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Abstract: Osteoarthritis is the most common disease of women after menopause. There are many factors to develop the disease. The 

incidence of osteoarthritis (OA) increases after menopause. Recently Pilates exercises and Closed Kinematic Chain exercises have 

drawn much attention in the management of Knee Osteoarthritis. Pilates exercises may effect in increasing neurological coordination, 

improve recruitment of muscle fiber, stimulation of proprioception in the knee joint. Closed Kinematic Chain exercises have been 

argued to be more functional as it stimulates the role of lower limb muscles in daily activities. Method: Experimental study was done for 

6 weeks includes Pilates Exercises and Closed Kinematic Chain Exercise with 45 subjects (15 subjects in each group) with Convenience 

sampling in Hospital, Ahmedabad.6 weeks of training programme was given which includes Pilates Exercises and Closed Kinematic 

Chain Exercises. Pain intensity (PPT), Range of motion (Knee Flexion and Extension) and Quality of life (SF36) were taken as 

outcome measures. Results: Result was statistically significant in all outcome measures PPT (<0.001, Quality of life (<0.001) ROM 

(<0.003), WOMAC (<0.004) respectively. In this study, Pilates and Closed Kinematic Chain exercises have showed statistically 

significant difference within the groups in Reducing Pain, Improving ROM & Functional performance and quality of life in subjects 

with Knee Osteoarthritis. Control group has shown statistically significant result but with comparison is it less effective. Pilates, close 

kinematic chain and control group respectively has shown better results. Conclusion: Pilates is more effective compare to close 

kinematic chain and control group. Pilates should be given importance to improve functional ability in post menopausal osteoarthritis 

females.  
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1. Introduction 
 

The knee is one of the most mechanically vulnerable areas in 

the body due to force and leverage acting on the joint both in 

terms of acute traumatic impacts and also in terms of weight 

bearing. 
[1] 

Knee osteoarthritis is the most common disease 

of the knee joint and a growing public health problem with 

physical disability, preventing performance of daily 

activities
 [1]. 

 

 

Pain and disability are also major problems in patients with 

knee osteoarthritis; these lead to decreased physical 

functioning, and greater difficulty performing their activities 

of daily living, resulting in a decline in health related quality 

of life [
2]

. Prevalence of OA is higher in women than in men, 

and incidence rises with ageing [
2]

. Incidence of this 

common progressive joint disease rises faster in women than 

in men after the age of 50 years; around the same age of the 

climacteric transition in women [
2]

. Osteoarthritis is a 

common disease of age, population and oneof the leading 

causes of disability
 [3]

. Osteoarthritis affects all the structures 

of the joint. 
[3]

.  

 

Osteoarthritis is the most common type of arthritis; it not 

only causes loss of articular cartilage, but also causes 

capsular stretching, ligament laxity, bony remodeling and 

weakening of muscles
 [3, 4]

. Pain and other symptoms of OA 

have adverse effect on quality of life affecting both physical 

function and psychological parametersin post 

menopausalfemales. 
[3, 5]. 

Radiological features include joint 

space narrowing, osteophytes formation and subchondral 

sclerosis
 [3, 6]. 

Pain, in knee OA increases by activity and 

relieves by rest. 
[6]. 

Impairments such as Pain with 

mechanical stress or excessive activity, Pain at rest in the 

advanced stages, Stiffness after inactivity, Limitation of 

motion, Muscle weakness, Decreased proprioception and 

balance causes Functional limitations in ADLs and IADL 
[7]

. 

Post menopausal woman gets calcium deficiency so joint is 

not getting nutrition, due to that degeneration starts. 

Treatment options are available for osteoarthritis of knee 

such as patient instruction, pain management, maintenance 

of the stage and improve functioning are major goals
 [7]

. 

Resisted exercise, Mobilization, Stretching, Gait and posture 

correction, Modalities, Balance activates, Proprioceptive 

training, Aerobic conditioning, Dry needling, Cupping 

therapy, Acupressure, Taping, External support are various 

interventions
 [7]

.  

 

Pilate’s exercises were designed by Joseph Pilates in 

Germany in 1883. It is a mind - body fitness program. 

Pilates exercise are constructed in order to develop a strong 

core, create a balance of strength and flexibility, train 

efficient movement patterns, create a long and lean 

appearance and concentrate on the mind - body connection
 [3, 

8] 

 

Closed Kinetic Chain (CKC) exercises or closed chain 

exercises are exercises or movements where the distal aspect 
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of the extremity is fixed to an object that is stationary. With 

the distal part fixed, movement at any one joint in the kinetic 

chain requires motion as well at the other joints in the 

kinetic chain, therefore, both proximal and distal parts 

receive resistance training at the same time
. [9]

 CKC 

exercises have gained popularity over Open Kinetic Chain 

(OKC) exercises because many therapists believe that CKC 

exercises are more reliable and functional. 
[10] 

Uçar et al. 

affirmed that for rehabilitation post ACL reconstruction, 

CKC exercises were more effective than OKC exercises at 

regaining mobility and enabling a quicker return to daily and 

sporting activities
. [11]. 

Closed kinetic chain exercises 

stimulate the proprioceptive system by proprioceptive 

feedback to initiate and control muscle activation patterns. 
[12] 

 

Menakshi (2021) et al concluded that six weeks of 

Interventions of Pilates exercises and Closed Kinematc 

Chain exercises were shown statistically improvement on 

Reducing Pain, Improving Muscle strength and Functional 

performance. However more Percentage of improvement 

was found in subjects received Pilates exercises when 

compared to Closed Kinematc Chain exercises. 
[13] 

 

Aims ad Objectives  

To compare effects of Pilates exercises and closed kinematic 

chain exercises on pain, and functional performance in post 

menopausal knee osteoarthritis females  

 

2. Materials and Methods 
 

An experimental study with Convenience sampling method 

on 45 females (15 in each group) with prior consent in 

hospital, Ahmedabad.6 weeks of training programme was 

given which includes Pilates Exercises and Closed 

Kinematic Chain Exercises. Recruited participants were 

explained the purpose and relevance of the study. After 

obtaining informed consent willing participants included in 

the study. Participant’s age, weight, height, and body mass 

index were determined. All the eligible Participants were 

consecutively divided to Pilates Exercises Group (Group A), 

Closed Kinematic Chain Exercises Group (Group B) and 

control group (Group C) with 15 in each group  

 

Selection Criteria
 [14] 

 

Inclusion Criteria 

 Knee Osteoarthritis having symptoms of pain and at least 

3 features of the following items according to American 

College of Rheumatology (ACR) criteria;  

 Post menauposal females 

 Able to ascend and descend stairs,  

 Unilateral Osteoarthritis of Knee, Grade 1 and Grade 2 

Osteoarthritis of Knee (Kellgren& Lawrence)  

 BMI (moderate),  

 Pain and limitation of ROM, Tenderness,  

 Early morning stiffness about 30 min.  

 

Exclusion Criteria  

 Traumatic injury to knee, Neurological diseases,  

 Limb length discrepancy,  

 Any intra articular injection to the knee,  

 Any history of Hip, Knee,  

 Ankle injury, Surgery prior to the study, Any local 

systemic infection,  

 Subjects in regular Medications/Intra articular injections,  

 Fixed deformity in limb 

 

Intervention
 [14, 15, 16, 17]

:  

 

Group A. Pilates exercise (4 days a 

week) [16, 17] 
Group B. Close kinematic chain exercise 

(4days a week) [14, 15] 
Group C. control group [16, 17] 

Week 1, 2 

Hundreds (5 repetitions) 

One leg stretch (3 repetitions) 

Double leg stretch (3 repetitions) 

 

Week 1 (2 sets, 10 repetition each, 10 RM) 

Quadriceps setting 

Wall slides 

Week 2 - 3 same with new RM 

Week 1, 2 

Hot water fomentation for 10 minutes. 

Static quadriceps exercise, straight leg raising 

exercise, last degree extension, hip muscle 

strengthening 

Ultrasonic therapy for pain relief 

Week 3, 4 

Add in previous intervention 

Clams (7 repetitions) 

One leg kick (7 repetitions) 

 

Week 5, 6 

Add in previous intervention 

One leg kick (7 repetitions) 

Side kick (8 repetitions) 

One leg circle (10 repetitions) 

Week 4 (3 sets, 10 repetition each, 10 RM) 

Quadriceps setting 

Wall slides with weight (dumbbell) 

Step up down (low stool) 

Terminal extension with Theraband 

 

Week 5 - 6 with new RM 

Week 3, 4 

Strengthening in progress 

Hot water fomentation for 10 minutes 

 

Week 5 - 6 continue same with progress in RM 

 

 

3. Outcomes Measures:  
 

[1] PRESSURE PAIN THRESOLD (PPT) 
[18] 

Pain pressure threshold (PPT) is used to measure deep 

muscular tissue sensitivity. The test determines the amount 

of pressure over a given area in which a steadily increasing 

non - painful pressure stimulus turns into a painful pressure 

sensation. A varying pressure is applied from 0.5 to 1 kg/sec 

in a perpendicular direction relative to the muscle. PPT has 

no standard protocol on administration and placement. 

Equipment used varies with many handheld electric 

algometers 

 

[2] Knee flexion and Extension range of motion: [
19] 

Range of motion is taken by Goniometer. Patient is in supine 

lying. Goniometer is kept on lateral side of the leg. Fulcrum 
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on lateral epicondyle of femus. Stable arm is parallel midline 

to lateral aspect of femur and movable arm is kept on 

parallel midline of lateral aspect of tibia. With proper 

stabilization range of motion is measured.  

 

[2] WOMAC (Western Ontario and McMaster 

Universities Osteoarthritis Index
 [20] 

This Questionnaire is used to assess the health status of 

Osteoarthritis patient introduced in 1988. It is consisted of 

33 items which evaluates the health and function of the 

patient from various aspects including: Clinical symptoms (5 

questions), Severity of joint stiffness ((2 questions), Degree 

of pain (9 questions) and Activity of daily living (17 

questions). Each question has five subscales where best 

situation score as never or none and the worst one names as 

extreme or always. Here higher scores are representative of 

better situation and less pain  

 

[3] SF 36 QUALITY OF LIFE - [
21, 22] 

The 36 - Item Short Form Survey (SF - 36) is an oft - used, 

well - researched, self - reported measure of health. It stems 

from a study called the Medical Outcomes Study [
21]. 

It 

comprises 36 questions which cover eight domains of health. 

Limitations in physical activities because of health 

problems, Limitations in social activities because of physical 

or emotional problems, Limitations in usual role activities 

because of physical health problems, Bodily pain, General 

mental health (psychological distress and well - being), 

Limitations in usual role activities because of emotional 

problems, Vitality (energy and fatigue), General health 

perceptions [22]. Patients or individuals are asked to fill out 

the questionnaire (tick boxes) by themselves and then it is 

scored by a clinician or researcher. Scores for the different 

domains are converted and pooled using a scoring key, for a 

total score indicating a range of low to high QOL.  

 

Statistical Analysis 

All statistical analysis was done by using SPSS software 

version 21.0 and Microsoft excel - 2007. Descriptive data 

was presented in the form of Mean ± Standard deviation and 

Mean difference percentages were calculated and presented. 

Level of significance was kept at 5%.  

 

Table 1: Baseline Characteristic 

 
Group A 

 (15 Subjects) 

Group B 

 (15 Subjects) 

Group C  

(15 Subjects) 

Mean SD 55 (10.5) 52 (9.5) 57 (7.5) 

 

Table 2: Statistical Analysis procedure 

Test between Statistical analysis 

Between 3 groups Analysis of Variance (ANOVA) 

Within group (pre and post) 

for each parameter 
Post hoc bonferoni test 

 

Table 3: PPT Mean difference between 3 groups 

PPT Pre test Post test Differences F Value P Value 

 Mean & SD 

0.25 53.40 <0.001 
Group A 5.62 (1.6) 4.48 (1.4) 

Group B 6.28 (1.6) 4.71 (1.5) 

Group C 5.24 (1.6) 3.65 (1.9) 

 

Table 4: KNEE ROM Mean difference between 3 groups 

KNEE ROM Pre test Post test Differences F Value P Value Interference 

 Mean & SD 

0.25 53.40 <0.003 
Highly 

Significant 

Group A 
FLEXION 110 (11.6) 

EXTENSION (-20) 1.5 

118 (12.5) 

(-10) 2.5 

Group B 
FLEXION 115 (13.6) 

EXTENSION (-25) 11.6 

117 (1.5) 

(-19) 3.6 

Group C 
FLEXION 110 (11.6) 

EXTENSION (-15) 1.7 

122 (11.5) 

(-5) 1.9 

 

Table 5: WOMAC Mean difference between 3 groups 

WOMAC Pre test Post test Differences F Value P Value Interference 

 Mean & SD 

0.25 53.40 <0.004 
Highly 

Significant 

Group A 70 (1.6) 80 (1.4) 

Group B 65 (1.6) 68 (1.5) 

Group C 72 (2.5) 84 (3.0) 

 

Table 6: Quality of life Mean difference between 3 groups 

SF36 Differences F Value P Value 

Group A 

0.25 53.40 <0.001 Group B 

Group C 

 

4. Results 
 

Aim of the study was to evaluate the effectiveness of Pilates 

exercises (Group - I) and Closed Kinematic Chain exercises 

(Group - II) and conventional exercises on Pain, Range of 

motion and Function performance in subjects with Knee 

Osteoarthritis. In this study subjects were assessed for Knee 

Pain and Function using PPT and WOMAC respectively in 

this study subjects were assessed for Knee Osteoarthritis 

underwent either Pilates Exercises or Closed Kinematic 

Chain Exercises which are performed for six weeks the 

parameters were assessed before and after exercise training 
[1] 

 

In this study statistically significant result is seen in all 

outcome measures PPT (<0.001, Quality of life (<0.001) 
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ROM (<0.003), WOMAC (<0.004) and respectively. (Group 

- I) Pilate’s exercises have showed statistically significant 

difference within the groups in Reducing Pain, Improving 

ROM & Functional performance and quality of life in 

subjects with Knee Osteoarthritis. In this study (Group - II) 

Closed Kinematic Chain exercises have showed statistically 

significant difference within the groups in Reducing Pain, 

Improving ROM & Functional performance and quality of 

life in subjects with Knee Osteoarthritis 
[15] 

 

Pilate’s method increases the sensitivity of 

mechanoreceptors which provide the necessary enhancement 

of reflex neuromuscular protective mechanism. Pilate’s 

exercises were specifically designed to improve coordination 

of the entire body and also helpful in increases recruitment 

of muscle fibers, which brings about co - contraction of 

muscle and improve stimulation of Proprioception around 

knee joint. These exercises are effective in reducing Pain, 

improving lower limb muscular strength, balance, flexibility, 

and spinal mobility. Thereby it increases the quality of life. 

Hence we can conclude that patients with mild to moderate 

Knee Osteoarthritis can achieve significant benefits using 

Pilate’s exercises in addition to Conventional Physiotherapy. 
[23] 

 

In the present study PPT is used to assess intensity of Pain. 

Since there is reliability and validity is established. The 

result showed that Pilates exercises p value (<0.004) of PPT 

from pre - test to post - test are highly significant within 

group. Regarding the explanation of reducing pain, 

stimulation of mechanoreceptors associated with myelinated 

alpha beta and alpha delta at spinal level and high centers 

releasing endorphins. Our study supported by Kaur Rajinder 

et al., reported that Pilates exercises shows more significant 

improvement in Knee Proprioception, reducing Pain and 

Functional ability in people with Knee Osteoarthritis 
[24] 

 

There were highly significant p value (<0.0001) of Knee 

flexion and extension range of Pilates exercises from pre - 

test to posttest within group. 
[24] 

Phrompaet et al. stated that 

prime purpose of Pilates training is to improve flexibility 

and general body status and also activate specific group of 

muscles
. 
Some Pilates exercises like Hundred and Single leg 

circles contain some components of isometric exercises 

increase the activation of the muscle around the knee joint 

and to eliminate the inhibition. By training the quadriceps 

isometrically, motor unit activation is increased and the 

muscle is strengthened without triggering the pain that often 

comes from moving the joint against resistance. Quadriceps 

muscles get stronger and could absorb more of the shock in 

the joint, a reduction in protective muscle guarding 
[24, 25] 

 

According to previous research, the weakening of femoris 

muscle correlates with a decrease in joint position sense and 

a degradation of functional performance. Furthermore, 

weakening of muscle strength and degradation of 

proprioception both affect the functional performance. These 

studies suggest that muscle strength and proprioception need 

to be improved first, in order to improve functional 

performance 

 

Pilate’s exercises improve physical and mental conditioning 

through increasing strength, flexibility balance and postural 

awareness by stretching and strengthening exercises. This 

method focuses on building motions and activities that help 

to strengthen minor muscles, which turns help to 

strengthening major muscles. Pilates exercises may affect 

the proprioception via mental effort focuses on activating 

special muscle at correct speed and control of movement 
[24, 

25] 

 

The results showed that Closed Kinematic Chain exercises p 

value (<0.0004) of PPT from pre - test to post - test had 

showed highly significant within group. Due to reduction in 

pain and consequent improvement in function fallowing 

quadriceps strengthening exercises have been attributed to 

increased stability of the knee joint which is enhanced by 

improvement in quadriceps muscle strength. Evidence from 

literature also suggests that quadriceps strengthening may 

activate the pain suppressing beta endorphin system, 

favorably alter sensory input to the central nervous system 

and the gate control mechanism (regulating pain perception) 

and as well improve blood flow and cartilage nutrition [
1] 

 

This result of the study showed significant improvement in 

physical function, energy role limitation pain and severity of 

Osteoarthritis at the post rehabilitation period. Our study 

finding were supported by previous study done by Vander et 

al. who stated that interaction between Muscle strength and 

Proprioception contributed significantly to the variance in 

functional ability and an increase of muscle strength would 

result in bigger improvement of functional ability. This 

functional status and motor control improvement might have 

been due to improvement in dynamic stabilization, 

synergistic and synchronous working of the muscle groups 

resulting from repetitive movements that that characterize 

activity of daily living  

 

Closed Kinematic Chain exercises increases agonist 

recruitment and antagonistic inhibition trains all muscles to 

work together synergistically, occurs in all three cardinal 

planes, elicits concentric, eccentric and isometric 

contractions and facilitate proper proprioceptive feedback 

mechanisms. When compared between the groups Pilates 

exercises and Closed Kinematic Chain exercises shows 

statistically significant in post values. [
1, 24, 25] 

 

5. Conclusion 
 

The result of the study shows that Pilates exercises is more 

effective than Closed Kinematic Chain exercises to improve 

the Pain, ROM, Quality of life and Functional ability of 

Osteoarthritis in Knee patients. 
[24]

 The improvement in 

Group - I is more than Group - II and having statistically 

highly significant. 
{24] 

The current study showed that Pilates 

exercise regime improved pain and functional outcomes in 

KOA patients, which is in line with literature. 
[25] 

 

 

The basic theme behind Pilates Exercise is the general status 

and progression of adaptability, that can start muscles fibers 

to practice the movements. 
[26] 

 

 

In patients with OA, the shortcoming of quadriceps and its 

quality of movement with hamstring is thought to be the 

expected variation from normal mechanics that effect the 

knee joint. 
[27] 
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Recommendations for Further Research 

Sample size can be increased with inclusion of more number 

of subjects to generalize the effects of these techniques in 

larger population.  
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