patients with stroke are demonstrated in Figure 3A and 3B, respectively. A total of §
studies involved 268 patients with stroke (Ding et al., 2019; Ding et al., 2018; Hsu et
al., 2022; In et al., 2012; Kim et al., 2023; Lee et al., 2014; Lin et al., 2021; Sip et al.,
2023) and assessed the effects of new forms of MT on the FMA. The studies of Hsu et
al. (2022) and Kim et al. (2023) had 2 control groups, so 2 comparisons of effect sizes
in these 2 studies were calculated. Figure 3A shows that the novel forms of MT had
moderate to large treatment effects on upper limb motor function measured by the FMA
as compared with the control intervention (SMD = 0.621, p <.001). In addition, there

was no significant heterogeneity among these studies (Q = 6.307, p = .709, I < 0.001%)).

Studyname Outcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance  limit  limit  Z-Value p-Value
Inetal, 2012 FMA 0981 0491 0241 0018 1944 1.997 0.046 i
Leeetal, 2014 FMA -0141 0409 0167 -0942 0680 -0345 070
Ding etd., 2018 FMA 0.559 0230 0053 0109  1.000 2437 0015 —I-—
Ding eta., 2019 FMA 0987 0474 0224 0058 1915 2083 0.037
Linetal., 2021 FMA 1.107 0506 0256 0115 2009 2187 0029
Hsuetal,222CG1  FMA 0.79%6 0351 0123 0107 1484 2265 0.024
Hsueta.,222CG2 FMA 0676 0348 0.121 -0.005 1.358 1.945 0.022
Kimetal., 2023CG1  FMA 0621 0418 0175 -0198  1.440 1485 0137
Kimetal.,2023CG2 FMA 0666 0419 0176 -0156 1488 1588 0112
Sipetal., 2023 FMA 0329 0450 0203 -0553 1212 o7® 0464
0621 0119 0014 0387 085 5200 0.000 i
-1.00 -0.50 0.00 050 1.00
Heterogeneity: Q=6.307 , df=9 (p=0.709), I < 0.001%
Favours [control] Favours [experimental]
Studyname Outcome Statistics for each study Std diff in means and 95% Cl
Std diff  Standard Lower Upper
in means error Variance limit limit  Z-value p-Value
Ineta., 2012 MFT 0.308 0467 0218 -0608 1224 0.659 0510 L |
Chai eta., 2019CG1 MFT 0480 0414 0171 -0332 1201 1.158 0247 i
Chai etd., 2019CG2 MFT 1496 0462 0213 0590 2401 3.239 0.001 —
Kimeta. 223CG1_H  MFT hand -0216 0409 0168 -1018 0587 -0.527 0.5%8 ' ]
Kimeta. 2023CG1_S  MFT shoulder 0879 0428 0.183 0.041 17117 2.056 0.040 —)
Kimeta., 223CG2 H MFT hand -0.110 0409 0.167 -0911 069 -0270 0787 .
Kimeta., 223CG2_.S  MFT shoulder 1091 0438 0.191 0234 1949 2494 0013
0544 0237 005 0079 1000 2202 002 et
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=12.698 , df=6 (p=0.048), 12 = 52.747%
Favours [control] Favours [experimental]

Figure 3 Forest plots of the meta-analysis of novel forms of mirror therapy compared
with the control treatment on the (A) Fugl-Meyer Assessment and (B)
Manual Function Test.
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Furthermore, 3 studies involved 91 subjects (Choi et al., 2019; In et al., 2012; Kim
et al., 2023) and evaluated the treatment effects on another outcome of upper limb motor
function, the MFT. In the study of Kim et al. (2023), 2 control groups and 2 sub-scores
of the MFT were used, necessitating the calculation of 4 comparisons of effect sizes.
The forest plot of the 3 studies using the MFT demonstrated a moderate effect (SMD
= 0.544, p = .022), and moderate heterogeneity was found (Q = 12.698, p = .048, I’ =
52.75%) (Fig. 3B).

The Egger’s regression tests of the 8 studies employing the FMA and the 3 studies
using the MFT indicated that there was no significant publication bias (FMA: p = .524;
MEFT: p=.131).

Effect Size on Manual Dexterity

Figure 4A shows the meta-analysis results of 4 studies with 131 stroke participants
(Hsu et al., 2022; In et al., 2012; Kim et al., 2023; Lee et al., 2014) assessing the
treatment effects of novel MT on manual dexterity assessed by the Box and Block
Test (BBT). Two comparisons of effect sizes were performed in the studies of Hsich
et al. (2022) and Kim et al. (2023) due to the 2 control groups applied in these studies.
The forest plot showed a small to moderate effect (SMD = 0.475, p = .003) on manual
dexterity, and no heterogeneity was found (Q = 2.258, p = .812, I’ < 0.001%) (Fig.
4A). In addition, the Egger’s regression test f the 4 studies with the BBT showed no

significant publication bias (p = .411).
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Studyname Outcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance  limit  limit  Z-Value p-Value
Ineta., 2012 BBT 0.081 0.465 0216 -0.849 0.972 0.132 0.895 lm
Leeetd., 2014 BBT 0641 0419 0175  -0.179 1.461 1531 0.126 L
Hsuetd,202CG1 BBT 0753 0.350 0122 0.067 1.439 2152 0.031 ———
Hsuetd,202CG2 BBT 0.381 0.341 0116  -0287 1.050 1118 0.264 L
Kimetal., 2023CG1 ~ BBT 0214 0409 0168 -0588 1017 0523 0601 L
Kimetdl., 2023CG2  BBT 0650 0419 0176 -0161 1482 1575 0115 L —
0475 0161 0026 0160 0790 2957 0003 e
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=2.258, df=5 (p=0.812), I> < 0.001%
Favours. [control] Favours [experimental]

Studyname Outcome Statistics for each study Std diff in means and 95% ClI

Stddiff  Standard Lower Upper

inmeans error Variance limit limit  Z-Value p-Value
Inetd., 2012 MAS -073% 0480 0230 -1675 0206 -1.531 0.126 Hj— —
Leeetal, 2014 MAS elbow flexion -0497 0414 0172 -1309 0316 -1.198 0231
Ding eta., 2019_WE MAS wrist extensor 0103 0448 0200 -0774 0.80 0231 0817 L
Ding etd., 2019_WF MAS wrist fiexor 0112 0.448 0200 -0765 0.989 0249 0.803 &
Hsuetd,, 2022CG1_H  MAS hand -0655 0.347 0121 -133 0026  -1886 0.059 i
Hsuetd, 2022CG1_W  MAS wrist -0230 0.339 0115 -0895 0435  -0678 0498 L
Hsuetd,2022CG2 H  MAS hand -0418 0342 0117 -1088 0252 -1.23 021 L ]
Hsuetd., 2022CG2 W  MAS wist -0541 0.344 0119 -1216 0134 -1571 0116

-0.380 0.136 0018 -0647 -0114  -2797 0.005
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=4.052, df=7 (p=0.774), I” < 0.001%
Favours.[control] Favours| [experimental]

Figure 4 Forest plots of the meta-analysis of novel forms of mirror therapy compared
with the control treatment on the (A) Box and Block Test and (B) Modified
Ashworth Scale.

Effect Size on Muscle Tone

A group of 4 studies with 115 participants (Ding et al., 2019; Hsu et al., 2022; In et
al., 2012; Lee et al., 2014) evaluated the effects of novel MT on muscle tone measured
by the Modified Ashworth Scale (MAS). In the study of Hsu et al. (2022), 2 control
groups and 2 subparts of the MAS (i.e., hand and wrist scores) were used, necessitating
the calculation of a total of 4 comparisons of effect sizes. Figure 4B presents the
meta-analysis results showing a small to moderate effect size (SMD = —0.380, p =
.005), without heterogeneity among these studies (Q = 4.052, p = .774, I’ < 0.001%).
A negative value for an effect size indicates that the muscle tone of the patients with
stroke decreased after receiving the novel MT, and a lower MAS score represents less

spasticity. Moreover, the non-significant Egger’s regression test confirmed the absence
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of publication bias (p = .456).

Effect Size on Daily Function

Three studies involving 151 patients with stroke (Ding et al., 2019; Ding et al.,
2018; Hsu et al., 2022) discussed the effects of novel MT on improving daily function,
respectively measured by the BI (Ding et al., 2018), FIM (Ding et al., 2019) and MAL
(2 subscales of amount of use and quality of movement) (Hsu et al., 2022). Four
comparisons of effect sizes were performed in the studies of Hsu et al. (2022) due to the
2 control groups and 2 subscales of MAL applied in this study. Figure SA demonstrates
that the novel forms of MT had a small to moderate treatment effect on daily function as
compared with control treatments (SMD = 0.468, p <.001). There was no heterogeneity
in the three studies (Q = 2.104, p = .835, I < 0.001%). Additionally, the non-significant

Egger’s regression test confirmed the absence of publication bias (p = .962).

(A)
Statisticsforeachstudy Sddiffinmeansand99%6Cl

Stddiff Standad Lover Upper

inmeans aror  Vaiance limit limt Z-Vdue p-Vdue
Ding etdl., 2018 B 0504 020 0083 013 1045 25% 0010 —I-I—
Dirg etdl., 2019 FIM oou 0471 022 00 188 2001 0045
Heuetd, 222CG1  MALAOU 0457 0343 o017 -0214 118 13% 01 J
Hsuetd, 2CG11  MALQOM 0347 031 o116 01 1015 1019 03B -
Heuetd, 202CG2  MALAOU 0277 0340 0115 -0380 0943 0814 0416 -
Hsuetd., 22CG22 MALQOM 0270 0340 0115 -03%6 0% 078 0428 -

0463 0131 0017 0211 076 352 000 —~—
-1.00 -080 000 050 1.00
Heterogeneity: Q=2.104 , df=5 (p=0.835), 1< 0.001%
Favours £[control] FavoursE [experimental]
(B)

Studyname OQutcome Statisticsforeachstudy Stddiffinmeansand95%Cl

Stddiff Standard Lover  Upper

inmeans ermor  Vaiance limit limt Z-Vaue p-Vaue
Chetd, D19CG1  SF-8 008 048 0167 0742 080 03 08% } =
Chdetd, 019CR  SF-8 0688 0419 0176 0154 140 152 011
Speta., 2023 FB 0877 0468 0219 -00#1 17% 183 0081

0501 0248 002 0015 0%8 21 0083

-1.00 -0.80 0.00 080 1.00
Heterogeneity: Q=1.978 , df=2 (p=0.372), I> < 0.001%

Favours 2[control] FavoursE [experimental]

Figure 5 Forest plots of the meta-analysis of novel forms of mirror therapy compared
with the control treatment on the (A) daily function and (B) quality of life.
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Effect Size on Quality of Life

Two studies involved 56 subjects (Choi et al., 2019; Sip et al., 2023) and
evaluated the treatment effects on quality of life measured by the SF-8 and SF-36. Two
comparisons of effect sizes were performed in the study of Choi et al. (2019) due to
the 2 control groups applied. The forest plot showed a moderate effect (SMD = 0.501,
p = .043) on quality of life, and no heterogeneity was found (Q = 1.978, p = 372, I’
< 0.001%) (Fig. 5B). In addition, the Egger’s regression test showed no significant
publication bias (p = .410).

Subgroup Analyses

For the subgroup analyses of different types of novel MT, 5 studies utilized digital-
based MT (Ding et al., 2019; Ding et al., 2018; In et al., 2012; Kim et al., 2023; Lee et
al., 2014) and 3 studies applied immersive virtual reality MT (Hsu et al., 2022; Lin et
al., 2021; Sip et al., 2023). For the subgroup analysis of different stroke phases, 5 studies
recruited patients with chronic stroke (Hsu et al., 2022; In et al., 2012; Kim et al., 2023;
Lee et al., 2014; Lin et al., 2021) and 3 studies recruited patients with subacute stroke
(Ding et al., 2019; Ding et al., 2018; Sip et al., 2023). These subgroup analyses excluded
the study of Choi et al. (2019) because the FMA was not used as an outcome measure.

Digital-based MT showed a moderate effect (SMD = 0.569, p <.001; Fig. 6A) and
immersive virtual reality MT had a moderate to large effect (SMD = 0.714, p < .001;
Fig. 6B) on the FMA as compared with the control intervention. In addition, the novel
forms of MT demonstrated moderate effects on the FMA in both patients with chronic
stroke (SMD = 0.644, p < .001; Fig. 6C) and those with subacute stroke (SMD = 0.587,
p = .002; Fig. 6D). There was no heterogeneity among the studies (all I’ < 0.001%) and
no publication bias according to the non-significant Egger’s regression test (all p > .05)

in the subgroup analyses.
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(A) digital-based MT
MA

Study name F Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Ineta., 2012 FMA 0.81 0491 0241 0018 1944 1997 0046 i
Leeetal., 2014 FMA -0141 0400 0167 -0942 060 -0.345 0730
Ding etal., 2018 FMA 0559 0230 0053 0109 1009 2437 0015 +
Ding etal., 2019 FMA 0.987 0474 024 0058 1915 2083 0037
Kimetal.,223CG1  FMA 0621 0418 0175 -0198 1.440 1.485 0137
Kimetal.,223CG2 FMA 066 0419 0176 -01% 1483 1588 0112
050 0149 02 02 081 384 0000 i
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=4.571 , df=5 (p=0.470), I> < 0.001%
Favours [control] Favours [experimental]
(B) immersive virtual reality MT
Study name FMA Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Linetd., 2021 FMA 1.107 0508 02% 0115 208 2187 029
Hsuetd.,2022CG1 FMA 07% 0351 0123 0107 1484 2265 0024 ——
Hsuetd.,202CG2 FMA 0676 0348 0121 -0.005 1358 1.945 0052 F
Spetd., 2023 FMA 0320 0450 0208 -0553 1212 0732 0464 L
o714 0199 0040 0323 1104 352 0000 el
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=1.398 , df=3 (p=0.706), I> < 0.001%
Favours [control] Favours [experimental]
(C) chronic stroke
Study name FMA Statistics for each study Std diff in means and 95% CI
std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Inetal., 2012 FVA 0981 0491 0241 0.018 1944 1.907 0046 ]
Lesetal., 2014 FVA -0.141 0409 0167 -0942 0680 -0345 0730 L
Linetal., 2021 FVA 1.107 0506 0256 0115 200 2187 0029
Hsuetal,202CG1  FMA 0796 0351 0123 0107 1484 2265 o4 ——
Hsuetal ,202C& FVA 0676 0348 0121 -0005 1368 1.945 0052 B
Kimetal.,, 2023CG1  FVA oe21 0418 0175 -0.198 1440 1485 0137 L
Kimetal.,2023C&2 FVA 0686 0419 0176  -0.156 1488 1588 0112 —
0644 0155 04 0341 0947 4164 0000 e
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=5.198 , df=6 (p=0.519), I < 0.001%
Favours [control] Favours [experimental]
(D) subacute stroke
Study name FMA Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Ding et al., 2018 FMA 0.559 0.230 0.053 0.109  1.009 2.437 0.015 —.—
Ding et al., 2019 FMA 0.987 0.474 0.224 0.058 1.915 2.083 0.037
Sipet al., 2023 FMA 0.329 0.450 0.203 -0.553 1.212 0.732 0.464
0.587 0.188 0.035 0219 0955 3.124  0.002 | | e
-1.00 -0.50 0.00 0.50 1.00
Heterogeneity: Q=1.054 , df=2 (p=0.590), I? < 0.001%
Fav ours [control] Favours [experimental]

Figure 6 Forest plots of the meta-analysis comparing (A) digital-based and (B)
immersive virtual reality mirror therapy with control treatment on the Fugl-
Meyer Assessment. Subgroup analyses comparing novel mirror therapy with
control treatment on the Fugl-Meyer Assessment in (C) chronic and (D)
subacute stroke.
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Discussion

The review and meta-analysis revealed that novel forms of MT had moderate to
large treatment effects on upper limb motor function measured by the FMA and MFT
in comparison with the control intervention groups, based on the good to fair study
quality of the included RCT studies. Novel MT also demonstrated a moderate effect
size on quality of life, and a small to moderate effect size on manual dexterity, muscle
tone, and daily function. For the patients with chronic or subacute stroke, the novel MT
led to a similar treatment effect on the FMA. Immersive virtual reality MT appeared to
have a slightly better motor outcome than digital-based MT, according to the summary
effect size of subgroup analysis (0.714 versus 0.569). Moreover, there was no significant
statistical heterogeneity among the RCT studies in most analyses, and no publication
bias was found in any of the analyses.

Novel forms of MT had moderate to large treatment effects on upper limb motor
function as compared with the control groups, in which the effect sizes were somewhat
larger than those observed in previous review studies synthesizing the treatment effects
of classic MT (Thieme et al., 2018; Zeng et al., 2018). These positive findings on upper
limb motor function might be attributed to the more immersive mirror illusion (Hsu et
al., 2022; Lee et al., 2014; Sip et al., 2023), better ergonomic position (e.g., reduced
asymmetric posture and less neck discomfort) (Choi et al., 2019; Ding et al., 2019; Ding
et al., 2018; In et al., 2012), and greater sense of limb ownership (Ding et al., 2018; In
et al., 2012) during the novel MT interventions. Furthermore, some digital-based MT
devices provided bilateral reciprocal movements (Chang et al., 2019; Lee et al., 2014)
that could not be performed during traditional MT. Patients with stroke also benefited
from bilateral reciprocal movements when using delayed mirror illusions during
digital-based MT. Therefore, these novel forms of MT address certain limitations of

traditional MT and offer great promise as alternatives to traditional MT or conventional
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rehabilitation regimens to improve the upper limb motor function.

Immersive virtual reality MT provides a multisensory environment, has fewer
physical limitations than the mirror box, and can facilitate the use of simulated real-life
tasks as training programs, which might also contribute to enhanced motor learning and
daily task performance in stroke individuals (Hsu et al., 2022; Lin et al., 2021; Sip et al.,
2023). These factors might also generate a slightly greater treatment effect of immersive
virtual reality MT than that of digital-based MT on improving the FMA. However,
further comparisons on the cost-effectiveness, patient acceptance, and adverse effects of
different types of novel MT are needed.

There was evidence of a significantly moderate treatment effect of novel MT on
quality of life (SMD = 0.501) and a significantly small to moderate effect (SMD = 0.468)
on daily function as compared with the control interventions. Our findings are similar
to those of prior reviews investigating the effects of traditional MT on daily function
(Nogueira et al., 2021; Thieme et al., 2018). The 2 meta-analysis studies also showed
a small to moderate effect favored the traditional MT on improving daily function
(SMD = 0.48 and Hedges’ g = 0.30) (Nogueira et al., 2021; Thieme et al., 2018).
However, there was no meta-analysis study to examine the effects of upper limb MT
on the outcomes of quality of life. Based on our review, only 3 and 2 individual studies
have respectively investigated the effects of novel MT on daily function and quality
of life. Daily function and quality of life are well-recognized and important outcomes
after stroke interventions. The effects of novel forms of MT on the 2 outcomes warrant
further investigations.

Very few review studies have evaluated the effect of MT on reducing spasticity
after stroke. In this review, novel forms of MT showed a small to moderate effect size
(SMD = —0.38) on reducing spasticity as compared with the control treatments; this
finding was somewhat different from the effects of traditional MT on muscle tone (SMD

=0.12 and —0.14) (Munoz-Gomez et al., 2023; Yang et al., 2018). Based on our review,
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a larger tendency of reduction of muscle tone has been found in patients with stroke
treated with novel forms of MT than in those treated with traditional MT in the 2 prior
reviews (Munoz-Gomez et al., 2023; Yang et al., 2018). However, the review studies
of Munoz-Gomez et al. (2023) and Yang et al. (2018) included studies with both upper
and lower-limb MT, whereas our review included only those with upper limb MT. In
addition, one individual study required the calculation of 4 comparisons of effect sizes
for this outcome, which may have led to over-representation of this study in our review.
Therefore, more studies are suggested to determine whether novel forms of MT can
reduce muscle tone in patients with stroke.

Most analyses in this review found no heterogeneity among the studies, and only
moderate heterogeneity was found among the 3 RCT studies that used the MFT as
an outcome measure (Choi et al., 2019; In et al., 2012; Kim et al., 2023). This result
may be attributed to the different magnitudes of the effect sizes and differences in
methodological quality among the 3 studies. The effect sizes ranged from —0.216 to
1.496, indicating that in the 3 studies using the MFT, there were negative small effects
and positive large effects. The methodological quality of the studies of Choi et al. (2019)
and Kim et al. (2023) was good, whereas that of the study of In et al. (2012) was only
fair. In addition, two comparisons were calculated for the effect sizes in the studies of
Choi et al. (2019) and Kim et al. (2023) due to the use of 2 control groups and 2 sub-
scores of the MFT. This may have also partially contributed to significant heterogeneity.

In this review, the PEDro scores showed that two-thirds of the included studies
were of good methodological quality and only 3 studies were of fair quality (In et al.,
2012; Lee et al., 2014; Sip et al., 2023). The 3 studies commonly lacked concealed
allocation, intention-to-treat analysis, blind assessor, or adequate follow-up assessment
(> 2 studies). The Cochrane risk-of-bias 2.0 assessment revealed that a high risk of bias
was primarily associated with the lack of blinded raters and incomplete reporting of

data for all (or nearly all) patients in some included studies. Additionally, some concerns
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were identified regarding the absence of pre-specified analysis plans or pre-established
protocols in certain studies. Further individual studies investigating the effects of novel
MT are suggested to enhance the study methodological quality to good and excellent
quality and to decrease the risk of bias to make the results of the systematic review more
robust and valid.

VR cybersickness encompasses symptoms such as nausea, headache, and impaired
balance. A previous review demonstrated no reported occurrences of cybersickness in
the participants with neurological impairments during VR-based motor training when
less immersive settings, such as desktop or wall screen displays, were utilized (Holden,
2005). Hence, there are some advices for the immersive virtual reality MT. First,
employing less immersive displays, such as desktop or wall-mounted screens instead
of head-mounted displays, may reduce the likelihood of cybersickness. Second, future
studies should evaluate and monitor the occurrence of cybersickness using standardized
assessments, including the Virtual Reality Sickness Questionnaire and the Cybersickness
in Virtual Reality Questionnaire.

In this review, we conducted subgroup analyses based on post-stroke duration,
categorizing studies into subacute (< 6 months) and chronic (> 6 months) groups
primarily according to the actual average time since stroke onset of the participants.
While most studies fit clearly into one of these groups, some studies (i.e., Ding et
al., 2018; Kim et al., 2023; Sip et al., 2023) included broader timeframes, potentially
introducing heterogeneity. To address this, we classified them based on the reported
mean post-stroke duration: Kim et al. was assigned to the chronic group (> 6 months),
whereas Ding et al. and Sip et al. were assigned to the subacute group (< 6 months).
Future studies incorporating a larger number of RCTs may allow for more detailed
subgroup analyses based on stroke onset time, thereby supporting more precise and
clinically relevant recommendations.

Some limitations of this review are worthy of discussion. One limitation of
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this meta-analysis is the use of an unweighted approach in estimating effect sizes
across the included studies. This decision was made to facilitate an initial exploratory
overview of the overall trends. However, the sample sizes varied considerably among
the 9 studies, and studies with larger samples may yield more precise estimates of
treatment effects. Future research should consider incorporating a greater number of
studies and applying weighted effect size calculations to enable a more rigorous and
representative meta-analysis. Another potential limitation is the risk of publication
bias, as only peer-reviewed and published studies were included in this review. The
exclusion of grey literature, such as dissertations or conference abstracts, may have led
to an overestimation of treatment effects. Future reviews should consider including grey
literature to enhance the comprehensiveness and balance of the findings. Furthermore,
although analyses in this study indicated very low heterogeneity, variations in the
experimental (i.e., immersive virtual reality and digital-based MT) and control
interventions used among the included studies should be taken into consideration.

In conclusion, this review suggests that novel forms of MT have demonstrated
significant treatment effects on improving upper limb motor function and quality of life
in patients with stroke. Further well-designed RCT studies of novel forms of MT should
also be conducted to investigate the optimal treatment dosages and potential adverse

effects in patients with stroke.
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