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Research Paper: Uphill Walking Effect on the Dis-
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Purpose: This study aimed to compare the effectiveness of physiotherapy with uphill walking 
versus physiotherapy alone on the disability of patients with knee osteoarthritis.

Methods: This study was a randomized clinical trial carried out on 30 patients (5 males and 25 
females) with moderate knee osteoarthritis aged between 40 and 65 years. They were assigned to 
the intervention and control groups. Both groups received 10-session routine physiotherapy, and 
the intervention group received an 8-degree treadmill walking at a speed of 1.1m/s for 30 minutes 
in each session. The participants’ disability was measured before, immediately after, and 20 days 
after the 10-session treatment by the Persian version of Knee injury and Osteoarthritis Outcome 
Score (KOOS). The data were analyzed through the repeated measures analysis of variance in 
SPSS V. 22. The significant level was set at 0.05.

Results: Statistical analysis showed significant improvements in the activity of daily living 
(P≤0.01) and quality of life (P<0.05) in both groups, with these improvements being persistent 
up to the 20th day (P<0.02). Other subscales included Symptoms, pain, and sports functions 
improved only in the intervention group (P≤0.01), and these improvements were persistent up to 
the 20th day (P≤0.003).

Conclusion: This study showed that physiotherapy combined with uphill walking versus 
physiotherapy alone results in improvements in pain, other symptoms, and sports function 
subscales of patients with moderate knee osteoarthritis. These improvements were persistent up 
to the 20th day. Accordingly, it is recommended to include an 8-degree inclined treadmill walking 
to the routine physiotherapy program in the management of knee osteoarthritis.
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1. Introduction

steoarthritis is a degenerative disease 
that destroys joint surfaces [1]. The most 
common joints affected by this disease 
are knees, hips, hands, and spines [2]. 
The knee joint osteoarthritis is the most 
common osteoarthritis of peripheral 

joints in Iran [3]. It affects not only articular cartilage but 
also joint capsules, meniscus, ligaments, and muscles 
around the joint [4, 5]. The prevalence of osteoarthritis 
increases with age and is more prevalent in females. Be-
sides, obesity or heavy physical activities are also a risk 
for knee osteoarthritis [6]. The most common symptoms 
of this disease are chronic pain and morning stiffness, 
which decrease the functional ability of the individual 
[7]. Painkillers and anti-inflammatory drugs, physiother-
apy, applying orthosis, weight loss, and intra-articular 
injection are some remedies of these symptoms. In se-
vere osteoarthritis, the physician suggests operation with 
many complications and costs [8]. This disease imposes 
a lot of costs on society and the individual. 

In 2016, the results of a study had shown that in Iran, 
$360 were spent annually for each person suffering from 
knee osteoarthritis for visiting physicians, performing 
laboratory tests, imaging, and taking a drug. In addition, 
indirect costs arise from the absence of paid work, the 

adaptation of home, and the purchase of assistive devices 
[9]. Therefore, because of the high prevalence of osteo-
arthritis, its effect on individual function, the high cost 
of disease, and complications in surgical procedures, it 
is important to find a non-invasive method for treating 
these patients.

In the chronic osteoarthritis, because of the pain, the 
individuals keep their knees slightly flexed during rest 
and activity [10]. Bending the knee increases the stiff-
ness of the posterior joint muscles and connective tis-
sues and causes flexion contracture in the knee [11]. The 
complications of flexion contracture of the knee are the 
displacement of the center of knee joint pressure to the 
posterior, an increase in the flexor moment arm length, 
and finally, an increase at this moment [12]. As a result, 
the quadriceps muscle works intensively to overcome 
this moment, which increases the compressive force on 
the patellofemoral joint and degrades the joint [11]. Also, 
when the knee suffers from flexor shortness, the activity 
of the gastrocnemius and soleus muscles, which are the 
knee flexor, increases and the stiffness of these muscles 
increases, too [11]. Therefore, the ankle dorsiflexion is 
limited, leads to excessive subtalar joint pronation, tibial 
internal rotation, femoral internal rotation, and increases 
in the Q-angle [13]. 

O

Highlights 

● Stretching exercises are recommended to correct knee flexion contracture, and uphill treadmill walking is a form 
of functional stretching.

● This study showed that physiotherapy combined with uphill walking improved pain, symptoms, and sport and 
recreation functions of patients with knee osteoarthritis after 10 sessions or 20-day follow-up.

● The physiotherapist may consider uphill treadmill walking when designing a physiotherapy program for patients 
with knee osteoarthritis to promote the results of the rehabilitation programs.

Plain Language Summary 

Knee flexion contracture because of pain is a complication of knee osteoarthritis, which consequently exerts a great 
force on patellofemoral joint and accelerates the degeneration process. Slow, sustained stretching, and free range of 
motion exercises are suggested to correct knee flexion contracture, which can be performed by uphill walking. This 
study aimed at comparing the effectiveness of physiotherapy with uphill walking versus physiotherapy alone on dis-
ability in individuals with knee osteoarthritis. The study intervention group received a ten-session physiotherapy pro-
gram with an uphill treadmill walking, and the control group received the same physiotherapy program alone. The 
results showed that physiotherapy combined with uphill walking provided improvements in pain, symptoms, and sport 
and recreation functions in patients with knee osteoarthritis which did not improve as a result of physiotherapy alone. 
Thus, it is recommended to promote the results of physiotherapy by uphill treadmill walking.
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Another change in the gait of people suffering from 
knee osteoarthritis is an increase in the knee adduction 
moment. The increase is due to the higher prevalence 
of osteoarthritis in the internal compartment of the tib-
iofemoral joint than in the external compartment. It re-
duces joint spacing in the internal side and displaces the 
ground reaction force vector to this direction, resulting 
in the varus deformity of the knee [14]. This process 
continues as a cycle so that an increase at the adduc-
tion moment intensifies joint degradation and, in turn, 
results in a further reduction in the knee joint space in 
the internal side of the knee and an increase in the ad-
duction moment [15].

Uphill walking is a functional stretching method of 
the posterior knee joint muscles that correct flexor 
shortness and restores the knee joint center of pres-
sure to the anterior. It also reduces the activity of the 
quadriceps muscle and the compression force on the 
patellofemoral joint, which reduces knee pain. Other 
advantages of walking on the upward surface are im-
proving the limited plantar flexion of the ankle, reduc-
ing the pronation of subtalar joint, reducing the internal 
tibial and femoral rotation, and ultimately reducing 
knee joint degeneration [16]. Studies have shown that 
walking on the upward surface reduces the internal 
knee extension moment (equivalent to an external knee 
flexion moment or in short, knee flexion moment) and 
the adduction moment of the knee joint, lower extremi-
ties joints loading, the tibiofemoral joint compression, 
the knee varus angle. It also increases the activity of 
extensor muscles of the hip, knee, and ankle [17-20].

The mentioned studies are performed on healthy 
people, and according to the studies, the effect of up-
hill walking is not investigated in patients suffering 
from knee osteoarthritis. Therefore, this study aims at 
comparing the effect of routine physiotherapy with and 
without uphill walking on the disability of patients suf-
fering from knee osteoarthritis. The study question is, 
“does uphill walking decrease the disability of patients 
with knee osteoarthritis?”

2. Materials and Methods

The present study, with the registration number of 
IRCT20171115034920N1, is a part of a clinical trial 
registered at the Iranian Clinical Trial Center. This study 
was performed on 30 patients aged 40 to 65 years (25 fe-
males and 5 males) with grade 2 or 3 osteoarthritis of the 
knee on the “Kellgren and Lawrence” scale, who were 
referred to a physiotherapy clinic in Tehran. Therefore, 
the researcher used the non-probability and convenience 

sampling method. Because of the lack of a similar previ-
ous study, given α=0.05, β=0.2, and mean difference of 
2.4 cm based on a Visual Analog Scale (VAS) parameter 
in a previous orthotic study on the knee osteoarthritis pa-
tients by Rodrigues et al. a sample size of 30 patients 
was estimated for both groups [21]. At the end of the 
study, to test sample sufficiency, the power of the test 
was above 90%.

The inclusion criteria of the study included developing 
knee osteoarthritis according to the American College of 
Rheumatology criteria, being classified in grade 2 or 3 
according to the Kellgren and Lawrence classification 
scale, being 40 to 65 years old, having a Body Mass In-
dex (BMI) less than 30 kg/m2, having a minimum pain 
intensity of 30 mm on the VAS during one week before 
entering the study, having at least 2 degrees limitation in 
the knee extension, and experiencing gradual onset of 
the symptoms of the disease [22-28]. The patients with 
knee joint physiotherapy six months or intra-articular 
injection of the knees three months before entering the 
study, those unable to walk without assistive devices, 
and those with the history of injury to knee ligaments, 
patella dislocation, bursitis, systemic arthritis, knee op-
eration, heel spur, or lumbar disc problem were excluded 
from the study [11, 24, 29, 30, 31].

The Persian version of the Knee injury and Osteoar-
thritis Outcome Score (KOOS) questionnaire was used 
to assess the disability of the patients. This is a valid 
and reliable questionnaire for evaluating the results of 
knee joint treatments in Iranian patients with knee joint 
disorder [32]. The questionnaire contains 42 items cat-
egorized into five subscales, including subscales of 
symptoms, pain, the activity of daily living, sport and 
recreation functions, and quality of life. There are five 
options for each question with answers scoring from zero 
to four points. The score of each subscale is calculated as 
a percentage; zero indicates the maximum problem, and 
100 indicates no problem. There is no overall score in 
this questionnaire. The participants completed the ques-
tionnaire three times; at the beginning of the study, after 
ten sessions of the treatment, and also after 20 days of 
completion of the treatment.

At first, the volunteers with knee osteoarthritis, who 
were referred to the physiotherapy clinic for treating this 
disease, were assessed in terms of inclusion and exclu-
sion criteria. The knee radiographs were examined by an 
orthopedic specialist, and those with grade 2 or 3 knee 
osteoarthritis based on the Kellgren and Lawrence scale 
(that is, their knee joint space was narrowed, osteophyte 
was grown around the joint, and sclerosis was low if 
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any) were allowed to participate in the study. The height 
and weight of individuals were also measured, and their 
BMI was calculated. In this study, a BMI of less than 30 
kg/m2 was desirable. Afterward, the patients were asked 
to complete the background information questionnaire to 
provide information on age, the history of physiotherapy, 
intra-articular injection of the knee, other illnesses, inju-
ry, medications, and minimum pain intensity on the VAS 
one week before the study. 

Then, the patients were asked to complete the KOOS 
questionnaire. They were also asked to avoid activities 
imposing a lot of load on the knee joint during the study, 
or not to start a new treatment for the knee problem. The 
patients were randomly divided into control and inter-
vention groups with 15 patients in each group based on 
a simple random assignment method. Initially, random-
ization was done for the assignment of even numbers to 
the control or the intervention group, and the result was 
the assignment of this set of numbers to the interven-
tion group. Then, some numbers were assigned in the 
order of the entry of the subjects to the study so that 
the first person received number one. Since this number 
was odd, that person entered the control group, and the 
process continued for all 30 participants. The main re-
searcher selected and grouped the samples. Therefore, 
the patients of each group were unaware of the presence 
of the other group.

Both the control and intervention groups underwent ten 
sessions of physiotherapy for knee osteoarthritis, which 
were done in the following way:

Firstly, an ultrasound (NOVIN-210B) with a fre-
quency of 1MHz and an intensity of 1W/cm2 was used 
continuously for 6 minutes (three minutes for the ante-
rior and three minutes for the posterior part of the knee 
joint). It was followed by conventional Transcutaneous 
Electrical Nerve Stimulation (TENS), (NOVIN-620F: 
frequency =100 Hz, duration =50 μs) to the extent that 
the patient felt it completely and in comfortable man-
ner with 4 pads on the superior, inferior, medial, and 
lateral of the patella (cross mode) along with two hot 
packs, one on the anterior and the other on the posterior 
of the knee for 20 minutes [33]. Similar exercises were 
assigned to the patients to strengthen the quadriceps 
muscles, the hip abductor muscles, and triceps surae, 
including quadriceps setting in supine, hip abduction in 
side-lying, and heel raise on two legs in standing posi-
tion. Each exercise was performed in two sets; ten rep-
etitions in each set and five repetitions were added each 
session to eventually reach 30 repetitions.

After completing the physiotherapy session, the control 
group left the clinic. However, the subjects in the inter-
vention group walked on a treadmill with an 8-degree 
slope (ascending) in every ten sessions with the follow-
ing procedure. To familiarize the intervention group with 
uphill walking, the subjects in the intervention group 
were allowed to walk on the treadmill with +8-degree 
slope at a speed of 1.1 m/s for two minutes at the first 
session. Subsequently, when the patients were prepared 
to walk on the treadmill, they first walked on a treadmill 
for two minutes with a 0-degree slope at a speed of 1.1 
m/s for warm-up; then, the slope increased to 8 degrees. 
The patients in the intervention group were asked to walk 
on a treadmill for 15 minutes, twice each session, once 
before starting physiotherapy and once after that. The 
patients walked on the treadmill without the shoe, and 
they were not allowed to take the treadmill’s handles.

Determining the treadmill slope was based on the stud-
ies of Haggerty et al. and Lange et al. who recommended 
a slope of 10% to 15% (5.74 to 9 degrees) in knee reha-
bilitation [16, 34]. Determining the treadmill speed was 
also based on the results of a study by Zeni et al. who 
showed that the mean speed selected by patients with 
knee osteoarthritis was 1.13 (0.9-1.4) m/s [35].

The KOOS questionnaire was completed once after the 
completion of ten sessions of physiotherapy and once 
20 days after the completion of the treatment sessions. 
SPSS V. 22 was used to analyze the data. Mean±SD and 
percentage were reported as descriptive statistics. The 
Shapiro-Wilk test was used to examine the data distribu-
tion. Then the normally distributed variables were com-
pared, using the independent t-test and non-normally 
distributed variables by Mann-Whitney U test between 
groups at baseline. The repeated measures Analysis of 
Variance (ANOVA) was used to examine the effect of 
treatment on KOOS subscales. The within-group factor 
of this analysis was time (pre-test, post-test, and follow-
up), and the between-group factor was the group (control 
and intervention groups). If the time by group interaction 
were significant, Bonferroni posthoc test would be used 
and within-group and between-group changes would be 
reported. If the interaction effect were not significant, the 
significance of the main effects of time and group would 
be discussed. If any of the main effects were signifi-
cant, ANOVA would be used to determine within-group 
changes. If the main effect of the group were significant, 
then, ANOVA would be used to examine the changes. 

The significance level, the test statistics, and the Ef-
fect Size (ES) of the tests were reported in the text, and 
the mean difference between the groups or within each 
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group, as well as the 95% confidence interval of the 
mean difference, was reported in the tables. To measure 
the effect size, Cohen’s d was used. If Cohen’s d is 0.2 to 
0.4, it indicates a low effect, 0.5 to 0.7 indicates a moder-
ate effect, and above 0.8 indicates a high effect. The α 
value was set at 0.05.

3. Results

A total of 30 patients with grade 2 or 3 knee osteoarthri-
tis participated in this study and were randomly divided 
into control and intervention groups, with 15 patients 
in each group. The Mean±SD age of the control group 
was 59.6±7.43 and the intervention group was 53.8±7.43 
years, respectively. All 30 participants completed the 
study. Table 1 presents the demographic characteristics 
of the samples based on the groups. According to Table 1 
, there was no statistically significant difference between 
the two groups in terms of the demographic characteris-
tics (P<0.05).

Table 2 presents the Mean±SD of the subscales of the 
KOOS questionnaire at three assessment times; pre-
test (before the treatment), post-test (after ten sessions 
of treatment), and follow-up (20 days after the treat-
ment completion). According to the data of this table in 
both control and intervention groups, the lowest score 
recorded in all subscales was in the pre-test stage. All 
mean scores of subscales in both groups were similar in 
the pre-test (P>0.05) except for the sport and recreation 
activities (P=0.02) (Table 3). Therefore, to prevent the 
effect of the difference between the two groups in terms 
of this subscale on the test results, the changes in this dif-
ference were studied during the test stages.

Symptom Subscale

The results of the repeated measures ANOVA show 
a significant interaction effect of time by the group on 
the symptom subscale (F=4.14, P=0.03, ES=2.22), i.e. 
the changing procedure in this subscale is significant 
between the two groups during the study. According to 
Figure 1, the mean score of the symptom subscale in 
the intervention group was less than that of the control 
group in the pre-test, and the mean scores of the two 
groups were approximately the same in the post-test. 
Therefore, an increase in the score of this subscale in 
the intervention group was more than that of the con-
trol group. Also, in the follow-up and pre-test stages, 
the mean scores of the control group were almost the 
same, but in the intervention group, the increase in the 
scores continued from post-test to the follow-up stage. 
The results of the Bonferroni posthoc test showed that 
in the control group, the changes in this subscale were 
not significant in the post-test (P=0.09) and follow-up 
(P=0.94) compared to the pre-test. However, in the inter-
vention group, the changes in the symptom subscale in 
both post-test (T=3.34, P=0.01, ES=0.86) and follow-up 
(T=4.06, P=0.003, ES=0.95) were significant compared 
to the pre-test. It means that only the treatment program 
of the intervention group caused a significant change in 
the scores of the symptom subscale and the persistency 
of change. The mean score of this subscale between the 
two groups was not significantly different in the post-test 
(P=0.91) and follow-up (P=0.11). Tables 3 and 4 present 
the results of within-group and between-group pairwise 
comparisons, respectively.

Table 1. Demographic characteristics of the participants

Characteristics
Mean±SD

Sig.
Control Group Intervention Group 

Age (y) 59.6±7.43 53.8±7.43 0.06

Height (cm) 160.27±7.16 161.87±6.27 0.44

Weight (kg) 71.8±9.27 69.47±5.53 0.41

BMI (kg/m2) 27.72±1.93 26.55±2.08 0.12

Gender, n female (%) 73.3 93.3 0.14

Disease severity, n II (%) 40 60 0.27

BMI: Body Mass Index

Sedaghatnezhad P, et al. Uphill Walking and Knee Osteoarthritis. PTJ. 2019; 9(2):85-96.
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Pain Subscale

The results of repeated measures ANOVA show the 
significant interaction effect of time by the group on 
pain subscale (F=3.3, P=0.04, ES=0.86), i.e. the chang-
ing procedure of this subscale is significant between the 
two groups during the study. According to Figure 1, the 
mean score of the pain subscale in the intervention group 
was less than that of the control group in the pre-test and 
more in the post-test. Therefore, the increase in the score 
of this subscale in the intervention group is more than 

that of the control group. Also, in the follow-up and pre-
test stages, the mean scores of the control group were al-
most the same, but it was almost constant in the interven-
tion group from post-test to follow-up. The results of the 
Bonferroni posthoc test showed that in the control group, 
changes in this subscale were not significant in the post-
test (P=0.18) and follow-up (P=0.5) compared to the pre-
test. In the intervention group, changes in the pain sub-
scale in both post-test (T=5.98, P<0.001, ES=1.02) and 
follow-up (T=4.39, P=0.001, ES=1.01) were significant 
compared to the pre-test. That is, only the treatment pro-

Table 2. The Mean±SD of the subscales of KOOS in 3 assessment times

Subscales

Mean±SD

Pre-test Post-test Follow-up

Control Intervention Control Intervention Control Intervention

Symptoms 54.05±16.62 50.52±14.37 61.48±13.1 61.03±9.59 54.3±15.07 61.72±8.55

Pain 61.9±16.22 54.83±16.84 68.88±15.55 72.2±17.25 65±21.33 71.85±16.93

ADL 50.82±15.66 57.3±21.4 68.93±14.26 75.2±18.38 70.68±13.46 76.82±19.86

Sports functions 20.58±16.89 34.67±15.75 33.8±19.77 52±20.25 28.67±16.42 58.33±19.52

QOL 30.42±14.34 29.8±15.46 40.42±18.58 42.92±16.85 40±14.33 45.42±13.87

ADL: Activities of Daily Living; QOL: Quality of Life

Table 3. The results of the between-group analysis

Subscale Assessment Time
Intervention vs. Control

Sig.
MD 95% CI

Symptoms 

Pre-test -3.53 -15.16 to 8.09 0.54

Post-test -0.45 -9.04 to 8.1 0.91

Follow-up 7.42 -16.69 to 1.86 0.11

Pain 

Pre-test -7.07 -19.43 to 5.3 0.25

Post-test 3.32 -8.97 to 15.61 0.58

Follow-up 6.85 -7.55 to 21.25 0.34

ADL

Pre-test -2.52 -16.54 to 11.51 0.71

Post-test 6.27 -6.04 to 18.57 0.31

Follow-up 6.13 -6.56 to 18.82 0.33

Sports functions

Pre-test 14.08 1.87 to 26.3 0.02

Post-test 18.2 3.23 to 33.17 0.02

Follow-up 29.67 16.18 to 43.15 <0.001

MD: Mean Differences; CI: Confidence Interval; ADL: Activities of Daily Living
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gram in the intervention group has significantly changed 
the score of pain subscale and the persistency of change. 
The mean score of this subscale between the two groups 
was not significantly different in the post-test (P=0.58) 
and follow-up (P=0.34).

Activities of Daily Living Subscale

The results of repeated measures ANOVA show that the 
interaction effect of time by the group has a significant ef-
fect on the subscale of activities of daily living (F=3.44, 
P=0.04, ES=0.82). According to Figure 1, the mean 
score of this subscale in the pre-test in the intervention 
group was slightly lower than that of the control group 
and was more than the control group in the post-test. 
Therefore, the gradient of an increase in the mean score 
of this subscale in the intervention group is greater than 
that of the control group. The results of the Bonferroni 
posthoc test showed that in the control group, changes in 

this subscale in the post-test (T=3.7, P=0.01, ES=0.61) 
and follow-up (T=4.33, P=0.001, ES=0.74) were signifi-
cant compared to the pre-test. Also, in the intervention 
group, the changes in the subscales of activities of daily 
living in both post-test (T=5.38, P<0.001, ES=0.9) and 
follow-up (T=6.71, P<0.001, ES=0.94) were significant 
compared to the pre-test. Overall, the treatment program 
of both groups has significantly changed the scores of 
activities of daily living subscale and the persistency of 
this change. The mean score of this subscale between the 
two groups was not significantly different in the post-test 
(P=0.31) and follow-up (P=0.33).

Sport and recreation functions

The results of repeated measures ANOVA show that 
the interaction effect of time by the group is signifi-
cant for the subscales of sport and recreation functions 
(F=3.66, P=0.03, ES=1.06). As shown in Figure 1, in all 

Table 4. The results of the within-group analysis

Subscale Group Pairs MD 95% CI Sig.

Symptoms

Control Pre-test
Post-test -7.43 -15.75 to 0.88 0.09

Follow-up -0.25 -7.92 to 7.42 0.94

Intervention Pre-test
Post-test -10.52 -18.83 to -2.2 0.01

Follow-up -11.2 -18.87 to -3.53 0.003

Pain

Control Pre-test
Post-test -6.98 -16.12 to 2.15 0.18

Follow-up -3.1 -13.78 to 7.58 0.5

Intervention Pre-test
Post-test -17.37 -26.5 to -8.23 <0.001

Follow-up -17.02 -27.7 to -6.33 0.001

ADL

Control Pre-test
Post-test -9.12 -16.57 to -1.67 0.01

Follow-up -10.87 -17.78 to -3.95 0.001

Intervention Pre-test
Post-test -17.9 -25.35 to -10.45 <0.001

Follow-up -19.52 -26.43 to -12.6 <0.001

Sports functions Between-group dif-
ferences Pre-test

Post-test -4.12 -22.78 to 14.55 0.64

Follow-up -15.58 2.83 to 28.33 0.02

QOL

Control Pre-test
Post-test -10 -19.6 to -0.4 0.04

Follow-up -9.58 -17.74 to -1.42 0.02

Intervention Pre-test
Post-test -13.12 -22.72 to -3.52 0.005

Follow-up -15.62 -23.77 to -7.46 <0.001

MD: Mean Differences; CI: Confidence Interval; ADL: Activities of Daily Living; QOL: Quality of Life

Sedaghatnezhad P, et al. Uphill Walking and Knee Osteoarthritis. PTJ. 2019; 9(2):85-96.
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Figure 1. Interaction plots of KOOS subscales
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stages of the measurement, i.e. pre-test (T=2.36, P=0.02, 
ES=0.86), post-test (T=2.49, P=0.02, ES=1.11), and 
follow-up (T=4.5, P<0.001, ES=1.64), the mean score 
of the intervention group is greater than that of the con-
trol group. Considering the significant difference in the 
pre-test between the two groups, the changes in this dif-
ference were studied in different stages. The changes in 
this difference were not significant in the post-test com-
pared to the pre-test (P=0.64), but in follow-up (T=2.62, 
P=0.02, ES=0.65), these changes were significant com-
pared to the pre-test. Therefore, the treatment program 
of the intervention group increased the subscales of sport 
and recreation functions after 20 days of competition of 
the intervention.

Quality of life Subscale 

Figure 1 shows similar changes in the quality of life 
subscale in response to treatment over time in the two 
groups; the time by group interaction on this subscale 
was not significant (P=0.47). The results of repeated 
measures ANOVA showed a significant effect of time on 
the quality of life subscale (F=16.53, P<0.001, ES=0.48), 
meaning that during the study, the score of this subscale 
has changed. The results of ANOVA showed that in 
the control group, changes in this subscale in the post-
test (T=2.78, P=0.04, ES=0.6) and follow-up (T=3.52, 
P=0.02, ES=0.67) were significant compared to the pre-
test. In the intervention group, the changes in the qual-
ity of life subscale in both post-test (T=3.33, P=0.005, 
ES=0.81) and follow-up 4.31, P<0.001, ES=1.06) were 
significant compared to the pre-test. Overall, the treat-
ment program of both groups has significantly changed 
the scores of quality of life subscale and the persistency 
of this change. The main effect of the group in this sub-
scale was not significant (P=0.63), meaning that the re-
sults of the treatment were the same in both groups.

4. Discussion

Disability is not only a consequence of a disease or 
injury but also a factor affecting people’s communica-
tion with the environment. Disability is one of the major 
consequences of lower extremities osteoarthritis, and 
since knee osteoarthritis is very common, its disability 
has a significant impact on the individual and the com-
munity. Considering that one of the goals of treatment in 
patients suffering from knee osteoarthritis is to minimize 
their disability, the present study investigated the effect 
of adding walking on the uphill treadmill to the routine 
physiotherapy program of patients with knee osteoarthri-
tis on the disability of these patients.

The results of this study showed that adding uphill 
treadmill walking to the routine physiotherapy program 
would improve all subscales of the KOOS questionnaire 
and, thus, reduce the disability of people with knee os-
teoarthritis so that the recovery would be persistent up 
to 20 days. However, physiotherapy treatment in the 
control group did not improve pain, symptoms, and sport 
and recreation functions subscales.

The findings of this study about the effect of phys-
iotherapy and exercise program on the disability of 
patients suffering from knee osteoarthritis are in line 
with the results of the studies by Ardakani, Miri, Es-
fandiari et al. and Ahadi et al. indicating the the sig-
nificant improvement of subscales of KOOS question-
naire following stretching and strengthening exercises 
of hamstring and quadriceps muscles, adding dry nee-
dling to the physiotherapy program, and using ortho-
ses with lateral wedge and physiotherapy, respectively, 
in patients with patellofemoral pain syndrome or knee 
osteoarthritis [36-39].

The results of this study indicate that the symptom 
subscale of KOOS questionnaire changes following 
the physiotherapy alone was not significant. The results 
also confirm Miri’s study that observed an insignificant 
change in the symptom subscale of the KOOS question-
naire after the usual physiotherapy treatment in patients 
with patellofemoral pain syndrome [37].

Patients with knee osteoarthritis tend to avoid physi-
cal activity to relieve pain. In the short term, avoiding 
physical activity helps patients to relieve pain, but in the 
long term, the reduction in activity levels leads to muscle 
weakness. Joint stability and its ability to withstand the 
applied loads reduce because of the muscle weakness, 
which ultimately leads to the patient’s disability and the 
avoidance of physical activities [40]. Another reason 
for disability is the reduction of a joint range of motion 
caused by the shortness of the joint capsule, muscles, 
and muscle spasm [41, 42]. Quadriceps muscle weak-
ness in patients with knee pain is also associated with 
disability [43]. Evidence suggests that muscle weakness 
is associated with functional impairment following the 
muscle-strengthening programs, improving inability and 
reducing disability occurred [43, 44]. Among the rea-
sons mentioned for disability (pain, limitation of range 
of motion, and muscle weakness), just muscle weakness 
factor has improved in the control group by strengthen-
ing exercise and has improved the subscales of activity 
of daily living and quality of life of this group of par-
ticipants. However, in the intervention group, the three 
factors have improved, including a decrease in knee pain 
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(increasing the score of the pain subscale), an increase in 
the limited range of motion of the knee joint because of 
stretching of the soft tissue of the posterior joint while 
walking on the uphill treadmill, and also strengthening 
muscles following strengthening exercise during treat-
ment sessions. Therefore, all subscales in this group 
showed a significant increase.

Regarding the changes in the subscale of sport and rec-
reation functions that became significant in the interven-
tion group after 20 days, the patients were not sure of 
their knee improvement immediately after completing 
their treatment sessions and thought that jumping and 
other physical activities would return the disease symp-
toms; so, they avoided these movements. But, after 20 
days and given the persistent improvement in the pain 
and symptom subscales in this group, they believed that 
they were able to perform these movements, and the pre-
vious symptoms of the disease would not return.

According to the findings, adding walking on the up-
hill surface to the physiotherapy treatment program of 
patients with knee osteoarthritis has a significant effect 
on reducing their disability and its persistency. Therefore, 
it is suggested that physiotherapists use walking on the 
uphill treadmill along with a physiotherapy program to 
promote the results of rehabilitation programs for pa-
tients with knee osteoarthritis. Considering that this study 
was conducted on patients with grade 2 or 3 knee joint 
osteoarthritis on the scale of Kellgren and Lawrence, it is 
suggested that further research be conducted on patients 
with a higher degree of osteoarthritis. Also, if possible, 
the study will be conducted for a longer follow-up period.
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