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Objectives: Knee osteoarthritis is one of the most common musculoskeletal problems that is 
associated with impaired balance. This study was conducted to determine the result of balance 
and strengthening training in static stability indices in females with knee osteoarthritis.

Methods: In this single-blind randomized controlled study, 13 patients were determined 
through the available sampling method and randomly assigned to strengthening exercises 
and balance exercises groups. Strengthening exercises were based on quadriceps 
strengthening and in the balance exercises group, it included balance exercises. Anterior-
posterior, overall, and medial-lateral stability measures were performed by Biodex before 
and after the treatment in the static situation at the status of open and close eyes on one and 
two feet. The treatment was performed 15 sessions for 3 weeks. The data were analyzed 
by paired t-test and independent t-test.

Results: In strengthening exercises group, at the static status, overall and anterior-posterior 
stability index on two feet at the status of open eyes reduced from 1.26±0.82 to 0.76±0.48 
(P=0.02) and from 0.87±0.53 to 0.56±0.37 (P=0.02), respectively. In the balance exercise 
group, in the static status, overall lateral stability index on the involved foot at the status of 
close eyes reduced from 9.15±3.18 to 7.53±2.81 (P=0.00) and from 8.27±3.32 to 6.77±2.95 
(P=0.00), respectively. There was no significant difference between the groups (P>0.05).

Discussion: There was no difference between them regarding the impact on static stability 
indices. However, strengthening exercises caused improvement in the greater number of 
stability indices compared to those in the balance exercises group.
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Highlights 

● Balance and strength exercises are effective in improving static stability indices.

● The long-term application of balance and strength exercises is more effective in improving static stability indices 
than its short-term use.

Plain Language Summary 

Knee osteoarthritis is a chronic disease that is associated with functional limitations and pain. Neuromuscular disor-
ders such as muscle weakness and proprioception disorder may lead to imbalance. The increased risk of falling and 
decreased motility in patients with knee osteoarthritis are attributed to equilibrium deficits. Exercise therapy, especially 
balance and strengthening exercises, is effective in the rehabilitation program of these patients. The present study 
aimed at investigating the effect of balance and strengthening exercises on static stability indices in females with knee 
osteoarthritis. The result shows that strengthening can improve more stability indices in females with knee osteoarthri-
tis, especially in its long-term application.

1. Introduction

nee osteoarthritis is one of the most com-
mon musculoskeletal diseases in the knee 
joint [1]. It can lead to morphological and 
biological changes [2]. The disease be-
comes more prevalent with the increase in 

the individual’s age and more increasingly higher rates 
have been reported in women [3]; 30% to 40% of the 
65-year-old women are usually diagnosed with the dis-
order and its prevalence rate is 72.6% in women [3, 4]. 
Osteoarthritis is also realized as an important factor con-
tributing to pain, debility, and low quality of life in old-
aged people [5]. On the other hand, knee osteoarthritis 
causes a lot of problems in social, economic, psychologi-
cal, and mental terms [6]. 

Osteoarthritis is a chronic and degenerative disease of 
the synovial joints adversely affecting the joint cartilage 
resulting in the gradual destruction of the cartilage and 
change in other tissues, including inflammation of the 
synovial membrane, muscular weakness, and osteogene-
sis reduction [7]. Pain and inflammation in patients with 
knee osteoarthritis make a problem in an individual’s 
performance and neuromuscular control [8]. Therefore, 
individuals with knee osteoarthritis are predominantly 
complaining about proprioceptive disorders and inability 
in performing daily activities [6].

In addition to providing the joint with mechanical pro-
tection, the capsule and ligaments at the periphery of the 
knee joint also receive and transmit sensory feedbacks 
that bring about joint stability through creating muscu-
lar reflexes [9]. The performance of the quadriceps is 

disrupted in patients with knee osteoarthritis, following 
which the generation of force and proprioception will 
also be influenced [10]. The reduction in proprioception 
can result in the alteration of the muscular reflexes, the 
reduction of the muscle spindle sensitivity, and disorder 
in postural stability [11]. 

The proper performance of the protective neuromus-
cular mechanism depends on the appropriate sensory-
motor functioning of the muscles at the periphery of the 
joint [9]. The disorder in the sensory functioning of the 
muscles causes a reduction in the proprioception and 
the disorder in the muscles’ motor performance brings 
about muscular weakness [9]. The factors influencing 
the reduction in proprioception are the capsular-ligament 
laxity, inflammation, and pain [1]. The reduction in pro-
prioception is a major cause resulting in the balance dis-
orders in old-aged people [1]. Balance disorders in these 
old people have been reported to be in the form of an 
increase in the sway area and velocity and the speed of 
the postural sway [12].

There are numerous treatments suggested for increas-
ing balance in patients with the osteoarthritic knee [6]. 
These treatments include weight loss, acupuncture, 
physiotherapy, movement therapy, Tai Chi, and other 
non-pharmaceutical treatments [13]. In a study, Fitzger-
ald et al. reported the significant roles of stability training 
in improving patients with knee osteoarthritis [6]. It is 
also stated in a study conducted by Kanda Chaipiny et 
al. in Thailand that physical training programs devised 
for individuals with knee osteoarthritis are simple and 
parallel to the elevation of the quadriceps strength. These 
exercises have been documented to have exerted useful 
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effects [6]. In a study with the aim of comparison of the 
effects of strength training and neuromuscular control 
rehabilitation on the treatment indices of 30 patients (60- 
to 65-year-old) with osteoarthritic knee, Shah Hosseini 
et al. reported a significant improvement in both of the 
groups in terms of balance indices [14]. It was shown in 
a systematic review study by Sumaiyah Mat et al. that 
physiotherapy interventions like strength training, Tai 
Chi, and aerobic exercises lead to an increase in balance 
in the individuals with knee osteoarthritis [6].

Postural stability disorders, pain, and disability result-
ing from the knee osteoarthritis, the social and economic 
symptoms, and the high prevalence rates of the disease 
in older adults, especially in women compared to the 
men, are the reasons why the researchers have studied 
the therapeutic aspects of the patients with such diseases 
[14]. The patients with knee osteoarthritis are engaged 
with many problems like debilities when walking, mus-
cular atrophies, and knee instability [6]. Balance exer-
cises along with strength training can play effective roles 
in the increase in knee stability [4]. Therefore, the pres-
ent study aims at investigating the effect of balance and 
strength exercises on the static stability indices in wom-
en, who had knee problems, assuming that strength train-
ing and balance exercises will lead to increase in static 
stability and that the effect of the balance training on the 
static stability enhancement will be more pronounced 
than the other group.

2. Methods

Study design

This study was designed as a randomized controlled 
trial and single-blind in 2016 at Zahedan University of 
Medical Sciences. In this study, 26 women with osteoar-
thritis of the knee were equally divided into strengthen-
ing training and balance training groups. Participants in 
the study were blind about the information of the two 
groups. The treatment protocol was 5 sessions a week for 
3 weeks [15]. The data were recorded before and after 
the treatment.

Participants

A total of 26 women were chosen through a simple 
random sampling method. The inclusion criteria were 
women, who had pain for 3 months or more [16], age 
range of 46 to 72 years [17], grade 1 to 4 based on Kell-
gren Lawrence Revised Grade Scale [18], joint morning 
stiffness resolved after 30 minutes [19], lack of history of 
injury [16], and lack of history of joint difficulty disor-

ders (rheumatoid arthritis, osteoporosis, and neurologi-
cal and musculoskeletal disorders) [16]. The exclusion 
criteria included having cardiovascular disease [19], 
getting physiotherapy for knee joint during 6 months 
[19], and having a history of knee joint operation [13], 
vestibular, severe visual, and peripheral neuropathy dis-
orders [20]. After reading and signing a written informed 
consent form, they were included in the study protocol. 
This study was approved by the Scientific and Ethics 
Committee of Rehabilitation Department. This study 
was conducted in Zahedan, Iran. The rules of study were  
explaned and observed by the participants at all times.

Study procedure 

Assessment tools

To ensure to meet the criteria, the patients were inves-
tigated. Tape meters were used to evaluate the height, 
digital scale were used to vevaluat body weight index 
(mass index); also, the Biodex Balance System was used 
to measure static stability indices.

The indices of overall stability, medial-lateral, and an-
terior-posterior were evaluated by Biodex SD (Balance 
System, Biodex, New York, SW 45-30D-E6N, Inc, SD 
950-304, USA). In Biodex, the low stability level was 
assigned to the number 1 and the high stability level was 
assigned to 12. The overall stability level is the variance 
of movement of the plate in relation to the degree toward 
the horizontal; also, the variance of the displacement of 
the plate in relation to the degree toward the horizontal 
in conjunction with the movements of the sagittal sur-
face is considered for anterior-posterior stability level. 
In addition, the displacement of the plate in relation to 
the degree toward the horizontal in conjunction with the 
movements of the frontal direction is considered for the 
medial-lateral stability level.

 The displacement of the center represents the devia-
tion of the individual; less deviation indicates a better 
balance. To use the Biodex device, the participants took 
their shoes and socks off and they were placed on the 
smooth and comfortable balance meter plate. Then, 
looking at the device monitors, they tried to control their 
position. The participants performed the test at 4 states, 
which included standing on two legs and standing on the 
involved foot while the eyes are opened or closed. The 
plate should be fixed to measure static stability. The main 
test was performed in 3 repetitions and the results were 
reported in the form of medial-lateral, anterior-posterior, 
and overall stability [21].
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Intervention

The balance exercises group was treated 15 sessions 
for 3 weeks [6], and the duration of each session was 20 
minutes; between the exercises, there was enough rest 
for the participants [13]. However, the strengthening ex-
ercises group was treated 15 sessions for 3 weeks and 
the duration of each session was 35 minutes. It should be 
stated that warm-up exercises were performed before the 
exercises of the two groups.

Warm-up training

Warm-up exercises were done for 10 minutes to pre-
pare for exercise; the exercises were slowly walking for 
5 minutes, and then stretching exercises including: 1) the 
patient’s condition was supine while the knees were ex-
tended that in this case, the subject moved the body to 
the left with the opposite hand ;then, he performed it for 
10 seconds and performed this exercise with the opposite 
hand, 2) the patient’s condition was supine while one or 
two knees were bent over the chest, 3) the subject, then, 
performed hamstring muscle stretching exercises, 4) the 
subject performed stretching training of the adductor 
muscles, and 5) the subject performed stretching training 
of the posterior muscles of the leg.

Balance exercises

Information related to individual and medical history 
was checked out. In the balance group, the duration of 
exercises was 3 weeks and 15 sessions; each session last-
ed 20 minutes and there was enough rest time between 
each exercise [13]. The way to perform exercises was in 
this way:

Balance training

Keep the balance on one foot: the person should stand 
on one foot and should stand near a backing for support, 
and the other knee should be bent. The method of stand-
ing on one foot was used to measure the balance [22]. If 
the person was not able to maintain balance, he would 
stand on two feet. This procedure was also performed for 
the other leg and took 2 minutes [23]. 

The next exercise was a step that included stepping for-
ward, back and sides for each limb; 30 repetitions were 
performed on each side. Along with these 30 repetitions, 
the next exercise was the two-way mini Scott that was 
performed in the painless range of 15 to 30 degrees. The 
aim was to strengthen the quadriceps muscle; balance 
exercises included the following:

1) Repeated and step-by-step exercises with 30 repeti-
tions for the left limb; 2) 10 repetitions of two-way mini 
Scott; 3) Repeated and step-by-step exercises with 30 
repetitions for the left limb; 4) 10 repetitions of two-way 
mini Scott; 5) Taking 30 steps to the left; 6) 10 repeti-
tions of two-way mini Scott; 7) Taking 30 steps to the 
right [19].

Strengthening exercise group

The treatment was 5 sessions per week for 3 weeks and 
each session took 35 minutes [13]. In the strengthening 
exercise group, quadriceps muscle strength exercises 
were performed in sitting, standing, and supine condi-
tions. Quadriceps muscle strength training was done in 3 
sets and each set with 10 repetitions (30 repetitions in to-
tal) with low intensity [19]. There was enough interrup-
tion between exercises. The purpose of these exercises 
was to increase the strength of the quadriceps muscle. 
The level of training was easy and difficult. The duration 
of the training was about 35 minutes.

Quadriceps muscle strength exercises in supine 
position:

In this situation, a pillow is placed underneath a knee 
and it is flexed for a 15-degree angle. Then, the patient 
has to completely extend his knee and lift it up off the 
ground. The same process is repeated for the other knee 
[24].

In this situation, the patient should directly lift up his 
calf off the ground in an extended position. The same 
process is repeated for the other knee [24].

In this situation, the normal knee is bent while the in-
volved knee is relaxed straight on the ground. Then, the 
involved knee is hoisted higher than the bent knee’s level 
and it is kept in that position for 5 seconds and it will 
be allowed to go down smoothly. The same process is 
repeated for the other knee [25].

In supine status, 2 knees are on the fixed surface and 
the patient should move her two legs down and keep 
them contracted and, then, relaxed [25].

Exercises in the sitting positio

At the start of exercise, first, the knee is flexed to above 
90 degrees and, then, flattened to 180 degrees that are 
kept contracted, and knee muscle contraction should be 
in a painless state and, then, slacked [19].
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Standing exercises

The person, holding a standing position on one leg, 
is asked to perform 20-degree flexion exercises on the 
weight-bearing knee. The same process is repeated for 
the other knee [26].

In the standing position, the person should have two-
way mini Scotts trained to increase the strength of the 
quadriceps without pain [19].

Determining the sample size

According to the previous studies, 26 patients with 
knee osteoarthritis were included in the study so that 13 
patients were placed in each group.

Statistical analysis

After collecting the data, they were analyzed by SPSS 
16 software. The normality of the data distribution was 
examined by the Kolmogorov-Smirnov test. Levene’s 
test was used for the equality of variances. The indepen-
dent t-test and paired t-test were used for inter-group and 
intra-group comparison, respectively. P-value was less 
than 5% at a significant level.

3. Results 

Table 1 presents the average, weight, age, body mass 
index, and height of the two groups. Using previous re-
views, the number of people participating in the study 
was considered 26 females for the two groups (13 fe-
males for each group). The normal distribution of the 
data was examined, using the Kolmogorov-Smirnov 
test. The results showed the normal distribution of the 
data (Table 1). Table 2 presents the information on stabil-
ity indicators, comparison of the P-value assigned to the 
results of pre- and post-intervention for both groups, and 
the comparison of P-value assigned to results of post-
intervention.

Comparison of groups of balance and strengthen-
ing within the group

For balance training group, the Medial-Lateral stabil-
ity Index (MLI) on the involved foot with closed eyes 
and the Overall Stability Index (OSI) with closed eyes 
on the involved foot showed a significant decrease 
(P<0.05) (Table 2). In this group, OSI with closed and 
opened eyes on two feet, MLI with closed and opened 
eyes on two feet, the Anterior-Posterior stability Index 
(API) with closed and opened eyes on two feet, API with 
the closed and opened eyes on the involved foot, MLI 
with opened eyes on the involved foot, and OSI with 
opened eyes on the involved foot reported no significant 
improvement (Table 2) (P>0.05).

For strength training group, OSI with closed and 
opened eyes on two feet, MLI with closed eyes on two 
feet, and API with closed and opened eyes on two feet 
showed a significant decrease (P<0.05). In this group, 
MLI with opened eyes on two feet, MLI with closed and 
opened eyes on the involved foot, OSI, and API reported 
no significant decrease (Table 2) (P>0.05).

Comparison of groups of balance and strengthen-
ing between the group

Randomization should be checked for this purpose; 
the data before the study were compared in two groups. 
The same results were reported between the groups in 
the studied cases and the patients were united in the case 
studies in two groups. Results after treatment between 
groups showed no difference in the studied variables 
(P>0.05) (Table 2).

4. Discussion

The results of this study support the first hypothesis 
stating that balance exercises and strengthening exer-
cises cause an increase in static stability indices. In addi-

Table 1. Comparing demographic characteristics between two groups

*P-value
Mean±SD

Variable
Strengthening Exercise (n=13)Balance Exercises (n=13)

0.3452.07±7.1249.69±9.49*Age (y)

0.3874.38±9.7476.61±13.21Weight (kg)

0.671.55±0.041.56±0.09Height (m)

0.6030.93±4.8331.99±8.35Body mass index (kg/m2)

* A meaningful level of less than 5% is considered
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tion, unlike the second hypothesis, there was no differ-
ence between the two treatment methods in terms of all 
static stability indices.

The results of our study revealed that balance exercises 
improved MLI with closed eyes on the involved foot 
and OSI with closed eyes on the involved foot (Table 
2). However, these exercises had no impact on MLI with 
closed and opened eyes on two feet, OSI with closed and 
opened eyes on two feet, API with closed and opened 
eyes on two feet, MLI with opened eyes on the involved 
foot, OSI with opened eyes on the involved foot, and 
API with closed and opened eyes on the involved foot 
(Table 2).

The strengthening exercises group improved OSI with 
closed and opened eyes on two feet, MLI with closed 
eyes on two feet, and API with closed and opened eyes 
on two feet. In addition, it had no impact on MLI with 
opened eyes on two feet and MLI, OSI, and API with 
closed and opened eyes on the involved foot (Table 2). 
No difference was found between the two treatment 

groups while strengthening exercises improved stability 
indices more than that in the balance exercises group.

In a study carried out by Shah Hosseini et al. in 2004, 
two therapeutic programs, muscle strengthening and 
neuromuscular control rehabilitation, were compared in 
terms of their effects on the improvement of the treat-
ment indices in patients with the osteoarthritic knee 
[14]. The results of their study are consistent with our 
study; both of the studies reported improvements in bal-
ance indices of the muscle-strengthening group and the 
neuromuscular control rehabilitation group; in addition, 
it was found out that the improvement in the postural 
stability indices can be attributed to the following cases: 
the muscle strengthening program causes corrections in 
the motor part of the quadriceps motor-sensory function 
disorder and there is a need for taking advantage of neu-
romuscular control exercises to correct the sensory part. 
Thus, this new treatment method that incorporated the 
modulation of both sensory and motor parts was found 
more effective in the improvement of proprioception 
than the common treatment method only emphasizing 
the reformation of the motor part [14].

Table 2. Stability indices (medial-lateral, anterior-posterior, and overall) in static status

Index

(Balance Exercises) (n=13) (Strengthening Exercises) (n=13)
Comparing the 
Results After 
Intervention

Mean±SD
P

Mean±SD
P

Pre- treatment Post- treatment Pre- treatment Post- treatment

SMOSIBEO * 40.0±0.37 0.55±0.71 0.06 1.26±0.82 0.67±0.84 0.20* 0.16

SMOSIBEC 2.13±1.03 1.37±0.27 20.0 3.35±1.75 00.1±34.2 0.10* 0.09

SMAPIBEO 0.55±0.36 0.83±0.21 0.06 0.78±0.53 0.65±0.73 0.20* 0.11

SMAPIBEC 1.63±1.07 1.13±0.27 0.32 2.88±1.77 1.99±1.50 0.20* 0.06

SMMLIBEO 0.31±0.12 0.23±0.13 0.77 0.66±0.74 0.93±0.92 0.02 0.45

SMMLIBEC 1.00±50.0 0.38±0.45 0.61 1.24±0.46 0.98±0.73 0.20* 0.70

SMOSIUSIEO 8.23±3.15 7.55±2.93 0.91 9.00±2.86 8.59±2.89 0.78 0.24

SMOSIUSIEC 9.51±3.18 7.35±2.81 00.00* 9.28±3.69 8.96±2.53 0.33 0.26

SMAPIUSIEO 2.26±1.16 1.79±1.50 0.35 2.11±1.54 1.18±1.63 0.83 0.77

SMAPIUSIEC 3.17±1.16 2.06±1.22 0.62 3.71±2.25 2.64±1.66 0.62 0.82

SMMLIUSIEO 7.78±3.28 7.30±2.91 0.02 8.18±3.10 8.95±3.00 0.33 0.19

SMMLIUSIEC 8.27±3.32 6.77±2.95 00.00* 8.34±3.35 8.40±2.44 0.15 0.24

* A meaningful level of less than 5% is considered.

THE comparison of the P-value assigned to the results of pre- and post-intervention for two groups, and the comparison of 
P-value assigned to the results post-intervention.
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 Common exercise therapy that underlines the strength-
ening of quadriceps causes improvement in one of the 
main factors of balance control to wit the muscular 
strength, but the new exercise therapy that encompasses 
the neuromuscular rehabilitation exercises in addition to 
the strengthening exercise causes improvement in the 
muscular strength and proprioception of these patients. 
This is indicative of the effective role of these exercises 
on balance improvement [14]. Contrarily, the findings of 
the present study do not confirm the results obtained by 
Lavand et al.’s research, in which 8 weeks of training in 
water and on land did not have any significant effect on 
the balance of the individuals with knee arthritis; where-
as, there was a significant improvement in the group that 
was only trained on land in terms of muscle strength [2].

 In a study performed by Knop et al., a home-based 
exercise protocol was applied that embraced muscle 
strengthening exercises and balance exercises, which 
was performed by 159 patients with knee instability and 
also by the patients with the osteoarthritic knee for a pe-
riod of 12 weeks [27]. Their results were in compliance 
with the results of the present study in that the improve-
ment in stability was evidenced in both of the groups. 
The improvement can be a result of the fact that the mus-
cle strengthening exercises reduced the joint pain that led 
to improvement in performance and stability [28]. 

Kyung Kim et al. reported in 2016 that patients were 
assigned to two groups, i.e. muscle strength training 
and strengthening-balance exercises [29]. The results 
were in accordance with the results of our study in that 
a significant improvement was not reported between 
the two groups, but an increase in postural stability and 
a reduction in pain intensity was reported in both of the 
groups [29].

The results indicated that both of the exercise groups 
stimulated the proprioception, which was effective in 
knee stability elevation. Moreover, the increase in sta-
bility brought about a reduction in the related knee pain 
[29]. Holden et al. found no improvement in the balance 
of the patients with knee osteoarthritis that can be fol-
lowing treatment method of study [30].

The reason why the static stability indices have been 
improved following taking the balance and muscle-
strengthening programs of quadriceps might be ex-
plained as recounted in the following statements. The 
improvement in static stability found in the present 
study can be attributed to the effects of exercise therapy 
like the physiological effects, muscle strengthening, and 
neuromuscular coordination [31]. Since the individuals 

with knee osteoarthritis are usually found with muscular 
weakness in quadriceps, as well as hamstring and dis-
orders in neuromuscular coordination, the balance and 
strength training along with neuromuscular improve-
ment and strengthening of the knee joint muscles can 
result in improvement in balance [16].

 It seems that the strengthening of the quadriceps and 
hamstring muscles is the reason why the static stability 
of these patients has been improved [16]. The issue can 
justify the improvement in many of the indices in the 
strength training group compared to the balance training 
group. Also, with regard to the effect of balance exer-
cises on the static stability, it can be stated that the pres-
ervation of balance entails the cooperation among 3 as-
pects of information processing by visual, vestibular and 
somatosensory systems, central integration of the brain, 
and motor response. 

Any malfunctioning in this neuromuscular system can 
be a risk factor giving rise to the falls. Considering the 
fact that every individual is helped by the visual system, 
vestibular system, and somatosensory system to stay bal-
anced, it is worth mentioning that with regard to static 
stability evaluations, the balance exercises by the use of 
neuromuscular system causes improvement and facilita-
tion of the inputs to each of these senses so as to pre-
serve postural balance. Therefore, the possible reasons 
behind the static balance improvement can be sought 
in the increase in the neural adaptations resulting from 
exercises such as the use of more efficient neural units, 
rearrangement of the somatosensory pathways, increase 
in synoptic efficiency, improvement in neuromuscular 
control, muscular strengthening, and facilitation of the 
input transmission from each of these senses [32].

According to the above-mentioned cases, it can be assert-
ed that balance exercises and strength training of the quad-
riceps in women with knee osteoarthritis are effective in 
improving the static stability indices. Quadriceps strength 
training causes improvement in more stability indices, but 
no significant difference was found between the two groups 
that this is probably because of the short duration of the 
exercises. Future studies with a longer period of examina-
tion time, as well as follow-up tests, are suggested. Another 
limitation of the current research was the low volume of 
the study participants; hence, further research can be carried 
out on a larger sample volume.

5. Conclusion

The results of the present study indicated two treatment 
groups reporting the same results with regard to the ef-
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fect on static stability indices. But, the strength training 
causes improvement in a greater number of the postural 
stability indices in contrast to the balance exercises.
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