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ABSTRACT

Background: Osteoarthritis is a combination of mechanical problems characterized by degradation of articular cartilage,
articulating joints and subchondral space.

Aim: To compare the effects of open chain kinetic exercises and closed kinetic chain exercises in improving dynamic balance
and range of motion in patients with knee osteoarthritis.

Study Design: Randomized controlled trial.

Methodology: Study was conducted at Chugtai Medical center Lahore and sample of 46 patients were recruited and were
randomly allocated in two groups. One group performed OKC exercises and the other group was asked to perform CKC
exercises, while both of the groups received a common baseline treatment prior to corresponding intervention. Two session a
week were given for a period of one month. Goniometry and Y-balance scale were used to assess ROM and dynamic balance
pre and post treatment, respectively. Data was evaluated by using SPSS version 23.

Results: In this study, the intra-group analysis illustrated that the increase in range of motion and improvement in dynamic
balance was statistically significant in both groups with p-value<0.05. Whereas, the inter-group analysis showed that both
interventions were clinically effective in treating knee osteoarthritis with p-value>0.05 during the treatment session of four weeks.
Practical Implication: This study highlighted that physical training that includes open kinetic chain (OKC) and closed kinetic
chain (CKC) exercises were found to be effective in improving balance and in increasing range of motion by reducing pain
among osteoarthritis patients. Conclusion: It was concluded that patients with OKC exercises have shown equal improvement

in ROM and dynamic balance compared to those who have been treated with CKC exercises.
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INTRODUCTION

Osteoarthritis (OA) is the commonly found degenerative joint
disease with chronic presentation, affecting weight-bearing joints. It
gradually leads to a disability restricting the individual from various
daily functional activities. It is a combination of mechanical
problems characterized by degradation of articular cartilage,
articulating joints, and subchondral space. This damage results in
fibrillation, fissures and gross ulcerations®2,

As a result of disarrangement in the usual process of wear
and tear, deterioration of articulating surfaces of the joint occurs.
This degeneration causes frequent knee pain which limits the
mobility and compromises quality of life. Among major part of
population with knee osteoarthritis, knee pain is usually the main
culprit for knee replacements?.

The decrease in movement is secondary to pain, regional
muscles may atrophy, and ligaments may become weaker*°. Most
common sites for osteoarthritis are hip (19%), spine, hand, and
foot (30%) while majorly affecting knee joint (41%). According to
evidence from several studies, people with age group 45-70yrs
having osteoarthritis of knee suffer limitations in climbing stairs,
ascending on inclined surfaces, standing from a sitting position on
a chair even more while standing from the floor®.

According to the area of involvement and related factors, OA
can be classified as Primary OA or idiopathic OA which develops
over progressive time due to aging or family history. More common
in elders when there is no previous pathology. It involves one joint
or smaller joints as in hand joints, hip, and knee. While Secondary
OA occurs due to predisposing factors such as injury to the joint,
rheumatoid arthritis, developmental dysplasia of the hip, joint
deformity, obesity, and hyperthyroidism”®. During the development
of osteoarthritic changes at the knee joint, evidence has reported a
definite impairment of balance and proprioception in those
candidates thus leading them at great risk of falls. As osteoarthritis
is one of the major culprits of falls in the elderly along with
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osteoporosis®®,

Physical therapy including physical exercise and balance
training is important in this old group of population as it is beneficial
in reducing pain, improving balance and proprioception, muscle
strength, postural stability and better performance in activities of
daily living. In this view, open kinetic chain (OKC) and closed
kinetic chain (CKC) exercises are found to be effective in
improving balance and in increasing range of motion by reducing
pain.

The objective of the study was to compare the effects of
open chain kinetic exercises and closed kinetic chain exercises in
improving dynamic balance and range of motion in patients with
knee osteoarthritis.

METHODOLOGY

After IRB permission, both male and female aged 45-65 years
suffering from knee pain for more than 3 months were asked to
take part present study. This was a randomized controlled trial
(RCT) and 46 patients were randomly selected and divided into
two groups equally. Patients having unilateral knee osteoarthritis
grade Il (according to Kllegren and Lawrence classification of knee
OA) were the enrolled population and was confirmed by
radiographic imaging. Study was conducted at Chugtai Medical
center Lahore. Participants were randomly allocated in two groups.
One group performed OKC exercises and the other group was
asked to perform CKC exercises, while both of the groups received
a common baseline treatment prior to corresponding intervention.
Two session a week were given for a period of one month.
Goniometry and Y-balance scale were used to assess ROM and
dynamic balance pre and post treatment, respectively'?13,
Exercise intervention:

Open chain exercises: Patients were asked to perform the open-
chain exercise using cuff weights of (0.5-2.5Kg) tied on the ankle
or dorsum of the foot in a progressive resistance training according
to the strength of the patient by finding his/her 1 repetition
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maximum (RM). 1 RM was calculated in the first session only, as
RM varied for each patient. Two sessions per week of this exercise
protocol (1 set of 10RM) were given for the duration of one month
in non-weight bearing/sitting position*.

Closed chain exercises: Patients were asked to perform step up,
step down and terminal extension in standing using a therapeutic
resistance band of different resistances; light, medium, and
medium to heavy in standing position according to their
submaximal strength in the first session. For terminal extension,
patients were asked to extend the knee against the resistance
band. Other parameters and progression of closed-chain exercises
included; changing the base of support from wide to narrow,
support surface from rigid to soft, changing balance from external
support to no external support and eyes open to eyes closed. Two
sessions per week of this exercise protocol (1 set of 10reps) for a
period of one month was incorporated in weight-bearing/standing
position?®,

Statistical analysis: All collected data was analyzed through
SPSS version 23. All qualitative data was presented in frequency
form and quantitative data was in the form of mean + SD. Unpaired
t-test was used for parameters in between groups and paired
sample t-test for parameters within the group.

RESULTS

The study sample (n = 46) comprised of 47% male patients and
53% female patients in OKC group whereas, in CKC group 40%
were males while 60% were females as demonstrated by figure-1.

Figure-1: Gender distribution among groups
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Distribution of participants among both groups according to age
were shown in table-1 and figure-2.

Figure-2: Participants distribution among groups as per age (yrs)
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Table 1: Socio-Demographic Variables

Study group | N | %
Group 1
45-55 17 30%
56-65 6 20%
Group 2

45-55 15 33.7%

56-65 8 16.3%

Mean differences between pre and post-treatment results for
all subjects in OKC group was -5.6+1.076, 1.27+0.00, -0.7746%-
0.08795 for Flexion ROM, extension ROM and dynamic balance
assessment respectively. While mean differences between pre and
post-treatment results for all subjects in CKC group was -
6.73+1.375, 1.4+0.462, -1.4626+-0.24026 for flexion ROM,
extension ROM and dynamic balance assessment respectively.
Independent samples test for equality of means was used to find
the comparison of flexion, extension and dynamic balance
assessment score after treatment in affected knee among both
intervention groups as shown in table-2.

Paired t-test was performed to compare the results of
dynamic balance pre and post-treatment in both groups. The
results from the pre-test (M = 69.0187, SD = 8.56238) and post-
test (M = 69.7933, SD = 8.65033) dynamic balance assessment
scores indicated that the balance significantly improved in the
affected knee after the intervention was given to the OKC group
t(14) = -12.045, p = 0.000. Likewise, the CKC group also showed
statistically significant result t (14) = -9.958, p = 0.000.

Table-2: Group Comparison of Dynamic Balance, Knee Flexion & Extension

Mean +SD Group-1 [ Group-2

Dynamic Balance

Pre-treatment [ 69.0187+8.56 [ 69.4827+8.669

Post-treatment | 69.7933+8.65 | 70.9453+8.90

Knee Flexion

Pre-treatment [ 110+9.198 [ 111.47+9.862 |
Post-treatment | 116+8.122 | 118.20+8.487 |
Knee Extension |
Pre-treatment | 3.20+1.521 | 3.07+1.438
Post-treatment | 1.93+1.280 | 1.67+0.976

P value: <0.05*

DISCUSSION

This strengthening program was designed in such a manner that it
improved anterior reach more effectively, by performing exercises
in sagittal plan in both groups. Usually, it is observed that the
endurance of muscle reduces, if there are contusions on muscular
tissue or if the muscle is atrophied. Since patients with OA tends to
stay immobile for longer period due to pain and difficulty in
functional movements, as a consequence, there is remarkable
reduction in muscle strength and endurance. It is noteworthy, that
the strength of quadriceps is essential in maintaining the alignment
and joint tracking of knee and other associated joints like hip and
ankle!®’. The data in this study has shown; as the strength of the
guadriceps improves so does the balance, intensity of pain and
ROM improve. Various systems of the human bodywork as a
syncytium to maintain balance and accurate base of support such
as the somato-sensory, vestibular, visual and synchronization of
the musculoskeletal system?®, Several studies have shown that
OKC, CKC, Tai chi and aerobic exercises improve balance system
in pathologies like OA2,

We also found that, CKC exercises in the initial phase, were
excruciating contrasted with OKC exercises because of the weight-
bearing position. Later on, patients dependably needed a change
in their actions like hunching down, strolling or stair climbing and
CKC exercises helped them in their utilitarian rehabilitation. So, in
the long term recovery program of osteoarthritis, it is beneficial to
incorporate both OKC activities and CKC workouts. CKC exercises
are close to natural movement patterns like in standing or weight-
bearing position therefore, it has provided relatively better
effects?1:22:23,

In this randomized controlled trial, muscle range of motion,
strength, and pain significantly improved with substantial
improvement in composite score of anterior, posterolateral, and
posteromedial reach after assessing patients by Y-balance test.
Normally, Y-balance test demands co-contraction of stance leg
muscles to increase the excursion distances!® whereas, in knee
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Role of open and closed chain exercises on balance with knee osteoarthritis.

OA co-contractions of antagonist knee muscles predominantly
occurs. However, the relationship between dynamic balance and
co-contraction of muscles has not been investigated yet. OKC and
CKC also enhances muscular co-ordination thereby activating in
time of need, that is how the balance was improved.?* Therefore,
more investigations are needed to assure the mechanism of
dynamic balance impairments. Our study for the first time has
shown that the dynamic balance in patients with grade 1l OA
improves with both OKC and CKC exercises. However, the data
suggests that CKC exercises are more effective in improving the
dynamic balance as compared to OKC. It was deduced that open
kinetic chain exercises and closed kinetic chain exercises are
equally effective in improving dynamic balance, pain and
consequently ROM in patients with knee osteoarthritis.

CONCLUSION

It was concluded that patients with OKC exercises have shown
equal improvement in ROM and dynamic balance compared to
those who have been treated with CKC exercises.

Limitations: Sample size was very small and financial limitations
followed by low man power for follow-ups.
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