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Abstract

Purpose : This study investigates the effectiveness of digital therapy for stroke patients in Korea.

Methods : A comprehensive database search was performed using KCI, Science on, e-article, RISS, KISS and Korea OpenMed
databases for randomized controlled trials (RCTs) that studied the effects of digital therapy on patients who had a stroke. This study
includes RCTs published from January 2000 to July 15, 2022, which fulfilled the inclusion and exclusion criteria. A total 697
studies were screened and 30 studies were included in the final analysis. Methodological quality was assessed with the Cochrane’s
RoB (risk of bias) tool. Meta-analysis was performed using CMA 4.0 software.

Results : A total of 56 effect sizes were calculated from the 30 selected studies. As a result of the analysis, the overall effect
size of digital therapy was .59 (95 % CI=.43-.74). When classified according to type of intervention, VR (virtual reality) (g=.58,
95 % CI=.40-.75), and CACR (computer assisted cognitive rehabilitation) (g=.62, 95 % CI=.30-.95) were statistically significant. VR
showed medium to large effect sizes in cognitive function (g=.78, 95 % CI=20-1.37), psychosocial function (g=.63, 95 %
CI=.20-1.07), and physical function (g=.61, 95 % CI=38-.83). In the CACR, there was a large effect size in cognitive function
(g=.84, 95 % CI=.52-1.15), but there was no significant difference in psychosocial function. Also, there was no significant difference
between the two interventions in activities of daily living and no significant difference in the effect size of both interventions
according to the intervention session. Furthermore, medium to large effect sizes were found for subacute and chronic stroke patients
according to the duration of disease.

Conclusion : This study presents evidence that digital therapy has a positive effect on various functions of stroke patients in
Korea. The researchers expect to actively accept the new paradigm of digital therapy and continue to apply digital therapy in clinical

practice.
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Table 1, Effect size of digital therapy

Model k SE

g

95 % CI Q (df I’ (%)

. kkk
Fixed 56 55 .05 45 - 65 1992 (55) "
kkk . .
Random 56 .59 .08 43 - 74
p<.001
k; number of effect size, SE; standard error, CI; confidence interval
Study name within study Statistics for each study _
Hedges's Standard Lower Upper

a arror Variance limit limit Z-Value p-Value
Choetal, 2012 CACR 0.833 0.324 0105 01898 1467 2573 0010 —_— _.@
Lee, 2012 CACR 0.379 0.432 0.187 0469 1.227 0.876 0.381 -
Jang & Bae, 2021a CACR 1.642 0.501 0251 0.6680 2.624 3278 0001 —
Jang & Bae, 2021b CACR 0.252 0.430 0.185 -0.591 1.095 0.586 0.558 -
Yoo, 2009a CACR 0.385 0313 0.088 -0.218 1.009 1.263 0207
Yoo, 20080 CACR -0.055 0310 00896 -0662 0553 -0177 0880 -
Jung et al., 2016a CACR 0.630 0.440 0.193 0232 1.492 1.433 0152 -
Jung et al., 2016b CACR 0.938 0.453 0.205 00489 1.826 2.069 0.039 _-
Jung et al., 2014 CACR 1.090 0.382 0.146 0341 1.839 2853 0.004
Lee, 2013a VR 0313 0471 0222 0610 1236 0.6685 0.506 .
Lee, 2013b VR 0.568 0478 0.228 -0.368 1.505 1.190 0.234 _
Lee, 2013c VR -0.332 0471 0.222 -1.256 0.591 -0.705 0481 -
Lee & Kim, 2018a VR 1.591 0.80z2 0.643 0019 3.162 1.984 0047
Lee & Kim, 20186 VR -2.052 0.924 0.853 -3862 0242 -2222 0.026
Park et al, 2018a VR 1.201 0.388 0150 0441 1.861 3.098 0.002
Park et al_, 201806 VR 0.638 0.385 0.133 0076 1353 1.751 0080 -
Kim et al., 2011a VR -0.502 0.401 0.161 -1.287 0.284 -1.253 0210 -
Kim et al.. 2011b VR 0.840 0417 0174 0123 1.757 2256 0.024 —
Kim et al.. 2011c VR 1.161 0428 0.183 0322 200 2711 0.007 —
Kim et al_, 2011d VR 1.146 0427 0.183 0308 1883 2680 0007 —
Songetal., 2016a VR 0.999 0.367 0.134 0281 177 2725 0.006 —
Songetal., 2016b VR 0.843 0.360 0.130 0.136 1.549 2338 0019 —
Kim et al., 2010a VR 0.988 0.539 0.290 -0.069 2.044 1.833 0.067
Kim et al.. 2010b VR 0.325 0.509 02589 -0673 1.324 0638 0.523 '
Hwang et al, 2020a VR 0287 0.352 0124 -0402 0877 0817 0414 -
Hwang et al, 2020b VR 0.484 0.355 0.126 -0.213 1.180 1.362 0173 -
Hwang et al, 2020c VR 0.358 0.353 0.125 0334 1.050 1.015 0310 .
Baek & Kim, 2021a VR 0.739 0.368 0.135 0.018 1.460 2.008 0045 H
Baek & Kim, 20216 VR 0.249 0.357 0127 -0450 0.948 0.698 0.485 L
Baek & Kim, 2021c VR 0.723 0.367 0.135 0003 1.443 1.969 0049 H
Heo et al., 2016a VR 0.555 0.260 0.068 0048 1.065 2137 0.033 _-—
Heo et al., 2016b VR 0.364 0257 0.066 -0.140 0.868 1.417 0187 -
Kim & Kim. 2005 VR 0.686 0.406 0.165 -0110 1.483 1.689 0.081 -
Kim & Lee, 2013a VR 1.729 0.533 0285 0683 2774 3240 0001 E—
Kim & Lee, 2013b VR 1.350 0.502 0.252 0366 2335 26849 0007
Kim & Lee, 2013c VR 1.507 0.514 0.265 0499 2516 2930 0.003
Yang et al., 2019 VR 0.303 0.357 0.128 0397 1.004 0.849 0.396 -
Shin & Song, 2009a VR 0.200 0.304 0.092 -0.396 0.795 0657 0.511 i
Shin & Song, 2009b VR 0.875 0.318 0.101 0252 1.498 2753 0.006 ——ll
Kim et al., 2014a VR 1.638 0.554 0.307 0552 2.T25 24955 0.003 —
Kim et al., 2014b VR -0.247 0475 0225 -1.177 0.684 -0.519 0.604 .
Kim & Choi, 2019a VR 0.366 0.383 0.147 -0.386 1.117 0.954 0.340 -
Kim & Choi, 2019b VR -0.406 0.384 0147 0.347 -1.057 021 .
Kim et al_, 2018 VR -0.937 0.608 0.370 0.255 -1.540 0123 _
Songetal, 2011a VR 2.662 0.600 0.361 3.839 4.433 0.000
Songetal, 2011b VR 2.001 0.532 0.284 3.044 3757 0.000 -
Ko & Moon, 2012a VR 0.615 0.3ro 0.137 1.340 1.661 o087 -
Ko & Moon, 20196 VR -0.639 037 0137 0088 -1.722 0.085 L
Lee & Koo, 2017a VR 0.971 0.455 0207 1.863 2135 0.033 — j
Lee & Koo, 2017Tb VR 0.9z20 0.452 0.205 1.806 2033 0042
Leea, 2016 VR 0.972 0.455 0207 1.864 2.136 0.033
Kim et al.. 2020 VR -0.103 0.429 0.184 0.737 -0241 0810 -
Yangetal  2018a VR -0.081 0.326 0.106 0.558 -0.24T7 0805 .
Yangetal., 2018b VR 0.268 0.3z27 0.107 0.909 0817 0414 -
Won et al., 2018 VR 0.557 0.362 0.131 1.267 1.536 0.125
Song et al., 2012 VR 0.948 0.376 0.141 1.684 2522 o012
Pooled 0.585 0.080 0.006 0.742 7.320 0.000
Prediction Interval 0.585 1.463 : T |

1.00 -0.50 0.00 0.50 1.00
Favours A Fawours B
Fig 3. Forest plot for overall effect size
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Table 2, Effect size by intervention type

Type k g SE 95 % CI Q (df)
VR 47 58 09 40 - 75
07 (1)
CACR 9 62 16 30 - .95
"p<.001

VR; virtual reality, CACR; computer assisted cognitive rehabilitation

3) 7tyeld 7| 20l 5RO 24

FA 371 g Aol Bl A7) 21-25 3]7]
g=79095 % CI=42-1.16), 1620 3]7] g=.62(95 %

FTAFAF OE Y 1F B4 T5He A 2
71, 9 120l whek AAlstgov, A Table 3o S99 15 817) ofeh g7.5605 % CIm31-82) Al
A A5} el on, F7toA & 33t =7| k. kAT 30 37]
z_/_‘—:_%#q] ]I]—E -‘i/ﬁ‘ 01]/\1 ?_]_X] 7]_18__ g:78(95 % o]}b]_ g:25(95 % CI:-25-74)E 75}'—3— :gi']‘ 371 /\1\:—]1 ‘]";:‘
CI=20-137), A2)AL8] 2 7]% g=.63(95 % CI=20-1.07) AF oz Fo8kA] AUTHp>.05). 3]7] 7F Zfo]of A=
AA7)5 g=61(95 % CI=38-83) Atz Fat mz]zp A A7k YEAl @8thQ=3.06, p>.10).
Uehgom, 27104 2 53} 2719t} sHATF QALY 18 7170 WE EA oA 1270 o)A g=.65(095 %
_ - = 3K 2] A} o= 0, =3()- 2]
ST g 2495 % Cl=-31-79)2 2o F3} 272 W CI=38-92), 671 o]AF g=57(95 % CI=.30-.84), 67} 1]
o)1 EARHOR 905t FotrHp>.05). ELu 7F Tk g=49(95 % CI=.08-.90) =Alo|n, FZt a3} H7]0]
ol M o3t ZFoli ¢ TtHQ=2.01, p>.10). o 59 7|7t mE 853 A7l = Fo3t Aol 7t
Table 3. Subgroup analysis by intervention type
Type Variable Category k g SE 95 % CI Q (df)
Physical 27 617 12 38 - .83
Dependent Cognition 5 78" 30 20 - 1.37 o1 (3
variable Psychosocial 7 63" 2 20 - 1.07 13
ADL 8 24 .08 -31-.79
<15 8 56" .13 31 - .82
) 16-20 19 627 15 32 - .93
VR Session e 3.06 (3)
21-25 11 79 .19 42 - 1.16
> 30 9 25 25 -25 - 74
< 6 month 5 49 21 .08 - .90
Duration of = 6 month 31 57 .14 30 - .84 4 G
disease = 12 month 7 65 .14 38 - .92 ' )
blank 4 64" 19 26 - 1.01
Dependent Cognition 6 84 .16 52 - 1.15
p. bl Psychosocial 1 .38 43 -47 - 1.23 7.18 (2)
vanable ADL 2 05 25 44 - 54
) <15 2 67" 26 .16 - 1.18
CACR Session i .01 (1)
16-20 7 64 21 22 - 1.05
. < 6 month 3 81 23 36 - 1.25
Duration of -
i > 6 month 3 97 38 22 - 172 543 (2)°
1sease blank 3 21 04 17 - .60
p<.10, “p<.05, “p<.01, ""p<.001

ADL; activities of daily living
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Fig 4. Funnel plot
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Appendix 1, General characteristics of included studies

Author Participants Intervention Comparison Outcome
(yr) exp. con. program duration = assessment
Baek n=15 n=15 VR X;;lel;n functional task MI\I\//IIEEF_K
& Kim(2021) (F:6, M:9) (F:7, M:8) (smart glove) «8weeks training K-MBI
30min
n=20 n=20 CACR .
Cho et al.(2012) (F:9, M:11) (F:8, M:12) (rehacom) 1245\;5;:1(()? ) CSOA
n=31 n=29 VR 20min BDS-K
Heo et al2016)  py7 14y (F:14, M:1S)  (nintendo wii) ngvevsese‘lf: video observation FRT
30min . MEFT
n=16 n=15 VR . occupational
Hwang et al.(2020) (F:3, M:13) (F:3, M:12) (smart glove) >;55s§/isgli);1 therapy I\é[IB;
30min occupational
Jang & Bae(2021) n=10 n=10 (rechlzccol?n) x5session therapy I\;(I?I\S/[E
x4weeks ADL training
Jung et al.(2014) n=15 =13 CACR X3350e1251ir:)n - Kims
& ’ (F:2, M:13) (F:2, M:13) (rehacom) «6wecks -FENT
Jung et al(2016) n=10 n=10 CACR X?si?slilz)n occupational MVPT
& ' (F:4, M:6) (F:6, M:4) (rehacom) «6wecks therapy MMSE-K
30min .
. . n=13 n=13 VR . occupational BDI
Kim & Choi(2019) (F:7, M:6) (F:7, M:6) (nintendo wii) 1545\;5;:1(()? therapy SIS
30min
. . n=12 n=12 VR .
Kim & Kim(2005)  p.c M6y (Fis, M) (IREX) Xx‘fvevs:e‘lf: - BBS
n=9 30min BBS
. n=9 VR .
Kim & Lee(2013) (F:5, . ) . .. x3session - BDI
M:4) (F:5, M:4) (nintendo wii) xGweeks MBI
30min
. n=8 n=6 VR . BBS
Kim et al2010) g4 M4y (B3, M3)  (nintendo wi) Xxsssvisezlf? ; MET
. BBS
40min
. n=12 n=12 VR . MFT
Kim et al 2011 k.6 Meg) (F:3, M:9)  (nintendo wii) :f;fj:;’:; - VOSPB
SIS
30min
Kim et al.(2014) n=8 n=8 . VR .. x3session WBVE BBS
(nintendo wii) «Gweeks 10m WT
30min
. n=5 n=5 VR . .
Kim et al.(2018) (F2, M33) (F:1, M:4) (gymplate) X)(S;\;sezlc{);l physical therapy BBS
30min general
. n=10 n=10 VR . e
Kim et al.(2020) (F:3, M:7) (F:4, M:6) (smart glove) XXS65\isesell((): rehxs;t;;lon FMA
30min
n=14 n=15 VR . FMA
Ko & Moon(2019) (F:5, M:9) (F:8, M:7) (smart glove) 1585»“:;21?: B K-MBI
30min general
. n=2 n=2 VR . el MFT
Lee & KimQR018)  py M1y (Bl M) (xbox kinetic) szjvisezlf? rehglbe‘rlzl?;“’“ K-MBI
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Appendix 1. General characteristics of included studies (continued)

Author Participants Intervention . Outcome
: Comparison
(yr) exp. con. program duration assessment
30min .
n=10 n=10 VR . occupational mFRT
Lee & Koo(2017) ) ) . . . x3session
(F:2, M:8) (F:3, M:7) (biorescue) «6weeks therapy MBI
30min
n=10 n=10 CACR .
Lee(2012) ) ) . . x3session - RCS
(F:3, M:7) (F:3, M:7) (rehacom) wdweeks
30min OLST
n=7 n=10 VR . . .
Lee(2013) ) ) ) . . .. x5session bicycle/gait 10m WT
(F:3, M:4) (F:3, M:7) (nintendo wii) “3weeks FIM
VR 30min
Lee(2016) n=10 n=10 (biorescue) x3session - BBS
x8weeks
30min general
Park et al.(2019) n=15 n=15 . VR . x3session rehabilitation BBS
(nintendo wii) FMA
x6weeks therapy
30min
. n=22 n=20 VR . PDM
Shin & Song(2009) . ) . . . x3session - .
(F:8, M:14) (F:7, M:13) (playstation) «6wecks BTS Elite
40min
n=10 n=10 VR . MVPT-3
Song et alQ0ID) g} Moy (F:6, M:4)  (nintendo wii) *Ssession - MFT
x5weeks
VR 30min
n=15 n=15 . . .
Song et al.(2012) (F:5, M:10) (F:6, M:9) (interactive x3session - BAS
T R gaming) x4weeks
Song et al.(2016) n=16 n=16 VR Xioer;lslirzm occupational stress test
(F:4, M:12) (F:11, M:5) (nintendo wii) «Swecks therapy FSC
30min .
n=15 n=15 VR . occupational
Won et al.(2018) . ) . . Lo x5session FMA
(F:7, M:8) (F:9, M:6) (joystim) wAwecks therapy
30min .
n=18 n=18 VR . occupational LOTCA
Yang et al.(2018) . ) . ) . . x5session
(F:8, M:10)  (F:10, M:8) (joystim) wAwecks therapy MBI
=15 n=15 VR 40min
Yang et al.(2019) ) ) ) ) (motion x5session - FMA
(F:10, M:5) (F:7, M:8) controller) x6weeks
Yoo(2009) n=20 =20 CACR 5 ;Oergslﬁm LOTCA
(F:10, M:10)  (F:8, M:12) (rehacom) ) FIM
x4weeks

VR; virtual reality, MMSE-K; Korean version of mini mental status examination, MFT; manual function test, MBI; modified barthel
index, CACR; computer assisted cognitive rehabilitation, CSOA; cognitive scale for older adults, BDS-K; Korean version of behavioral
dyscontrol scale, FRT; functional reaching test, SIS; stroke impact scale, NCSE; neurobehavioral cognitive status examination, FIM;
functional independence measure, Kims FENT; kims frontal-executive function neuropsychology test, MVPT; motor free visual
perception test, BDI; beck depression inventory, BBS; berg balance scale, VOSPB; visual object and space perception battery, WBVE;
whole body vibration exercise, WT; walking test, FMA; fugl-meyer assessment, mFRT; modified functional reach test, RCS;
relationship change scale, OLST; one leg standing test, BAS; biofeedback analysis system, FSC; flow state scale, LOTCA; Loewenstein

occupational therapy cognitive assessment
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Appendix 2, Risk of bias summary
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