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Abstract

Background: Breast cancer as the most common cancer and deadliest malignancy among women is one of  the most important 
health concerns in the world. Therefore, the present study was conducted in response to the question of  whether the Pilates 
training method affects the memory, attention, and balance of  women with lymphedema after modified mastectomy.
Methods: In this quasi-experimental clinical trial, we studied 20 women with an average and standard division in (age, 
43.03±5.61year), height (163.85±4.63 cm) and weight (67±3.95 kg). Our subjects referred to Shahid Motahari clinic, Shiraz, 
Iran in 2019 with lymphedema after modified mastectomy. They were randomly divided into two groups: Pilates and control. 
The experimental group performed Pilate’s exercises for 2 weeks, 3 days a week with 60 minutes long each session. Memory, 
attention, and balance before and after the training program were assessed using one-way analysis of  covariance and paired t-test 
at a significance level of  0.05.
Results: Statistical analysis of  age, height, and weight showed no differences between the two groups. Statistical analysis of  
paired t-test indicated a significant difference in pre-test and post-test scores of  the training group, yet this difference was not 
significant in the control group. 
Moreover, one-way analysis of  covariance revealed a significant difference between the two groups in pre to post- tests in the tests 
of  Stroop test [exercise (pre): 449.70±45, (post): 421.30±58.13; Control (pre): 461.30±23.17, (post): 457.10±22.20, P=0.014), 
n-back [Exercise (pre): 69.50±19.69; (post): 88.00±13.23; Control (pre): 79.40±17.48, (post): 82.00±10.74 P=0.016), and 
Flamingo [Exercise(pre): 18.49 ±18.92; (post): 51.57±43.02; Control (pre): 10.85±4.36, (post): 10.83±3.91, P=0.001]. Attention: 
(431.30±33.59), (461±11.12), memory: (72.50±17.34), (90±8.27), and static balance: (9.96±4.23), (29.39±7.00). In control 
group, the mean and standard deviation of  the scores were as follows: attention: (465.90±10.56), (462.60±6.99), memory: 
(79.40±17.48), (85.90±4.45), and static balance: (10.85±4.36), (10.83±3.91).
Conclusion: According to our findings, it could be concluded that women with breast cancer can use the benefits of  Pilates along 
with other treatments.
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Introduction

Cancer is a chronic and non-communicable disease 
that covers a wide range of diseases. This disease, like 
other chronic diseases, occurs in any person, regardless 
of their age group and race; therefore, it is considered 
as a health problem affecting the health of society (1). 
Among various types of cancer breast cancer, which 
accounts for 23% of all cancers in women, is the most 
common cancer and deadliest malignancy among 
women. It is one of the most important health concerns 
in the world (2-4).

Breast cancer as one of the important cancers, which 
causes several disabilities and death, affects 1.2 million 
new cases each year (5). This disease is characterized 
with changes in uncontrolled growth of cells in the 

breast tissue that occurs abnormally in the mammary 
glands (lobules) or in the ducts that connect the lobules 
to the nipple (duct) (6). The prognosis of cancer and 
the choice of treatment depends on several factors. 
Among the most important factors, we could name 
smoking, obesity, taking oral contraceptives, diabetes, 
hyperlipidemia, axillary lymph node involvement and 
the presence of estrogen and progesterone receptors (7, 
8). Despite the increase in survival and improvement in 
treatment methods, numerous side effects are observed 
in these cases, including upper extremity disorders, 
lymphedema, fatigue, depression, weight gain and 
dysfunction of the immune system (9). Furthermore, 
advances achieved in diagnosis and improvement 
of treatment have created a favorable survival rate of 
89.2% five years after diagnosis (10). The high costs 
of healthcare for patients of breast cancer usually 
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dramatically affects the treatment of breast cancer (11). 
Furthermore, treatment is followed by many side effects. 
One of them includes decreased upper extremity range 
of motion, pain, and secondary lymphedema of the 
affected arm, seroma formation, impaired self-concept, 
and feelings of sadness.

Concerning their social life, women may feel isolated, 
since breast is a symbol of femininity, sexuality and 
maternity (12-15). Evidence has indicated that some of 
breast cancer patients suffer from cognitive impairment. 
Among the cognitive functions attention is an essential 
component of cognitive function efficiency. Therefore, 
understanding attention-associated problems is an 
important key in treating cancer patients (16). Another 
factor in cognitive function is memory, which has a 
complex system and affects all human behaviors. In 
addition, balance is one of the basic needs for daily 
activities, which plays an important role in static and 
dynamic activities (17). 

Pilates largely avoids high impact, high power output, 
and heavy muscular and skeletal loading. The present 
training method aimed to help the subjects primarily 
tack control in a purposeful way through the control 
method and then to achieve normal neuromuscular 
coordination by repeating its movements in a gradual 
but progressive way (18). It seems that in women with 
breast cancer exercise, some of the recurrent risk factors 
(pain, swelling, depression, etc.) could be modified, 
these risk factors may recur following the treatment. 
Thus, physical activity can be important involvement 
to be used during or following the breast cancer 
treatment. Ghorbani and colleagues investigated the 
effect of yoga and Pilates exercises on the range of 
motion, edema, and upper extremity pain of women 
after mastectomy immediately following the surgery. 
They concluded that the rate of flexion, extension, 
internal, and external rotation of the shoulder, elbow 
flexion and extension, arm and forearm edema and 
pain, get better (13). Sekendiz and colleagues reported 
that exercise had positive effects on balance, flexibility, 
and muscle strength. In light of the above mentioned 
evidence, the present study seeks to examine the effects 
of Pilate’s exercises on memory, attention, and balance 
in women with breast cancer (19). Exercise improves 
the physical and mental health of people with breast 
cancer and improves circulatory system function, 
increases muscle strength, reduces fatigue, anxiety 
and depression, improves mood and creates a better 
feeling for the person. The results of a previous study 
showed that patients are able to improve their physical 
function during the rehabilitation period, particularly 

with physical exercise (20, 21). Pilates largely avoids 
high impact, high power output, and heavy muscular 
and skeletal loading (22). Given the beneficial effects of 
Pilates and the low use of this exercise on people with 
breast cancer, this study is looking for the answer to this 
question “Does Pilates exercise effect of the memory, 
attention, and balance of women with breast cancer?”

Patients and Methods

In this quasi-experimental clinical trial, among the 
patients referred to Shahid Motahari Clinic in Shiraz 
during 6 months, 20 patients who had undergone 
mastectomy were selected as the subjects and were 
randomly divided into two groups: Pilates and control.

The following formula (23) was used for the sample 
size calculation:  

κ=nA/nBis the matching ratio

σis standard deviation

Φ is the standard Normal distribution function

Φ−1 is the standard Normal quantile function

αis Type I error

βis Type II error, meaning 1−β is power

The balance test mean and standard deviation 
(control: 15.81±15.41 and exercise: 12.60±11.10) from 
similar population (24) were used for estimating the 
number of samples. The inclusion criteria included the 
willingness to participate in the study, the ability to 
communicate verbally to cooperate, women with upper 
limb secondary lymphedema following a mastectomy 
whose definitive diagnosis was confirmed by a clinician, 
the ability to move independent and without the need 
for assistive equipment, a time interval of at least one 
year following the mastectomy (18, 25), those in the age 
range of between 35 and 50 years and patients who were 
in stage two in terms of lymphedema. The exclusion 
criteria were: unwillingness to cooperate, creating any 
situation that aggravates the disease or hospitalization 
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of the patient, history of congestive heart failure or 
chronic obstructive pulmonary disease, patients 
undergoing chemotherapy or radiation therapy, or any 
heart problems, which could affect their participation in 
the exercises. After getting the code of ethics committee 
under the number IR.SUMS.REHAB. REC.1398.015, 
all the subjects signed the consent form to participate 
in the study. Subsequently, the two experimental and 
control groups participated in the balance, attention, 
and memory tests as a pre-test. After two weeks of 
Pilate’s exercises by the experimental group, attention, 
memory, and balance were tested again as a post test. 

Technical Information

Primarily, before starting the training program, 
during a session held with the presence of the subjects, 
the conditions for conducting the research, conducting 
the pre-test and the exercise program for intervention 
were fully explained to the subjects. Afterwards, one week 
before the start of the training protocol, the two groups 
of flamingo static balance test were used to measure 
balance, Stroop test was carried out to measure attention 
and N-back test to measure memory as a pre-test. During 
the study, the experimental group performed Pilate’s 
exercises for 60 minutes three times a week for 2 weeks. 
Following the exercises, the tests of attention, memory, 
and balance of the two groups were repeated as the same 
post-test and compared to each other.

Data Collection

In order to analyze the obtained information, 
descriptive statistics indicators were used to describe 
demographic variables and draw graphs and tables. 
After examining the normality of the distribution of 
scores with Kolmogorov-Smirnov test, paired t- test 
and one-way analysis of covariance were utilized for 
analyzing the data of research questions for comparison 
between the two groups. Statistical operations were 
performed with SPSS software version 21 and the level 
of significance of the tests (P=0.05) and 95% confidence 
level were considered.

Research Tools and Validity and Reliability

The tools employed in the present study included 
the followings:

•	 Stopwatch to record the Static one leg test

•	 Wall caliper with an accuracy of 1 cm to measure 
the height of the subjects

•	 Digital scales to measure the weight of the 
subjects

•	 Stroop test to measure attention

•	 N-back test to measure memory

•	 Flamingo static balance test to measure balance 

•	 Flamingo Static Balance Test

This test was used to evaluate the ability to maintain 
balance on one leg. Validity (0.64-0.79) and reliability 
(0.93-0.99) of this test have been confirmed in previous 
studies (26).

Stroop Test

The validity of this test in measuring the inhibition 
of adults and children is 5 and 6, respectively, and its 
reliability has been reported to range from 0.80 to 0.91. 
The subject’s task is to base the answer only on the 
appearance of the words, regardless of the meaning of 
the words (27). 

N-back

There are several tests to evaluate memory function, 
the most famous of which is n-back. In this test the 
subject is shown a set of sequences of stimuli. The task 
is to decide whether the stimulus displayed is the same 
as its previous N sequence (for example, 2 backs means 
two previous sequences) (28).

Procedure

Initially, before starting the training program, 
during a session held with the presence of the 
subjects, the conditions of the research, pre-test 
and exercise program for intervention were fully 
explained to the subjects. After completing the 
informed consent form by the subjects, the height 
and weight- related measurements were performed. 
Subsequently, one week before the start of the 
training protocol the control group and the stork 
test were taken to measure balance, the Stroop 
test to measure attention and the n-back test to 
measure memory as a pre-test. During the study, 
the experimental group performed Pilate’s exercises 
for 60 minutes three sessions per week, for week’s 
even days. After the exercises, the tests of the two 
groups were repeated as a post-test. The results were 
compared to each other (Table 1 and 2).
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Experimental Group Training Protocol

Between training sets, the subjects had 20- seconds. 
The resting time between the movements depended on 
the extent of the change of position and being in the new 
position and also on how to increase the training load. 
The training load increased in two ways: Increasing the 
movement maintenance time: (for example, in the first 
days the movement maintenance time was 5 seconds 
and in the last days it reached 8 seconds), and adding 
limb movement to the previous movements. 

Statistical Method

In this study, first Kolmogorov-Smirnov test was 
utilized to normalize the dispersion of the findings. 
After confirming the naturalness of the dispersion of the 
findings and homogeneity of variances using Levene’s 
test, we employed analysis of covariance. This study 
was based on a model involving Pilate’s exercises as an 
independent variable and n-back test, and Stroop test 
and pre-test Flamingo static balance test as a dependent 
variable. Additionally, the results of Shapiro-Wilk test 
showed that the scores in pre-test and post-test had good 
homogeneity and normality, accordingly parametric 
analysis was used. Paired-sample t test was used for within 
group comparison, and One- way analysis of covariance 
was used for the comparison between the groups. The 
statistical calculations were performed with SPSS software 
Version 23 and the significance level was P<0.05.

Results

Twenty women with lymphedema after modified 

mastectomy from Shahid Motahari clinic were 
purposefully selected according to the criteria in the 
study. The mean and standard deviation of age, height, 
and weight of the subjects in the experimental group 
were (43.20±4.63), (165±4.80) and (67.80±2.39) those in 
the control group were (42.63± 4.84), (162.7±4.39) and 
(67.20±5.20), respectively. No significant differences were 
found between age, height, and weight of the subjects. 

In the experimental group, the mean and standard 
deviation of the scores in pre-and post-tests were 
respectively as follows: attention: (431.30±33.59), 
(461±11.12), memory: (72.50±17.34), and (90±8.27), and 
static balance: (9.96±4.23), and (29.39±7.00). In the control 
group, the mean and standard deviation of the scores were 
respectively as follows: attention: (465.90±10.56), and 
(462.60±6.99), memory: (79.40±17.48), (85.90±4.45), and 
static balance: (10.85±4.36), and (10.83±3.91). According 
to ANCOVA findings, there was significant difference 
between the exercise and control groups regarding Strop 
(P=0.014), N-back (P=0.016), and Flamingo (P=0.001) 
testing findings (Table 3).  

In the within-group comparisons, the results 
implied a significant difference concerning scores of 
strop (t=-3.23, P=0.008), N-back (t=-3.60, P=0.003) and 
Flamingo (t=-4.20, P=0.002); however, these results 
were not significantly different in the control group 
(Table 3). 

Discussion

The current research aimed to investigate the effect 
of Pilates exercise on memory, attention, and balance 

Table 1: Block 1 Pilates Training Protocol
RepFocus on practicePilates practiceTrain
5Strengthen shoulder musclesPublishing stands in front1
5SidesStanding sideways with open legs2
5keeping balanceFoot forward pause for 3seconds3
5Strengthen the abdominal musclesCrunch half pause 3 seconds4
5Hand-foot coordination and alignmentStarfish pause for 2 seconds5
5Strengthen the muscles of the back of the legMove the leg for 3 seconds6

Table 2: Block 2 Pilates Training Protocol
RepFocus on practicePilates practiceTrain
5Lumbar vertebraestanding cat1
5BalanceT balance2
5keeping balanceRaise the leg from the side Pause for 3 seconds3
5Lumbar vertebraeNut to nut to leg4
5Strengthen the abdominal musclesBend the leg bent 90 degrees single leg up5
5Strengthen the muscles of the lumbar fillet, flanksdart6
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among women with moderate lymphedema following 
mastectomy. The obtained results revealed that memory 
function and balance improved in the subjects, yet this 
effect was not significant on their attention. Based 
on the theoretical foundations of the design, certain 
intervention methods improved their memory. The 
results of the present study showed that Pilates training 
significantly improved memory. In fact, the findings of 
the present study confirmed the effect of Pilates exercise 
on memory. In addition, several studies have shown 
that cognitive function improves after physical exercise 
(29). This result contradicts the findings of Blumenthal 
and Madden (30). Unlike these studies, other studies 
are consistent with the results of the present study on 
the significant effects of physical activity on memory, 
including studies by Cooper and colleagues (31). 
Therefore, according to the results of the present study 
Pilates exercises could be introduced as one of the 
effective intervention methods in improving memory. 
Our results revealed that Pilates training did not cause 
a significant change in attention. However, there are 
numerous therapeutic approaches to occupational 
therapy and physiotherapy, medicine, nutrition, and 
education to improve attention in different people, 
specifically those with disorders (32-34). Ultimately, 
regarding the performance of static balance and the 
effect of Pilate’s exercises, the findings demonstrated 
that Pilates training significantly improved the static 
balance of the stork. The results of the present study 
are in line with those of Clark and colleagues, Sadeghi 
and colleagues. Meanwhile, they were inconsistent 
with the research of Manini and colleagues (17, 35-37). 
Given that balance is one of the key components in the 
performance of individuals and its deficiency is one 
of the important risk factors for injury in individuals, 
it is recommended that trainers and rehabilitation 
specialists use these exercises to improve balance. 

Research Limitations

Among the limitations of research, we could point 
out the followings:

The small number of subjects with breast cancer 
living in Shiraz and limited access to them.

The absence of subjects on certain days of the week, 
which made it difficult to perform the tests.

Conclusion

Based on the findings obtained here, patients with 
breast cancer could exploit the benefits of Pilate’s 
exercises along with other treatments.
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Table 3: Within group comparison for the two groups (within group with t test and between group with ANCOVA)
Variables Group Tests M SD P value (within groups) P value (between groups)
Strop Ex Pre 421.30 58.13 0.008* 0.014*

Post 449.70 45.70
Co Pre 461.30 23.17 0.132

Post 457.10 22.20
N-back Ex Pre 69.50 19.69 0.003* 0.016*

Post 88.00 13.23
Co Pre 79.40 17.48 0.461

Post 82.00 10.74
Flamingo Ex Pre 18.49 18.92 0.002* 0.001*

Post 51.57 43.02
Co Pre 10.85 4.36 0.96

Post 10.83 3.91
*Significant difference (P<0.05)
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