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Effects of Quadriceps Strengthening Exercise on Quadriceps Muscle 
Strength and Its Relation to Lower Extremity Lean Mass

Introduction 

Osteoarthritis or OA is a non-communicable 
disease with a high prevalence in Indonesia, 
i.e. 30.3%, with 65.4% cases found in older 
patients  who are above 75 years old.1 Knee 
osteoarthritis is a complex disease marked by 
changes of all parts of the joint. These changes 
are thought to be triggered by biochemical 
and biomechanical factors, most importanly is 
obesity and quadriceps muscle weakness.2 

Muscle strength is found to be decreasing 
in elderly with smaller cross-sectional area 
which then affects the quadriceps muscle 
strength.3,4 Central obesity measurement, such 
as body mass index, waist circumference, and 
waist-hip ration, has a significant correlation 
with knee OA (KOA) and also known as a risk 
for KOA. However, this kind of measurement 

has some weaknesses due to the fact that it only 
measure general fat and cannot differentiate 
between fat mass and lean mass.5

Body composition consists of lean mass, fat 
mass, and bone mass. Lean mass is furthermore 
divided into upper extremity, trunk, and lower 
extremity lean mass which can be measured 
using Bioelectrical Impedance Analysis (BIA).6

Conroy et al.3 found that the lower extremity 
lean mass (LELM) in women with KOA aged 
45–69 years old is lower when compared to 
control group. This study presents a hypothesis 
that decreased LELM plays an important role 
in the pathogenesis of KOA.3 Blumenfeld et 
al.5 found that LELM is an strong predictor for 
defining Kelgreen-Lawrence score and medial 
osteophyte in KOA. Knee OA risk is increasing 
in women after menopause due to hormonal 
fluctuations, sedentary lifestyle, and fat-rich 
food consumption that contribute to weight 
gain.7 

Weight loss in patients with knee OA should 
be managed through an exercise regimen in 
order to restore or increase the muscle mass. 
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Henriksen et al.8 found that LELM increase and 
knee flexion-extension muscle strength with 
the use of low-energy diet are not found  to be 
significantly correlated. This method can lead 
to muscle tissue loss and reduced lower limb 
muscle strength.

Increased LELM is also found to  contribute 
to increased muscle strength in seven young 
individuals. Progressive resistance exercises 
can help increasing muscle mass. In addition, 
muscle strengthening exercises three times 
per week improve muscle strength and value 
of fat-free mass compared to the strengthening 
exercises only once per week.9,10

The aim of this study was to assess whether 
quadriceps strengthening exercise correlates 
with quadriceps strength and LELM.

Methods

Participants included in the study were 
patients visited Department of Physical 
Medicine and Rehabilitation of Dr. Hasan 
Sadikin General Hospital, Bandung. Thirty-six 
women were selected through consecutive 
sampling. The inclusion criteria were aged 40–
70 years old, Kelgreen-Lawrence grade II or III 
knee OA in subacute or chronic phase, walked 
without  any assistive device, and understood 
verbal, written, and gesture instructions.  The 
confirmation of knee OA diagnosis using the 
AP/lateral knee radiographic examination was 
made and the results from all participants were 
read by a same person. The exclusion criteria 
were history of having stroke or other nerve 
system dysfunctions, knee deformity (such 
as knee valgus-varus deformity, recurvatum), 
history of knee trauma (fracture, ligament or 
meniscus rupture), or any other knee surgery, 
did high intensity sport regularly or joined 
other muscle strengthening exercise in the last 
six months.  The attendance was recorded in 
each training session to monitor compliance. 
All participants provided written informed 
consent, and this study was approved by the 
Ethical Comittee of Dr. Hasan Sadikin General 
Hospital, Bandung.

Lower extremity lean mass was measured 
using bioelectrical impedance analysis (Tanita 
MC-180, Japan). Data were collected two days 
prior to the first exercise and the participants 
were asked not to do any exercise 24-hours 
before, not consuming any alcohol 48-hours 
before, and not consuming any diuretics 7 
days before. The participants were asked to 
empty the bladder before examination. During 
the measurement, the patient were forbidden 

to use any metal accesories and socks. If  the 
partcipant skipped one exercise,  she would be 
excluded from the study.

The measurement of the quadriceps muscle 
exercise strength using  a push-pull handheld 
dynamometer  was performed during the first 
exercise and after the whole intervention was 
completed. The measurement was peformed 
using 1 Repetition Maximum(RM) in which 
the participants performed the movement 
against the tester three times and the average 
result was calculated. The tester here was the 
same for all participants both before and after 
the intervention.

The intervention was implemented for eight 
weeks, three times a week in PMR gymansium 
using quadriceps bench exercise (Fig. 1). The 
intensity of quadriceps strengthening exercise 
was 60% of 1 Repetition Maximum (RM). In 
the study, 1 RM was measured by extending 
the knee three times and 1 RM score was 
recorded every week. The 60% intensity of 
the exercise was then fitted for the next week 
exercise. The exercise repetition was 10–15 
times, with 1–2 seconds of resting. Before the 
exercise, a warming-up exercise was peformed 
for 10 minutes dan a stretching exercise was 
performed for 5 minutes. After the exercise, 
the participants performed the cooling down 
movements.

Data were analysed using the Shapiro Wilks 
for normality of distribution. To compare the 
relationship between two variables before 
and after exercise between two average data a 
paired t test was used. Data were processed by 
StatSoft program version 3.5 and Minitab 16  
for windows with a statistical significance test 
results determined based on p≤0.05 value.

Results

Thirty six participants were recruited in this 
study. Only females participated in this study. 
The mean age of subjects of this study was 
57.26 (SD+7.45) years with an average body 
mass index (BMI) of 27.89 (SD+3.52). The 
mean height was 149.8 (SD+4.65) cm (Table).

The means of quadriceps muscle strength 
before the intervention were 12.72 kg and 
13.15 kg for the left and right sides, respectively. 
After the intervention, the quadriceps muscle 
strength means were 16.43 kg for left side 
and 16.45 kg for right side. This study found 
increased quadriceps muscle strength, i.e. 
3.125 kg for left LE and 2.5 kg for right LE. This 
study found a significant difference before and 
after intervention.
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The means of the lower extremity lean mass 
before intervention were 39.47% and 39.37% 
for the left and right sides, respectively. After 
the intervention, the LELM means became 
39.23% for the left side and 39.09% for the 
right side. No significant difference was seen 
between before and after the intervention 
(p=0.095 and p=0.67 for  left and right sides).

The quadriceps muscle difference between 
before and after intervention were 3.125 kg 
for the left side and 2.5 kg for the right side 
while the LELM difference were -0.025 and 
0.053 for the left and right sides, respectively. 
The correlation of the LELM and quadriceps 
muscle strength before and after intervention 
was also not found based on the result of the 
paired t-test statistical analysis (p>0.05).

Discussion

The participants of this study were women 
with knee OA grade II–III aged less than 70 
years old and met the inclusion criteria. They 
were given 24 times strengthening quadriceps 
exercise over eight weeks. This study aimed to 
assess whether the quadriceps strengthening 
exercise could increase LELM and whether it 
correlated to the quadriceps muscle strength.

The participant’s mean age in this study 
was 57.26+7.45 years. A study also found that 
the knee OA prevalence in the age group of  
more than 45 years old is 27.8%, whereas the 
prevalence age for the age group of 60 years 
old and above is 37%.10 All participants in 
this study are accidentally women, which is 
concomittant with the epidemiology data that 
women have a higher risk of developing OA 

compared to men.7 

The BMI mean for subjects in this study 
was 27.34 kg/m2 with the lowest BMI of 16.01 
kg/m2 and the highest BMI was 37.65 kg/m2. 
Most subjects in this study was overweight 
(66.67%). This is consistent with the finding of 
the previous studies that the majority of knee 
OA patients are overweight, in which the risk 
for knee OA is 8.1 times higher than those with 
normal BMI.2,5,8 

The quadriceps muscle strength increased 
significantly after the intervention, which is 
consistent with findings of previous studies 
stating that there is an increase in quadriceps 
muscle strength after the quadriceps muscle 
strengthening exercises were performed three 
times a week.9,11 Aaboe et al.12 also found 
an increase in quadriceps muscle strength 
after walking exercise three times a week for 
twelve weeks. The muscle strength increases 
through two mechanisms: through changes in 
peripheral muscles and through adaptations 
of the nervous system. The major factor 
contributing to the muscle strength increase 
is a neural factor occuring in the first two 
weeks in exercise, while the peripheral muscle 
change, i.e. muscle hypertrophy, occurs a few 
weeks after exercise.13

Lower extremity lean mass did not increase 
in this study. This is different from Nilwik et 
al.14 (2013) findings in which the lean mass 
increase 3% after the muscle strengthening 
exercises three times per week for six months 
with 60–75%  intensity 1 RM among male 
subjects over 70 years old. This result could 
be explained by the different duration of study. 
Nilwik’s study was carried out for six months 
while this study was conducted in only eight 
weeks.

The correlation between quadriceps muscle 
strength increase and LELM was found to be 
insignificant. This is different from findings 
from previous studies showing an increase 
in muscle strength along with the lean mass. 
In these studies, the dose for exercise was 
8–12 repetitions per muscle group, with the 
intensity of 70–85% 1RM, three sets every two 
to three times per week for 8–12 week.15 

Table Subject Demographics (N=36)
Mean SD

Age 57.26 (51–68) 7.45
Height 149.86 (139–161) 4.65
Weight 62.57 (37–77) 7.49
Body mass index 27.89 (16.01–37.65) 3.52
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Fig. Intervention Flowchart 

Knee OA women grade II-III  confirmed with radiology examination and included 
in inclusion criteria 

1 day before exercise: 

LELM measurement 
Quadriceps muscle strength measurement 

Quadriceps strengthening exercise for 
8 weeks, 3 times/week 

2 days after exercise (25th session): 
LELM measurement 
Quadriceps muscle strength measurement 

 

Data analyses 

Agreed to join, she would sign Informed consent 
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This study was conducted with the same 
exercise frequency and duration, but the 
intensity given was only 60% of 1 RM. Muscle 
strengthening exercises with low-moderate 
intenstity would lead to the recruitment of 
slow-twitch muscle fibers while increasing the 
cross-sectional area in small size. The increase 
in the size of slow-twitch muscle fibers 
occured in months to years. Muscle resistance 
exercise require more power because it can 
make muscle size and recruited muscle fibers 
increase. Muscle hypertrophy itself is the 
result of an increase in the size and number of 
myofibrils in the fast-twitch muscle fibers and 
slow-twitch.16

Muscle strength is determined by various 
factors, one of them is LELM. This study found 
that LELM has no correlation with quadriceps 
strength, which might indicate that LELM plays 
a small role in increasing muscle strength. A 
review study suggests that the large variations 
in muscle strength and cross sectional area are 
caused by other variables that accounted for 
differences in strength rather than size alone.17 
Meanwhile Aagard et al.18 found a different 
result in which the increase in muscle strength 
after muscle strengthening exercises for six 
up to nine weeks in elderly subjects (>60 
years) concomittantly happens with increased 
muscle strength and also increased diameter 
of  thigh muscles of 10%.

Muscle cross-sectional area is relative to the 
number and size of muscle fibers. The  muscle 
fibers consist of two types: type 1 and 2. Type 
1 fibers or a slow-twitch muscle fibers contract 
slowly, red coloured, and have oxidative 
metabolism. Type 2 muscle fibers are fast 
contracting muscle fibers, white coloured, and 
contains mostly glycolytic with fewer oxidative 
enzymes than type 1. Type 2 responds to a 
great power in a short time period.13 Structural 
adaptations that occurs in older adults is 
found to be similar to those of young adults, i.e. 
adaptation of protein synthesis as well as the 
contractile elements. This process is started 
by changes in cell shape leading to mechanical 
signals that influence gene expression. The 
protein synthesis then occurs in two stage: 
posttranslational and translational phases. In 
posttranslational phase, the messenger RNA 
(mRNA) myofibrilar protein increases due to 
increases in the regulation of mRNA by satellite 
cells. In posttranslasional phase, the satellite 
cell fused with mature muscle fibers resulting 
in the synthesis of myonucleus proteins. The 
satellite cells are also linked to the quantity 

of genetic and protein needs of muscle fibers 
in hipertophy phase. The pathway that causes 
muscle hypertrophy is still unknown but it 
is thought to be caused by an increase in the 
number of satellite cells in the muscle, leading 
to the muscle adaptive response.9 

Muscle adaptive response only happens in 
type II muscle fibers.  The type II muscle fibers 
are the ones that experience detrimental 
loss caused by changes in muscle mass. 
Atrophy of type II muscle fibers without any 
reduction in the number of muscle cells is also 
found in Nilwik’s study.13–15 A previous study 
also found the presence of increased LELM 
after performign the muscle strengthening 
exercises. These differences are attributed to 
the fact that the all participants are women 
in the age range of 46–56 years in this study 
while the research done by Thomas consists 
of 30–40 years old male sand females. Women 
are more likely to have a greater fat mass due 
to hormonal factors. Lean mass is more in men 
because testosterone is a major regulator of 
body composition, particularly  the muscle 
mass.9 Women will experience decrease in the 
production of estrogen that regulates skeletal 
muscle mass. Estrogen receptor α and β are 
expressed by myoblasts, myotube, and mature 
muscle fibers. This statement reinforces the 
hypothesis of the existence of a direct effect 
of estrogen on the muscles, but the clear 
relationship regarding the estrogen regulation 
not yet known.19 

Muscle strength decreases by 1.5–5% per 
year while the leg lean mass only decreases 
at a rate of 1–2% annually in individuals who 
are 50 years old or above.20 The LELM value in 
this study does not experience many changes 
after muscle strengthening exercises for eight 
weeks. Another study found that without 
intervention, the ML will increase 0.45 kg and 
the MBL will decrease 0.23 kg per year. This 
shows that by doing resistance exercises, the 
decrease in LM can be prevented. Regular 
physical activities can prevent the increase 
of LM in older adults. Fatty infiltration of 
the muscle can be significantly reduced in 
subjects with physical activities and weight 
loss treatment.3,18

There are limititations in this study that 
several variables (i.e. age and menopause) 
that could affect the LELM are not accounted. 
It is suggested that the future study should be 
done in a longer period of  intervention, higher 
exercise intensity and with a control group. 
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