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ABSTRACT
Background: Osteoarthritis (OA) is a degenerative joint disease and one of the major public health problem that causes 
functional impairment and reduced quality of life. To compare the effectiveness of PNF Hold relax stretching versus 
Static stretching on pain and flexibility of hamstring following moist heat in individuals with knee osteoarthritis. Ham-
string tightness is the major problem in knee osteoarthritis individuals. Therefore the need of study is comparing the 
effectiveness of PNF Hold relax stretching versus static stretching on pain and flexibility of hamstrings following moist 
heat in knee osteoarthritis participants. Determining the effects of PNF Hold relax stretching versus Static stretching 
along with moist heat on pain and hamstring flexibility by VAS and Active knee extension range of motion in knee 
osteoarthritis individuals.
Methods: 30 subjects with symptoms of knee osteoarthritis were randomly distributed into 2 groups 15 in each group. 
PNF Hold relax stretching along with moist heat is compared to Static stretching along with moist heat. Pain was 
measured by Visual Analogue Scale (VAS) and hamstring flexibility by Active knee Extension Range of Motion (AKE-
ROM) by universal goniometer. Measurements are taken pre and post intervention.
Results: The results indicated PNF Hold relax stretching along with moist heat showed a statistically significant im-
provement in pain (p<0.05) and improvement in hamstring flexibility (p<0.05) when compared to Static stretching 
along with moist heat.
Conclusion: Subjects with PNF Hold relax stretching along with moist heat showed significant improvement in pain 
reduction and improving hamstring flexibility than Static stretching along with moist heat.
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INTRODUCTION
As given by WHO osteoarthritis (OA) is regarded a ma-
jor public health problem with impaired functions that 
reduces quality of life [1].  In India the crude prevalence 
of clinically diagnosed OA was higher in the urban (5.5%) 
than the rural community [2]. Osteoarthritis is a degener-
ative joint disease which involves the cartilage and many 
of its surrounding tissues. There is osteophyte formation 
remodeling of subarticularbone, ligamentous laxity, syno-
vial inflammation weakening of periarticular muscles [3]. 
These changes may occur as a result of an imbalance in the 
equillibrium between the break down and repair of joint 
tissue. The primary symptoms of OA seen are joint pain, 
stiffness and limitation of movement. According to Fram-
ingham study, among the individuals aged above 45 years 
the prevalence of radiographic knee OA was 19.2%, and in 
those above 80 years, it is 43.7% [3]. In rural India the in-
cidence is 5.78% which is about 30% of all rheumatological 
problems. In India there is increased knee arthritis than 
western population [2]. There is secondary endemic OA in 
western Karnataka due to hereditary spondyloepiphyseal 
dysplasia (Handigodu disease) [2]. 
In individuals with knee OA, the joint has limited flexion 
and extension ROM (Range of motion). This is the result 
of pain, damaged articular cartilage, loss of extensibility of 
the capsule surrounding the joint and muscles acting over 
the joint [4]. Chondrocytes cells within the cartilage mal-
function during the pathogenesis of OA and this may likely 
affect the flexibility of hamstring muscles [4]. Flexibility is 
defined as ability of a muscle to lengthen and allow joint to 
move through a ROM. The flexibility degree of hamstrings 
and quadriceps group of muscles contribute to smooth 
and precise ambulatory pattern in knee joint. Hence the 
individual is predisposed to injuries and musculoskeletal 
dysfunction with inadequate flexibility [5].  Hence there is 
a strong speculation of knee OA with poor hamstring flex-
ibility [5].
Management of knee OA is mainly concentrated on re-
ducing pain, increasing joint ROM and improving exten-
sor muscle strength, neglecting ligamentous and muscu-
lar tightening which affects lower limbs function and gait 
[5]. The initial conservative management includes - Risk 
factor education of obesity, avoidance of ground level ac-
tivities, Non steroidal anti inflammatory drugs, Symptoms 
slow acting drugs for OA (SYSADOA), Intraarticular in-
jectionsof sodium hyaluronate [2]. The most surgical man-
agement done is total knee replacement in most advanced 
cases [2], physiotherapy management includes-Soft tissue 
manipulations, electrotherapy, and exercises [4].
The muscular tightness (or) protective muscle spasm de-
velops in the knee musculature in 1st and 2nd grade of knee 
osteoarthritis that is the extensors of knee joint quadriceps 
are prone to weakness where as the flexors of the knee joint 
hamstrings are subjected to tightness. There is little con-
centration on stretching the musculature and greater con-
centration are imposed in strengthening the musculature. 
Hence there is a need to stretch the musculature around 

the joint along with strengthening.
According to Ali Ghanbari, Nagarwal, Shanthi et al various 
stretching’s like PNF and Static stretching are incorporat-
ed on hamstring tightness in normal individuals and moist 
heat prior to stretching was given in some, studies [6,7.8]. 
But the effectiveness of PNF stretching i.e., Hold-Relax 
technique and Static stretching along with moist heat on 
hamstring tightness and pain in knee osteoarthritis indi-
viduals has not been evaluated. Hence the need of study 
is to concentrate on reducing pain, improving hamstring 
flexibility by PNF stretching and Static stretching along 
with application of moist heat in individuals with knee os-
teoarthritis.
The research question concentrates on whether a structur-
al stretching programme in early stages of OA benefits the 
OA individuals. Hence the aim of the study is comparing 
the effectiveness of Proprioceptive neuromuscular facilita-
tion (PNF) stretching versus Static stretching on pain and 
hamstring flexibility following moist heat in individuals 
with knee osteoarthritis. 
Determining the effects of PNF Hold relax and static 
stretching along with moist heat on pain and hamstring 
flexibility in knee osteoarthritis participants using VAS and 
Active knee extension range of motion (ROM) is the study 
objective.
METHODOLOGY
The materials used in the study are Wax therapy unit, Uni-
versal goniometer - 360⁰, Straps. The inclusion criteria is 
as follows age above 40 years, both genders, radiographic 
evidence of grade 1 and 2 in Kellegren and Lawrence cri-
teria for knee OA [9], unilateral involvement, ascend and 
descend at least a flight of stairs, voluntary participants and 
the subjects excluded are as follows Low back ache, Sciat-
ica, History of lower limb or spinal surgeries, Pathologies 
related to hip, knee and spine, Neurological disorders, Oth-
er musculoskeletal disorders associated with knee joint, 
IT band, adductor muscle and Sartorius muscle tightness, 
Non voluntary participants.
The study setting was in Department of Physiotherapy, 
SVIMS and BIRRD hospital, Tirupathi. The duration of 
study was 2 weeks and it is a Comparative study between 
two groups and the sampling is a Simple random sampling 
through which 30 subjects were taken and equally divided 
in to two experimental groups 15 in each group.
PROCEDURE
The subjects of study are selected randomly and assigned 
in to two experimental groups. The subjects were screened 
for inclusion and exclusion criteria after finding their sus-
ceptibility informed consent were taken. 30 subjects of 
males and females of age > 40 years are taken. Initially base 
line values of demographic details like Age, BMI, Sex, VAS 
and AKE – ROM was taken.
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STUDY ALGORITHM

In experimental group I the subjects are laid down prone 
and wax pads were applied to the hamstring muscles for 20 
minutes and laid down in supine with hip in 90⁰ of flexion. 
The therapist should extend the subject’s knee until a very 
mild stretching sensation is felt by subject in hamstring 
muscles. Then subject is asked to flex the knee against the 
resistance applied by hand of therapist. The subject is asked 
to use a force of around 50% of his maximal strength and an 
isometric form of contraction was gained in the hamstring 
muscles. The subject holds the contraction for 8 seconds 
and then the therapist command to relax the hamstring 
muscle. Immediately after the muscle relaxation the thera-
pist further stretches the hamstring muscles up to a point 
where the subject reported a mild to moderate stretching 
sensation without any pain and held for 30 seconds. The 
procedure is repeated 3 times in every session.PNF stretch-
ing was applied for 2 weeks, 3 sessions a week with one-day 
rest in between 2 sessions. Treatment was continued for 2 
successive weeks and hence every subject received 6 ses-
sions of treatment.
In experimental group II subjects were given moist heat 
prior to stretching to the hamstrings. The subject was made 
supine with 90⁰ of hip flexion. Then therapist passively ex-
tends the subjects knee until a mild to moderate stretching 
sensation was felt by patient without any pain and the po-
sition is held for 30 seconds and then the procedure is re-
peated 3 times with 10 seconds rest between stretches. The 
stretching is given alternatively 3 days a week for a period 
of 2 weeks.
STATISTICAL ANALYSIS AND RESULTS
Statistical analysis was done using the statistical software 
“EXCEL, SPSS 20.0” version. All 30 subjects received the 
2 weeks of treatment in alternate sessions. Post outcome 
measures of VAS, AKE-ROM was taken and analyzed.

Table 1: Pre and post values of pain (vas) and AKE-ROM 
in PNF - hold relax stretching along with moist heat 

group

PNF N Mean SD Std. 
Error df t- value p- 

value

VAS
Pre 90 5.27 0.859 0.090

89 10.844 0.000
Post 90 3.81 1.421 0.150

AKE- 
ROM

Pre 90 35.21 10.453 1.102
89 12.640 0.000

Post 90 43.83 11.805 1.244

Pre and post mean values of pain (VAS) shows reduction of 
pain from 5.27 ± 0.8 to 3.81±1.4 in PNF stretching group.  
Pre and post mean values of AKE-ROM shows significant 
improvement in ROM from 35.21 ± 10.4 to 43.83 ± 11.8 
within the group.
Table 2: Pre and post values of pain (vas) and AKE-ROM 

in static stretching along with moist heat group

Static N Mean SD Std. 
Error df t- 

value
p- 

value

VAS
Pre 90 6.00 0.636 0.067

89 5.366 0.000
Post 90 5.76 0.708 0.075

AKE- 
ROM

Pre 90 35.61 5.344 0.563
89 9.041 0.000

Post 90 38.11 5.882 0.620

Pre and post mean values of pain (VAS) of static group 
shows no significant reduction of pain from 6.00 ± 0.6 
to 5.76 ± 0.7 and pre and post mean values of AKE ROM 
showedsignificant improvement in ROM from 35.61 ± 5.3 
to 38.11 ± 5.8 within the group.
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Table3: Comparison between pain (VAS) and AKE-ROM 
of PNF stretching and static stretching group using differ-

ence of pre and post values using two sample t-test:

Group N Mean SD Std. 
Error Df t- 

value
p- 

value

VAS
PNF 90 1.46 1.273 0.134 109. 

233 8.544 0.000
Static 90 0.24 0.432 0.046

AKE- 
ROM

PNF 90 8.62 2.835 0.299
178 3.138 0.002

static 90 2.50 2.623 0.277

Pre and post mean values of pain (VAS) shows 1.46 ± 1.2 
in PNF group and 0.24 ± 0.4 in static group. As p<0.05 
there is significant difference between two groups basing 
on within difference.
Pre and post mean values of AKE-ROM shows mean value 
of 8.62 ± 2.8 in PNF group and 2.50 ± 2.6 in static group 
which shows a significant difference between two groups 
basing on within difference PNF group at p<0.00

 

The results determined that PNF stretching with moist 
heat shows significant improvement in pain (p<0.05) and 
improvement in AKE ROM (p<0.05) when compared with 
static stretching along with moist heat group.
DISCUSSION
A present study result shows subjects in experimental group 
I has significant reduction in pain and improvement in 
AKE-ROM when compared to experimental group II. Pain 
relief in group I was obtained because of PNF-Hold Relax 
stretching as PNF stretching causes relaxation of muscles 
by changes in flow of blood. The technique of Hold – relax 
improves motor activity that affects vascular function. The 
muscle activation increases the release of vasoactive sub-

stances resulting in vascular dilatation [10,11].  Resultant 
vascular dilatation causes the pain producing substance P 
to wash out and helps in reduction of pain. This finding 
is accordance to results of Ali Ghanbari who demonstrat-
ed significant improvement in pain after implementing a 
structured stretching programme [11]. The moist heat ap-
plication in the form of wax transmits heat energy to the 
tissues and this causes increase in local circulation to the 
area which in turn reduces pain [12]. Moist heat also has 
its direct effects on muscle extensibility [13]. This is in ac-
cordance with Dan Funk et al who indicated that there is a 
significant increase in hamstring flexibility by using moist 
heat packs in comparison with static stretching [14,15].  In 
static group even though there is application of moist heat 
the level of pain reduction is very minimal as there is de-
prived blood supply to the hamstrings after stretching.
Two groups were similar in their AKE-ROM before the 
stretching and after a structurised stretching programme 
group I had better improvement than group II in AKE-
ROM.Group I showed significant increase in AKE-ROM 
improved hamstring flexibility and decrease in pain with 
hold relax PNF stretching and moist heat. The primary lim-
iting factor of joint movement are muscle, fascia, capsule 
and tendon. So there is a need to concentrate on the muscle 
spindle and golgi tendon organ in the ability of muscles 
to lengthen in response to stretch, as well as the passive 
structures. The PNF Hold relax stretch address the passive 
components [16]. HOLD relax stretching has its effects on 
musculotendinous units function. The musculotendinous 
units gets lengthens or deforms as it is being stretched. But 
a single session of Hold relax stretching is not enough to 
deform tissues to produce a permanent change [17]. In our 
study there was an immediate increase in AKE-ROM after 
the Hold relax stretching every day as it facilitates the golgi 
tendon organs which in turn facilitates reflexive relaxation 
of the muscles. This is in accordance with Knott [18]. The 
effectiveness of stretching was not maintained until the 
next session but at end of the week on 5th or 6th session 
of stretching there is a maintenance of extensibility of the 
hamstring muscles as evident by AKE-ROM.
Group II subjects received static stretching.  A randomized 
controlled trial by Mandeep kaur showed static stretching 
causes plastic stretching which results in irreversible tissue 
elongation [19,20]. The stretching activity causes a neural 
inhibition of muscle group. Due to neural inhibition there 
is reduced reflex activity which in turn causes greater re-
laxation and decreased resistance to stretch [14].  A study 
by Reid DA on extensibility of hamstring muscles showed 
due to increase in the blood supply the AKE-ROM can 
be increased with static stretching in knee osteoarthritis 
individuals [21]. In our study the AKE-ROM of the stat-
ic stretch group showed a very minimal improvement in 
extensibility of the hamstring muscles. This is because the 
muscle extension due to static stretching decreases muscle 
blood flow because of two physical changes that is longitu-
dinal extension of blood vessels with in muscle extension 
and the increase of intramuscular pressure during stretch-
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ingwhich is in accordance with Alighanbari [22]. Due to 
lack of maintenance of extensibility of the musculature the 
AKE-ROM improvement is very minimal in static stretch-
ing group compared to PNF-Hold relax group which has 
an effective maintenance of extensibility of the musculature 
[23,24]. Along with this the pain reduction is also highest 
in PNF group than static group. This is due to decreased 
blood supply to hamstring muscles due to longitudinal ex-
tension of blood vessel within the muscle.
CONCLUSION
Subjects who underwent PNF Hold relax stretching along 
with moist heat showed significant improvement in ham-
string flexibility and reduction of pain at the end of 2 weeks 
when compared to subjects with static stretching along 
with moist heat. Therefore, application of PNF Hold relax 
along with moist heat can be considered beneficial in im-
provement of hamstring flexibility and reduction of pain in 
acute stage knee osteoarthritis individuals.
LIMITATIONS AND RECOMMENDATIONS:
LIMITATIONS
-	 Follow up of subjects after the study is not possible.
-	 Duration of study was short.
-	 Small sample size.
RECOMMENDATION
-	 Study can be conducted with large sample size.
-	 long duration studies are recommended with long fol-

low up period to access long term benefits
-	 Along with stretchings to maintain the flexibility of 

hamstrings the subjects can be adviced home stretch-
ing programme.
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