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ARTICLE INFO ABSTRACT

Article history: Background: Plantar fasciitis (PF) is one of the most common causes of heel pain. With its treatment being
Received 18 May 2024 mainly conservative, a lot of controversy surrounds the choice of the best conservative management for this
Received in revised form 19 October 2024 entity. The purpose of this meta-analysis was to compare the effectiveness of extracorporeal shock wave
Accepted 11 November 2024 therapy (ESWT) to other conservative treatment options for the management of plantar fasciitis PF.
Methods: PubMed, Cochrane, and Google Scholar (Pages 1-20) were searched systematically for rando-
mized control trials (RCTs) published after 2013 comparing ESWT to other treatment modalities. ESWT was
compared against six other treatment modalities and a placebo.

Keywords:
Plantar fasciitis
Extracorporeal shock wave therapy

Corticosteroid injections Results: Fifteen studies involving 1123 patients were included in the meta-analysis. ESWT was found to
Pain perform significantly better than placebo (SMD: 7.53, CI: [5.84, 9.22]; p < 0.00001) for VAS pain score, and
Platelet-rich plasma CSI for FFI (SMD: 1.07, CI: [0.08, 2.07], p = 0.03). PRP outperformed ESWT for post-intervention VAS scores
Custom orthotics (SMD: -1.05; CI: [-1.53,-0.57]; p < 0.0001) and FFI (SMD: -0.84; CI: [-1.38, -0.30]; p = 0.002), while custom

orthotics improved FFI significantly over ESWT (SMD: -0.74; CI: [-1.19, -0.28; p = 0.001]. No other sig-

nificant differences were found between ESWT and other treatment modalities for the three metrics in-

cluded in this study.

Conclusion: ESWT has been proven to be a successful treatment for PF. However, PRP showed a statistically

and clinically significant greater improvement in pain and FFI than ESWT. However, compared to ESWT, PRP

is still a more technically challenging procedure.

Level of Evidence: Level 1 Meta-Analysis
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1. Introduction

Plantar Fasciitis (PF) is one of the most common causes of heel
pain with patients presenting with pain and tenderness on the
medial plantar aspect of the calcaneus. Rather than a primary in-
flammatory process, evidence suggests that this disorder is asso-
ciated with degenerative fascial changes as a result of repetitive
microtrauma to the plantar fascia that exceeds the body’s capacity to
heal [1-4]. Although the cause is poorly understood, PF is thought to
have a multifactorial etiology. Possible factors contributing to the
development of the disease include mechanical overload, bio-
mechanical dysfunction, obesity, overuse, excessive foot pronation,
reduced ankle dorsiflexion, tight Achilles tendon, and intrinsic
muscle weakness [2-7].

It is estimated that 2 million patients will seek medical treatment
for PF on an annual basis, accounting for 11-15 % of professional
visits related to foot pain [1-4,7]. Although conservative manage-
ment is clinically effective in 90-95 % of patients, [8,9] treatment
strategies vary as there is no consensus on which is most effective
[8-11]. Treatment modalities may include orthotic insoles, non-
steroidal anti-inflammatory medications, weight reduction,
stretching exercises, physical therapy, or night splints [11]. For those
that are refractory to conservative management, more invasive op-
tions may include injections with corticosteroid, platelet rich plasma
(PRP), or dextrose prolotherapy (DPL).

Extracorporeal shockwave therapy (ESWT) is an emerging alter-
native non-invasive therapy option for tendon and musculoskeletal
pathologies, including PF [12]. Though the exact mechanism is un-
known, it is postulated that use of pulsed acoustic sound waves
contributes to the healing of degenerated or inflamed plantar fascia
by stimulating neovascularization and collagen synthesis [13]. Nu-
merous studies present in the literature have reported the safety and
efficacy of ESWT in the treatment of recalcitrant PF, demonstrating
its superiority when compared to placebo [14-19]. However, the
effectiveness of ESWT compared to other treatment modalities re-
mains controversial as several reviews fail to draw consistent con-
clusions on which treatment option is most effective [20,21]. Thus,
the purpose of this meta-analysis was to compare the effectiveness
of extracorporeal shock wave therapy (ESWT) to other conservative
treatment options for the management of plantar fasciitis (PF).

2. Methods
2.1. Search strategy

A comprehensive literature search of PubMed, Cochrane, and
Google Scholar (Pages 1-20) was conducted for randomized control
trials (RCTs) published after 2013 up to the search date (October
10th, 2023) which compared ESWT to other treatment modalities for
the treatment of plantar fasciitis. The following keywords and
Boolean operators were used: “extracorporeal shockwave therapy”
OR “ESWT". The search results are summarized in the PRISMA
flowchart (Fig. 1).
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2.2. Study selection

Eligible studies were RCTs published in the English language
comparing ESWT to any other treatment modality for the treatment
of plantar fasciitis and reported at least one of the following out-
comes: visual analog scale (VAS) pain scores, plantar fascia thickness
(PFT), and total Foot Function Index (FFI). Studies were excluded if
they had a follow up duration < 12 weeks or did not present suffi-
cient data for the calculation of effect sizes (mean, standard devia-
tion, standard error of the mean). Titles and abstracts were screened
by two independent reviewers for eligibility. Full text screening of

Fig. 1. Flow diagram of included studies (PRISMA).
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citations was conducted and reasons for exclusion of any articles
were recorded. Disagreements were resolved by the senior author.

2.3. Risk of bias assessment

Risk of bias assessment was performed independently using the
Cochrane risk of bias (RoB) tool by two authors. Each trial was as-
sessed and scored as high, low, or unclear risk of bias for each of the
following criteria: random sequence generation; allocation con-
cealment; blinding of participants and personnel to the study pro-
tocol; blinding of outcome assessment; incomplete outcome data;
selective reporting (Fig. 2A). Trials with high risk of bias for > 1 key
domain were considered to be at high risk of bias whereas trials with
low risk of bias for all key domains were considered to be at low risk
of bias; otherwise, they were considered to be at unclear risk of bias.

2.4. Data extraction

Full-text review was performed for all included studies and data
extraction was performed by two independent reviewers using a
standardized data collection form. Extracted information included
study characteristics, patient demographics, group size, duration of
postoperative follow up, VAS pain score, plantar fascia thickness, and
FFI scores.

2.5. Statistical analysis

Standards article characteristics and RCT metrics were obtained.
All statistical analyses were conducted using Review Manager
(RevMan version 5.4, Cochrane Community, London, England) soft-
ware. A random effects model was used for all comparisons due to
the presence of heterogeneity across studies (I> > 50%).
Heterogeneity was evaluated using the I? statistic. Statistical sig-
nificance level was set at a =0.05.

Means and standard deviations were pooled for patient demo-
graphics. Standardized mean differences (SMDs) between groups
were calculated to present findings on a uniform scale of Standard
Deviation (SD) units, where SMDs of 0.2, 0.5, and 0.8 are considered
small, medium, and large effect sizes, respectively by convention
[22]. Between-group SMDs at the last post-intervention time point
(t2) were used as a metric for treatment effects (TE) rather than pre-
post SMDs commonly used in literature because of the possible ef-
fect of the correlation between pre-test and post-test measure-
ments [23].

3. Results
3.1. Study characteristics

Fifteen studies incorporating 1123 patients included in the meta-
analysis (3-17). The duration of post intervention follow up was 24
weeks (SD: 22.2; Range: 12-96). The main characteristics of the
included studies are summarized in Table 1 and the results of the
bias risk assessment in Fig. 2B.

3.2. VAS pain score

Of the 15 RCTs, 12 reported VAS pain scores with a total of 831
patients. The ESWT group included 415 patients, with a mean pre-
intervention VAS pain score of 13.66 (pooled SD: 4.55) and a mean
post-intervention VAS pain score of 7.07 (pooled SD: 6.54). The
control groups included 416 patients, with a mean pre-intervention
VAS pain score of 14.3 (pooled SD: 4.50) and a mean post-inter-
vention VAS pain score of 7.65 (pooled SD: 6.64). ESWT was com-
pared to 5 other treatments with the following pooled results: PRP
(5 studies including 179 and 175 patients in the ESWT and PRP
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Fig. 2. (A): Risk of bias item for each included trial. (B): Risk of bias item presented as
percentages across all included trials.

cohorts respectively) (SMD: -1.05; CI: [-1.53, -0.57]; p < 0.0001),
CSI (3 studies including 130 and 131 patients in the ESWT and CSI
cohorts respectively) (SMD: 0.44, CI: [-0.96, 1.83; p=0.54), custom
orthotics (1 study including 40 in each cohort) (SMD: -0.35; CI:
[-0.79, 0.10]; p=0.12), Dextrose prolotherapy (DPT) (2 studies in-
cluding 43 patients in each cohort) (SMD: 0.23, CI: [-0.19, 0.66],
p=0.28), and placebo (1 study including 23 and 24 patients in the
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Fig. 2. (continued)

Table 1
Overview of included studies.
Design Participants Outcomes Follow-up
ESWT Minimal ESWT ~ PRP CSI Orthotics DPT Placebo ;’:f::;;f::e"t ESWT treatment
Dose with ) (Months) modality
ESWT Steroids

Asheghan et al. [24] RCT 29 30 VAS, PFT 3 three sessions of ESWT

Goel et al. [25] RCT 36 36 VAS 6 three sessions of ESWT

Haddad et al. [26] RCT 54 50 VAS 6 three sessions of ESWT

Hocaoglu et al. [27] RCT 36 36 FFI 6 three sessions of ESWT

Ibrahim et al. [28] RCT 47 50 VAS 24 two sessions of ESWT

Kesikburun et al. [29]  RCT 14 13 VAS, FFI 3 three sessions of ESWT

Lai et al. [30] RCT 47 50 VAS, PFT 3 two sessions of ESWT

Mardani-Kivi et al. [31] RCT 34 34 VAS 3 three sessions of ESWT

Okur et al. [32] RCT 40 43 VAS, FFI 12 three sessions of ESWT

Pandey et al. [33] RCT 30 30 VAS, PFT 3 three sessions of ESWT

Soliman et al. [34] RCT 29 39 VAS, PFT 3 three sessions of ESWT

Vahdatpour et al. [35] RCT 24 22 PFT 3 Four sessions of ESWT

Wheeler et al. [36] Retrospective 59 55 FFI 6 three sessions of ESWT

Xu et al. [37] RCT 49 47 VAS, FFI, PFT 6 three sessions of ESWT

Yalcin et al. [38] RCT 30 30 VAS, FFI 3 three sessions of ESWT
ESWT and placebo cohorts respectively) (SMD: 7.53, Cl: [5.84, 9.22]; ESWT (1 study including 58 and 53 patients in the ESWT and
p < 0.00001). minimal-dose ESWT cohorts respectively) (SMD: -0.03; CI: [-0.40,

ESWT demonstrated a significantly greater improvement com- 0.33]; p=0.86).
pared to placebo (SMD: 7.53, CI: [5.84, 9.22]; p < 0.00001), while it ESWT improved FFI significantly more than CSI (SMD: 1.07, CI: [0.08,
demonstrated significantly inferior VAS scores compared to PRP 2.07], p=0.03), while both PRP (SMD: -0.84; CI: [-1.38, -0.30]; p=0.002)
(SMD: -1.05; CI: [-1.53, -0.57]; p < 0.0001). No other treatment and custom orthotics (SMD: -0.74; CI [-1.19, -0.28]; p=0.001) out-
effects were significantly different from ESWT (Fig. 3). performed ESWT for the same metric. No other significant differences in
FFI were detected for the remaining comparators (Fig. 4).
3.3. Foot Function Index (FFI)
3.4. Plantar Fascia Thickness (PFT)
Of the 15 RCTs included in this meta-analysis, 6 studies reported
FFI with a total of 450 patients. The ESWT group included 227 pa- Of the 15 RCTs included in this meta-analysis, 6 studies reported
tients, with a mean pre-intervention FFI score of 81.14 (pooled SD: PFT with a total of 430 patients. The ESWT group included 215 pa-
21.43) and a mean post-intervention FFI score of 46.35 (pooled SD: tients, with a mean pre-intervention PFT of 4.63 (pooled SD: 0.94)
20.34). The control groups also included 223 patients, with a mean and a mean post-intervention PFT of 4.16 (pooled SD: 1.03). The
pre-intervention FFI score of 85.89 (pooled SD: 19.32) and a mean control groups also included 215 patients, with a mean pre-inter-
post-intervention FFI score of 46.63 (pooled SD: 19.18). ESWT was vention PFT of 4.71 (pooled SD: 0.58) and a mean post-intervention
compared to 5 other treatments with the following pooled results: PFT of 4.08 (pooled SD: 0.65). ESWT was compared to 4 other
PRP (1 study including 29 patients in each cohort)(SMD: -0.84; CI: treatments with the following pooled results: PRP (2 studies in-
[-1.38, -0.30]; p=0.002), CSI (2 studies including 85 and 73 patients cluding 66 patients in each cohort) (SMD: -0.71; CI: [-1.69, 0.27];
in the ESWT and CSI cohorts respectively) (SMD: 1.07, Cl: [0.08, 2.07], p=0.16), CSI (2 studies including 96 and 97 patients in the ESWT and
p=0.03), custom orthotics (1 study including 40 patients in each CSI cohorts respectively) (SMD: 0.28; CI: [0.00, 0.57]; p=0.05), DPT
cohort) (SMD: -0.74; CI [-1.19, -0.28]; p=0.001), DPT (1 study in- (1 study including 29 and 30 patients in the ESWT and DPT cohorts
cluding 14 and 13 patients in the ESWT and DPT cohorts respec- respectively) (SMD: -0.28; CI: [-0.79, 0.23]; p=0.29), and ESWT
tively) (SMD: 0.07; CI: [-0.69, -0.82]; p=0.86), and minimal-dose with topical steroids (1 study including 24 and 22 patients in the
286
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Fig. 3. Forest plot showing the improvement of VAS in PRP and EWST.

ESWT and ESWT with topical steroids cohorts respectively) (SMD:
0.23; CI: [-0.35, 0.82], p=0.43).

In terms of PFT, no significant differences were detected between
ESWT and other treatment modalities (Fig. 5).

4. Discussion

Conservative treatment in PF remains a controversial topic with
no consensus about whether or not a management technique is
superior to the other [10,39,40]. Our study shows that ESWT is an
effective noninvasive treatment in managing PF, showing greater
improvement in pain when compared to placebo, and in FFl when
compared to CSI. However, PRP outperformed ESWT in pain relief
and with custom orthotics, showed better FFI.

Pain is the most common symptom in patients suffering from
PF, underscoring the importance of its improvement when con-
sidering a management approach. In our study, ESWT was shown
to have greater pain improvement when compared to placebo with
the difference being statistically significant. This difference in
improvement is also clinically significant since it surpassed the
minimal clinically important difference (MCID) which is 0.9 [41].
When compared to other treatments, there was no significant
difference except with PRP showing both statistically and clini-
cally, better pain relief. When compared to other treatments as a
whole, Sun et al. reported that ESWT showed better pain relief
[42]. Furthermore, Ibrahim et al. showed an average pain
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improvement of 37 % when placebo was used at 2 years follow-up
compared to 87 % with ESWT [28]. This was seen in our results as
well with a mean difference between ESWT and placebo was being
high at 7.5.

The FFI and PFT are other ways to evaluate foot functions and
treatment success in the setting of conservatively managed PF
[32,43-45]. In our study, ESWT was shown to have a statistically
better FFI and PFT when compared to CSI. In fact, the difference in
FFI was both statistically and clinically significant with the MCID
being 0.7 [46]. As for the PFT, the mean difference was 0.29, which
falls within the range of measurement errors making this improve-
ment less impactful clinically [47]. Previous studies have reported
concerns about the longevity of the relief experienced by CSI
[37,48,49]. In fact, both Grice et al. and Mcmillan et al. reported
immediate relief after CSI injections, but reported that symptoms
recurred after 3 months [48,49]. This may be explained by the im-
mediate anti-inflammatory effect of corticosteroid, reducing swel-
ling, and losing its function over time [37]. As for ESWT, the
prolonged effect may be explained by its subsequent structural
changes [50]. ESWT works by rapidly increasing endothelial nitric
oxide synthase activity and then suppressing NF-B, which may have
anti-inflammatory benefits [51]. ESWT can also significantly affect
the microcirculation by causing vessel vasodilation and neovascu-
larization resulting in an immediate increase in blood flow around
the treated area [52]. Furthermore, it can alter nociceptors, release
chemicals that block pain, super-stimulate the neuron and tissue,
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Fig. 4. Forest plot showing the improvement of FFL.

Fig. 5. Forest plot showing the improvement of PFT.

diminish nerve sensitivity, and activate the pain nerve receptor. By PRP was shown to be both clinically and statistically superior to

doing so, it alters the chemical environment surrounding the noci- ESWT in both VAS and FFI. Custom orthotics had as well greater

ceptor, which prevents the transmission of pain signals and lessens improvement in FFL. Orthotics are recommended for people who

pain [18]. stand for long periods, usually more than 8 h [32]. However, this
288

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



WS.S. Tung, M. Daher, O. Covarrubias et al.

management approach was shown by Wrobel et al. to be mildly
effective and have short-term efficacy [43]. As for PRP, despite its
higher effectiveness, it remains an invasive technique and requires
certain expertise to perform it. On the other hand, ESWT is a non-
invasive treatment, less technically demanding, and easier to per-
form in a daily clinical practice [24]. An important factor to decide
between two treatments is cost-effectiveness. Unfortunately, the
literature lacks any data on the comparison of cost-effectiveness
between ESWT and PRP, making PRP the superior treatment despite
its invasiveness.

4.1. Strengths and limitations

This study has several strengths: It is a level I meta-analysis
comparing ESWT to other conservative treatments in the manage-
ment of PF. This englobes that only randomized controlled trials
were included reducing the risk of several biases. The search strategy
was extensive, and the selection process was more selective making
the study less heterogenous and decreasing the risk of bias.
However, this study had also some limitations such as the pooled
data used for analysis, lack of individual patient data, and small
number of studies in some subgroups which may have prevented a
more thorough analysis.

5. Conclusion

ESWT was shown to be an effective treatment for PF demonstrating
superior results when compared to placebo, orthotics, physical therapy,
and corticosteroid injections. However, PRP had a higher improvement
in pain and FFI than ESWT which was both clinically and statistically
significant. Nevertheless, PRP remains an invasive treatment, is more
technically demanding and requires more expertise than ESWT. One
must note that costs and other patient-related factors that can favor one
treatment over another should be taken into account before making a
treatment decision and therefore future studies are required to de-
termine cost-effectiveness.
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