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Effects of Strengthening and Aerobic Exercises on Pain Severity and Function in 
Patients with Knee Rheumatoid Arthritis

Nader Rahnama, Vahid Mazloum

ABSTRACT

Background:  The purpose of  this study was to investigate the 
effects of  two types of  rehabilitation techniques, including aerobic 
and strengthening exercises on patients with knee rheumatoid 
arthritis (RA).
Methods: 48 male patients with knee RA were randomly assigned 
into 3 groups, including aerobic exercises, strengthening exercise, 
and control. The two first groups completed their treatment protocol 
for 8 weeks, 3 days per week. Visual Analogue Scale, WOMAC 
questionnaire, 6‑minute walking test, standard goniometer were 
used to assess pain severity, functional ability, walking ability, knee 
joint ROM respectively at baseline and after applying therapeutic 
interventions. The data were analyzed using one‑way analysis of  
variance (ANOVA) at P < 0.05 significant level.
Results:  Participants had a mean ± SD age of  58.6 ± 7.8 years 
(height 1.72 ± 0.07 m, weight 81.0 ± 6.4 kg) with no significant 
difference between three groups. Both therapeutic interventions 
reduced pain significantly (P < 0.001) compared to the control 
group, without significant difference between the two experimental 
groups. The patients fulfilled aerobic exercise attained higher 
levels of  function and walking ability compared to strengthening 
group significantly (P < 0.001).  The knee range of  motion (ROM)
wassignificantly (P < 0.001) improved in the two experimental 
groups in comparison to controls,  the strengthening group had 
more significant (P < 0.001) improvement.
Conclusions: It can be concluded that an aerobic exercise program 
improves functional and walking ability in patients with knee RA, and 
strengthening exercise has more efficient effect on knee ROM, both 
aerobic and strengthening exercises can equally relieve pain.
Key words: Aerobic exercise, knee joint, rheumatoid arthritis, 
strengthening exercise
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory disorder 

affecting the joints and presenting with multiple systemic 
manifestation.[1] RA involves 1% of  population in the world 
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and can result in severe disability.[2] Many studies 
indicate the high incidence of  this disease,[3‑6] 
although the others confirm the reduction of  RA 
prevalence among people.[7,8]

Alternative periods of  improvement and 
exacerbation occur during this disease.[9,10] Morning 
stiffness, pain, swelling, joint erosion, muscle 
weakness, and reducing aerobic capacity are 
common signs and symptoms for RA.[11‑14] Previous 
studies declare that RA can cause reduction in the 
level of  physical activity, muscle contractures, and 
atrophy. This condition may lead to poor physical 
fitness.[15‑17] Hsieh et  al. (1987) indicated that 
weakness of  Hamstring and Quadriceps muscles 
can occur as the results of  RA.[18] Furthermore, 
decreasing isotonic strength and endurance may arise 
because of  immobilization with casts, bandages, or 
curing by traction techniques.[19] Muscle weakness 
usually results in joint stiffness and decreasing 
ROM that involves daily activities and quality of  
life.[20,21] However, due to fear of  increasing joint 
inflammation and accelerating cartilage subversion 
in patients with RA, they prefer to perform assisted 
exercises gently.[22,23] On the other hand, it has 
been suggested that strengthening exercises have 
appropriate effects for patients with RA.[24,25]

Aerobic exercise is a non‑specific activity with 
the aim of  improving physical function, alleviating 
pain and increasing respiratory capacity.[26,27] Most 
of  these exercises are simple to carry out and can 
be followed by some activities including; walking, 
cycling, and going up and down the stairs. Aerobic 
exercises can reduce pain and fatigue and can 
improve function in individuals with RA.[28,29] 
Despite the proper influence of  this kind of  
training, aerobic exercise is neglected by therapists 
in the rehabilitation management.

Due to increasing pain, reducing ROM, walking 
ability and physical activity as the complications of  
RA, it is absolutely essential to inquire about this 
rheumatologic disorder. Thus, the aim of  this study 
was to investigate the effects of  strengthening and 
aerobic exercises on function, knee ROM, pain, 
and walking ability in patients with RA and then 
comparing them to each other.

METHODS
Patients
We conducted a supervised quasi‑experimental 

and perspective design study with a non‑randomized, 

pretest‑posttest control group. 54 accessible 
patients with unilateral knee RA were selected. 
The exclusion criteria were knee osteoarthritis, 
fracture of  lower limb bones, epilepsy, cardiac 
and respiratory conditions, and no satisfaction of  
individual to participate in the study. Regarding 
these criteria, 6  persons were eliminated, then 
48 participants (mean ± SD: age 58.6 ± 7.8 years, 
height 1.72 ± 0.07 m, weight 81.0 ± 6.4 kg) were 
considered as the sample for this study. The 
subjects were randomly assigned into 3  groups 
(each group consisting of  16 individuals). The first 
group (group A) (mean ± SD: age 59.4 ± 8.1 years, 
height 1.74 ± 0.08 m, weight 83.0 ± 6.0 kg) were 
treated by aerobic exercise. The second group 
(group B) (mean ± SD: age 57.0 ± 7.4 years, height 
1.71 ± 0.07 m, weight 78.6 ± 5.8 kg) followed the 
strengthening exercise protocol. The third group 
(group C) (mean ± SD: age 59.6 ± 8.3 years, height 
1.72 ± 0.06 m, 81.4 ± 7.0 kg), called control group, 
did not receive any treatment and were beseeched 
to follow their ordinary life style.

The subjects took no medicine and did not 
perform any other regular exercise or sport during 
the treatment period.

Exercise protocol
The therapist clarified all the tests and 

procedures of  management for the whole patients. 
Each subject in group  A ran on the treadmill 
for about 30  minutes, while the speed was set 
according to the patient ability.[30] In group  B, 
1  RM (the maximum load an individual is able 
to displace without any fatigue) was determined 
for Hamstring and Quadriceps muscles. Then, 
the patients followed the strengthening exercise 
progressively. All the therapeutic exercises were 
done based on training scientific principles such as, 
intensity, frequency, time, specificity, and overload. 
However, the therapist perpended to all the 
complementary and trick movements of  patients 
and tried to avoid them.

All the participants in experimental groups 
perused their own specific protocol for 8  weeks, 
3  days per week, and for approximately 30 to 
45 minutes in each therapeutic session.

Data collection
The pain intensity at rest was graded according 

to Visual Analogue Scale (VAS), and functional 
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ability was assessed by Western Ontario and 
McMaster Osteoarthritis Index (WOMAC).[31,32] In 
order to appraise walking ability, 6‑minute walking 
test was utilized.[33,34] In addition, we used standard 
goniometer to measure knee flexion and extension 
ROMs.[35]

Statistical analysis
Using SPSS statistical analysis package, 

version  19, the data were analyzed. We used 
non‑parametric tests to avoid potential errors from 
non‑normal distribution of  the data. One‑way 
ANOVA was used for differences between the 
groups. Statistical significance was set at P < 0.05.

RESULTS

Pain intensity
Statistical analysis revealed that there is 

significant (P < 0.001, F = 26.4) difference in pain 
intensity between the 3 groups after treatment. The 
patients’ pain in both A and B groups decreased 
significantly (P < 0.001) in comparison to group C, 
although there was no significant (P > 0.05) 
difference between these 2  experimental groups 
[Table 1].

Functional ability
The level of  functional ability was significantly 

(P < 0.001, F = 327.2) different between the 
3 groups after 8 weeks. Further analysis indicated 
that both A and B groups had better functional 
ability than the group C significantly (P < 0.001). 
However, we noticed that group  A had more 
improvement in functional ability in comparison 
to group C significantly (P < 0.001) [Table 2].

Walking ability
There was significant (P < 0.001, F = 156.7) 

difference in the walking distance between the 
3  groups. While walking ability was significantly 
(P < 0.001) increased in both experimental 
groups compared to group C, group A had more 
progression than group B (P < 0.001) [Table 3].

Knee extension ROM
Knee extension ROM was significantly 

(P < 0.001, F = 36.8) different between the groups. 
As we realized that both A (P < 0.05) and B 
(P < 0.001) had more increase in knee extension 
ROM after therapeutic interventions compared to 

group  C. Comparing the 2  experimental groups, 
the improvement was significantly (P < 0.001) 
more in group B [Table 4].

Knee flexion ROM
Knee flexion ROM was significantly different 

between the 3  groups (P < 0.001). While both 
groups performed therapeutic exercises had more 
improvement in knee extension ROM than the 
group C (P < 0.00), this parameter was significantly 
increased in group  B in comparison to group  A 
(P < 0.001) [Table 5].

DISCUSSION
The aim of  this study was to investigate the 

effects of  aerobic and strengthening exercises 
on pain intensity and function of  patients with 
rheumatoid arthritis of  knee joint. We found that 
both therapeutic techniques decreased pain and 
improved function. In addition, it was obvious that 

Table 1: Pain intensity before and after treatment 
(mean ± SD)

Before 
intervention

After 
intervention

M SD M SD
Group A (n = 12) 6.9 0.7 4.7 1.2
Group B (n = 12) 7.0 0.9 5.4 1.4
Group C (n = 12) 7.4 1.0 7.7 1.1

Table 2: Functional ability before and after treatment 
(mean ± SD)

Before 
intervention

After 
intervention

M SD M SD
Group A (n = 12) 46.1 5.9 35.0 5.8
Group B (n = 12) 45.6 4.2 40.7 4.1
Group C (n = 12) 46.9 5.1 47.7 5.0

Table 3: Walking distance before and after treatment 
(mean ± SD) (Meter)

Before 
intervention

After 
intervention

M SD M SD
Group A (n = 12) 281.6 26.2 325.1 28.7
Group B (n = 12) 272.9 25.5 298.5 26.9
Group C (n = 12) 277.3 22.1 279.3 21.6
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both therapeutic interventions can improve walking 
ability, but aerobic exercise had more drastic effects. 
Finally, we understood that while both methods 
are effective to increase knee ROM, strengthening 
exercise was superior to the other one.

Previous studies show controversial results 
about the effects of  exercise in patients with 
RA.[36‑39] Barbara et  al. (2011), after applying a 
combined exercise program including strength 
and endurance training on 40  patients with RA, 
found that such therapeutic protocol can improve 
functional ability of  these patients.[40]

However, Baillet et  al. (2009) indicated that 
4 weeks dynamic exercise program is effective on 
aerobic fitness and quality of  life in RA patients.[41] 
In a systemic review study, Baillet et  al. (2010) 
concluded that cardiorespiratory aerobic exercise 
appears to be efficient for individuals with RA, and 
can decrease pain and improve functional status in 
the RA patients. However, the authors expressed 
that the degree of  the effect of  aerobic exercise on the 
above parameters is small.[42] In a Meta – analysis 
review, Kelly et al. (2011) studied the data sources 
consisted of  6 electronic databases and noted the 
efficiency of  communicated – deliverable exercise 
for RA patients. They realized that this kind 
of  exercise can improve physical function and 
alleviate pain in patients with RA.[43]

The results of  present study confirm the 
above‑mentioned studies. Although our results are 

promising, there were some limitations in this study, 
including; (1) the activities of  daily living were 
different either in control or in experimental groups’ 
patients. Then, this difference could influence 
our results, interfere with them, (2) although the 
therapist made any endeavor to encourage subjects 
in both experimental groups to follow their own 
specific exercise with the best attempt accurately, 
there was discrepancy in self‑patients’ motivation. 
However, the whole patients completed their 
exercise protocols for 8 weeks.

In this study, we observed that both type of  
therapeutic interventions can improve walking 
ability, as regards the individuals treated by aerobic 
exercise experienced higher levels of  walking 
ability compared to strengthening exercise. The 
nature of  aerobic exercise executed by subjects 
was relatively similar to walking pattern. Thus, 
the authors believe that further effect of  aerobic 
exercise on walking ability is possibly contributed 
to such resemblance mentioned in the above. The 
desirable effect of  aerobic exercise on walking 
ability is supported in previous studies.

These data indicate the efficiency of  aerobic 
and strengthening for increasing knee joint ROM 
in patients with RA although the knee flexion 
and extension ROMs were increased more in 
patients who pursued aerobic exercise than 
strengthening exercise. As decreasing muscular 
strength is one of  the complications associated to 
RA,[18] it can result in loosing ROM. Regarding 
this fact, we presumably assume that increasing 
knee joint flexion and extension ROMs is related 
to improvement in muscle strength achieved by 
strengthening exercise.

CONCLUSION
It can be concluded that both aerobic and 

strengthening exercises can reduce pain, improve 
functional status, walking ability, and flexion and 
extension ROMs of  the knee joints in patients 
with knee RA. Due to more appropriate effects of  
aerobic treatment protocol on functional ability, 
use of  aerobic exercise as a fundamental part of  
rehabilitation program can be recommended for 
individuals with feeble physical ability. In addition, 
we suggest to exert strengthening exercises in 
order to increase knee joint ROM, or at least for 
maintaining the available ROM.

Table 4: Knee extension ROM before and after treatment 
(mean ± SD) (Degree)

Before 
intervention

After 
intervention

M SD M SD
Group A (n = 12) 171.9 2.2 174.0 2.6
Group B (n = 12) 172.3 2.3 177.7 1.3
Group C (n = 12) 171.9 1.9 171.8 2.0

Table 5: Knee flexion ROM before and after treatment 
(mean ± SD) (Degree)

Before 
intervention

After 
intervention

M SD M SD
Group A (n = 12) 124.2 5.5 127.8 5.2
Group B (n = 12) 123.2 5.8 134.1 4.6
Group C (n = 12) 124.8 6.1 123.5 6.7
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