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Abstract 
Osteoarthritis of knee is a common problem in the elderly population world-
wide. Physical therapy has been shown to be useful in decreasing pain and in-
creasing mobility in this population. The aim of this study was to study the 
effectiveness of slow reversal hold and isometric exercise techniques in re-
ducing pain, increasing muscle strength, and increasing range of motion for 
knee flexion in patients with osteoarthritis of knee. The other aim of this 
study was to compare the relative effectiveness of these two interventions. 60 
subjects participated in this study and were randomly assigned either to the 
slow reversal hold group (n = 30) or, to the isometrics exercise group (n = 30). 
All subjects performed their respective exercises for 3 weeks. Pain scores using 
the visual analog scale, muscle strength using manual muscle testing of qua-
driceps and hamstrings, and range of motion (ROM) for knee flexion using a 
goniometer were recorded both pre-treatment and post-treatment for both 
left and right knees. Both the interventions showed a significant decrease in 
pain scores, an increase in muscle strength, as well as an increase in the ROM. 
However, ROM was significantly increased in the slow reversal hold group as 
compared to the isometrics group in both knees. It was concluded that both 
exercise techniques could be useful in patients with osteoarthritis of knee for 
decreasing pain and increasing muscle strength. Slow reversal hold technique 
might be a better technique than isometrics for increasing ROM for knee 
flexion. 
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1. Introduction 

Osteoarthritis (OA) of knee is a common form of joint disorder, affecting the ar-
ticular cartilage [1] [2]. OA could be caused by a damage to a joint cartilage. The 
risk factors for OA include obesity, genetics, previous fractures of the knee, and 
prolonged or excessive use of knee joints [2] [3]. OA results in symptoms such 
as a deep aching pain in the inner knee, stiffness, swelling, decreased range of 
motion (ROM), and muscle weakness [1] [3]. Usually, the treatment is sympto-
matic and involves the use of braces, non-steroidal anti-inflammatory drugs for 
pain relief, muscle relaxants, and exercise. Patients undergo a knee replacement 
if symptomatic treatment options have been ineffective [3]. 

Regular exercise is very important for controlling OA of knee successfully [4]. 
Stretching and strengthening exercises are useful for pain relief, increasing mus-
cle strength, and increasing the ROM. Physical therapy aims to rehabilitate pa-
tients suffering from OA of knee by focusing on exercise plans and long-term 
rehabilitation goals. Several different types of exercises can be used for managing 
OA. Previous research has studied the positive effect of physical therapy in OA 
of knee [5] [6] [7] [8]. This study focused on two interventions—the slow rever-
sal hold, which is a Proprioceptive Neuromuscular Facilitation (PNF) technique, 
isometric exercises, and their relative effectiveness. This comparison, to the best 
of my knowledge, has not been studied before. PNF has been proven to increase 
active and passive ROM of joints [9]. 

The aims of this study were: 1) to study the effectiveness of the slow reversal 
hold in treatment of osteoarthritis of knee, 2) to study the effectiveness of iso-
metric exercises in treatment of osteoarthritis of knee, and 3) to study the com-
parison between slow reversal hold and isometrics in treatment of osteoarthritis 
of knee. 

2. Methods 
2.1. Study Design 

This was a cross-sectional study with a sample size of 60 patients. Patients be-
tween ages of 50 - 60 years (mean age of 54.52 ± 3.33 years) (males 27, females 
33) with osteoarthritis of knee were selected. Convenience sampling was used to 
select the sample size. The study was undertaken at the Physiotherapy and Or-
thopedics departments of Guru Nanak Dev Hospital, Amritsar, India. Informed 
consent was obtained from the subjects. Inclusion criteria for selecting subjects 
were: 1) age between 50 - 60 years; 2) grade 2 osteoarthritis of knee, based on 
X-rays and as referred by orthopedic doctor; 3) a manual muscle test grade of at 
least 3 for both quadriceps and hamstrings muscles. Subjects were excluded if 
they had: 1) visual deficits; 2) other musculoskeletal disorders like gout; 3) peri-
pheral vascular diseases like deep vein thrombosis; 4) neurological disorders; 5) 
grade 3 or 4 osteoarthritis of knee; 6) knee replacement surgery; 7) knee defor-
mities like genu valgum or genu varus; 8) sensory loss; 9) scars over knee; 10) 
uncooperative patients; 11) pyrexia or hypothermia; 12) extensor lag. The pur-
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pose of the study was explained to all the subjects who volunteered to participate 
and met the inclusion criteria. They were given information about the effects of 
both intervention techniques, prior to the treatment. An informed consent was 
obtained in their own understandable language. 

2.2. Protocol 

Subjects were randomly divided into two groups, each group containing 30 pa-
tients. Two exercise interventions: slow reversal hold technique and isometrics 
of quadriceps and hamstrings, were performed on the subjects. In the slow re-
versal hold group, there were 17 females and 13 males and the isometrics group, 
consisted of 16 females and 14 males. Subjects were treated with either the slow 
reversal hold technique or isometrics of quadriceps and hamstrings, for duration 
of 3 weeks. 

Pain was measured before and after the treatment by using visual analog scale 
(VAS). VAS is considered as the gold standard for measuring pain. This scale is 
easy to administer, and involves a 0 - 10 cm long line drawn on a piece of paper. 
At one end of the scale, it is marked as “no pain” and at the other end, it is 
marked as “extreme pain” [10]. Similarly, muscle strength was measured by us-
ing manual muscle testing (MMT) of quadriceps and hamstrings muscles before 
and after the treatment, in a standardized protocol as reported by Kendall [11]. 
For quadriceps MMT, the subjects were in a sitting position and were given con-
sistent instructions of “Straighten your knee. Hold it. Don’t let me bend it”. For 
hamstrings MMT, subjects were in a prone position and were given instructions 
of “Bend your knee. Hold it. Don’t let me straighten it”. Range of motion (ROM) 
for knee flexion was measured before and after the treatment by using goniome-
ter. 

2.3. Therapeutic Interventions 

Slow reversalhold: Slow reversal hold is defined as an “isotonic contraction of 
the agonist followed immediately by an isotonic contraction of the antagonist” 
[10]. The patient was laid down in a prone position, with the knee in extension 
and the hip in 0 degrees of rotation, abduction, and adduction. The pelvis was 
stabilized with one hand to prevent an anterior tilt. The contralateral extremity 
was kept flat on the table to provide additional pelvic stabilization. The patient 
was given standardized instructions of “Bend your knee. Hold it. Don’t let me 
straighten it. Bend it more. Now, hold, then again bend it”. Once the knee was 
fully flexed to the available range, the patient was asked to extend the knee. Re-
sistance was given around the posterior surface of the leg just above the ankle. 
The patient was given instructions of “Straighten your knee. Hold it. Don’t let 
me bend it. Straighten more. Now, hold, then again straighten it”. This sequence 
was repeated 10 times. 
Isometrics exercise: Isometric exercises are defined as exercises in which muscle 
length does not change during contraction [10]. For this exercise, the patient was 
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in a supine position, with the knee in extension and the hip in 0 degrees of ex-
tension, abduction and adduction. 

For isometrics exercise for quadriceps muscle: the patient was in a supine po-
sition and a rolled towel was placed under the exercising knee. The patient was 
asked to press the towel with the help of quadriceps muscle force, hold it for 10 
secs and then relax. This was performed for 10 repetitions. The patient was given 
instructions of “Press the towel down, hold it now. Now, relax”. 

For isometrics exercise for hamstrings muscle: The patient was in a supine 
position and a rolled towel was placed under the heel which was being exercised. 
The patient was asked to press the towel with the force of the heel, hold it for 10 
secs and then relax. This was performed for 10 repetitions. The patient was given 
instructions of “Press the towel down, hold it now. Now, relax”. 

2.4. Statistical Analysis 

Non-parametric Mann-Whitney tests were used for comparing pre-treatment 
and post-treatment measurements as well as comparing slow reversal hold and 
isometrics techniques for all outcome measures. The significance value was set at 
0.05. 

3. Results 
3.1. Comparison between Pre-Treatment and Post-Treatment in 

Osteoarthritis of Knee Patients 

Patients with OA of knee had significantly lower VAS scores post-treatment as 
compared to pre-treatment for both slow reversal hold and isometrics tech-
niques for both knees (Figure 1). VAS scores of 6 to 9 were recorded 
pre-treatment, which significantly reduced to a range of 3 to 6 post-treatment 
for slow reversal hold and isometrics interventions in left knee. Similarly, in the 
right knee, patients had VAS scores ranging from 5 to 8 pre-treatment, which 
were significantly reduced to 2 to 5 post-treatment by slow reversal hold inter-
vention. For isometrics intervention in the right knee, the VAS scores reduced 
from 6 to 8 (pre-treatment) to 3 to 6 (post-treatment). Patients also had signifi-
cantly higher MMT grades for both quadriceps (Figure 2) and hamstrings 
(Figure 3) after treatment as compared to before the treatment for both left and 
right knees using both exercise interventions. Post-treatment, many patients had 
a grade 5 for MMT of quadriceps and hamstrings using these interventions. Si-
milarly, patients had increased ROM for knee flexion in both knees for both slow 
reversal hold and isometrics, after the interventions as compared to the 
pre-treatment stage (Figure 4). Using slow reversal hold intervention, patients 
had mean ROM of 100.8 degrees in left knee and 101.6 degrees in right knee 
(pre-treatment), which significantly increased to 106.2 degrees in left knee and 
107.0 degrees in right knee (post-treatment) respectively. Using isometrics in-
tervention, mean ROM increased from 100.8 degrees to 103.9 degrees in the left 
knee and from 101.5 degrees to 104.7 degrees in the right knee. 
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Figure 1. Comparison of visual analog scale between pre-treatment and post treatment for (a) slow reversal hold and (b) isome-
trics for both left and right knee in patients with osteoarthritis of knee. There was a significant difference between pre-treatment 
and post-treatment measurements for visual analog scores in both interventions—slow reversal hold and isometrics exercises in 
both knees. Data with range and standard error are shown, p < 0.05. 
 

 
Figure 2. Comparison of manual muscle testing of quadriceps between pre-treatment and post-treatment for (a) slow reversal 
hold and (b) isometrics for both left and right knee in patients with osteoarthritis of knee. There was a significant difference be-
tween pre-treatment and post-treatment for manual muscle testing for quadriceps muscles for both interventions—slow reversal 
hold and isometrics exercises in both knees. Data with range and standard error are shown, p < 0.05. 
 

 
Figure 3. Comparison of manual muscle testing of hamstrings between pre-treatment and post-treatment for (a) slow reversal 
hold and (b) isometrics for both left and right knee in patients with osteoarthritis of knee. There was a significant difference be-
tween pre-treatment and post-treatment for manual muscle testing for hamstrings muscles for both interventions—slow reversal 
hold and isometrics exercises in both knees. Data with range and standard error are shown, p < 0.05. 

3.2. Comparison between Slow Reversal Hold and Isometrics in 
Osteoarthritis of Knee Patients 

On comparing both intervention types, it was observed that for the left knee, 
ROM for knee flexion was significantly higher in slow reversal hold (mean ROM 
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Figure 4. Comparison of range of motion for knee flexion between pre-treatment and post-treatment for (a) slow reversal hold 
and (b) isometrics for both left and right knee in patients with osteoarthritis of knee. There was a significant difference between 
pre-treatment and post-treatment for range of motion for knee flexion for both interventions—slow reversal hold and isometrics 
exercises in both knees. Data with range and standard error are shown, p < 0.05. 

 
of 106.2 degrees) than in the isometrics intervention (mean ROM of 103.9 de-
grees) (Figure 5). For the right knee, patients in the slow reversal hold group 
had significantly lower VAS scores than patients in the isometrics group. Simi-
larly, patients in the slow reversal group had significantly higher ROM for knee 
flexion (mean ROM of 107.0 degrees) than patients in the isometrics group for 
right knee (mean ROM of 104.7 degrees) (Figure 6). 

4. Discussion 
The primary purpose of this study was to see the effect of slow reversal hold and 
isometrics of knee interventions in osteoarthritis of knee. The second aim was to 
compare these two interventions for all the outcome measures evaluated in this 
study. It was observed that in patients with OA of knee, both slow reversal hold 
technique and isometrics of quadriceps and hamstrings were effective in terms 
of relieving pain, increasing muscle strength, and increasing ROM of knee flex-
ion. Slow reversal hold performed better in increasing ROM for knee flexion in 
both knees. 

Osteoarthritis of knee is a common problem, affecting many patients world-
wide. In some cases, patients opt to undergo knee-replacement surgery to miti-
gate the increasing pain. Physical therapists play an important role in rehabilita-
tion of these patients—both in pre-surgery and post-surgery phases. However, 
there has not been enough scientific evidence to determine the best intervention 
for treatment. This study showed that both slow reversal hold (PNF) technique 
and isometrics exercises would be beneficial in treating these patients, relieving 
their pain, increasing muscle strength, and increasing their ROM. This informa-
tion would help physical therapists implement these techniques in a rehabilita-
tion setting. 

Slow reversal hold technique is a better intervention for increasing range of 
motion for knee flexion than isometrics. Isometrics exercises have been com-
monly used for OA of knee patients in a physical therapy setting. It is a good ex-
ercise that is easy to use for patients, and helps in relieving pain and strengthening  
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Figure 5. Comparison between slow reversal hold and isometrics for left knee for (a) vis-
ual analog scale; (b) manual muscle testing of quadriceps; (c) manual muscle testing of 
hamstrings, and (d) range of motion for knee flexion. There was no significant difference 
between the two interventions for any of the measures except range of motion for knee 
flexion. Slow reversal hold had significantly higher range of motion for knee flexion than 
isometrics for osteoarthritis of knee patients. Data with range and standard error are 
shown, p < 0.05. 
 
muscles. However, slow reversal hold is better than isometrics for increasing 
ROM. One reason for this could be because slow reversal hold technique is simi-
lar to movements performed in daily living activities. Thus, it is a more active form 
of treatment. This information would help physical therapists to determine which 
type of exercise would be suitable for patients, depending on the treatment goals. 

5. Limitations 

This study had some limitations. Firstly, the study period was very short—3 
weeks. The longer duration effects of both therapeutic interventions would have 
been useful for observing the bouts of remissions. Secondly, the effect of pre-
scribed medications on the osteoarthritis of knee along with the exercises were 
not included in the study. Finally, it was hard to determine whether patients fol-
lowed proper protocol when performing exercises at home. 

6. Conclusion 

Osteoarthritis is one of the most common problems faced by the elderly. Physi-
cal therapy could be of great use in rehabilitation of these patients. Both slow  
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Figure 6. Comparison between slow reversal hold and isometrics for right knee for (a) 
visual analog scale, (b) manual muscle testing of quadriceps; (c) manual muscle testing of 
hamstrings, and (d) range of motion for knee flexion. There was no significant difference 
between the two interventions for any of the measures except visual analog scale and 
range of motion for knee flexion. Slow reversal hold had significantly higher range of mo-
tion for knee flexion and lower visual analog scores than isometrics for osteoarthritis of 
knee patients. Data with range and standard error are shown, p < 0.05. 
 
reversal hold technique and isometrics are significantly effective in reducing 
pain, increasing muscle power, and increasing range of motion of knee flexion in 
patients with osteoarthritis of knee. Slow reversal hold could be more useful in 
increasing range of motion for knee flexion than isometrics exercise. This in-
formation would help physical therapists to make informed decisions about ap-
propriate exercises for rehabilitation of osteoarthritis of knee patients. 
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