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Abstract
Objective: To compare the efficacy of extracorporeal shock waves versus corticosteroids injections on

pain, thickness of plantar fascia and foot function in patients with plantar fasciitis. Secondarily, to assess the

efficacy of radial and focused extracorporeal shock waves and the most appropriated intensity (high,

medium or low).

Data sources: PubMed, SCOPUS, CINAHL and PEDro, until April 2024, according to Preferred

Reporting Items for Systematic Reviews and Meta-Analyses guidelines.

Review methods: Randomized controlled trials comparing the efficacy of extracorporeal shock waves

versus corticosteroids injections on pain intensity and sensitivity, thickness of plantar fascia and foot func-

tion in patients with plantar fasciitis. Methodological quality and risk of bias were assessed using PEDro

Scale and Cochrane Risk of Bias Tool. Pooled effect was calculated using the standardized mean difference

(SMD) and its 95% confidence interval (95%CI).

Results: Sixteen studies involving 1121 patients, showing a mean of 6 points in PEDro scale, were

included. At three months, extracorporeal shock waves were better than corticosteroids injections in

reducing pain (SMD −0.6; 95%CI −1.1 to −0.11) and thickness of the plantar fascia (SMD −0.4; 95%CI
−0.8 to −0.01) and increasing foot function (SMD 0.27; 95%CI 0.12–0.44). At six months, extracorporeal

shock waves are more effective in reducing pain (SMD −0.81; 95%CI −1.6 to −0.06) and increasing foot

function (SMD 0.67; 95%CI 0.45–0.89). Local pain and slight erythema were the most frequent adverse

events.
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Conclusions: Extracorporeal shock waves are a safe therapy, presenting more efficacy than corticoster-

oids injections in improving pain, thickness of plantar fascia and foot function at mid-term.
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Introduction

Plantar fasciitis contributes 15% of foot injuries,1

affecting 10% of the world’s population over a
lifetime, mainly between 45 and 64 years.2

Plantar fasciitis is characterized by localized pain
in the heel area,3 especially with the first steps in
the morning or after long period of inactivity,4,5

and reduced foot function and quality of life.6

Plantar fasciitis involves structural changes in the
insertion of the plantar fascia, increasing the thick-
ness of the plantar fascia (increase of 2.16 mm,
compared to healthy subjects).7 However, others
risk factors, such as body mass index, weight-
bearing activities, foot muscle strength and kine-
matic characteristics during running (i.e., decreased
ankle dorsiflexion and first metatarsophalangeal
joint extension) can produce plantar fasciitis.8–11

Currently, pharmacotherapy and physiotherapy
are the minimally invasive non-surgical approaches
more used,12,13 although 20% of these patients did
not respond adequately presenting disability for
more than one year.14 Corticosteroids injections
therapy, usually infiltrated alongside local anes-
thetics, are one of the most widely used pharmaco-
logical treatments due to their low cost, easy
accessibility and high success rate for short-term
pain reduction,15 although its effects seems dis-
appear at 12 weeks.16 Locally reduces inflamma-
tion of the soft tissue where it is injected.17

Extracorporeal shock wave therapy is a physical
therapy with mechanical effects, that applying
mechanical waves on a medium with deformation
capacity, is used to reduce disability in plantar fas-
ciitis18,19 with few adverse effects.20 Extracorporeal
shockwaves produces biological changes in the
tissue,21 leading to the proliferation of growth

factors associated with tissue regeneration, and
anti-inflammatory cytokines.22–25 Extracorporeal
shockwaves can be applied in two modalities,
radial or focused, although there is no consensus
on which modality may be more effective.26,27

Radial extracorporeal shockwaves disperses the
energy from the applicator, in contrast to focused,
which concentrates energy at a tissue point.26

Finally, the intensity applied can be low (>0.1
milliJoules/millimeter2), medium (0.1–0.2) or
high (>0.2).28

Separately, some reviews have showed the
effectiveness of both therapies on plantar fasci-
itis.19,29,30 Previously, three reviews compared the
efficacy of both therapies in the management of
plantar fasciitis,31–33 although it is not clear what
of them could be more efficient. The low number
of studies included, the restrictions in the literature
search, the new studies published since July 2018,
and to know what modality and intensity of extra-
corporeal shockwaves is more effective, encourage
us to perform a new meta-analysis. Our aim was to
compare the efficacy between extracorporeal
shockwaves and corticosteroids injections in redu-
cing pain and thickness of the plantar fascia and
increasing foot function in plantar fasciitis.
Additionally, to evaluate the most appropriate
modality and intensity of extracorporeal shock-
waves to apply to these patients.

Methods

This systematic review with meta-analysis was
carried out following the guidelines of the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020 version)
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statetement,34 the Cochrane Handbook for
Systematic Reviews of Interventions,35 and the
AMSTAR 2 checklist.36 The protocol was previ-
ously registered in PROSPERO: CRD42022324261.

Two authors, independently, searched in
PubMed Medline, SCOPUS, CINAHL Complete,
PEDro and the reference lists of reviews and ori-
ginal studies previously published until April,
2024. The keywords used in the search strategy,
which were taken from Medical Subjects Headings,
were ‘fasciitis, plantar’, ‘extracorporeal shockwave
therapy’ and ‘adrenal cortex hormones’ and entry
terms, such as ‘shockwave therapy’ and ‘corticoster-
oid injection’. Boolean operators (AND/OR) were
used to combine the terms in databases selected
(Supplementary Table S1). Filters related to publica-
tion date and language were not applied. A third
expertise author supervised this stage.

Two authors independently screened the
retrieved references by title/abstract, and discrepan-
cies were discussed with a third researcher. The
inclusion criteria followed the PICOS criteria37:
(population) patients with plantar fasciitis; (inter-
vention) extracorporeal shockwaves; (comparator)
corticosteroids injections; (outcomes) pain, pain
sensitivity, thickness of the plantar fascia and foot
function; and (study design) parallel or crossover
(up to the first crossover) randomized controlled
trials. The included studies must report quantitative
data to perform the meta-analysis. The exclusion
criteria were as follows: (1) studies that included
patients with different pathologies of the foot in
addition to plantar fasciitis; and (2) studies con-
ducted in animals or simulation studies.

Two authors independently extracted the data
from the selected studies using standardized
forms. Discrepancies or doubts were resolved by
consulting a third author. From each study, the fol-
lowing data were extracted: basic information
(authorship and publication date, setting and
funding); characteristics of the participants
(number of groups and participants, age, sex and
time since plantar fasciitis diagnosis); data related
to extracorporeal shockwaves (protocol applied in
sessions, weeks and duration of each session, inten-
sity, pulses per session); corticosteroids injections
data (number of injections, dose and drugs or

anesthetic injected); and data related to variables
(measurements and follow-up [post-intervention,
4–6 weeks and 3, 6 and 12 months). When a
study provided standard error or range and inter-
quartile range from non-skewed distributions, it
could be transformed into a standard deviation.35

Methodological quality was assessed using the
PEDro scale.38 The PEDro scale categorizes the
methodological quality as ‘excellent’ (10-9
points), ‘good’ (8-6 points), ‘fair’ (5-4 points) and
‘poor’ (3 points or less).39 The PEDro scale has
shown high reliability and validity to assess meth-
odological quality in RCT.40 In accordance with
Armijo-Olivo et al., the Cochrane Risk of Bias
tool was used41 to assess the risk of bias because
it is more appropriate than the PEDro scale for
the assessment of the risk of bias in physical
therapy clinical trials.42 Cochrane Risk of Bias
tool is comprised by seven items: sequence gener-
ation and allocation concealment for selection bias;
blinding of participants and staff, and evaluators
for performance and detection biases, respectively;
incomplete outcome data for attrition bias; selective
outcome reporting for reporting bias; and others. For
each item, the risk of bias can be low (‘+’), high (‘-’)
or unclear (‘?’). These assessments were carried out
by two authors independently, and disagreements
were resolved by consulting a third author.

The quality of the evidence of findings in
meta-analyses was assessed using the Grading of
Recommendations Assessment, Development, and
Evaluation (GRADE) tool.43 The quality of evi-
dence is determined according to five items: risk
of bias in individual studies, inconsistency, indirect
evidence, imprecision and risk of publication bias.
All of these items, except risk of bias in individual
studies, were assessed using the GRADE checklist
of Meader.44 Combining these items allow us to
show findings with four different levels of evidence:
high (if findings are robust), moderate (when a future
study can change the current findings), low (the level
of confidence is low) and very low (findings are
uncertain). If one item did not meet the level of evi-
dence, one level was downgraded.

Meta-analysiswasconductedusingComprehensive
Meta-Analysis version 4.0.45 Meta-analysis was only
performed if data from at least two studies for the
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same variablewere obtained. The effect sizewas esti-
mated using Cohen’s standardized mean difference
(SMD) and its 95% confidence interval (95% CI)46

in a random-effects model for continuous data dis-
played in forest plots.47,48 According to Kinney
et al., the effect size in rehabilitation research could
be small (0.08–0.15), medium (0.19–0.36) or large
(0.41–0.67).49 The mean difference between groups
to compare the findings to the minimal important dif-
ference (MID) in outcomes assessed with the same
measurement was additionally calculated. Minimal
important difference, previously known asminimally
important clinical difference, is defined as ‘the smal-
lest difference in score in the domainof interestwhich
patients perceive as beneficial and which would
mandate, in the absence of troublesome side effects
and excessive cost, a change in patients’ manage-
ment’.50 Comparing the study results with the MID
value for a measurement test is the most effective
method to examine the clinical importance or rele-
vance.51 Only painwas assessedwith the samemeas-
urement: Visual Analogue Scale for pain intensity.
Although 1.9–2 cm or a change of 30% with respect
to baseline is considered as the ‘norm’ MID for the
visual analogue scale for pain intensity, Landorf
et al. showed that 9 mm was the MID for the visual
analogue scale for pain, specifically in patients with
plantar fasciitis.52 The risk of publication bias was
assessed with the P value for Egger’s test53 and the
trim-and-fill estimation.54 Heterogeneity was mea-
sured according to the degree of inconsistency (I2)
and with the P value for the Q-test.55,56 I2>50% and
P for Q-test <0.1 indicate statistical heterogeneity.

Sensitivity analysis (leave-one-out method) was
used to assess the contribution of each study to the
pooled effect. Three subgroup analyses according
to the extracorporeal shockwaves application
(radial or focused), intensity (low, medium or
high)28 and time since diagnosis of patients when
the study began (acute or chronic) were carried
out. In addition, we performed a qualitative ana-
lysis to report the adverse events of each therapy.

Results

Two hundred thirty-one references were retrieved
from the preliminary searches (225 from databases

and 6 from additional searches). After removing 92
duplicate references, 139 studies were assessed by
title/abstract. One hundred three studies were
excluded for not being relevant and 20 for not
meet the inclusion criteria. Finally, 16 randomized
controlled trials57–72 were included in the
meta-analysis. The PRISMA flow chart (Figure 1)
displays the study selection process.

Studies were carried out from 2005 to 2023, pro-
viding data from 1121 participants diagnosed with
chronic (>3 months)58–67,70–72 and acute plantar
fasciitis (<3 months)57,68,69 and a mean age of 45
(6) years (65% women). The mean initial visual
analogue scale for pain intensity was 7 (1.3) and
in visual 4.3 (2) mm of thickness of the plantar
fascia. Five hundred sixty-one (44.5 (6) years)
received extracorporeal shock waves, and 560
received corticosteroids injections (41.3 (13) years).
In 13 studies,57–62,64–72 extracorporeal shock
waves were compared to corticosteroids injections
therapy, and in three studies, a physical therapy
program with of stretching for the gastrocnemius
and plantar fascia or ultrasound therapy was com-
plementarily added to the extracorporeal shock
waves and corticosteroids injections groups.61,63,70

Extracorporeal shock waves were applied in a
range of sessions from 1 to 5 and once per week
in the majority of the studies. The pulses per
session range varied between 1000 and 3000, with
2000 pulses per session being the most frequent.
Ten studies applied extracorporeal shock waves
with high intensity,58–64,66,68,71 four with
medium,57,65,67,69 and two with low.70,72 Eight
studies applied radial extracorporeal shock
waves,57–61,63,65,67 four focused,62,68,71,72 and four
did not report the modality employed.64,66,69,70 The
corticosteroids that were injected included beta-
methasone, methylprednisolone and triamcinolone
(between 7 and 40 mg/ml). Lidocaine, prilocaine,
xylocaine and mepivacaine, among others, were
the anesthetics injected together with corticosteroids.
Only one study reported receiving external
funding.61 Table 1 details the characteristics of the
studies included.

Pain intensity was assessed using the visual ana-
logue scale57–70,72; pain sensitivity was assessed
with algometry70 and visual analogue scale62;
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thickness of the plantar fascia was assessed in milli-
meters with ultrasonography and magnetic reson-
ance images61,63,66–68,71,72; and foot function was

assessed with the American Orthopaedic Foot &
Ankle Society score,58,59,64 the Foot Function
Index,57,60,61,67 the 100-point scoring system,68

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the study

selection process.
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the Mayo Clinic scoring system71 and the Plantar
Fasciitis Pain and Disability Scale.63

The methodological quality mean of the
studies was 6 (0.9) points in the PEDro assessment.
Nine studies were of good quality,57,58,61,66–70,72

and seven studies of fair quality59,60,62–65,71

(Supplementary Table S2). The Cochrane Risk of
Bias tool reported performance bias (blinding of
participant items missed) in all studies, detection
bias (blinding of assessor items missed) in ten
studies,58–66,69 and selection bias (concealment of
randomization sequence items missed or doubtful)
in eight studies57,59,60,62–64,66,71 (Supplementary
Table S3).

Pain intensity

Pain was assessed in 15 studies,57–70,72 showing
that the efficacy of extracorporeal shock waves in
reducing pain was major than corticosteroids injec-
tions at three months of follow-up (SMD −0.6;
95% CI −1.1 to −0.11; I2= 4.3%), reducing pain
1.3 points on the visual analogue scale for pain
(95% CI −1.45 to −1.1); and at six months (SMD
−0.81; 95% CI −1.6 to −0.06; I2= 0%) being
able to reduce pain −1.26 points (95% CI −2.26
to −0.25). In contrast, no statistically significant
differences (P> 0.05) were shown between therap-
ies after finishing the intervention, at 4–6 weeks,
and at one year of follow-up (Table 2, Figure 2).
The risk of publication bias is shown in the assess-
ment at three months (Supplementary Figure S1).
Sensitivity did not show variation with respect to
the original effect.

Subgroup analysis revealed that radial was the
most efficacious modality of application at three
(SMD −0.7; 95% CI −1.11 to −0.25) and six
months (SMD −0.9; 95% CI −1.47 to −0.33). In
addition, high-intensity extracorporeal shock
waves were the most indicated to reduce pain at
three (SMD −0.94; 95% CI −1.5 to −0.4) and six
months (SMD −0.75; 95% CI −1.01 to −0.41).
No statistically significant differences between the
effect of extracorporeal shock waves and corticos-
teroids injections were found between acute and
chronic patients.

Pain sensitivity

Pain sensitivity was analyzed with data from two
studies.62,70 The findings revealed a large effect
favouring extracorporeal shock waves (SMD
−1.46; 95% CI −2.32 to −0.6; I2= 0%) in reducing
pain sensitivity with algometry at three months of
follow-up (Supplementary Figure S2, Table 2),
compared to corticosteroids injections. Sensitivity
analysis did not show differences in the original
pooled effect.

Thickness of the plantar fascia

Through data from seven studies,61,63,66–68,71,72

extracorporeal shock waves showed a statistically
significant reduction in thickness of the plantar
fascia (SMD −0.4; 95% CI −0.8 to −0.01; I2=
37%) compared to corticosteroids injections at
three months (Table 2, Figure 3). No statistically
significant differences between therapies were
shown at 4–6 weeks and at six months of follow-up
(P< 0.05). Risk of publication bias was found at
three months (Supplementary Figure S3).
Sensitivity analysis did not report statistically sig-
nificant differences.

The subgroup analysis did not reveal statistically
significant differences between radial or focused
extracorporeal shock waves at these time points
(P>0.05). At three months, high-intensity the
most adequate intensity in reducing thickness of
the plantar fascia (SMD −0.41; 95% CI −0.6 to
−0.18). No statistically significant differences were
found between acute or chronic patients at 4–6
weeks and three months, respectively (P>0.05).

Foot function

Data were provided from ten studies.57–61,63,64,67,68,71

The findings revealed a medium effect favouring
extracorporeal shock waves at 3 (SMD 0.27; 95%
CI 0.12–0.44; I2= 0%) and at six months (SMD
0.67; 95% CI 0.45–0.89; I2= 0%) (Table 2,
Figure 4). No significant differences were found
between therapies at 4–6 weeks and one year. The
risk of publication bias at six months showed that it
could underestimate the effect without this bias
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(Supplementary Figure S4). Sensitivity analysis did
not show variation in the pooled effect.

At three months, subgroup analysis identified as
focused extracorporeal shock waves as the best
modality to increase foot function (SMD 0.55; 95%
CI 0.9–1); and at six months, radial was the best
option (SMD 0.72; 95% 0.14–1.31). High-intensity
extracorporeal shock waves were the most indicated
intensity to improve foot function at three (SMD
0.33; 95% CI 0.1–0.6) and six months (SMD 0.66;
95% CI 0.04–1.3). No statistically significant differ-
ences between the effect of therapies on were found
between acute and chronic patients (P>0.05).

Adverse events during therapies

Ten studies reported data on adverse events after ther-
apies. Three studies58,60,64,71 did not report adverse

events during the study. The most common adverse
events were local pain and slight erythema reported
in both groups in two studies,57,63 only in the extra-
corporeal shock waves group in three studies,61,67,70

only in the corticosteroids injections group in one
study.62 After corticosteroids injections perceived
pain lasted 2–9 day. Therefore, slight local pain
and erythema are the most common adverse
events in both therapies.

Discussion

The aim of this review was to compare the efficacy
between extracorporeal shock waves and corticos-
teroids injections in reducing pain, thickness of
the plantar fascia and increasing foot function in
patients with plantar fasciitis. Secondarily, to
assess the effect along time (post-intervention, 4–6

Figure 2. Forest plot for the comparison of extracorporeal shock wave therapy (ESWT) vs corticosteroids injections

(cis) on pain intensity at post-intervention, 4–6 weeks, and 3, 6 and 12 months.
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Figure 3. Forest plot for the comparison of extracorporeal shock wave therapy (ESWT) vs corticosteroids injections

(cis) on thickness of the plantar fascia 4–6 weeks, 3 and 6 months.

Figure 4. Forest plot for the comparison of extracorporeal shock wave therapy (ESWT) vs corticosteroids injections

(cis) on foot function 4–6 weeks, and 3, 6 and 12 months.
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weeks and 3, 6 and 12 months since the end of the
intervention), and to assess the most adequate
modality (radial or focused) and intensity (low,
medium or high) of extracorporeal shock waves.
Compared to previous reviews,31–33 this is the
meta-analysis that the major number of studies
and participants included (16 randomized controlled
trials providing data from 1121 patients). Since the
last review, six new studies were published, and this
contribution in an updated meta-analysis could help
to establish findings more robust and generalizable.
Additionally, opposite to the search of the previous
reviews, we did not use language or publication date
restrictions, allowing to retrieve and include more
studies. So, this is the first meta-analysis that pre-
sents findings with the major statistical power, gen-
eralization and quality of evidence.

Regarding pain intensity, assessed with the
visual analogue scale, in the immediate post-
evaluation, no differences were found between cor-
ticosteroids and extracorporeal shock waves, due to
opposite findings in the individual studies
involved.58,65 The possible immediate effect of cor-
ticosteroids can be related to the combined use with
others analgesic drugs, which reduces perceived
pain,73 disappearing it over time. Differences
favouring extracorporeal shock waves in reducing
pain intensity were observed in the mid-term (3
and 6 months). Our results at three months agrees
with the findings of Xiong, although our
meta-analysis provides more evidence due to
included ten studies more. Opposite, we disagree
with a recent meta-analysis which did not show dif-
ferences between therapies at three months,
although it can be biased because only six studies
were included.33 Extracorporeal shock waves can
reduce pain intensity in visual analogue scale 1.3
points more than corticosteroids, being these
results clinically relevant for two reasons. Firstly,
according to the novel effect size interpretation in
rehabilitation research,49 the effect size found in
both meta-analyses was large. Secondly, the mean
difference value obtained was greater than the min-
imally important difference for the visual analogue
scale for pain intensity on these patients (0.9 points
or 9 mm).52 Finally, at one year of follow-up, no
significant differences were shown between

therapies. Additionally, and in line with previous
studies,27,74 our subgroup analysis corroborated
that radial and high-intensity extracorporeal shock
waves therapy may be a better protocol for pain
reduction, although others postulated the focused
as the most indicated.26 Previous literature reports
that medium intensity is the ideal option when
applying focused75,76 and high intensity when
radial extracorporeal shock wave is used.27 In add-
ition, our meta-analysis showed a reduction of pain
sensitivity at three months, corroborating the reduc-
tion in pain intensity.

In reducing the thickness of the plantar fascia,
extracorporeal shock waves therapy is better than
corticosteroids injections at three months, but not
at 4–6 weeks or at 6 months. This finding represent
a novelty and disagrees with the review of Xiong,
who only included two studies in that analysis.32

Although this finding is interesting and relevant,
it must be taken into account with caution due to
risk of publication bias could be overestimating
the original pooled effect size. Additionally, sub-
group analysis revealed that high-intensity extra-
corporeal shock waves are the most indicate dose
in reducing thickness of the plantar fascia at three
months.

On foot function, the effect of extracorporeal
shock waves was major than corticosteroids injec-
tions at three and six months, but not at 4–6 weeks
and one year of follow-up were found. These findings
are inconsistent with those of Xiong, who did not
show differences in foot function at three months
with data from four studies. Furthermore, we reveal
than while focused is most optimal at three months,
radial application is more adequate at six months.
Finally, the major clinical improvements on foot
function were obtained using high-intensity dose.

This study presents some limitations. First, the
low level of evidence and generalization in some
subgroups analyses can be determined by the low
number of studies included in them, the moderate
methodological quality and risk of bias of individ-
ual studies and by others items such as inaccuracy,
statistical heterogeneity or risk of publication bias
that can alter (under or overestimating) the pooled
effect. Secondly, biases, such as selection (related
to an inadequate randomization concealment in
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some studies), performance and detection (by the
impossibility to blinding participants, therapists or
evaluators) can alter the accuracy of the therapy
effects producing a possible overestimation of the
findings.77,78 Finally, another limitation is that the
difference in the effect between acute or chronic
patients at 6 and 12 months of follow-up could
not be evaluated, since the included studies did
not enough report data from these periods.

In conclusion, this meta-analysis, including the
major of studies to date, reports that extracorporeal
shock waves therapy is a safe therapy and more
effective than corticosteroids injections for the
improvement of pain, thickness of plantar fascia
and foot function in patients with plantar fasciitis
in the mid-term (3–6 months after the intervention).
Although corticosteroids injections seem to be
more effective than in the short time, no differences
were found between therapies. Finally, at 12
months of follow-up, there are not differences
between the effect of both therapies. Additionally,
our findings suggested that radial extracorporeal
shock waves and high-intensity dose are the most
adequate for improving pain and foot function.
These findings are clinically relevant for phy-
siotherapists, and we encourage to the researchers
how maintain the effect of extracorporeal shock
wave beyond six months.

Clinical messages

• For reduce pain and increasing foot func-
tion at mid-term (3–6 months), extracor-
poreal shock wave therapy is more
effective than corticosteroids injections.

• The major improvement on pain and foot
function is obtained using radial extracor-
poreal shock waves with high intensity.

• The thickness of the plantar fascia is
reduced at mid term using high-intensity
extracorporeal shock waves.

• Extracorporeal shock wave therapy is a
safe and effective therapy, with local pain
and slight erythema being the most fre-
quent side effects.
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