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Abstract: Osteoarthritis (OA) is an extremely prevalent Rheumatic Musculoskeletal disorder and the prevalence of knee OA in 
peri-menopausal and post-menopausal women is reported to be high in many parts of India. Though a growing body of evidence 
suggests the effectiveness of Combined Kinetic Chain Exercises (CCEs) in the management of knee OA but a precise protocol is 
yet to be established. The study was aimed to evaluate and compare the effectiveness of two different protocols of CCEs versus 
conventional CCEs in the management of knee osteoarthritis.151 peri-menopausal/ post menopausal women (40-65 years) with 
knee osteoarthritis were randomly allocated to either group A (Control group: conventional combined kinetic chain exercises), 
group B (retrowalking and conventional combined kinetic chain exercises) or group C (perturbation training and conventional 
combined kinetic chain exercises). Intervention was given for 3 days/week for 6 weeks. Outcome measures used were Numeric 
Pain Rating Scale (NPRS), Timed Up and Go test (TUG) and Lower Extremity Functional Scale (LEFS). SPSS 21.0 version was 
used for all statistical analysis. Paired t-test was used for within group analysis and unpaired t-test was used for between group 
comparisons. Level of significance was considered as p<0.05.Statistically significant improvements were seen within all the three 
groups at the end of 6 weeks of treatment. Subjects in both the experimental groups (group B and group C) exhibited 
statistically significant improvements than group A (control group) in all outcome measures. Group B showed better 
improvements in all outcome measures when compared to group C; but the differences were not statistically significant. It can 
be concluded that Retrowalking combined with conventional CCEs and Perturbation exercises combined with conventional 
CCEs are equally effective in the treatment of knee OA; but significantly better than conventional CCEs alone.  
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1. INTRODUCTION 
 
 

Osteoarthritis (OA) is an extremely prevalent Rheumatic 
Musculoskeletal Disorder that affected 303 million people 
worldwide in 2017.1 Among the joints affected in OA, the 
knee is the most common.2 Menopause is defined as the 
irreversible discontinuance of menstrual period due to 
associated decreasing ovarian functions .3,4 Peri-menopause is 
the time period from the emergence of menopause-related 
symptoms, until one year after complete stoppage of 
menstrual cycle or amenorrhea. Peri-menopause is defined as 
the duration during which a woman’s body makes the natural 
transition to menopause signifying the ending of the 
reproductive years of a woman’s life. During this entire 
duration, women suffer from irregular periods, vaginal 
dryness, mood changes, night sweats, hot flashes, and sleep 
problems, delayed metabolism causing weight gain, breast 
changes such as loss of fullness, dry skin, and thinning hair. 
Post-menopause can be defined as the time period after a 
woman undergoes an absolute termination of menstrual cycle 
for at least twelve months.5,6  Prevalence of knee OA in peri-
menopausal and post-menopausal women is reported to be 
high in many parts of India; 21.6% in Gurdaspur, Punjab; 
47.3% women in South Delhi and 28.3% in Guwahati, Assam. 
7-9Although conservative treatment of knee OA has been the 
subject of numerous studies, there is no agreement on the 
most effective management strategy. Recently, there has 
been recognition of the fact that closed kinetic chain 
exercises (CKCs) are beneficial in managing knee joint 
osteoarthritis.10 A number of studies in the literature also 
reveal that Combined Chain Exercises (CCEs) are more 
effective than either Open Kinetic Chain Exercises (OKCs) 
or Closed Kinetic Chain Exercises (CKCs) alone for pain 
relief in patients with knee OA.11,12 Traditionally different 
protocols of OKC and CKC exercises such as isometric 
quadriceps, terminal knee extension, isometric hip adduction 
exercise, straight leg raising exercise, leg press, and semi-
squat have been routinely used by clinicians in their practice 
globally.13 A type of CKC exercise, walking, is commonly 
utilized in knee joint rehabilitation protocol since consistent 
walking is found to be beneficial in knee joint OA patients.14 
Literature review unveils that it has been established long 
back that retrowalking (i.e. backward walking) has many 
advantages over the usual forward walking e.g. reduced 
patellofemoral compressive forces, increase cardiopulmonary 
demand etc.14-17 Apart from it, the regular benefits of walking 
like increasing quadriceps strength is also provided by 
retrowalking;18 but the utilization of retrowalking is not that 
frequently seen in clinical practice. Another type of CKC, 
perturbation exercises, are also extensively utilized in the 
rehabilitation of OA knee patients and published literature 
seconds the fact that these exercises are also very effective 
in improving symptoms allied with knee joint osteoarthritis. 
Knee instability e.g. “episodes of giving way” of their knees 
during activities of daily living has been consistently reported 
by individuals with knee joint osteoarthritis. Hence, it can be 
speculated that integrating perturbation exercises that have 
been reported to be instrumental in managing knee stability 
for patients with ligament injuries should also be of benefit to 
patients with knee joint arthritis when prescribed at reduced 
intensity. Published studies also reported the efficacy of this 
exercise.19-21 Though a growing body of evidence suggests the 

role of Combined Kinetic Chain exercises in improvement of 
symptoms and joint function in knee OA; precise guidelines 
regarding their type and dosage have not been made clear 
and significantly no comparative studies have been conducted 
between different combinations of open and closed kinetic 
chain exercises with significant results. Since there is a lack of 
evidence revealing comparative effectiveness of these 
techniques of treatment in OA, hence there is a need for 
comparison among them. 

 
2. MATERIALS AND METHODS 
 
The comparative experimental design used balanced, 
randomized allocation to 3 parallel groups. All procedures 
performed in this study involving human participants were in 
accordance with the ethical standards of the Gauhati Medical 
College and Hospital Ethics Committee (190/2007/Pt-11/Oct 
2019/62). The Declaration of Helsinki protocol was followed 
for conducting the study. The protocol followed the 
CONSORT guidelines for reporting of non-pharmacological 
interventions (Figure 1). Written consent was obtained from 
all the subjects participating in the study.  Source of data was 
patients suffering from knee OA referred for physiotherapy 
by physician or orthopaedic doctor at Physical Medicine and 
Rehabilitation OPD of Gauhati Medical College and Hospital, 
Bhangagarh, Guwahati, Assam. Purposive Sampling technique 
was used, based on inclusion and exclusion criteria. 

 
2.1 Criteria for Sample Selection  

 
The inclusion criteria were as follows: Age group 40-65 
years, Females with menopause or menopause related 
symptoms, Diagnosed as a case of knee OA according to the 
American College of Rheumatology (ACR) criteria, Patients 
with unilateral/bilateral involvement, Radiographic grade of 2 
and 3 as per Kellgren-Lawrence22, knee pain for more than 6 
weeks. The exclusion criteria were as follows:  Males, 
patients less than 40 years of age and more than 65 years of 
age, not fulfilling American College of Rheumatology (ACR) 
criteria for diagnosis of knee OA, knee pain for less than 6 
weeks, low back ache, history of any lower extremity injury 
or underlying pathology or surgery, any spinal surgery, any 
physical / medical problems wherein exercises are 
contraindicated, any deformity related to knee, hip or the 
back, history of inflammatory joint disease, patients using an 
assistive device for ambulation, patients who has taken 
physiotherapy treatment or intra-articular injection in the 
knee within a span of last 3 months, and any established 
mental illness. Subjects were randomly allotted to one of 
three groups (Group 1, Group 2 or Group 3) using an 
on‐line tool with a random number generator function23, 
allocation concealment done by using a sequentially 
numbered opaque and sealed envelope method. 
Implementation was done by a person, who was not related 
to the study, enrolled the participants and allocated them to 
groups based on numbers found in the envelope. Outcome 
assessors were blinded to group allocation, and were not 
involved in providing the interventions.  The statisticians 
conducting the statistical analyses were also blinded to group 
allocation until the analyses were completed. 
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Fig 1: Consort Diagram 
 

2.2 Hypothesis 
 

 Null hypothesis: There will be no statistically significant 
difference in improvement of pain, mobility and physical 
function following retro-walking training combined with 
conventional CCE or perturbation exercises combined 
with conventional CCE as compared to conventional 
CCE alone in the treatment of peri-menopausal and post-
menopausal women with knee OA. 

 Alternate hypothesis: There will be statistically significant 
difference in improvement of pain, mobility and physical 
function following retro-walking training combined with 
conventional CCE or perturbation exercises combined 
with conventional CCE as compared to conventional 
CCE alone in the treatment of peri-menopausal and post- 
menopausal women with knee OA. 
 

2.3 Outcome Measures 
 
 Measurement of pain: Numeric Pain Rating Scale (NPRS)24 

 Measurement of mobility: Timed Up and Go test (TUG)25 

 Measurement of physical function: Lower Extremity 
Functional Scale (LEFS)26 

 

2.4 Methodology 
 

Pre-treatment assessment of pain, mobility, and physical 
function was recorded for all the groups using the outcome 

measures. After completion of all baseline measurements 
participants were randomly allocated to one of two 
intervention groups (Group B or Group C) or the control 
group (Group A).Study protocol was based on published 
studies27-33 

 

Group A (control group) 
 

 Subjects received conventional combined kinetic chain 
exercises 3 days per week for 6 weeks. 
 

Group B (experimental group) 
 

Subjects received retro walking training along with 
conventional combined kinetic chain exercises 3 days per 
week for 6 weeks. 
 

Group C (experimental group) 
 

Subjects received perturbation exercises along with 
conventional combined kinetic chain exercises 3 days per 
week for 6 weeks. All the participants were restricted from 
performing any home exercise or walking program other 
than the prescribed program. All exercises were performed 
bilaterally and all the participants received moist heat32 for 10 
minutes around the affected knee joint before exercise.  
 

2.4.1 Conventional Combined Kinetic Chain Exercises 27-

30 
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Participants in all the three groups received a supervised 

amalgamation of open and closed kinetic chain exercises 
from previous published studies consisting of Open kinetic 
chain exercises: Full-arc extension and Straight leg raising 
(SLR) and closed kinetic chain exercises: Wall slides and 
Quadriceps setting.   
 

2.4.2 Retrowalking 31, 32 

 
Warm-up: In the warm up period, the subjects performed 
ankle toe movements, hamstring and calf muscle stretching, 
and heel raise exercises. Retro Walking: The participants 
underwent a supervised 10 min retro-walking training on a 
flat surface at their comfortable speed. The participants 
gradually increased the walking time up to 30 min over a 
period of 6 weeks. Cool down: In the cool down period, the 
subjects performed the same exercises as performed in the 
warm up phase. 
 
2.4.3 Perturbation Exercises32,33 

 
Double leg foam balance activity: Subject stood on a soft 
foam surface with both feet on the ground. Therapist 
attempted to perturb patient balance in random fashion. The 
duration of the activity was approximately 30 seconds. The 
difficulty progressed as the subject improved by progressing 
to ball catching with the therapist perturbing the subject's 
balance while standing on foam and progressing to single-leg 
support if tolerated without knee pain, swelling, or buckling. 
Wobble board (tilt board) balance training: Subject stood on 
a wobble board with both feet on the board. The therapist 
perturbed the wobble board in forward and backward and 
side-to-side directions for approximately 30 seconds each. 
The difficulty of the activity was progressed by adding ball 
catching during the perturbations and progressing to single-
limb support perturbations if the subject tolerated single-limb 
weight-bearing without knee pain swelling or buckling. Roller 
board and platform perturbations: Subject stood with one 
limb on a stationary platform and the other limb on a roller 

board. Therapist perturbed the roller board in multiple 
directions, at random, and the subject attempted to resist 
the perturbations. Activity lasted for 30 seconds and was 
repeated by changing the limbs on the platform and the roller 
board. Activity began with subjects in the semi-seated 
position, with the hips resting on the plinth if the subject had 
difficulty doing the activity in full standing. The activity was 
then progressed to full standing position when the subject 
was able to tolerate this position without pain. Post-
treatment assessment of pain, range of motion, mobility and 
physical function was recorded after 6 weeks of intervention 
for all the groups for comparison with the pre-treatment 
assessment data. 
 
3. STATISTICAL ANALYSIS 
 
The sample size (n) of minimum 50 patients per group (Total 
n=150) was calculated based on a formula provided for 
superiority trials (clinical/statistical) by Zhong B (2009).34 

SPSS 21.0 version was used for all statistical analysis. 
Demographic data and baseline scores of all outcome 
measures were presented to evaluate baseline comparability 
of treatment groups. One way ANOVA was used for 
significance testing in the mean age of study participants 
between the three groups. Descriptive data was reported for 
each group as the mean change in the outcome measures at 
baseline and at the end of the 6 weeks of treatment.  Paired 
t-test was used for within group analysis and unpaired t-test 
was used for between group comparisons. 
 

4. RESULTS 
 

A total of 159 patients were assessed for eligibility. Of these, 
5 subjects did not meet the inclusion criteria, 3 refused to 
participate. 151 subjects were enrolled in this study and 51 
subjects were allocated to Group A, 50 subjects to group B 
and 50 subjects to group C. 1 subject dropped out of the 
study due to transportation issues in lockdown related to 
COVID-19 pandemic. Dropout was excluded in the final 
analysis.

 

Table 1: Mean age of the study participants in 3 groups 
95% Confidence Interval  for Mean  

Grou
p 

N 
Mean 
Age 

Standard 
Deviation 

Standard 
Error 

Lower 
Bound 

Upper 
Bound 

Minimu
m 

Maximu
m 

A 50 48.68 11.649 1.647 45.37 51.99 4 65 

B 50 51.10 8.844 1.251 48.59 53.61 5 65 

C 50 52.80 7.500 1.061 50.67 54.93 40 65 

Total 150 50.86 9.577 .782 49.31 52.41 4 65 

 
Table 1 illustrates the mean age of study participants in all the three groups along with their standard deviations. 

 

Table 2: Testing the significant difference in the mean age of the study participants in 3 groups 
 ANOVA 

 Sum of Squares Df Mean Square F Sig. 

Between Groups 428.680 2 214.340 
2.380 .096 

Within Groups 13237.380 147 90.050 

Total 13666.060 149    
   

N: Sample size; Df: degrees of freedom; F: F value of ANOVA; Sig: Significance [p]< 0.05 statistically significant 

 
Table 2 illustrates the comparability of mean age of the study participants in 3 groups and reveals that p-value is more than 0.05; 
hence there is no significant difference between the mean ages of participants across all the 3 groups. It implies that ages of 
participants across the groups are comparable at baseline. 
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Table 3: Group A (Testing the significant difference in the outcome measures between 
baseline and post 6 weeks treatment scores) 

 Mean SD SE CI (95%) T Df Sig(2-tailed) 

Pre NPRS 
Post NPRS 

2.160 .738 .104 1.950 to 2.370 20.638 49 .000* 

Pre TUG 
Post TUG 

2.59400 .41028 .05802 
2.47740 to 

2.71060 
44.707 49 .000* 

Pre LEFS 
Post LEFS 

-11.040 4.005 .566 -12.178 to -9.902 -19.492 49 .000* 

 
SD: Standard Deviation; SE: Standard Error; CI: Confidence Interval; t: t test value; df: degrees of freedom; Sig: Significance[p]< 0.05 

statistically significant; *Statistically significant 

 
Table 3 illustrates the within group comparisons of outcome measure scores of participants of Group A at baseline and after 6 
weeks of treatment. p-value in all three outcome measure is less than 0.05. Hence, it implies that improvement seen in 
participants of Group A is statistically significant. 
 

 

Table-4: Group B (Testing the significant difference in the outcome measures between 
baseline and post 6 weeks treatment scores) 

 Mean SD SE CI (95%) T Df Sig(2-tailed) 

Pre NPRS 
Post NPRS 

3.720 .991 .140 3.438 to 4.002 26.555 49 .000* 

Pre TUG 
Post TUG 

4.05400 1.15037 .16269 
3.72707 to 

4.38093 
24.919 49 .000* 

Pre LEFS 
Post LEFS 

-24.900 10.514 1.487 
-27.888 to 

-21.912 
-16.746 49 .000* 

 

SD: Standard Deviation; SE: Standard Error; CI: Confidence Interval; t: t test value; df: degrees of freedom; Sig: Significance[p]< 0.05 statistically 
significant; *Statistically significant 

 

Table 4 illustrates the within group comparisons of outcome measure scores of participants of Group B at baseline and after 6 
weeks of treatment. p-value in all three outcome measure is less than 0.05. Hence, it implies that improvement seen in 
participants of Group B is statistically significant. 
 
 

Table 5: Group C (Testing the significant difference in the outcome measures between 
baseline and post 6 weeks treatment scores) 

 Mean SD SE CI (95%) T Df Sig(2-tailed) 

Pre NPRS 
Post NPRS 

2.880 .940 .133 2.613-3.147 21.669 49 .000* 

Pre TUG 
Post TUG 

3.27959 .85440 .12206 3.03418-3.52500 26.869 48 .000* 

Pre LEFS 
Post LEFS 

-17.760 7.032 .994 -19.759 to -15.761 -17.858 49 .000* 

 

SD: Standard Deviation; SE: Standard Error; CI: Confidence Interval; t: t test value; df: degrees of freedom; Sig: Significance[p] < 0.05 statistically 
significant; *Statistically significant 

   
Table 5 illustrates the within group comparisons of outcome measure scores of participants of Group C at baseline and after 6 
weeks of treatment. p-value in all three outcome measure is less than 0.05. Hence, it implies that improvement seen in 
participants of Group C is statistically significant. 
 

 
NPRS: Numeric Pain Rating Scale; TUG: Timed Up and Go test; LEFS: Lower Extremity Functional Scale 

       
 Fig 1: Mean values of outcome measures after 6 weeks of treatment 
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Figure1 illustrates the comparison of mean values of outcome measures after 6 weeks of treatment in all the three groups. It 
implies that according to mean values, NPRS score assessing pain is least in group B depicting the highest improvement followed 
by group C. TUG score assessing mobility are also least in group B depicting the highest improvement followed by group C. 
LEFS score assessing physical function is highest in group B depicting the highest improvement followed by group C.    
 

Table 6: Testing the significant difference in the outcome measures between Group B and 
Group A (control) after 6 weeks of treatment 

 T Df Sig (2-tailed) Mean difference SE difference CI (95%) 

NPRS -4.519 98 .000* -1.68000 .37180 -2.41783 to -.94217 

TUG -3.593 98 .001* -1.91800 .53388 -2.97746 to -.85854 

LEFS 4.865 98 .000* 13.94000 2.86561 8.25330to 19.62670 

   
T: t test value; Df: degrees of freedom; Sig: Significance[p]< 0.05 statistically significant; *Statistically significant; SE:  

Standard Error; CI: Confidence Interval 

 
Table 6 illustrates the between group comparisons of outcome measure scores of participants of Group B and Group A 
(control) after 6 weeks of treatment. p-value in all three outcome measure is less than 0.05. Hence, it implies that the difference 
of improvement seen in participants of Group B is statistically significantly better than Group A. 
 

Table 7: Testing the significant difference in the outcome measures between Group C and 
Group A(control) after 6 weeks of treatment 

 T Df Sig (2-tailed) Mean difference SE difference CI (95%) 

NPRS -2.585 98 .011* -.98000 .37914 -1.73239 to -.22761 

TUG -2.583 97 .011* -1.31596 .50944 -2.32706 to -.30486 

LEFS 2.889 98 .005* 7.96000 2.75527 2.49226to 13.42774 

 
T: t test value; Df: degrees of freedom; Sig: Significance[p]< 0.05 statistically significant; *Statistically significant; SE:  

Standard Error; CI: Confidence Interval 
 

Table 7 illustrates the between group comparisons of outcome measure scores of participants of Group C and Group A 
(control) after 6 weeks of treatment. p-value in all three outcome measure is less than 0.05. Hence, it implies that the difference 
of improvement seen in participants of Group C is statistically significantly better than Group A. 
 

Table 8: Testing the significant difference in the outcome measures between Group B and Group C 
(between both experimental groups) after 6 weeks of treatment 

 T Df Sig (2-tailed) Mean difference SE difference CI (95%) 

NPRS -1.736 98 .086 -.70000 .40330 -1.50034 to .10034 

TUG -1.073 97 .286 -.60204 .56109 -1.71565 to .51157 

LEFS 1.888 98 .062 5.98000 3.16703 -.30487 to 12.2649 

 
T: t test value; Df: degrees of freedom; Sig: Significance[p]< 0.05 statistically significant; *Statistically significant; SE: 

 Standard Error; CI: Confidence Interval 

 
Table 8 illustrates the between group comparisons of 
outcome measure scores of participants of Group B and 
Group C after 6 weeks of treatment. p-value in all three 
outcome measure is more than 0.05. Hence, it implies that 
the difference of improvement seen in participants between 
Group B and Group C is not statistically significant.  
 
5. DISCUSSION 
 
The primary intention of the study was to determine and 
compare the effectiveness of conventional combined kinetic 
chain exercises over retrowalking in addition to conventional 
combined kinetic chain exercises or perturbation exercises in 
addition to conventional combined kinetic chain exercises   in 
peri-menopausal and post-menopausal women with knee 
joint osteoarthritis. The three groups were comparable at 
baseline with respect to age (Table 1&2), sex and severity of 
knee joint osteoarthritis; hence, any subsequent difference 
between them can be attributed to the difference in the 
effects of the interventions. Statistically very high significant 
difference has been observed between pre and post NPRS, 
pre and post TUG as well as in pre and post LEFS  in all the 

three groups (Table 1,2&3). This implies that combined 
kinetic chain exercises, in general, are highly effective in the 
management of knee joint osteoarthritis. The significant 
effects of all the three different protocols of combined 
kinetic chain exercises on pain, mobility and physical function 
is consistent with reports from a previous study by Olabegi 
OM et al11 in which they reported the superiority of 
combined kinetic chain exercises over open and closed 
kinetic chain exercises in terms of reduction of average daily 
pain and pain associated with walking of participants in 
patients with knee joint osteoarthritis. In the present study, a 
comparative statistical analysis between the control group 
with the two experimental groups revealed that subjects in 
the Groups B and C (both experimental groups) exhibited 
statistically significant improvements than Group A (control 
group) in all outcome measures (Table 6&7). Group B 
showed better improvements in all outcome measures when 
compared to group C (Figure 1) but the differences were not 
statistically significant (Table 8). It can be concluded that 
effectiveness of Retrowalking and Perturbation exercises 
both in combination with conventional combined kinetic 
chain exercises are comparable to one another but 
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significantly better than conventional combined kinetic chain 
exercises alone. Improvement seen in Group A could be 
attributed to the strengthening exercises for hip and knee. 
Strong muscles can support and protect joints that are 
affected by osteoarthritis. Previously published studies have 
attributed decrease in pain levels and consequent 
improvement in physical function after quadriceps 
strengthening exercise to increased stability of the knee joint 
as a result of improvement in quadriceps muscle 
strength.11,35,36 These findings seem to corroborate with the 
present study showing improvements in pain, mobility and 
physical function after conventional combined kinetic chain 
exercises strengthening the knee joint. The improvements in 
Group B may be because of the unique kinematics of 
backward walking or retrowalking wherein the knee provides 
the primary power producer (co-contraction of hamstring 
and quadriceps) and ankle plantar flexors acts as shock 
absorber. In contrast to forward walking, the knee joint 
shear force is directed forward initially during retro walking 
thus leading to significantly lower patellar compressive force 
than forward walking. Moreover, as reported by previous 
studies,  retro-walking helps to reduce maximal vertical force 
and impulsive force on knee compared to forward walking 
because of toe-heel contact pattern.37 In addition to this, retro-
walking may have effect on pain relief by reducing excess 
adductor moment at knee joint  and decreasing the compressive 
forces on medial compartment of knee joint.38 Various published 
studies have reported the efficacy of retro walking in knee OA 
by reducing pain, enhancing mobility, dynamic balance and 
physical function, decreasing extension lag and better quality of 
life in knee OA patients.15,16,18,37,38,39,40 Improvement seen in 
Group C: Literature review reveals that aging and knee joint OA 
both diminishes proprioceptive acuity, i.e. the awareness of joint 
position, joint movement (kinesthesia), and sense of 
resistance.41,42 These proprioceptive deficits may be a 
contributing factor in reducing the dynamic stability of the knee 
joint. Perturbation exercise programs are designed to decrease 
proprioceptive impairment by using balance movements to 
activate, challenge, and adapt the nervous system’s 
proprioceptors. Thus these exercise protocols would decrease 
the proprioceptive deficit thereby increasing dynamic knee 
stability. Improved joint stability, therefore, has the potential to 
both improve symptoms of knee OA and slow the disease’s 
progression. These results are similar to the study done by 
Diracoglu et al. (2005) in which superior results are reported 
with the addition of Kinesthesia, Balance and Agility training to a 
Resistance training(RT)  program compared to RT alone.43 

 

5. CONCLUSION 
 

From the above discussion, it may be concluded that since 

both retro walking and perturbation exercises combined 
with conventional CCE showed better improvements than 
CCE alone, either of the protocols may be opted for the 
treatment of knee joint osteoarthritis. But from the authors’ 
viewpoint, the protocol involving retrowalking provides an 

edge over the perturbation exercise protocol because 
retrowalking doesn’t involve any equipment and neither has 
it required assistance of a physiotherapist in contrast to 
perturbation training. Moreover, though not statistically 
significant, improvement seen in the group receiving retro 
walking training with CCE was more as compared to 
perturbation training plus CCE group (Figure 1). 
Physiotherapists are encouraged by the findings from this 
study to combine open and closed kinetic chain exercises for 
pain relief and improvement of function in patients with 
Grade 2/3 OA as per Kellgren Lawrence scale. Future studies 
should investigate the effects of combined chain exercises on 
different age groups and gender of patients with knee OA. 
The efficacy of CCEs in osteoarthritis of other joints such as 
the hip may also be investigated. 
 

6. LIMITATIONS 
 

● The present study did not assess a long-term follow up 
due to poor history of patients follow up in the current 
hospital setting. 

● Medications of patients, activities of daily living and 
recreational activities of patients were not taken into 
account.  

● Home exercise program was not given. 
● The age group of the participants was restricted to only 

women aged 40–65 years. 
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