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ABSTRACT 
 

Knee osteoarthritis is a degenerative disease characterized by pain and limited motion of the joints resulting in 
muscle weakness. Late consequences can lead to limited motion and shortening of intra and extra joint 
components. This study aimed to analyze the effect of straight leg raise and static bicycles on the increase in 
quadriceps muscle strength in patients with knee osteoarthritis. This study was an experimental study with a 
two-group pretest-posttest design. The research was conducted at the Salewangan Maros Hospital. The 
population was knee joint osteoarthritis patients aged 40-60 years and experienced quadriceps muscle weakness. 
The sample met the inclusion criteria obtained by simple random sampling technique so that sample size was 28 
subjects, then randomized into two treatment groups, each of 14 subjects. The research data was the strength of 
the quadriceps muscles using manual muscle testing which was done twice, namely before and after the straight 
leg raise exercise with a static bicycle. Because the data distribution were not normal, the nonparametric 
analysis was used. The results of the Wilcoxon test analysis showed that there was a significant effect of giving 
straight leg raise (p = 0.002) and static bicycles (p = 0.005) training on increasing quadriceps muscle strength. 
The results of the Mann-Whitney test showed no significant differences between groups on the increase in 
quadriceps muscle strength (p = 0.481). The results showed that straight leg raises and static bicycles increased 
muscle strength and there was no difference between the two exercises. 
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INTRODUCTION 

 
Basic Health Research (Riskesdas) in 2018 from interviews at >15 years of age, the national prevalence 

of joint disease or rheumatism was 7.30%. Aceh Province is a province with the highest prevalence of 
osteoarthritis, which is around 13.26% and the province with the lowest prevalence is Bangka Belitung which is 
around 4.51%, while in South Sulawesi the prevalence rate is around 6.39% (1). Osteoarthritis (OA) affects 
nearly 60 million people in America (2), (3), Approximately 10-30% of the world's elderly have osteoarthritis, 
especially in rural areas (4), and attacking women more than men, where the prevalence increases with increasing 
age (1), (5).  

Osteoarthritis is a chronic degenerative disease that affects the joints. Osteoarthritis in the knee joint will 
cause systemic disorders of motion in the bones and joints and cause a decrease in muscle strength around the 
joints which in turn causes significant disability (6). The osteoarthritis process causes pain and inflammation 
resulting in degeneration of the bones around the joints, loss of cartilage, abnormal bone formation at the ends 
of the joints as well as causing joint space narrowing. The result of osteoarthritis results in joint disorders in the 
form of decreased function, pain, loss of range of motion, and joint instability, which ultimately leads to muscle 
weakness (5). The most visible disorders in knee osteoarthritis are pain and limited movement as the main factors 
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disrupting knee joint function in activities. Osteoarthritis will cause disturbances in the intra and extra-articular 
systems (5), (6), (7).  

Pain in osteoarthritis of the knee is closely related to decreased muscle strength around the knee, namely 
the posterior, anterior, medial, and lateral sides. Long periods of inactivity due to joint pain lead to atrophic 
disuse and muscle strength that is reduced by 3% in one week. The weakness of the limb muscles is one of the 
most common conditions in knee osteoarthritis. Functional disorders in people with osteoarthritis are caused by 
pain. This pain is associated with decreased muscle strength. This muscle is the main stabilizer of the knee joint 
which functions as a protector of the knee joint structure. This pain will also reduce the area of motion of the 
joints because with this pain the joints are rarely moved so that the muscles experience a decrease in strength (8), 

(9). Decreased strength accompanied by loss of functional muscle contraction will result in non-synergistic (non-
physiological) contractions thereby increasing excessive stress on one of the joint contact surfaces, which in turn 
will increase the progression of the joint degenerative process. The presence of muscle weakness is a stronger 
predictor of disability than joint space narrowing and pain complaints (4), (10), (11). The pain and disability will 
increase with the appearance of the weakness of the quadriceps muscles. Muscle is an important ability in 
helping to stabilize joints, whereas weakness of the quadriceps muscles can lead to worsening osteoarthritis and 
even cause psychosocial disorders in the patient (12).  

The role of physiotherapy in conservative measures that can be used in osteoarthritis cases includes 
exercise therapy (13). Exercise therapy, as a physiotherapy modality, can be used to increase muscle strength by 
providing strengthening exercises. By providing strengthening exercises, there will be an increase in the number 
of sarcomere and muscle fibers (actin and myosin filaments required for muscle contraction), so that the 
formation of new muscle fibers can increase muscle strength (4), (12), (14). Straight leg raise (SLR) is a form of 
isometric strengthening exercise for the quadriceps muscles with a focus on the rectus femoris muscle (15). 
Exercises with static bicycles are used to increase muscle strength and increase the range of motion of patients 
with knee osteoarthritis by increasing muscle mass through consideration of dosages and appropriate 
biomechanical modifications so that the load or pressure on the joints and articular cartilage is reduced and pain 
does not increase and joint proprioception improves (4), (16). Based on the aforementioned problems, this study 
aimed to determine the effect of straight leg raise and static bicycle exercises on the increase in quadriceps 
muscle strength in patients with knee osteoarthritis. 
 

METHODS 
 

This study used experimental research with a two-group pretest-posttest design. This research was 
conducted from April to August 2018 at Salewangan Maros Hospital. The population used was knee joint 
osteoarthritis patients aged 40-60 years and experienced quadriceps muscle weakness. Samples met the 
inclusion criteria, namely no history of diseases such as diabetes mellitus, heart defects, and free of other 
neuromuscular disorders. Subjects with a history of neuromusculoskeletal disorders, osteoarthritis without 
quadriceps muscle weakness, and reluctance to become subjects until the completion of the intervention were 
not included. Sampling was done by simple random sampling technique, namely by doing a lot of subject 
numbers or based on odd or even numbers, so that the sample size was 28 subjects, then randomized into two 
treatment groups, each of which totaled 14 subjects.  

The straight leg raise intervention group was given several training sessions where each training session 
was carried out for 5-8 minutes with a duration of 30 minutes of exercise three times a week, while the static 
bicycle exercise was given 30 minutes of light training with a frequency of three times. times a week. All 
exercises are followed by measuring the length of the exercise using a stopwatch. The data collected were 
subject characteristics data obtained through direct interviews and quadriceps muscle strength data obtained 
using manual muscle tests which were carried out twice, namely before and after straight leg raise (SLR) 
exercise with a stationary bicycle, then analyzed using a comparative analysis in the form of Wilcoxon test was 
to determine the effects before and after the intervention, while the Mann-Whitney test was to determine the 
differences in effects between treatment groups. 

 
RESULTS 

 
This section presents the analysis and interpretation of data collected through direct interviews in 

response to problems in this study. Based on the results of the analysis showed in Table 1, it is known that the 
subjects who experience the most knee osteoarthritis accompanied by quadriceps muscle weakness were female 
patients aged 56-60 years. Thus, the older the subject, the more likely it was to develop osteoarthritis which was 
accompanied by weakness of the quadriceps muscles. 
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Table 1. Characteristics os patient osteoarthritis by sex and age 
 

Variable Frequency Percentage 
Sex   

Male 
Female 

9 
19 

32.14 
67.86 

Age (years)   
40 – 45 
46 – 50 
51 – 55 
56 – 60 

3 
5 
8 

12 

10.71 
17.86 
28.57 
42.86 

 
Table 2. Quadriceps muscle strength before and after the intervention 

 

Intervention 
Measurement time Difference in average p-value Pre-test Post-test 

Mean SD Mean SD Mean SD 
SLR 2.70 0.483 2.80 0.422 1.10 0.061 0.002 

Static bicycle 2.80 0.422 3.60 0.516 0.8 0.094 0.005 
SLR= straight leg raise; SD= standard deviation; Wilcoxon test 

 
Table 2 showed the mean value before and after the intervention shows that there was a difference with 

the mean value for the straight leg raise (SLR) treatment of 1.10 + 0.061 with p-value of 0.002 (<0.05) and on 
the static bicycle exercise 0.8 + 0.094 with p-value of 0.005 <0.05, which means that the provision of straight 
leg raise (SLR) exercises and stationary bicycle exercises could significantly increase the strength of the 
quadriceps muscles. Thus the provision of straight leg raise (SLR) exercises and static bicycle exercises had a 
significant effect on increasing the strength of the quadriceps muscles in patients with knee osteoarthritis. 
 

Table 3. Comparison of quadriceps muscle strength between groups 
 

Intervention Muscle strength after treatment p-value Mean SD 
SLR 2.80 0.422 0.481 Static bicycle 3.60 0.516 

                                     SLR= straight leg raise; SD= standard deviation; Mann Whitney test 
 

The results of data analysis in table 3 show that the p-value = 0.481 (>0.05), which means that there was 
no significant difference in effect between the two forms of treatment on the increase in quadriceps muscle 
strength. Straight leg raise exercises and stationary bicycle exercises did not have a different effect on increasing 
quadriceps muscle strength in patients with knee osteoarthritis. 

 
DISCUSSION 

 
Based on the results of the analysis that has been done, it is known that the age and gender factors have a 

relationship with the incidence of osteoarthritis of a person's knee joint. The results showed that the older a 
person is, the more likely it is to develop osteoarthritis which is accompanied by weakness of the quadriceps 
muscles. This can occur because the increasing age of a person will also be accompanied by a decrease in the 
function of the organs that form the joints, and in the same condition, activities are always carried out 
throughout the day. This is in line with the results of a study that states that the prevalence and severity of joint-
forming cartilage increase with increasing age and body mass index (17), (18). The age factor also has a positive 
correlation with functional disability. This happens because, with increasing age, the components that make up 
joints decrease in function resulting in pain, movement disorders, and even muscle weakness so that the quality 
of the function and movement of the organs also decreases. Therefore, the older the age, the greater the level of 
functional disability (19), (20). Age factor is also closely related to oxidative damage, cartilage erosion, muscle 
weakness, and a decrease in proprioception (21).  

Likewise, analysis of gender factors, shows that female subjects have more knee osteoarthritis than men 
with an incidence ratio of 1.5-4 times more women than men. This is because hormonal factors and physical 
activity and body mass index cause differences such as bone density in men and women (22). Hormonal factors in 
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women are the effects on hormones as a result of the menstrual cycle and the pregnancy process which affects 
the levels of endogenous sex hormones which allow women to be at risk of developing osteoarthritis (23), (24).  

Data on the effect of straight leg raise (SLR) training and stationary bicycle training showed a significant 
effect on changes in the increased strength of the quadriceps muscles in subjects experiencing weakness due to 
knee osteoarthritis. This mechanism can be achieved because giving the straight leg raise exercise stimulation 
the muscles to actively contract freely. Straight leg raise is open-chain kinetic, which is an active motion 
exercise that involves one or more muscles and joints without movement in the proximal segment. The longer 
the leg stretch, the greater the workload on the muscle allowing it to contract maximally (25), (26). Likewise, 
stationary bicycle exercises can increase muscle strength and reduce pain in the knee. This mechanism occurs 
because exercise with a stationary bicycle reduces the compression load on the knee joint but puts the burden on 
the muscles to contract (27). This is evidenced by comparing cycling at high intensity with the same effect as 
low-intensity cycling to improve function, aerobic capacity and reduce pain, meaning that exercise with a 
stationary bicycle has a very little load on the joints. Kinesiology studies have also shown that the strength 
generated by the muscles around the knee when riding a stationary bike is not greater than when walking so that 
the load generated when cycling is safer for osteoarthritis patients (28).  

In the comparison of effects between treatment groups, it was found that there were no significant 
differences in effects between the two treatment groups. This means that both straight leg raise (SLR) and 
stationary bicycle exercises have the same effect on increasing the strength of the quadriceps muscles in subjects 
with knee osteoarthritis. This is in line with the results of kinesiological studies which show that the strength 
generated by the muscles around the knee when riding a stationary bike is not greater than that when walking so 
that the load generated when cycling is safer for osteoarthritis patients (28). Both forms of exercise intervention 
also provide benefits to muscle tissue in the form of stimulation of the Golgi tendon organ (GTO) which carries 
information on mechanical changes forwarded to afferent fibers so that stability and muscle tone can be 
maintained. These results are also supported by the results of research by Mangione et al (1999) which states 
that stationary cycling exercises do not cause acute pain so that functional abilities increase which causes 
muscle strength and joint range of motion to be increased. Likewise, the results of research by Gezginaslan et al 
(2018) state that strengthening exercises can increase muscle strength and repair joint proprioception. Thus, both 
the straight leg raise and static bicycle exercises influence the quadriceps muscle strength of patients with knee 
osteoarthritis (7), (25), (26), (28). 
 

CONCLUSION  
 

From the above findings, this study can conclude that the gender factor supported by the age factor of the 
subject is a factor that has a major contribution to the occurrence of quadriceps muscle weakness in subjects 
with knee osteoarthritis. Free active exercise contributed significantly to the increase in quadriceps muscle 
strength in subjects who had knee joint osteoarthritis. Based on the results and conclusions of the study, it is 
recommended that the importance of preventing excessive physical activity that can increase the workload of the 
knee joint such as squatting and up and downstairs is recommended, especially in women with older age. 
Exercises that should be given are free active exercises without putting weight on the knee joints such as straight 
leg raises and exercises with stationary bikes. 
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