
Zahran et al. 
Bulletin of Faculty of Physical Therapy           (2022) 27:37  
https://doi.org/10.1186/s43161-022-00093-9

REVIEW

Systematic review: exercise training 
for equinus deformity in children with cerebral 
palsy
Dina Abd Elwahab Zahran*   , Walaa Mahfouz Bahr and Faten Hassan Abd Elazim 

Abstract 

Background:  Children with spastic cerebral palsy have motor deficits that can lead to joint contractures. Ankle equi-
nus deformity is the most common foot deformity among children with CP. It is caused by spasticity and muscular 
imbalance in the gastrocnemius-soleus complex. Exercise enhances ankle function, improves gait in children with CP, 
and prevents permanent impairment. Therefore, there is a need to investigate the effectiveness of different types of 
exercise used in equine management. The aim of this review is to assess the evidence of the effectiveness of exercise 
training on equinus deformity in children with cerebral palsy.

Methodology:  The American Academy for Cerebral Palsy and Developmental Medicine and Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses methodology were used to conduct this systematic review. Four 
databases (PubMed, Cochrane Library, Physiotherapy Evidence Database (PEDro), and Google Scholar) were searched 
till January 2022 using predefined terms by two independent reviewers. Randomized controlled trials published in 
English were included. This review included seven studies with 203 participants ranging in age from 5 to 18 years. 
Methodological quality was assessed using AACPDM, PEDro scale; also, levels of evidence adopted from modified 
Sacket’s scale were used for each study. Primary outcomes were dorsiflexion angle, plantar flexion angle, and plantar 
flexors strength.

Results:  The quality of studies ranged from good (six studies) to fair (one study). The level of evidence was level 1 (six 
studies) and level 2 (one study) on modified Sacket’s scale. There is a low risk of bias in the included studies. Meta-
analysis revealed a non-significant difference in plantar flexor strength, plantar flexion angle, and dorsiflexion angle 
between the study and control group.

Conclusions:  There is a need for high-quality studies to draw a clear conclusion as the current level of evidence 
supporting the effectiveness of various types of exercises on equinus deformity in children with cerebral palsy is still 
weak.
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Background
Systematic reviews use a structured and pre-defined 
procedure that requires the use of methodological 
approaches (comprehensive methods) to ensure that the 
results are both reliable and purposeful to the patients 
[1]. These reviews are widely used to inform the develop-
ment of consistently reliable clinical guidelines [2–4], and 
they may be considered the best evidence-based health-
care [1]. A systematic review, according to the Cochrane 
handbook, uses explicit, systematic methods to minimize 
bias, thus providing more trustworthy findings from 
which conclusions can be reached and decisions can be 
made [5].

Cerebral palsy (CP) is defined as “a group of develop-
mental disorders of movement and posture that cause 
functional limitation or disability associated with dis-
turbances occurring in the foetal or infant brain”. The 
motor impairment may include a seizure disorder and 
also affection of sensation, cognition, communication, 
and/or behaviour, in addition to secondary musculo-
skeletal disorders that may also exist [6]. It is commonly 
caused by a brain injury that occurs prior to or during 
birth, which is the major contributing factor. It can also 
happen between the ages of 3 and 5 years [7]. Cerebral 
palsy is a complex disease resulting from injury to the 
developing brain rather than a single illness [8]. The 
severity as well as the patterns of motor involvement 
and associated impairments such as those of commu-
nication, intellectual ability, and epilepsy varies greatly 
[7]. The mixture of postural and gait abnormalities is 
one of the most noticeable characteristics found in chil-
dren with CP [9, 10]. Paresis and spasticity, which are 
caused by a lesion in the upper motor neuron, are sig-
nificant contributors to the motor impairments and can 
lead to the development of joint contractures, which are 
dynamic at first but can become fixed joint deformities 
if left untreated. Equinus is often associated with spas-
ticity in the gastrosoleus muscle complex (GSC) [11].

Ankle equinus deformity, which is the inability to 
dorsiflex the foot beyond the plantigrade level, or neu-
tral [12, 13], is the most common foot deformity among 
children with CP [14, 15]. Patients with equinus have 
a lack of ankle dorsiflexion and toe-walking pattern, 
which causes ankle instability, the risk of falling, dys-
function, and consequent joint deformity [16–18]. 
Spasticity and muscle imbalance, with a strong domi-
nance of the gastrocnemius-soleus complex, cause 
equinus deformity. Experimental evidence suggests 
that spastic muscles grow at a slower rate than muscles 
and bones in their normal state, supporting the devel-
opment of contracture [19]. Since this deformity is ini-
tially dynamic, stretching and orthosis may be effective 
treatments.

Exercise and muscle tone management are both sig-
nificant treatment strategies for improving ankle func-
tion [20]. Strength training is an effective method to 
reduce muscle weakness, which is the most common 
consequence of CP, while also improving functional 
ability [21, 22]. Strengthening programmes target-
ing lower extremities play a critical role in improving 
the functional abilities such as walking [21, 23, 24] 
and the Gross motor function classification system 
(GMFCS) scoring after strength training completion 
[21]. Stretching, on the other hand, improves the exten-
sibility of the muscle and helps to avoid or postpone 
the need for orthopaedic interventions. Furthermore, 
stretching is important in preventing permanent mus-
cle or joint shortening (muscle contractures, for exam-
ple) as well as reducing joint stiffness and decreasing 
functional movement [25].

Therapeutic interventions such as stretching and active 
movement training goal are enhancing ankle function 
and improving gait in children with CP [26]. The aim of 
this study is to conduct a systematic review of the qual-
ity of evidence regarding the efficacy of several types of 
exercises used in the management of equine deformity in 
children with cerebral palsy.

Main text
Methods
Two reviewers conducted an electronic search up to 
January 2022. To find relevant published studies, the fol-
lowing databases were searched: the Cochrane Library, 
the Physiotherapy Evidence Database (PEDro), PubMed, 
and Google Scholar. The following keywords were used 
to search those databases: “Cerebral palsy”, “equinus 
gait”, “ gastrocnemius tightness”, “dorsiflexor weakness”, 
“equinus deformity”, “equinus contracture”, “Talipes Equi-
nus”, “exercise therapy”, “Resistance Training”, “ Physical 
Activity”, “exercise fitness”, “Exercise Movement Tech-
nique”. The Cochrane Handbook for Systematic Reviews 
of Interventions [5], the American Academy for Cerebral 
Palsy and Developmental Medicine (AACPDM) meth-
odology for developing systematic reviews of treatment 
interventions [27], and the Preferred Reporting Items for 
Systematic Reviews (PRISMA) guidelines [28] were used 
to conduct this systematic review. All potentially eligible 
articles were obtained in full text, and reference lists from 
eligible studies were also screened.

Eligibility criteria
The following criteria were used to determine whether 
studies were eligible:

•	 Study design: randomized controlled trials (RCT)
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•	 Participants: children with various forms of CP from 
both sexes; their age is up to 18 years old

•	 Intervention: exercise training (strengthening exer-
cises, stretching exercises, or a combination of 
strengthening and stretching exercises)

•	 Outcomes: dorsiflexion angle, plantar flexion angle, 
plantar flexors strength

•	 Language: available English full-text studies

Criteria for exclusion

•	 Studies that have not yet been published
•	 Non-RCT study designs, such as narrative reviews, 

case reports or series, observational studies, and con-
ference proceedings

•	 Research that investigated outcomes that were unre-
lated to our scope

•	 Studies that combined exercise training with other 
modalities

Data extraction
Two reviewers filled the data extraction sheet devel-
oped by the American Academy for Cerebral Palsy and 
Developmental Medicine (AACPDM) [27] to extract rel-
evant information or data, such as the following: (a) the 
author and year of publication; (b) population informa-
tion, including the number of children by diagnosis and 
age; (c) study design; (d) methodology; (e) measured out-
comes; and (f ) results. When compared to a similar tool, 
the inter-rater reliability and convergent validity of the 
AACPDM’s evidence and study quality ratings for group 
design studies are acceptable [28].

Methodological quality assessment
The current systematic review’s methodological qual-
ity was assessed using the AACPDM rating system of 
quality assessment [27] and the PEDro scale. PEDro is 
a reliable valid indicator of clinical trial methodological 
quality [29]. The internal validity of the included studies 
was assessed through PEDro scale criteria of adequate 
randomization; allocation concealment; blinding of par-
ticipants, therapists, and assessor; incomplete outcome 
data; similar baseline; and use of intention-to-treat analy-
sis. The items are scored as either present (1) or absent 
(0). To reach the final decision, the methodological qual-
ity of the included studies was independently assessed 
by two reviewers, and discrepancies were resolved by 
consulting with a third reviewer. After categorizing each 
item as “present” or “absent”, the total score of each study 

was calculated as the sum of “present” responses. Scores 
range from 0 to 10, with higher scores indicating higher 
RCT methodological quality. The individual study’s qual-
ity would be rated as excellent (score 9–10), good (score 
6–8), fair (score 4–5), or poor (score 3) [30].

The AACPDM questions include clear eligibility crite-
ria, reliable measures of outcome, blinding of assessors, 
power calculations, and controlling for other sources of 
bias (for example, unclear type of random sequence gen-
eration or allocation concealment, insufficient follow-
up, lack of intention to treat). Each question should be 
answered with “yes” (criterion/criteria present) or “no” 
(criterion/criteria absent). Individual studies’ quality 
would be assessed as strong (“yes” on 6–7 of the ques-
tions), moderate (scoring 4 or 5), or weak (score 3) for 
group studies [27].

Level of evidence
The modified Sackett scale [31] was used to assess the 
level of evidence in all included studies. The modified 
Sackett scale has five levels of evidence, which are as 
follows: level 1 if the study is RCT (PEDro score ≥ 6); 
level 2 if the study is RCT (PEDro score < 6), prospec-
tive controlled trial or cohort; level 3 if the study is case-
control; level 4 if the study is one-group pretest-posttest 
or case series; and level 5 if the study is a case report. The 
strength of the evidence for the intervention was deter-
mined using this 5-level scale.

Assessment of risk of bias of included studies
Bias is defined as a systematic error in results or infer-
ences. Biases can work in both ways: different biases can 
lead to an underestimation or overestimation of the true 
intervention effect. Biases can range in intensity. It is usu-
ally impossible to determine the extent to which biases 
influenced the findings of a particular study. The domains 
that represent the risk of bias in the current systematic 
review are random sequence generation, allocation con-
cealment, selective reporting, other sources of bias, 
blinding (participants and personnel and outcome assess-
ment), and incomplete outcome data [32].

Data analysis
If two or more published studies were similar in terms of 
intervention, patient demographics, outcome measures, and 
adequate quality, data were statistically summarized. Data 
from homogenous studies were analysed using Review Man-
ager (RevMan – version 5.4.1, The Nordic Cochrane Center, 
The Cochrane Collaboration, Copenhagen, Denmark, 2021). 
A formal meta-analysis was conducted for all outcomes if 
the data were sufficient. Pooled data were expressed as the 
mean difference (MD) with 95% CI. Meta-analyses includ-
ing studies with different scales were summarized using the 
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standardized mean difference (SMD) with the 95% CI. For 
the studies reporting the mean and 95% CI, the SD of the 
paired difference was calculated in 2 steps: (1) dividing the 
confidence interval (CI) by the t constant according to the 
degree of freedom that depends on the sample size to get 
the standard error of the mean (SEM), then (2) applying 
the equation SD = SE × SQRT (n) to calculate the SD. The 
heterogeneity test (I2) helps to assess whether there are dif-
ferences between the studies included in the meta-analysis 
[33–35]. If the I2 value is ˂ 50%, and the test P value is ˃ 0.05, 
so the studies can be considered homogenous. Between-
study statistical heterogeneity was explored and quantified 
using the I2 test. By default, the fixed-effect model was used 
in all analyses. The 2-sided statistical analysis testing was 
considered the α-error level at 0.05.

Results
Literature search
The search strategy revealed 5170 articles from the previ-
ously mentioned databases as follows: Cochrane Library 
(13), PEDro (1), PubMed (16), and Google Scholar 
(5140). There were duplicate articles (9). The remaining 
5161 articles, titles, and abstracts were independently 
screened by the reviewers. Thirteen articles were filtered 
based on full text; as shown in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses flow 
chart (PRISMA) (Fig. 1) [36], 5148 articles were excluded 
because they were outside the scope, used different ther-
apies, the children’s diagnosis was not CP, or the outcome 

of interest was absent. The remaining seven studies made 
the basis for the current systematic review.

This systematic review includes meta-analysis for five 
studies and descriptive analysis for two studies because 
of the difference in terms of intervention.

Study characteristics
In terms of general participant characteristics, outcome 
measures, and evaluation procedures, there was some 
homogeneity among the studies included (Table 1). As a 
result, these studies underwent meta-analysis.

Participant characteristics
Two hundred and three children ranged from 5 to 18 years 
of age were diagnosed with spastic cerebral palsy with 
[GMFCS] levels I–III [37, 38, 40–42] and [GMFCS] levels 
I and II [39, 42, 43]. One study specifies CP type which is 
diplegic [42].

Intervention
All studies investigated the effect of different types of 
exercise training on equine deformity in children with 
cerebral palsy (strengthening exercise [37, 39, 41–43], 
stretching exercise [39, 40], combined strengthening and 
stretching exercise [38]).

Types of outcomes measured
Dorsiflexion angle [39, 43], plantar flexion angle [41, 43], 
and plantar flexors strength [37, 41–43].
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Fig. 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart
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Measurements of the outcomes
All studies used a dynamometer for measuring plantar 
flexors strength, goniometry, and markers for measuring 
plantar flexion angle and dorsiflexion angle.

Methodological quality level
Table 2 shows how each study scored on the PEDro scale. 
The mean score of the 7 studies was 6.9. Three stud-
ies were rated an 8 [37, 40, 42], one was rated a 7 [41], 

Table 2  PEDro score

Criteria Rayn et al. 
[37]

Kalkman et al. 
[38]

Hosl et al. 
[39]

Kruse et al. 
[40]

Bohm et al. 
[41]

Scholtes et al. 
[42]

Dodd et al. 
[43]

1. Specified eligibility 
criteria

Yes Yes Yes Yes Yes Yes Yes

2. Random allocation of 
participants

Yes Yes Yes Yes Yes Yes Yes

3. Concealed allocation Yes Yes No Yes Yes Yes Yes

4. Similar prognosis at 
baseline

Yes Yes Yes Yes Yes No Yes

5. Blinded participant No No No No No No No

6. Blinded therapists No No No No No No No

7. Blinded assessors Yes Yes No No Yes Yes Yes

8. More than 85% follow-
up for at least one key 
outcome

Yes No Yes No Yes Yes Yes

9. “Intention to treat” 
analysis

Yes No Yes No Yes Yes Yes

10. Between-group statisti-
cal analysis for at least one 
key outcome

Yes Yes Yes Yes Yes Yes Yes

11. Point estimates of vari-
ability for at least one key 
outcome

Yes Yes Yes Yes Yes Yes Yes

PEDro score 88/10 66/10 66/10 55/10 88/10 77/10 88/10

Table 3  AACPDM methodological quality

M moderate, S strong, W weak

Study Quality 1 2 3 4 5 6 7

Rayn et al. [37] S 7/7 Yes Yes Yes Yes Yes Yes Yes

Kalkman et al. [38] S 6/7 Yes Yes Yes Yes Yes No Yes

Hosl et al. [39] S 6/7 Yes Yes Yes No Yes Yes Yes

Kruse et al. [43] M 5/7 Yes Yes Yes No Yes No Yes

Bohm et al. [40] S 6/7 Yes Yes Yes Yes Yes Yes No

Scholtes et al. [41] S 7/7 Yes Yes Yes Yes Yes Yes Yes

Dodd et al. [42] S 7/7 Yes Yes Yes Yes Yes Yes Yes

Fig. 2  Forest plot of comparison between study and control groups regarding dorsiflexion angle — post-intervention
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two studies were given a 6 [38, 39], and one research was 
given a 5 [43] that represents “fair” quality.

The score of each study on the AACPDM conduct 
questions is also presented in Table  3. The mean score 
of the 7 studies was 6.3. Three studies had a score of 7 

[37, 41, 42], and three studies received a score of 6 [38–
40] which represents “strong” quality. A score of 5 was 
assigned to one study [43], indicating “moderate” quality.

The AACPDM conduct questions: (a) Had inclusion 
and exclusion criteria of the study participants well 

Fig. 3  Forest plot of comparison between study and control groups regarding plantar flexion angle — post-intervention

Fig. 4  Forest plot of comparison between study and control groups regarding plantar flexion angle — follow-up

Fig. 5  Forest plot of comparison between study and control groups regarding plantar flexors strength — post-intervention

Fig. 6  Forest plot of comparison between study and control groups regarding plantar flexors strength — follow-up
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defined and followed? (b) Had the intervention well 
described and was there adherence to the intervention 
protocol? (For 2 group designs, had the control inter-
vention also well described?) Both parts of the ques-
tion must be met to score “yes.” (c) Had the measures 
used clearly described, valid, and reliable for meas-
uring the outcomes of interest? (d) Had the outcome 
assessor unaware of the intervention status of the par-
ticipants (i.e. were the assessors masked)? (e) Did the 
researchers conduct and describe appropriate statisti-
cal measures including power calculations? Both parts 
of the question must be met to score “yes.” (f ) Had 
dropout/loss to follow-up reported and less than 20%? 
For 2 group designs, was dropout balanced? (g) Con-
sidering the potential within the study design, had the 
authors use appropriate methods for controlling con-
founding variables and limiting potential biases?

Level of evidence
According to the modified Sacket scale [31], five studies 
were ranked level 1 and two studies ranked level 2.

Descriptive synthesis of the risk of bias
All studies had random allocation of participants, had 
groups of similar baselines, reported results of between-
group statistical comparisons, provided measures of 
variability for at least one outcome, and specified the eli-
gibility criteria. There were five studies with concealed 
allocation [37, 38, 40–42], six studies with blinded asses-
sors [37–42], and only one study with blinded partici-
pants and blinded therapists [42].

Meta‑analysis
A meta-analysis was performed for three variables: dorsi-
flexion angle in the immediate assessment (Fig. 2), plan-
tar flexion angle in the immediate assessment (Fig.  3) 
and the follow-up assessment (Fig.  4), and plantar flex-
ion strength in the immediate assessment (Fig. 5) and the 
follow-up assessment (Fig. 6).

Dorsiflexion angle
Two studies [39, 43] were included in a meta-analysis 
for dorsiflexion angle — post-intervention. As shown in 
Fig. 2, the total number of children included in the meta-
analysis is 26 in study groups and 26 in control groups. 
The forest plot of mean difference across the two stud-
ies at 95% CI of mean difference is MD = 0.14 (95% CI 
of mean difference = −3.86, 4.13). Furthermore, the 95% 
confidence intervals of the overall effect estimate overlap 
the null effect value, so the meta-analysis level revealed 
a non-significant difference between the study groups 
and control groups (the overall effect P value is 0.95). The 
I2 statistic (I2 = 0%, P = 0.87, random-effects model) is 

expressed as a percentage and represents the total vari-
ability in the studies’ effect measure which is due to het-
erogeneity. The I2 value is ˂ 50%, and the test P value is ˃ 
0.05 so the studies can be considered homogenous.

Plantar flexion angle
Two studies [41, 43] were included in a meta-analysis for 
plantar flexion angle — post-intervention. As shown in 
Fig. 3, the total number of children included in the meta-
analysis is 44 in study groups and 44 in control groups. 
The forest plot of mean difference across the two stud-
ies at 95% CI of mean difference is MD = 0.32 (95% CI 
of mean difference = −0.10, 0.74). Furthermore, the 95% 
confidence intervals of the overall effect estimate overlap 
the null effect value, so the meta-analysis level revealed 
a non-significant difference between the study groups 
and control groups (the overall effect P value is 0.14). The 
I2 statistic (I2 = 0%, P = 0.79, random-effects model) is 
expressed as a percentage and represents the total vari-
ability in the studies’ effect measure which is due to het-
erogeneity. The I2 value is ˂ 50%, and the test P value is ˃ 
0.05 so the studies can be considered homogenous.

Two studies [41, 43] were included in a meta-analysis 
for plantar flexion angle —follow-up. As shown in Fig. 4, 
the total number of children included in the meta-anal-
ysis is 44 in study groups and 44 in control groups. The 
forest plot of mean difference across the two studies at 
95% CI of mean difference is MD = 0.24 (95% CI of mean 
difference = −0.32, 0.81). Furthermore, the 95% confi-
dence intervals of the overall effect estimate overlap the 
null effect value, so the meta-analysis level revealed a 
non-significant difference between the study groups and 
control groups (the overall effect P value is 0.40). The I2 
statistic (I2 = 44%, P = 0.18, random-effects model) is 
expressed as a percentage and represents the total vari-
ability in the studies’ effect measure which is due to het-
erogeneity. The I2 value is ˂ 50%, and the test P value is ˃ 
0.05 so the studies can be considered homogenous.

Plantar flexors strength
Four studies [37, 41–43] were included in a meta-anal-
ysis for plantar flexors strength — post-intervention. As 
shown in Fig. 5, the total number of children included in 
the meta-analysis is 82 in the study groups and 71 in the 
control groups. The forest plot of mean difference across 
the four studies at 95% CI of mean difference is MD = 
0.24 (95% CI of mean difference = −0.09, 0.56). Further-
more, the 95% confidence intervals of the overall effect 
estimate overlap the null effect value, so the meta-anal-
ysis level revealed a non-significant difference between 
the study groups and control groups (the overall effect 
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P value is 0.15). The I2 statistic (I2 = 3%, P = 0.38, ran-
dom-effects model) is expressed as a percentage and rep-
resents the total variability in the studies’ effect measure 
which is due to heterogeneity. The I2 value is ˂ 50%, and 
the test P value is ˃ 0.05 so the studies can be considered 
homogenous.

Four studies [37, 41–43] were included in a meta-anal-
ysis for plantar flexors strength — follow-up. As shown in 
Fig. 6, the total number of children included in the meta-
analysis is 80 in the study groups and 70 in the control 
groups. The forest plot of mean difference across the four 
studies at 95% CI of mean difference is MD = 0.32 (95% 
CI of mean difference = 0.00, 0.65). Furthermore, the 95% 
confidence intervals of the overall effect estimate overlap 
the null effect value, so the meta-analysis level revealed 
a non-significant difference between the study groups 
and control groups (the overall effect P value is 0.05). The 
I2 statistic (I2 = 0%, P = 0.93, random-effects model) is 
expressed as a percentage and represents the total vari-
ability in the studies’ effect measure which is due to het-
erogeneity. The I2 value is ˂ 50%, and the test P value is ˃ 
0.05 so the studies can be considered homogenous.

Discussion
Best practice in rehabilitation requires sufficient evidence 
before an intervention can be considered appropriate in a 
defined population. The current systematic review used 
systematic methods for searching for and appraises avail-
able studies in order to assess the quality and strength 
of evidence of different forms of exercises for equines in 
children with cerebral palsy. In this review, the outcomes 
included are dorsiflexion angle, plantar flexion angle, and 
plantar flexion strength. Strengthening exercises promote 
bone growth, lower blood sugar, aid in weight control, 
improve balance and posture, and alleviate joint stress 
and pain [44]. Stretching the calf muscles has been shown 
to improve ankle range of motion in both young and old 
patients [45]. Calf stretching exercises are commonly 
prescribed and the most common clinical approach for 
treating ankle joint equines. It promotes and maintains 
flexibility, reduces pathological pressures and forces, and 
enhances dynamic gait [46].

This review included randomized controlled trials. This 
design allows for the estimation of the effect of exercise 
training on equinus deformity in children with cerebral 
palsy. Randomization reduces selection bias and pro-
vides a comprehensive tool for examining cause–effect 
relationships between an intervention and an outcome, 
which makes the RCT the gold standard for intervention 
and impossible to achieve with any other study design 
[47].

All studies in this systematic review had random allo-
cation of participants and similar baselines, reported 

results of between-group statistical comparisons, and 
provided measures of variability for at least one outcome. 
The eligibility criteria were specified in all studies. Five 
studies [37, 38, 40–42] had blinded assessors and con-
cealed allocation. Only one study [42] had blinded par-
ticipants and a blinded therapist. All the included studies 
obtained at least one outcome from more than 85% of the 
participants initially allocated, and five studies [37, 39–
42] used an intention-to-treat analysis.

During normal gait, the coupling of ankle plantar-
flexion and knee extension moments during mid-
stance promotes lower limb stability [48]. The soleus, 
an ankle plantarflexor muscle, restrains forward rota-
tion of the tibia over the foot during stance and helps 
knee extension without the need for quadriceps activ-
ity [49, 50]. Equines are characterized by a reduction 
in ankle dorsiflexion range of motion and a limitation 
of the ankle joint complex in the sagittal plane associ-
ated with abnormal heel-to-toe loading during gait [49]. 
This limitation of ankle joint dorsiflexion is associated 
with impaired balance and functional ability [51, 52], as 
well as an increased risk of falling [53]. It also proposed 
that an equinus contributes to the development of gait 
pathologies by increasing the forefoot pressures, as the 
reduction in range of motion alters gait and forefoot 
loading patterns [51–54]. Increased stance phase knee 
extension in individuals with equinus is complicated by 
changes in the musculoskeletal system triggered directly 
or indirectly by the injury to the central nervous sys-
tem. Knee hyperextension associated with equinus has 
been attributed to increased ankle plantar flexor stiff-
ness from, for example, contractures [55], or changes in 
mechanical properties of sarcomeres secondary to the 
injury [56].

In this systematic review, strengthening exercises were 
used in five studies by Rayn et  al. [37], Hosl et  al. [39], 
Kruse et  al. [43], Scholtes et  al. [41], Dodd et  al. [42]; 
combined stretching and strengthening exercises were 
used in a study by Kalkman et  al. [38]; and eccentric 
stretching of the ankle joint was used in a study by Bohm 
et al. [40]. The duration of strengthening exercises ranged 
from 6 to 12 weeks. The strengthening exercises were 
performed three times per week, three to eight sets with 
eight to twelve repetitions.

The outcomes in the studies represent International 
Classification of Function (ICF) components of body 
structure and function [37–43] and activity and partici-
pation [37, 39–42].

Searle 2019 examined the effect of 8 weeks of stretching 
exercise of the calf muscle and found no significant impact, 
neither on the dorsiflexion angle nor on the plantar flex-
ion pressure [57]. Continuous stretching can improve the 
range of motion [58]. Cui Zhang et al. found that resistance 
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exercises for 16 weeks can improve ankle kinesthesia in the 
plantar flexion and dorsiflexion axis [59].

Ankle joint mobility, muscle strength, and walking 
performance can all be improved with exercise training 
that is suited to the subject’s condition [60]. As fatigue 
was increased in gastrocnemius medialis during walking 
among CP children [61] and that isometric plantar flexor 
strength explained at least 50% of the variance measures 
of walking capacity in adults with CP [62], as a result, 
resistance training, which improves muscle strength in 
the ankle plantar flexion muscles, may improve walking 
performance. Muscular strength, mechanical power, and 
speed can all be improved with strength and power train-
ing [63].

A study by Katsura  et  al. found that aquatic exer-
cise reveals a significant effect of progressive resist-
ance exercise on plantar flexors strength as a result 
of increasing triceps surae strength [64], the muscle 
which the main function is to flex the ankle and main-
tain the upright posture [65]. Kruse et  al. [43] is the 
only study that shows a significant result in favour of 
progressive resistance exercise in the plantar flexors 
strength. They assumed that the absolute value differ-
ences were related to the normal growth against their 
hypothesis as there is no increase in gastrocnemius 
thickness. The resistance exercise may be nonspecific 
enough to modify the gastrocnemius architecture.

McHugh and Cosgrave have suggested that stretch-
ing before sports activities should be avoided because 
it decreases muscle strength [66]. This decrease in 
muscle strength is related to stretch duration [67] 
and caused by decreasing in muscle-tendon unit stiff-
ness and neuromuscular activity [68, 69]. The length-
tension relationship may be affected by potential 
mechanical changes in muscle-tendon unit stiffness 
[70]. Aerobic exercise improves muscle strength by 
increasing neuromuscular activity [71], improving the 
muscle length-tension relationship [72], accelerating 
metabolism of the muscle [73], and also psychologi-
cal preparation [74]. As a result, combining stretching 
and aerobic exercise may improve the muscle strength 
deficit caused by stretching alone due to an increase 
in neuromuscular activity by decreasing MTU stiffness 
and increasing muscle strength [75].

The limitations of this review were the small number 
of studies included in the meta-analysis and the vari-
able methodology of these studies (the type, duration, 
and intensity of exercise training) and the very small 
number of participants in two of the studies [39, 40]. 
Further research into the effect of various types of 
exercise should be carried out. The results of this sys-
tematic review need to be interpreted cautiously in the 
context of the small number of available high-quality 

studies as the effect of specific types of exercise on 
equinus deformity in children with CP has rarely 
been reported. Therefore, there is a need for further 
research with adequately powered studies and a large 
sample to provide adequate evidence of different exer-
cise training on equines in children with cerebral palsy.

However, this systematic review recommends an urgent 
need for further and specified research on using dif-
ferent types of exercises not only in the management of 
equines in children with CP but also in the prevention of 
the deformity, using diverse outcome measures, includ-
ing activities and participation. It is also recommended 
for further research for the combination of exercise train-
ing with other treatment methods for equinus in children 
with cerebral palsy.

Conclusions
This systematic review aims to fill the knowledge gap that 
exists between research and clinical practice in the use 
of exercise in the management of equinus deformity. It 
can provide the best intervention for equinus deformity 
in children with cerebral palsy. The current level of evi-
dence to support the effectiveness of exercise on equinus 
deformity in children with cerebral palsy is still weak, so 
there is a clear need for more high-quality randomized 
controlled trials to establish strong evidence.
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