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ABSTRACT

Objectives: To determine the effectiveness of knee joint stabilization exercises in minimizing articular cartilage degeneration and to examine the 
effectiveness of knee joint stabilization exercises on decreasing pain, improving range of motion (ROM) and muscle strength.

Methods: About 20 volunteer subjects (age 35-65  years) with primary osteoarthritis fulfilled the inclusion criteria given the knee stabilization 
exercises for 8 weeks. Pain, muscle strength, functional outcome score, and serum cartilage oligomeric matrix protein (COMP) values were measured 
pre- and post-intervention using visual analog scale, dynamometer, and ELISA test. Data were analyzed using a paired t-test with Statistical Package 
for the Social Sciences version 20 to find out the difference between the pre- and post-test.

Results: The results of the study have shown that significant difference between pre- and post-test values of pain, ROM, muscle strength and functional 
outcome score with p<0.05, and there is statistical in significance in serum COMP value (p<0.05).

Conclusion: Stabilization exercises of knee joint were shown to be beneficial for decreasing pain, improving ROM and muscle strength, and there was 
no effect on articular cartilage changes in degenerative tibiofemoral joint disease.
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INTRODUCTION

Osteoarthritis (OA) is the most common degenerative joint disease, 
occurring primarily in older persons, characterized by erosion of the 
articular cartilage, hypertrophy of bone at the margins and a range of 
biochemical and morphologic alterations of the synovial membrane 
and joint capsule [1]. OA is the most common type of arthritis and major 
health problem worldwide. It effects any joint contains hyaline cartilage 
and knees are most commonly affected. OA is the most common form 
of arthritis, accounting for approximately 75% of the disease and 
ranking among the top 10 causes of disability worldwide [2]. OA is a 
leading cause of pain and disability and generally affects women more 
frequently than men.

Literature is limited on the incidence and prevalence of OA because of 
the problems of defining it. Worldwide 9.6% of men and 18% of women 
of more than 65  years have symptomatic OA [3]. Males are affected 
more than females below 45  years, while females are more affected 
after 45 years [4].

The most cases of OA have no known cause and are referred to as primary 
OA. Primary OA is mostly related to aging. It can present as localized, 
generalized or as erosive OA. Secondary OA is caused by another disease 
or condition. OA is the second most common rheumatologic problem and 
is most frequent joint disease with prevalence of 22-39% in India [5].

There is increasing evidence that physiotherapy, in the form of exercise 
therapy, is an effective intervention. Exercise is considered the most 
important intervention in the management of OA [3].

Increased intervention efforts, including early diagnosis and 
appropriate clinical and self-management (e.g., Physical activity, patient 

education, and maintaining appropriate weight), are needed to reduce 
the impact of arthritis and chronic symptoms. Moderate exercise is 
effective in reducing pain and improving function in knee. However, 
exercise is underutilized as a therapy for OA and more than 60% of 
adults with arthritis do not satisfy the recommendations for physical 
activity [4].

Research shows that regular, moderate use of normal joints does not 
increase the risk of OA and can help maintain overall health, muscle 
strength and range of motion (ROM).

Physiotherapy helps in increasing flexibility, maintain joint ROM, 
strengthen surrounding muscles, decrease associated inflammation, 
and improve overall fitness.

The hallmark of structural changes occurring in the OA joint is cartilage 
loss. Since OA is considered a wear and tear disease, one identified 
barrier to exercise is the belief that exercise will not improve or may 
even be harmful to joint cartilage.

However, with the recent onset of successful treatments for OA, it 
becomes important to identify prognostic factors that can predict the 
evolution of arthritis. A valuable approach to monitor arthritis would 
be by measuring biological markers of cartilage degradation and repair 
to reflect variations in joint remodeling. One such potential biological 
marker of arthritis is cartilage oligomeric matrix protein (COMP) [6].

The cartilage oligogomeric matrix protein is a noncollagenous 
protein, a glycoprotein, the function of which is to bind to type  II 
collagen fibers and stabilize the collagen fiber network in the 
articular cartilage [7]. COMP consists of five 87 kDa subunits held 
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together by interchain disulfide bonds forming a 435 kDa pentameric 
protein. COMP is expressed in all types of cartilage. It is becoming 
known that the mechanisms of cartilage matrix destruction such as 
roles of degradative enzymes and cyrokines, so it is important to 
develop the reliable biomarkers to detect the early stage of cartilage 
destruction [6].

The biomarker could be a useful tool not only to understand the 
progression of the joint destruction in OA but also to develop new 
treatment [6]. Numerous physiotherapeutic interventions are available 
for knee OA based on symptoms. Lack of literature regarding the effect 
of stabilization exercises on changes in articular cartilage, and increase 
in glycoprotein content hence the need of the study arises. The purpose 
of this study is to determine the effectiveness of knee joint stabilization 
exercises in minimizing articular cartilage degeneration and to examine 
the effectiveness of knee joint stabilization exercises on decreasing 
pain, improving ROM and muscle strength.

METHODS

This study was a single group pre-test post-experimental design 
carried out during October 2015 to July 2016 in Department of 
Physiotherapy, GSL Medical College, Rajahmundry. The study 
protocol was approved in Ethical Committee of VELS University, 
Chennai. Subjects with degenerative tibiofemoral joint disease 
were examined in which 24 subjects matched the inclusive criteria 
in which 4 students dropped from the study because of personal 
reasons.

The eligible individuals with following symptoms were included in 
the study: Subjects with diagnosis of knee OA according to the clinical 
ACR criteria morning stiffness <30 minutes, crepitus, bony tenderness, 
bony enlargement, primary OA with Grade 1 and 2 of Kellegrens and 
Lawrence scale, age group of 35-65 years.

Subjects with a history of knee trauma, previous surgery, deformity, 
local injections, infection, and obese people were excluded from the 
study. The recruited subjects were explained the purpose and relevance 
of the study. Those willing to volunteer were included in the study after 
obtaining informed consent.

All subjects underwent full history including duration of symptoms, 
mode of onset, precipitating, and relieving factors. Subject’s age, weight, 
height, and body mass index were determined.

The subjects recruited through simple random were given the 8 week 
stabilization exercises protocol and procedure [8-16] explained in 
Tables 1 and 2.

The dependent variable was pain, muscle strength, ROM, and 
serum COMP value were measured by visual analogue scale (VAS), 
dynamometer, universal goniometer and ELISA test, respectively. 
The investigator was blinded to the measurements. Data were 
analyzed using a paired t-test with Statistical Package for the Social 
Sciences version 20 to find out the difference between the pre- and 
post-test.

OUTCOME MEASURES

Primary outcome measures
1.	 Visual analog scale (VAS) for pain
2.	 Handheld dynamometer to measure muscle strength.

Secondary outcome measures
1.	 ELISA test to measure serum COMP content.

Statistical analysis
The data were analyzed using paired t-test for finding the difference 
between the pain, ROM, muscle strength, functional outcome, and 
serum COMP value before and after the treatment.

RESULTS

The results of the study have shown that significant difference 
between pre- and post-test values of pain, ROM and muscle strength 
with p<0.05, and there is statistical in significance in serum COMP 
value (p>0.05).

Results in Table 3 and Figs.  1-5 indicate that there was significant 
difference in all variables except COMP value.

The results of the study have shown that significant difference between 
pre- and post-test values of pain, ROM and muscle strength.

DISCUSSION

Muscle plays a major role in the structure and function of joints 
as evidenced by disuse atrophy of the muscles surrounding knee 
joint. Quadriceps weakness is associated with disability in subjects 
with knee pain. As the quadriceps is of key importance in walking, 
standing, and using stairs, muscle weakness may be direct cause 
of impaired function. OA of knee affects the hamstring muscles 
more than the quadriceps; therefore, there is a need for the 

Fig. 1: Visual analog scale score

Fig. 2: Knee range of motion

Fig. 3: Knee flexors strength
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Table 1: Stabilization exercises protocol

Duration Intervention Frequency Duration Exercises
1‑8 weeks Stretching exercises Thrice weekly 1 set

3 repetitions
Hamstring stretch
Quadriceps stretch
Calf stretch
Iliotibial band stretch

1‑2 weeks Isometric exercises
Multi angle isometric exercises
Cocontraction exercises

Thrice weekly 3 sets
10 repetitions

Hamstring
Quadriceps
Rythmic stabilization
Co‑contraction

3‑4 weeks Active resisted exercises Thrice weekly 3 sets
10 repetitions

Straight leg raises
Abductor raise
Adductor raise
Hamstring curl
Quadriceps curl
Heel raise
Wall squats

5‑6 weeks Proprioception exercises Thrice weekly 3 sets
5 repetitions

One leg balance
Toe walking
Heel walking
Cross body leg swings
Wobble board

7‑8 weeks Neuromuscular training exercises Thrice weekly 2 sets
3 repetitions

Core stability/postural function
Postural orientation
Step up and step down

Technique Procedure
Hamstring stretch Subject in full supine ‑ lying position on a plinth with his two feet pointing upward. The contralateral lower limb was 

stabilized. The lower limb being stretched was passively moved into the extreme of extension, up to the limit where 
the subject felt a gentle stretch at the posterior aspect of the thigh. This placed the hamstring muscles at their greatest 
possible length. The stretch was sustained at this point for 30 seconds and relax. The procedure was carried out thrice a 
week for 8 consecutive weeks [8]

Quadriceps stretch Subject is in prone, bend one knee, and examiner grab ankle with right hand. Gently push foot toward buttocks until 
subject feel a gentle stretch in the anterior aspect of the thigh. Hold the stretch for 30 seconds and relax. The procedure 
was carried out thrice a week for 8 consecutive weeks [9]

IT band stretch Subject is in up right standing position with normal leg crossed in front of affected leg, Lean slightly forward and to 
normal side until subject feel a stretch on the outside of the affected side. Lean on a chair/wall if needed. Hold for 
30 seconds and relax. The procedure was carried out thrice a week for 8 consecutive weeks [9]

Calf stretch Subject made to stand in bare feet with feet shoulder width apart facing a wall with the leg to be stretched behind the 
other leg so that the hip and knee of the leg to be stretched were extended, and the contra lateral leg was in front with 
the hip and knee in flexion. Once in this position, the subjects were told to lean forward over the front leg as if they were 
pushing into the wall with their arms extended in front of them while keeping the heels of both feet flat on the floor until 
a stretching sensation was felt over the posterior calf. Emphasis was placed on educating the patients to keep both the 
knee and toes pointing straight toward the wall and to avoid rolling the ankle to the outside or inside. The stretch was 
held for 30 seconds followed by a 10 seconds rest period. The procedure was carried out thrice a week for 8 consecutive 
weeks [9]

Hamstrings Subject supine on the a bed or sitting with knee bent knee approximately 45° press heel into the floor or bed as much as 
you can. Hold this position for 5‑10 seconds and relax 3 sets of 10 repetitions thrice a week for 2 weeks

Quadriceps Patients lay in a supine position. A rolled‑up towel was put beneath the knee. They were instructed to maximally activate 
their thigh muscles to straighten their knee and hold the contraction for 5‑10 seconds and relax, 3 sets of 10 repetitions 
thrice a week for 2 weeks [10]

Multiple angle 
hamstrings

The subject lies on their front in the prone position. The therapist provides resistance as the subject contracts the 
hamstring muscles, holds for 10 seconds then relaxes. The angle of knee flexion is changed and the exercise repeated. 
Once a range of angles have been worked the whole process is repeated with the foot first turned first inward then 
outward. This exercise targets the inner and outer hamstring muscles at varying angles (30, 45, 60 and 90°) of 
flexion [11]
3 sets of 10 repetitions thrice a week for 2 weeks

Multiple angle 
quadriceps

Quadriceps strengthening by full exetension of knee joint against 3 kg resistance with sand bag in high sitting position 
hold it for 10 seconds and followed by rest for 5 seconds. Again strengthening by 45° of flexion from exetension against 
3 kg resistance and hold it for 10 seconds and rest for 5 seconds [11]. 3 sets of 10 repetitions thrice a week for 2 weeks

Co‑contraction Subjects in supine position, A 12″ towel or roll was placed behind right thigh, and their right knee was placed off the end of 
the table. An isometric quadriceps with hamstrings cocontraction exercise was performed at 15, 30 and 45° with frequent 
rests of 3 sets and 10 repetitions each for 2 weeks [12]

Table 2: Exercise procedure

(Contd...)
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Technique Procedure

Rhythmic stabilization Subject is an upright position with one leg flexed and foot rested on a box. The knee joint angle was approximately 
60‑70°, examiner placed his hands above and below the subjects knee joint and encouraged the subject to hold the leg 
in same position, while manually applying moderate pressure in a rhythmic fashion from various angles to the distal and 
proximal parts of the thigh and lower leg, respectively, 3 sets of 10 repetitions thrice a week for 2 weeks [13]

Straight leg rises Subject in supine lying, lift the leg few (up to 10) inches while keeping leg straight hold for 10 seconds and rest for 
10 seconds, 3 sets of 10 repetitions thrice a week for 2 weeks [10]

Abductor rise Lie on side, propped on one elbow. The leg on the floor bent, the other straight. Slowly lift the top leg, hold for 
5‑10 seconds, then lower. Do 3 sets with 10 repetitions each for 2 weeks

Adductor rise Lie on side, propped on one elbow. The leg on the floor straight, the other leg abducted and supported by examiner 
slowly lift the affected leg 6‑8″, hold for 5-10 seconds, then lower. Do 3 sets with 10 repetitions each for 2 weeks

Hamstring curl Subject in prone position with a resistance band tied around ankle. Slowly bend knee tightening the back of 
thigh (hamstrings). Perform 3 sets of 10 repetitions provided the exercise is pain free

Quadriceps curl Begin this exercise in sitting with your knee bent and a resistance band tied around ankle. Keeping your back straight, 
slowly straighten your knee tightening the front of thigh (quadriceps). Perform 3 sets of 10 repetitions provided it is 
pain free for 2 weeks

Heel raise Stand straight and tall, legs fully extended, facing a sturdy table. Place your hands on the table for support. Lift both heels 
off the floor, placing yourself onto your tip‑toes and tightening your quadriceps to keep your legs straight. Don’t allow 
your knees to bend. Hold yourself up on your tiptoes for 5‑10 seconds, then lower your heels back down slowly to the 
floor. 3 sets of 10 repetitions thrice a week for 2 weeks

Wall squats Lean your back and buttocks against a wall, with your legs shoulder‑width apart. Your feet should be between 6‑14″ 
away from the wall. Slowly slide down the wall by bending your knees until they are at about a 45° angle (bend less if 
you experience pain). Pause, then slowly slide back up to your starting position. Perform three sets of 10‑15 repetitions 
for 2 weeks

One leg balance Stand on with one leg with relaxed and upright posture, other leg is flexed the knee so that it is off the ground. Weight 
bearing leg should be slightly flexed at knee, hip and ankle, hold this position for 1 minute rest for 20 seconds. 2 sets of 5 
repetitions thrice a week for 2 weeks [1]

Toe walking Subject was made to walk for 20 m distance up on the toes pointing straight ahead, then walk with toes pointing out rest 
for 20 seconds 2 sets of 5 repetitions thrice a week for 2 weeks [1]

Heel walking Walking for 20 m on heel with toes pointing straight ahead, toes pointing out and toes pointing in and rest for 
20 seconds 2 sets of 5 repetitions thrice a week for 2 weeks [1]

Cross body leg swings leaning slightly forward with hands on a wall for support and weight on affected leg, other leg was swing in front of the 
body, this was repeated for 10 times and brief rest. 2 sets of 5 repetitions thrice a week for 2 weeks [1]

Wobble board Stand on the balance board and try to keep it level. Weight shifting side to side, diagonally, Return the board to a level 
position in between taps, When you can do this exercise with good control, try it on one leg, or with eyes closed 2 sets of 
5 repetitions thrice a week for 2 weeks [14]

Core stability/postural 
function

Level 1 A. Pelvic‑lift with flexed knees and short lever arm, putting load on both legs
B. Sit‑ups with flexed knees, both legs on ball, arms along the sides (short lever)

Level 2 A. Pelvic‑lift with semi‑flexed knees and long lever arm, putting load on both legs
B. Sit‑ups with flexed knees, both legs on ball, arms crossed over chest (medium lever arm)

Level 3 A. Pelvic‑lift as above, alternately putting load on the affected and non‑affected legs
B. Sit‑ups with flexed knees, both legs on ball, hands behind neck (long lever arm)

Postural orientation Level 1 A. �Slide‑exercise forward‑backward: Standing, weight‑bearing on one leg, other leg on sliding surface. Slide 
backward – forward with “sliding leg,“ while flexing – extending the knee of the weight‑bearing leg and 
keeping an appropriate position of the joints in relation to each other

B. �Slide‑exercise sideways: Standing, weight‑bearing on one leg, other leg on sliding surface. Slide 
sideways with “sliding leg,“ while flexing – extending the knee of the weight‑bearing leg and keeping an 
appropriate position of the joints in relation to each other

Level 2 A. �Slide‑exercise forward – backward: As above, standing on uneven surface (e.g., foam pillow or thick 
mattress)

B. Slide‑exercise sideways: As above, standing on uneven surface
Level 3 A. �Forward lunge: Standing position, take a large step forward and then return. Hand support for balance if 

needed
B. �Sideway lunge: Standing position, take a large step sideways and then return. Hand support for balance if 

needed. 2 sets of 3 repetitions thrice a week for 2 weeks [15]
Step up and step down Subject made to stand in front of a step, like a sturdy bench or stairs, about two feet high (or less if necessary). Step 

up onto the support, straighten subject knees fully (without locking them) and step down for 2 minutes 2 sets of 3 
repetitions thrice a week for 2 weeks [15]

Table 2: (Continued)

physiotherapists who have hitherto concentrated almost exclusively 
on quadriceps strengthening in OA patients to include hamstrings, 
adductors, and abductors strengthening in their management 
protocol (Table 2).

In this study, we found that there were significance differences between 
pre- and post-intervention measures in VAS, ROM, muscle strength and 
functional outcome of the knee joint (Figs. 1-5).

The stabilization protocol applied by us lasted for 8 weeks, in thrice a 
week session. There is a clinical and statistical difference between 
pre- and post-intervention values of pain, muscle strength and knee ROM, 
and there is no statistical significance in the values of serum COMP values.

The primary concern of this study is the small number of subjects and 
the lack of control group. This limits the possibilities of interpreting the 
results and controlling for possible confounders.
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CONCLUSION

Stabilization exercises of knee joint were shown to be beneficial for 
decreasing pain, improving ROM and muscle strength, and there was no 
effect on articular cartilage changes in degenerative tibiofemoral joint 
disease.
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