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Clinical Scenario: Stretching is applied for the purposes of injury prevention, increasing joint range of motion (ROM), and
increasing muscle extensibility. Many researchers have investigated various methods and techniques to determine the most
effective way to increase joint ROM and muscle extensibility. Despite the numerous studies conducted, controversy still
remains within clinical practice and the literature regarding the best methods and techniques for stretching. Focused Clinical
Question: Is proprioceptive neuromuscular facilitation (PNF) stretching more effective than static stretching for increasing
hamstring muscle extensibility through increased hip ROM or increased knee extension angle (KEA) in a physically active
population? Summary of Key Findings: Five studies met the inclusion criteria and were included. All 5 studies were
randomized control trials examining mobility of the hamstring group. The studies measured hamstring ROM in a variety of
ways. Three studies measured active KEA, 1 study measured passive KEA, and 1 study measured hip ROM via the single-leg
raise test. Of the 5 studies, 1 study found greater improvements using PNF over static stretching for increasing hip flexion, and
the remaining 4 studies found no significant difference between PNF stretching and static stretching in increasing muscle
extensibility, active KEA, or hip ROM. Clinical Bottom Line: PNF stretching was not demonstrated to be more effective at
increasing hamstring extensibility compared to static stretching. The literature reviewed suggests both are effective methods
for increasing hip-flexion ROM. Strength of Recommendation: Using level 2 evidence and higher, the results show both
static and PNF stretching effectively increase ROM; however, one does not appear to be more effective than the other.
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Clinical Scenario

Stretching exercises are commonly prescribed during warm-up and
cool-down protocols, strength and conditioning training programs,
and rehabilitation programs. Stretching is applied for the purposes
of injury prevention, increasing joint range of motion (ROM), and
increasing muscle extensibility.1 Two common methods of stretch-
ing in clinical practice are static stretching and proprioceptive
neuromuscular facilitation (PNF) stretching. It is generally
believed that PNF stretching will result in increased ROM com-
pared with static stretching due to increased inhibition of the
targeted muscle. Researchers have investigated both static and
PNF stretching techniques to determine the most effective way to
increase joint ROM by altering the extensibility properties of
muscle, but despite the numerous studies conducted, controversy
still remains within clinical practice and the literature regarding the
best methods and techniques for stretching. To add to the contro-
versy, synonymous terms describing ROMmeasurement are being
implemented but differ in their measurement techniques. In the
articles examined, the terms hip ROM, knee extension angle
(KEA), and hamstring extensibility were used synonymously to
describe the hip-flexion motion that was opposed by the hamstring
group. For the purpose of this article, the term hip-flexion ROM
will be used instead of the previously mentioned terms to merge the
multiple synonymous terms into one.

Focused Clinical Question

Is PNF stretching more effective than static stretching for
increasing hamstring muscle extensibility in a physically active
population?

Summary of Search (Best Evidence
Appraised and Key Findings)

• The literature was searched for level 2 evidence or higher and
a PEDro score of 5/10 or higher for articles that compared
PNF stretching with static stretching and their effects on
hamstring extensibility or hip-flexion ROM in a physically
active population.

• The initial literature search returned 11 possible studies related
to static versus PNF hamstring stretching; 5 studies met the
inclusion criteria and were included.

• One study measured hip ROM via the single-leg raise (SLR)
test.2

• Three studies measured active KEA.3–5 Two of those studies
used goniometry to measure ROM.3,5 The remaining study
used an inclinometer to measure ROM.4

• One study measured passive KEA with goniometry.6

• One study found greater improvements using PNF over static
stretching for increasing hip flexion.2

• Four studies found no significant difference between PNF
stretching and static stretching at increasing hip-flexion
ROM.3–6

Lempke is with the University of Georgia, Athens, GA. Wilkinson is with the Dept
of Sports Medicine, Union Medical Group Bone & Joint Center, Terre Haute, ID.
Murray is with the Dept of Sports Medicine, University of Houston, Houston, TX.
Stanek is with Illinois State University, Normal, IL. Lempke (lblempke@uga.edu) is
corresponding author.

289

Journal of Sport Rehabilitation, 2018, 27, 289-294
https://doi.org/10.1123/jsr.2016-0098
© 2018 Human Kinetics, Inc. CRITICALLY APPRAISED TOPIC

Unauthenticated | Downloaded 08/26/22 10:29 AM UTC

mailto:lblempke@uga.edu
mailto:lblempke@uga.edu
https://doi.org/10.1123/jsr.2016-0098


Clinical Bottom Line

The reviewed evidence suggests that PNF stretching is equivalent
to static stretching in regard to improving hip-flexion ROM. The
length of treatment varied greatly with only one study utilizing a
stretching protocol for a 4-week period.2 Of the 5 studies, 4
measured KEA, either actively or passively. Only one study found
self-PNF stretching to be more effective than static stretching for
hamstrings; however, different assessment protocols for hip ROM
were measured. More research must be conducted to make a
definitive and evidence-based decision about the best stretching
technique for increasing hamstring extensibility.

Strength of Recommendation

Using level 2 evidence and higher, the results show that static
stretching and PNF stretching both effectively increase hip-flexion
ROM; however, one does not appear to be more effective than
the other.

Search Strategy

Terms Used to Guide Search Strategy

• Patient/Client group: healthy and active individuals

• Intervention/Assessment: manual or assisted PNF hamstring
stretching

• Comparison: static hamstring stretching

• Outcome(s): increased hamstring extensibility

Sources of Evidence Searched (Databases)

• PubMed

• Ovid

• EBSCO

• Google Scholar

• ScienceDirect

Search Terms

• PNF versus static stretch

• PNF versus static hamstring

• PNF stretch hamstring

• PNF versus static hip

Limits Used

• Level 2 evidence or higher

• PEDro score of 5/10 or higher

• Research published in the past 15 years

Inclusion and Exclusion Criteria

Inclusion Criteria

• Studies were limited to humans

• Limited to English language

• Compared static hamstring stretching with any form of PNF
hamstring stretching

• Subjects were healthy and participated in some form of regular
physical activity

• Studies utilized a randomized control trial design

Exclusion Criteria

• Injured or previously injured population

• Comparison of PNF with static stretching of any other
muscle(s)

• Studies that did not specifically compare PNF stretching with
static stretching

Results of Search

A total of 5 relevant studies were located and categorized as shown
in Table 1 (based on levels of evidence7). All 4 examiners searched
the available literature.

Best Evidence

The studies listed in Table 2 were identified as best evidence and
selected for inclusion in this review. These articles were selected
because they were graded with a level of evidence of 2 or higher
and compared the effectiveness of PNF hamstring stretching with
static hamstring stretching by analyzing hamstring extensibility
through either hip ROM or increased KEA.

Summary of Best Evidence

Implications for Practice, Education, and Future
Research

All articles reviewed address the use of PNF stretching versus static
stretching for the purpose of increasing hip-flexion ROM. Overall,
the results from this critically appraised topic are inconclusive in
regard to indicating whether PNF stretching is more effective than
static stretching in increasing hip-flexion ROM. The reviewed
literature demonstrates that hip-flexion ROM will increase regard-
less if PNF or static stretching is utilized.

Stretching techniques are commonly used for the purpose of
increasing muscular extensibility and ROM. Additionally, stretch-
ing techniques can help prevent musculoskeletal injuries, reduce
muscular pain, improve muscular force capabilities, and subse-
quently improve activities of daily living or athletic performance.5,8

There are many types of stretching techniques, including dynamic,
static, ballistic, and PNF. Of those techniques, 2 commonly used
techniques are static stretching and PNF stretching.5

Table 1 Summary of Study Designs of Articles
Retrieved

Study design/
methodology of
articles retrieved Level

Number
located Author (year)

Randomized
control trial

2 5 Yıldırım et al2 (2016)
Lim et al5 (2014)
Feland et al6 (2001)
Funk et al4 (2003)
Puentedura et al3 (2001)

JSR Vol. 27, No. 3, 2018

290 Lempke et al

Unauthenticated | Downloaded 08/26/22 10:29 AM UTC



T
ab

le
2

C
h
ar
ac

te
ri
st
ic
s
o
f
In
cl
u
d
ed

S
tu
d
ie
s

S
tu
d
y
1

(Y
ıld

ır
ım

et
al
,2

20
16

)
S
tu
d
y
2

(L
im

et
al
,5

20
14

)
S
tu
d
y
3

(F
el
an

d
et

al
,6

20
01

)
S
tu
d
y
4

(F
u
n
k
et

al
,4

20
03

)
S
tu
d
y
5

(P
u
en

te
d
u
ra

et
al
,3

20
11

)

S
tu
dy

de
si
gn

R
an
do
m
iz
ed

co
nt
ro
l
tr
ia
l

R
an
do
m
iz
ed

co
nt
ro
l
tr
ia
l

R
an
do
m
iz
ed

co
nt
ro
l
tr
ia
l

R
an
do
m
iz
ed

co
nt
ro
l
tr
ia
l

R
an
do
m
iz
ed

co
nt
ro
l
tr
ia
l

P
ar
tic
ip
an
ts

O
ft
he

40
st
ud
en
ts
(1
7
m
al
es

an
d
9

fe
m
al
es
;m

ea
n
ag
e
=
21
.5

(1
.3
)
y;

m
ea
n
bo
dy

he
ig
ht
=
17
2.
8
(8
.2
)

cm
;a
nd

m
ea
n
bo
dy

m
as
s
in
de
x
=

21
.9

(3
.0
)
kg
·m

−
2
)
w
ith

bi
la
te
ra
l

ha
m
st
ri
ng

tig
ht
ne
ss
,
on
ly

26
co
m
pl
et
ed

th
e
st
ud
y
(5
2
lo
w
er

ex
tr
em

iti
es
).
E
xc
lu
si
on

cr
ite
ri
a:

>
70
°
of

hi
p
fl
ex
io
n,

hi
st
or
y
of

ha
m
st
ri
ng

in
ju
ry
,
an
d/
or

cu
rr
en
t

m
us
cu
lo
sk
el
et
al

pa
in
.

A
to
ta
l
of

48
m
al
es

(m
ea
n
ag
e
=

22
.3
8
(2
.3
1)

y;
m
ea
n
he
ig
ht
=

17
3.
63

(3
.5
9)

cm
;
an
d
m
ea
n

w
ei
gh
t=

68
.5
0
(9
.1
5)

kg
)

pa
rt
ic
ip
at
ed

in
th
is
st
ud
y.

In
cl
us
io
n
cr
ite
ri
a:

re
du
ce
d

ha
m
st
ri
ng

ex
te
ns
ib
ili
ty

of
20
°

fo
un
d
du
ri
ng

th
e
ac
tiv

e
kn
ee

ex
te
ns
io
n
te
st
.
E
xc
lu
si
on

cr
ite
ri
a:

hi
st
or
y
of

in
ju
ry

th
at

co
ul
d
al
te
r

ha
m
st
ri
ng

m
us
cl
e
ex
te
ns
ib
ili
ty

(e
g,

he
rn
ia
te
d
di
sk
,
lig

am
en
t

da
m
ag
e,
m
us
cl
e
da
m
ag
e)
,h

is
to
ry

of
ne
ur
om

us
cu
la
r
su
rg
er
y
w
ith

in
th
e
la
st
5
y,
or

en
ga
ge

in
fl
ex
ib
ili
ty

tr
ai
ni
ng
.

A
to
ta
l
of

97
su
bj
ec
ts
(6
6
m
al
es

an
d
31

fe
m
al
es
;m

ea
n
ag
e
=
65

y)
vo
lu
nt
ee
re
d
at

th
e
H
un
ts
m
an

W
or
ld

S
en
io
r
G
am

es
.
S
ub
je
ct
s

w
er
e
ex
cl
ud
ed

if
th
ey

ha
d
re
ce
nt
ly

co
m
pl
et
ed

an
ac
tiv

e
w
ar
m
-u
p,

pa
rt
ic
ip
at
ed

in
sp
or
tin

g
ac
tiv

iti
es

ea
rl
ie
r,
w
er
e
ex
pe
ri
en
ci
ng

si
gn
s

or
sy
m
pt
om

s
of

de
la
ye
d
on
se
t

m
us
cl
e
so
re
ne
ss

(D
O
M
S
),
or

ha
d

so
re
ne
ss

fr
om

pr
ev
io
us

in
ju
ry
.

A
to
ta
l
of

40
di
vi
si
on

I
co
lle
ge

at
hl
et
es

(2
0
m
al
es

an
d
20

fe
m
al
es
;

m
ea
n
ag
e
=
19
.7
(1
.4
)y

an
d
m
ea
n

w
ei
gh
t=

72
.5

(1
3.
4)

kg
)

pa
rt
ic
ip
at
ed

in
th
is
st
ud
y.
S
ub
je
ct
s

pa
rt
ic
ip
at
ed

in
3
sp
or
ts
:
20

su
bj
ec
ts
in
ba
se
ba
ll,
13

su
bj
ec
ts
in

fi
el
d
ho
ck
ey
,
an
d
7
su
bj
ec
ts
in

ro
w
in
g.
N
o
in
cl
us
io
n
or

ex
cl
us
io
n

cr
ite
ri
a
w
er
e
an
no
ta
te
d.

A
to
ta
lo

f
30

su
bj
ec
ts
(1
7
m
al
es

an
d
13

fe
m
al
es
;
m
ea
n
ag
e
=
25
.7

(3
.0
)
y)

w
ho

w
er
e
al
so

st
ud
en
ts
an
d
fa
cu
lty

fr
om

a
un
iv
er
si
ty

pa
rt
ic
ip
at
ed

in
th
is
st
ud
y.

E
xc
lu
si
on

cr
ite
ri
a:

po
ss
ib
le

pr
eg
na
nc
y,

ha
m
st
ri
ng

in
ju
ry

w
ith

in
th
e
pa
st
ye
ar
,

ex
ce
ed
in
g
80
°
in

in
iti
al

ac
tiv

e
kn
ee

ex
te
ns
io
n
te
st
,
an
d/
or

pa
rt
ic
ip
at
io
n
in

sp
or
ts
th
at

re
qu
ir
ed

re
gu
la
r
ha
m
st
ri
ng

st
re
tc
hi
ng
.
N
o
su
bj
ec
ts
w
er
e
ex
cl
ud
ed
.

In
te
rv
en
tio

n
in
ve
st
ig
at
ed

S
ub
je
ct
s
w
er
e
ra
nd
om

ly
al
lo
ca
te
d

to
on
e
of

4
gr
ou
ps
:
(1
)
S
S
(1
0

re
pe
tit
io
ns

fo
r
30

s)
,(
2)

se
lf
-P
N
F

st
re
tc
hi
ng

(c
on
ta
ct

fo
r
10

s
an
d

re
la
xe
d
fo
r
10

s)
,
(3
)
M
ul
lig

an
tr
ac
tio

n
st
ra
ig
ht

le
g
ra
is
e

te
ch
ni
qu
e
(3

re
pe
tit
io
ns
),
or

(4
)n

o
in
te
rv
en
tio

n.
S
L
R
te
st
s
w
er
e
us
ed

to
as
se
ss

hi
p-
fl
ex
io
n
R
O
M
.

H
am

st
ri
ng
s
w
er
e
co
nc
lu
de
d
to

be
hy
po
m
ob

ile
if
th
ei
r
S
L
R
w
as

≤
70
°.
A
ll
in
te
rv
en
tio

ns
an
d
te
st
s

w
er
e
pe
rf
or
m
ed

bi
la
te
ra
lly

.
T
he

in
te
rv
en
tio

n
gr
ou
ps

w
er
e

su
pe
rv
is
ed

du
ri
ng

in
te
rv
en
tio

ns
.

A
ll
st
re
tc
hi
ng

in
te
rv
en
tio

ns
w
er
e

pe
rf
or
m
ed

on
ce

a
da
y,
3
d
a
w
ee
k

fo
r
4
w
k.

S
ub
je
ct
s
w
er
e
su
pi
ne

w
he
n
th
e
re
se
ar
ch
er

pa
ss
iv
el
y

fl
ex
ed

th
e
hi
p
jo
in
tw

hi
le
th
e
kn
ee

w
as

fu
lly

ex
te
nd
ed

to
th
e
en
d

po
in
t
w
he
re

fi
rm

re
si
st
an
ce

w
as

fe
lt
in

th
e
ha
m
st
ri
ng

m
us
cl
e

gr
ou
p.

A
no
th
er

re
se
ar
ch
er

m
ea
su
re
d
th
e
hi
p-
fl
ex
io
n
an
gl
e

w
ith

a
di
gi
ta
l
go
ni
om

et
er
,
an
d
it

w
as

m
ea
su
re
d
an
d
re
pe
at
ed

3
tim

es
fo
r
ea
ch

lim
b
w
ith

av
er
ag
e

va
lu
e
re
co
rd
ed
.

S
ub
je
ct
s
w
er
e
ra
nd
om

ly
al
lo
ca
te
d

to
on
e
of

3
gr
ou
ps
:
(1
)
st
at
ic

st
re
tc
h
gr
ou
p
(1

re
pe
tit
io
n
fo
r

30
s)
,(
2)

P
N
F
ho
ld
-r
el
ax

gr
ou
p
(3

re
pe
tit
io
ns

of
ha
m
st
ri
ng

is
om

et
ri
c

co
nt
ra
ct
io
ns

fo
r
6
s
fo
llo

w
ed

by
re
la
xa
tio

n
fo
r
5
s)
,
or

(3
)
co
nt
ro
l

gr
ou
p.

A
ll
in
te
rv
en
tio

ns
w
er
e

ap
pl
ie
d
to

th
e
ha
m
st
ri
ng
s
on
ce
.

S
ub
je
ct
s
w
er
e
po
si
tio

ne
d
su
pi
ne

on
a
tr
ea
tm

en
t
ta
bl
e
w
ith

th
e

no
nt
es
te
d
th
ig
h
an
d
pe
lv
is

at
ta
ch
ed

to
th
e
ta
bl
e
w
ith

ve
lc
ro
.

A
ct
iv
e
kn
ee

ex
te
ns
io
n
te
st
w
as

ap
pl
ie
d
fr
om

th
is
po
si
tio

n
an
d

us
es

to
as
se
ss

ha
m
st
ri
ng

ex
te
ns
ib
ili
ty
.H

am
st
ri
ng

m
ax
im

al
vo
lu
nt
ar
y
co
nt
ra
ct
io
ns

w
er
e

as
se
ss
ed

in
a
pr
on
e
po
si
tio

n
in
30
°

of
kn
ee

fl
ex
io
n
w
ith

th
e
an
kl
e

fi
xe
d
in

pl
ac
e
be
fo
re

an
d
af
te
r

st
re
tc
hi
ng

in
te
rv
en
tio

ns
.
P
os
tu
ra
l

ba
la
nc
e
w
as

as
se
ss
ed

vi
a
do
ub
le
-

lim
b
ba
la
nc
e
on

a
fo
rc
e
pl
at
e
w
ith

th
e
su
bj
ec
ts
de
te
rm

in
in
g
th
ei
r

co
m
fo
rt
ab
le

st
an
ce

w
id
th

an
d

ar
m
s
pl
ac
ed

by
th
ei
r
si
de
s
be
fo
re

an
d
af
te
r
st
re
tc
hi
ng

in
te
rv
en
tio

ns
.

A
36
0˚

st
ai
nl
es
s
st
ee
lg
on
io
m
et
er
,

su
rf
ac
e
E
M
G
,
an
d
a
fo
rc
e

m
ea
su
ri
ng

pl
at
e
w
er
e
us
ed

to
co
lle
ct

m
ea
su
re
m
en
ts
.

S
ub
je
ct
s
w
er
e
ra
nd
om

ly
as
si
gn
ed

to
on
e
of

3
gr
ou
ps
:
(1
)
co
nt
ra
ct
-

re
la
x
P
N
F
st
re
tc
hi
ng

(2
re
pe
tit
io
ns

of
10

s
of

st
re
tc
hi
ng

an
d
6
s
of

hi
p
ex
te
ns
io
n

co
nt
ra
ct
io
n;

to
ta
l
tim

e
of

32
s)
,

(2
)
S
S
(1

re
pe
tit
io
n
of

32
s)
,
or

(3
)
co
nt
ro
l
gr
ou
p.

S
ub
je
ct
s

pe
rf
or
m
ed

4
to
e
to
uc
h
st
re
tc
he
s
to

de
cr
ea
se

th
e
vi
sc
oe
la
st
ic

be
ha
vi
or
.
A
ll
gr
ou
ps

w
er
e

m
ea
su
re
d
pr
et
es
t
an
d
po
st
te
st

us
in
g
a
go
ni
om

et
er

(s
ta
ye
d
in

pl
ac
e
fr
om

pr
et
es
t
to

po
st
te
st

m
ea
su
re
m
en
ts
).
K
ne
e
ex
te
ns
io
n

R
O
M

w
as

m
ea
su
re
d
w
ith

th
e

pa
tie
nt

su
pi
ne

on
a
tr
ea
tm

en
t

ta
bl
e,

no
nt
es
t
le
g
pa
ra
lle
l
an
d
in

co
nt
ac
t
w
ith

a
ba
r
on

th
e
ta
bl
e.

H
ip

w
as

fl
ex
ed

to
90
°–
10
0°

to
en
su
re

ha
m
st
ri
ng

tig
ht
ne
ss
,
an
d

th
en
,t
he

kn
ee

ex
te
nd
ed

un
til

m
ild

di
sc
om

fo
rt
w
as

fe
lt
fo
r
bo
th

in
te
rv
en
tio

ns
.

S
ub
je
ct
s
ha
d
ba
se
lin

e
ha
m
st
ri
ng

m
ob
ili
ty

as
se
ss
ed
.
P
ar
tic
ip
an
ts

w
er
e
ra
nd
om

ly
as
si
gn
ed

fo
llo

w
in
g
ba
se
lin

e
as
se
ss
m
en
t
to

ei
th
er

5
m
in

of
P
N
F
or

S
S
.
T
w
o

ad
di
tio

na
lv
ar
ia
bl
es

w
er
e
as
se
ss
ed

by
ei
th
er

5
m
in

fo
llo

w
in
g

st
re
tc
hi
ng

w
ith

ou
t
ex
er
ci
se

or
5
m
in

fo
llo

w
in
g
st
re
tc
hi
ng

pe
rf
or
m
ed

af
te
r
a
60
-m

in
co
nd
iti
on
in
g
pr
og
ra
m
.
T
he

pr
og
ra
m

co
ns
is
te
d
of

10
m
in

of
cy
cl
in
g
ex
er
ci
se

pe
rf
or
m
ed

be
fo
re

an
d
af
te
r
an

up
pe
r-
bo
dy

ex
er
ci
se

pr
og
ra
m

co
ns
is
tin

g
of

w
ei
gh
tli
ft
in
g.

W
ith

in
7
d,

th
e

pr
oc
ed
ur
e
w
as

re
pe
at
ed

w
ith

P
N
F

an
d
S
S
cr
os
se
d
ov
er
.

H
am

st
ri
ng

m
ob
ili
ty

w
as

as
se
ss
ed

vi
a
th
e
ac
tiv

e
kn
ee

ex
te
ns
io
n
te
st
.

S
ub
je
ct
s
w
er
e
su
pi
ne

on
a
ta
bl
e,

an
d
th
e
kn
ee

an
d
hi
p
w
er
e
bo
th

pl
ac
ed

in
to

90
°
of

fl
ex
io
n
w
ith

.
S
ub
je
ct
s
w
er
e
as
ke
d
to

ac
tiv

el
y

ex
te
nd

th
e
kn
ee

as
fa
r
as

po
ss
ib
le

S
ub
je
ct
s
w
er
e
ra
nd
om

ly
as
si
gn
ed

in
to

on
e
of

2
gr
ou
ps
:(
1)

S
S
(2

re
pe
tit
io
ns

of
30

s)
or

(2
)
H
R
-P
N
F
st
re
tc
hi
ng

(4
re
pe
tit
io
ns

of
10

s
m
ax
im

al
is
om

et
ri
c

co
nt
ra
ct
io
n
fo
llo

w
ed

by
10

s
pa
ss
iv
e

st
re
tc
h)
.L

ef
tl
eg

of
su
bj
ec
ts
se
rv
ed

as
a

co
nt
ro
l
fo
r
in
te
rv
en
tio

ns
.
B
ot
h

in
te
rv
en
tio

ns
re
su
lte
d
in

80
s
of

in
te
rv
en
tio

n
tim

es
.
S
ub
je
ct
ed

w
ar
m
ed

up
fo
r5

m
in
m
ai
nt
ai
ni
ng

a
se
tr
es
is
ta
nc
e

si
m
ila
r
fo
r
al
l
su
bj
ec
ts
to

en
su
re

co
ns
is
te
nc
y
be
tw
ee
n
su
bj
ec
ts
.
S
ub
je
ct
s

w
er
e
su
pi
ne

on
a
tr
ea
tm

en
t
ta
bl
e

se
cu
re
d
un
de
rn
ea
th
a
pu
lle
y
sy
st
em

th
at

pu
lle
d
a
ny
lo
n
ro
pe

at
ta
ch
ed

to
th
e

su
bj
ec
t’
s
an
kl
e
vi
a
a
la
ce
d
an
kl
e
br
ac
e

th
at

al
so

ke
pt

th
e
an
kl
e
an
d
fo
ot

in
a

ne
ut
ra
l
po
si
tio

n.
S
tr
et
ch
in
g
fo
rc
e
w
as

pe
rp
en
di
cu
la
r
to

th
e
lo
w
er

le
g,

an
d

st
re
tc
hi
ng

fo
rc
e
w
as

ap
pl
ie
d
vi
a
fr
ee

w
ei
gh
ts
at
ta
ch
ed

to
an
ot
he
r
pu
lle
y.

T
or
qu
e
w
as

st
an
da
rd
iz
ed

to
5%

of
ea
ch

su
bj
ec
t’
s
bo
dy

m
as
s,
w
hi
ch

re
su
lte
d
in

va
ry
in
g
fr
ee

w
ei
gh
t
to

be
ap
pl
ie
d
fo
r

ea
ch

su
bj
ec
t’
s
in
te
rv
en
tio

n.
S
tr
et
ch
in
g

in
st
ru
ct
io
ns

w
er
e
gi
ve
n
to

th
e
su
bj
ec
t

th
ro
ug
h
sp
ec
ifi
ed

ve
rb
al

co
m
m
un
ic
at
io
n,

an
d
du
ra
tio

ns
w
er
e

m
on
ito

re
d
us
in
g
a
st
op
w
at
ch
.
A
ct
iv
e

kn
ee

ex
te
ns
io
n
te
st
w
as

m
ea
su
re
d
us
in
g

a
di
gi
ta
li
nc
lin

om
et
er

(o
ve
r
an
te
ri
or

le
g

on
tib

ia
l
tu
be
ro
si
ty
)
3
tim

es
on

th
e

co
nt
ro
ll
eg

fi
rs
ta
nd

th
en

re
pe
at
ed

on
th
e

su
bj
ec
t’
s
te
st
le
g.

(c
on
tin

ue
d)

JSR Vol. 27, No. 3, 2018 291
Unauthenticated | Downloaded 08/26/22 10:29 AM UTC



T
ab

le
2

(c
o
n
ti
n
u
ed

)

S
tu
d
y
1

(Y
ıld

ır
ım

et
al
,2

20
16

)
S
tu
d
y
2

(L
im

et
al
,5

20
14

)
S
tu
d
y
3

(F
el
an

d
et

al
,6

20
01

)
S
tu
d
y
4

(F
u
n
k
et

al
,4

20
03

)
S
tu
d
y
5

(P
u
en

te
d
u
ra

et
al
,3

20
11

)

O
ut
co
m
e

m
ea
su
re
(s
)

O
ut
co
m
e
m
ea
su
re

w
as

hi
p-

fl
ex
io
n
R
O
M

an
d
w
as

as
se
ss
ed

vi
a
pa
ss
iv
e
S
L
R
te
st
.

O
ut
co
m
e
m
ea
su
re
s
in
cl
ud
ed

ac
tiv

e
kn
ee

ex
te
ns
io
n
an
gl
e,

m
us
cl
e
ac
tiv

at
io
n
du
ri
ng

m
ax
im

um
vo
lu
nt
ar
y
is
om

et
ri
c

co
nt
ra
ct
io
n,

an
d
st
at
ic

ba
la
nc
e.

O
ut
co
m
e
m
ea
su
re

w
as

pa
ss
iv
e

kn
ee

ex
te
ns
io
n
an
gl
e.

O
ut
co
m
e
m
ea
su
re

w
as

ha
m
st
ri
ng

fl
ex
ib
ili
ty

vi
a
th
e
ac
tiv

e
kn
ee

ex
te
ns
io
n
te
st
.

O
ut
co
m
e
m
ea
su
re
s
in
cl
ud
ed

th
e
ac
tiv

e
kn
ee

ex
te
ns
io
n
te
st
an
gl
es

at
pr
em

ea
su
re
m
en
ta
nd

po
st
m
ea
su
re
m
en
t.

M
ai
n

fi
nd
in
gs

N
o
di
ff
er
en
ce
s
be
tw
ee
n
gr
ou
ps

w
er
e
fo
un
d
fo
r
ag
e,

bo
dy

m
as
s

in
de
x,

an
d
in
iti
al

hi
p-
fl
ex
io
n

R
O
M
.
A

si
gn
ifi
ca
nt

in
cr
ea
se

in
hi
p-
fl
ex
io
n
R
O
M

w
as

fo
un
d
in
al
l

in
te
rv
en
tio

n
gr
ou
ps

af
te
r
a
4-
w
k

pe
ri
od

(P
<
.0
5)
.
R
es
ul
ts

de
m
on
st
ra
te
d
a
si
gn
ifi
ca
nt

in
cr
ea
se

in
hi
p-
fl
ex
io
n
R
O
M

in
bo
th

th
e
M
ul
lig

an
T
S
L
R

te
ch
ni
qu
e
an
d
P
N
F
st
re
tc
hi
ng

gr
ou
ps

co
m
pa
re
d
w
ith

S
S
(P

=
.0
2

an
d
P
=
.0
2)
.
N
o
si
gn
ifi
ca
nt

di
ff
er
en
ce

w
as

fo
un
d
be
tw
ee
n

M
ul
lig

an
T
S
L
R
te
ch
ni
qu
e
an
d

P
N
F
st
re
tc
hi
ng

gr
ou
ps

(P
=
.9
2)
.

A
si
gn
ifi
ca
nt

di
ff
er
en
ce

w
as

fo
un
d
in

ac
tiv

e
kn
ee

ex
te
ns
io
n

R
O
M

af
te
rt
he

ap
pl
ic
at
io
n
of

bo
th

st
re
tc
hi
ng

in
te
rv
en
tio

ns
(P

<
.0
5)
.

B
ot
h
in
te
rv
en
tio

n
gr
ou
ps

sh
ow

ed
si
gn
ifi
ca
nt

in
cr
ea
se
s
in

kn
ee

ex
te
ns
io
n
R
O
M

co
m
pa
re
d
w
ith

th
e
co
nt
ro
l
gr
ou
p
(P

<
.0
5)
.
N
o

si
gn
ifi
ca
nt

di
ff
er
en
ce

w
as

fo
un
d

be
tw
ee
n
S
S
an
d
P
N
F
ho
ld
-r
el
ax

st
re
tc
hi
ng
.
T
he

co
nt
ro
l
gr
ou
p

sh
ow

ed
no

si
gn
ifi
ca
nt

di
ff
er
en
ce

in
kn
ee

ex
te
ns
io
n
R
O
M
.M

ax
im

al
vo
lu
nt
ar
y
is
om

et
ri
c
co
nt
ra
ct
io
n

si
gn
ifi
ca
nt
ly

in
cr
ea
se
d
on
ly

in
th
e

S
S
gr
ou

p
af
te
r
th
e
st
re
tc
hi
ng

(P
<
.0
5)
.
S
ta
tic

ba
la
nc
e
sh
ow

ed
no

si
gn
ifi
ca
nt

di
ff
er
en
ce

be
tw
ee
n

st
re
tc
hi
ng

te
ch
ni
qu
es

in
an
y
of

th
e

gr
ou
ps
.

W
ilc
ox
on

si
gn
ed
-r
an
k
te
st
s

sh
ow

ed
m
ed
ia
n
di
ff
er
en
ce

in
sc
or
es

be
tw
ee
n
pr
et
es
t
an
d

po
st
te
st
w
er
e
si
gn
ifi
ca
nt
ly

di
ff
er
en
t
in

al
l
3
gr
ou
ps
.
A

st
at
is
tic
al

di
ff
er
en
ce

fr
om

pr
et
es
t

to
po
st
te
st
w
as

fo
un
d
be
tw
ee
n
th
e

co
nt
ro
l
gr
ou
p
an
d
th
e
C
R
-P
N
F

gr
ou
p
(P

<
.0
01
),
an
d
th
e
co
nt
ro
l

gr
ou
p
an
d
th
e
st
at
ic

gr
ou
p

(P
<
.0
01
).
N
o
di
ff
er
en
ce
s
w
er
e

fo
un
d
be
tw
ee
n
th
e
C
R
-P
N
F
an
d

st
at
ic

tr
ea
tm

en
t
gr
ou
ps

(P
=
.1
5)
.

R
es
ul
ts
di
d
no
t
ch
an
ge

af
te
r

ac
co
un
tin

g
fo
r
ag
e.

M
ed
ia
n

di
ff
er
en
ce
s
be
tw
ee
n
bo
th

in
te
rv
en
tio

n
gr
ou
ps

w
er
e

si
gn
ifi
ca
nt

fo
r
m
en
,
bu
t
no
t
fo
r

w
om

en
,a
nd

fo
rt
ho
se

ag
ed

<
65

y,
bu
t
no
t
fo
r
th
os
e
ag
ed

>
65

y.

A
si
gn
ifi
ca
nt

gr
ou
p
by

tim
e

in
te
ra
ct
io
n
(P

=
.0
5)

w
as

fo
un
d

du
e
to

in
cr
ea
se
d
ha
m
st
ri
ng

fl
ex
ib
ili
ty

ac
hi
ev
ed

w
ith

P
N
F

fr
om

th
e
ba
se
lin

e
m
ea
su
re

to
th
e

60
-m

in
po
st
ex
er
ci
se

m
ea
su
re
.

P
os
t
ho
c
an
al
ys
is
re
su
lte
d
in

no
si
gn
ifi
ca
nt

di
ff
er
en
ce
s
be
tw
ee
n

st
at
ic
an
d
P
N
F
at
an
y
tim

e
po
in
ts
.

H
am

st
ri
ng

fl
ex
ib
ili
ty

sh
ow

ed
si
gn
ifi
ca
nt
in
cr
ea
se
s
af
te
re
xe
rc
is
e

fo
rt
he

P
N
F
in
te
rv
en
tio

n
(P

=
.0
5)

co
m
pa
re
d
w
ith

no
ex
er
ci
se

or
ba
se
lin

e.
N
o
di
ff
er
en
ce
s
w
er
e

fo
un
d
w
ith

in
th
e
S
S
gr
ou
p
ac
ro
ss

tim
e.

N
o
or
de
r
ef
fe
ct

am
on
g

co
nd
iti
on
s
w
er
e
fo
un
d,

an
d
no

di
ff
er
en
ce
s
be
tw
ee
n
P
N
F
an
d
S
S

co
nd
iti
on
s
w
er
e
ob
se
rv
ed
.

N
o
si
gn
ifi
ca
nt

di
ff
er
en
ce

w
as

fo
un
d

am
on
g
th
e
gr
ou
ps

be
fo
re

tr
ea
tm

en
t

(P
=
.1
2)
;
ho
w
ev
er
,
a
si
gn
ifi
ca
nt

di
ff
er
en
ce

af
te
r
th
e
tr
ea
tm

en
t
w
as

pr
es
en
t
(P

<
.0
01
).
P
ai
rw

is
e

co
m
pa
ri
so
ns

re
su
lte
d
in

a
si
gn
ifi
ca
nt

di
ff
er
en
ce

be
tw
ee
n
H
R
-P
N
F
an
d

co
nt
ro
l
gr
ou
ps

(P
<
.0
01
)
an
d
be
tw
ee
n

S
S
an
d
co
nt
ro
l
gr
ou
ps

(P
=
.0
1)
.
N
o

di
ff
er
en
ce

w
as

fo
un
d
be
tw
ee
n
th
e
2

st
re
tc
hi
ng

co
nd
iti
on
s
(P

=
.7
8)
.
B
ot
h

st
re
tc
hi
ng

co
nd
iti
on
s
in
cr
ea
se
d
ac
tiv

e
kn
ee

ex
te
ns
io
n
an
gl
e
si
gn
ifi
ca
nt
ly

ov
er

tim
e
(P

<
.0
01
).

L
ev
el

of
ev
id
en
ce

2
2

2
2

2

V
al
id
ity

sc
or
e

P
E
D
ro

sc
or
e:

5/
10

P
E
D
ro

sc
or
e:

5/
10

P
E
D
ro

sc
or
e:

6/
10

P
E
D
ro

sc
or
e:

6/
10

P
E
D
ro

sc
or
e:

7/
10

C
on
cl
us
io
n

A
4-
w
k
st
re
tc
hi
ng

in
te
rv
en
tio

n
is

be
ne
fi
ci
al

fo
r
in
cr
ea
si
ng

hi
p-

fl
ex
io
n
R
O
M

in
bi
la
te
ra
l

ha
m
st
ri
ng

tig
ht
ne
ss
;
ho
w
ev
er
,

P
N
F
st
re
tc
hi
ng

an
d
M
ul
lig

an
T
S
L
R
te
ch
ni
qu
e
sh
ow

no
di
ff
er
en
ce
s.

A
pp
lic
at
io
n
of

ei
th
er

S
S
or

P
N
F

st
re
tc
hi
ng

is
ef
fe
ct
iv
e
at

in
cr
ea
si
ng

m
us
cl
e
ex
te
ns
ib
ili
ty

w
ith

ou
t
re
du
ci
ng

m
us
cl
e
ac
tiv

ity
or

po
st
ur
al

st
ab
ili
ty
.
S
S
an
d
P
N
F

st
re
tc
hi
ng

de
m
on
st
ra
te
d
no

si
gn
ifi
ca
nt

di
ff
er
en
ce
s.

N
o
di
ff
er
en
ce
s
in

ha
m
st
ri
ng

fl
ex
ib
ili
ty

w
er
e
fo
un
d
be
tw
ee
n

in
te
rv
en
tio

ns
as

a
to
ta
l
co
ho
rt
.

M
en

m
ay

re
sp
on
d
di
ff
er
en
tly

to
st
re
tc
hi
ng

te
ch
ni
qu
es

co
m
pa
re
d

w
ith

w
om

en
,
an
d
th
os
e

in
di
vi
du
al
s
ol
de
r
th
an

65
y
m
ay

fi
nd

di
ff
er
en
ce
s
be
tw
ee
n

te
ch
ni
qu
es

as
w
el
l.

F
in
di
ng
s
su
gg
es
t
th
at

P
N
F

st
re
tc
hi
ng

an
d
ex
er
ci
se

m
ay

be
m
or
e
ef
fe
ct
iv
e
in

in
cr
ea
si
ng

ha
m
st
ri
ng

fl
ex
ib
ili
ty

co
m
pa
re
d

w
ith

ju
st
P
N
F
w
ith

ou
te
xe
rc
is
e
or

S
S
ov
er
al
l.

R
es
ul
ts
de
m
on
st
ra
te

no
be
ne
fi
t
of

S
S

ov
er

H
R
-P
N
F
at

in
cr
ea
si
ng

ha
m
st
ri
ng

fl
ex
ib
ili
ty
.
B
ot
h
in
te
rv
en
tio

ns
de
m
on
st
ra
te
d
si
m
ila
r
in
cr
ea
se
d
ch
an
ge
s

in
ha
m
st
ri
ng

fl
ex
ib
ili
ty
.

A
bb
re
vi
at
io
ns
:C

R
-P
N
F
,c
on
tr
ac
t-
re
la
x
P
N
F
;E

M
G
,e
le
ct
ro
m
yo
gr
ap
hy
;H

R
-P
N
F
,h
ol
d-
re
la
x
P
N
F
;T

S
L
R
,t
ra
ct
io
n
st
ra
ig
ht
le
g
ra
is
e;
P
E
D
ro
,P

hy
si
ot
he
ra
py

E
vi
de
nc
e
D
at
ab
as
e;
P
N
F
,p
ro
pr
io
ce
pt
iv
e
ne
ur
om

us
cu
la
rf
ac
ili
ta
tio

n;
R
O
M
,

ra
ng
e
of

m
ot
io
n;

S
L
R
,
si
ng
le

le
g
ra
is
e;

S
S
,
st
at
ic

st
re
tc
hi
ng
.

292 JSR Vol. 27, No. 3, 2018
Unauthenticated | Downloaded 08/26/22 10:29 AM UTC



The static stretching technique is a widely used method that
extends the muscle length by autogenic inhibition exciting the
Golgi tendon organ.5 This technique involves passively stretching a
given antagonist muscle by placing it in a maximal position of
stretch and holding it there for an extended time period.5,8 Re-
commendations for the optimal time for holding this stretched
position typically indicate that a 30-second hold time repeated 3 to
4 times will provide the most beneficial results.8 This type of
stretching technique is considered much safer for sedentary or
untrained individuals.8

However, the resistance to musculotendinous stretching
involves not only the viscoelastic properties of muscle and con-
nective tissue but also the neurological reflex and voluntary
components of muscular contraction.5 Therefore, PNF stretching
techniques are used to increase joint ROM by performing voluntary
muscle contraction and promoting muscle relaxation to reduce the
reflexive components that cause muscle contraction.9 PNF tech-
niques were first used for treating patients who had various
neuromuscular paralyses but are now widely used as a stretching
technique for increasing flexibility.9 There are a number of differ-
ent PNF techniques that are used for stretching, including slow-
reversal-hold-relax, contract-relax, and hold-relax techniques.5,8,9

All involve some combination of alternating contraction and
relaxation of both agonist and antagonist muscles. It is recom-
mended that a 10-second active push phase followed by a 10-
second passive relax phase repeated 3 times be used for optimal
results.9,10

Theoretically, PNF stretching techniques should be superior
to static stretching techniques because they activate not only the
muscle fibers but also the sensory receptors within the agonist and
antagonist muscle as well.5 However, our review of the literature
within the last 15 years contests the ideology that PNF is superior
regarding stretching; specifically, of the hamstring group to in-
crease hip-flexion ROM. Out of the 5 studies used in our critically
appraised topic, 4 suggest there are no differences in using static
stretching or PNF stretching to increase muscular flexibility of the
hamstring muscle group.2–4,6

When comparing the studies used in this critically appraised
topic, 3 studies used hold-relax PNF stretching techniques,3–5

1 study used contract-relax PNF stretching techniques,6 and the
last study used a self-PNF hold-relax stretching technique moni-
tored by an investigator.2 The studies examined participants from
19 to 79 years old,2–6 and 3 studies used an exercise warm-up.2–4

Four studies measured extensibility by knee extension3–6 compared
with 1 study that used hip ROM as its measure.2 Three studies
included a control group compared with a static stretching group
and a PNF stretching group.3,5,6

The hamstring muscle group is a multijoint muscle, which is
most frequently damaged in the human body.3 Stretching techni-
ques are a treatment that is commonly applied to this muscle group
to prevent injury and promote function postinjury. While this
critically appraised topic came to an inconclusive conclusion in
regard to which stretching technique is the most effective in
improving hamstring muscle ROM, it appears that more research
needs to be conducted to come to a definitive answer.

Most studies did not include participants with hamstring
pathologies; however, to determine the effectiveness of this treat-
ment technique, perhaps more studies examining individuals with
hamstring hypomobility should be conducted. An additional factor
to consider is the structural properties that cause a greater resistance
to change in hamstring length in males than females.11 The studies
examined used a mixture of male and females, but none of the

studies examined differences between males and females in the
control or experimental groups. It is also important to note age can
be a factor as well. In a study conducted by Feland et al,6 PNF
stretching was superior in regard to ROM in males and those under
the age of 65 years after an initial stretch. Another study also
demonstrated that stretch duration in an older population can allow
for more ROM compared with that of a younger population.12

Finally, the use of various measurement techniques for hamstrings
(sit and reach, single-leg raise test, KEA, and stand and reach), the
variances in active and passive ROM, the different types of PNF
techniques, the duration of stretches, and the subjective nature of
clinicians’ feelings of tight muscular end feel when putting a
subject into a stretch likely introduces measuring error and vari-
ability even in studies using similar stretching techniques.

Even without consistent evidence to support the use of PNF
stretching over static stretching, there appears to be little to no risks
for clinicians to make their own personal decision in the type of
stretching application. In regard to hamstring stretching, emphasis
should be placed on an initial stretching protocol of 5 days a week
for 6 weeks, then stretching 3 times a week to maintain initial ROM
improvements.13,14 More research is needed in this area to support
or refute the common belief that PNF stretching is superior
compared to static stretching in regard to ROM benefits. Therefore,
clinicians should base their approach on factors such as patient
preference, stretching frequency, ease of instruction, clinician
expertise and familiarity, and requirements for clinician assistance
rather than on assumptions of relative effectiveness.
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