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Abstract

Background: Comparisons between various conservative managements of spastic equinus deformity in cerebral
palsy demonstrated limited evidences, to evaluate the efficacy of conservative treatment among cerebral palsy chil-
dren with spastic equinus foot regarding gait and ankle motion.

Methods: Studies were identified from PubMed and Scopus up to February 2022. Inclusion criteria were randomized
controlled trial (RCT), conducted in spastic cerebral palsy children with equinus deformity, aged less than 18 years,
compared any conservative treatments (Botulinum toxin A; BONT-A, casting, physical therapy, and orthosis), and eval-
uated gait improvement (Physician Rating Scale or Video Gait Analysis), Observational Gait Scale, Clinical Gait Assess-
ment Score, ankle dorsiflexion (ankle dorsiflexion at initial contact, and passive ankle dorsiflexion), or Gross Motor
Function Measure. Any study with the participants who recently underwent surgery or received BoNT-A or insufficient
data was excluded. Two authors were independently selected and extracted data. Risk of bias was assessed using a
revised Cochrane risk-of-bias tool for randomized trials. 12 was performed to evaluate heterogeneity. Risk ratio (RR),

the unstandardized mean difference (USMD), and the standardized mean difference were used to estimate treatment
effects with 95% confidence interval (Cl).

Results: From 20 included studies (716 children), 15 RCTs were eligible for meta-analysis (35% had low risk of bias).
BoNT-A had higher number of gait improvements than placebo (RR 2.64,95% Cl 1.71,4.07, > =0). Its combina-

tion with physical therapy yielded better passive ankle dorsiflexion at knee extension than physical therapy alone
(USMD =4.16 degrees; 95% Cl 1.54, 6.78, 1> =36%). Casting with or without BoNT-A had no different gait improvement
and ankle dorsiflexion at knee extension when compared to BoNT-A. Orthosis significantly increased ankle dorsiflex-
ion at initial contact comparing to control (USMD 10.22 degrees, 95 Cl9% 5.13, 15.31, 1> =87%).

Conclusion: BoNT-A and casting contribute to gait improvement and ankle dorsiflexion at knee extension. BONT-A
specifically provided gait improvement over the placebo and additive effect to physical therapy for passive ankle
dorsiflexion. Orthosis would be useful for ankle dorsiflexion at initial contact.

Trial registration PROSPERO number CRD42019146373.
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ing problems include toe walking [2], foot pain, plantar
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fasciitis [3, 4], gait instability, impaired oxygen uptake
rate, walking intolerance, and inability for long-distance
walking [5]. The equinus is defined as the dynamic or
static ankle plantar flexion position that may preclude
plantigrade foot [6]. Ankle passive range of motion and
gait assessment using the initial score for foot contact by
Physician Rating Scale (PRS) are basically used for equi-
nus evaluation [7]. Gait assessment comprised of the
instrumented 3-dimensional and the observational gait
analysis [8]. The instrumented gait analysis is the gold
standard for classifying equinus (ankle dorsiflexion at ini-
tial contact) in cerebral palsy [8]. The observational gait
assessments for equinus foot (Table 1) were PRS based on
gait pattern, hindfoot, and ankle position at foot contact
[7, 9, 10]; Video Gait Analysis (VGA) graded initial foot
contact [11, 12]; Observational Gait Scale focused on ini-
tial foot contact, foot contact mid-stance, heel rise, and
hindfoot [8]; and Clinical Gait Assessment Score (CGAS)
evaluated foot at initial contact, stance phase, and ter-
minal stance [13]. The Gross Motor Function Measure
(GMFM), specifically for dimension D: standing, and E:
walking, running, and jumping, is also widely applied
for monitoring and tailoring equinus treatment to opti-
mize the rehabilitation for cerebral palsy children [14].
Prolonged equinus may lead to fixed deformity which
requires surgical treatment. Hence, early management is
mandatory to minimize progression and encourage gait
efficiency [15].

For dynamic equinus deformity in spastic cerebral
palsy children, botulinum toxin A (BoNT-A), casting,
orthosis, and physiotherapy are recommended [16].
BoNT-A can improve gait pattern measured by PRS and
VGA with minor side effects when compared to placebo
[17]. BoNT-A plus delayed casting might be the best
treatment to improve ankle dorsiflexion at stance, while
BoNT-A alone was at the highest rank for passive ankle
motion at knee extension, followed by immediate casting,

Table 1 The observational gait assessments for equinus foot
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BoNT-A plus delayed casting, and BoNT-A with imme-
diate casting [18]. However, none of them showed signifi-
cantly a different peak dorsiflexion at stance and passive
ankle motion [18]. The posterior ankle—foot orthosis
(AFO) significantly increased ankle dorsiflexion at initial
contact in children with equinus gait when compared to
bare foot [19]. Physiotherapy, i.e., stretching technique
and strengthening, is commonly performed in adjunct
with other treatments [13, 20, 21].

With regard to BoNT-A, casting, AFO, and physi-
otherapy for equinus treatment, the previous systematic
reviews and meta-analysis were limited due to various
casting protocols [18], improper effect size estimation
[17], no risk-of-bias assessment [17, 19], and no compari-
sons among these conservative treatments. Therefore, we
aimed to conduct a systematic review and meta-analysis
comparing usual care/placebo/control, BoNT-A, cast-
ing, physiotherapy, and orthosis in terms of the changes
in gait and ankle movement in spastic cerebral palsy chil-
dren presenting with equinus foot.

Methods

This study was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [22]. The research was
registered on PROSPERO and can be accessed online
(PROSPERO number CRD42019146373).

Search strategy

PubMed and Scopus databases were systematically
searched up to February 2022. The searching terms
were ‘cerebral palsy’ AND (‘botulinum® OR ‘BTX’ OR
‘BoNT-A” OR ‘Botox’ OR ‘Dysport’ OR ‘cast’ OR ‘casts’
OR ‘casting’ OR ‘physical therapy’ OR ‘physiotherapy’
OR ‘orthotic’ OR ‘splint’ OR ‘bracing’ OR ‘brace’).We also
included reference lists of selected articles and previous
meta-analysis articles without limitation of language. The

Gait assessment scales Subscales/sections

Number of items Total score

Physician’s Rating Scale (PRS) [7]
Modified PRS [9]

Abbreviated PRS [10]

Video Gait Analysis (VGA) [11]

Crouch, foot contact
Initial foot contact

Crouch, equinus gait, hindfoot, knee, speed of gait, gait
Crouch, knee, foot contact, change

6 28 (14 points/limb)
4 20 (10 points/limb)
2 14 (7 points/limb)
1 8 (4 points/limb)

(graded as flatfoot, toe then heel, mild toe walking, marked toe

walking)

Modified VGA [12] Initial foot contact

1 6 (3 points/limb)

(graded as heel-toe, foot-flat, toe-toe)

Observational Gait Scale [8]

Knee mid-stance, initial foot contact, foot contact mid-stance, 8

44 (22 points/limb)

heel rise, hindfoot, base of support, assistive devices, change

Clinical Gait Assessment Score (CGAS) [13]  Swing, initial contact, stance phase, terminal stance 4

96 (48 points/limb)
(14 body parts)
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details of searching strategy are provided in Additional
file 1.

Study selection

The inclusion criteria of the studies were randomized
controlled trial (RCT), conducted in children aged less
than 18 years with spastic cerebral palsy, equinus deform-
ity (i.e., an equinus foot positioning during the stance
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phase of the gait, or passive ankle dorsiflexion with knee
extension< 10 degrees), Gross Motor Function Classifi-
cation System (GMFCS) level I-1II, compared the effect
of any conservative treatments (i.e., placebo, BONT-A,
casting, physical therapy, orthosis, and/or combination of
those treatments), and evaluated the effect of conserva-
tive treatment on gait (number of gait improvement,
composite score of gait assessment, ankle dorsiflexion

Records removed before screening:

Duplicate records removed
n=1,499)

Records removed by search filters (mn =4,080):
-Not interested population n =2,505)
-Non- human studies n = 18)
-Not interested interventions (n = 948)
-Not interested outcomes (n =474)
- Single arm of intervention mn = 109)
-Not interested study design i = 6)
- Case report, case series, case conference m = 15)
- Editorial, comment, letter m = 17)
-Narrative review, guidelinem = 13)
- Systematic review o = 1)
- Systematic review and meta-analysis m =1
- Systematic review and network meta-analysis m = 1)

Reports excluded n =8)
-No full-text articles m=3)
-Reports not retrieved and insufficient data m - 5)
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Fig. 1 PRISMA flow diagram of study selection process
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at stance of gait cycle), or range of ankle motion (pas-
sive ankle dorsiflexion with knee extension) or GMFM
dimension D (standing) and E (walking, running, and
jumping). Reasons why the studies were ineligible were
documented in the PRISMA flow diagram as records
removed by search filters.

The exclusion criteria were the eligible or included
studies with the participants who underwent surgery less
than 12 months or received BoNT-A less than 6 months
or insufficient data for pooling after three attempts to
contact the authors.

The title and abstract screening was independently per-
formed by two authors (KK and TP). Subsequently, the
full text of selected articles was retrieved and reviewed
by two authors. Any conflicts were adjudicated by group
discussion with all authors.

Data extraction

Data were independently extracted by two authors (KK
and TP) using a standardized data extraction form with
the following information: author(s), year of publica-
tion, study design, sample size, participant’s characteris-
tics (gender, age, type of cerebral palsy, level of GMFCS,
intervention, time of follow-up, intensity—dose of inter-
vention, duration of intervention), and outcomes (type of
data, measurement). The outcomes were the number of
gait improvement measured by PRS and VGA, the com-
posite score of gait assessed by PRS, Observational Gait
Scale, or CGAS, ankle dorsiflexion at initial contact from
3-dimensional gait analysis, passive range of ankle dor-
siflexion, and GMFM dimensions D and E. The number
of gait improvement at least 2 points of total PRS score
(either PRS 6 subscales, total 14 points/limb [7, 20, 23],
modified PRS 4 subscales, total 10 points/limb [9], or
abbreviated PRS 2 subscales, total 7 points/limb [10]) or
at least 1 point of total VGA score (either VGA 4 grades,
total 4 points/limb [11], or modified VGA 3 grades, total
3 points/limb [12]) from the baseline was clinically sig-
nificant and categorized as improve [11, 23]. Compos-
ite scores were calculated by combining subscale scores
of each observational gait assessment into total scores.
Since there were various observational gait assessments
with their modifications, subscales/sections and total
scores were individually detailed. Composite scores of
PRS were reported as 6 subscales, total 14 points/limb
[7, 20, 23], 4 subscales, total 10 points/limb [9], and 2
subscales, total 7 points/limb [10]. Composite scores of
Observational Gait Scale involved 8 sections, total 22
points/limb, and those of CGAS contained 4 phases of
gait, total 48 points/limb [13]. Passive ankle dorsiflexion
was generally reported with knee extension. Dichoto-
mous outcome was identified from included studies as
risk ratio with 95% confidence interval (CI) for number of
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gait improvement. Continuous outcomes were extracted
as mean, median, and standard deviation for the com-
posite score of gait scale, degrees of ankle dorsiflexion
at initial contact, passive range of ankle dorsiflexion and
GMFM. Any disagreements between the two reviewers
were resolved by group discussion.

Quality assessment of the reviewed studies

A revised Cochrane risk-of-bias tool for randomized tri-
als (RoB 2) was used to assess the risk of bias [24]. The
risk of bias was rated as 'Low’ or 'High’ risk of bias, or
labeled as 'Some concerns. Two authors (KK and TP)
independently rated methodological quality of the stud-
ies. Any discrepancies were discussed till achieving final
conclusion.

Statistical analysis

Meta-analyses were performed using Stata program
version 15 (Statcorp, College Station, TX, USA). Treat-
ment effects were calculated using RR and 95%CI for
the dichotomous outcome, and post-intervention mean
and standard deviation (SD) for continuous outcomes.
The dichotomous number of gait improvement was pre-
sented as pooled RR with 95%CI. RR equal to 1 indicated
the same treatment effects between groups. RR <1 means
the treatment is less likely to have gait improvement, and
RR>1 means the treatment is more likely to have gait
improvement when compared to the reference group.
The standardized mean difference (SMD) with 95%CI
was estimated according to different composite scores
of gait improvement. SMD is the standard method used
for pooling difference scales in the meta-analysis. It was
calculated based on mean difference divided by stand-
ard deviation and reported as Cohen’s d. SMD was inter-
preted according to Cohen’s d as 0 for no effect, 0.2 for
small, 0.5 for medium, and 0.8 for large effect. SMD <0
means the treatment is less efficacious, and SMD>0
means the treatment is more efficacious than the com-
parison group. The unstandardized mean difference
(USMD) with 95%CI was analyzed for degrees of ankle
dorsiflexion at initial contact and passive range of ankle
dorsiflexion which were used the same scale. USMD
equal to zero represented indifference between treatment
pairs. USMD <0 means the treatment has less effect, and
USMD >0 means the treatment has more effect than
the comparison group. A fixed-effect model by inverse-
variance method was performed if treatment effects
between studies were homogeneity (p value of Cochrane
Q statistics >0.1 or I test<25%); otherwise, a random
effect model using the DerSimonian and Laird method
was applied [25]. Source of heterogeneity was explored
according to the characteristics of studies and interven-
tions, i.e., subgroup analysis. Sensitivity analysis was
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considered for specific factors contributed to the out-
comes. Funnel plot and Egger’s test were assessed for a
publication bias [26]. When the corresponding p value of
Egger’s test was less than 0.05, a contour-enhanced fun-
nel plot was used to differentiate asymmetry.

Results

Study selection

The study selection process is demonstrated in Fig. 1.
We searched 5608 articles: 2293 articles from PubMed
and 3315 articles from Scopus, 1499 duplicates were
removed, and the remaining were screened by titles and
abstracts. Eight articles were excluded due to full-text
unavailability and insufficient data for pooling. Twenty
studies were eligible for systematic review [7, 9-13, 20,
21, 23, 27-37]. Five studies reported different inter-
ventions [28, 37], outcomes [21, 27], and different RCT
design for the same treatment pairwise [30]. Finally, 15
studies were included in the meta-analysis [7, 9-13, 20,
23,29, 31-36].

Characteristics of the reviewed studies

Twenty studies were systematically reviewed (16 parallel
design [7, 9-13, 20, 23, 27, 30-34, 36, 37] and 4 crosso-
ver design) [29, 33—35] as shown in Table 2. There were
716 participants, 2—16 years of age, reported mean age of
6 years and 5 months (SD 1 year and 7 months) [9-13,
20, 21, 27-31, 33-37], and 60.9% were male [9-13, 21,
27-37]. Topographic distribution of motor signs was
diplegia (76.7%), hemiplegia (22.6%), quadriplegia (0.6%),
and triplegia (0.1%) [7, 9-13, 21, 23, 27, 30-32, 34, 35,
37]. Of 7 studies, GMFCS levels I-III were 34.3%, 46.9%,
and 18.8%, respectively [21, 29-32, 36, 37]. An average
baseline of ankle dorsiflexion was 8 degrees with/without
specific knee extension [9-11, 20, 27, 31, 32, 35, 36]. An
average follow-up period was 15.6 weeks, ranging from 4
to 48 weeks.

Intervention and outcome measure

Twenty RCTs were identified as shown in Table 3 com-
prising 6 treatment pairs: 5 BoNT-A versus placebo [7,
11, 12, 23, 27], 3 BoNT-A plus physical therapy versus
physiotherapy [13, 20, 36], 2 BoNT-A versus casting [9,
10], 3 BoNT-A plus casting versus BoNT-A [28, 31, 32],
1 BoNT-A plus physiotherapy versus BoNT-A alone [37],
and 6 orthosis versus control [21, 29, 30, 33—35]. The out-
comes were reported as number of gait improvement by
PRS and VGA, composite scores assessed by PRS, Obser-
vational Gait Scale, or CGAS, ankle dorsiflexion during
stance from 3-dimensional gait analysis, passive ankle
dorsiflexion, and GMFM dimensions D and E.
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Quality assessment

Thirty-five percent of the studies were at low risk, 55%
with some concerns, and 10% with high risk of bias as
shown in Table 4. Most studies (60%) did not specify
randomization process, allocation sequence, conceal-
ment [7, 9, 13, 20, 23, 28, 29, 31, 32, 34-36], and one
without ascertainment on the awareness of outcome
assessors [19]. Five studies evaluated orthosis [29, 30,
33-35] did not provide randomization and conceal-
ment methods.

Meta-analysis of intervention studies

Five studies [21, 27, 28, 30, 37] were excluded due to dif-
ferent study designs, interventions, and outcomes leaving
15 studies [7, 9-12, 20, 23, 29, 31-36] for the meta-anal-
ysis. Network meta-analysis could not be done due to the
lack of a common comparator.

Gait improvement by visual observational gait analysis

After categorized as clinical improvement vs no improve-
ment, both scales (PRS, VGA) can be pooled for the anal-
ysis. BONT-A had significantly higher numbers of gait
improvement by PRS and VGA at 6—12 weeks comparing
to the placebo (RR 2.64; 95%CI 1.71, 4.07, no heterogene-
ity) [7, 11, 11, 23] (Fig. 2). A funnel plot was asymmet-
ric, and a contour-enhanced funnel plot showed missing
published studies in a non-significant area indicating a
publication bias (Fig. 3).

BoNT-A showed no significant differences of the PRS
composite scores at 12 and 16 weeks comparing to cast-
ing (SMD 0.16; 95%CI —0.48,0.80, no heterogeneity)
[9, 10] (Fig. 4A). BoNT-A plus casting demonstrated no
significant differences of the Observational Gait Scale
composite scores at 12 and 16 weeks when compared to
BoNT-A alone (SMD 0.72; 95%CI — 0.20,1.65, moderate
heterogeneity, I =63.67%, Q=2.75, and p=0.10) [31, 32]
(Fig. 4B). In addition, the combination of BONT-A with
physical therapy had non-statistically different PRS and
CGAS composite scores at 4 and 12 weeks from physical
therapy (SMD 0.66; 95%CI —0.78,2.10), high heterogene-
ity, P=87.78%, Q=8.19, and p<0.01) [13, 20] (Fig. 4C).
The high heterogeneity may be from different gait assess-
ment scales.

Three dimensional gait analysis

Ankle—foot orthosis significantly increased ankle dorsi-
flexion at initial contact comparing to control, i.e., shoes
or barefoot (USMD 10.22 degrees; 95%CI 5.13, 15.31,
high heterogeneity, ?=86.9%, Q=22.9, and p<0.001
(Fig. 5). A funnel plot and a contour-enhanced funnel
plot were asymmetric, which indicated the influences
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Table 2 Characteristics of included studies
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First author (country) RCT Sample size () Meanage Gender Topographic GMFCS Baseline PROM of
design (years) (n) distribution 1/11/111 (n) ankle DF with KE
(n) (mean of
degrees)
Baker et al. [27] Parallel 125 534 M=67 Diplegia=125 N.A 10.38
(Northern Ireland) F=58
Bottos et al. [28] Parallel 10 6.4 M=7 N.A N.A N.A
(Italy) M=3
Buckon et al. [29] Crossover 16 84 M=10 N.A |=4/IlI=12 N.A
(USA) -
Corry et al. [9] Parallel 20 46 N.A Hemiplegia=8 N.A —1.25
(Northern Ireland) Diplegia=11
Quadriplegia=1
Dalvand et al. [30] Parallel 30 6.03 M=13F=17 Diplegia=30 [=12/l=13/ll=5 NA
(Iran)
Dursun et al. [13] Parallel 35 9 M=28 Hemiplegia=6 N.A N.A
(Turkey) F=7 Diplegia=29
Dursun et al. [31] Parallel 51 6.4 M=32 Hemiplegia=14 [=11/I=25/l1=15 10.33
(Turkey) F=29 Diplegia=37
El-Etribi et al. [20] Parallel 40 36 N.A N.A N.A (17.3)
(Eqypt)
Flett et al. [10] Parallel 18 37 M=11 Hemiplegia=5 N.A 7.04
(Australia) F=7 Diplegia=10
Triplegia=1
Quadriplegia=2
Hayek et al. [32] Parallel 20 39 M=11 Hemiplegia=10 I=12/I=5/lI=3 58
(Israel) F=9 Diplegia=10
Koman et al. [7] Parallel 12 4-11° N.A Hemiplegia=4 N.A N.A
(USA) Diplegia=8
Koman et al. [23] Parallel 114 2-16° N.A Hemiplegia=32 N.A N.A
(USA) Diplegia=182
Mass et al. [21] Parallel 19 8.89 M=12 Hemiplegia=9 I=10/II=7/I1=2 N.A
(Netherlands) F=7 Diplegia=10
Radtka et al. [33] Crossover 10 6.5 M=6 Hemiplegia=4 N.A > 5%
(USA) F=4 Diplegia=6
Radtka et al. [34] Crossover 12 7.5 M=6 N.A N.A > 5%
(USA) F=6
Rethlefsen et al. [35] Crossover 21 9.1 M=13 Diplegia=21 N.A >5%
(USA) F=8
Sutherland et al. [12] Parallel 20 6.1 M=16 Hemiplegia=10 N.A >0
(USA) F=4 Diplegia=9
Quadriplegia=1
Ubhietal. [11] Parallel 40 743 M=23 Hemiplegia=12 N.A — 1751
(England) F=17 Diplegia=28
Xu et al. [36] Parallel 65 4.6 M=44 N.A |=24/I1=41 —82
(China) F=21
Yigitoglu et al. [37] Parallel 38 6.3 M=19F=19 Diplegia=38 [=9/I=9/1I=20 NA

(Turkey)

a Age range; N.A,, not available; PROM, passive range of motion; DF, dorsiflexion; and KE, knee extension

*A minimum five degrees of PROM

from other factors rather than a publication bias [26]

(Fig. 6).

Passive range of ankle dorsiflexion at knee extension

There were 3 treatments comparing the passive range
of ankle dorsiflexion at knee extension. BoNT-A

versus

casting

showed non-significant

difference

(USMD 4.01 degrees; 95% CI —5.87,13.89, high het-
erogeneity, I*=76.69%, Q=4.29, and p=0.04)[9, 10]
(Fig. 7A). BoNT-A plus casting versus BoNT-A alone

demonstrated non-significant difference (USMD 4.30
degrees; 95% CI — 6.22, 14.83, moderate heterogeneity,
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Table 4 Risk-of-bias assessment of included RCTs
Study Randomization process  Deviations Missing Measurement of Selection ofthe  Overall
from intended outcome the outcome reported result
intervention data
Baker et al. [27] Low Low Low Low Low Low
Bottos et al. [28] Some concerns Low Low Low Low Some concerns
Buckon et al. [29] Some concerns Low Low Low Low Some concerns
Corry et al. [9] Some concerns Low Low Low Low Some concerns
Dalvand et al. [30] Low Low Low Low Low Low
Dursun et al. [13] Some concerns Low Low Low Low Some concerns
Dursun et al. [31] Some concerns Low Low Low Low Some concerns
El-Etribi et al. [20] Some concerns Low Low High Low High
Flett et al. [10] Low Low Low Low Low Low
Hayek et al. [32] Some concerns Low Low Low Low Some concerns
Koman et al. [7] Some concerns Low Low Low Low Some concerns
Koman et al.[23] Some concerns Low Low Low Low Some concerns
Maas et al. [21] Low Low Low Low Low Low
Radtka et al. [33] High Low Low Low Low High
Radtka et al. [34] Some concerns Low Low Low Low Some concerns
Rethlefsen et al. [35] Some concerns Low Low Low Low Some concerns
Sutherland et al. [12] Low Low Low Low Low Low
Ubhietal [11] Low Low Low Low Low Low
Xu et al. [36] Some concerns Low Low Low Low Some concerns
Yigitoglu et al. [37] Low Low Low Low Low Low
BoNT-A Placebo Risk ratio Weight

Study Yes No Yes No with 95% CI (%)

Koman 1994 5 1 2 4 ——ﬂl— 250([0.76, 8.19] 13.36

Koman 2000 31 20 14 41 ——‘— 239[144, 3.95] 7433

Sutherland 1999 4 6 0 9 : 8.18 [0.50, 133.66] 2.41

Ubhi 2000 10 10 2 16 ﬁ:_.— 450[1.13, 17.85] 9.91

Overall - 264[1.71, 4.07]

Heterogeneity: I” = 0.00%, Q(3) = 1.37, p = 0.71 :

Testof 8 = 0: 2= 4.38, p = 0.00 I

Fixed-effects inverse-variance model

1 4 16 64

Fig. 2 Forest plot showing meta-analysis of Botulinum toxin A (BoNT-A) versus placebo on number of gait improvement. Gait improvement was
determined by at least 2 scores of Physician’s Rating Scale [7, 23] or at least of 1 point of Video Gait Analysis improvement [11, 12]

’=75.02; Q=4.00, and p=0.05) [31, 32] (Fig. 7B).
BoNT-A plus physical therapy versus physical therapy
yielded a statistically significant difference in ankle dor-
siflexion (USMD 4.16 degrees; 95%CI 1.54, 6.78, mod-
erate heterogeneity, I*=236.07%, Q=1.56, and p=0.21)
[20, 36] (Fig. 7C).

Gross Motor Function Measure (GMFM); dimensions D and E

Five studies reported GMFM dimension D and E [10, 27,
29, 30, 32], whereas three studies assessed only dimen-
sion E [11, 36, 37]. All studies reported various com-
parisons and could not be pooled in the meta-analysis.
Individual studies showed no statistically significant for
BoNT-A versus placebo [11, 27], BoONT-A plus casting
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Fig. 3 A funnel plot of the comparison of botulinum toxin

A (BoNT-A) versus placebo showed asymmetry of the plot. A
contour-enhanced funnel plot demonstrated that missing studies
were in the area of non-significance indicating a publication bias

versus BoNT-A alone [32], BONT-A versus casting [10],
BoNT-A plus physiotherapy versus physiotherapy alone
[36], and BoNT-A plus physiotherapy versus BoNT-A
alone [37]. Both hinged and solid AFO improved GMFM
dimension E [29], whereas only hinged AFO provided
better GMFM dimensions D and E than controls [30].

The summary of estimated treatment effects for all
comparisons is provided in Table 5. Average BoNT-A
dosage from included studies was 3 U/Kg body weight [7,
9-11, 13, 20, 23, 31, 32].

Discussion

This systematic review with meta-analysis was con-
ducted to assess the efficacy of conservative treatments,
i.e,, BONT-A, physiotherapy, casting, and AFO in pro-
moting quality of gait in children with spastic cerebral
palsy presenting with equinus foot. According to the
studies, BONT-A improved gait patterns, assessed by
PRS and VGA more than placebo with/without con-
ventional therapy. No significant differences in gait
improvement were detected among other pairings

(2022) 17:411
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included BoNT-A versus casting, BONT-A plus casting
versus BoNT-A alone, and BoNT-A plus physiotherapy
versus physiotherapy alone. Interestingly, the BONT-A
combining with physiotherapy could significantly maxi-
mize passive ankle dorsiflexion by 4 degrees comparing
to physiotherapy alone. Moreover, the AFO improved
gait pattern by increasing the ankle dorsiflexion during
initial contact as well as the gross motor function com-
paring to non-AFO group. The results from this study
would provide proper clinical decision to conserva-
tively manage equinus deformity.

Our finding reaffirms that the BoNT-A was effective
for improving gait and its effect with physical therapy
in enhancing passive ankle dorsiflexion at knee exten-
sion comparing to physical therapy alone. Although our
research and the previous meta-analysis [17] included
the same studies [7, 11, 12, 23], the previous review
showed high effect size with bias estimation from Peto
odds ratio at 3.99; 95%CI 1.89, 8.44, which is not recom-
mended as a default method for meta-analysis due to
possible over-estimation of effect size[17]. The BoNT-A
may take at least 8 weeks for gait improvement efficacy
and then can be clinically apparent at 12—16 weeks [23].
Most of included studies followed up to 12-16 weeks
and focused on spastic cerebral palsy in early to middle
childhood. During this age period, it is the optimal time
to start BONT-A due to flexible gait patterns and gross
motor function [38]. The BoNT-A dosage from our
review is 3 U/Kg/body weight, which is quite compatible
with the common use of 4-8 U/kg/body [38], and multi-
level BONT-A 2 to 29 U/kg/body weight [38] for severe
spasticity with multiple contractures [39]. In addition,
our study points out that the BONT-A plus physiotherapy
could significantly increase the passive ankle dorsiflexion
when compared to the physiotherapy alone, but the pre-
vious study did not estimate this effect.

Casting immobilized and lengthened muscle position
by reducing spasticity and also enhancing gait function
and ankle movement [40]. With regard to the previous
systematic review [41], the BONT-A showed non-signif-
icant gait improvement and passive ankle dorsiflexion
with knee extension when combined or compared with
casting. We also deepened the analysis by including more
outcomes such as mean composite scores of PRS, Obser-
vational Gait Scale, and CGAS, and ankle dorsiflexion at
initial contact. The results still showed insignificant dif-
ference. The possible explanation may be from heteroge-
neity caused by gait assessment scales, small number of
studies, and baseline passive ankle dorsiflexion. On the
contrary, the network meta-analysis found that BoNT-
A significantly improved passive ankle dorsiflexion with
knee extension at 3 months compared to BoONT-A plus
casting [18]. These inconsistent results may be due to
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(A) BoNT-A Casting Cohen's d Weight

Study N Mean SD N Mean SD with 95% CI (%)
T

Corry1998 10 55 1.19 10 55 1.19 —i— 0.00 [ -0.88, 0.88] 53.29

Flett 1999 8 3.38 226 10 273 162 — 0.34 [ -0.60, 1.27] 46.71

Overall i 0.16 [ -0.48, 0.80]

Heterogeneity: I = 0.00%, Q(1) = 0.27, p = 0.61
Testof ®=0:2=0.48, p=0.63

-1 0 1 2

Fixed-effects inverse-variance model

(B) BoNT-A+Casting BONT-A Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)

T

Hayek2010 11 118 1.02 9 1012 1.6 —— 1.28[ 0.32, 2.25] 41.59
Dursun 2017 34 105 3.1 17 95 3 ——.ﬁ:— 0.33[-0.26, 0.91] 58.41
Overall 4* 0.72[-0.20, 1.65]

Heterogeneity: 1° = 0.29, I> = 63.67%, Q(1) = 2.75, p = 0.10
Testof 0=0:z2=1.54,p=0.12

-1 0 1 2 3
Random-effects DerSimonian—Laird model

(C) BoNT-A + physiotherapy  Physiotherapy Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)

Dursun 2002 256 4672 16 10 48 13.41
El-Etribi 2004 20 11.73 224 20 893 1.77

-0.08 [-0.82, 0.65] 49.63
1.39[ 0.70, 2.08] 50.37

Overall 0.66 [-0.78, 2.10]
Heterogeneity: 1° = 0.95, I = 87.78%, Q(1) = 8.19, p < 0.01

Testof8=0:2=0.89, p=0.37

529 0 1 23
Random-effects DerSimonian—Laird model
Fig. 4 Forest plots showing meta-analysis for composite scores of A. botulinum toxin A (BoNT-A) versus casting evaluated by composite scores of
Physician’s Rating Scale [9, 10], B. BONT-A plus casting versus BoNT-A alone assessed by composite scores of Observational Gait Scale [31, 32], and C.
BoNT-A plus physical therapy versus physical therapy indicated by composite scores of Clinical Gait Assessment Score [13, 20]

AFO Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Radtka 1997 10 3.24 4.12 10 -7.52 5.24 —.— 10.76 [ 6.63, 14.89] 24.35
Rethlefsen 1999 42 35 4521 -6 6 - 410[ 146, 6.74] 2691
Buckon 2004 48 507 426 16 -7.2 13 ——  1227[ 8.09, 16.45] 24.25
Radtka 2005 24 623 6.04 12 -8.14 546 —l— 14.37[1031, 18.43] 24.49
Overall —~i—  1022[ 5.13, 15.31)

Heterogeneity: 1° = 23.23, I” = 86.90%, Q(3) = 22.90, p < 0.001
Testof 8=0:2=3.94, p=0.00

S5 0 5 10 20

Random-effects DerSimonian-Laird model
Fig. 5 Forest plot showed meta-analysis of the efficacy of the ankle—foot orthosis (AFO) versus control on ankle dorsiflexion at initial contact
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Fig. 6 A funnel plot and a contour-enhanced funnel plot of the
comparison between orthosis and control on ankle dorsiflexion
showed asymmetry. Missing studies were broadly in the area of
statistical significance (no shading) which indicated the influences
from other factors rather than a publication bias

different inclusion criteria, i.e., study designs and inter-
ventions (immediate/delayed casting).

The AFO was known to enhance ankle dorsiflex-
ion during walking. Our results confirmed its abil-
ity to increase ankle dorsiflexion at initial contact
(USMD =10.22, 95%CI 5.13, 15.31 converted to
SMD =1.62; 95% CI 0.82, 2.43). The previous meta-
analysis recruited both observational studies and RCTs
with the SMD =1.34 and 95%CI from 1.13, 1.56 [19].
However, pooling different study designs may increase
the risk of biases from the high heterogeneity of popu-
lation and confounding factors [42]. Our study tried
to explore the differences between two included stud-
ies comparing AFO versus control. Buckon et al. sum-
marized a significant different GMFM dimension E
between both hinged and solid AFO versus control
[29], whereas the other reported that only hinged AFO
provided significantly different GMFM dimensions D
and E from control [30]. The conflicting results may
come from different study designs: crossover (con-
trolled within subjects) [29] and quasi-experimental

(2022) 17:411

Page 12 of 15

study (not randomly assigned) [30]. Moreover, a
hinged AFO allows free dorsiflexion but blocks plantar
flexion at 0° [5]. We, therefore, performed subgroup
analysis to compare between hinged and solid AFO
[29, 34, 35]. Hinged design increased ankle dorsiflex-
ion at initial contact more than a solid type without
significant difference (USMD =0.37; 95%CI —1.48,
2.22).

The strengths of our study are the inclusion of all con-
servative treatments, performing meta-analysis, and
estimated overall gait outcomes. We employed a compre-
hensive search strategy without limiting to only English
language; followed the PRISMA guideline; and retrieved
only RCTs and good quality assessment (90% of low risk/
some concern). However, limitations are various placebo
and control, as well as no BoNT-A vs AFO precluded
common comparators between AFO/physical therapy
and other treatments to conduct an indirect comparison.
Publication bias was found among BoNT-A vs placebo
comparisons [7, 11, 12, 23]. Most published RCTs inves-
tigated non-specific GMFCS [7, 9-13, 20, 23, 28, 33-35,
43]; small number of studies focused on pre-treatment
ankle passive motion [9-11, 20, 31-36, 43]; and small
sample size [7, 10, 21, 28, 29, 33, 34] leading to inconsist-
ency and weakness of evidences. The characteristics of
equinus were not clearly identified. Therefore, we deter-
mined dynamic equinus at ankle dorsiflexion less than 10
degrees [44] instead of unreliable passive range of motion
[10]. Furthermore, the outcomes were evaluated at a
short period of 3—4 months, but it was adequate to detect
gait improvement [23].

In clinical practice for spastic equinus deformity,
BoNT-A or casting may be chosen according to availabil-
ity or affordability. AFO is the other option to enhance
ankle dorsiflexion at initial contact and GMFM. Further
randomized controlled trials comparing gait improve-
ment and ankle dorsiflexion between AFO and BoNT-
A, a common comparator, would facilitate a network
meta-analysis to find the best treatment and fill the gap
of knowledge.

Conclusion

BoNT-A, casting, and AFO could be recommended for
a young ambulatory/partially ambulatory cerebral palsy
with dynamic equinus deformity. Either BoNT-A or
casting contributes to gait improvement by visual obser-
vational gait analysis and passive ankle dorsiflexion.
Moreover, BoONT-A provides additional passive ankle
dorsiflexion with knee extension to physiotherapy alone.
AFO would be useful for ankle dorsiflexion at initial con-
tact and gross motor function.
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Heterogeneity: 1° = 39.11, I” = 76.69%, Q(1) = 4.29, p= 0.04
Testof 8=0:2=0.79,p=0.43

(A) BONT-A Casting Mean diff. Weight

Study N Mean SD N Mean SD with 95% Cl (%)
T

Corry 1998 10 7.5 595 10 -1.25 7.25 Al — 8.75[ 2.94, 14.56] 53.03
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Overall ) 4.01(-5.87, 13.89]
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(B) BoNT-A+casting BONT-A Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Dursun 2017 34 3 1517 -65 127 —%—.— 9.50 ([ 2.57, 16.43] 51.67
Hayek 2010 11 1 9 9 1225 9 -1.25[-9.18, 6.68] 48.33
Overall 4.30[-6.22, 14.83)
Heterogeneity: 1° = 43.35, I° = 75.02%, Q(1) = 4.00, p = 0.05 |
Testof 0=0:2z=0.80, p=0.42 :
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(Q) BoNT-A+physiotherapy Physiotherapy Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)

T
El-Etribi 2004 20 282 636 20 261 7.02 ——l—:— 2.10[-2.05, 6.25] 29.71
Xu 2009 45 9.93 393 20 49 3.20 —r.— 5.03[ 3.07, 6.99] 70.29
Overall i 4.16 [ 1.54, 6.78]
Heterogeneity: 1° = 1.55, I* = 36.07%, Q(1) = 1.56, p = 0.21 i
Testof8=0:2=3.11,p=0.00 .
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Fig. 7 Forest plot showing meta-analysis for passive ankle dorsiflexion with knee extension of A botulinum toxin A (BoNT-A) versus casting alone, B
BoNT-A plus casting versus BoNT-A alone, and € BoNT-A plus physical therapy versus physical therapy alone

Table 5 Summary of estimated treatment effect of the included studies

Outcome measure Treatment comparisons

Pooled effect size

1. Number of gait improvement
2. Composite score of gait improvement

3. Ankle dorsiflexion at initial contact

4. Passive range of ankle dorsiflexion with
knee extension

BoNT-A versus placebo [7, 11,12, 23]
a. BONT-A versus casting [9, 10]

¢. BONT-A + casting versus BoNT-A [31, 32]
b. BoNT-A + physical therapy versus physical therapy [13, 20]

Orthosis versus control [29, 33-35]
a. BoNT-A versus casting [9, 10]

b. BoNT-A + casting versus BoNT-A [31, 32]
¢. BoNT-A+ physical therapy versus physical therapy [20, 36]

RR (95% CI); 2.64 (1.71,4.07)
SMD (95% Cl); 0.16 (—0.48, 0.8)

SMD (95% Cl); 0.72 (— 0.2, 1.65)
SMD (95% Cl); 0.66 (—0.78, 2.1)

USMD (95% Cl); 10.22 (5.13,15.31)
USMD (95% Cl); 401 (—5.87, 13.89)

(
USMD (95%Cl); 0.39 (—0.52, 1.3)
USMD (95% CI); 4.16 (1.54, 6.78)

Botulinum toxin A, BONT-A; RR, risk ratio; SMD, standardized mean difference; USMD, unstandardized mean difference; and Cl, confidence interval

Abbreviations

RCT: Randomized controlled trial; BONT-A: Botulinum toxin A; RR: Risk ratio;
USMD: Unstandardized mean difference; Cl: Confidence interval; PRS:
Physician's Rating Scale; GMFM: Gross Motor Function Measure; VGA: Video
Gait Analysis; AFO: Ankle—foot orthosis; PRISMA: Preferred Reporting Items

for Systematic Reviews and Meta-Analyses; GMFCS: Gross Motor Function
Classification System; CGAS: Clinical Gait Assessment Score; RoB 2: A revised
Cochrane risk-of-bias tool for randomized trials; SMD: Standardized mean
difference.



Klaewkasikum et al. Journal of Orthopaedic Surgery and Research

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513018-022-03301-3.

[ Additional file 1. Search terms and search strategy. }

Authors’ contributions

KK, TP, PW, and KT substantially contributed to the conception and design of
the work; KK, PW, SV, and AT were involved in acquisition, analysis, and inter-
pretation of data; KK, PW, TW drafted the work and substantively revised the
manuscript; and all authors have approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors report no conflict of interest.

Author details

'Department of Orthopaedics, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok 10400, Thailand. 2Department of Preventive

and Social Medicine, Faculty of Medicine, Chulalongkorn University, Bang-

kok 10330, Thailand. *Department of Clinical Epidemiology and Biostatistics,
Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok 10400,
Thailand.

Received: 17 March 2022 Accepted: 25 August 2022
Published online: 08 September 2022

References

1. Horsch A, Gotze M, Geisbusch A, Beckmann N, Tsitlakidis S, Berrsche G,
et al. Prevalence and classification of equinus foot in bilateral spastic
cerebral palsy. World J Pediatr. 2019;15(3):276-80.

2. Stott NS. Cerebral Palsy. In: Rome K, McNair P, editors. Management of
chronic conditions in the foot and lower leg. Edinburgh: Churchill Living-
stone; 2015. p. 214-50.

3. Miller F Ankle Equinus in Cerebral Palsy. In: Miller F, Bachrach S, Lennon N,
O'Neil M, editors. Cerebral Palsy. Cham: Springer; 2019. p. 1-24.

4. Patel A, DiGiovanni B. Association between plantar fasciitis and isolated
contracture of the gastrocnemius. Foot Ankle Int. 2011;32(1):5-8.

5. Balaban B, Yasar E, Dal U, Yazicioglu K, Mohur H, Kalyon TA. The effect of
hinged ankle-foot orthosis on gait and energy expenditure in spastic
hemiplegic cerebral palsy. Disabil Rehabil. 2007;29(2):139-44.

6. Davids JR. The foot and ankle in cerebral palsy. Orthop Clin North Am.
2010;41(4):579-93.

7. Koman LA, Mooney JF, Smith BP, Goodman A, Mulvaney T. Manage-
ment of spasticity in cerebral palsy with botulinum-A toxin: report
of a preliminary, randomized, double-blind trial. J Pediatr Orthop.
1994;14(3):299-303.

8. Mackey AH, Lobb GL, Walt SE, Stott NS. Reliability and validity of the
observational gait scale in children with spastic diplegia. Dev Med Child
Neurol. 2003;45(1):4-11.

9. Corry IS, Cosgrove AP, Duffy CM, McNeill S, Taylor TC, Graham HK.
Botulinum toxin a compared with stretching casts in the treatment
of spastic equinus: a randomised prospective trial. J Pediatr Orthop.
1998;18(3):304-11.

10. Flett P, Stern L, Waddy H, Connell T, Seeger J, Gibson S. Botulinum toxin A
versus fixed cast stretching for dynamic calf tightness in cerebral palsy. J
Paediatr Child Health. 1999;35(1):71-7.

(2022) 17:411

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

1.

Page 14 of 15

Ubhi T, Bhakta BB, Ives HL, Allgar V, Roussounis SH. Randomised double
blind placebo controlled trial of the effect of botulinum toxin on walk-
ing in cerebral palsy. Arch Dis Child. 2000;83(6):481-7.

Sutherland DH, Kaufman KR, Wyatt MP, Chambers HG, Mubarak

SJ. Double-blind study of botulinum A toxin injections into the
gastrocnemius muscle in patients with cerebral palsy. Gait Posture.
1999;10(1):1-9.

Dursun N, Dursun E, Alican D. The role of botulinum toxin a in the
management of lower limb spasticity in patients with cerebral palsy.
Int J Clin Pract. 2002;56(8):564-7.

Russell DJ, Rosenbaum PL, Cadman DT, Gowland C, Hardy S, Jarvis S.
The gross motor function measure: a means to evaluate the effects of
physical therapy. Dev Med Child Neurol. 1989;31(3):341-52.

Cobeljic G, Bumbasirevic M, Lesic A, Bajin Z. The management of spas-
tic equinus in cerebral palsy. J Orthop Trauma. 2009;23(3):201-9.
Goldstein M, Harper DC. Management of cerebral palsy: equinus gait.
Dev Med Child Neurol. 2001;43(8):563-9.

Cardoso ES, Rodrigues BM, Barroso M, Menezes CJ, Lucena RS, Nora DB,
et al. Botulinum toxin type A for the treatment of the spastic equinus
foot in cerebral palsy. J Pediatric Neurol. 2006;34(2):106-9.

Fathi M, Hussein AS. Effect of Botulinum toxin on equinus foot deform-
ity in cerebral palsy patients: a systematic review and network meta-
analysis. Curr Pharmaceut Des. 2020;26(37):4796-807. https://doi.org/
10.2174/1381612826666200518105633.

Lintanf M, Bourseul J-S, Houx L, Lempereur M, Brochard S, Pons C.
Effect of ankle-foot orthoses on gait, balance and gross motor function
in children with cerebral palsy: a systematic review and meta-analysis.
Clin Rehabil. 2018;32(9):1175-88.

El-Etribi MA, Salem ME, El-Shakankiry HM, El-Kahky AM, El-Mahboub
SM. The effect of botulinum toxin type A injection on spasticity, range
of motion and gait patterns in children with spastic diplegic cerebral
palsy: an Egyptian study. Int J Rehabil Res. 2004,27(4):275-81.

Maas JC, Dallmeijer AJ, Huijing PA, Brunstrom-Hernandez JE, van
Kampen PJ, Jaspers RT, et al. Splint: the efficacy of orthotic manage-
ment in rest to prevent equinus in children with cerebral palsy, a
randomised controlled trial. BMC Pediatr. 2012;12:38.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med. 2009;151(4):264-9.

Koman LA, Mooney JF, Smith BP, Walker F, Leon JM. Botulinum toxin
type A neuromuscular blockade in the treatment of lower extremity
spasticity in cerebral palsy: a randomized, double-blind, placebo-con-
trolled trial. BOTOX Study Group J Pediatr Orthop. 2000;20(1):108-15.
Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366: 14898.

Higgins JB, Thompson SG, Deeks JJ, Altman DG. Measuring inconsist-
ency in meta-analyses. BMJ. 2003;327(7414):557-60.

Lin L, Chu H. Quantifying publication bias in meta-analysis. Biometrics.
2018;74(3):785-94.

Baker R, Jasinski M, Maciag-Tymecka I, Michalowska-Mrozek J, Bon-
ikowski M, Carr L, et al. Botulinum toxin treatment of spasticity in diple-
gic cerebral palsy: a randomized, double-blind, placebo-controlled,
dose-ranging study. Dev Med Child Neurol. 2002;44(10):666-75.

Bottos M, Giannini S, Benedetti M. Botulinum toxin with and without
casting in ambulant children with spastic diplegia: a clinical and func-
tional assessment. Dev Med Child Neurol. 2003;45(11):758-62.

Buckon CE, Thomas SS, Jakobson-Huston S, Moor M, Sussman M, Aiona
M. Comparison of three ankle: foot orthosis configurations for children
with spastic diplegia. Dev Med Child Neurol. 2004;46(9):590-8.
Dalvand H, Dehghan L, Feizi A, Hosseini SA, Amirsalari S. The impacts
of hinged and solid ankle-foot orthoses on standing and walking in
children with spastic diplegia. Iran J Child Neurol. 2013;7(4):12-9.

. Dursun N, Gokbel T, Akarsu M, Dursun E. Randomized controlled trial

on effectiveness of intermittent serial casting on spastic equinus foot
in children with cerebral palsy after botulinum toxin-a treatment. Am J
Phys Med Rehabil. 2017;96(4):221-5.

Hayek S, Gershon A, Wientroub S, Yizhar Z. The effect of injections of
botulinum toxin type A combined with casting on the equinus gait of
children with cerebral palsy. J Bone Joint Surg Br. 2010;92(8):1152-9.


https://doi.org/10.1186/s13018-022-03301-3
https://doi.org/10.1186/s13018-022-03301-3
https://doi.org/10.2174/1381612826666200518105633
https://doi.org/10.2174/1381612826666200518105633

Klaewkasikum et al. Journal of Orthopaedic Surgery and Research (2022) 17:411

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Radtka SA, Skinner SR, Dixon DM, Johanson ME. A comparison of gait
with solid, dynamic, and no ankle-foot orthoses in children with spastic
cerebral palsy. Phys Ther. 1997,77(4):395-409.

Radtka SA, Skinner SR, Johanson ME. A comparison of gait with solid and
hinged ankle-foot orthoses in children with spastic diplegic cerebral
palsy. Gait Posture. 2005;21(3):303-10.

Rethlefsen S, Kay R, Dennis S, Forstein M, Tolo V. The effects of fixed and
articulated ankle-foot orthoses on gait patterns in subjects with cerebral
palsy. J Pediatr Orthop. 1999;19(4):470-4.

Xu K, YanT, Mai J. A randomized controlled trial to compare two botuli-
num toxin injection techniques on the functional improvement of the
leg of children with cerebral palsy. Clin Rehabil. 2009;23(9):800-11.
Yigitoglu P, Kozanoglu E. Effectiveness of electrical stimulation after
administration of botulinum toxin in children with spastic diplegic
cerebral palsy: A prospective, randomized clinical study. Turk J Phys Med
Rehabil. 2019,65(1):16-23.

Molenaers G, Van Campenhout A, Fagard K, De Cat J, Desloovere K. The
use of botulinum toxin A in children with cerebral palsy, with a focus on
the lower limb. J Child Orthop. 2010;4(3):183-95.

Aydil S, Akpinar FM, Akpinar E, Beng K, Yagmurlu MF. Effectiveness of mul-
tilevel botulinum toxin A injection with integrated treatment program
on spasticity reduction in non-ambulatory young children with cerebral
palsy. Med Princ Pract. 2019;28(4):309-14.

Tabary JC, Tabary C, Tardieu C, Tardieu G, Goldspink G. Physiological and
structural changes in the cat’s soleus muscle due to immobilization at
different lengths by plaster casts. J Physiol. 1972;224(1):231-44.
Blackmore A, Boettcher-Hunt E, Jordan M, Chan M. A systematic review of
the effects of casting on equinus in children with cerebral palsy: an evi-
dence report of the AACPDM. Dev Med Child Neurol. 2007;49(10):781-90.
Shikata S, Nakayama T, Noguchi Y, Taji Y, Yamagishi H. Comparison of
effects in randomized controlled trials with observational studies in
digestive surgery. Ann Surg. 2006;244(5).668-76.

Baker R, McGinley JL, Schwartz MH, Beynon S, Rozumalski A, Graham HK,
et al. The gait profile score and movement analysis profile. Gait Posture.
2009;30(3):265-9.

Horsch A, Klotz MCM, Platzer H, Seide S, Zeaiter N, Ghandour M. Is the
prevalence of equinus foot in cerebral palsy overestimated? Results from
a meta-Analysis of 4814 feet. J Clin Med. 2021;10(18):4128.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Efficacy of conservative treatment for spastic cerebral palsy children with equinus gait: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Search strategy
	Study selection
	Data extraction
	Quality assessment of the reviewed studies
	Statistical analysis

	Results
	Study selection
	Characteristics of the reviewed studies
	Intervention and outcome measure
	Quality assessment
	Meta-analysis of intervention studies
	Gait improvement by visual observational gait analysis
	Three dimensional gait analysis
	Passive range of ankle dorsiflexion at knee extension
	Gross Motor Function Measure (GMFM); dimensions D and E


	Discussion
	Conclusion
	References


