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Abstract

Introduction Although many treatment modalities including rest, stretching, strengthening, change of shoes, arch supports,
orthotics, night splints and anti-inflammatory agents have been advocated for plantar fasciitis, there is no report in the litera-
ture which compares the independent effectiveness of each treatment modality without the concomitant use of any other one.
Methods A double blind, randomized controlled study was undertaken where 140 patients of plantar fasciitis were divided
into four groups with 35 patients each. Patients in four groups received analgesics, hot water fomentation and silicon heel
pads, plantar fascia stretching and calf stretching exercises, respectively. Heel pain was evaluated using Foot Function Index
(FFI) and disability using Foot and Ankle Disability Index (FADI). Clinical evaluation was done weekly up to a period of
4 months and then at 6 months, 8 months, 10 months and 12 months.

Results Mean age of patients was 43.4 + 10.6 years with average duration of symptoms being 27.26 weeks (range
4-200 weeks). Both FFI and FADI showed statistically significant improvement at 12 months in all the four groups (p
value < 0.0001 for all groups). However, groups 2, 3 and 4 were observed to show statistically better results in terms of heel
pain reduction (FFI) as compared to group 1 (ANOVA, p value <0.0001 for group 1 vs. 2, group 1 vs. 3 and group 1 vs. 4).
In terms of disability (FADI), best results were observed in group 3.

Conclusion Plantar fascia stretching exercises resulted in most significant improvement in both the scores (FFI and FADI),
followed by treatment with heat and silicone heel pad and calf stretching exercises.

Keywords Plantar fasciitis - Plantar fascia stretching - Calf stretching - Analgesics - Silicone heel pad and moist heat

P< Ravi Gupta
ravikgupta2000@yahoo.com

Anubhav Malhotra
anubhavmalhotra88 @ gmail.com

Gladson David Masih
gladsondavid32@gmail.com

Introduction

The plantar fascia is a broad band of fibrous tissue forming
the medial longitudinal arch of the foot [1]. Plantar Fasciitis
is an inflammatory condition which results in pain at the
inferior aspect of the heel, affecting 10-15% of the general
population [2]. It is the most common cause of heel pain in
the population aged above 40 years [3, 4]. It accounts for
10% of injuries in runners and is seen in both sedentary
and athletic individuals [5, 6]. Patients with plantar fasciitis
experience sharp or knife-like pain in the morning which
subsides with a few initial steps [7]. However, the symptoms
may also arise with prolonged standing which is sometimes
accompanied by stiffness and in chronic case, the pain wors-
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associated with repeated trauma, overuse injury, improper
footwear, weak intrinsic muscles, tightness and weakness in
calf muscles, poor foot bio-mechanics and acquired condi-
tions such as pes planus or cavus or congenital dysfunction
[1,8,9].

Till date, several conservative treatment strategies are
known to improve symptoms of the condition including rest,
night splints [7], shoe modification [10], silicone insoles
[10-16], stretching of the plantar fascia and calf muscle [5,
17-19], cold treatment [20] heat treatment [20, 21], non-
steroidal anti-inflammatory medications [6, 20, 22] and cor-
ticosteroids [22, 23]. However, there is no single universally
accepted treatment modality which can be used indepen-
dently for effectively treating the plantar fasciitis.

Studies have suggested the use of oral non-steroidal anti-
inflammatory drugs (NSAIDs) in reducing inflammation and
providing pain relief [6, 22], but their efficacy in chronic
cases still remains obscure. Some authors have studied that
heat treatment also showed positive results, specifically
moist heat [20, 21] but the effectiveness of heat treatment in
isolation remains uncertain as it is always used in conjunc-
tion with other treatment modalities [21].

Silicone insole is a non-invasive modality that works
by providing cushioning and add comfort to the sole as it
absorbs 42% of shock while walking [23, 24]. Studies have
suggested that prefabricated shoe inserts, specifically, the
silicone inserts provide better relief to the patients than the
custom made orthotics and stretching exercises alone and is
found to be an effective conservative treatment for reducing
pain and improving functional outcome [13, 15].

Calf muscle and plantar fascia stretching exercises have
been observed to be one of the effective treatment modality
for plantar fasciitis [2, 5, 17]. These exercises are commonly
administered to relieve stress and pressure from the tight and
inflamed plantar fascia to restore normal range of motion.
Numerous studies have shown that stretching exercises,
when combined with other treatment modalities decrease
the symptoms [5, 17-19] but no study has determined the
independent efficacy of these exercises in treating plantar
fasciitis.

To our knowledge, there is no study in the literature
which has evaluated and compared the independent efficacy
of the commonly used treatment modalities like analgesics,
silicone heel pad with hot fomentation, plantar fascia stretch-
ing exercises, and calf stretching exercises to treat plantar
fasciitis. Thus, the aim of the present study is to assess the
response of the patients to different treatment modalities
when given in isolation which may help to establish a defini-
tive treatment strategy for treating the plantar fasciitis.
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Materials and Methods

This was a prospective; double blind randomized con-
trolled trial (Level I) which was carried out in a tertiary
care centre over a period of 4 years and registered with
the Clinical Trial Registry-India (CTR1/2015/07/006029).
Patients diagnosed with plantar fasciitis who satisfied the
inclusion criteria were enrolled in our study.

Both male and female patients with age ranged between
25 and 65 years, having symptoms of moderate to severe
intensity with minimum duration of 6 weeks were included
in the study. Patients were excluded if they had any history
of steroid injection, history of any surgery in the affected
lower limb and any other pathological disorder that can
cause pain in the heel. Patients having painful hip or knee,
any psychosocial dysfunction or having Body Mass Index
(BMI) > 25 were also excluded from the study. Only those
patients who were willing to participate and agreed to omit
any other treatment were included in the study.

Prior to the participation, written and informed consent
was taken from each subject. If a patient is found to be
having plantar fasciitis in both the feet, the foot with the
maximum intensity of pain was considered the study foot.
Using computer-generated method, the subjects underwent
randomized allocation into four treatment groups: Group 1
(n=35)-conventional treatment (patients with analgesics),
Group 2 (n=35)—heat treatment with silicone heel pad,
Group 3 (n=35)—active plantar fascia stretching with
sham calf stretching and Group 4 (n=35)—active calf
muscle stretching with sham plantar fascia stretch.

Each patient was assessed using Foot Function Index
(FFI) [25] and The Foot and Ankle Disability Index
(FADI) [26] to know the baseline scores of pain, disability,
and restrictions in activities of daily living. FFI consists
of 3 sub-scales: pain, disability, and activity restriction
[25], each item evaluated on a scale of 0-10. FADI is com-
posed of a 26-item activities of daily living, with each
item scored on a scale of 0-5. Treatment was considered
to be failed if the pain of the patient did not improve or got
worsened after 3 weeks of treatment.

The subjects in Group 1 were given 75 mg Indometh-
acin once a day for the maximum period of 3 weeks.
Patients allergic to Indomethacin SR were prescribed
Diclofenac 100 mg.

The subjects in Group 2 were prescribed the moist heat
to the affected foot for 20 min at night and inserted sili-
cone heel rubber pad in shoes while performing routine
activities.

The subjects in Group 3 performed plantar fascia
stretching exercises. Patients were asked to sit comfort-
ably by crossing the affected leg over the opposite leg, then
pulling the toes of the affected foot back towards the shin
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using the hand on the affected side until a stretch was felt
in the arch of the foot [5].

The subjects in Group 4 performed calf stretching exer-
cises. The exercises were performed in standing position.
Subjects were asked to lean into the wall with unaffected leg
placed in front of the affected leg, then the front knee bent
while keeping the back knee straight and heel fixed on the
ground until a stretch is felt in the Achilles tendon [17]. Sub-
jects of both the groups; Group C and Group D were asked
to maintain the stretch for 10 s with 15 repetitions in each
session and the exercises have to be performed twice daily.

To incorporate blindness between groups 3 and 4, they
were given sham exercise. Group 3 patients were given a
sham exercise in standing position. The exercise was per-
formed while leaning into the wall without actually stretch-
ing the Achilles tendon. Whereas, the patients of Group 4
were given the sham exercise in sitting position, in which
they had to cross the affected leg over the unaffected leg,
holding the affected side with hand but without actually
stretching the fascia.

Follow-up was done every week using FFI and FADI
index till first 4 months and then at 6 months, 8 months,
10 months and 12 months to assess the individual effective-
ness of each treatment module in improving the functional
outcome and in preventing the recurrence of symptoms.

Statistical Analysis

Data were analyzed using SPSS version 20.0. Intragroup
comparison of differences between pre and post interven-
tion scores of FFI and FADI was analyzed using Student’s ¢
Test. One-way analysis of variance (ANOVA) was applied
to evaluate whether significant difference existed between
pre and post intervention scores of different groups. If sig-
nificant difference was found between the groups, post-hoc
Tukey HSD test was applied to reveal which groups differ
significantly from each other. The results were considered
statistically significant if p values were less than 0.05.

Results

Out of 156 enrolled patients, 140 patients completed 1 year
follow-up. There were 35 patients in group 1, 35 patients in
group 2, 35 patients in group 3 and 35 patients in group 4
who completed the study. The mean age of the patients was
43.4+10.6 years. There were 105 females and 51 males.
The average duration of symptoms before treatment was
27.26 weeks (range 4-200 weeks). The mean BMI was
23.5+1.2. 43 patients presented with right and 53 patients
presented with left foot involvement; 60 patients had bilat-
eral plantar fasciitis. The demographic details of the patients
in each group are given in Table 1. Since no significant

Table 1 Demographic data of four groups

Groups Mean age (years) Mean BMI Mean duration
of symptoms
(weeks)

1 444+94 23.8+1.3 23.0+£27.4

2 41.5+10.9 24.1+1.1 27.4+39.4

3 46.4+11.9 242+1.1 32.5+46.1

4 41.5+10.3 237+1.4 26.2+35.2

‘p’ value 0.149 0.198 0.737

Table 2 Foot Function Index (FFI) score of 4 groups

Group Mean pre-inter-  Mean post-interven-  ‘p’ value
vention score tion score (1 year)

Group 1 69.5 42.1 0.0001%*

Group 2 64.5 6.6 p<0.0001%*

Group 3 70.6 1.7 p<0.0001%*

Group 4 66.6 10.4 p<0.0001%*

*p<0.05; **p <0.0001

difference was found between all the groups with respect to
demographic variables, all the groups were matched for age,
BMI and duration of symptoms.

Sixteen patients withdrew from the study due to various
reasons; experienced medical problems unrelated to plantar
fasciitis (7 patients), unavailability for weekly evaluation (3
patients), having administered corticosteroid injection with-
out informing investigator (3 patients), and due to unfortu-
nate tragic event at home (3 patients). Three, five, three and
five patients were lost to follow-up in group 1, 2, 3, and 4,
respectively.

17 patients in the pain killer group had their treatment
terminated after a minimum period of 3 weeks. The mean
recurrence time was 11.3 weeks (range 4—18 weeks).

The pain and disability score (FFI and FADI) improved
within all the groups as significant difference existed within
the groups on unpaired ‘¢’ test. The details of pre interven-
tion score and post intervention score for FFI and FADI are
given below in Tables 2 and 3.

No statistically significant difference was observed in pre-
intervention score between the groups on FFI (p =0.59) and
FADI (p=0.239), but, statistically significant difference was
observed between all the groups on post intervention score
with respect to FFI (p < 0.0001**) and FADI (p <0.0001%*)
as analyzed by One-way analysis of variance (ANOVA) test.
The details are given in Tables 4 and 5.

To assess the superiority of one treatment group over
another treatment group, post-hoc Tukey test was applied
which has shown statistically significant difference between
group 1 and 2 (p <0.001**), group 1 and 3 (p <0.001*%),
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Table3 The Foot and Ankle Disability Index (FADI) score of 4
groups

Table 7 Post-hoc Tukey HSD test for the four groups on mean differ-
ence FADI score

Group Mean pre-inter-  Mean post-interven-  ‘p’ value
vention score tion score (1 year)

Group 1 61.9 78.6 0.0002%*

Group 2 66.5 95.1 p<0.0001%*

Group 3 61.5 98.3 p<0.0001%*

Group 4 64.4 90.9 p<0.0001%*

*p <0.05; **p <0.0001

Table4 One-way ANOVA analysis of pre and post intervention FFI
scores of 4 groups

Pre-intervention score (‘p’ value) 0.59

Post-intervention score (‘p’ value) p<0.0001**

#p <0.05; **p <0.0001

Table 5 One-way ANOVA analysis of post intervention FADI scores
of 4 groups

0.239
p<0.0001*

Pre-intervention score (‘p’ value)
Post-intervention score (‘p’ value)

#p <0.05; #¥p <0.0001

Table 6 Post-hoc Tukey HSD test for the four groups on mean differ-
ence FFI score

Contrast ‘p’ value
Group 1 versus Group 2 0.001%**
Group 1 versus Group 3 0.001%**
Group 1 versus Group 4 0.001%**
Group 2 versus Group 3 0.26
Group 2 versus Group 4 0.89
Group 3 versus Group 4 0.15

Group 3> Group 1; Group 2> Group 1; Group 4> Group 1; Group
2 ~Group 3; Group 2~ Group 4; Group 3 ~Group 4

#p <0.05; **p <0.0001

group 1 and 4 (p <0.001**), and non-significant differ-
ence was found between group 2 and 3 (p=0.26), group 2
and 4 (p=0.89) and group 3 and 4 (p=0.15) on FFI score
(Table 6). This means that the improvement was seen in pain
and disability symptoms of patients in both the stretching
groups and hot fomentation plus silicone heel pad groups
more than in the pain killer group.

Statistically significant difference was found between
group 1 and 2 (p=0.001%%*), group 1 and 3 (0.001*%*), group
1 and 4 (p=0.001%%), and group 3 and 4 (p=0.03) and,
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Contrast ‘p’ value
Group 1 versus Group 2 0.001%**
Group 1 versus Group 3 0.001%**
Group 1 versus Group 4 0.001%**
Group 2 versus Group 3 0.09
Group 2 versus Group 4 0.90
Group 3 versus Group 4 0.03*

Group 3> Group 1; Group 2> Group 1; Group 4> Group 1; Group
3> Group 4, Group 2 ~ Group 3; Group 2 ~Group 4

#p <0.05; **p <0.0001

non-significant difference was found between group 2 and
3 (p=0.09), and group 2 and 4 (p =0.90) on FADI score
(Table 7). This shows that pain and disability improved in
group 3 as compared to all other treatment groups.

Statistical power analysis was performed using G* Power
(version 3.1) software. The power of the study was calcu-
lated on the basis of the FADI scale among the 4 groups,
which was 0.95 with an effect size f of 0.49, o err prob of
0.05, Power (1-f err prob) of 0.95. The power of the study
was also calculated on the basis of the FFI among the 4
groups, which was 0.96 with a effect size f of 0.81, o err
prob of 0.05, Power (1-p err prob) of 0.95.

Discussion

Plantar fasciitis is an inflammatory condition resulting in
pain at the inferior aspect of the heel, especially in the morn-
ing with first few steps [7]. Many non-operative treatment
modalities have been used in the past to treat this condition
in conjunction with other modalities [5-7, 10-16, 18-22,
27], but to the best of our knowledge, no study has compared
the effect of these modalities when used alone. Thus, in the
present study, the individual effectiveness of four different
modalities; the analgesics, silicone heel pad with hot fomen-
tation, plantar fascia stretching exercises, and calf stretching
exercises was assessed.

In the present study, we have observed the predominance
of female patients over male patients. This is in accord-
ance with the study by Davis et al. [28], where there were
74 female patients and 31 male patients who had plantar
fasciitis and in another study by Yucel et al. [29], the heel
pain was seen to be more prevalent in the female population
(76.6% in females vs. 23.3% in males). This discrepancy
between male: female ratio in our study may be ascribed to
certain factors like prolonged standing hours, more common
usage of flat or high heel footwear and habit of bare foot
walking in women population in our region.
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In our study, in the analgesic group, out of 35 patients, 17
patients had their treatment failure after 3 weeks of treatment
(mean treatment failure time 11.3 weeks) and 18 patients
successfully completed 1 year follow-up with improved pain
and disability score on FFI and FADI (p <0.001). This is
in agreement with the study by Biswas et al. [22], in which
symptoms of plantar fasciitis recur after discontinuation of
oral NSAIDs after 2 months which was significantly higher
(33/60, i.e., 55%). Another study which incorporated the use
of oral NSAIDs in the treatment of plantar fasciitis, showed
that the symptoms of the patients improved with NSAIDs
[6], but this disparity of results could be due to the small
sample size of the their study and incorporation of other
modalities in conjunction with oral NSAIDs.

Results of the present study depict that the plantar fascia
stretching group showed more reduction in pain (FFI score)
and improvement in activities (FADI score) as compared to
the silicone heel pad plus hot fomentation group as observed
from mean difference, although no statistical difference was
found between them on FFI (p =0.8073), and FADI score
(p=0.9632). In a randomized controlled trial by Pfeffer et al.
[13] on 236 patients, the comparison was made between
three prefabricated shoe inserts (a rubber heel cup, a felt
insert and a silicone heel pad) along with Achilles tendon
and plantar fascia stretching and stretching alone. Only 190
patients completed the 8 week follow-up, the response rates
were found to be better in the silicone insert group than in
the stretching-only group (p=0.019). Although, the silicone
insert group was shown to improve more on FFI as com-
pared to stretching alone, but there was no significant differ-
ence (p=0.54). In another study conducted by Yucel et al.
[29], it was established that the condition of 80% of patients
resolved after using full-length insoles with statistically sig-
nificant difference between mean pain scores at p < 0.05.
The discrepancy between the results could be attributed to
the short-term follow-up and use of silicone heel insert in
conjunction with other treatment modalities in these studies.

Petrofsky et al. [20] studied that heat and moist heat used
at night was found to be helpful in reducing pain. But, the
limitation of their study was that heat was not used alone for
the treatment of plantar fasciitis but in combination with or
without Advil. Ours is the only study which has incorporated
heat treatment along with the silicone heel pad.

Plantar fascia stretching exercises were shown to have more
improvement in patients as compared to all other groups in
the present study. In a retrospective study by Davis et al. [28],

conducted on 105 patients, 89% of patients were shown to
improve significantly with non-operative treatment which
included rest, NSAIDs, Achilles tendon and plantar fascia
stretching exercises, and heel cushions. However, stretching
exercises were found to be the most effective treatment of plan-
tar fasciitis in their study. Various authors have also advocated
the use of stretching exercises in the treatment of plantar fas-
ciitis for better outcome [2, 5, 17—19]. In the recent literature,
the superiority of one stretching exercises over another was
not established as stretching exercises were rarely used in iso-
lation. Ours is the first study which has studied the effects of
these exercises in isolation with long-term follow-up period
of 1 year.

‘We have also observed that the patients in the plantar fascia
stretching group showed better results when compared with
calf stretching group. Although no significant improvement
was seen between these groups on FFI score (p=0.15) and
also found on FADI score (p=0.03). This result is consistent
with the findings of the study carried by Digiovanni et al. [17],
in which the effect of plantar fascia and calf stretching exer-
cises was seen in 101 patients suffering from chronic plantar
fasciitis in phase one of clinical trial for 8 weeks of treatment.
Along with the stretching exercises, the treatment plan also
included prefabricated soft insoles and a 3-week course of
celecoxib. After 8 weeks, the patients in plantar facsia stretch-
ing group showed significant improvement on the pain score
of FFI with respect to worst pain; p=0.02 and first steps in the
morning; p=0.006, but no significant improvement was seen
when all the components of FFI were compared. The patients
in calf stretch group were instructed to perform plantar fascia
stretching exercises after 8 weeks of treatment. In phase two
of the clinical trial [5], at 2 years of follow-up, both the groups
improved significantly with respect to pain and the visual
analog scale scores from baseline on FFI score (p <0.0001).
Thus, these studies also suggest that plantar fascia stretching
exercises provide better relief symptomatically in cases of
plantar fasciitis. A summary of certain important papers on
the subject with their relevant findings is provided in Table 8.

Conclusion
Plantar fascia stretching exercises resulted in most significant
improvement in both the scores (FFI and FADI), followed by

treatment with heat and silicone heel pad and calf stretching
exercises.
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Table 8 Summary of certain important papers on the subject with their relevant findings

Study

Remarks

Biswas et al. [22]
Donley et al [6]

Petrofsky et al. [20]

Pfeffer [13]

Di Giovanni et al. [17]

Rompe et al. [19]

Di Giovanni et al. [5]

Pain relief was significant after steroid injection (p <0.001) and the improvement was sustained
The recurrence of heel pain was significantly higher in the oral NSAIDS group (» <0.001)

Pain and disability mean scores improved significantly over time in both groups, although there was no statistically
significant difference between the placebo and NSAID groups at 1, 2, or 6 months

Heat and moist heat all caused a significant reduction in pain (p <0.05)
Heat at night was just as effective as cold in the morning and there was no significant difference between the two
(p>0.05)

Results showed that using the Bauerfeind ViscoSpot or other prefabricated insert along with stretching exercises was
better than stretching alone or using a custom orthosis along with stretching

The authors concluded that, when used with a stretching program, a prefabricated shoe insert is more likely to produce
improvement in symptoms as part of the initial treatment of proximal plantar fasciitis than a custom polypropylene
orthotic device

The pain subscale scores of the Foot Function Index showed significantly better results for the patients managed with the
plantar fascia stretching program

Analysis of the response rates to the outcome measures also revealed significant differences with respect to pain, activity
limitations, and patient satisfaction, with greater improvement seen in the group managed with the plantar fascia-
stretching program

A program of non-weight-bearing stretching exercises specific to the plantar fascia is superior to the standard program
of weight-bearing Achilles tendon-stretching exercises for the treatment of symptoms of proximal plantar fasciitis

A program of manual stretching exercises specific to the plantar fascia is superior to repetitive low-energy radial shock-
wave therapy for the treatment of acute symptoms of proximal plantar fasciopathy

At the end of 8 weeks, both groups reported significant improvement on the Foot Function Index, but those in the plan-
tar fascia stretching group had significantly greater improvement with respect to worst pain and pain with first steps in
the morning

The plantar fascia stretching group also had a higher percentage of positive responses to an outcomes survey in terms of
pain, activity and satisfaction

After 8 weeks, patients from both groups were instructed to continue with plantar fascia stretching

At 2-year follow-up, both groups continued to show improvement on the pain subscales of the FFI compared to baseline.
However, no group differences were observed

The study suggests that plantar fascia stretches provide better symptom relief for chronic plantar fasciitis
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