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Abstract 

Background: Post-menopausal women experience a number of physical changes that are loss of muscle 

strength and flexibility, which contributes to majority of musculoskeletal disorders. Aim was to study the 

effect of Pilates and core stabilization exercises on flexibility and strength in postmenopausal women.  

Materials and Methodology: Experimental study was conducted with convenient sampling. 

Postmenopausal female who fulfilled screening criteria (n-60) were assigned to Group A (n-30) Group B 

(n-30). All the participants in the study were assessed for flexibility by sit and reach test and strength by 

Pressure biofeedback unit and were given interventions for 3times/week for 6 weeks. Participants were 

divided into 2 groups: Group A received Pilates training while Group B received Core stabilization 

exercises. Post intervention again flexibility and strength were assessed by Sit and reach and Pressure 

Biofeedback Unit respectively. Data collected was analyzed using parametric test. P value less than 0.05 

was considered statistically significant.  

Statistical Analysis: Intergroup analysis was done using paired t test and intragroup analysis was done 

using unpaired t test P value less than 0.05 was considered statistically significant.  

Results: Statistically no significant (p< 0.05) changes were seen in the score of Sit and reach and 

Pressure Biofeedback Unit. But mean difference suggests more improvement in Group A than Group B.  

Conclusion: Pilates training is better compared to Core stabilization technique in improving flexibility 

and strength in postmenopausal women. 

 

Keywords: Postmenopausal, flexibility, strength, pressure biofeedback unit, sit and reach 

 

Introduction 

All women, beyond middle age, experience a transition period that is from reproductive stage 

to non-reproductive stage of life. The most striking feature of non-productive stage is cessation 

of menstruation, which is also known as menopause [1]. 

According to the World Health Organization, “natural menopause” is defined as “no menses 

for 12 consecutive months with no obvious intervening cause, such as pregnancy, lactation, 

exogenous hormone use, dietary deficiencies, or surgical removal of the uterus or ovaries.”  

Menopause accelerates ageing process; menopause leads to the cessation of estrogen 

production. Estrogen has strong effect on function of muscle, tendon and ligament.  

The prevalence of menopausal symptoms was found to be 47% and Mean age at menopause 

was 44.9 years [3]. The most common menopausal symptoms among postmenopausal women 

were of physical domain (around 81%) [2].  

Physical symptoms are perceived more due to normal ageing process and are overly 

emphasized, as a limitation to their daily work performance [4]. 

Menopausal women experience a number of physical changes that are loss of muscle strength 

and flexibility, which contributes to majority of musculoskeletal disorders [3, 5]. 

The loss of muscle strength appears to be concurrent with the occurrence of menopause [10]. 

In postmenopausal women physiological process of aging is seen markedly, that is decrease in 

motor skills, reduced strength, flexibility and speed, hindering daily activities and maintenance 

of a healthy lifestyle, although individual variation is considerable. Practicing regular physical 

exercises minimizes changes resulting from senescence and menopause as reflected by  
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improved body composition, decreased joint pain and 

vascular resistance, increased bone mineral density, aerobic 

capacity, muscle strength and flexibility [6]. 

Core should be stable for optimal posture and to move the 

limbs. Stable spine is attaining, largely by core muscles and 

partly by passive and neural elements. Stable spine needs for 

lower limb activities. 

Core is the center of kinetic chain, links the upper limb and 

lower limb. A strong core allows an individual the full 

transfer of forces generated from the ground through the 

lower extremities, the torso, and finally to the upper 

extremities. 

A weak core is believed to cause alterations in the transfer of 

energy, resulting in reduced performance. The ability to 

generate the lower body power is essential for enhanced 

performance in many day-to-day activities like walking, 

running, sit to stand and transfers. Several methods of 

exercises have been administered for core stability. Among 

those Pilates is also more concerned about core stability [10]. 

Core stability is usually used to strengthen the muscles around 

the abdominal, lumbar, and pelvic regions, because the 

muscles of these regions play an important role in stability as 

well as in controlling the lumbar posture by using tonic or 

postural muscles during whole-body exercises (Marshall and 

Murphy, 2005). Although muscles related to core stability 

have individual roles, they function in concert via cooperative 

contraction to establish core stability (Richardson et al., 

1995). Exercises for core stability serve as treatment for 

simultaneously activating the abdominal and multifidus 

muscles in order to stabilize the body and head during the 

beginning of limb movements and during the course of these 

movements (Hodges and Richardson, 1997). The cooperative 

contractions of transversus abdominis and multifidus muscles 

improve the stability of each part when the spine is in neutral 

position or in motion (Porterfield et al., 1998) [10]. 

During last decade demand of physiotherapy has been 

increased for improving core fitness. Among these such 

interventions, which are proved to be effective in improving 

core strength and flexibility, are Pilates and core stabilization 

exercises [10]. 

Pilates and core stabilization exercises both work on 

improving strength and flexibility of trunk and both limbs. 

Several methods are advocated to evaluate truncal strength 

and flexibility, among which pressure biofeedback unit (PBU) 

and sit and reach are efficient and easy to administer in 

postmenopausal population [11].  

It has been suggested that PBU can aid in the quantification 

and retraining of deep stabilizing muscle groups by accessing 

sensory factors such as those identified by Miller and Mederio 

(Richardson and Jull, 1995). Sit and reach can used in 

quantification of flexibility of trunk and hamstring muscles 22 

The muscles around the abdominal, lumbar, and pelvic 

regions are important to maintain stability as well as for 

controlling the lumbar posture by using tonic or postural 

muscles during whole-body exercises [4, 8]. 

Women can enjoy a good quality of life after menopause even 

without hormones. Exercise works by improving muscle 

mass, strength, flexibility, balance, and coordination. Reduced 

flexibility and strength in postmenopausal women can lead to 

various biomechanical changes and altered postures. This can 

affect balance and eventually lead to fall [6]. Flexibility and 

strength are required to perform daily activities with ease. 

There is a dearth of literature on the comparison of short term 

effect of Pilates and Core stabilization on postmenopausal 

women. 

Hence there is need to compare the effect of Pilates and core 

stabilization exercises on flexibility and strength in post-

menopausal females. 

 

Materials and Methodology 
 Study Design: Experimental study. 

 Study Type: Pre-Post Comparative. 

 Study Setting: In and around city. 
 Study Population: Post-menopausal females Age 45-60 [1]. 

 Sample Size: 60 

 

Eligibility Criteria 

Inclusion Criteria 
1. Post-menopausal Female population from age group 45-

60 who were in menopausal stage for >1yr [23]. 

2. Having >11 cm/average value in sit and reach test [47]. 

3. Females not undergoing any intense exercise programme. 

4. Abdominal strength more than or equal to fair. 

 

Exclusion criteria 
1. Having complains of musculoskeletal, neurological 

problems, pulmonary disorders and cardiac problems that 

would contradict physical activity. 

2. Receiving hormonal replacement therapy within the past 

6 months. 

3. Acute Abdominal surgeries. 

 

Materials Used 

Measuring tape, Pen and paper, Mats for exercises, Pressure 

biofeedback unit 

 

Outcome Measures 

 YMCA SIT AND REACH: ICC for SIT AND REACH 

score is 0.92 [9]. 

 PRESSURE BIOFEEDBACK UNIT score is 0.81 [10]. 

 

Procedure 

The study began after approval from the ethical committee. 

Post-menopausal women were approached. The subjects were 

given information about study 

Subjects were selected according to inclusion and exclusion 

criteria and written consent wase given after explaining aims 

and objectives. 

Each of them was asked to fill consent form. 

Sampling of populations was done in two group. 

Outcome measures were assessed pre and post intervention 

program  

Participants underwent a Thrice-a-week 45 mins of exercise 

intervention for 6 weeks. Starting 5 min warm-up with very 

low-intensity exercises, including breathing and joint mobility 

exercises carried out in upright position. Finally, subjects will 

perform a 5-min cool down consisting of stretching exercises 

 

Group A consist of Pilates program as follows: 

Pilates program consisted of exercises that emphasize the 6 

principles of Pilates such as the Hundred, Roll Up, Leg 

Stretch (single and double), Leg Circles (single and double), 

Rolling like a Ball, Spine Stretch Forward, Saw, Teaser, Swan 

Dive, Crisscross, Coccyx Curl and Curl up. Each exercise will 

be repeated 10–15 times for 2–5 sets, with a 10-sec rest per 

repetition and 60 sec between sets. 

The rating of perceived exertion (RPE) will be used to 

gradually increase the program intensity.  
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Group B will consist of Core stabilization exercise: 

a. Train TrA muscle activation in a prone lying position 

without spinal and pelvic movements for 10seconds. 

Keep respiration normal. Gently draw in the lower 

anterior abdominal wall below the navel level (abdominal 

drawing-in manoeuvre) with supplemented contraction of 

pelvic floor muscles, control your breathing normally, 

and have no movement of the spine and pelvis while 

lying prone on a couch with a small pillow placed 

beneath your ankles. 

b. Train MF activation in an upright sitting position. You 

raise the contralateral arm while performing the 

abdominal drawing-in manoeuvre in a sitting position on 

a yoga ball. 

c. Perform co-contraction of the two muscles in a crooked 

lying position with both hips at 45 degrees and both 

knees at 90 degrees. Then, you abduct one leg to 45 

degrees of hip abduction and hold it for 10 seconds. 

d. Train co-contraction of these muscles in a crooked lying 

position with both hips at 45 degrees and both knees at 90 

degrees. Then, you slide a single leg down until the knee 

is straight, maintain it for10-second holds, and then slide 

it backup to the starting position. 

e. Perform co-contraction of the two muscles while raising 

the buttocks off  a couch from a crooked lying position 

until your shoulders, hips and knees are straight. You 

sustain this pose for 10 seconds and then lower the 

buttocks back down to the couch. 

f. Train muscle co-contraction while raising the buttocks 

off  a couch from a crooked lying position with one leg 

crossed over the supporting leg. You raise the buttocks 

off  the couch until the shoulders, hips, and knees are 

straight. You sustain this pose for 10 seconds and then 

lower the buttocks back down to the couch. 

g. Perform co-contraction while raising a single leg from a 

four-point kneeling position and keeping your back in a 

neutral position. You sustain this pose for 10seconds and 

then return the leg to the starting position.  

h. Train muscle co-contraction while raising an arm and 

alternate leg from a four-point kneeling position and 

keeping your back in a neutral position. You sustain this 

pose for 10seconds and then return to the starting 

position. Black arrows show the contraction direction of 

core muscles. 

 

7. Results and Tables 
 

 
 

Fig 1: Age Distribution of the Sample 

Table 1: SIT and reach between Group: unpaired test 
 

Group Mean STDV p Value t Value 

A (Post) 15.9 2.01 P value is 

0.0253 

t = 2.2955 with 58 

degrees of freedom B (Post) 14.7 1.81 

 

 
 

Graph 1: SIT and Reach Between Groups: Unpaired Test 

 

Graphical Interpretation: This graph shows changes in post 

values of SIT AND REACH compared with post values of 

group A and group B. Y axis shows difference in SIT AND 

REACH score and X-axis shows post values 

 

Graphical Result: The result obtained for Unpaired t test for 

SIT AND REACH suggests considered extremely significant 

improvement in ‘p’ value obtained (p=0.0253) for both 

groups statistically. But group A (mean 15.9) suggests more 

significance and increase in flexibility more than group B 

(mean 14.7). 

 
Table 2: PBU between Group: Unpaired Test 

 

Group Mean STDV p Value t Value 

Post (A) 63.93 2.22 
0.0357 

t = 2.1869 with 58 

degrees of freedom. Post (B) 65.06 1.76 

 

 
 

Graph 2: PBU between Group: Unpaired Test 

 

Graphical Interpretation: This graph shows changes in 

PBU post values of group A and group B. Y axis shows 

difference in strength by PBU and X-axis shows post values. 

 

Graphical Result: The result obtained for Unpaired t test for 

PBU suggests considered statistically significant 

improvement in ‘p’ value obtained (p=0.0357) for both 

groups statistically. But mean difference of group A (63.93) 
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suggests more significant and increase in strength more than 

group B (65.06). 

 

Discussion 

The aim of the present study was to study the effect of Pilates 

versus core stabilization exercises on flexibility and strength 

in post-menopausal females. Study was conducted on total 60 

subjects who have had menopause since > 1yr. Study 

included 45-60yrs of postmenopausal female (Group A (51.06 

±3.63) Group B (51.63 ±3.64), sit and reach score Group A 

(13.43) Group B (13.46). 

All the participants in the study were assessed for flexibility 

by sit and reach test and strength by pressure biofeedback unit 

and were given interventions for 6 weeks. Participants were 

divided into 2 groups: Group A received Pilates training while 

Group B received core stabilization exercises. Post 

intervention again flexibility and strength were assessed by 

Sit and reach and PBU respectively. There is no significant 

difference in p value (>0.05) between PRE values of both 

outcome measures of both the groups and hence both the 

groups are comparable.  

 Data collected was analysed using parametric test. P value 

less than 0.05 was considered statistically significant. 

There is a statistically significant difference (p=0.0253) in 

flexibility within Group A and Group B. But group A (mean 

15.9) suggests more significance and increase in flexibility 

more than group B (mean 14.7). 

There is a statistically significant improvement in ‘p’ value 

obtained (p=0.0357) in strength for Group A and Group B. 

But mean difference of group A (63.93) suggests more 

significant and increase in strength more than group B (65.06) 

The Pilates method has a main objective to strengthen the 

abdominal and pelvic muscles. These muscles, including the 

iliopsoas, lumbosacral region, pelvic floor and quadriceps, are 

widely used to stabilize the torso, providing thereby 

improvement in the pain condition, spinal stabilization, and 

posture maintenance also preventing damage. The Mat Pilates 

are the exercises performed on the floor wherein our own 

body weight and gravity is used as resistance. 

One of the key Pilates techniques to align, lengthen, and 

protect the spine is to draw the navel to the spine. Abdominal 

hollowing, or the abdominal drawing-in maneuver, 

preferentially recruits TrA, internal obliques, and multifidi. 

One of the proposed benefits of hollowing is to decrease the 

laxity of the sacroiliac joint more than abdominal bracing. 

Pilates emphasized posture as an integrated whole-body 

activity. Muscles not primary to the movement pattern remain 

actively engaged and in alignment with each exercise. This 

concept exemplifies muscle integration in lieu of isolation and 

illustrates an application of the regional interdependency 

approach. Total leg strengthening, total arm strengthening, 

and total core strengthening capitalize on the radiation 

concept, whereby weaker muscles are facilitated by the 

stronger ones in the movement pattern [24]. 

In the Pilates stance, body weight is maintained slightly 

forward on the balls of the feet. With the core already 

engaged and with alignment optimal, the spine is prepared 

and protected for performing more skilled tasks 

Pilates exercises as found to be an efficient training method 

with significant changes in abdominal strength, and endurance 

in sedentary adult females. There is improvement of strength 

which occurs due to deep inhalation, the diaphragm drops 

allowing more air to the lungs, this volume of air of lungs 

increases the pneumatic pressure within the abdominal cavity 

due to drooping of diaphragm resulting in increase in the 

pressure of the entire trunk providing greater strength 

stabilization and will increase the core stability of the trunk.24 

The core stability or trunk stability trainings will stabilize the 

body and ensure balance of the body when moving the limbs. 

Strengthening the main muscles involved in this stability 

(transverse abdominal muscles, and pelvic floor) maintains a 

greater balance and stability of the trunk in the everyday 

activities. Also, core stability trainings lead to improved 

activity prediction and thus reduce disturbance in the 

displacement and vacillation of the center of gravity [25]. 

A large part of the core stability and Pilates trainings are 

focused on movements to enhance balance, power and 

flexibility. Therefore, the improvement of balance and 

physical flexibility in experimental groups seems obvious. 

Reducing strength, flexibility, and muscular endurance all 

contribute to changing patterns of stepping and are potential 

factors for falling, which in this regard a selected program can 

compensate for such a decline. 

In one study, main finding was that both TrA and OI muscles 

were significantly thicker during all correctly performed 

Pilates exercises investigated compared with resting supine. 

TrA and OI muscle thickness change has been shown to 

correlate with EMG muscular activity up to moderate levels 

of effort, suggesting that this thickness increase indicates 

muscle activity, possibly in order to help stabilize or protect 

the spine [26]. 

Together, the core stability training monitored by 

rehabilitative ultrasound imaging and surface electromyogram 

can markedly activate and enhance local core muscles in 

healthy people, providing a potential strategy to treat low 

back pain more effectively [12]. 

Proximal stability for performing distal movements improves 

the motion patterns and reduces the incidence of falling in the 

elderly. In the case of Pilates trainings, the role of stabilizing, 

moving, and contracting muscles is constantly being replaced. 

This change in the role of muscles can be effective in 

improving muscle strength, and hence Pilates trainings can 

increase muscle strength [26]. 

Sekendiz et al. (2007) examined the effects of Pilates exercise 

on abdominal and lower back strength, abdominal muscular 

endurance and posterior trunk flexibility of sedentary adult 

females. Participants consisted of 21 women (mean age: 30 ± 

6.6 range 26–47) in the exercise group and 17 women (mean 

age: 30 ± 8.6 range 26– 47) in the control group. Their 

abdominal and lower back strength, posterior trunk flexion 

and extension data were obtained concentrically on a Biodex 

isokinetic dynamometer at speeds of 60° and 120°s−1. They 

concluded that there was a positive effect of Modern Pilates 

mat exercises on abdominal and lower back muscular 

strength, abdominal muscular endurance and posterior trunk 

flexibility in sedentary adult females regardless of the fact 

that the body weight and fat percentages did not differ 

significantly. These results are similar to the results of our 

trials in older adults [27]. 

Skeletal muscle can be influenced greatly by Pilates-evolved 

exercises. In contrast to traditional modes of muscle 

conditioning that seek maximal voluntary contractions, Pilates 

evolved muscle conditioning focuses on recruitment of the 

most effective motor units. This form of recruitment allows 

for an emphasis to be placed on energy efficiency and quality 

of performance. Physiologically, most muscle recruitment 

during day-to-day activities occurs in postural muscles, which 

contain predominately type I fibers. By facilitating postural 

muscles in the right sequence, a therapist can assist a patient 

in improving the efficiency of static and dynamic posture and 
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decreasing significantly the likelihood of self-induced 

destructive forces.  

 

Conclusion 

The findings of the study conclude that Pilates exercises and 

core stabilization exercises can be used to improve flexibility 

and strength in post-menopausal women  

However, Pilates training is better as compared to Core 

stabilization technique in improving flexibility and strength in 

post-menopausal women  

 

Limitation 
Dropouts due to ongoing pandemic  

 

Clinical Implication 

Easy ADLs are necessary for each and every individual, 

especially those undergoing decline in their physiological 

condition. Balance is most vital for an independent individual. 

Strength and flexibility have the most contribution in an 

individual to maintain its balance. Therefore, it is vital to 

improve flexibility and strength. 

Pilates and core stabilization exercises once mastered by 

patients can be performed by themselves as a home program 

for improving strength and flexibility. 

 

Future Scope 
This study was done on healthy subjects' similar study can be 

done in females who are overweight and have risk of 

osteoporosis. 

Similar participants can be followed for Longitudinal study 

with different modules of Pilates  
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