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| Abstract |

PURPOSE: The purpose of this investigation was to
conduct a systemic review of studies that examine the effects
of strengthening exercise on gait ability and GMFM in
children with cerebral palsy and propose a standard for
cerebral palsy therapy based on a meta-analysis of the studies.
METHODS: An extensive literature search was conducted
using databases including the KISS (Korean studies
Information Service System), RISS, DBpia, PubMed and
ScienceDirect, with the following search terms: ‘Strengthening
Exercise,” ‘Resistance Exercise,” ‘Gait ability,” ‘GMFM’ or

‘cerebral palsy’.
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RESULTS: Eleven studies were included in this review and
the duration of the intervention varied from 5 to 24 weeks. The
number of application per week was mostly 2-3 times, while
5 intervention per week was adopted in a few cases. The total
number of intervention applied varied from 18 to 36 and the
respective effect sizes of GMFM on crawling and sitting were
very high (1.075 and .881) while those of GMFM on standing
and walking were very low(.206 and .125). The effect size was
for gait speed was only .221.

CONCLUSION: Trunk exercise and lower limb exercise
effectively improved GMFM in children with cerebral palsy,
resulting in improved outcomes in sitting and crawling. The
results of this study will be useful for designing evidence-

based cerebral palsy therapy programs.
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Table 1. Methodological Quality of Trials (PEDro Score)
Study Method 1 2 3 4 5 6 7 8 9 10 11 score
Byeon 2006 Clinical trial Y Y Y N N N Y Y Y Y Y 7
Kim 2012 Clinical trial Y Y N Y N N Y N Y Y Y 6
Hong 2012 Clinical trial Y Y Y Y N N Y Y Y Y Y 8
Lee 2015 Clinical trial Y Y Y Y N N Y Y Y Y Y 8
Kim 2015 Clinical trial Y Y Y Y N N Y N Y Y Y 7
Karen 2003 Clinical trial Y Y Y N N N Y Y Y Y Y 7
Jack 2006 Clinical trial Y Y N N N N N N N Y Y 3
Liao 2007 Clinical trial Y Y N Y N N Y N N Y Y 5
Yasser 2009 Clinical trial Y Y Y Y N N Y N N Y Y 6
Vanessa 2012 Clinical trial Y Y Y Y N N Y Y Y Y Y 8
Nicholas 2013 Clinical trial Y Y Y Y N N Y Y Y Y Y 8

PEDro items: 1 Eligibility criteria; 2 Random allocation; 3 Concealed allocation; 4 Baseline comparability; 5 Blind subjects; 6

Blind therapist; 7 Blind assessor; 8 Adequate follow-up; 9 Intention to treat analysis; 10 Between-group statistical comparisons;

11 Point estimates and variability.
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Table 2. Characteristics of Included Trials

T ¢ Duration i‘ " No. Total
Study Inteyp een?ion Ttems of Intervention Outcome of ses:u weeks No.
i session P treatment ~ session
week
. squat, leg curt, leg extension, sit-up, hyperextension,
Ve S S : 88.43+18. S
Bz}(r)%r;n Ln;n;r I:Ebg ankle dorsi flexion, ankle planta flexion: (pre)l %;eedd ‘8;‘ 4413&1; 12;);0111/;/) N/A 3 8 24
(2006) eng using a thera-band (post) Speed : 94. A3(ems)
Abdominal crunch, Superman prone exercise, Lateral (pre) GMFM(sit_in_g) : 84.16£7.87
leg raising, Pelvic bridging, Modified bird — dog (post) GMFM(S'qlng) : 96.1£2.5
. (pre) GMFM(supine) : 96.4+4
exercise.
(post) GMFM(supine) : 99.34+1.01
Kim (pre) GMFM(crawling) : 69.44+13.75
oty Tunk Strength (post) GMFM(erawling) : 83.73+8.83 60 2 12 H
(pre) GMFM(standing) : 14.53+17.05
(post) GMFM(standing) : 23.93+20.99
(pre) GMFM(walking) : 11.34+4.6
(post) GMFM(walking) : 13.42+4.27
NSCA(National Strength and Conditioning (pre) GMFM(standing) : 84.75+9.86
Association, NSCA (post) GMFM(standing) : 89.67+7.95
Hong Lower limbs (pre) GMFM(walking) : 70.17+22.91 30 ” 6 18
(2012) Strength (post) GMFM(walking) : 74.17+21.01 ?
(pre) Speed : 88.43+18.29(cm/s) : 78.63+20.07
(post) Speed : 94.12421.15(cm/s) : 88.48+26.12
Lee Lower limbs sit to standing (pre) GMFM(walking) : 78.06+19.15 30 ” 6 18
(2013) Strength (post) GMFM(walking) : 81.96+16.15 ?
Kim Strength (Trunk) : (pre) GMFM(siting) : 84.16+7.87 : 79.5+3.96
@015) Trunk Strength  Core muscle, Abdominal muscle, paraspinal muscle, (post) GMFM(sitting) : 96.1+2.5 : 85.75+3.36 40 3 7 21
glutear muscle: using a Pressure biofeedback unit
Strength (Lower limbs) : ankle plantarflexors, knee (pre) GMFM(standing) : 75.2+14.4
extensors, and hip extensors: using a hand-held (post) GMFM(standing) : 80.4+13.2
Karen Lower limbs dynamometer (pre) GMFM(walking) : 52.8+31.3 30 5 6 30
(2003) Strength (post) GMFM(walking) : 58.2+31.3
(pre) Speed : 47.4+23.3(cm/s):
(post) Speed : 48.6+23.3(cm/s)
Engsberg  Lower limbs Strength (Lower limbs) : Ankle joint: using a isokinetic (pre) Speed : 85.9+£31.1 (cm/s) 30 3 2 36
(2006) Strength dynamometer. (post) Speed : 91+34.6(cm/s)
h (L li : hi Kl : 56.9+5.
Lizo Lower limbs Strength (Lower 1mb§) ip adductors, ankle (pre) Speed : 56.9+5.1(m/s) .
2007) Strenath plantarflexors, hamstring muscles, and lumbar (post) Speed : 58.4+5(m/s) 30 3 6 18
( reng extensors: loaded Sit to Stand exercise
Strength (Lower limbs) : (pre) GMFM(standing)
(1) walking: forward, backward, sideways, (post) GMFM(standing)
Vasser Lower limbs ?2) stalrs:. stepping forward, backward (pre) GM:FM(Walkiltlg)
007) Strength (3) Standing balance, (post) GMFM(walking) NA 2 5 10
(4) standing up from a chair,
(5) performing single leg stance,
(6) kicking a ball.
h (L« li : © 944,
Vanessa  Lower limbs Strcngt (Lower limbs) (pre) Speed : .94+.29(m/s) .
Qo12) Strength sit-to-stand, lateral step-up, (post) Speed : 1+.28(m/s) 60 3 12 36
half knee-rise
Strength (Lower limbs) : (pre) GMFM(standing) : 70.2422.6
lower extremity: supervision of (post) GMFM(standing) : 71.9+23.4
Nicholas ~ Lower limbs a physiotherapist (pre) GMFM(walking) : 81.4£13 30 ) 24 8
(2013) Strength (post) GMFM(walking) : 83.7+12.6
(pre) Speed : .94+.34 (m/s)
(post) Speed : .93+.33 (m/s)
S = hy= = [e] S L= o v [ o)
8}4%) =8 GUOR o[04 9lou], PEDro Sealed 8 48k 7% Sao] A% LERZIANG A7
=] T = =) = [e] = o =
o|-g-sto] A B7HE HASIGtKTable 1). PRISMA flow Atk 274 HL7|7He 52478 thokslglon =
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diagram2- ©|-§-5lo] G H AF=S0 LT A A8 Slore YR 2-39)7) diEelH 5315 A8
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= Total search results (N=85151)
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=
8 RISS(N=88), KISS(N=758), DBpia(N=293), PubMed(N=26664),
&
'E PEDRo(N=598), Science Direct(N=56750)
(]
: A
Records after duplicates removed
(N=1497)
o 2
=
‘e Title and Abstract review Excluded after Abstract and Title screening
(7
@ (N=31) (N=1466)
o)
7]
Excluded according to inclusion
criteria(N=20)
2 Full-text review ¢ )
= Not designed RCT(N=11)
a (N=11) :
= Review, Poster(N=6)
o] Not full-text articles(N=3)
T
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°
=
0
Ry Thesis Overseas journal
(N=5) (N=6)

Fig. 1. Study flow diagram of systematic review.

Table 3. Result of Homogeneity Test

K Q value
11 3.853 921
K : Number of studies

p-value

Table 4. Publication Bias Verification (Trim and Fill)

Studies Trimmed ES 95% CI
Observed
27 .02-.53
Values
Adjusted
0 27 .02-.53
Values

ES: Effective size, CI: Confidence interval
o
=
(11)=3.853, p=921 (>.05)=f A 534 sictal s}
of VAR BPL A8Tto] AUE w5

Duval, Tweedie’s trim and fill9] Wi of ute} &TH

kS A 23t A3l B= ZHobservation values)T} ZA
Zh(sdjusted values)©] & U5HA FAE o] 2 A =
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Meta Analysis
Fig. 2. Meta-Analysis by type of outcome
Table 5. Effects of Muscle Strengthening Exercise on Gait Velocity and GMFM Scale
Group by outcome k ES CI p
GMFM (crawling) 1 1.075 -.135-2.286 .082
GMFM (sitting) 1 881 -304-2.066 145
GMFM (standing) 5 206 -.165-576 277
GMFM (walking-+jumping) 6 125 -208-.458 463
Speed 7 221 -.065-.507 130
Table 6. Effects of type of muscle strength exercise
Group k ES CI p
Lower limbs 16 179 -013-372 .068
Trunk 4 .630 .046-1.215 .034*

K: Number of studies, ES: Effective size, CI: Confidence interval
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