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Objective To analyze how Pilates exercises affect standing, walking, and balance in children with diplegic cerebral
palsy throughout a 10-week program.

Methods We included 40 children aged 7-9 years with diplegic cerebral palsy, and randomly allocated them into
two groups of the same size: conventional therapy group (group A) and conventional therapy+Pilates group (group
B). We administered the same conventional physical therapy program to both groups for 45 minutes, with group
B receiving additional Pilates exercises for 45 minutes. Both groups attended the intervention program three
times/week for 10 weeks. We used the Growth Motor Function Measure Scale (GMFM-88) to evaluate standing
and walking (Dimensions D and E), and the Pediatric Balance Scale to evaluate balance function before and after
treatment.

Results Comparison of the average values of all measured variables before and after therapy showed a statistically
significant difference (p<0.05) between the two groups. All measured variables showed a significant difference
between groups A and B, in favor of group B (p<0.05).

Conclusion Pilates exercise in addition to conventional therapy is more effective in improving balance and gross
motor function in children with diplegic cerebral palsy than the conventional therapy alone.
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INTRODUCTION

Cerebral palsy (CP) is a group of persistent, non-
progressive neurodevelopmental disorders induced by
immature brain injury or dysfunction that can occur
throughout life. CP influences posture, voluntary move-
ment, and the capacity to perform organized and mean-
ingful movements. A broad range of disorders affects
communication abilities, motor skills, cognitive ability,
perception, sensation, and psychosocial behavior [1].

Spasticity, muscle contraction, bony malformations,
loss of selective motor control, and muscle weakness are
potential factors that interfere with normal gait patterns
in CP. Recent studies have found that muscle weakness
limits motor function in children with CP more than
spasticity. Therefore, strengthening weak muscles is es-
sential for spasticity management to improve the func-
tion of spastic diplegic CP [2].

Balance disorder is a serious problem for children
with spastic diplegic CP, and this can make it difficult to
achieve and maintain equilibrium. Children with spastic
diplegic CP have reduced neuromotor perceptual func-
tion, inadequate stance stability in different sensory
settings, slow anticipatory response, and inaccurate pre-
paratory activation. Although conventional treatment
methods in this population have been studied, exercises
such as Pilates procedures are yet to be studied in this
population [3,4].

Contrology is a term for Pilates activities that focus on
the concept of muscle control. It emphasizes the devel-
opment of a neutral spine to avoid excessive flexion and
extension while walking upright [5,6].

Pilates consists of stretching, strengthening, and coor-
dinating exercises [7,8]. It depends on six fundamental
concepts: breathing, control, centering, flexibility, con-
centration, and accuracy [9]. Researchers have exam-
ined the impact of Pilates in healthy adults [7,10], the
elderly [5,11], and people with musculoskeletal disorders
[8,12,13]. Pilates increases the flexibility of the trunk
[4,14], the strength and endurance of the abdominal, and
trunk muscles [10,14], and the activation of deep core
muscles [8,15].

Therefore, it can be suggested that Pilates can enhance
the body’s ability to relax, produce muscle contraction,
and increase strength, flexibility, and balance. Therefore,
it might be acceptable to conclude that children with
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CP who can carry out functional tasks, such as standing
and walking, but still need to improve the components
needed for controlled movements, such as joint flexibil-
ity, muscle strength, postural stability, and mobility, may
benefit from Pilates’ straining.

MATERIALS AND METHODS

Study design

A single randomized blind study was conducted at the
Faculty Physical Therapy outpatient clinic, Badr Univer-
sity in Cairo.

Randomization and allocation

We recruited 50 children with spastic diplegic CP. We
excluded eight children who did not fulfill the inclusion
criteria, and two children whose parents did not give
their consent. Following the baseline measurements, we
randomly assigned eligible children to either group A
(conventional therapy group) or group B (conventional
therapy group+Pilates group). A researcher who was not
engaged in sample recruitment performed the random-
ization procedure. He coded randomization data using
Microsoft Excel software (Microsoft Corporation, Red-
mond, WA, USA) and concealed the allocation in sealed,
non-transparent envelopes with sequential numbers.
The participants were then referred to a researcher who
randomly assigned them to one of the study groups. Re-
searchers responsible for evaluations were blinded to
participant allocation. The experimental design is shown
in Fig. 1.

Participants

We enrolled 40 children with diplegic CP (23 boys and
17 girls) in this study. The inclusion criteria were: age 7
to 9 years and diplegic CP diagnosis confirmed by mag-
netic resonance images obtained from patient records
and mild spasticity of the lower limbs according to the
Modified Ashworth Scale (MAS) grade 1 to 1+ [16]. We
classified the participants into levels I-II based on the
Gross Motor Function Classification Scale (GMFCS) [17].
The children were cognitively qualified and capable
of understanding and following instructions. Patients
with fixed contracture, spinal or limb malformations,
visual or respiratory disorders, rhizotomy, or injection of
botulinum toxin into the lower limb muscles during the
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Assessed for eligibility (n=50)

Enrollment

Excluded (n=10)
» - Not meeting inclusion criteria (n=8)
- Declined to participate (n=2)

Randomized (n=40)

v
l L Allocation J l
Allocated to group A (n=20) Allocated to group B (n=20)
- Received physiotherapy exercises (n=20) - Received physiotherapy exercises program
- Did not receive allocated intervention (n=0) and Pilates exercises (n=20)
- Did not receive allocated intervention (n=0)
l Analysis l Fig. 1. Children’s consort flow
Analyzed (n=20) Analyzed (n=20) diagram.
Table 1. Basic characteristics of participants
Group A Group B p-value

Age (yr) 8.40+0.68 8.30+0.67 0.65"
Weight (kg) 24.87+2.94 26.351+2.94 0.12%
Height (cm) 127.97+5.85 130.42+4.60 0.15V
Gender 0.74”

Girl 8 (40) 9 (45)

Boy 12 (60) 11 (55)
Modified Ashworth Scale

Grade 1 11 (55) 7(35) 0.20”

Grade 1+ 9 (45) 13 (65)
GMECS

Level I 6 (30) 8 (40) 0.44”

Level I 14 (70) 12 (60)
Orthoses 17 (medical shoes) 16 (medical shoes)

3 (AFO) 4 (AFO)

Values are presented as meantstandard deviation or number (%).
GMEFCS, Gross Motor Function Classification Scale; AFO, ankle-foot orthosis.

Yt-test, "chi-square test.

previous 6 months were all excluded. The clinical char-
acteristics of the participants are described in Table 1.
Before collecting data, we explained the aims, methods,
and advantages of the study to the children’s parents.
Our research was performed in conformance with the
Helsinki guidelines for human studies. All parents of the
children signed a consent form before participation and
approval was granted by ethical committee of Cairo Uni-
versity, Faculty of Physical Therapy approved the study
(No. PTREC/012/002914) and this study was registered at
https://clinicaltrials.gov (Identifier: NCT04615793).

Outcome measures

Pediatric Balance Scale (PBS)

The PBS is a modified version of the Berg Balance Scale
used to assess balance in children with mild to moderate
motor disorders. The highest score is 56 points [18,19].
The scale assesses the performance of 14 common activi-
ties in daily living.

Gross motor function

Gross motor functional performance was assessed us-
ing the Gross Motor Function Measure (GMFM-88) [20].
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It contains 88 items in five dimensions, ranging from ly-
ing and rolling to standing, walking, and running. Only
the D (standing) and E (walking) dimensions were evalu-
ated and the scores were presented as percentages.

Intervention

Group A performed flexibility, strength, and endurance
exercises that focused on the lower extremity and trunk
muscles, exercise for postural stability in various posi-
tions and surfaces, including flexibility exercises for the
hip (flexors and adductors), knee (flexors and extensors),
and calf muscle (15-second hold and five repetitions).
Strengthening exercises included the core muscles (curl-
ups, prone extension), hip abductors (side lying with a
weight around the ankle), hip extensors (in prone posi-
tion), hamstrings (prone knee flexion), and quadriceps
(knee extension in high sitting). Postural control involved
walking in all directions, exceeding the limits of stabil-
ity in various positions such as kneeling, half kneeling,
standing on rough and soft surfaces, stepping down and
up, walking and standing in tandem, and standing on
one limb (eyes closed and open). Each session started
with a warming up and cooling down of 5 minutes for
each period and each session lasted for 45 minutes.

Group B received the same program of exercises given
to group A in addition to 45 minutes of Pilates exercises

Table 2. Pilates exercises

(Table 2) to improve lower-limb strength, flexibility,
and coordination. Exercises were performed on a mat, a
medical ball, and from a standing position, focusing on
maintaining core contraction, spinal and pelvic align-
ment, and respiration rhythm. Ten repetitions of Pilates
exercises were performed with a 2-minute rest period
between repetitions [21]. Both groups attended the inter-
vention program three times/week for 10 weeks. All the
children were cooperative during the treatment sessions,
and the adherence rate was approximately 97%.

Sample size

Based on a pilot study, we calculated the pre-study
sample size using G*Power statistical software (version
3.1.9.2; Heinrich-Heine-Universitidt Diisseldorf, Diissel-
dorf, Germany)—F tests (MANOVA: repetitive interaction
measures), 0.=0.05, f=0.82, and large effect size=0.46—
and showed that n=40 was an acceptable sample size for
this research [22].

Data analysis

We used the t-test to analyze the participants’ charac-
teristics and the chi-square test to compare sex distribu-
tion among the groups. The normal distribution of the
data was tested using the Shapiro-Wilk test, and group
homogeneity was determined using Levene’s homogene-

Description

Hundred
(head is positioned down)

Shoulder bridge

Practiced in a supine position on a mat. The two lower limbs are lifted together to about
300 off the mat (first with flexion of the knee then with the extension of the knee).

Practiced in a crook lying position on a mat by raising the pelvis off the mat; advanced to

using a medical ball under the lower leg while lifting the pelvis.

Single-leg circles
ity, one at a time.
Alternate toe touch
while alternating sides.

Practiced in a supine position on a mat by trying to make circles with each lower extrem-
Practiced on the mat by trying to touch the toes with both hips and knees in 90° flexion
A medical ball was placed under one lower leg while lying on a mat in a quadruped posi-
Practiced while kneeling on the mat and abducting the upper extremity to 90° while the

Practiced by sitting on a medical ball and alternately raising each leg off the ground.
Practiced by standing on one leg with the other leg on a medical ball and moving the ball

Semi-squats performed while standing against a wall with a medical ball in the lumbar

Leg pull front

tion and was pulled forward and backward.
Back twist

spine is twisted from one side to the other.
Ball leg lifts
Standing splits

away from the stance leg and back.
Ball wall squat

area.
Walking intandem Walking in a straight line from heel to toe.
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ity test. Within and between groups, the effects on PBS
and GMFM-88 were analyzed by mixed MANOVA. We
used the Bonferroni correction to perform multiple post-
hoc tests. The significance level was set at p<0.05. All sta-
tistical tests were conducted using SPSS version 25 (IBM
SPSS, Armonk, NY, USA).

RESULTS

Subject characteristics

There was no significant difference in subject charac-
teristics between the two groups (p>0.05), as shown in
Table 1.

Treatment effect on PBS and GMFM-88 (standing and
walking)

The interaction between treatment and time was sig-
nificant (Wilks’ Lambda=0.28, F=30.67, p=0.001, ’=0.72).
Time had a significant main effect (Wilks’ Lambda=0.02,
F=583.84, p=0.001, 11°=0.98). Treatment had a signifi-
cant main effect (Wilks’ Lambda=0.63, F=7.11, p=0.001,
1’=0.37).

Comparison within group

Both groups’ PBS, dimension (D), and dimension (E)
results were significantly different after the intervention
compared with the pre-treatment findings. The PBS, di-
mension (D), and dimension (E) scores in groups A and
B increased significantly after therapy compared to the
scores before therapy (p<0.001) (Table 3).

Comparison between groups
There were no significant differences among the groups

in any pre-treatment results (p>0.05). After treatment, the
PBS, dimension (D), and dimension (E) scores in group
B improved significantly (p<0.001) when compared with
the scores in group A (Table 3).

DISCUSSION

In this study, we investigated how Pilates exercises af-
fect gross motor function and balance in children with
diplegic CP. We hypothesized that Pilates exercises could
help children improve their gross motor function and
balance. Our findings showed that Pilates exercises com-
bined with selected physical therapy programs enhance
gross motor function and balance compared to selected
physical therapy alone.

Some studies on Pilates’s exercise showed that there
is no reliable evidence regarding the duration of the
program [23-25]. We conducted a 10-week program and
found a significant improvement in the GMFM and bal-
ance scores. We concluded that the duration of the train-
ing program was adequate to improve gross motor func-
tions and balance in these children.

At the end of the treatment period, both groups of chil-
dren demonstrated significant improvements in standing
and walking tasks, as well as balance, which may be due
to increased muscle strength and endurance. A function-
al strengthening program can help children with mild
spastic diplegia enhance their basic motor skills, func-
tional muscle strength, and walking ability [26]. This is
consistent with previous studies that showed that Pilates
exercises improved lower limb muscle strength [11,27].

Pilates exercises can improve flexibility, which is an
important element of fitness that can help achieve opti-

Table 3. Statistical analysis of the Pediatric Berg Balance and dimension D (standing) and E (walking) of a Gross Motor

Function Measures pre- and post-treatment

Pre-treatment

Post-treatment p-value” (pre vs. post)

GroupA GroupB p-value” GroupA GroupB p-Value“) Group A Group B
Pediatric Berg 35.55+1.35 35.95+1.43 0.37  38.70+1.21 40.90+1.20 0.001 0.001 0.001
Balance test (score)
Gross Motor
Function Measure (%)
Dimension E 71.25+2.07 71.40+1.87 0.81 76.10+2.59 80.25+2.02 0.001 0.001 0.001
Dimension D 64.25+1.68 63.95+1.76 0.58 71.75%£1.29 73.90+1.25 0.001 0.001 0.001

Values are presented as meantstandard deviation.

“Comparison between the group, ”comparison within the group.
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mum musculoskeletal function and enhance peak per-
formance. In addition, it significantly enhances the func-
tional flexibility of the adductors and hip flexor muscles
[28].

Trunk control determines balance, gait, and functional
activity during the early period. Therefore, the significant
improvement in standing and walking tasks and balance
could be attributed to improved postural control. This
is in line with the findings of a study carried out in 2011
[29], which showed that postural correction plays a major
role in movement efficiency by establishing a steady base
during active limb movement. In addition, our study was
similar to a previous one that showed that Pilates exercis-
es can be used to enhance muscle strength and postural
control while standing in children with CP [30].

Regarding the impact of Pilates exercises in conjunc-
tion with a selected physical therapy program, group B
showed improvement in GMFM scores, in activities like
standing on one leg, stepping up and down, and climb-
ing stairs with alternating feet without support. This was
consistent with the findings of a study which stated that
maintaining stability while standing on one leg is neces-
sary for several daily activities such as climbing up and
downstairs and overcoming obstacles [31].

Group B showed significant improvement in scores of
GMEFM and balance, possibly because Pilates strength-
ens deep muscles such as the transverse abdominal and
internal oblique muscles, which are responsible for core
stability and may play a role in improving spine stabil-
ity, muscle strength, and pelvic and hip joint flexibility
[32,33].

Group B showed a significant improvement in balance,
suggesting that improving the subjects’ balance is essen-
tial for sustaining and controlling stature and posture [34].
The improvement in functional balance observed in the
Pilates group was compatible with the findings of a previ-
ous study which showed that subjects with low baseline
balance ratings tend show significant improvements
following Pilates exercise [35]. Previous trials assessed
patients with multiple sclerosis, and proved that follow-
ing Pilates exercise, patients with multiple sclerosis who
used a wheelchair as well as ambulatory patients demon-
strated significant improvement in stability and balance
[36,37].

One aspect that may have led to further progress in
group B was the exercise method used. Exercises in-
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volve maintaining posture stability while focusing on
the breathing rhythm, enabling a multi-tasking activity
with enhanced proprioceptive awareness and kinesthetic
movement coordination.

This study had several limitations. First, a lack of direct
measurement of muscle power. The results are based
on short-term outcomes, and there was no follow-up of
the children to ensure the long-term maintenance of the
improvement. Further study is needed to confirm the
maintenance of the weekly exercise effect. Second, the
difference in the exercise time (quantity) for each group.
Further studies should be conducted to show the effect of
Pilates exercises on different measured outcomes, as the
improvement in this study could be attributed to the dif-
ferences in the duration of exercise rather than the type
of exercise.

Limited studies on the influence of Pilates exercises on
different types of spastic CP highlight the need for future
research in this area. There is a need to continue publish-
ing case studies, case series, and randomized controlled
trials to evaluate these interventions.

In conclusion, this study showed that both Pilates and
conventional physical therapy training programs led to
significant improvement in gross motor function and bal-
ance in children with CP. However, Pilates intervention
in addition to conventional therapy was found to have
greater benefits than the conventional physical therapy
training program alone. Thus, Pilates can be combined
with other physical exercises to improve standing, walk-
ing, and balance.
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