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Abstract
Introduction: Osteoarthritis is a chronic progressive disease which accounts for major disability in elderly population. More
than 50 % adults aged over 65 years of age shows x ray evidence of knee osteoarthritis. In this population 45% of women
present with symptoms of osteoarthritis. Incidence and progression of knee osteoarthritis is multifactorial. Prognoses of knee
osteoarthritis cause changes in normal muscle physiology in and around the knee joint. Changes in calf muscle ability to
sustain muscle contraction result in increased functional disability and reduction in quality of life. Reduction calf muscle
endurance result in reduced ability to maintain the contraction. So, it is necessary to identify the association between calf
muscle endurance and physical function in subject with advanced knee osteoarthritis.
Methodology: This cross sectional study was consisted of 41 subjects with advanced knee osteoarthritis. Subject who met
both inclusion and exclusion criteria were recruited by using convenient sampling technique. Subjects were assessed for calf
muscle endurance by using standing heel rise test and physical function was assessed using WOMAC scale which consisted of
three subcategories pain, stiffness and physical function. Correlations between these were estimated by using Karl Pearson
correlation test.
Result: Karl pearson correlational test shows a significant negative correlation between calf muscle endurance and sub scales
of WOMAC scale such as pain(r=-0.835, p= 0.000), stiffness (r=-0.609, p=0.000), physical function(r= -0,785, p=0.000) and
total WOMAC score (r= -0.845, p= 0.000)
Conclusion: In this study it shows a strong negative significant correlation between calf muscle endurance and WOMAC sub
scores such as pain, stiffness and physical function and total WOMAC scores. It suggests the importance of calf muscle
endurance based therapeutic interventions in rehabilitative management of knee osteoarthritis.
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1. Introduction
Osteoarthritis (OA) is the most common age-related joint
disease in the elderly which affects more than 80% in older
population aged over 65 years of age 1. Global statistics
reveal over 100 million people worldwide suffer from
osteoarthritis which is one of the commonest causes of
disability [1, 2]. More than 50% population around the world
(>65 years) show x ray evidence of osteoarthritis of knee
joint [2, 3]. In India osteoarthritis has a prevalence of 22% to
39% [4]. It is more common in women than men, and the
prevalence increases dramatically with age. Nearly, 45% of
women over the age of 65 years have symptoms and 70% of
those over 65 year’s radiological evidence of knee
osteoarthritis [5]. In females knee Osteoarthritis is a major
cause of mobility impairment and it is the 10th leading cause
of nonfatal burden in the health care system [6, 7].
Between the ages of 30 and 65 years the prevalence of knee
osteoarthritis has been reported to increase as much as ten
times that of younger age group, affecting nearly 33.6% of
people; and more than 65 years with an incidence of 1 in 10.
Due to the overall increase in life expectancy, there is an
alarming trend for future growth in the prevalence of knee
osteoarthritis [8]. Along with an increase in age; there is an
exponential increase in the associated risk factor of obesity.
Sedentary lifestyle, diet routine and work environmental

conditions also have their own contribution towards the
disease. Besides these the upcoming diabetes has its own
share towards delaying the healing process of the disease.
The factors which are contributing for the development of
osteoarthritis are unclear. The common and studied factors
which contribute to knee osteoarthritis are Ethnicity,
Hormonal Status and Bone Density, Nutritional Factors,
Genetics, Obesity, Mechanical loading and Environmental
loading of the Joint and Articular Cartilage, Acute Joint
Injury and Joint Deformity, Participation in high intensity
sports, Occupational Factors and Muscle Weakness [9, 16].
Knee osteoarthritis (OA) is the most common disease which
cause of difficulty walking and reduced functional capacity
in older adults [17]. Radiographic features of knee
Osteoarthritis does not always correlate with the severity of
knee pain, and disability. There are some other factors that
could better explain knee symptoms. One of the common
factors which cause pain and disability in knee osteoarthritis
is the involvement of periarticular muscles. Studies have
reported that in the pathogenesis of knee osteoarthritis, the
periarticular muscle has been involved [18].
It has been found out that prognosis of knee osteoarthritis
cause some changes in normal muscle physiology in and
around the knee joint. Among them deposition of intra
muscular fat was associated with increased knee pain,
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limitation of physical performance, and progression of
radiographic features and disease severity. Fatty infiltration
in calf and thigh intra Muscular compartment is one of the
reasons for functional impairment and disease progression
in knee OA [19]. Changes in calf muscles in subject with
knee OA can also due to delayed or altered neuromuscular
activation which can be a result of arthrogenous muscular
inhibition. The osteoarthritic joint causes alterations in
afferent impulses from degenerated joints surfaces which
will trigger release neurotransmitter at the level of the spinal
cord. Increased production of neurotransmitter inhibits the
activity of the alpha-motor neurons, and causes secondary
muscle atrophy due reduction in muscle activity, which is
known as arthrogenic muscle inhibition also reflex atrophy
[20]
.
In patients with Knee osteoarthritis reports impairment in
functional capacity and reduced quality of life (QOL) than
in normal adults. Impairment occurs due to the production
of pain, stiffness and limitation in range of motion of the
joint. Due to this Knee OA cause a significant economic
burden in the community [21]. The contemporary
management goal in knee osteoarthritis is control of pain
and improvement in function and health-related quality of
life.
Understanding the mechanisms that contribute to loss of
functional capacity with osteoarthritis has significant
implications for improving health and quality of life in
subjects with knee osteoarthritis. Increased fatigability
during walking occurs if normal endurance of the muscle to
sustain contraction for a prolonged period of time is lost
which can result in reduced functional capacity. Knee
osteoarthritis is associated with secondary muscular
pathologies such as muscular atrophy and weakness which
can cause due to reduced mobility in joints, or restriction of
mobility due to pain. The observed changes in the calf
muscles in subject with knee OA are due to delayed or
altered neuromuscular activation. It will result in decreased
medial and increased lateral gastrocnemius activation.
Gastrocnemius produces a ﬂexor moment from its origin on
the medial and lateral condyles of femur [22]. This causes
changes in knee biomechanics in OA and may contribute to
changes in gastrocnemius function and composition. In
subjects with knee osteoarthritis reduction in muscle mass,
endurance and strength could result in reduced ability to
maintain the contraction or the initiation in muscle
contraction. So, it is necessary to identify the association
between calf muscle endurance and functional capacity in
subject with chronic knee osteoarthritis, In order to prevent
and reduce the functional limitation and improve quality of
life.
2. Materials and Method
This cross sectional study was conducted using 41 subjects
who have advanced knee osteoarthritis. The sample size
estimation was done by using the equation n=
, with
reference to the article by Geoff P Bostick
of

[23]

et al. A total

41 samples were collected from outpatient department by
using convenient sampling technique. Subject’s in the age
group between 40 to 60 years of age, both male and female
gender, Subjects with knee osteoarthritis, as deﬁned by
American College of Rheumatology Classiﬁcation criteria
for knee osteoarthritis, Subjects with knee pain for >25 of
the past 30 days and osteophytes on knee X-ray, Subjects
with unilateral advanced knee osteoarthritis, Subjects with
grade 3 & 4 knee osteoarthritis defined by Kellegran &
Lawrence system for classification of knee osteoarthritis and
the Subjects who are willing to sign informed concern form
were included.
The exclusion criteria was Severe uncorrected visual or
hearing impairment, Knee pain due to factors other than
osteoarthritis (e.g., rheumatoid arthritis, gout, and metastatic
cancer), Large knee effusion interfering with function more
than knee pain (by participant report), A history of
corticosteroid or hyaluronic acid injection in the affected
knee(s) during the preceding 3 Months, Immune
suppression (e.g., systemic steroids or other immune
suppressants and HIV/AIDS); anticoagulation therapy
(warfarin and low molecular weight heparin), And presence
of pacemaker.
The subjects were explained about the study and prior
consent was obtained from the study subjects. Details were
collected and filled up by the instructor pertaining to
objective of the study from study subjects. The subjects
fulfilling the inclusive criteria were taken for the study.
Anthropometric characteristics (height, body mass and body
mass index) were measured. Then complete clinical
evaluation of each subject was taken.
Standing heel rise test was used to measure calf muscle
endurance which excellent test–retest reliability [24]. Heel
rise test was performed with subject in standing on one leg
with their foot on a wedge such that the foot was
approximately dorsiflexed to 10 degrees. Subjects were
barefoot and kept balance by touching the wall with the
fingertips of both hands at shoulder level. Subjects were
instructed to lift the heel as high as possible until no further
heel rises could be performed due to exhaustion. Number of
heel rise will be recorded. Total number of heel rises is
indicative of calf muscle endurance.
The functional capacity was assessed using Western and
Ontario and McMaster Universities Osteoarthritis
(WOMAC) index. The WOMAC consists of 24 items
divided into 3 subscales. The pain scale includes five items
asking about pain at activity or rest. The stiffness scale
includes two questions. The function dimension explores the
degree of difficulty in daily activities [25].
3. Result
Data were analysed by the statistical program for social
science (SPSS). Karl Pearson’s correlation coefficient was
used to check the correlation between calf muscle
endurance, pain, stiffness, physical function and total
WOMAC score.

Table 1: descriptive properties of studied population.
Total population Kellegran and Lawrence
N = 41
grade
Male
Female Grade 3
16 (39%) 25 (61%) 32 (78%)

Grade 4
9 (22%)

Age
52.73 ± 5.97

Mean and SD
WOMAC WOMAC physical
stiffness
function

Calf endurance WOMAC Pain
15.51 ± 7.43

12.19 ± 3.72

4.73 ± 1.58

41.85 ± 13.14

WOMAC total
59.02 ± 17.23
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The table1 shows the gender distribution, kellegran and
Lawrence grade distribution, mean and standard deviation
of age, calf muscle endurance, WOMAC pain score,

WOMAC stiffness score, WOMAC physical function and
WOMAC total score.

Table 2: Correlations
Womac
Womac
pain
stiffness
Pearson Correlation -.835**
-.609**
Calf muscle
Sig. (2-tailed)
.000
.000
endurance
N
41
41
**. Correlation is significant at the 0.01 level (2-tailed).

Womac physical
function
-.785**
.000
41

Womac total
score
-.845**
.000
41

Table 2 shows the correlation values among Calf muscle
endurance, WOMAC pain score, WOMAC stiffness score,
WOMAC physical function, and WOMAC total score.

Fig 3: scatter diagram shows the relationship calf muscle
endurance and WOMAC pain score.

Fig 1: scatter diagram shows the relationship calf muscle
endurance and WOMAC stiffness score.

Fig 4: scatter diagram shows the relationship calf muscle
endurance and WOMAC total score.

Fig 2: scatter diagram shows the relationship calf muscle
endurance and WOMAC physical function score.

4. Discussion
Osteoarthritis is the most common joint disease, which are
age related and affecting more than 80% of people in the
age group 55 and above [26]. It gives more morbidity to
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menopause woman and the risk is strongly associated with
body mass index, and history of trauma to the joints.
Common presentation of the disease is complaints of pain
during stair climbing and descending, walking. It also
associated with stiffness.
India has a huge amount of population beyond 55 years of
age, because the population ages, the economic impact of
osteoarthritis is expected to increase proportionately in
coming decades [27]. As the age increases risk for the
occurrence of knee osteoarthritis is also increasing. Age can
also worsen the prognosis. The occurrence and worsening of
knee osteoarthritis as the age increases can be due to many
factors. Worsening of knee osteoarthritis can be due to
cumulative exposure to various risk factors such
degenerative changes and biologic changes which occur as
the age advances such as hormonal imbalances and reduced
muscle strength and endurance.
In this cross sectional study we recruited 41 subjects with
advanced knee osteoarthritis as defined by Kellegran and
Lawrence classification criteria. The mean age of the
studied population was 52.7±5.79 and was consisted of 39
% males and 61% of females, among them 78 % had grade
3 knee osteoarthritis, and 22 % had grade 4 knee
osteoarthritis. The sudden increase in the incidence and
progression of knee osteoarthritis is more in women than in
males. It can be because women in the age of menopause
shows some amount of hormonal changes compared with
their male counterparts and it may play a role in the
development and progression of knee osteoarthritis [31].
The mean calf muscle endurance of the studied population
by heel rise test was 15.51 ± 7.43 repetitions. The mean
WOMAC scores for pain, stiffness, physical function and
the total scores were 12.19 ± 3.72, 4.7 ± 1.58, 41.85 ± 13.14
and 59.02± 17.23 respectively. The Karl pearson correlation
value between the calf muscle endurance and WOMAC
scores for pain, stiffness, physical function and the total
scores were r = -0.835 (p=0.000), -0.609 (p=0.000), -0.785
(p=0.000) and -0.845 (p=0.000) respectively. This show that
the calf muscle endurance and WOMAC subscale scores has
a significant negative correlation between the variables.
The progression of knee osteoarthritis can be slow, sudden
chronic progression, or a relatively stable period with
intermittent worsening of symptoms. One of the reasons
which are associated with the disease progression is pain, in
order to reduce pain there is a natural tendency to reduce
activity. This can result in reduction in muscle bulk, strength
and endurance of lower extremity muscles over a time,
especially in the muscles which cross the knee joint. This is
suggested as one of the reason which leads to decreased
joint stability and increase stiffness in knee joint [30].
The reduction in calf muscle endurance and strength can be
due to arthrogrnous muscular inhibition 37 which is, any
abnormality in afferent impulses arise from the nociceptive
nerves from degenerated joints surfaces will trigger
increased production of neurotransmitter which in turn
reduces the activity of the alpha-motor neurons and cause
reduction in muscular activity and causes secondary muscle
atrophy. The reduction in calf muscle property can also due
to infiltration of intra muscular fat deposition as a result of
prognosis of knee osteoarthritis [29].
A study has done by Michael J. Davison et al in 2017 shows
similarities to the present study result. Their results
concluded that in subject with knee osteoarthritis poor
physical performance can be a result reduced normal muscle

properties such as strength and endurance [29]. They also
pointed that reduction in normal muscle physiology is due to
increased intramuscular fat deposition in the lower limb
muscle compartment. Which is not only limited to
quadriceps compartment but also in the calf muscle
compartment.
Ratzlaff CR et al from their study concluded that activity
decreases over time in order to prevent noxious painful
stimuli in knee osteoarthritis [28]. This will result in
reduction of muscle bulk, strength and endurance of the
muscles which cross over knee joint. Because of
gastrocnemius is the muscle which cross knee joint and it
contribute to knee flexion moment, changes in the ability of
calf muscle to sustain the muscle contraction for a long
period can result in increased disability and poor physical
performance in knee osteoarthritis.
In summary, calf muscle endurance has a significant
influence on physical function in subjects with advanced
knee osteoarthritis. Our result shows that pain, stiffness and
physical function are inversely correlated with calf muscle
endurance. In individuals with reduced calf muscle
endurance shows higher impairments in their physical
function and increased pain and stiffness. This highlights the
importance calf muscle endurance assessment and training
in rehabilitation programme in order to prevent and reduce
disabilities associated with knee osteoarthritis. Identification
of calf muscle endurance deficits in early stage of knee
osteoarthritis may helpful in delaying progression of knee
arthritis or preventing disabilities associated with it.
Our study has few limitations; firstly our sample procedure
was not a random sampling technique. This may limit the
application of our result to the whole population of subject
with knee osteoarthritis. Secondly we did not include other
factors which may contribute to reduction in functional
status and calf muscle endurance such as BMI, intensity of
pain and educational level. Lastly, because of the study
design we were unable to find the causative factor for
reduction of disability and calf muscle endurance. Our study
suggests the importance of calf muscle endurance based
therapeutic interventions and exercise programs to improve
functional ability in persons with knee osteoarthritis.
5. Conclusion
In this present study, results conclude that calf muscle
endurance is a factor which contributes to reduction in
functional ability. In this study it shows a strong negative
significant correlation between calf muscle endurance and
WOMAC sub scores such as pain, stiffness and physical
function and total WOMAC scores. It suggests the
importance of calf muscle endurance based therapeutic
interventions in preventive, therapeutic and rehabilitative
management of knee osteoarthritis.
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