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Research Paper
Effect of Six Weeks of Pilates Exercises on the Function 
of Upper and Lower Extremities of Middle-aged 
Women With Lower Crossed Syndrome

Purpose: The present study aimed to investigate the effect of six weeks of Pilates exercises 
on the function of the upper and lower extremities in middle-aged women with lower crossed 
syndrome (LCS). 

Methods: This study was a quasi-experimental research with a pre-test-post-test design. The 
participants included 30 females with LCS from Tiam Sport Club. They were selected using a 
purposive sampling method and randomly divided into Pilates exercises and control groups. The 
function of the upper extremity was assessed using Y and Davies tests, and the lower extremity 
function was assessed using side hop and square hop tests. The Pilates training program was 
implemented for 6 weeks, 3 days a week and each session lasted 30 minutes. Paired t-test and 
analysis of covariance (ANCOVA) were used to analyze data at a significance level of P≤0.05. 

Results: The results showed that the Pilates exercise group performed better than the control 
group in the function tests of the upper and lower extremities (P≤0.05). No significant difference 
was observed between pre-test and post-test scores in the control group (P>0.05). 

Conclusion: Based on the results, it can be concluded that Pilates exercises can improve the 
function of the upper and lower extremities by enhancing the strength and efficiency of core 
stabilizer muscles. Therefore, it seems rational to suggest physiotherapists and coaches use these 
exercises in individuals with LCS. 
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1. Introduction

omen’s physical health is influenced 
by various factors, such as cultural, 
social, economic, and political char-
acteristics of the society [1]. Women’s 
health and its various dimensions are 
closely related to their living condi-

tions. Therefore, it is essential to pay attention to wom-
en’s health issues during their life cycle [2]. Incorrect 
habits in daily life cause deviation in the upright posture 
and compensatory movement patterns. Muscle imbal-
ance may affect the body’s natural alignment and make 
a person suffer from various postural abnormalities [3]. 
Improper postures during work and job assignments for 
a long time can lead to musculoskeletal disorders [4]. 
Muscle imbalance may have serious consequences for 
the body [3]. Lower crossed syndrome (LCS) is one of 
the compensatory patterns proposed by Janda.

LCS is an abnormality in which the hip flexors and 
lower back muscles are tight and the abdominal and glu-
teal muscles are weak, and it is also known as distal or 
pelvic crossed syndrome [5]. This abnormality can lead 
to many problems for patients, including the concentra-
tion of stress on specific vertebral structures, pain in the 
lower back, postural disturbance, and disturbance in the 
individual’s function [6]. Specific postural changes seen 
in LCS include anterior pelvic tilt, increased lumbar lor-
dosis, lateral lumbar shift, external rotation of the leg, and 
knee hyperextension. If the lordosis is deep and short, the 
imbalance is mainly in the pelvic muscles, and if the lor-
dosis is shallow and extends to the back, the imbalance is 

dominant in the trunk muscles [5, 7]. This muscle imbal-
ance leads to chronic back pain, which is more difficult 
to correct in the later stages [5]. If a lordotic posture ex-
ists for a long period, it can lead to insufficient rest for 
normal tissue adaptation and recovery, and as a result, 
increases the risk of tissue damage [8]. A change in the 
pattern of neuromuscular control and several changes in 
the spine can be one of the common causes of LCS. In 
addition, dysfunction of the deep muscle system and the 
increase in the activity of more superficial muscles can 
be the source of noticeable changes in the vertebral arch 
[6]. The prevalence of LCS in school-aged children was 
reported to be 21% [9] and this syndrome is more com-
mon in women than men [5].

The balance between strength and stability in the upper 
and lower kinematic chains is very crucial for the preven-
tion of musculoskeletal disorders. Core stability plays a 
crucial role in preventing sports injuries [10]. Maintain-
ing postural alignment and stability during functional 
activities is one of the tasks of the central region of the 
body, which helps in the prevention of inappropriate pat-
terns. Asymmetry in position and movement does not al-
low the core to be stable [11]. Limitations in the strength, 
endurance, and stability of the deep muscles lead to in-
correct sports techniques related to the upper and lower 
extremities and make the athlete prone to injury [12]. An 
optimal central region maintains the natural length-ten-
sion relationship of the agonist and antagonist muscles, 
and this leads to optimal kinematics of the joints in the 
lumbo-pelvic-hip complex in functional movements and 
creates maximum stability for the lower and upper ex-
tremities movements [13]. The previous research find-

W

Highlights 

• According to the research, in people with lower crossed syndrome (LCS), weakness in the core stability and reduc-
tion in the function of the upper and lower limbs is evident.

• Moderate evidence exists regarding the popularity of Pilates exercises among different strata of society and the 
prevalence of lower crossed syndrome among women

• No strong evidence exists for the effect of Pilates exercises on the function of women with LCS.

Plain Language Summary 

Weakness in the core stability of the trunk and as well as weakness in the function of the upper and lower limbs is evi-
dent in people with the lower crossed syndrome, and the authors found no research in this regard during their research. 
Therefore, considering the popularity of Pilates exercises among different strata of society and the prevalence of lower 
crossed syndrome among women, in the present study, we decided to investigate the effect of Pilates exercises on the 
function of the upper and lower limbs of women with the lower crossed syndrome.

Rahimi D, et al. Effect of Pilates Exercises on the Function of Women With Lower Crossed Syndrome. PTJ. 2022; 12(4):269-278



271

 October 2022. Volume 12. Number 4

ings suggest that the strength and endurance of the core 
stabilizer muscles in people with lower extremity injuries 
are lower than in those without a history of injury [14].

Research has proven the importance of core stability in 
producing efficient and effective limb and trunk move-
ments to generate, transmit and control force and energy 
during integrated kinematic chain activities [15], for ex-
ample, Hodges and Richardson studied the sequence of 
muscle activation during total body motions and found 
that some stabilizers of the central region (transversus-
abdominis, multifidus, rectus abdominis, and internal 
and external obliques) are activated before any move-
ment in the limbs [16, 17]. These muscles are also re-
sponsible for maintaining the alignment of the pelvis, so 
that the weakness of these muscles leads to the loss of 
the correct pelvis alignment, followed by disruption of 
the length-tension relationship of the muscles of the low-
er extremity that are connected to this area, and causes 
a decrease in efficiency and the exposure of the lower 
extremity to injuries [18].

Typically, musculoskeletal examination focuses on 
measuring the range of motion and muscular strength 
of different parts of the body, which cannot provide suf-
ficient information about the overall performance level 
of those parts [19]. Functional tests can be considered a 
low-cost clinical tool and a complementary aid to pro-
vide quantitative data about the functional ability and 
function of a body part [20, 21]. The closed kinetic chain 
upper extremity stability test (CKCUES) is a functional 
test and is used to assess shoulder function before and 
after a muscle-strengthening protocol [19, 22].

Various exercises of the core region are performed on 
a stable and unstable level. Pilates exercises are one of 
the newest training methods. These exercises emphasize 
breathing rhythm, strengthening deep muscles, concen-
tration, and mind engagement in the exercise. Today, this 
sport is widely used to rehabilitate, improve health and 
help treat various diseases. Pilates also focuses on the 
body, especially the core muscles, pelvis, and spine [23]. 
The effect of Pilates exercises has been proven in im-
proving the performance of elderly people [24], improv-
ing abdominal strength and endurance and trunk flexibil-
ity [25], and decreasing pain in women suffering from 
back pain and disc herniation patients with symptoms 
of Lumbosciatalgia [26]. Pilates improves flexibility and 
strength and develops control and endurance throughout 
the body. This sport works on body alignment, breathing 
and building a strong core region, and improving coordi-
nation and balance. The core region of the body plays a 
vital role in maintaining stability [27].

Based on the literature, weakness in the core stability of 
the trunk as well as weakness in the function of the upper 
and lower extremities is evident in patients with LCS, 
and the authors did not find any research in this regard 
during their literature review. Therefore, considering the 
popularity of Pilates exercises among different classes of 
society and the prevalence of LCS among women, the 
present study was conducted to investigate the effect of 
Pilates exercises on the function of the upper and lower 
extremities of women with LCS.

2. Materials and Methods

The present research is quasi-experimental applied re-
search with a pre-test and post-test research design. The 
statistical population of the study was women with LCS 
in the age range of 35 to 50 years. The statistical sample 
included 30 women with LCS from Tiam Sport Club. 
The number of participants was calculated based on G 
Power3 sample size software, considering the param-
eters of alpha coefficient=0.05, and power=0.8. After 
the initial selection and evaluation, the subjects were 
randomly divided into Pilates training group (n=15) and 
a control group (n=15) by dice throwing. Thus, the num-
bers 1, 2, and 3 of the dice were considered for the con-
trol group, and the numbers 4, 5, and 6 of the dice were 
considered for the Pilates training group.

The research inclusion criteria included female gender, 
the age range of 35-50 years, willingness to participate 
in the research, having a lumbar lordosis angle of more 
than 50 degrees, no history of injuries to the limbs and 
spine in the last 6 months, not having any type of neu-
romuscular disorder, the absence of balance disorders, 
having the criteria of the LCS, including the shortness 
of the hip flexors (based on Thomas test) [28] and erec-
tor spinal muscles straighteners [29, 30] and weakness 
of abdominal muscles (trunk flexion strength and co-
ordination test) [31] and gluteal muscles (hip extension 
strength/coordination test in palmar position) [31, 32]. 
The exclusion criteria included having any specific or-
thopedic and neurological disorders, such as progressive 
spinal arthrosis, abdominal and back surgery in the last 
3 months, spinal compression fractures or radiculopathy 
due to spinal canal stenosis or disc herniation, and his-
tory of surgery, and other issues, such as intolerance to 
research tests, irregular participation in training sessions, 
and pregnancy [9, 33]. It should be noted that this re-
search has a code of ethics from the Islamic Azad Uni-
versity-Science and Research Branch, and the code of 
ethics is IR.IAU.SRB.REC.1400.292.
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Before starting the research, in the familiarization ses-
sion, the way to conduct the research was explained to 
the subjects, and before doing the Pilates exercises, the 
function of the upper and lower extremities was mea-
sured. Upper extremity function was evaluated by Y and 
Davies tests and lower extremity function was evaluated 
by side hop and square hop tests.

Side hop test: The subject hopped forward and backward 
10 times on the dominant leg at a distance of 30 cm marked 
by two pieces of parallel tape on the ground surface. The 
subject’s time was recorded by a stopwatch (unique with 
0.01 accuracy) before and after the Pilates training proto-
col. The inter-rater reliability of this test in healthy athletes 
has been reported to be 0.97 [34] (Figure 1).

Square hop test: In this test, a square with sides of 40 
cm was drawn on the ground with adhesive tape. The 
subject was asked to hop as fast as possible 5 times along 
the path drawn in the figure inside and outside the square 
with the dominant leg (right leg counterclockwise and 
left leg clockwise). If during the test, the person tripped 
on the opposite leg, lost balance, or could not hop on the 
marked strips for landing, or hit the sides, the test was 
not accepted. Inter-rater reliability of this test has been 
reported as 0.90 [34].

Davies Test: This test examines muscular strength and 
endurance and the closed kinetic chain upper extremity 
stability (CKCUES). Its reliability is reported as 0.92. To 
perform the test, two pieces of tape with a width of 5 cm 
were placed parallel to each other at a distance of 91 cm 
from each other on the ground surface where the mea-
surement was to be performed. The starting position for 
the test was while the hands were placed on each piece 
of the tape and the subject was in the push-up position. 
Subjects were instructed to pass one hand under their 
body and reach the tape under their opposite hand and 
return to the starting position after touching the tape. The 
subject repeated the same movement for the other hand. 
The repetition of this movement was counted in 15 s. 

The number of hand contact was the subject’s test score 
[35] (Figure 2). Before the test, the body was warmed up 
for 5 minutes.

To evaluate the performance of YBT-UQ, the Y bal-
ance test was used, which is performed in anterior, 
posterolateral, and posteromedial directions, and the 
internal reliability coefficient of this test was reported 
as 0.99-0.8. This test was repeated three times for both 
hands, and the average of three repetitions in each di-
rection was used for analysis, and two-minute rest was 
given between each trial to prevent fatigue. In addition, 
before the test, the dominant hand of the subjects was 
determined according to the tendency of the subjects to 
throw the ball. The length of the upper extremity affects 
their reach distance; hence, the raw balance scores were 
normalized based on upper extremity length. To record 
the length of the upper extremity, the distance from the 
spinous process of C7 to the end of the middle finger 
was measured, while the shoulders were abducted 90 de-
grees, and the elbows, wrists, and fingers were extended 
(Figure 3). The reach distance was divided by the length 
of the upper extremity in centimeters and multiplied by 
100. In addition to considering all three directions sepa-
rately, an overall score for performance was calculated 
through the following formula [36].

Total score= (Medial+posterolateral+posteromedial)/
(Length of upper extremity multiplied by 3) *100

In the post-test phase, after six weeks of Pilates exer-
cises, the tests conducted in the pre-test conditions were 
again performed on the subjects in both groups. The Pi-
lates training program included kicks from the side, sin-
gle leg extension, shoulder bridge, push-up, swan dive, 
rounding up, single leg circle and double arm extension, 
and spine rotation (Table 1), which lasted for 6 weeks, 
3 a week and each session was 30 minutes [37]. Each 
exercise was started with 2 sets and 15 repetitions and 
increased to 3 sets and 30 repetitions in 6 weeks.

Figure 1. Square hop and side hop test

path drawn in the figure inside and outside the square with the dominant leg (right leg 
counterclockwise and left leg clockwise). If during the test, the person tripped on the 
opposite leg, lost balance, or could not hop on the marked strips for landing, or hit the 
sides, the test was not accepted. Inter-rater reliability of this test has been reported as 
0.90 (34). 
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Descriptive and inferential statistical methods were 
used to analyze the collected data. The Shapiro-Wilk test 
was used to check the normality of data distribution. To 
compare variables between groups, an analysis of cova-
riance (ANCOVA) was used at a significance level of 
P≥0.05. The statistical calculations were performed in 
SPSS software v. 22 (P<0.05).

3. Results

Table 2 presents the descriptive analysis of demograph-
ic characteristics (age (year), height (cm), weight (Kgr) 
and body mass index) of subjects and pre-test data by 
research groups. The results showed no significant dif-
ference in these variables between the research groups in 
the pre-test (P>0.05).

Considering the normality of the data, which was deter-
mined by the Shapiro-Wilk test, the ANCOVA test was 
used to compare the research variables between groups, 
including upper and lower extremities function. 

Table 3 presents the results of the ANCOVA test for 
between-group comparison were presented in Table 3.

The results of the ANCOVA test showed that after 
controlling the effect of the pre-test, a significant differ-
ence is observed in the variables that show the function 
of upper and lower extremities (P≤0.05) in the post-test 
between the Pilates training and control groups. So that 
upper and lower extremities function in the Pilates train-
ing group showed a significant improvement compared 
to the control group.

4. Discussion

This research was conducted to investigate the effect of 
six weeks of Pilates exercises on the function of the up-
per and lower extremities of women with LCS. The re-
sults of the present research showed that the Pilates train-
ing group obtained better results in the post-test than the 
pre-test and the control group in the side hop test and the 
square hop test (lower extremity function tests), while no 
significant difference was observed between the pre-test 
and post-test in the control group. Besides, the results in-
dicated that in the Y test and Davies test (upper extremity 
function tests), the Pilates training group obtained better 
results in the post-test than the pre-test, while no signifi-
cant change was observed in the control group. 

Figure 2. Davies test

Figure 3. Assessment of upper extremity performance
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Table 1. Pilates training protocol

ExerciseMovementExerciseMovement

side kickSingle Straight leg 
Stretch

shoulder bridgeSwimming

Back extensionOne leg circle

Roll up Step 1Roll up Step 2

Roll up Step 3spine Twist

Swan dive level 1Swan dive level 2

Swan dive level 3Hundred

Rahimi D, et al. Effect of Pilates Exercises on the Function of Women With Lower Crossed Syndrome. PTJ. 2022; 12(4):269-278
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Since Pilates is one of the new training methods in the 
world and also the research sources regarding this new 
training method are not very rich, no research was found 
to directly compare its results with the results of the cur-
rent research. Therefore, the results of the research that 
investigated the effect of a training method on the per-
formance of athletes can be compared with the results of 
the current research.

Pilates emphasizes breathing rhythm and strengthening 
of the deep muscles, and concentration and challenges 
the mind during exercises. Pilates also has a special fo-
cus on the muscles, pelvis, and spine [23]. In addition, 
enhancement of performance in elderly people [24], im-
proved muscular strength, endurance, trunk flexibility 
[25], and improved pain in women with back pain and 
symptoms of Lumbosciatalgia have been attributed to 
participating in Pilates exercises [26].

The continuous activation of the core stabilizer mus-
cles provides a solid and reliable base for the upper and 
lower extremities when performing various functional 

tasks, which will play a vital role in injury prevention. 
The results of previous studies research results have 
shown a direct relationship between the performance of 
the core region and the function of the upper and lower 
extremities and the occurrence of sudden injuries [38].

Several studies proved that a person who has control 
over the medial muscles of his body and cannot establish 
stability in the central regions of his body is greatly ex-
posed to sudden injuries [39]. It should be noted that core 
stability training significantly corrects the defects of the 
neuromuscular system, and this creates optimal muscle 
balance and optimal arthrokinematics in the entire lum-
bar-pelvic-hip region during the functional kinetic chain. 
It provides the stability of the proximal segment for mo-
bility in the distal segment [40]. Therefore, according 
to the present research, modern Pilates exercises can be 
prescribed as a special and appropriate tool to improve 
performance and even reduce and prevent injuries for 
everyone.

Table 2. Demographic characteristics of the subjects and pre-test data in the research groups 

Variables Group Mean±SD P

Age (y)
Control 38.87±5.13

0.138
Pilates training 42±6.05

Height (cm)
Control 159.27±5.35

0.173
Pilates training 162.07±5.61

Weight (kg)
Control 68.73±11.68

0.976
Pilates training 68.61±12.06

BMI (kg/m2)
Control 27.05±3.67

0.461
Pilates training 26.03±3.75

DAVIES
Control 16.87±4.27

0.359
Pilates training 18.20±3.51

Upper extremity function
Control 80.71±7.39

0.771
Pilates training 81.48±7.02

Square hop
Control 17.33±10.20

0.621
Pilates training 19.07±8.72

Side hop
Control 14.67±6.5

0.777
Pilates training 13.93±7.49

BMI: Body mass index.
Independent t-test, P<0.05 significant difference.
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Improper habits in daily life cause deviations in posture 
and compensatory movement patterns. Moreover, mus-
cle imbalance can result in postural abnormalities [3]. In 
addition to core stability, the balance between strength 
and stability in the kinetic chain of the lower and upper 
extremities is vital to prevent physical injuries [10].

A possible explanation for improved performance in 
women with LCS may be an increase in strength and 
efficiency of core stabilizer muscles due to participa-
tion in Pilates training sessions for 6 weeks. Therefore, 
physiotherapists and physical therapists are suggested to 
use the Pilates exercises described in this study to im-
prove the function of the upper and lower extremities of 
women with LCS.

Among the controllable limitations of the present 
study, we can mention the age, place of training, and the 
exclusion of injured people. The uncontrollable limita-
tions of the research included the lack of control over the 
nutritional status of the subjects, the lack of control over 
the mental and psychological conditions of the subjects, 
the psychological effects of COVID-19, the variation in 
the level of interest, and the differences in the level of 
motivation of the subjects.

5. Conclusion

According to the results, it can be concluded that Pi-
lates exercises can improve the function of the upper 
and lower extremities, perhaps through increasing the 
strength and efficiency of the core stabilizer muscles, 
therefore it seems logical to suggest to the trainers and 
physiotherapists that Pilates exercises may be used to in-
crease performance in women with LCS.
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Table 3. The results of analysis of covariance (ANCOVA) to investigate the effect of pilates exercises on upper and lower ex-
tremities function

Variables Test Stage Group Mean F df P Eta Squared

Davies
Post-test Control 17.4

14.82 1 0.001 0.354
Post-test Pilates training 22.27

Anterior 
Post-test Control 57.87

36.547 1 0.001 0.575
Post-test Pilates training 62.2

Posterolateral
Post-test Control 90.27

12.065 1 0.002 0.309
Post-test Pilates training 95.27

Posteromedial
Post-test Control 45.8

5.283 1 0.03 0.164
Post-test Pilates training 49.13

Upper Extremity 
Function

Post-test Control 81.44
10.225 1 0.004 0.275

Post-test Pilates training 83.91

Square Hop
Post-test Control 16.93

61.35 1 0.001 0.694
Post-test Pilates training 15.1

Side Hop
Post-test Control 13.87

7.101 1 0.013 0.208
Post-test Pilates training 11.87

Analysis of covariance test, P<0.05 significant difference.
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