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Aim: This study aimed to examine the effects of Clinical Pilates Exercises (CPE) on Health-Related Physical
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weeks. Results: The intergroup comparisons showed that there were significant differences in favor of
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tests (p < 0.05). Conclusion: CPEs are effective on improvement of health-related fitness parameters in
the primary caregivers of children with disabilities.
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The trial: background & rationale
In the context of this trial, children with disabilities were defined as children diagnosed with cerebral palsy, autism,
Down syndrome, metabolic diseases, muscle disorders, language and speech, vision or hearing problems, or other
neuromuscular disorders [1]. Tonus changes, muscle coordination problems, balance problems, emotional disorders
and cognitive problems on various levels may be observed in these children [2].

In addition to problems that people with disabilities encounter, there are various problems that the caregivers
of people with disabilities encounter, and these problems also have a set of consequences. Bringing up a disabled
child is accepted as a significant source of burden and stress in caregivers [3–5]. Although the care provided by the
caregivers of disabled children provides benefits for both the disabled individual and the society, their high care
load may lead to physical and mental health problems [4]. Several problems experienced by these individuals such
as physical, psychological, emotional, financial and social problems are named as ‘care burden’ [3]. Care burden
affects especially the social environment, occupational and personal roles of caregivers negatively, and it may lead
to burnout and other negative outcomes by potentially affecting their capacity to provide care [4]. Physical stresses
in caregivers emerge as a result of long-term performance of tasks such as heavy lifting, turning, bathing, helping
the child use the toilet and their transfers, putting the child to sleep, dressing and helping the child move [2,6–8]. As
the child, especially with physical disabilities, gets older, their body weight increases, thus, causing an increase in
the physical stress of the caregivers. Situations that require transportation of children during daily activities lead to
an unbalanced load on the caregivers’ body and disruption of the body mechanics, thus, causing musculoskeletal
problems such as muscle aches [9]. The primary pains are spinal [10]. Problems increase by the extension of the
duration of care, and this leads to poor sleep quality, problems in family relationships, anxiety, depression, financial
stress and lower quality of life in caregivers [8]. In addition, it has been reported that mothers caring for disabled
children do not have access to assistive technology devices [11] and low rates of physical activity (PA) increase fatigue
and physical burden [2,7]. Studies have shown that the distribution of the roles of the parents of children with
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disabilities changes, and mothers usually take care of the child. This increases the workload on mothers [11–15]. In
this regard, the level of fatigue and body weight is higher in mothers in comparison to fathers [16]. It is known
that the workload of mothers who continue to work increases even more than the mothers of children without
disabilities [15]. Whether the caregivers of children with disabilities are women or men, they should provide care for
their children by using their bodies carefully and safely. Caregivers should improve their physical parameters such
as muscle strength, muscular endurance and flexibility to provide the personal care of the child with disabilities and
meet their primary needs such as transportation, transfer, nutrition and hygiene [2].

According to some studies, social support provided to caregivers affects the health outcomes of the caregivers
positively on the optimal level, is related to lower depression levels and better physical health [3], reduced the
care burden of the caregivers and improves their quality of life [5,17,18]. Several intervention studies have been
conducted to help caregivers cope with the problems they encounter, support them and improve their quality of
life. Although most studies have focused on psycho-education or self-management interventions, this shows that
these interventions refer to the needs of caregivers regarding the psychosocial effect of a chronic disease, but they do
not discuss the preventive health behaviors that caregivers may adopt to reduce the potential negative psychological
and physical outcomes regarding their roles [5,19]. With its physical and psychological benefits, PA is one of the
most important self-management strategies that will probably help caregivers protect their health on a sufficient
level for them to successfully perform their vital roles [5,20].

PA choices are also important. Especially, strengthening core area muscles that are known as the main source
of the strength of the human body and improving muscular endurance will decrease the risk of musculoskeletal
injury and help with carrying weights [21,22]. While studies in the literature on the effects of PA in caregivers are
limited, there are studies reporting that PA is an important method with its physical and psychological benefits
that is helpful in caregivers’ protection of their health on a level sufficient for their successful performance of their
roles [5,23]. This is why there is a need for supportive interventions to alleviate the excessive burden on caregivers,
improve them physically, socially and emotionally and increase their quality of life. A study where a 14-day yoga
training was applied showed that the yoga training had positive effects of the anxiety and subjective well-being levels
of caregivers. It was also reported that the breathing techniques, relaxation techniques and meditation practices
in the yoga sessions also helped caregivers feel better in the physical, psychological, mental and social aspects and
perceive and know themselves [24]. Another exercise method that uses breathing exercises and relaxation techniques,
Clinical Pilates Exercises (CPE) with proven effectiveness of strengthening the core area is an approach that educates
the mind, so that the body can control movement and posture consciously [25,26]. It is a biopsychosocial exercise
model that aims to improve the harmony between mind and body with the active participation of patients [18,27].
Therefore, it is an effective model that increases the flexibility, muscle strength and muscle endurance of both
healthy and sick individuals [28].

There are various studies on treatment of children with disabilities in the literature, while there are limited
numbers of studies on the types of treatments that optimize problems encountered by the caregivers of children
with disabilities. Relevant studies have generally focused on stress management and assessment and improvement
of the psychosocial status of individuals with children with disabilities [17,18,29,30]. Strategies that may be applied
to improve the physical fitness of these individuals have not been investigated. Therefore, the primary goal of our
study was to examine the effects of CPE performed by the primary caregivers of children with disabilities on muscle
strength, and secondarily, on muscular endurance and flexibility.

Design
This randomized controlled study was conducted at the exercise laboratory of the Physiotherapy and Rehabilitation
Department of the Eastern Mediterranean University after ethical approval was obtained with the decision of the
Eastern Mediterranean University Scientific Research and Publication Ethics Committee dated 2 April 2018 and
numbered 2018/57-05. The participants were given written and verbal information, and their written informed
consent was obtained before conducting the study.

This study is registered at the Clinical Trials website with the clinical trial number NCT03729466.
The study was carried out with the primary caregivers of children with disabilities who were brought to the

Nicosia Special Education Center and Vocational Education Center for treatment.
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Figure 1. Flow diagram.

Participants
A prior sample size calculation for the study was carried out by conducting statistical tests with the G Power
software (version 3.1.9.2) and taking the conventional effect size values recommended by Cohen into account [31].
Accordingly, the required sample size was calculated as 54 (assumptions of α = 0.05, β = 0.20 and effect size below
d = 0.8). In the case of potential dropouts, the estimated number of the participants was increased by 30%, and
the study was decided to be conducted with 70 individuals including 35 people in each group. Among the primary
caregivers of 70 children with disabilities who came for the preinterview, 15 were excluded as they did not meet the
inclusion criteria and did not have enough time to participate in the study. After the preinterviews, 55 individuals
who met the inclusion criteria were divided into the exercise (n = 28) and control (n = 27) groups with one-block
randomization using a randomized allocation software (Figure 1).

Inclusion criteria
Individuals who had not been doing regular exercise in the last 6 months, and who provided care for only one child
(older than 3) with special needs for at least 6 months were included in the study.

Exclusion criteria
Pregnant women and those with serious orthopedic, psychiatric and neurological problems and those who had
musculoskeletal system injuries in the last 6 months that would prevent them from performing CPE were excluded
from the study.

Outcome measures

• Muscle strength: The muscle strength of the participants, which was our primary outcome, was evaluated with
three different tests as described below.
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Sit-up test
This test that is used to assess rectus abdominis muscle strength determines the number of repetitions within
30 min. Diener et al. conducted the validity and reliability study of the test. The test–retest reliability was very
high (r = 0.98), and the concurrent validity was moderately high (r = 0.38–0.66; p < 0.001) [32]. For the starting
position, the individuals were positioned in the supine position with their hands in front, knees flexed at 90◦ and
feet in full contact with the mat. The individuals were asked to perform body flexion with their head until their
scapula lower angles were removed from the bed, and then, return to the starting position until their shoulders
touched the mat. The number of completed body flexions was recorded.

Back-leg strength
A Takei digital back-leg dynamometer (TKK 5402 model, Takei Scientific Instruments Co. Ltd., Tokyo, Japan) was
used to assess back and leg strength. To test back strength, the individuals were positioned on the dynamometer stand
with their knees extended, back straight and body slightly flexed, and they were told to hold the dynamometer bar
while their arms were stretched. The individuals were asked to pull the dynamometer bar upwards with maximum
force.

To test leg strength, the individuals were positioned on the dynamometer stand with their back straight, body
slightly flexed and knees flexed, and they were asked to pull the dynamometer bar and hold with stretched arms
upward with maximum force. Both assessments were repeated three-times, and the average value of these three
repetitions was obtained [33].

Grip strength
Grip test, which is a valid measurement instrument, was used to assess upper extremity strength. Grip strength
was measured using a Takei digital grip dynamometer (TKK 5401 model, Grip-D, Takei Scientific Instruments
Co. Ltd.). The participants’ grip strengths were assessed with a grip dynamometer whose reliability (for inter-rater
reliability, the ICC value was 0.96; for test–retest reliability, the intraclass corelation coefficient [ICC] value was
0.82) test was performed by Mathiowetz et al. [34]. Grip strength was assessed in two positions. As the first position,
the standard of the American Society of Hand Therapists (ASHT) which is in the sitting position, back neutral,
shoulder adduction, elbow flexed at 90◦, forearm supported on the chair and wrist at the neutral position was
used [35]. Unlike the first position, the measurement was made with the elbows in full extension and in the standing
position as the second position. The individuals were given one tryout before starting the test. The measurement
was repeated three-times, and a 1-min rest period was given between each measurement. The test score was found
by taking the average of the three measurements [36].

• Muscular endurance:

Body flexion endurance test
The body flexion endurance (BFE) test, one of the McGill endurance tests, was used to evaluate the abdominal
muscle endurance of the participants. The BFE test is valid, where, in the study using receiver operating character-
istic (ROC) analysis to evaluate the predictive validity of BFE, it was seen that ROC curve analysis revealed areas
under the curve that were very close to or exceeded 0.70. Moreover, the intraclass coefficient correlations of the test
were 0.90, and the Kappa indices were excellent [37]. The individuals were positioned with their knees flexed at 90◦,
the soles of their feet in full contact with the test table and their hands crossed in front of their chest. The angle
between the body and test table was fixed at 45–60◦, and the feet were fixed to the test table with a mobilization
belt. Once the position was achieved, the clock was started and the individuals were asked to hold this position.
Once the angle between the upper body and thigh changed, the clock was stopped and the test was ended. The
period for which they maintained the position was recorded in seconds [38].

Body extension endurance test (Bering–Sorensen test)
The test that was developed by McGill was used to assess the endurance of the body extensor muscles. According
to Latimer et al. who conducted the test, the test had good discriminant validity and was reliable (ICC: 0.83) [39].
The individuals were laid face down on the test table with their bodies’ idle and crystal iliacs on the tableside. Their
ankles, knees and pelvises were fixed on the test table with a mobilization belt, and they were told to put their arms
crossed in front of their chest. When the individuals were ready, they were asked to lift their upper body upward
and keep their body and pelvis in a neutral position on the sagittal plane. The clock was started once they lifted
their body upward, and when the body angle fell down by 10◦ from the starting position, or when the person
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left the test voluntarily, the clock was stopped and the test was ended. The period for which they maintained the
position was recorded in seconds [38,40].

Side bridge test
One of the McGill tests, the side bridge (SB) test was used to assess the quadratus lumborum and anterolateral flat
muscles among the lateral body muscles. Fax et al. conducted the validity and reliability study of the test [41]. The
individuals were positioned on their forearms in the side-lying position with their lower elbow at 90◦. Their feet
were placed flat with the top leg resting in front of the other foot. The upper arm was fixed on the lower shoulder,
and the pelvis was lifted from the floor. A straight line was formed from the head to the toe. The clock was started
in this position, and it was stopped when the individuals were unable the hold this position or they lowered their
pelvis to the floor. The test was conducted for both the right and left sides, and 5–7 min of break was given between
the sides. The period for which they maintained the position was recorded in seconds [42].

Wall squat test
The squat test measures the muscular strength and endurance of the lower body, specifically the hips, quadriceps
and hamstrings [43]. For this test, the individuals started in a standing position with their feet slightly forward and
their backs against the wall and were asked to come to a sitting position with their knees not passing their feet. The
clock was started once they squatted, and it was stopped when they changed the position. The period for which
they maintained the position was recorded in seconds.

• Flexibility:

Sit & reach test
It was used to measure the flexibility of the hamstring and spine muscles. Ayala et al. showed acceptable repro-
ducibility measures for the test with a 8.74% coefficient of variation and a 0.92 ICC. The criterion-related validity
of the test was moderate [44]. The test material used in the study consists of a wooden attachment with a 55-cm
length, 45-cm width and 35-cm height, a tape measure of 0–50 cm where the individual will reach with their arms,
and a wooden box with a 35-cm length, 45-cm width and 32-cm height where the individual will place their feet.
The individuals were positioned in a long sitting position with their soles in full contact with the wooden box.
They were asked to perform an optimal body flexion, so that they could reach without lifting their knees off the
ground and wait for 1–2 s at the last point. The test was conducted three-times, and the best score was recorded in
centimeters [45].

Trunk lateral flexion test
Atya conducted the reliability and validity study of the test. The reliability of lateral flexion was good (ICC range:
0.81–0.82), but the validity results were weak [46]. For the test of lateral flexion, the individuals stood leaning back
against the wall with their feet slightly open and parallel, and their arms stood next to their body. The distal points
of the right and left third fingers were marked on the thigh. Then, they were asked to perform body lateral flexion
as long as they could bend, and the distal point of the third finger was remarked on the last point reached at the
thigh. The distance between the two marked points was measured with a tape and recorded in centimeters. The
test was conducted bilaterally. Three repetitions were made for each side. The best score at the end of the test was
recorded in centimeters [47].

Intervention
While the individuals in the CPE group received CPE training for 45–60 min twice a week for 8 weeks, no
intervention was performed in the Control group (CG). The participants in the CG were warned not to perform
sports other than their daily routine during this process. After the initial evaluations, the individuals in the CPE
group were informed about the definition, goals and benefits of clinical Pilates, were familiarized with the exercises
and how to use the five key elements of clinical Pilates (head–neck location – shoulder location – chest cage
location – central focus [neutral position] – how they should preserve and maintain breathing). Two days after
familiarization, the CPE training group sessions started in three phases (5 min of warm-up, 35–50 min of exercising
and 5 min of cool-down). During the training, the exercises were performed in the standing, supine, side, sitting
and face-down positions. CPEs were determined by the physiotherapist who had received CPE training, and the
resistances of the elastic bands used during the exercises were individually adjusted. The exercises and the amounts
of resistance were progressively increased in the 3rd and 6th weeks. All exercises were performed with ten repetitions
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and one set accompanied by a physiotherapist. An exercise mat, elastic resistance band and exercise ball were used
during the training sessions with music. The exercises performed by the CPE group included the following in
order:

• Warm-up phase: Roll down, upper extremity proprioceptive neuromuscular facilitation (PNF) patterns, toy
soldier and minisquat exercises.

• Exercise phase:

◦ Stage 1 (between 0th and 3rd weeks): Abdominal preparation, one leg stretch [2], double leg stretch [2,3], shoulder
bridge, hip twist, arm opening, clam, lift lower, mermaid, biceps curl, triceps pull, cobra, stretching exercises
(butterfly, hamstring-lumbar extension stretching) and breathing exercises.

◦ Stage 2 (between 3rd and 6th weeks): Hundreds [3], oblique preparation, double leg stretch [4], shoulder
bridge [2], scissors [4], side kick press, leg lifts, diamond press with arm openings, roll up with obliques, side bend,
swimming [2], breaststroke preparation, stretching exercises (butterfly, hamstring-lumbar extension stretching)
and breathing exercises.

◦ Stage 3 (between 6th and 8th weeks): Hundreds [4], point and flex, one leg circle [2], criss-cross, heels together
toes apart, side circle, sidekick in kneeling, open book, roll up with biceps, cleopatra, breaststroke, swimming [2],
stretching exercises (butterfly, hamstring-lumbar extension stretching) and breathing exercises.

• Cool-down phase: the saw, cat stretch, shell, swinging exercises.

Statistical analysis
The data were analyzed using the IBM SPSS Statistics V.20.0.0 program. Shapiro–Wilk test was used to determine
whether the data showed a normal distribution. Nonparametric statistical tests were used as the data did not show
normal distribution. Mann–Whitney U test was used for the intergroup comparisons of the continuous variables,
while Wilcoxon paired-samples test was used for the intragroup comparisons. Fisher’s exact Chi-squared test was
used for the intergroup comparisons of the categorical variables. The statistical significance level was determined as
p < 0.05. The variables used in the study are expressed in frequencies, percentages (%), mean ± standard deviation
(x ± SD), medians and interquartile range.

Effect sizes were calculated to test clinical significance. For the effect size calculation, the r = z/
√

(n) formula was
used. The effect was interpreted as large when r ≥ 0.5, as moderate when r = 0.3 and as small when r ≤ 0.1 [48].

Data analysis
The sociodemographic characteristics of the participants other than their BMI values were similar (for all p-values:
p < 0.05). All the participants in the CPE group were female, and 88.9% (female = 24, male = 3) of CG were
female. The mean age of the children who were given care in the CPE group was 10.1 ± 5.2 years, while it
was 9.3 ± 4.9 years in the CG. No significant differences were found between the mean ages of the children
and the caregivers in both groups, maintenance time and the disability types of these children (for all p-values:
p < 0.05; Table 1).

According to the intergroup comparisons, the pretest results of all muscle strength tests were statistically similar,
while a statistically significant difference was found between the post-test results of only the sit-up test (p = 0.00; Ta-
ble 2).

The study found a large effect size in all of the assessment results of the CPE group, back and leg strength, right
and left flexion grip strength and sit-up test due to the CPE training (r ≥0.5), and it found a moderate effect size
in the right and left extension grip strengths (r = 3; Table 2).

According to the intragroup comparisons of the CG, a statistically significant decrease was found in all strength
parameters apart from the back and left strengths (p > 0.05) at the end of the 8 weeks (p < 0.05; Table 2).

The fact that individuals in the CG did not perform any PA for 8 weeks negatively affected their handgrip
strength (left) in elbow flexion position and handgrip strength (right and left) in elbow extension position on
clinically medium and high levels (5 < r ≥ 0.3), and flexion grip strength (right) and sit-up test results were
negatively affected on high levels (r ≥ 0.5; Table 2).
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Table 1. Characteristics of primary caregivers of children with disabilities, N = 55.
Variables Clinical Pilates group

N = 28
Control group
N = 27

p-value

Age (y) x ± SD 36.8 ± 9.6 41.1 ± 9.7 0.13†

BMI (kg/m2), x ± SD 24.4 ± 5.4 (22.3–26.5) 26.6 ± 4.5 (24.8–28.4) 0.031†

Sex, n (%)
– Male
– Female

–
28 (100.0)

3 (11.1)
24 (88.9)

0.11§

Age of disabled children (y) x ± SD 10.1 ± 5.2 9.3 ± 4.9 0.543†

Care duration (y) x ± SD 10.1 ± 5.2 9.3 ± 5.00 0.566†

Types of disabilities, n (%)
Physical disability
Intellectual disability
Vision impairment
– Mixed

4 (14.3)
10 (35.7)
–
14 (50.0)

5 (18.5)
9 (33.3)
1 (3.7)
12 (44.4)

0.905§

†Mann–Whitney U test.
‡Chi-squared test.
§Fisher’s exact test.
SD: Standard deviation.

The intergroup comparisons of the muscular endurance tests showed that there were statistically significant
differences between the post-test results of the BFE, body extension endurance test, SB (right and left) and wall
squat tests (p < 0.05; Table 2).

According to the intragroup comparisons in the CPE group, there were significant differences between the pretest
and post-test values of all endurance tests (for all p-values: p < 0.05). When the intragroup clinical effect sizes were
examined, the study found that the parameters with significant differences had high effect sizes (for all p-values:
p < 0.05; Table 2).

Comparing the pretest and post-test assessment results of the CG, there was a significant difference between the
pretest and post-test values of the BFE and wall squat test (p < 0.05), while there were no significant differences in
all other parameters (for all p-values: p < 0.05). A statistically significant decrease was found in the BFE and wall
squat values (Table 2). This decrease had a clinical effect size on medium and high levels (r ≥ 0.5; Table 2).

The intergroup comparisons of the flexibility (post-test) results showed that there were significant differences
between the results of all flexibility tests (for all p-values: p < 0.05; Table 2). Comparing the test results of the CPE
group before and after the 8-week-long training, a statistically significant difference was found (for all p-values:
p < 0.05; Table 2). The clinical effect sizes in all flexibility parameters were found to be high (r ≥ 0.5; Table 2).

There were no statistically significant differences in the intergroup comparisons of the flexibility measurements
of CG (for all p-values: p > 0.05; Table 2).

The clinical effect sizes in all flexibility parameters were found to be between low and moderate (0.3 > r >0.1; Ta-
ble 2).

Discussion
According to the results of this study that examined the effect of CPE performed with the primary caregivers of
children with disabilities on their physical parameters, in the sit-up test, there were statistically significant differences
in the muscular endurance and flexibility tests in favor of the CPE group. According to intergroup comparisons
of the CPE group, the 8-week-long training program caused a statistically significant increase in the abdominal
muscle strength, muscular endurance and flexibility and a statistically significant decrease in the muscle strength
and muscular endurance in CG. Additionally, the 8-week-long CPE program was found to have a clinically large
effect size on strength, which was the primary measurement, muscular endurance and flexibility.

Studies have shown that the distribution of the roles of parents of children with disabilities changes, and mothers
usually take care of the child, thus, increasing the workload on mothers [11–14,49]. Individuals are recommended
to participate in PA or regular exercise programs that increase their physical fitness to meet the requirements of
increased workload [50]. The study found that CPE performed two-times a week for 8 weeks improved abdominal
muscle strength, as well as increasing back and leg muscle strength. However, this increase was not significant.
When the literature on treatment methods applied for caregivers was examined, it was observed that studies have
been rather on the psychosocial problems of individuals. Very few studies discussing caregivers holistically and
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Table 2. Intergroup and intragroup comparisons of muscle strength, muscle endurance and flexibility results of the
participants, x ± SD, N = 55.
Variables Group Pretest Post-test p3

x ± SD M-IQR p1 x ± SD M-IQR p2 R

Muscle
strength

Back muscle strength, kg CPE 48.3 ± 19 48.1–30.3 0.381 56.4 ± 16.9 58.2–25.6 0.359 �0.000‡ 0.796

Control 54.2 ± 22.4 50.2–36 52.9 ± 22.3 54–26.7 0.280 0.204

Leg muscle strength, kg CPE 46.3 ± 16.7 42.7–27.7 0.788 53.5 ± 15.1 52.7–20.1 0.070 �0.000‡ 0.770

Control 49.6 ± 23.8 48.3–26.2 48.1 ± 22.8 46–25.3 0.127 0.288

Grip strength (WFP)
(right), kg

CPE 20.3 ± 5.8 19.7–7.2 0.900 22.1 ± 5.8 21.6–8.5 0.141 �0.000‡ 0.792

Control 21.3 ± 9.4 17.7–13.2 20.2 ± 8.6 17.2–12.7 0.002† 0.577

Grip strength (WFP) (left),
kg

CPE 19.5 ± 5.3 19.8–6.8 0.886 21.7 ± 4.7 22.5–5.9 0.083 �0.000‡ 0.762

Control 20.8 ± 9.2 19.9–11.8 19.6 ± 7.9 18.4–8.9 0.031† 0.409

Grip strength (WEP)
(right), kg

CPE 20.8 ± 5.7 19.9–7.8 0.827 22 ± 5.4 22.2–5.4 0.096 0.024† 0.426

Control 21.7 ± 8.2 19–12.2 20.5 ± 7.5 18.3–10.4 0.041† 0.386

Grip strength (WEP) (left),
kg

CPE 20.1 ± 5.4 20–8.6 0.711 21.1 ± 4.8 21.3–5.8 0.333 0.025† 0.424

Control 21 ± 8.1 21.5–9.7 20.2 ± 7.5 18.9–8.9 0.029† 0.413

Sit-up test, the number of
repetitions

CPE 14.8 ± 4.7 14.5–5.8 0.251 18.6 ± 4.1 18–3.8 0.000‡ �0.000‡ 0.865

Control 13.3 ± 5.7 12–9 11.6 ± 5.1 11–5 0.006† 0.523

Muscular
endurance

Trunk flexion endurance
test, s

CPE 24.9 ± 16.9 20.5–18.8 0.893 36.1 ± 20.1 28.9–26.9 0.000‡ �0.000‡ 0.826

Control 25.8 ± 18.1 19.9–28.8 19.9 ± 14.6 16.3–11.4 0.007† 0.509

Trunk extension
endurance test, s

CPE 16.8 ± 14.1 14.8–15.1 0.833 31.3 ± 18.8 26.1–23.8 0.002‡ �0.000‡ 0.865

Control 18.4 ± 19.3 10.9–28.7 16.3 ± 15.2 12.1–27.5 0.715 0.069

Side bridge test (right), s CPE 17.5 ± 12 15.3–16.1 0.686 26.9 ± 16 22.6–30.9 0.010† �0.000‡ 0.822

Control 18.1 ± 16.6 11.7–24.8 16.9 ± 15.1 11–20.2 0.290 0.200

Side bridge test (left), s CPE 16.4 ± 10.8 14.5–15 0.762 25.9 ± 15.5 21.7–22.9 0.009‡ �0.000‡ 0.869

Control 18.6 ± 17.9 11.3–17.7 17.3 ± 17.7 10.9–19.4 0.046† 0.377

Squat test, s CPE 38.6 ± 22.7 42.6–29 0.860 55.3 ± 35 51.6–29.4 0.003‡ �0.000‡ 0.740

Control 43.5 ± 42.4 28–37.8 34.9 ± 30 22.8–30.1 0.003† 0.563

Flexibility Sit and reach test CPE 12.4 ± 6.7 12.3–6.9 0.209 17.3 ± 6.3 16.5–6.6 0.000‡ �0.000‡ 0.875

Control 10.3 ± 5.6 10–7.5 10 ± 5.3 10–8 0.251 0.217

Trunk lateral flexion test
(right)

CPE 18.6 ± 3.5 18.8–5 0.619 18.5 ± 3.6 18.5–4.6 0.000‡ �0.000‡ 0.823

Control 18.2 ± 4.2 18–7.5 17.9 ± 3.8 18–6.5 0.213 0.235

Trunk lateral flexion test
(left)

CPE 21.8 ± 3.2 21.5–3.9 0.590 21.7 ± 3 21.8–4 0.000‡ �0.000‡ 0.843

Control 17.7 ± 3.9 17.5–5.5 17.4 ± 3.2 17.5–5 0.194 0.245

†p � 0.05.
‡p � 0.01.
CPE: Clinical Pilates Exercise; IQR: Interquartile range; p1: Mann–Whitney U test between the groups’ pretest results; p2: Mann–Whitney U test between the groups post-test results; p3:
Wilcoxon test between the pretest and post-test results for each group; SD: Standard deviation; WEP: Wrist extension position; WFP: Wrist flexion position.

applying exercise models toward their physical problems have been encountered. In a study where the physical and
psychological effects of a 6-month PA program applied on the caregivers of elderly individuals were examined, the
caregivers were divided into groups for yoga, strength training and Tai Chi training. As a result of the study, it
was reported that there were significant improvements in all groups in terms of the individuals’ physical function,
leg strength, balance and walking endurance [51]. In another study that provided 8 weeks of yoga training to
caregivers, physical health and coping attitudes were investigated. As a result of the study, it was found that
there was a significant increase in lower extremity muscle strength, and although not statistically significant, there
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were individual improvements in the coping, upper extremity muscle strength, flexibility, balance and aerobic
endurance parameters in the caregivers [52]. While there are no studies on CPE in caregivers, in studies conducted
with healthy individuals, CPE training had a clinically large effect size on all body and lower extremity muscle
strength and body endurance measurements. The movements in CPE include exercises with approved effectiveness
in electromyography studies on target muscles [53,54]. Previous studies have shown that bridge and unilateral bridge
exercises in CPEs stretch the multifidus and longissimus thoracis muscles in the most active way. The same studies
also showed that swimming exercises do not affect muscle activation of the core area as well as bridge exercises, but
they have an effective role in correcting balance [53,54]. Studies which examined the effects of anterior and posterior
pelvic tilt performed on the sagittal plane on the multifidus, transversus abdominus, rectus abdominus, external
abdominal obliques, erector spinae and rectus femoris muscles found that transversus abdominus activation was
high during posterior pelvic tilt that is the basis of clinical Pilates [55,56]. Srivastav et al. conducted a study evaluating
effects on abdominal muscle strength on different surfaces and reported that bridge exercise performed on an
exercise ball caused greater gravity center control and better spinal muscle stabilization due to its limited support
base than that performed on a cushion [55]. Studies have shown that using an elastic-resistant band in Pilates exercises
is more effective in improving muscle strength on the grounds that it provides external power [57,58]. Additionally,
Anderson et al. reported that performing Pilates exercises with breathing exercises activates the deep muscles on
the core area [59]. As a result of the study, the reason for the improvement of the body and lower extremity muscle
strength and body endurance in the CPE group was that the exercises used in this study were the most effective
exercises proven by electromyography (EMG) studies in developing specific muscular activation as reported in
the studies mentioned above. Combining exercises with accurate breathing training in the treatment sessions may
have increased the activation of the core muscles while using unstable surfaces, and the resistant bands may have
contributed to the improvement of strength and endurance by causing external loads.

Upper extremity mobility is associated with grip ability, and grip has an important role in increasing the quality
of extremity mobility. Therefore, grip is important to be able to perform daily life activities in good quality [60].
Additionally, grip strength is a health marker that is commonly used to estimate whole-body strength [61,62]. Various
authors have stated that grip strength is a determinant of the general body strength, postoperative complications,
mortality and functional decrease [61,62]. The primary caregivers of children with disabilities need core and lower
extremity strength and endurance while meeting the care needs of children with every type of disability. However,
they experience difficulties while meeting the transportation, transfer, nutrition and hygiene needs of such children.
Thus, they also need upper extremity strength [63]. Therefore, this study assessed both general muscle strength and
grip strength to determine the functional status of the upper extremities. The study found that CPE increased
grip strength. However, this increase was not statistically significant. The CPE training had clinically large effect
sizes on all grip strength parameters. In one study examining grip strength in caregivers, it was found that 8 weeks
of yoga training did not significantly increase the upper extremity strength of these individuals, but it improved
their grip strength and affected their activities positively [52]. Moreover, many studies in the literature have shown
that improvement in core muscle strength affects the distal joints and increases the quality of mobility [21,25].
Similarly, a study where core strength training was performed with swimming training for 8 weeks by sedentary
women found that grip strength improved along with the other assessed muscles in the group that got core training
compared with the control group which only got swimming training [62]. The same study reported that including
sedentary individuals in the exercise group that got core training may contribute positively to development of
motor skills [62]. Another study conducted with sedentary women showed that a 12-week-long aerobic exercise
program increased dominant handgrip strength. The authors reported that the increase in general strength might
increase grip strength [62]. This study determined the core exercises that included CPEs performed with sedentary
individuals might have increased their body muscle strength and endurance, as well as improving grip strength by
showing distal spread of strength increase.

For daily life activities, performance needs to be continued for long periods for numerous activities. Therefore,
muscular endurance is an important aspect of physical performance and should be taken into consideration while
assessing musculoskeletal functions [61]. The lower extremity muscular endurance in caregivers who need to resist
increased physical stress is significant for the continuity of daily activities of themselves and the children they take
care of. Katayifçi et al. examined the effects of CPEs that they performed with healthy individuals for 8 weeks
on physical fitness and carried out assessments before and after Pilates training, and in the 6th and 12th weeks
after training. Significant improvements were found in all parameters (body, upper and lower extremity muscle
strengths, muscular endurance and flexibility, balance and cardiovascular) assessed at the end of the study. They
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reported that the CPEs maintained their effects on muscle strength, flexibility, endurance (squat test), balance
and walking distance even at the end of the 12th week [28]. The authors attributed the positive effect of CPE on
muscular endurance to the fact that the exercises were composed of multiple muscle synergies including isometric,
eccentric and concentric muscle contractions and co-contractions, as well as their ability to be adapted into daily life
activities. Moreover, a study conducted with healthy individuals reported that an increase in muscular endurance
occurred after an 8-week-long Pilates training [64]. Another study assessing the effects of CPE showed that CPE
had positive results on improving lower extremity endurance [65]. The results of the wall squat test that was used to
assess quadriceps endurance were similar to the results of the study by Katayifçi et al. We are of the opinion that
the 8-week-long exercise program contributed to improving the muscle strength, as well as improving the lower
extremity muscular endurance of multiple muscle synergies including different contraction types.

Flexibility enables daily life activities to be performed effectively and sufficiently by maintaining the normal
opening of the joints in the body. Increasing age, hormonal changes and sedentary life cause the range of motion
to decrease gradually [66]. Therefore, flexibility training is recommended as an important part of performance- or
health-related exercise trainings and should be included in exercise programs. The literature argues that flexibility
exercises should be performed with exercise methods rather than training alone [66]. The study found that the
body and hamstring flexibility significantly increased and had a high clinical effect in the CPE group. A study
providing 8 weeks of yoga training for caregivers observed that flexibility was increased. In the study, it was reported
that especially the presence of breathing technique and unique stances within the yoga training provided positive
effects on the flexibility parameter [52]. While there have been no studies on CPE training applied with caregivers,
various studies investigating the effects of exercise methods like reformer Pilates and clinical Pilates applied with
sedentary individuals on flexibility and functionality stated that static stretching taking place between warming up
and cooling down may be useful for increasing flexibility [50–54]. Additionally, performing stretching exercises such
as ‘the saw, leg stretch, roll down, swan dive,’ which were included in the exercises slowly, in a controlled manner
and with breathing was stated to improve both flexibility and body awareness [66–70]. The fact that the program
included stretching exercises, warm-up and cool-down phases, and all movements were combined with breathing
might have caused an increase in flexibility. Performing exercises slowly, in a controlled manner and rhythmically
might have increased stretching.

Limitation
The CPE program was performed for 2 days a week for 8 weeks in this study. In studies in the literature, it was
performed 3 days a week for at least 8 weeks [28,65]. However, the fact that the participants had children with
disabilities brought a lot of responsibility with it. Therefore, it was necessary to decrease the number of days in this
study because the participants did not have enough time. This was the limitation of the study.

Conclusion
The study found that CPEs performed for 8 weeks are a biopsychosocial exercise method that is effective on
improving flexibility, muscle strength and muscular endurance among the health-related physical fitness parameters
of individuals who provide care for children with disabilities.

Summary points

• In addition to problems that people with disabilities encounter, there are various problems that their caregivers
encounter.

• Physical stresses in caregivers emerge as a result of long-term performance of tasks such as heavy lifting, turning,
bathing and other tasks.

• This randomized controlled study was carried out to examine the effects of clinical Pilates exercises on the
health-related physical fitness in caregivers of children with disabilities.

• Clinical Pilates exercises were found to be an effective method of improving physical fitness parameters such as
muscular strength, muscular endurance and flexibility.

418 J. Comp. Eff. Res. (2021) 10(5) future science group



Effects of clinical Pilates on the fitness Research Article

Author contributions

Y Senturk, B Kirmizigil, EH Tuzun contributed to the literature review and topic identification. B Kirmizigil and EH Tuzun were

responsible for the screening of people to be included in the research. Application phase of the study was done by Y Senturk.

Writing phase of the article was completed by EH Tuzun, B Kirmizigil and Y Senturk.

Acknowledgments

The authors express their thanks to Spec. Özlem Akşit for their assistance.
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1(1), 17–25 (2014).

•• Evaluates the effects of exercise (especially clinical Pilates exercises) on physical performance.

27. Oksuz S, Unal E. The effect of the clinical pilates exercises on kinesiophobia and other symptoms related to osteoporosis: randomised
controlled trial. Complement. Ther. Clin. Pract. 26, 68–72 (2017).

28. Küçük F, Livanelioglu A. Impact of the clinical Pilates exercises and verbal education on exercise beliefs and psychosocial factors in
healthy women. J. Phys. Ther. Sci. 27(11), 3437–3443 (2015).

29. Bunting L. Parenting programmes: the best available evidence. Child Care Pract. 10(4), 327–343 (2004).

30. Sanders MR, Markie-Dadds C, Tully LA, Bor W. The triple P-positive parenting program: a comparison of enhanced, standard, and
self-directed behavioral family intervention for parents of children with early onset conduct problems. J. Consult. Clin. Psychol. 68(4),
624 (2000).

31. Cohen J. Statistical power analysis. Curr. Dir. Psychol. Sci. 1(3), 98–101 (1992).

32. Diener MH, Golding LA, Diener D. Validity and reliability of a one-minute half sit-up test of abdominal strength and endurance. Res.
Sports Med. 6(2), 105–119 (1995).

33. Ozcan A, Donat H, Gelecek N, Ozdirenc M, Karadibak D. The relationship between risk factors for falling and the quality of life in
older adults. BMC Public Health 5(1), 90 (2005).

34. Mathiowetz V, Weber K, Volland G, Kashman N. Reliability and validity of grip and pinch strength evaluations. J. Hand Surg. 9(2),
222–226 (1984).
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