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Meta-analysis on the effect of Lokomat robot-assisted gait training
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Abstract:  Objective  To systematically evaluate the effectiveness of Lokomat robotic-assisted gait training in
improving lower limb function in children with cerebral palsy. in order to provide a scientific basis for guiding clinical
rehabilitation practice. ~ Methods PubMed, Web of Science, Embase, Cochrane Library, CNKI, Wanfang Data, VIP,
and China Biology Medicine(CBM) were searched for literature on the effect of Lokomat robotic-assisted gait training on
lower limb function in children with cerebral palsy, with a retrieval period from the inception of the databases to July 2024.
Two researchers independently screened the literature, extracted data, and assessed risk of bias. Meta-analysis was
conducted using RevMan 5. 4 software. Results A total of 11 randomized controlled trials were included, involving 502
patients with cerebral palsy. Meta-analysis showed that GMFM-88 D score(SMD=0. 40, 95%CI.0.06 - 0. 74, P=0.02),
GMFM-88 E score(SMD=0. 43, 95%CI.0.07 - 0.79, P=0.02), free walking speed(MD=0. 11, 95%CI.0.06 - 0. 16,
P<C0.001), and BBS score(MD=3. 50, 95%CI:1.27 - 5. 74, P=0.002) were better in the experimental group than those
in the control group. There was no significant difference in 6-minute walk distance between the two groups(P>>0.05).
Conclusion Lokomat robotic-assisted gait training can improve lower limb motor function, walking ability, and balance in
children with cerebral palsy to a certain extent, and may serve as a safe and effective rehabilitation method for chinical
application.
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Tab. 1 Basic information of the included literature
e P i . w - FEAS 5 (i) T T it e
o A B EP3 mﬁ GMECS I (%) o B h T
Ammann-Reiffer, 20200111 Fi -+ SD nm~1mnN 6~18 8 8 45min Lokomat-RAGT+ CRT QOQOO®®
CRT,3 /. %45 A
Mahgoub, 202015 B & SH 7~14 15 15 30min Lokomat-RAGT+ CRT @
CRT,3 W/, #E 4L 12 J
Wallard, 2018L16] | SD 1 8~10 14 16 40min Lokomat-RAGT,5 ¥/ CRT OO®
Ji %S 4 W
Peri, 20170171 =RA SD I ~11 4~17 12 10 30min Lokomat-RAGT.4 ¥/ CRT OO
Ji . #E 2 10 JH
Druzbicki, 2013L107 V= SD I~ 6~13 26 9 45min Lokomat-RAGT+ CRT @
CRT.#4 20 K
Klobuckd, 2020081 Wi i v SO [ ~N 5~15 21 26 30min Lokomat-RAGT,3~5 CRT Q®@
W/ ERZ 20 IR
Arellano- 275 B SH I 4~14 8 6 30min Lokomat-RAGT, $% %% CRT @
Martinez, 2013C11] 10 &
e, 20210] [ SCP T ~1 6~14 15 15 30min Lokomat-RAGT+ CRT OQO®
CRT,5 /&, %E5: 8
fedk R, 2020018] i SCP I ~1I 4~9 46 48 30min Lokomat-RAGT+ CRT OO®
CRT,6 &/, %2 12 4
Wik & L 20210191 i [E SCP 1 ~1I 4~9 56 58 30min Lokomat-RAGT+ CRT DOG
CRT,6 &/, s 12
g2, 202100 G| CcP 4~7 35 35 30min Lokomat-RAGT+ CRT OOOG

CRT,1 % /d. %% 34 H

VE : i (cerebral palsy, CP) , ¥ 25 % [jfi K ( spastic cerebral palsy.,SCP) , %2 25 %I fii K ( spastic hemiplegia, SH) , ¥ 25 %I S (spastic diplegia,
SD) 5 F Hi #5 iti : Lokomat-RAGT y Lokomat HL#§ A% B 42 U1 5 . CRT 2% HLEE &2 11 25 5 45 )R 45 b : OGMFM-88 D X 34} . @ GMFM-88 E X
W53 . @6min AT R (6MWT) . @ H i 2247 B . @ Berg i i & (BBS) .

F 2 PIAWRHE PEDro i £
Tab. 2 PEDro Scale scores for the included studies

PN 1 2 3 4 5 6 7 8 9 10 11 My B
Ammann-Reiffer, 202001 N N N N — - — N N N N 7T 5
Mahgoub, 2020015 J J J J — — J J J J J 8 W
Wallard, 2018C16] N N — N — — — N N N N 6 45
Peri, 2017017) N - - v - - J J J J 5 hg
Druzbicki, 2013017 N N - N/ - - N, - N, N/ N 6 A
Klobuckd, 20208 Ni N - Ni - - N J N N 6
Arellano-Martinez, 201301 N J — N — — — N N N N 6 &5
i i, 202109 NG N - NG - - NG N NG NG N 7@
RE4E £, 2020018 N/ N - NG - - NG NG N Nj NG 7w
AR 2, 2021009 Nj NG - Nj - - N NG NG N NG T
gz, 2021020 NG N - Nj - - - N N Ni J 6 HEE
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Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

1V. Random. 95% CI 1V. Random. 95% CI

Ammann-Reiffer 2020 79.5 3.85 8 79.5 7.18 8 7.7%
Klobuck a 2020 38.34 34.38 21 29.78 34.92 26 13.4%
Peri 2017 85 10.22 12 90 9.11 10 9.1%
Wallard 2018 60.58 14.71 14 55.74 15.02 16 10.9%
REAEH2020 56.8 27.87 46 49.09 27.65 48 16.7%
#2021 35.26 4.19 35 30.27 4.12 35 14.6%
[AE 22021 21.82 10.55 56 19 10.43 58 17.4%
o 152021 88.2 6.86 15 78 11.04 15 10.2%
Total (95%C1) 207 216 100.0%

Heterogeneity: Tau’= 0.13;Chi’= 18.15,df=7 (P = 0.01):/’= 61%
Test for overall effect: Z=2.31(P=0.02)

0.00[=0.98.0.98] —
0.24[-0.33,0.82] —1—
-0.49[-1.35,0.36] —
0.32[-0.41,1.04] —T—
0.28[-0.13,0.68] T—
1.19[0.68.1.70] —
0.27[~0.10,0.64] T
1.08[0.31,1.85] s
0.40[0.06, 0.74] o g

-2 -1 0 1 2
Favours [control] Favours [experimental]

1 Lokomat-RAGT X i &£ JL GMFM-88 D X P43 (1 5% i
Fig. 1 Effect of Lokomat-RAGT on cerebral palsy children with GMFM-88 D score
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Fixed. 95% CI 1V. Fixed. 95% CI
Ammann-Reiffer2020 79.5 3.85 8 795 7.18 8  4.6% 0.00[-0.98,0.98] —
Klobuck a 2020 38.34 34.38 21 29.78 34.92 26 13.4%  0.24[-0.33,0.82] B e
Peri 2017 851022 12 90 9.11 10 6.1% =-0.49[-1.35,0.36] —
Wallard 2018 60.58 14.71 14 55.74 15.02 16 8.6%  0.32[-0.41,1.04] T
AEAEF2020 56.8 27.87 46 49.09 27.65 48 27.0%  0.28[-0.13,0.68] T™
FRAE £2021 21.82 10.55 56 19 10.43 58 32.8%  0.27[-0.10.0.64] T
I 182021 88.2 6.86 15 78 11.04 15 7.5% 1.08[0.31,1.85] —
Total (95%C1) 172 181 100.0%  0.27[0.06, 0.48] <

Heterogeneity: Chi’= 7.60,df= 6 (P = 0.27);I'=21%
Test for overall effect: Z=2.52(P=0.01)
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1 1 1 1
-2 -1 0 1 2
Favours [control] Favours [experimental]
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Fig. 2 Sensitivity analysis of the effect of Lokomat-RAGT on GMFM-88 D score in children with cerebral palsy

2.3.2 GMFM-88 E X4 4 ACHkHF A 8
fagloon1620T 4 e T GMFM-88 E X P43, 36 423 ]
e £ L o S PR A B R L & SR M AR R R R
JRPE(P=0.005, I* =66%) , i % H Bl HL L0 #5575
I3 BT 5 PEAL 45 SR R Ok L 6 AR R

Experimental Control

Std. Mean Difference

E XH 4,2 WaFss 0 R E KR AR 4. 8OR
SMD 434 . 453 R SMD=0.43,95%CI:0. 07~
0.79,P=0.02, 3 B 5 4 GMFM-88 E X353
BER T, WK 3,

Std. Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight V. Random.95% CI 1V. Random. 95% CI
Ammann-Reiffer 2020 55.6 4.66 8 57.6 3.55 8 7.9% -0.46[-1.45,0.54] —r
Klobuck a 2020 3439 29.11 21 24.89 3527 26 13.4%  0.29[-0.29.0.86] —1—

Peri 2017 68.525.55 12 73.9 2555 10 9.6% -0.20[-1.05.0.64] —_—
Wallard 2018 50.87 15.82 14 43.61 12.59 16 11.1%  0.50[-0.23,1.23] T
AEHEZ£2020 40.39 22.03 46 33.29 1921 48 16.2%  0.34[-0.07,0.75] T=—

5% 2021 47.97 5.25 35 41.62 421 35 14.3% 1.32[0.80,1.84] —_—
kG 52021 26.62 13.14 56 23.49 12.67 58 16.9%  0.24[-0.13,0.61] T

oy [F 152021 78.8 11.23 15 63.5 16.6 15 10.5% 1.05[0.28,1.82] e aa—
Total (95%C1) 207 216 100.0%  0.43[0.07,0.79] = g
Heterogeneity: Tau’= 0.16;Chi’=20.41,df= 7 (P = 0.005);/’= 66% '2 _'1 i 'I '7
ezt foroverallleffect 220 (B2002) Favours [control] Favours [experimental]
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Lokomat-RAGT effects on cerebral palsy children with GMFM-88 E score
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MD=38.83,95%CI.—19.55~97.21,P=0.19, i
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Fixed. 95% CI 1V. Fixed. 95% CI
Ammann-Reiffer 2020 55.6 4.66 8 57.6 3.55 8 4.5% -0.46[-1.45,0.54] ———
Klobuck a@ 2020 34.39 29.11 21 24.89 3527 26 13.4%  0.29[-0.29,0.86] -T-—
Peri 2017 68.5 25.55 12 73.9 2555 10 6.3% -0.20[-1.05,0.64] e
Wallard 2018 50.87 15.82 14 43.61 12.59 16 8.4%  0.50[-0.23,1.23] T
REAE 2020 40.39 22.03 46 33.29 19.21 48 26.9%  0.34[-0.07,0.75] T
A 52021 26.62 13.14 56 23.49 12.67 58 32.9%  0.24[-0.13,0.61] T
152021 788 11.23 15 635 166 15 7.5% 1.05[0.28,1.82] —
Total (95%C1) 172 181 100.0%  0.30[0.09,0.51] <>

Heterogeneity: Chi’= 7.65,df= 6 (P = 0.26):I'= 22% R TR 5
Test for overall effect: Z=2.75(P=0.006) -

Favours [control] Favours [experimental]
B 4 Lokomat-RAGT Xf i JL GMFM-88 E X 34} 5 i (1) 6501 43 B
Fig. 4 Sensitivity analysis of the effect of Lokomat-RAGT on GMFM-88 E score in children with cerebral palsy

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean _SD_Total Mean SD_Total Weight 1V, Fixed.95% CI 1V, Fixed. 95% CI
Ammann-Reiffer 2020 1 0.6 8 0.9 0.54 8 0.9% 0.10[-0.46,0.66] R a—
Arellano—Martinez 2013 0.93 0.08 8 0.86 0.27 6 5.8% 0.07[-0.15,0.29] —T—
Druzbicki2013 0.36 0.18 26 0.39 0.18 9 15.4% -0.03[-0.17,0.11] e
Mahgoub 2020 0.72 0.11 15 0.58 0.09 15 55.3% 0.14{0.07,0.21] -
Wallard 2018 0.96 0.21 14 0.87 0.12 16 18.4% 0.09[-0.03,0.21] o
o 852021 1.04 0.41 15 0.67 0.31 15 4.2% 0.37[0.11,0.63]
Total (95%C1) 86 69 100.0%  0.11[0.06,0.16] L 4

L

emeitoe Chite o _ o L L s
Heterogeneity: Chi'=8.77,df=5(P =0.12);/'=43% ] 05 0 0.5 1

Test for overall effect: Z=4.03(P<0.0001) Favours [control] Favours [experimental]

5 Lokomat-RAGT X fiii i £ JL A i 247 3 BE 14 52 Wi
Fig. 5 Lokomat-RAGT effects on cerebral palsy children with free walking speed

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight 1V. Fixed. 95% CI 1V. Fixed. 95% CI
Ammann-Reiffer 2020 354 188.9 8 353 1783 8 10.5% 1.00[-179.00,181.00] .
Peri 2017 345 1102 12 381.7 182.6 10 20.4% -36.70[-165.91,92.51] D
2021 265.83 106.56 15 198.91 88.97 15 69.1%  66.92[-3.33,137.17] ——
Total (95%C1) 35 33 100.0%  38.83[-19.55,97.21] p
Heterogeneity: Chi’=2.10,df=2(P = 0.35);/’=5% _5'00 _2'50 0 2'50 5(')0

Test for overall effect: Z=1.30(P=0.19)

Favours [control] Favours [experimental]

B 6 Lokomat-RAGT XJ i i JL 6min 2547 MBS ) 5 1l
Fig. 6 Effect of Lokomat-RAGT on cerebral palsy children with 6min walking distance

2.3.5 BBS4r ACHRTA 3 RTCVIRET BN AR AL, SR MD 4y #r. &5 3 B8 MD = 3. 50,
BBS 43, 3t 278 FilimE £ L. FRMER R BN .45 95%CI:1.27~5.74,P=0. 002, B i} B9 i % 41 BBS
B9 ] 5 R PEds/N(P=0.95, I’=0%), ¥ [# & P EE TXRA, WK 7,

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Fixed.95% CI 1V. Fixed. 95% CI
AEAEF 2020 23.39 12.92 46 19.53 12.08 48 20.3% 3.86[-1.20,8.92] T
73k 2021 50.36 6.59 35 46.72 6.12 35 58.7% 3.64[0.66,6.62] ——
PR A 2021 217 1276 56 18.79 11.84 58 21.0% 2.91[-2.07,7.89] T
Total (95%C1) 137 141 100.0%  3.50[1.27,5.74] <>
L L

Heterogeneity: Chi’=0.08,df=2 (P = 0.95):11: 0%

: )
Test for overall effect: Z=3.03(P=0.002) 2O Y - 20
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Fig. 7 Effect of Lokomat-RAGT on cerebral palsy children with BBS score
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