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Derek Longenecker1 and Michael L Fink*2

1Department of physical therapy, Lebanon Valley College Physical Therapy Program, USA
2Co-chair and Associate Professor of Physical Therapy, Lebanon Valley College, USA

Introduction

Using rolling devices for soft tissue mobilization, often termed 
“muscle massage” or “myofascial release”, is prevalent in modern 
athletic training, personal fitness and physical therapy practice. 
Athletes, patients, and those interested in maintaining fitness alike 
are delivered claims about the potential benefits of these devices. 
Claims range from decreasing fatigue post-exercise to improving 
athletic performance to increasing range of motion (ROM) and 
muscle flexibility [1]. This may be of special interest to physical 
therapists because ROM and flexibility limitations are common  

 
patient/client impairments that often must be addressed to restore 
function. However, the majority of device manufacturers promote 
these products without sufficient, or often any, research to back 
up their declarations. As a result, it is important to appraise the 
available literature to determine the effectiveness of rolling devices 
in restoring muscle flexibility and ROM. It is also logical to compare 
these effects with proprioceptive neuromuscular facilitation (PNF) 
stretching, another commonly used technique aimed at improving 
flexibility/ROM [2].
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Abstract 
Background and purpose: Foam rolling is a commonly used technique for increasing soft tissue extensibility especially after injury, but little 

research exists to showcase its effectiveness to date. The purpose of this article was to assess the effect of soft tissue mobilization with roller devices 
compared to PNF stretching on hamstring muscle flexibility.

Methods: A literature search of Medline and Cinahl Plus was conducted to identify potential studies (published through October 2014).

Findings: 12 articles met inclusion criteria (4 related to soft tissue mobilization with roller devices, 8 related to PNF stretching). No studies 
provided a direct comparison of soft tissue mobilization with roller devices and PNF stretching. All 8 studies related to PNF stretching report 
significant improvement in hamstring flexibility following intervention. 3 of 4 studies related to soft tissue mobilization with roller devices reported 
hamstring flexibility improvement.

Clinical relevance: Soft tissue mobilization with roller devices and PNF stretching are both common techniques in physical therapy practice. 
Physical therapists should be familiar with expected outcomes and supporting evidence regarding these interventions as many patients require 
improved flexibility.
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Figure 1: Foam Roller.

Figure 2: The Stick.

Foam rollers (Figure 1) and rolling pin type devices such as “The 
Stick” [3] (Figure 2) are commonly advertised tools. Foam rollers 
are often referred to as self-myofascial release devices, due to use of 
an individual’s own body weight rolling over the foam roll to apply 
pressure onto muscle and fascial tissues1.  Rolling pin type devices 
use a non-motorized solid spindles, capable of producing direct 
force to muscle externally, using a rotary movement pattern.  Both 
rolling devices may be fixed onto an external apparatus to allow for 
a self-soft tissue mobilization effect [4], can be self-applied, or can 
applied by another individual externally.

PNF stretching, specifically contract-relax stretching, involves 
a therapist passively moving a muscle group to the point of 
resistance due to restriction then asking the client to provide a 
volitional isometric contraction of either the same muscle being 
stretched or the antagonist muscle(s). The volitional isometric 
contraction is followed by relaxation of the muscle group and 
passive progressive stretching to a new point of restriction5. 
Contract-relax PNF stretching, is based on the concept of reciprocal 
inhibition and autogenic inhibition. Reciprocal inhibition describes 
the phenomenon of activation of a muscle group causes inhibition 
of the antagonist muscle group. It is believed that the isometric 
contraction causes input to the Ia-inhibitory interneurons, which 
cause inhibition of the motor neurons to the antagonist muscle 
group [5]. When applying this concept to the hamstring muscle 
group, the quadriceps are isometrically contracted resulting in 
a reflexive relaxation of the hamstring muscle group. In contrast, 
autogenic inhibition applies to contraction of the muscle group 
being stretched which activates Golgi tendon organs, causing 
inhibition of motor neurons of the same muscle through IBM-
inhibitory interneurons [5]. When autogenic inhibition is applied 
to the hamstring muscle group, the hamstrings are isometrically 
contracted resulting in a reflexive relaxation of this muscle group.

The purpose of this study was to compare soft tissue 
mobilization with rolling devices to that of PNF stretching for 
increasing hamstring muscle flexibility in college-aged athletic 
population to determine the most effective intervention for clinical 
use.

The hamstring muscle group was chosen to evaluate the 
efficacy of rolling devices versus PNF for restoring muscle flexibility 
due to it being a site of frequent muscular tightness. Additionally, 
hamstring tightness can have a negative effect on performance and 
place the athletic population at higher risk of injury. Yasuhiro et 
al [6]. concluded that hamstring tightness decreased medial and 
lateral reach on the star excursion balance test. The test scores 
support decreased performance and also support increased future 
injury risk [6]. Hamstring muscle tightness can even contribute 
to low back pain by limiting rotation of the pelvis during flexion. 
Movements with large amounts of full body flexion, in the presence 
of hamstring tightness, puts greater stress on posterior chain 
structures supporting the spine Zhu Q [7]. further described a 
correlation between adolescents with hamstring tightness and MRI 
findings of disc herniation in the lumbar spine and lumbo-sacral 
junction [7]. These potential outcomes associated with hamstring 
inflexibility place even more importance on determining an effective 
means of improving or restoring hamstring muscle flexibility.

Methods

Search

A literature search of Medline and Cinahl Plus was conducted 
between September and October 2014 to identify articles related 
to hamstring muscle flexibility using soft tissue mobilization with 
rolling devices and PNF stretching. The search terms for soft 
tissue mobilization with rolling devices included: “Self-myofascial 
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release”, or “foam roller”, or “The Stick”, “range of motion” or 
“flexibility”, and “muscle”. The search terms for hamstring PNF 
stretching included: “PNF stretch”, “PNF stretching”, “hamstring”, 
and “range of motion”. The following limitations were implemented: 
peer-reviewed, research article (Cinahl Plus); English (Medline and 
Cinahl); humans (Medline); publication date 2000-present.

Inclusion criteria

Peer reviewed articles, written in English, from 2000 to 
present, with the aforementioned search terms for each conditions 
were included. Additionally, research studies must discuss an 

intervention fitting the above operational definition of soft tissue 
mobilization with rolling devices or PNF, target the hamstrings, 
measure hamstring flexibility, and include a sample of subjects with 
a mean within college-aged range (18-26).

Exclusion criteria

The articles were excluded if the intervention did not fit into 
either the operational definition for soft tissue massage with rolling 
devices or PNF, if the intervention did not target the hamstring 
muscle group, the subjects were not college-aged (18-26), or 
hamstring flexibility was not assessed in some manner.

Findings

Figure 3: Soft Tissue Mobilization with rolling devices article selection.

Figure 4: PNF stretching article selection.
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The search of CINAHL PLUS and MEDLINE identified 24 
articles (+1 from a hand search) related to soft tissue mobilization 
with rolling devices and 11 articles related to PNF stretching. Of 
these articles 8 articles about soft tissue mobilization with rolling 
devices and 11 articles pertaining to PNF were retrieved for further 
evaluation. After further review 4 articles based on soft tissue 
mobilization with rolling devices (Figure 3) and 8 articles focused 
on PNF (Figure 4) satisfied the inclusion criteria and were included 

in the review.  No studies provided a direct comparison of soft 
tissue mobilization with roller devices and PNF stretching.

Soft Tissue Mobilization with Rolling Devices

Three of 4 studies related to soft tissue mobilization with roller 
devices reported hamstring flexibility improvement, however 
each study was conducted with differing patient positioning and 
treatment parameters (Table 1).

Table 1: Literature summarizing statistical evidence for soft tissue massage with rolling devices.

Study Philadelphia 
Panel Score   Design Purpose Methods Results/Conclusions

Macdonald et al. 
[1] I, B RCT

Determine effect of 
foam rolling of HS 

flexibility following  
performance of 

exercise designed 
to cause “exercise 
induced muscle 

damage”.

n= 20 healthy males, engaged in resis-
tance training 3 times per week.

Moderate effect of in-
creased hip AROM at 24 
hours post intervention 
compared to the control 

Intervention: foam rolling over ischial tu-
berosity to popliteal fossa for 60 seconds, 

under self-generated pressure of body 
weight and self-determined pace.

No significant difference in 
AROM at 48 and 72 hours 

post intervention.

HS flexibility measured by Hip AROM 
and hip PROM measured s/p strenuous 

exercise.

moderate effect of in-
creased hip PROM at 48 
hours post intervention 
compared to the control

Measurement in standing position 
against a wooden wall, test knee braced 
into full extension, contra-lateral ankle, 

hip, and chest harnessed to wall

No significant difference in 
PROM at 24 and 72 hours 

post intervention.

Sullivan et al. [8] II-1, B 
Controlled Trial 

without Random-
ization

Assess the immedi-
ate effect of roller 
device apparatus 
on HS flexibility.

n= 17 healthy individuals, physical 
activity average of 3 times per week, no 

previous foam roller use. Significant differences (P< 
0.001) flexibility in soft 
tissue mobilization with 

devices group for five sec-
onds (2.3% improvement 
pre to post measurement) 

and ten seconds (4.3% 
improvement pre to post 

measurement)

Interention: subject lying in prone posi-
tion, affixing a roller device to an external 
apparatus in order to provide a constant 
pressure of 13 kg, performed from glu-
teal fold to popliteal fossa at 120 beats 

per minute (determined by metronome) 
for 5 or 10 seconds. 

HS flexibility measured by sit and reach 
test immediately post intervention

Mohr et al. [9] II-1, B
Controlled Trial 

without Random-
ization

Comparison be-
tween foam rolling 
alone, static stretch 
alone, foam rolling 

preceding static 
stretching, and a 

control acute effect 
HS flexibility.

n= 40 healthy individuals, physically 
active 1-5 hour per week, not currently 

involved in stretching program.

The foam roller followed by 
static stretch demonstrated 
a significant improvement 

(P=0.001) in hip PROM 
compared to all other 

groups.

Intervention: Foam rolling was per-
formed over the ischial tuberosity to 

popliteal fossa, at 60 beats per minute 
(determined by metronome), under 
self-determined pressure using body 

weight, for three 60 second sessions (30 
second break in between each session).

Smaller, but significant 
increase in hip PROM with  

static stretch only and foam 
roll only groups, but no sig-
nificant difference between 

them (P<0.09).

HS flexibility was measured using an 
inclinometer to determine hip flexion 

PROM to point of discomfort, in supine 
position with contra-lateral hip strapped 

to table.
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Mikesky et al. [10] II-1, C
Controlled Trial 

without Random-
ization

Assessed the acute 
effect of self-per-

formed rolling 
massage with 

“The Stick” on HS 
flexibility.

n= 30 National Collegiate Athletic Associ-
ation Division II athletes. 

No significant differences 
(P<0.05) were observed 

between pre and post 
intervention hip AROM 

compared to control group 
or placebo group.

Intervention:  The “Stick” device was 
self-applied for 2 minutes “to the ham-

strings”, without determined pressure or 
frequency.

Compared to placebo group (mock 
e-stim) and control group.

HS flexibility was measured by hip AROM 
immediately following intervention 
with rolling device. Participant was 

responsible for actively maintaining full 
extension of test knee and dorsiflexion of 

test ankle.

HS= Hamstring, AROM=Active range of motion, PROM= Passive range of motion, e-stim=Electrical stimulation, RCT=Randomized controlled trial.

Proprioceptive Neuromuscular Facilitation

In regard to performance of proprioceptive neuromuscular 
facilitation, a variety of techniques are included under this 
umbrella term. The majority of the following studies used a hold-
relax stretch or modified hold-relax stretch technique. The hold-
relax technique traditionally involves an isometric contraction of 

antagonist muscle followed by relaxation [8]. A modified hold-relax 
differs by selectively neglecting a direction of stretch or contraction 
during the technique (ie. Stretch or contraction performed 
without hip rotation) [9]. All 8 studies related to PNF stretching 
report significant improvement in hamstring flexibility following 
intervention (Table 2).

Table 2: Literature summarizing statistical evidence for PNF stretching.

Study Philadelphia 
Panel Score Design Purpose Methods Results/Conclusions

Kyoung et 
al. [2] I, A RCT

Compare 
hold-relax 

stretching to 
static stretch-
ing for effect 
on hamstring 

flexibility.

  n= 48 healthy male participants with impaired 
HS flexibility (AKE limited >20 degrees from 

terminal extension). 

  Kyoung-II et al. found 
significant difference (P< .05) 
decrease angle from terminal 

knee extension in AKEA 
compared to control.

  Intervention: Hold-relax stretch; passive 
stretch to the SLR position, followed by a 6 sec-

ond isometric hamstring contraction.

Also, reported no significant 
difference between hold-relax 

stretching and static stretching.

   HS flexibility was measured use AKE (hip 
flexed 90 degrees), angle from full terminal knee 

extension.
 

Mitchell et 
al. [13] II-2, B Cohort Study

Assess acute ef-
fect of hold-relax 
stretch on ham-

string muscle 
flexibility.

 n= 18 healthy participants with impaired HS 
flexibility (AKE limited >20 degrees from termi-

nal extension). 

Mitchell et al. measured a 
decrease in angle from terminal 

knee extension (mean= 17.36 
+/-10.7 degrees) with AKE.

 Intervention: Contract-Relax Stretch; Passive 
stretching, subject in supine, test hip flexed to 

110 degrees, knee extended to point of discom-
fort, 6 second isometric contraction of ham-
string, followed by 10 second passive stretch 

into discomfort. Repeated 4 times.

HS flexibility measured using AKE (hip flexed 
90 degrees), angle from full terminal knee 

extension.

Spernoga et 
al. [12] II-1, B

Controlled 
Trail With-

out Random-
ization

Assess acute 
effect of modified 

hold-relax 
stretch on ham-
string flexibility 
and determine 

duration of ham-
string flexibility 

changes.

N= 30 healthy male military cadets, with im-
paired HS flexibility (AKE limited >20 degrees 

from terminal extension).

Spernoga et al. determined 
significant increase (P <0.05) in 
hamstring flexibility maintained 
for 6 minutes post intervention, 

measured by AKEA.

  Intervention: Modified Hold-Relax Stretch; 
Passive stretching, participant lying in supine, 

test hip flexed to 90 degrees, knee extended 
to point of discomfort and stretch held for 
7 seconds, followed by 7 second isometric 

hamstring contraction, followed by 5 seconds of 
relaxation. Repeated 5 times.

  HS flexibility measured using AKE (hip flexed 
90 degrees), angle from full terminal knee 

extension.
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Wenos et al. 
[14] II-1, B

Controlled 
Trial With-

out Random-
ization

Assess acute ef-
fect of hold-relax 
stretch preceded 

by various 
methods of con-
trolled warm-up 

on hamstring 
flexibility.

  n= 12 healthy male participants.  Wenos et al. reported significant 
(P< 0.05) increase in hip flexion 
PROM following each warm-up 
method when combined with 

hold-relax stretch of hamstring 
compared to control.

  Intervention: Hold-relax stretch, subject 
lying in supine, passive hip flexion with knee 
extended to point of discomfort and held for 

10 seconds, followed by a 10 second isometric 
hamstring contraction. Repeated 3 times.

The position described at end range stretch is 
often referred to as a straight leg raise (SLR).

  Significant (P< 0.05) increase 
in hip flexion PROM when 

PNF stretching combined with 
increasing respiratory exchange 

ate to 1.00 than compared to 
other combinations.

HS flexibility was measured using hip flexion 
PROM.

Funk et al. 
[15] II-2, B

Multiple 
experimental 
groups with-
out control 

group

Compare effect 
of PNF stretching 
vs static stretch-

ing following 
a 60-minute 

exercise session 
(cycling and up-
per body resis-
tance program) 

on hamstring 
flexibility.

 n= 40 healthy National Collegiate Athletic Asso-
ciation Division I athletes.

 Funk et al. found significant 
(P< 0.05) decrease angle from 

terminal knee extension in AKEA 
for PNF stretching compared to 

baseline (9.6%).

 Intervention: Contract-relax stretch; passive 
stretch into SLR position, hamstrings were maxi-
mally contracted for 30 seconds and this process 

was repeated for 5 minutes.

(P< 0.05) for PNF stretching 
following exercise compared to 

no exercise (7.8%). 

 HS flexibility was measured use AKE (hip flexed 
90 degrees), angle from full terminal knee 

extension.

  PNF stretching demonstrated 
greater but non-significant 
increase compared to static 

stretching.

Bonnar et al. 
[16] II-2, B

Multiple 
experimental 
groups with-
out control 

group

Acute effect 
of hold-relax 

stretch on ham-
string muscle 

flexibility with 
comparison of 
isometric ham-
string contrac-
tion duration.

  n= 60 healthy participants.

 Significant main effect (P< 
0.001) pre to post interven-

tion hip flexion PROM with all 
durations of isometric hamstring 

contraction.

  Intervention: Hold-relax stretch; Passive SLR to 
point of discomfort followed by maximal isomet-
ric hamstring contraction for 3, 6, or 10 seconds. No significant difference be-

tween each contraction duration.HS flexibility measured by hip flexion PROM in 
SLR position at discomfort and measured imme-

diately after intervention.

Trampas et 
al. [17] I, A RCT

Compared 
hamstring 

flexibility effects 
of hold-relax 
stretch alone 
vs hold-relax 

stretching pre-
ceded by release 

of myofascial 
trigger points 

(MTrP).

 n= 30 physically active males with impaired 
HS flexibility (PKE limited >20 degrees from 

terminal extension), diagnosed with at least 1 
latent myofascial trigger point, and no active 

myofascial trigger points. Combination of MTrP release 
and PNF stretching compared 

to PNF stretching alone showed 
significant (P < 0.001) decrease 
in PKE from full terminal knee 

extension immediately, 10 min-
utes, and 30 minutes following 

intervention.

  Intervention: Modified Hold-Relax Stretch; 
Passive knee extension stretch was held for 
15 seconds, followed by 6-second maximal 

isometric contraction of hamstring, and 
concluded with a 10-second stretch. The 
stretching process was repeated 4 times.

HS flexibility measured by passive knee angle 
extension immediately following intervention, 
10 minutes post intervention, and 30 minutes 

post intervention.

Melam et al. 
[18] I, A RCT

Examined 
the impact of 

therapist applied 
PNF stretching 

compared to 
self-applied 

PNF stretching 
on hamstring 

flexibility over 6 
week stretching 

program.

n= 30 healthy male participants.

Both therapist applied PNF 
stretching and self-applied 

stretching demonstrated sig-
nificant increase of hip flexion 

PROM measurement.

  Therapist applied intervention: Slow-Reversal-
Hold-Relax Stretch; Isotonic hold was performed 

in the antagonistic direction (hip flexion, 
adduction, and external rotation) for 15 seconds 
followed by a relaxation period, followed by 15 

seconds of resisted agonist contraction repeated 
4 times for a total of 2 minutes.

 Therapist applied PNF 
stretching (mean= 16.9-de-

gree increase) demonstrated a 
significantly (X2< 0.05) greater 
increase in passive hip flexion 

ROM than self-applied PNF 
stretching (mean= 12.2-degree 

increase).

 Self-applied intervention:  maximal contraction 
against hands instead of therapist.

Interventions performed 5 times per week for 
6 weeks.
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HS= hamstring, AKE= Active knee extension, AKEA= Active knee 
extension angle, PKE=Passive knee extension, SLR= straight leg raise, 
PNF= Proprioceptive neuromuscular facilitation.

Discussion

More literature exists investigating the effect of PNF stretching 
on hamstring flexibility than soft tissue mobilization with roller 
devices. Additionally, 3 studies assessing PNF stretching were 
randomized controlled trials. Comparatively, only 1 study assessing 
soft tissue mobilization with roller devices was a randomized 
controlled trial. Also using the Philadelphia Panel Score, 3 studies 
assessing PNF stretching scored at the highest recommendation 
of intervention (A grade), with no studies scoring the lowest 
recommendation of intervention, a C grade. Conversely, no study 
examining soft tissue mobilization with rolling devices scored an A 
grade and 1 study scored a C grade.

It is important to point out the differences in how hamstring 
flexibility was measured throughout the studies. It is possible 
that inconsistencies in measurement of hamstring flexibility may 

be a factor for the varying amounts of improvement determined. 
The studies assessing the effect of PNF stretching on hamstring 
flexibility demonstrated more consistency with measurement. Four 
of 8 studies used active knee extension angle 1 out of 8 passive knee 
extension angle, and 3 out of 8 used hip flexion PROM. The studies 
assessing the effect of soft tissue mobilization with roller devices 
on hamstring flexibility varied largely on their measurements. 
In fact, no 2 studies measured hamstring flexibility in the same 
manner. One of 4 measured standing hip flexion AROM and PROM, 
one measured supine hip flexion AROM, one measured supine hip 
PROM, and one measured sit and reach. Additionally, the hamstring 
muscle crosses both the hip joint and knee joint. As a result, the 
majority of studies made note of stabilization of the joint they were 
not assessing in order to view a more accurate change in muscle 
flexibility. Lastly, the sit and reach test may be difficult to compare 
directly to the other means of measuring hamstring flexibility. The 
sit and reach test does not only assess hamstring flexibility, but also 
allows for lumbar spine mobility, thoracic spine mobility, and even 
shoulder flexion to factor into the measurement.

Figure 5: PNF Technique Knee Extension with Hip Fixed at 90 Degrees (90/90 SLR).

Figure 6: PNF Technique Hip Flexion with Knee Extended (SLR).

In addition to a variety of measurements used to gather data, 
parameters also differed among the general intervention groups. 

PNF stretching interventions differed on the joint used to primarily 
generate stretch (knee in Figure 5) (hip in Figure 6), duration of 
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stretch (range= 7- 15 seconds), duration of contraction (6-30 
seconds), number of repetitions (1-5 reps), and general type of 
PNF stretch used (Hold-relax stretch, Contract-relax stretch, Slow 
reversal hold-relax, or modified). Despite the variations above, 
all PNF stretching studies demonstrated pre to post intervention 
improvement of hamstring muscle flexibility. PNF stretching may 
present significant clinical application by allowing a wider range 
of autonomous decision-making regarding parameters and still 
accomplish the goal of improving hamstring flexibility. Soft tissue 
mobilization with roller devices demonstrated even greater 
parameter variability including: differences in device (length, 
circumference, and density), rate (self-paced versus rhythmically 
constant at 60-120 beats per minute), pressure (self-determined 
by body weight versus fixed at 13 kg of pressure), duration of 
technique (ranging from 5 seconds to 3 repetitions of 60 seconds), 
application of device (self-application on ground, hand held self-
application, or fixed via external apparatus). In contrast to PNF 
stretching, significant improvement in hamstring flexibility was 
not demonstrated in all studies assessing the effect of soft tissue 
mobilization with roller devices. However, it is important to note 
some significant effect was seen in all studies examining the effects 
of foam rolling on hamstring flexibility. As a result, further study 
should be done to determine the most effective parameters for 
increasing hamstring flexibility with roller devices.

Another difference between studies existed within their 
inclusion of participants. Many studies in both intervention groups 
were completed with small sample sizes. Overall, more studies 
were conducted examining PNF stretching and 6 of the 8 included 
30 or more participants. Only 2 of the 4 studies examining soft 
tissue mobilization with roller devices had 30 or more participants. 
However, in 5 of the 8 PNF studies the participants were exclusively 
male compared to only 1 of 4 studies examining roller devices. 
Additionally, participants from 4 studies [2,9-11] were included on 
the basis of demonstrating limited hamstring flexibility measured 
by active knee extension angle of greater than 20 degrees from full 
terminal knee extension. The remaining 8 studies (including all of 
the studies examining soft tissue mobilization with roller devices) 
primarily included participants presenting without any form of 
significant lower extremity injury in a determined time period 
predating the study. It is possible that participants with established 
hamstring flexibility limitations prior to the study may demonstrate 
greater improvement following an intervention aimed at restoring 
hamstring flexibility. In contrast, generally healthy individuals, who 
already demonstrate normal hamstring flexibility may be less likely 
to demonstrate significant further improvements.

The majority of studies assessed acute effects on hamstring 
flexibility following interventions. Spernoga [9] determined 
that improved hamstring flexibility due to PNF stretching was 
maintained for 6 minutes following a technique. Melam [12] 
examined the long-term effects of PNF stretching on hamstring 
flexibility. Hamstring flexibility was improved in both the therapist 
applied PNF and self-applied PNF 6 weeklong stretching programs. 

As a result, PNF may allow for clinical application by immediately 
improving hamstring flexibility, providing lasting changes in 
flexibility following an episode of physical therapy, or providing 
a home exercise program that will foster improved hamstring 
flexibility in the long-term. The majority of studies assessing the 
effect of soft tissue mobilization with roller devices on hamstring 
flexibility also did so acutely. However, Macdonald et al.1 assessed 
effects for 3 days following a 60 second session of self-myofascial 
release using a foam roller device following an intense bout of 
exercise. Significant improvements were noted at 24 hours post 
intervention for AROM and 48 hours post intervention for PROM 
compared to the control group. Soft tissue mobilization with roller 
devices after an intense bout of exercise may be effective up to 
2 days following intervention, which may be of benefit to higher 
functioning patients or athletes capable of performing strenuous 
exercise with limited hamstring flexibility.

Timing of interventions is another notable area of difference 
between studies. The majority of interventions were performed 
following some form of 5 minute warming up activity and then 
a measurement was taken. Wenos [13] examined a variety of 
cardiovascular and modality methods of warm up and determined 
cardiovascular activity achieving a respiratory exchange rate of 
1.00 was most effective. Trampas [11] reported improved benefit 
when PNF was preceded by myofascial trigger point release. As a 
result, PNF appears to be most successful following warm up or soft 
tissue techniques through manual therapy. Mohr [14] determined 
a more significant improvement in hamstring flexibility when 
foam rolling was followed by static stretching. As a result, soft 
tissue mobilization with roller devices may have a greater effect 
when preceding another form of stretching. Techniques with 
roller devices may act as a warmup to enhance the effects of other 
stretching techniques or potentially the combination of multiple 
techniques addressing muscle flexibility may create a summative 
effect. As a result, it appears logical for future studies to examine 
the effects of soft tissue mobilization with roller devices followed 
by PNF stretching to improve hamstring muscle flexibility.

 Lastly, it may be important to examine a broader comparison 
of PNF stretching and soft tissue mobilization with rolling devices 
on the hamstring muscle group. Anecdotally, a percentage of 
individuals report discomfort performing foam rolling for the first 
time. Additionally, Macdonald et al. [1] reported pain experienced 
from foam rolling decreased over a 24-48-hour period except for the 
posterior thigh region. Comparatively, PNF stretching commonly 
involves passively moving a participant’s lower limb to the point of 
discomfort. In addition, to tolerance of intervention other factors 
can contribute to the overall benefit of each intervention. It is 
postulated that PNF stretching can decrease muscle force production 
and increase latency of muscle activation post intervention. These 
outcomes may create a situation of decreased performance and 
increased injury risk for an athlete. Macdonald et al. [1] reported no 
significant differences in maximal voluntary contraction force at 24, 
48, and 72 hours post 60 second session of foam rolling compared 
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to control group. As a result, future studies should compare PNF 
stretching and soft tissue mobilization with roller devices based 
on pain experienced by participant during intervention, effect on 
force production following intervention, latency of muscle activity 
following intervention, and effect on muscle flexibility.

Conclusion

Both PNF stretching and roller devices are commonly used in 
outpatient physical therapy practice. The impact of PNF stretching 
on hamstring flexibility was well supported by the literature. 
Variations in technique, stretch duration, contraction duration, 
repetitions, and application from therapist or self-application all 
yield increases in hamstring flexibility either immediately or long 
term. Conversely, at this time few randomized controlled trials have 
been completed regarding the effect of soft tissue mobilization with 
roller devices on hamstring flexibility. Soft tissue mobilization with 
roller devices was most supported in studies using a foam roller 
device over the hamstring region. As a result, more randomized 
controlled studies should be performed assessing the effect of 
soft tissue mobilization with roller devices on the hamstrings, 
specifically with foam rollers. Additionally, no study directly 
compared PNF stretching to soft tissue mobilization with roller 
devices. It is possible that each intervention may affect the hamstring 
more broadly than just muscle flexibility. As a result, future studies 
should compare PNF stretching and soft tissue mobilization with 
roller devices based on pain experienced by participant during 
intervention, effect on force production following intervention, 
latency of muscle activity following intervention, and effect on 
muscle flexibility [15-18].
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