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Background: Stretching has been proven to be e®ective on pain and range of motion (ROM) in patients
with plantar fasciitis. Despite recent gain in popularity and the proposed theories of e®ectiveness of foam
roller, there is a lack of literature on the e®ect of foam rolling on plantar fasciitis.
Objective: The objective of this study was to compare the e®ects of foam rolling and stretching on pain and
ankle ROM in patients with plantar fasciitis.
Methods: A total of 50 participants were included and randomly allocated to the stretching and foam roller
groups. Visual analog scale (VAS), pressure pain thresholds (PPTs) for gastrocnemius, soleus and plantar
fascia and weight-bearing lunge test (WBLT) measurements were recorded at baseline and immediately after
treatment.
Results: Within-group analysis has shown there is a statistically signi¯cant di®erence (p < 0:001) in all the
outcome measures in both foam roller and self-stretching groups. The between-groups analysis showed no
statistical signi¯cance di®erence in VAS, plantar fascia PPT and WBLT parameters (with p-values of 0.171,
0.372 and 0.861, respectively); however, signi¯cant di®erences were found in gastrocnemius PPT (p ¼ 0:029)
and soleus PPT (p ¼ 0:013).
Conclusion: It was seen that both stretching and foam rolling techniques helped in reducing pain and
increasing the ROM. However, the e®ectiveness of foam roller was superior to stretching in terms of increase
in PPTs at gastrocnemius and soleus.

*Corresponding author.

Copyright@2020, Hong Kong Physiotherapy Association. This is an Open Access article published by World Scienti¯c Publishing
Company. It is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-
NC-ND) License which permits use, distribution and reproduction, provided that the original work is properly cited, the use is
non-commercial and no modi¯cations or adaptations are made.

Hong Kong Physiotherapy Journal
Vol. 41, No. 1 (2021) 25–33
DOI: 10.1142/S1013702521500025

25

Research Paper

https://dx.doi.org/10.1142/S1013702521500025


Clinical Trial Registration No: CTRI/2018/01/011398. Name of registry: The Clinical Trials Registry
— India (CTRI); https://ctri.nic.in.

Keywords: Ankle; foam rolling; plantar fasciitis; trigger points; stretching.

Introduction

Plantar fasciitis has been reported as the most
common cause of heel pain, which a®ects around
10% of the non-athletic and athletic popula-
tions.1–3 Although plantar fasciitis implies in°am-
matory condition of plantar fascia, evidences
suggest it to be associated with degenerative
changes and could be classi¯ed as a \fasciosis" or
\fasciopathy".4

The classical signs of plantar fasciitis are severe
pain after a period of rest, decrease in pain with
activity, restriction in ankle range of motion
(ROM) and tenderness over medial aspect of
calcaneus.1,2

Gastrocnemius and soleus muscles are con-
nected to the plantar fascia by connective tissues.1

According to Bolívar et al., there is an association
between posterior leg muscle tightness and devel-
opment of plantar fasciitis,5 which explains why
pain in plantar fascia could be caused due to re-
duced extensibility and trigger points present in
the posterior leg muscles.6

Physiotherapy management for plantar fasciitis
includes electrotherapy,7,8 exercise therapy,9,10

myofascial release,6,11,12 taping,13 night splints,14

orthotic devices,2,15 etc. Stretching of gastroc-
nemius, soleus and plantar fascia remains an im-
portant part of conservative treatment for plantar
fasciitis. It helps to increase extensibility of soft
tissue thus increasing the °exibility of the muscle.16

Recently, foam rolling has been adopted as a
tool for self-myofascial release (SMR) which is
presumed to work on the same mechanism of
treatment as traditional \myofascial release".
However, it requires application of pressure by the
individual using self-body weight.17 The movement
between the foam roller and tissue structure causes
sweeping pressure as well as direct pressure on the
soft tissues. This increases lubricity of the fascial
layer18 and causes increase in tissue extensibility
by breaking adhesions.19

Despite recent gain in popularity and the pro-
posed theories of e®ectiveness of foam roller, there
is a lack of literature on the e®ect of foam rolling on

plantar fasciitis. Previous studies have proven that
foam rolling helps to increase extensibility of tissue
structures. Therefore, we hypothesized that it
could be e®ective in relieving pain caused by
plantar fasciitis by increasing extensibility of the
calf muscles and plantar fascia. Hence, this study
was undertaken to assess the e®ects of foam rolling
and self-stretching as well as to explore compara-
tive e®ects of these treatments on pain and ROM
in patients having plantar fasciitis.

Methods

The study was approved by the Institutional
Ethics Committee, Kasturba Medical College,
Mangalore, Manipal Academy of Higher Educa-
tion. This study was a randomized parallel-
controlled trial conducted in tertiary hospitals
from February 2018 to February 2019. Based on a
previous study, the sample size was calculated to
be 25 in each group using 95% con¯dence interval
and 80% power.6

Patients with heel pain referred by an ortho-
pedic surgeon for physiotherapy were approached
and screened for inclusion and exclusion criteria.
Inclusion criteria required the patients to be aged
between 18 years and 60 years with heel pain
having such clinical features as heel pain in the
morning with ¯rst step, insidious sharp pain under
the heel, tenderness on medial calcaneus and
symptoms decreasing with slight activity (like
walking) and worsening toward the end of the day.
Participants were excluded if they were having any
other musculoskeletal conditions which would
hamper their performance, having a history of in-
°ammatory joint disorder, impaired blood circula-
tion and altered sensation in lower extremity. The
purpose of the study was explained, written and
informed consent was taken from willing partici-
pants. The method of sampling used was strati¯ed
random sampling for group allotment using the
chit method.

Outcome measures studied were the pain and
ROM of ankle joint. Pain was assessed using visual
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analog scale (VAS) and pain pressure threshold
(PPT). VAS was a 10-cm-long horizontal line with
no pain and worst possible pain at the extremes of
the line. PPT was assessed with a mechanical pres-
sure algometer (force gauge, model M3-50; Mark-10
Corporation, USA). PPT was assessed at three
predetermined locations on the a®ected leg: gas-
trocnemius (middle point over the muscle belly),
soleus (center point of the muscle belly 10 cm above
the Achilles tendon) and over the posteromedial
aspect of the calcaneus for both the groups. Three
trials were performed with 30-s rest in between two
successive trials.Mean values of the three trials were
taken as pain threshold measurements.6 The reli-
ability of algometer has been reported to be high
(ICC ¼ 0:91; 95% CI: 0.82–0.97).20

ROM assessment for dorsi°exion was done by
weight-bearing lunge test (WBLT). It has been
shown that this type of test has high inter-rater and
intra-rater reliabilities [intra-rater ICC ¼ 0:97�
0:98; inter-rater ICC ¼ 0:97 (angle) and 0.99
(distance)].21 A measurement tape was placed on
the °oor perpendicular to the wall to measure the
linear distance between the big toe and the wall.
Participants were made to stand on the tape with
their big toe and heel on the tape. The patient was
allowed to lean on the wall for better balance. Par-
ticipants were instructed to lunge their knee toward
the wall in order to make contact with it without
lifting the heel. The foot was progressively moved
away or toward thewall until themaximumROMof
the ankle was attainted without lifting the heel.18

Measurements were taken by another physiothera-
pist before and immediately after the intervention.
Assessor was blinded for group allocation and
treatment intervention.

Intervention protocols

Foam roller group

Calf muscles: This involved long sitting, with the
a®ected leg extended on the foam roller and foot
relaxed. The non-a®ected leg was °exed at knee so
that the foot was rested on the °oor. The partici-
pants were instructed to use their arms and non-
a®ected foot to propel their body back and forth
from the popliteal fossa to Achilles tendon in con-
tinuous motion (Fig. 1(a)).18

Plantar fascia: This involved standing, with the
non-a®ected foot on the °oor and a®ected foot on
the foam roller (Fig. 1(b)), the participants were

instructed to move their foot back and forth from
heel to toes in continuous motion while exerting
pressure on the foam roller. They were asked to
stop at the point where they felt maximum pain.18

Foam rolling was performed by the participants
for 45 s followed by a 15-s rest with ¯ve
repetitions.

Self-stretching group

Calf muscles: This involved standing, with the
a®ected foot away from the wall, the participants
were asked to lean forward until they felt a stretch
in their calf. To focus on the stretching of soleus
muscle, the a®ected knee was bent, whereas to
focus on the gastrocnemius muscle, the a®ected
knee was kept in full extension without lifting the
heel.6

Plantar fascia: This involved sitting, with the
participants crossing the a®ected foot over the
contralateral thigh. They were asked to place ¯n-
gers of one hand over the base of the toes and those
of other hand on the heel and pull the toes back
toward the shin, until they felt a stretch at plantar
fascia. Participants were instructed to start gently
initially and were made to work more aggressively
as tolerable later.6 Each stretch was performed for
45 s with ¯ve repetitions.16

Statistical Analysis

Data was analyzed using IBM SPSS Statistics
version 25.0 for Windows (IBM Corp., Armonk,
NY). Level of signi¯cance was set at p � 0:05. Test
used for the between-groups analysis for age was
the Fisher exact test. To analyze gender and af-
fected side, the Chi-square test was used. Inde-
pendent sample t-test was used to evaluate the
mean di®erence between the two groups for all the
outcome measures at baseline. For all the outcome
measures, the within-group analysis was done
using Student's paired t-test and the between-
groups analysis by the Mann–Whitney U-test.

Results

The CONSORT diagram (Fig. 2) shows the prog-
ress of participants at each stage of the study.
Gender distributions of both the groups were sta-
tistically insigni¯cant (p ¼ 1). A total of 18 (72%)
male and seven (28%) female participants were
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(a) (b)

Fig. 1. Foam rolling technique for (a) calf muscles and (b) plantar fascia.

Fig. 2. The CONSORT °ow diagram.
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allocated in each group. The mean age of partici-
pants in the stretching group (38:28� 13:67 years)
and in the foam roller group (33:08� 10:83 years)
was found to be statistically insigni¯cant
(p ¼ 0:143). A®ected side of the leg in both groups
was statistically insigni¯cant (p ¼ 0:777). Partici-
pants with right leg a®ected in the stretching group
were 13 (52%) and in the foam roller group were 12
(48%). Participants with left leg a®ected in the
stretching group were 12 (48%) and in the foam
roller group were 13 (52%).

Groups were homogenous and not statistically
signi¯cant in all the parameters except WBLT
where the p-value for between-groups was statis-
tically signi¯cant (Table 1).

After the analysis, it was found that within-
group analysis showed a statistically signi¯cant
di®erence (p < 0:001) in all the outcome measures
like VAS, gastrocnemius PPT, soleus PPT, plantar
fascia PPT and WBLT in both the foam roller
group and self-stretching group (Tables 2 and 3).
The p-values in these tables were adjusted by

Table 2. Comparison of outcome measures within the stretching group (pre- and post-treatments).

Stretching (n ¼ 25)

Mean and SD

Parameter Pre-treatment Post-treatment Mean di®erence Change (%) p-Value

VAS (cm) 5:348� 1:93 2:748� 1:68 2.60 48.62 0*
Gastrocnemius PPT (lb) 8:08� 2:64 10:7� 3:29 2.61 32.28 0*
Soleus PPT (lb) 7:61� 3:32 9:937� 3:40 2.32 30.45 0*
Plantar fascia PPT (lb) 7:58� 3:09 10:81� 3:18 3.23 42.65 0*
WBLT (cm) 9:72� 2:76 11� 3:02 1.28 10.64 0*

Notes: VAS: Visual analog scale, PPT: pressure pain threshold and WBLT: weight-bearing lunge test. The
p-value has been adjusted by multiplying it by 2. *Highly signi¯cant at p < 0:001.

Table 3. Comparison of outcome measures within the foam roller group (pre- and post-treatments).

Foam roller (n ¼ 25)

Mean and SD

Parameter Pre-treatment Post-treatment Mean di®erence Change (%) p-Value

VAS (cm) 5:504� 1:55 2:496� 1:16 3.01 54.65 0*
Gastrocnemius PPT (lb) 6:99� 2:93 10:17� 3:06 3.18 45.46 0*
Soleus PPT (lb) 7:05� 2:79 10:19� 3:50 3.14 44.54 0*
Plantar fascia PPT (lb) 6:82� 1:97 9:94� 3:17 3.12 45.70 0*
WBLT (cm) 11:280� 2:49 12:480� 2:50 1.20 10.64 0*

Notes: VAS: visual analog scale, PPT: pressure pain threshold and WBLT: weight-bearing lunge test. The
p-value has been adjusted by multiplying it by 2. *Highly signi¯cant at p < 0:001.

Table 1. Outcome measures at baseline.

Variable Stretching (n ¼ 25) ðMean� SDÞ Foam roller (n ¼ 25) ðMean� SDÞ p-Value

VAS (cm) 5:35� 1:93 5:50� 1:55 0.754
Gastrocnemius PPT (lb) 8:09� 2:64 6:99� 2:93 0.171
Soleus PPT (lb) 7:62� 3:32 7:06� 2:80 0.521
Plantar fasciitis (lb) 7:58� 3:10 6:82� 1:98 0.307
WBLT (cm) 9:72� 2:76 11:28� 2:49 0.041*

Notes: *Signi¯cant. VAS: visual analog scale and WBLT: weight-bearing lunge test.
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multiplying them by two.
The between-groups analysis showed no statis-

tical signi¯cance di®erence in VAS, plantar fascia
PPT and WBLT (with p-values of 0.171, 0.372
and 0.861, respectively), however, signi¯cant dif-
ferences were found in gastrocnemius PPT
(p ¼ 0:029) and soleus PPT (p ¼ 0:013) at end of
the treatment (Table 4).

Discussion

This study compares the immediate e®ects of foam
rolling and stretching on patients with plantar
fasciitis. This study showed statistically signi¯cant
di®erence in reduction of pain intensity on VAS in
the stretching group. Reduction in heel pain may
be due to increase in muscle °exibility which causes
biomechanical stress on fascia. This leads to in-
crease in Golgi Tendon Organ (GTO) ¯ring
resulting in the inhibition of alpha motor neuron
activity, thereby relaxing the muscle.22–24 At a
microstructural level, failure of bonds between
collagens reduces sti®ness and pain at the muscu-
lotendinous unit altering its resting length.16,25,26

These ¯ndings are in line with studies which
reported decrease in pain after stretching.10,27

In our study, we found signi¯cant improvement
in PPT in the stretching group. The immediate
improvement could be justi¯ed by the instanta-
neous rise in psychosomatic tolerance to discomfort
and increase in the viscoelastic properties of the
tissue.13 These ¯ndings are in line with previous
studies which concluded that stretching has shown
improvement in PPT scores when performed alone
or given with other treatment.6,28

In this study, stretching showed an increase in
the post-WBLT score which displayed statistical
signi¯cance. This may be attributed to the visco-
elastic properties of the musculotendinous unit to
relax and lengthen. Muscular creep and reduced
pain perception may be attributed to increase in
tolerance to tissue stretch which contributes to
immediate increase in ROM. These ¯ndings are in
line with a study which reported increased ROM
after stretching.28

In our study, foam rolling showed statistically
signi¯cant di®erence in pain. These ¯ndings may
be attributed to biomechanical, physiological and
neurological mechanisms. Reduction in pain may
be due to increased blood °ow which removes
waste products and due to activation of cutaneous
receptors which blocks the nociceptive stimulus.
Decreased cortisol levels and increased dopamine
and serotonin levels have been reported to cause
pain reduction after the soft tissue release. Foam
rolling also causes decrease in tissue adhesion and
muscle sti®ness thereby causing an increase in soft
tissue extensibility and muscle tendon compli-
ance.29–31 This is consistent with the ¯ndings of
previous studies which stated that foam rolling was
e®ective in reducing either chronic pain (muscle
tender spots) or latent myofascial trigger
points.29,30,32

Foam rolling also showed statistically signi¯cant
di®erence in the improvement of PPT. It may be
due to activation of descending antinociceptive
systems by stimulating the skin and muscle noci-
ceptors.33,34 These ¯ndings were similar to previous
studies which stated that foam rolling was e®ective
in improving the plantar °exor and iliotibial band
PPTs in healthy individuals.33,34

Table 4. Comparison of outcomes between the groups.

Parameters Group N Mean di®erence SD di®erence Change (%) Median p-Value

VAS (cm) Stretching 25 2.60 1.02 48.62 2.60 0.171
Foam roller 25 3.01 1.15 54.65 2.90

Gastrocnemius PPT (lb) Stretching 25 2.61 2.16 32.28 2.10 0.029*
Foam roller 25 3.18 1.39 45.46 3.10

Soleus PPT (lb) Stretching 25 2.32 1.86 30.45 1.80 0.013*
Foam roller 25 3.14 1.73 44.54 3.20

Plantar fascia PPT (lb) Stretching 25 3.23 2.21 42.65 2.20 0.372
Foam roller 25 3.18 2.75 45.70 3.60

WBLT (cm) Stretching 25 1.28 0.54 13.17 1 0.861
Foam roller 25 1.20 0.65 10.64 1

Notes: *Signi¯cant.
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In our study, foam rolling technique has also
shown to be e®ective in improving ROM and hence
displaying an increased WBLT score. Possible
mechanism for the increase in WBLT score may be
change in thixotropic property of the fascia. Fric-
tion between foam roller and tissue causes warming
e®ect on fascia, thereby breaking up some ¯brous
adhesions which results in restoration of soft tissue
extensibility and °exibility.17 The normal move-
ments may be interrupted due to the uninterrupted
fascia being more viscous and solid in form. Back
and forth movement of soft tissue on the foam
roller causes overloading of cutaneous receptors by
the direct and sweeping pressure. Thus, the friction
generated between muscle, fascia and foam roller
results in a stretch19,35 which possibly dampens the
sensation of stretch end points. These ¯ndings were
found to be in line with previous studies.17,34,35

Thus, both techniques were e®ective individually
in decreasing pain and increasing the ROM. How-
ever, when we compared the e®ectiveness of both
techniques, there was no statistically signi¯cant
di®erence in improving any of the outcome mea-
sures except the PPTs for gastrocnemius and sole-
us, which showed statistically signi¯cant
di®erences. The statistically signi¯cant di®erences
in PPTs of gastrocnemius and soleus may be due to
maximum pressure applied by the individuals using
their limb weight. On the contrary, no di®erence in
the PPT of plantar fascia may be attributed to in-
adequate pressure application by the participants
and size as well as material of the foam roller.

Stretching and foam rolling have their own
advantages and disadvantages. Static stretching
does not require availability of speci¯c tool for its
application. Though static stretching helps in in-
creasing the range of motion, as a standalone
component of warm-up exercises it can be detri-
mental to strength and performance.36,37 Stretch-
ing of muscle before adequate warm-up may
predispose muscle to tear and injury. Foam rolling
requires availability of instrument and training for
its use. Foam roller glides over the tissue and
increases its temperature, hence can be used as a
part of warm-up before the commencement of
traditional rehabilitation. Hence, foam rolling and
stretching may be used as an alternative or adjunct
to each other in the clinical practice in patients
with plantar fasciitis.

The main limitation of this study was the
amount of pressure applied during foam rolling. It
varied according to the participant's body weight,

ability to take weight on their upper limbs, parti-
cipant's tolerance of discomfort and knowledge
about the use of foam roller. The second limitation
was that the conventional treatments like
strengthening or electrotherapy were not included.

Future Implications

Long-term study can be conducted to examine the
e®ects of stretching and foam roller. Combined
e®ect of foam rolling and stretching can be
assessed.

Conclusion

We found that both stretching and foam rolling
techniques helped in reducing pain and increasing
the ROM. However, the e®ectiveness of foam roll-
ing was superior to stretching in terms of increase
in the PPTs at gastrocnemius and soleus.
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