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7} © AAE7IE S L5715 T
9 47t AL ATFOEN FRAEAY B ukge o SEAl ¥ viklthe HaUt v SRR, o
220517, AT S9 © ARkl 7S ke mn #o] AAE Ee T AR S Aol IAAL Q)
S % f| Mol Ayres, 1972). LB tiekst  ©f, o191 Y2 B A vk, SA1 230 e
A7 JRE wolEol1 Aol B4 gl Pror  AolE 24 AAAR] AT A+ 75 Aol
ix_}i}é}% AAASHA A o|n, o] TAd|| o]Ato] 59] 7129 AAA 1% =2 FE HA 2571
HHYS B9 FOF At FA 2| oL, 257 v Ee T AR 28-S B, oF Zlsold A
% uAd% 59 WA Agto] ZukE 4 gokMiller @ 5300 WE ARlE &S| B4 3t A A
et al., 2007; Schaaf & Mailloux, 2015). AcH(Pfeiffer et al., 2018).

AER|RME Eo] AU, 194844 & olof & A= A7 9 25715l Aljto] = oFs
7+o] Edto| o}=o] (A 247} 29 A3 Fg2o] 2= WIeE HAEIVIN FAVE 571s Tl vIAl
DA &3t (Bundy et al., 2002), o]%% x], = EHE AACE yESA; s, 2014497
A, ARl W] 7|27t ok o]2[3t o] v 202597HA] i 749 diE27 A4 Randomized
2 3t ZHIES | 2= 712 A2 AT £ 9% Controlled Trials; RCT)& $4102 HEeREAS 435}
7% A7) T, -5 2 obgAE Tbte g I At 257152 F8 519 YATHES, AA7 S 5
A Hoiet gy 7159 WHEE it Ho=w i F7|E EAokL, A, SA ARE & 7IRE

QAN AZReE TEl 7izso] 24 B AR T AWl mE fdt Zjolk A AWECEXK 47t
& 718 SA & T gt FEE A8EE, & AolM= 7N SA9] dH Fa8T A8 S FFHe
Ol o|24 IS FASHAA T A4 HAE 25| & AEshA} gtk & Aie s A ﬂa‘«]
Aol “BZFE7IHE SA(sensory integration-based A 9 W AL St ZAE A, 5 A9
intervention) & AoJgtth ZHzZt5glof o]#L-L Hol Z|zARE E84E 4 o= HollA 997t ot

+ oFs2 889 Ao}, A EHE, AdET ¥, ¢
Ao Algt 59 BAIE 4ok (Baranek, 2002), ©|
= 257159 ARt YRS Bedo] QU [, ¢4t g
575 Bt AR o] FRtEA] o2, 5

Z

gy, A2, ASA ATAES EI

HH ge] Ay 7Rte g ZHEEm(Blank et al.,

2012; Piek et al., 2008), o1& &FgAI717] 95t a7t 2 A= AAE 7R SA7E EEA A R Aol of

 SA Hefo] Q7F 59 57150l nAE AYE AAHCRE yEsta,
AEA7I6E A= Tttt A2 A= Alg= o, T2 ti 2t AFHRCTE TAHLE HEHEAE 59

FoEa 2|2, AR & Rt HE doatel o gt oA At® 7IE Atolnt. A $82 Preferred

AE 185t B4 Ho 7 S| QItHSchaaf & Reporting Items for Systematic Reviews and

Mailloux, 2015; Piek et al., 2008). Meta-Analyses (PRISMA) 2020 A|&(Page et al.,
A& o2 A3ARI A5l &HE dol, 22 2021)0f w2} R8P = AKFigure 1).

ole gt ¥ E4AlS S5 ZTt ohdet ws - A = gloJe#|e]A= Korean Citation Index (KCI),

g 3AoA 9] F-E 7Aool Al71Hal o H(Pfeiffer DBpia, Research Information Sharing Service
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[ Identification of studies via databases and registers ]
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8 PubMed (n = 46)
£ ScienceDirect (n = 234)
5 Google Scholar (n = 278)
2 Records identified from
databases (n = 609)
:
"o
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D
£
<
$
] Reports sought for retrieval
&0 (n=27)
—
—
° e ; :
g Studies included in review and
3 meta-analysis
E (n=12)
e

(n=58)
Unrelated or irrelevant topics
(n=134)

title/abstract (n = 390)

(h=15)
Not RCT (n = 8)
No motor outcome (n = 6)
Not sensory integration
(n=1)

Figure 1. PRISMA Flow Diagram
KCI: Korea Citation Index, PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses, RCT:
Randomized Controlled Trials, RISS: Research Information Sharing Service.
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£ AR&SIT A 717 2014 195E 20259 39
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integration”, “sensory integration therapy’, “motor
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controlled trial” & ARSIt =S Boolean 9AF
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Comparison, Outcomes, Timing, Setting, Study
Design (PICOTS-SD) ko] whzt AA=] 9o, o]
= #FogRNparticipants), A (intervention), H]al*
(comparison), 23U (outcomes), A7ZHtiming), 3+
A(setting), T2 A(study design) 345 EFHc}
(Table 1). & WEREAA ‘57152 (a) s &
A 2% 53[Bruininks-Oseretsky Test of Motor
Proficiency-2 (BOT-2), Gross Motor Function Measure
(GMFM), Test of Gross Motor Development-2 (TGMD-2),
Movement Assessment Battery for Children-2
(MABC-2)12} (b) &5 + Al 2&(Clinical Observations
of Motor and Postural Skills; COMPS-11)2] & 3} 3 <
o7 Mo R Aolsiirt. vhH, AJAZ FHVisual-
Motor Integration-Visual Integration; VMI-VDT} 2}7]
H 314 2 A4=3)(Canadian Occupational Performance
Measure; COPM) 12} ZA3tof|A A L]l6tAT.
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Table 1. PICOTS-SD Framework
Item Explanation
Participants Children (aged 3-13 years) with developmental delays or disabilities
Intervention Sensory integration-based intervention
Comparison Pre-post or control group
Outcomes Gross or overall motor skills
Timing Immediate post-intervention (no follow-up)
Setting Clinic-based or school-based environments

Study design RCTs

COMPS-II — Motor control/postural skills (included in motor function domain)
VMI-VI, COPM — Excluded from pooled motor outcomes

COMPS-II: Clinical Observations of Motor and Postural Skills, COPM: Canadian Occupational Performance
Measure, PICOTS-SD: Participants, Intervention, Comparison, Outcomes, Timing, Setting, Study Design, RCTs:
Randomized Controlled Trials, VMI-VI: Visual-Motor Integration-Visual Integration.
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Z4 715 B7I5ItHTable 2).
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Intra-Class Correlation Coefficient (ICC) = 0.93,
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Table 2. General Characteristics of the Included Studies

No First author (year) Diagnosis Age  Duration  Frequency Tools
(exp/ctrl) (mean) (weeks) (per week) (outcome)
1 Park & Kim (2019) DD 9 3.5 8 2 SSP, GMQ, FMQ,
TMQ
2 Jeong et al. (2019) DD 9 11 12 1 BOT-2
GMFM, PBS, SSP,
3 Ko (2020) Cp 2 9 3 WeeFIM
4 Bang (2020) CP 16 4 8 2 GMFM, WeeFIM
5 Oh & Kang (2021) ADHD 10 6.6 8 5 PDMS_\ZIMIC_(\)IIIV[PS'H’
6 Jung et al. (2024) ADHD 10 5.5 8 2 BOT-2
7 Abdel Karim & Mohammed (2015) ASD 34 4.4 24 3 PDMS-2
8 Assuma Beevi et al. (2020) DD 30 6-15 - - Motor activity score
9 Mahaseth & Choudhary (2021) CP 15 3-7 24 5 GMFM
10 Cemali et al. (2022) DD 14 11 8 2 AIMS
11 Gaber et al. (2025) ASD 35 7.11 - - GMSS, FMSS
12 Yamanishi et al. (2025) DCD 8 5-16 8 2 MABC-2

- Not Applicable, ADHD: Attention-Deficit/Hyperactivity Disorder, AIMS: Alberta Infant Motor Scale, ASD: Autism
Spectrum Disorder, BOT-2: Bruininks-Oseretsky Test of Motor Proficiency-2, COMPS-II: Clinical Observations
of Motor and Postural Skills, Second Edition, CP: Cerebral Palsy, Ctrl: Control Group, DCD: Developmental
Coordination Disorder, DD: Developmental Delay, Exp: Experimental Group, FMQ: Fine Motor Quotient, GMFM:
Gross Motor Function Measure, GMQ: Gross Motor Quotient, GMSS: Gross Motor Skill Score, PBS: Pediatric
Balance Scale, PDMS-2: Peabody Developmental Motor Scales, Second Edition, SSP: Short Sensory Profile, TMQ:
Total Motor Quotient, VMI-VI: Visual-Motor Integration-Visual Integration Subtest, WeeFIM: Wee Functional
Independence Measure, FMSS: Fine Motor Skill Score, MABC-2: Movement Assessment Battery for Children-2.
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Study

Risk of bias domains

D3 D4 | D5 |[overal |

Park & Kim (2019)

Jeong et al. (2019)

Ko (2020)

Bang (2020)

Oh & Kang (2021)

Jung et al. (2024)

Abdel Karim & Mohammed (2015)

Assuma Beevi et al. (2020)

Mahaseth & Choudhary (2021)

Cemali et al. (2022)

Gaber et al. (2025)

‘Yamanishi et al. (2025)

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000

Domains:

D1: Bias arising from the randomization process. -
D2: Bias due to deviations from intended intervem\on. High

D3: Bias due to missing outcome data. 2 Some concerns
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

Judgement

Figure 2. Assessment of Risk of Bias in Studies Based on Cochrane Collaboration’s Tool (RoB 2.0)
RoB: Risk-of-Bias.
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Figure 2. Assessment of Risk of Bias in Studies Based on Cochrane Collaboration’s Tool (RoB 2.0)

(Continued)
Study name statistics for each study std diff in means and 95% CI
std diff * standard Lower  Upper
) Varlnce ~ Z-Value p-Value
in means ~ error fmit — limit
Park & Kim (2019) 0878 0392 (014 0109 1547 2233 0.0% .
Jeang et al, (2019) 0878 0392 (014 0109 1547 223 0.02 _',
Bang (2020)1 1310 030 0ll6 0642 1978 3344 0.000 4
Bang (202002 162 0381 0145 0879 2372 4263 0.000
(h & Kang (20211 LI6T 0410 0168 0363 1970 2346 0004 —
Oh & Kang (20202 0936 03719 0144 0102 1679 2467 0.0 ——
Jung et al, (202401 LI67 0410 0168 0363 L1970 2846  0.004
Jung et al, (2024)2 LI67 0410 0168 0363 1970 2346 0004
Jung et al, (2024)3 LI67 0410 0l68 0363 1970 2346  0.004
Abdel Kerim & Mchammed (2015) 0619 0187 003 0202 0986 3308 0.001
Mahageth & Choudhary (2021) 1069 0324 0105 043 L1703 3303 0.0
Cemali ez al, (2022) 1853 0400 0160 L1070 2637 463 0.000 —
Gaber et ol (2029)1 0609 0.184 0034 0248 0969 3307  0.001 ——
Gaber 2t 2, (2022)2 0609 0134 0034 0248 00969 3307 0001 —i—
Vamenishi et al. 2020) 1912 059 0358 017 3017 3216 0.001 »
0900 0078 0006 0748 1033 11382 0.000 <
L0 080 000 040 100
Favour A Favour B
Figure 3. Forest Plot of Overall Effect Size Across Studies
CI: Confidence Interval, Std diff: Standardized Difference.
3. MA| &1t 37| 37.60%% A7 ME2 = FEOE IS
W, SAavhy 289 ergo] gt

3 129 A+9] 39 &3 A7]+= Hedges' g = 0.87
(95% CI: 0.73-1.01, p < 0.001, I* = 37.60%)% L+Et
@ow, o] Cohen 7|&0] W2 FE5xo)A & &
Z(moderate to large)?] a3}o] sjF3IcHFigure 3).
Cochran’s Q = 24.05 (df = 15, p = 0.18), I?

shols A SEAd ok = 1.42, 95% CI.
0.88-1.79)7 Hhguh] obs(g = 127, 95% CL
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0.87-1.61)°lA 7Fg & &37} Yelydth. ADHD obs . 2&7|s otg g9y EXM

2 g=0.86(95% CI: 0.63-1.11)2.& F~Z 559

ATE HeloH, AHAHERGA ofs2 g = 0.61 5715 SFI9dE weREA A}, thils-2-5(gross
(95% CI: 0.36-0.87)2 31t 59 fdto] IHT motor function)®] E37]= g = 0.92 (95% CI:
(Table 3, Figure 4). 0.67-1.18, p { 0.00DZ EA Yeptth. A4 5715

(total motor performance)< g = 0.83 (95% CL:

Table 3. Subgroup Analysis by Diagnosis

Effect size

Diagnosis No. of studies , 95% CI p Q df I (%)
(Hedges' g)

DD? 3 1.42 0.88-1.79 < 0.001 4.09 2 51.10

CP 2 1.27 0.87-1.61 < 0.001 0.00 1 0.00

ADHD 2 0.86 0.63-1.11 < 0.001 4.14 1 0.00

ASD 6 0.61 0.36-0.87 < 0.001 0.02 1 0.00

ADHD: Attention-Deficit/Hyperactivity Disorder, ASD: Autism Spectrum Disorder, CI: Confidence Interval, CP:
Cerebral Palsy, DD: Developmental Delay, df Degrees of Freedom, DS: Down Syndrome, ID: Intellectual
Disability.

*DS and ID were included in the DD group for analysis.

Study name statistics for each study std diff in means and 95% CI
std diff standard Vari Lower Upper Z—Val —val
in means  error arance limit limit ALEr p=Nalie
Cemali et al. (2022) 1.853 0.400 0.160 1.070 2.63 4.638 0.000
Yamanishi et al. (2025)1 1.912 0.595 0.353 0.747 3.07

Park & Kim (2019)1 0.878 0.392 0.154 0.109 1.64 2.238 0.025

T
73216 0001
’
1457 0253  0.064 0061  1.954 5752  0.000

I

-1.00 -0.60 0.00 0.60 1.00

statistics for each study std diff in means and 95% CI
std diff standard 5 Lower Upper
Vi ' £ V.

B e Toror ariance limit limit Z—Value p—Value
Jeong et al. (2019) 0.878 0.392 0.154 0.109 1.647 2.238 0.025
Oh & Kang (2021)1 1.167 0.410 0.168 0.363 1.970 2.846 0.004 — ]
Oh & Kang (2021)2 0.936 0.379 0.144 0.192 1.679 2.467 0014 1
Jung et al. (2024)1 1.167 0.410 0.168 0.363 1.970 2.846 0.004
Jung et al. (2024)2 1.167 0.410 0.168 0.363 1970 2.846 0.004
Jung et al. (2024)3 1.167 0.410 0.168 0.363 1970 2.846 0.004
Gaber et al. (2025)2 0.609 0.184 0.034 0.248 0.969 3.307 0.001 _'-_

0.868 0.122 0015  0.628 1.108 7.092 0000 T———
-100 -0.60 0.00 0.60 1.00
Favour A Favour B
statistics for each study std diff in means and 95% CI
std diff standard . Lower Upper
'f — —V:

in means error Variance limit limit Z—Value p—Value
Abdel Karim & Mohammed (2015) 0.619 0.187 0.035 0.252 0.986 3.308 0.001
Gaber et al. (2025)1 0.609 0.184 0.034 0.248 0.969 3.307 0.001

0.614 0.131 0.017 0.357 0.871 4.677 0.000

-1.00 —-0.60 0.00 0.60 1.00

Figure 4. Forest Plots of Subgroup Analyses by Diagnosis
(A) DD, (B) CP, (C) ADHD, (D) ASD
ADHD: Attention-Deficit/Hyperactivity Disorder, ASD: Autism Spectrum Disorder, CI: Confidence Interval,
CP: Cerebral Palsy, DD: Developmental Delay, Std diff: Standardized Difference.
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0.66-1.01, p ( 0.001)°0.& F5%= O]*cl'-o’] 3E B TI=71E g = 0.78 (95% CI: 0.57-0.98, p < 0.001)Z
t}. ol=et Axk= AN SAVE 2, E6 ARkt Qolstglon, olANL [P = 17.55%2 WS $E2S B
HY, &AMl 24 T A4 7154 24 Eiﬂoﬂ ot AtHTable 5, Figure 6).
JTFES vFE AJARIKTable 4, Figure 5).
7. M A|ZHE o EA
6. SX7|ZHE of?l=A
A AlZHsession length)oll Whe 5H1EA A3} 60

SA 717K duration)ol] wE SHEA Aul, ©7] 7 2 et A9 a¥=71E g = 0.85 (95% CL:
AH< 499 a9 17)= g = 1.14 (95% CI: 0.78-1.21, 0.66-1.05, p € 0.001, I = 34.33)992H, GOE oAt
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Table 4. Subgroup Analysis by Motor Function Domain

Effect size

. 0, 2
Domain (Hedges' g) 95% CI D Q df I
Gross motor 0.92 0.67-1.18 < 0.001 7.98 4 49.80
Total motor 0.83 0.66-1.01 < 0.001 13.84 9 34.90

CI: Confidence Interval, dfi Degrees of Freedom.

Study name statistics for each study std diff in means and 95% CI
std diff  standard . Lower  Upper
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11 means €rror mit llmlt
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Figure 5. Forest Plots of Subgroup Analyses by Motor Function Domain
(A) Gross Motor Function, (B) Total Motor Performance
CI: Confidence Interval, Std diff: Standardized Difference.

Table 5. Subgroup Analysis by Intervention Duration

Effect size

. 0 2
Duration (Hedges' g) 95% CI D Q df I

< 4 weeks 1.14 0.78-1.21 < 0.001 11.95 7 41.40
> 5 weeks 0.78 0.57-0.98 < 0.001 7.28 6 17.55

CI: Confidence Interval, dfi Degrees of Freedom.
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Study name statistics for each study std diff in means and 95% CI

std diff  standard Lower ~ Upper
" Variance . Z-Value p-Value
I means  error lmit ~ limit
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Figure 6. Forest Plots of Subgroup Analyses by Intervention Duration
CI: Confidence Interval, Std diff: Standardized Difference.

Table 6. Subgroup Analysis by Session Length

Session length ES (g) 95% CI J2) Q df 2
{ 60 minutes 0.85 0.66-1.05 < 0.001 12.18 8 34.33
> 60 minutes 1.26 0.89-1.62 < 0.001 3.05 3 1.53

CI: Confidence Interval, dfi Degrees of Freedom, ES = Effect Size.

Study name statistics for each study std diff in means and 95% CT
std diff stendard Lower  Upper
. Variance o I-Vale p-Value
in means  error limit — fimit
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Figure 7. Forest Plots of Subgroup Analyses by Session Length
(A) ¢ 60 Minutes, (B) > 60 Minutes
CI: Confidence Interval, Std diff: Standardized Difference.
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Figure 8. Funnel Plot of Publication Bias
Std diff: Standardized Difference.

Table 7. Publication Bias Tests

Method

Result

Egger's regression
Trim-and-Fill
Fail-safe N (Orwin)

bias = -0.07, t = -0.07, df = 14, p = 0.943

No additional studies imputed
152

df Degrees of Freedom.
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Abstract

Effects of Sensory Integration-Based Interventions on Motor Function
in Children With Developmental Delays and Disabilities:
A Systematic Review and Meta-Analysis

Lim, Dae-Woong’, M.O.T., Cha, Tae-Hyun", Ph.D., O.T.,
Yoo, Doo-Han™, Ph.D., O.T., Kim, Hee", Ph.D., O.T.

"Dept. of Occupational Therapy, Graduate School of Public Health and Welfare,
Konyang University, Master's Degree
“Dept. of Occupational Therapy, College of Medical Science, Konyang University,
Associate Professor

Objective: This study reviewed and meta-analyzed the effects of sensory integration—based
interventions on motor function in children with developmental delays and disabilities.

Methods: Following PRISMA 2020 guidelines, four databases (KISS, RISS, PubMed, CINAHL) were
searched for RCTs (2010-2024) involving children with developmental delay, ASD, CP, or ADHD.
Twelve studies were included. Study quality was assessed using the Cochrane RoB 2.0 tool.
A random-effects model estimated effect sizes (Hedges g), heterogeneity (I?), and publication
bias.

Results: The overall pooled effect size was moderate to large (g = 0.87, 95% CI: 0.73-1.01, p
{ 0.001, I* = 37.60%). Subgroup analyses showed effects in gross motor (g = 0.92) and total
motor outcomes (g = 0.83). By diagnosis, the largest effects were observed in developmental
delay (g = 1.42) and cerebral palsy (g = 1.27). In addition, more consistent effects were observed
when intervention duration was = 5 weeks and session time was = 60 minutes. No publication
bias was detected.

Conclusion: Sensory integration—based interventions improve motor function, particularly gross
and total motor outcomes. However, caution is needed when generalizing findings due to limited
studies and heterogeneous assessment tools. Future research should use standardized assessments
in well-designed RCTs.

Key words: Developmental delay, Developmental disabilities, Meta-analysis, Motor function,

Sensory integration-based intervention
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