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Abstract

Introduction: Despite numerous treatments, definitive treatment for osteoarthritis has not yet been found. However, due to the symptoms of
osteoarthritis of the knee, the latest non-pharmacological therapies include reducing pain and weakness, improving range of motion, and facilitating
performance in daily activities are on the rehabilitation protocols. The objective of this study was to investigate the effect of two selected training
protocols on pain and balance in elderly men with knee osteoarthritis. Materials and Methods: In this semi-experimental study, 31 elderly men
aged 60 to 80 years with knee osteoarthritis from the elderly center of Kerman were assigned into two groups including electrotherapy plus knee
extensor exercise group and electrotherapy plus hip abductor exercise group. The individuals in each group were randomly divided into two
subgroups: the external focus and the internal focus. The exercises were performed three times a week for eight weeks. To assess pain, a VAS scale,
and to assess a static, dynamic and total balance, Romberg, TGUG, and TBT tests were used before and after the test, respectively. Analysis of
covariance or ANCOV A at a significant level of 0.05 was used for statistical analysis of data considering the effect of focus of attention. Results: The
results showed that there was a statistically significant difference between pre- and post-exercise in pain, static balance, dynamic balance, and total
balance test, but there was no statistically significant difference between the two exercises group. There was no statistically significant difference
between external and internal focus and there was no significant interaction between variables (P>0.05). Conclusion: According to the results of
the research, strength training of the hip abductor muscles along with common treatments and attention-oriented guidelines can be recommended
for pain management and improving the level of performance of the elderly with osteoarthritis of the knee.
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Introduction

Today, with the advances of different sciences and control of different
diseases, human lifespan has increased, whereby a major part of the
population of any country is claimed by the elderly, whose number is
progressively increasing especially in developing countries.
Nevertheless, due to the physiological conditions associated with the
elderly period, the number of people suffering chronic diseases
resulting from aging is increasing (1). Knee osteoarthritis is one of the
most serious and common joint diseases in the elderly associated with
pain and disability as well as decreased independence in doing
routine life activities, thereby reducing the quality of life (2, 3).

Epidemiological studies confirmed that symptoms of knee
osteoarthritis in 40% of 65-year-old people or older can be
observed(4). Accordingly, researchers have directed their attention to
examine methods for coping with and treating this disease.

Knee osteoarthritis, due to pain and joint inflammation, has
an inhibitory effect on contraction of knee muscles; over time, it
causes atrophy of the muscles, diminished muscular power, and
impaired normal patterns of gait or movement including
walking. There is evidence suggesting that pain intensity in this
disease is associated with the degree of knee muscle weakness
and functional disorders of patients (5). Weak quadriceps
muscle is one of the first symptoms of knee osteoarthritis which
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alongside pain is one of the primary clinical symptoms. One of
the most important strategies in those suffering from knee
osteoarthritis for pain mitigation is reducing walking speed and
increasing the hip internal moment in the middle and last phases
of walking or lateral bending of the trunk. It is possible that the
weakness of hip abductor muscles is the cause of this strategy
(6). Three-dimensional analysis of some activities (such as squat
on one leg or landing from jumping) have shown that the hip
abductor muscles can play an effective role in controlling the
movements of hip and knee in the frontal plane (7). Some
studies have reported that reduced power of the hip abductor in
those suffering knee osteoarthritis can occur, which may lead to
increased hip adduction moment (8). Overloading knee during
walking can be one of the causes of progression of knee
osteoarthritis. It is reported that the hip abductor muscles may
be involved in loading the knee joint through controlling the
movements of trunk and hip in the frontal plane (9). Occurrence
of pain alongside muscle weakness can increase imbalance and
body oscillation, thereby predisposing the person to falling on
the ground (10). Macrae et al. (11) believed that muscle
weakness in the hip abductors, knee extensor and flexors, as well
as ankle dorsi flexor is associated with the risk of falling.
According to the American rheumatology Association and
European rheumatologic society in 2000, proper physical
activities involving improvement of the cardiovascular capacity,
strengthening the muscles, and increasing the range of motion
have been recommended for those with knee osteoarthritis to
reduce pain and increase the muscle power (12).

With aging and decreased level of neuromuscular functions,
identification of more detailed factors affecting people’s
performance becomes further important. One of these factors is
focus of attention directed with instructions and feedbacks given
to the performer. Attention is a neuropsychological pattern
through which the central nervous system affects the
information intake (13). Attention is also one of the most
important constraints affecting human learning and
performance, whose focalization is a method for enhancing its
efficiency (14). The focus of attention can be internal (focus on
body movements) or external (focus on the effects of motion in
the environment or its consequences). Smoothness, consistency,
accuracy, and quality of performing the skills and movements of
a person largely depend on their focus of attention of the
performer during implementation of the skill (15). The accuracy
and quality of movements are heavily dependent on what the
performer focuses on. It is claimed that the primary stages of any
learning begin with attention. If attention is inadequate, the
performance of the person will be impaired. Accordingly, since

both the implementation and learning process are dependent on
focus of the learner on the skill practice and how fast the skill is
learned and maintained (16) and also considering the diminished
attention among the elderly, selection of the type of focus of attention
can also influence better performance and learning of new exercises
in these individuals.

In spite of numerous treatment methods, no definite treatment
has yet been found for this disease. Nevertheless, considering the
abnormal symptoms of knee osteoarthritis, the treatment goals
should involve mitigating pain and weakness, improving the range of
motion, and facilitating performance in daily activities (12). Further,
considering the diminished attention among the elderly, which seems
to affect the learning and performance of exercises, the aim of this
study was to examine the impact of two methods including
electrotherapy and strength exercise of knee extensor and hip
abductor muscles on pain and balance of elderly men suffering from
knee osteoarthritis with emphasis on type of focus of attention.

Materials and Methods

The statistical population of this semi-experimental study, with a
pre-and posttest design, consisted of elderly men suffering from
knee osteoarthritis residing in elderly care centers of Kerman city.
In order to determine the number of subjects, using G Power 3.1
software and considering statistical power 0.8 and effect size of 0.5
at alpha level 0.05, the sample size was obtained as 32 (one person
passed away during the research and 31 completed their exercises).
The subjects fulfilling the inclusion criteria were chosen through
purposeful sampling method, and then randomly assigned into two
knee
electrotherapy plus hip abductor exercise group. Exercise group of

electrotherapy  plus extensor exercise group and
electrotherapy and knee extensor exercises consisted of 16 subjects
divided into two 8-person groups, 8 performed the exercises with
external attention instruction and 8 with internal attention
instructions. The electrotherapy and hip abductor exercise group
consisted of 15 persons, divided into two groups, 8 and 7 in each,
whereby 8 performed the exercises with external attention
instructions and 7 with internal attention instructions. The
inclusion criteria were at least three months of knee pain, average
pain during walking larger than 3 according to visual analog scale
(VAS), and suffering from grade 2-3 osteoarthritis according to
Kellgern-Lawrence Grading. The exclusion criteria were knee
surgery, intraradicular injection of corticosteroids over the past six
months, history of neurological diseases, participation in exercise
programs over the past six months, and use of oral corticosteroids
within four weeks before initiating the research or suffering from

mixed arthritis and rheumatoid arthritis (17-20).
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Table 1. The exercise protocols used in the study

Group name Type of exercise Method
Full knee extension in sitting position on a chair until 60° of First four weeks: 2 sets, 10 reps, 5 s
flexion using Thera band second four weeks: 3 sets, 10 reps, 10 s
Knee extensor muscles Full knee extension in sitting position on a chair plus ankle First four weeks: 2 sets, 10 reps, 5 s
strength training weight second four weeks: 3 sets, 10 reps, 10's
Direct leg lifting in lying position until 30’ flexion of hip plus First four weeks: 2 sets, 10 reps, 5 s
ankle weight second four weeks: 3 sets, 10 reps, 10 s

Hip abduction exercise isometrically against the wall

2 sets, 10 reps, 5 s

Hip abductor muscles

Hip abduction in standing position using Thera band

First four weeks: 3 sets, 10 reps, 5 s
second four weeks: 3 sets, 10 reps, 10's

strength training Hip abduction in lying position on one side plus ankle weight First four weeks: 3 sets, 10 reps, 5 s
b ying p b & second four weeks: 3 sets, 10 reps, 10 s
Table 2. The demographic characteristics of subjects
Variable Group Mean (SD) No. P-value
. Electrotherapy plus knee extensor exercise group  166.11 (2.23) 16
Height (cm) Electrotherapy plus hip abductor exercise group  162.73 (1.74) 15 0-24
. Electrotherapy plus knee extensor exercise group  57.22 (2.77) 16
Weight (kg) Electrotherapy plus hip abductor exercise group 60.32 (2.52) 15 041
e (s Electrotherapy plus knee extensor exercise group  72.69 (1.04) 16 0.55

Electrotherapy plus hip abductor exercise group

71.67 (1.39) 15

After becoming familiar with the objective and process of the
research, the subjects completed the written informed consent
form as well as demographic questionnaire including age,
weight, height, history of exercise, history of disease, history of
any direct impact to the knee, and medications. The research
protocol was approved by the motor sciences research Center of
Kharazmi University with the ethics code of IR-PAK-1000-101.

For pain assessment, VAS was used, which characterizes the
pain usually in the form of a 10-cm ruler, whereby the patient
reports one point based on his/her emotion about the status of
current pain. In order to investigate the static balance, Romberg
test was used. For this test, the subjects stood on a flat surface with
no shoes and with closed eyes, while the hands hanged alongside
the body, and the ankles also attached to each other. The duration
the subjects were be able to maintain this position was considered
as their score. Every test was performed in three replications and
with one minute of rest between each test run. In order to
investigate dynamic balance, time to get up and go (TUG) test was
utilized. This test involves some stages including getting up from
the chair, traversing a 3-m distance, returning the 3-m path, and
sitting on the chair. The duration which the subject was able to
perform this test was considered as the score. This test was
conducted in three replications and with 2-min rest interval
between each test run. In order to evaluate the total balance, total
balance test (TBT) was used. This test was performed in a
rectangular 4*2m field. The subjects first traversed the path from

the left side. They first sat on a chair with no armrest; when the
test began at station 1, they got up the chair. The test had six
stations and after this station, the test was finished. Thereafter, the
subject traversed the second path, whereby after getting up off the
chair, they traversed the previous path from end to the start and
this time from the right side. In order to calculate the score, a
chronometer was used. The test was performed three times with
2-min interval rests between each replication, and the best time
recorded from every test was utilized (21). Throughout the entire
time of running the tests, the tester remained close to the subjects
in order to prevent their fall.

In both groups of electrotherapy and knee extensor exercises
as well as the electrotherapy and hip abductor exercises, all
subjects used transcutaneous electrical nerve stimulation (TENS)
with 50-100 Hz frequency for 15 minutes (breast type) plus
continuous ultrasound with frequency 3 MHz and intensity of 1.5
w/cm? for 5 min around the knee joint by a physiotherapist. In
the electrotherapy and knee extensor strength exercises, three
exercises were included. The exercises related to the hip abductor
were also three exercises presented in Table 1. Those in the
electrotherapy and knee extensor exercises group were randomly
divided into two subgroups of external focus of attention and
internal focus of attention. In other words, half of the subjects of
each group performed the exercise with internal focus
instructions, and the other half performed the exercises with
external attention instructions. In the internal attention group,
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Table 3. The results of covariance for investigating the effects between the measured variables

Variable Subgroups Mean of squares  F-statistic  Significance level
Between two exercise groups 0.46 0.11 0.74
External and internal focus of attention 0.00 0.00 0.99
Pain (VAS) Pre and post-exercise 60.11 14.45 0.00 *
The interaction effect of type of exercise, focus of 0.50 012 0.94
attention before and after measurement
Between two exercise groups 160.03 1.33 0.26
Static balance External and internal focus of attention 27.02 0.22 0.63
Pre and post-exercise 60161.79 501.34 0.00*
(Romberg) : . .
The interaction effect of type of exercise, focus of
. 204.75 1.70 0.19
attention before and after measurement
Between two exercise groups 0.11 0.01 0.89
amic balance External and internal focus of attention 5.44 0.80 0.37
’ Pre and post-exercise 1300.85 191.90 0.00*
(TUG) : . .
The interaction effect of type of exercise, focus of
. 1.95 0.28 0.83
attention before and after measurement
Between two exercise groups 48.71 0.60 0.44
Total balance test External and internal focus of attention 221.09 2.76 0.11
(TBT) Pre and post-exercise 33672.78 420.59 0.00*
The interaction effect of type of exercise, focus of 108.86 136 027

attention before and after measurement

before every run, sign information was presented with emphasis
on the involved organ and attention to the muscle contraction.
Throughout the entire exercise, the subject was asked to pay
attention to contraction of muscles involved during their
movement. In the external attention group, before every run, the
sign information was presented with emphasis on external
factors. For this purpose, the tester hold his hand as guide at the
end of the range of motion, and was asked the subject to perform
the movement while looking at the hand until reaching it and
completion of movement. In the electrotherapy and hip
abductor exercise group, the subjects were divided into two
subgroups of external and internal focus of attention, and as
with the electrotherapy plus knee extensor exercise group, the
focus of attention instructions were given to both groups.

The exercises were performed for eight weeks and as three
sessions per week (Table 1). In the early weeks, contraction was
kept until 5 s. In the second four weeks, it was kept on to 10s. To
prevent possible problems, exercises used in previous researches
were employed (18, 22). In case of increasing pain and
inflammation, the level of resistance, replications, or number of
courses were reduced. For warming up and cooling down in the
exercise sessions, static stretching was performed. The exercise
was conducted in both groups on both legs. For the exercises
requiring use of an ankle weight for both the knee extensor
muscles and hip abductor muscles, the primary weight was
calculated according to the 10 maximum repeats of the subject in
order to determine the amount of weight that the elderly could use

in exercise without fatigue,(23). After completing the eight weeks
of the exercise period, posttest including re-examination of the
level of pain and balance were performed on the subjects.

For data analysis, first quantitative variables were examined in
terms of normality by Schapiro wilk test. For data analysis and
investigating differences of pre-and post-values of desired indicators
between the two exercise groups and considering the focus of
attention, covariance or ANCOVA test, which is an integrated model
of ANOVA was used at the significance level of 0.05.

Results

The mean and standard deviation of the demographic characteristics
of the subjects are presented in Table 2. The results showed no
significant difference between groups in the demographic variables.
Based on the obtained results (Tables 3 and 4), there was a
significant difference between the pre-and post-exercise values of
pain, static balance, dynamic balance, and total balance of the
subjects with decreased pain and increased balance in both groups.

On the other hand, no significant difference was observed
between the two types of exercise including electrotherapy plus
knee extensor exercises and electrotherapy plus hip abductor
exercises regarding the examined variables. There was also no
significant difference either between external and internal focus of
attention, and no significant interaction effect was found between
the variables (P>0.05).
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Table 4. Mean and standard deviation of the research variables

Variable Type of exercise Focus of attention Mean (SD) No. of subjects
Electrotherapy plus hip abductor exercise group Exier. 25012.65) 8
. Internal 2.25(2.43) 8
Pain (VAS)
Electrotherapy plus knee extensor exercise group Bl B2 EC0) 8
Internal 2.57 (2.44) 7
Electrotherapy plus hip abductor exercise group Exier. SZOICEERT) 8
. Internal 58.25(42.51) 8
Static balance (Romberg) ol
Electrotherapy plus knee extensor exercise group Extern ZLEER ) 8
Internal 92.86 (61.18) 7
Electrotherapy plus hip abductor exercise group Exier. WRUGES) 8
. Internal 19.69 (9.74) 8
Dynamic balance (TUG) ol
Electrotherapy plus knee extensor exercise group Extern ol (G2 8
Internal 15.84 (7.59) 7
Electrotherapy plus hip abductor exercise group Exier. LAl %) 8
Internal 165.62 (39.76) 8
Total balance test (TBT)
Electrotherapy plus knee extensor exercise group Exeng L5 PRl 8
Internal 155.75 (40.98) 7
Discussion Overloading on the knee joint during walking, because of

Regarding the effect of electrotherapy as well as knee extensor
muscle strength exercises with hip abductor on the pain and
balance of elderly men suffering from knee osteoarthritis, the
results showed that pain was decreased and balance was
improved in all groups. Concerning the direct relationship
between muscle power and maintaining balance, naturally it
seems that resolving the problem of declare power could be
effective to control balance (24). Since muscle weakness, lack of
flexibility, diminished synergistic mechanisms of muscles as well
as motor control problems in planning are involved in falling, a
treatment exercise program can be an effective strategy to
prevent falling. This is because it can lead to enhanced muscle
power, flexibility, and movement control (24). Strengthening
the lower limb muscles has extracted attention as an available
treatment because of their role in reducing the knee pain as well
as improving the performance in addition to their potential
ability in reducing loads on the knee joint (19). The important
issue in our study was attention to strengthening the hip
abductor muscles. The muscles around the knee play an
important role in absorbing shock and joint stability. The
weakness of these muscles causes interference in the
biomechanics of the knee joint and pain severity (25). There is
evidence suggesting that pain intensity in this disease is directly
associated with the extent of weakness of knee muscles and
functional disorders of patients (5). Meanwhile, it seems that hip
abductor muscles alongside other muscles especially knee
extensor muscles can have an important role in osteoarthritis
disease (10). Hip abductor muscles are important in controlling
the hip and knee movements in the frontal plane (7, 26).

weakness of the hip abductor muscles, can result in progression
of knee osteoarthritis (27). The results of this research concurred
with the findings of Braghin et al., Colak et al., and Bennell et al.
(18,28, 29). Further, in a research by Thorp et al. (8), they found
that focus on the hip muscles, instead of only focus on the knee
muscles, may be an effective biomechanical method in treating
patients suffering from knee osteoarthritis. Across all of the
above-mentioned studies, reduced pain and improved balance
as well as performance were observed following the therapeutic
exercise interventions. On the other hand, the results of this
research were different from the findings of some other studies.
For example, Sled et al. investigated the effect of eight weeks of
strength training for abductor muscles on the power of hip
abductor muscles, pain, and function in patients with knee
osteoarthritis. They found no significant change in indicators of
post intervention (9).

Further, our results showed that there was no significant
difference between the strength exercises of knee extensor and
hip abductor muscles in reducing the symptoms of disease,
which was not in line with some other studies. In a study by
Verma et al. (30), the effect of strengthening the hip abductor
muscles and knee extensor muscles was evaluated on pain and
performance of patients with knee osteoarthritis. It was found
that among the evaluated factors such as pain and functioning,
improvement was observed in both groups, and this
improvement was greater in the hip abductor and knee extensor
exercise group compared to the knee extensor group. The
difference might be attributed to the fact that in the study by
Verma et al. (30), the hip abductor group performed the
exercises related to the quadriceps and the exercises were of
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mixed type. However, in the present study, the hip abductor
exercises group only dealt with strengthening the hip abductor
muscles. Possibly, for this reason, the knee extensor and hip
abductor groups did not show significant differences. Therefore,
use of mixed exercises may be more effective than employing
only one type of exercise.

Our results also indicated that there was no significant
difference in any of variables when comparing the internal and
external focus of attention. Concerning the type of focus of
attention. Sturmberg et al. conducted a review study on focus of
attention and feedback regarding treatment of musculoskeletal
problems. They stated that there was still no research directly
accessing the effect of external and internal focus of attention on
the pain and functioning of patients with musculoskeletal paints
(31). It seems that this study is novel regarding use of focus of
attention during performance of exercises. The findings of the
present research were in line with the findings of Maxwell and
Masters (32) regarding the superiority of the type of focus of
attention. They examined the participants in a dynamic balance
task with external and internal focus of attention conditions.
Their resulted did not show advantages for external attention
over internal attention. Then, they expected that by adding a
second attention seeking task, a detrimental effect could occur
on the internal focus of attention compared to the external one.
However, implementation done by the two groups was not
affected by the second task. They concluded that the balance task
is relatively easy and may not have loading for attention
resources to handle it (32). Meanwhile, some studies over the
past decade have shown better effect of the external focus of
attention against internal one on doing various movement or
motor tasks, especially controlling the posture and balance (33,
34), which were in contrast to the findings of the present study.
The difference may be attributed to the nature of the exercises
given in this research. In other studies, the exercises were
essentially balance exercises, whereas the exercises of present
study were strength type and relatively easy. Possibly, in order to
engage their focus of attention in this group of patients, more
difficult and challenging exercises are required.

Since the elderly participating in this study were from those
residing in elderly care home and almost inactive, one of the
major limitations of the present study was that the exercises were
relatively easy and less affected by their focus of attention
instructions. Accordingly, it is suggested that a further research
is conducted by benefiting from other exercises methods on
active elderly suffering from knee osteoarthritis. The
effectiveness of strength training on other lower limb muscles
could also be evaluated in futurestudy.

Conclusion

Based on the results of the present study, it seems that strength
exercises of the knee extensor muscles as well as strength
exercises of the hip abductor muscles can be effective in
improving the pain and balance of elderly men suffering from
knee osteoarthritis. Among the exercise protocols in these
patients, strengthening the hip abductor muscles can be notable.
Possibly adoption of external focus of attention instructions
during performance of exercises could be more effective than
internal attention, though it requires further research. This can
help therapists to benefit from both more traditional exercises
and methods for treating knee osteoarthritis as well as other
types of new exercises.
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