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Abstract
Background  The therapeutic role of extracorporeal shockwave therapy (ESWT) for Peyronie’s disease (PD) has been 
controversial in a long term. We aimed to further evaluate the therapeutic effect of ESWT for PD on the basis of 
available high-quality studies.

Methods  The PubMed, CENTRAL and Embase databases were searched for articles published from January 1st, 2000 
to December 31, 2022. Only randomized controlled trials (RCTs) using ESWT to treat PD were included. Meta-analysis 
and forest plots were carried out using Review Manager 5.4.1 software, and outcomes were reviewed by 2 authors 
independently. Using the Risk of Bias assessment form (ROB-2) by Cochrane Collaboration for quality assessment. 
PRISMA 2020 guidelines were used in this article to achieve the quantitative and qualitative synthesis of data.

Results  A total of four RCTs were included. 151 patients in the ESWT group and 150 patients in the control group. 
The meta-analysis results showed that ESWT could significantly reduce plaque size (OR 2.59, 95%CI 1.15 to 5.85, 
P = 0.02) and relieve pain (MD -1.55, 95%CI -2.46 to -0.64, P = 0.0008); but it has no significant effect on reducing the 
penile curvature (OR 1.93, 95%CI 0.87–4.26, P = 0.11) and improving sexual function (MD 2.6, 95%CI -1.63 to 6.83, 
P = 0.23), there is also no significant difference in complication rates between groups (OR 2.94, 95%CI 0.66 to 13.03, 
P = 0.16). The risk of bias of results is low. The limitations of this study are that the number of included studies is too 
small, some experimental outcomes are missing, and the expression of outcomes is not unified.

Conclusions  For PD, ESWT can be considered as a safe short-term treatment, which can reduce plaque size and 
relieve pain, but cannot improve penile curvature and sexual function. Its long-term efficacy remains to be discussed.

Registration number  PROSPERO (ID: CRD42023436744).
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Background
Peyronie’s disease (PD) is an abnormal fibrotic disease 
of the tunica albuginea that manifests as the local for-
mation of fibrotic plaques in the penis. [1] The disease 
causes penile deformities such as curve and shortening, 
accompanied by sexual intercourse disorder and pain, 
[2] its prevalence rate is about 3–9% worldwide, and its 
impact is more significant for men over 40 years old. 
[2–4] The disease also affects the quality of life (QoL) of 
patients and their partners, causing depression. [5] The 
pathophysiological mechanism of its pathogenesis is 
still unclear. One widely accepted theory is that repeated 
sexual intercourse causes slight damage to the tunica 
albuginea, leading to fibrin deposition, inducing chronic 
inflammation, and ultimately leading to penile deformity. 
[1, 6] The uncertainty of the pathogenesis leads to the 
diversification of treatment options.

Surgical intervention is the main method to correct 
penis deformity and improve symptoms, [5] but it carries 
the risks associated with postoperative penile shortening 
as well as intraoperative anesthesia. [7] Extracorporeal 
shockwave therapy (ESWT) is a safe nonsurgical modal-
ity of treatment that has been used for the first time since 
1989. [8] There is evidence that ESWT promotes wound 
healing in soft tissues. [9] There are multiple hypotheses 
about the mechanism of its therapeutic effect, the first 
hypothesis indicates that ESWT may act by directly dis-
rupting and remodeling plaques; the second hypothesis 
proposes that ESWT may generate heat locally, leading 
to an active inflammatory response with increased mac-
rophage activity and subsequent plaque dissolution and 
absorption. [10].

Previous studies have shown that the use of ESWT pro-
vides short-term relief of symptoms such as pain and sex-
ual intercourse disorder, but controversy exists regarding 
the long-term improvement effect of penile curvature 
as well as plaque. [10–15] And assessment of the long-
term efficacy of ESWT and the progression of the disease 
course in the stable stage of PD is currently lacking. [16–
18] Only two meta-analyses of this study have been pub-
lished in recent years, but their evaluation criteria and 
final conclusions were not consistent, and the included 
articles were of low quality with insufficient level of evi-
dence and did not clearly state the applicability of ESWT 
in PD patients. [19, 20] The therapeutic effect of ESWT 
on some symptoms remains to be verified.

Our aim is to use the updated clinical trial data to 
reevaluate the efficacy of ESWT in reducing penile curva-
ture, reducing plaque size, improving sexual function and 
alleviating pain in PD patients compared with placebo 
(sham treatment), and to assess the risk of complications.

Methods
We predefined the objectives and methods of this sys-
tematic review and meta-analysis in a protocol registered 
at PROSPERO (ID: CRD42023436744) and followed the 
PRISMA 2020 statement.

Inclusion criteria
Inclusion criteria was RCTs with full text, studies only 
investigating the effect of ESWT alone compared with 
placebo or sham treatment on PD patients. Non-Eng-
lish articles and duplicate articles were excluded, other 
excluded articles were: meta-analysis, systematic review, 
studies not related to PD, studies including other com-
bined therapies, single-arm studies, conference records, 
animal experiments, editing replies, uncompleted clinical 
studies.

Source of study
The PubMed, CENTRAL and Embase databases were 
searched for articles published from January 1st, 2000 to 
December 31, 2022. We performed a systematic search 
using keywords: “Peyronie’s disease”, “Peyronie disease”, 
“ESWT”, “Extracorporeal shock wave therapy”, “shock 
wave therapy”. The search formula was “(Peyronie’s dis-
ease OR Peyronie disease) AND (Extracorporeal shock 
wave therapy OR ESWT OR shock wave therapy)”. Two 
authors reviewed independently; disagreements were 
resolved by discussion.

Data extraction
Data were extracted by two authors. Basic information: 
author, publication date, journal name, article title. RCTs 
information: inclusion and exclusion criteria, demo-
graphic data of the participants, number of participants 
in each group, duration of follow-up. Methodological 
information: intervention of experimental group, inter-
vention control group, artificial erection measures, penile 
curvature measurement, determination of plaque size 
and site, penile length measurement, sexual function 
evaluation, pain assessment, quality of life assessment. 
Outcomes information: changes in penile curvature, 
changes in plaque size, changes in pain scores, changes in 
sexual function scores, and complication rates.

Data synthesis and analysis
Two authors independently used the ROB2 tool of the 
Cochrane Collaboration Network to assess the risk of 
bias. Review Manager 5.4.1 software (The Cochrane Col-
laboration, Copenhagen, Denmark) was used for statisti-
cal analysis. The primary outcomes were the proportion 
of patients with penile curvature reduction and the pro-
portion of patients with plate reduction. The second-
ary outcomes were the proportion of patients with pain 
relief, the proportion of patients with improved sexual 
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function, and the complication rate. Continuous data 
and dichotomous data were analyzed. Using fixed effect 
model, results of dichotomous variables were described 
by odds ratio (OR) and results of continuous variables 
were described by mean difference (MD). Under the 
guidance of Cochran handbook, the Mantel–Haenszel 
Method was used to assess Odds Ratio of dichotomous 
variables, and inverse-variance method was used to 
assess mean difference of continuous variables. All results 
are presented with 95% confidence intervals (CIs). Signif-
icance was set at P value < 0.05. The continuous quanti-
tative data was summarized and presented in tables, and 
missing data was transformed using statistical formulas 
for supplement. Heterogeneity was tested by I2 – test, if 
I2 > 50%, the random effect model was used. Sensitivity 
analysis of meta-analysis results was performed using the 
elimination method.

Results
Literature search
173 articles were obtained by searching PubMed, CEN-
TRAL and Embase databases, from which 4 RCTs with 
high quality were selected for full-text review. [21–24] 
Other studies that did not meet the requirements of evi-
dence-based medicine were excluded, and the flow dia-
gram is shown in Fig. 1.

Study characteristics
The baseline characteristics and some of the results of 
the included studies are shown in Tables 1, 2 and 3. We 
summarized the methodological characteristics, demo-
graphic characteristics, and the continuous quantita-
tive data of the included studies. Using the Risk of Bias 
assessment form (ROB-2) by Cochrane Collaboration 
for assessment, the four included studies had a low risk 
of bias. The results of the risk of bias assessment of indi-
vidual studies as well as summary are shown in Figs.  2 
and 3. Only four articles were included, and a funnel 
plot was not performed to assess the risk of publication 

Fig. 1  PRISMA data flow diagram for systemic search of databases
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Palmieri 2009 Chitale 2009 Hatzichristodoulou 2013 Sokolakis 2021
Design RCT RCT RCT RCT
Blinding Double Double Single Single
Inclusion criteria Disease not > 12 months, patient age 

between 18–75 years, only one plaque 
demonstrated by basal and dynamic 
sonography and by palpation with a 
maximum size of 3.75 cm2, no previous 
medical or surgical therapies for PD, 
stable sexual relationship, presence of 
painful erections (score ≥ 5 on a visual 
analog scale [VAS] with a score ranging 
from 0–10), ED, and penis recurvatum.

Stable penile deformity 
secondary to PD affecting 
their ability to perform 
sexual intercourse and/or 
quality of life due to penile 
angulation; recent onset 
of painless deformity of 
the penis on erection, and 
stable for > 6 months; pain 
and/or angulation of the 
penis on erection; difficult 
intercourse due to penile 
curvature, and partner 
dissatisfaction; a degree of 
ED (partial) associated with 
penile deformity; palpable 
plaque along the penis 
with penile deformity; 
aged > 18 years.

Previous unsuccessful oral 
medical therapy, patient 
age ≥ 18 years, and plaques 
and/or pain at erection 
and/or deviation; disease 
duration ≥ 12 months and 
additionally unchanged 
symptoms (deviation, 
pain, and plaques) for 
≥ 3 months. Oral medical 
therapy was defined unsuc-
cessful when there was no 
improvement in pain or 
deviation.

Male patients ≥ 18 years 
old; PD lasting for ≥ 12 
months; thepresence of 
penile plaque or pain at 
erection or curvature; 
previous unsuccess-
ful oral PD therapy; 
stable symptoms for ≥ 3 
months.

Exclusion criteria Take drugs for ED or other therapies 
for PD during the course of the study; 
take analgesics before, during, or after 
painful erections; patients with blood 
coagulation disorders, cardiac pace-
maker, lower urinary tract infections, 
and vascular disorders in the path of 
the shock waves.

Congenital curvature of the 
penis; previous treatment 
for PD (surgical/medical); 
patient on warfarin; patient 
with total ED in need of 
therapy for ED.

Prior penile surgery and 
ED not responding to 
phoshodiesterase-type-5 
inhibitors or intracavernous 
injections.

Prior penile surgery or 
ESWT; ED not respond-
ing to phosphodiester-
ase-type five inhibitors 
or intracavernosal 
injections; unwillingness 
or inability to provide 
informed consent.

Artificial erection 
measures

Intracavernous injection of alprostadil Intracavernous injection 
with prostaglandin E1

Alprostadil NM

Measure of angle Goniometer from three angles (frontal, 
lateral, and above) by photographic 
pictures

Angle measure /ruler Goniometer after artificial 
erection

Goniometer after artifi-
cial erection

Measure of length NM Flexible pipe cleaner NM NM
Measure of plaque 
site

Fully stretched penis during flaccidity 
by palpation

NM Palpation and sonography 
using a 7.5-MHz linear 
transducer.

Palpation and 
ultrasound

Measure of plaque 
size

The product of length and width in 
cm2

NM Ruler, in mm2 Palpation and 
ultrasound

Measure of sexual 
function

IIEF-5 score IIEF-5 score Self-made scale The ability to perform 
sexual intercourse

Measure of pain VAS score VAS score VAS score VAS score
Quality of life QOL score GAQ score NM NM
Complications Bruising Bruising Bruising NM
Interventions of 
ESWT group

Storz Duolith ESWT system NM Piezoson 100 lithotripter Piezoson 100 lithotripter

Shock waves/energy 
flux density (mJ/
mm2)/emission 
frequency (Hz)

2000 shockwaves/0.25 mJ/mm2/4 Hz 3000 shockwaves/level 25 
(38 MPa)

2000 shock waves/0.29 mJ/
mm2/3 Hz

2000 shock-
waves/0.29 mJ/mm2/3 
Hz

Interventions of 
control group

Placebo therapy(nonfunctioning 
transducer)

Sham therapy (3000 SWs /
level 0)

Placebo(interposition of a 
plastic membrane in the 
transducer)

Sham therapy (interpo-
sition of a plastic mem-
brane in the transducer)

Number of ESWT 
group

50 16 51 34

Number of control 
group

50 20 51 29

Drop out 0 3 0 39

Table 1  Summary of the methodologies of the included studies
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bias because the published relevant studies did not reach 
a consistent and definite conclusion on the efficacy of 
ESWT for PD. None of the included studies had a con-
flict of interest.

Outcome measures
Reduction of penile curvature
The results of treatment were evaluated according to 
the changes of the penile curvature of the penis in all 
directions before and after treatment. Two studies with 
a total of 159 males were included. [23, 24] The results 
showed that 57.8% (48/83) of the patients in the ESWT 
group and 44.7% (34/76) of the patients in the control 
group improved their penile curvature, but there was no 
statistically significant difference between groups (OR 
1.93, 95%CI 0.87 to 4.26, P = 0.11). The heterogeneity of 
the result was high (I2 = 44%, P = 0.18). The meta-analysis 
result of the proportion of people with improved penile 
curvature is shown in Fig. 4.

Reduction of plaque size
The treatment effect was evaluated according to the 
change of plaque size before and after treatment. Two 
studies with 131 males were included. [22, 23] The results 
showed that the plaque size of 35.5% (22/62) of patients 
in the ESWT group and 17.4% (12/69) of patients in the 
control group decreased, difference between groups was 
considered statistically significant (OR 2.59, 95%CI 1.15 
to 5.85, P = 0.02). There was no heterogeneity in the study 
result (I2 = 0%, P = 0.67). The meta-analysis result of the 
proportion of people with reduced penis plaque size is 
shown in Fig. 5.

Improvement of sexual function
Sexual function was assessed by 5-item International 
Index of Erectile Function (IIEF-5) score or a self-made 
scoring scale, treatment effects were assessed according 
to changes of scores before and after treatment (increase 
of score indicated improvement of sexual function). Two 
studies involving 136 males with IIEF-5 scores were 
included. [21, 22] The results showed that there was no 
significant difference between the two groups (MD 2.6, 
95%CI -1.63 to 6.83, P = 0.23). There was high heteroge-
neity in the study result (I2 = 87%, P = 0.006). The meta-
analysis result of the improvement of sexual function 
represented by IIEF-5 score changes is shown in Fig. 6.

Relief of pain
The level of pain in the patients was assessed by VAS 
(visual analogue scale) scores, and the effect of treatment 
was assessed by the change of scores before and after 
treatment (score reduction indicated pain relief ). Four 
studies with 198 males were included. [21–24] There 
was a significant difference between the two groups (MD 
-1.55, 95%CI -2.46 to -0.64, P = 0.0008). There was high 
heterogeneity in the study result (I2 = 60%, P = 0.06). The 
meta-analysis result of pain relief represented by VAS 
score changes is shown in Fig. 7.

Rate of complications
For homogeneity of the study, we limited the range of 
complications to bruises on the penile skin surface, 
excluding smaller bleeding points and friction injuries. 
Two studies with a total of 136 males were included. [21, 
22] The results showed that bruises occurred in 9.1% 
(6/66) of patients in the ESWT group and 2.9% (2/70) 
of patients in the control group, with no statistically 

Table 2  Demographic data of included patients
Palmieri 2009 Chitale 2009 Hatzichristodoulou 2013 Sokolakis 2021

Age (mean years (SD)) S 54 (13) S 57.8 (8.0) S 53.8 (11.75) S 56.4 (10.2)
C 55.2 (10) C 60.0 (10.5) C 55.2 (10.5) C 57.2 (7)
P NM P NM P > 0.05 P > 0.05

Duration of symptoms (mean months (SD)) S 8.74 (1.75) S 14.9 (8.4) S NM S 24 (NM)
C 8.62 (1.75) C 32.3 (28.0) C NM C 24 (NM)
P NM P NM P NM P > 0.05

S: study; C: control; P: P-Value; NM: not mentioned

Palmieri 2009 Chitale 2009 Hatzichristodoulou 2013 Sokolakis 2021
Number of sessions 4 6 6 6
Frequency of treat-
ment (/week)

1 1 1 1

Duration of treat-
ment (weeks)

6 4 6 6

Follow-up 12/24 weeks 6 months Median of 4 weeks (range 
4–26 weeks)

4 weeks/3 years

RCT: randomized controlled trial; NM: not mentioned

Table 1  (continued) 
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Outcome Palmieri 2009 Chitale 2009 Hatzichristodoulou 2013 Sokolakis 2021
Pretreatment
Penile curvature (Mean (SD)) S 28.9 (6.68) Dorsal S 24.9 (11.9) S 44(NM) Dorsal S NM

C 29.45 (7.26) C 33.3 (15.9) C 43(NM) C NM
P > 0.05 P > 0.05 P NM P NM

Lateral S 20 (15.3) Lateral S NM
C 23.7 (20.6) C NM
P > 0.05 P NM

Plaque size (Mean (SD)) S 1.5 (0.74) S NM S NM S NM
C 1.59 (0.71) C NM C NM C NM
P > 0.05 P NM P NM P NM

Sexual function (Mean (SD)) S 14 (5) S 19.3 (6.1) S NM S NM
C 14.16 (4.75) C 15.6 (7.9) C NM C NM
P > 0.05 P > 0.05 P NM P NM

Pain (Mean (SD)) S 5.51 (2) S 1.5 (2.3) S 4 (1.5) S NM
C 5.19 (2) C 1.2 (2.3) C 4 (1.75) C NM
P > 0.05 P > 0.05 P NM P NM

Post-treatment
Penile curvature (Mean (SD)) 12w S 27.47 (7.75) Dorsal S 25.8 (12.6) S 35 (NM) Dorsal S NM

C 30.4 (6.62) C 28.0 (12.8) C 38 (NM) C NM
P > 0.05 P > 0.05 P NM P NM
24w S 27.45 (8.11) Lateral S 20.9 (16.5) Lateral S NM
C 31.25 (6.74) C 20.2 (18.5) C NM
P < 0.05 P > 0.05 P NM

Plaque size (Mean (SD)) 12w S 1.46 (0.75) S NM S NM S NM
C 1.66 (0.66) C NM C NM C NM
P > 0.05 P NM P NM P NM
24w S 1.44 (0.76)
C 1.73 (0.65)
P < 0.05

Sexual function (Mean (SD)) 12w S 19.56 (NM) S 19.9 (4.8) S NM S NM
C 14.46 (NM) C 15.7 (7.5) C NM C NM
P < 0.001 P > 0.05 P NM P NM
24w S 19.4 (NM)
C 14.74 (NM)
P < 0.001

Pain (Mean (SD)) 12w S 1.6 (NM) S 0.5 (0.8) S 1.5 (1.5) S NM
C 4.97 (NM) C 0.4 (0.7) C 3 (1.75) C NM
P < 0.001 P > 0.05 P NM P NM
24w S 0.46 (NM)
C 2.66 (NM)
P < 0.001

Change in same group
Penile curvature (Mean (SD)) 12w S -1.43 (7.27) Dorsal S 0.9(16) S -9 (NM) 4w Dorsal S -2.1 (NM)

C 0.95 (6.96) C -5.3 (11.6) C -5 (NM) C 0.2 (NM)
P (NM) P > 0.05 P NM P NM
24w S -1.45 (7.5) Lateral S 0.9 (17.4) 4w Lateral S 7 (NM)
C 1.8 (7.01) C -3.5 (17.4) C 2.5 (NM)
P (NM) P > 0.05 P NM

3y Dorsal S 5.9 (NM)
C 0.6 (NM)

P NM
3y Lateral S 9.3 (NM)
C 2 (NM)

Table 3  Summary of continuous quantitative outcomes of the included studies
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significant difference between groups (OR 2.94, 95%CI 
0.66 to 13.03, P = 0.16). There was no heterogeneity in the 
result (I2 = 0%, P = 0.50). The result of meta-analysis of the 
proportion of complications is shown in Fig. 8.

Sensitivity analysis
Sensitivity analysis was performed on the results of meta-
analysis of pain relief. The results of the 4 RCTs elimi-
nated one by one showed that the results of meta-analysis 
were stable.

Discussion
The present study demonstrates that ESWT is signifi-
cantly effective in reducing plaque size and relieving pain 
compared with the control group, whereas it is not effec-
tive in decreasing penile curvature and improving sexual 
function. This is consistent with the conclusion of the 
meta-analysis in 2016, but only three of the six included 
studies were high-quality RCTs, the low quality of which 
may had affected the accuracy of the final results. [19] In 
the same way, the meta-analysis in 2021 only believed 
that ESWT had a significant effect on reducing plaque 
size from the experimental point of view. Considering the 

Fig. 2  Risk of bias of the included studies

 

Outcome Palmieri 2009 Chitale 2009 Hatzichristodoulou 2013 Sokolakis 2021
P NM

Plaque size (Mean (SD)) 12w S -0.04 (0.75) S NM S NM S NM
C 0.07 (0.69) C NM C NM C NM
P (NM) P NM P NM P NM
24w S -0.06 (0.75)
C 0.14 (0.68)
P (NM)

Sexual function (Mean (SD)) 12w S 5.56 (NM) S 0.6 (2.6) S NM S NM
C 0.3 (NM) C 0.1 (3.3) C NM C NM
P (NM) P > 0.05 P NM P NM
24w S 5.4 (NM)
C 0.58 (NM)
P (NM)

Pain (Mean (SD)) 12w S -3.91 (NM) S -1 (1.8) S -2.5 (1.5) 4w S 3.2 (NM)
C -0.22 (NM) C -0.8 (1.8) C -1 (1.75) C 1.3 (NM)
P (NM) P > 0.05 P NM P < 0.05
24w S -5.05 (NM) 3y S 3.3 (NM)
C -2.53 (NM) C 1.2 (NM)
P (NM) P < 0.05

S: study; C: control; P: P-Value; W: weeks; NM: not mentioned

Table 3  (continued) 
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Fig. 7  Forest plot of relief of pain. CI, confidence interval. ESWT, extracorporeal shock wave therapy

 

Fig. 6  Forest plot of improvement of sexual function. CI, confidence interval. ESWT, extracorporeal shock wave therapy

 

Fig. 5  Forest plot of reduction of plaque size. CI, confidence interval. ESWT, extracorporeal shock wave therapy

 

Fig. 4  Forest plot of reduction of penile curvature. CI, confidence interval. ESWT, extracorporeal shock wave therapy

 

Fig. 3  Summary of risk of bias
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heterogeneity of results caused by the differences in the 
natural history of disease of patients included in various 
experiments and inconsistent quantitative statistical cri-
teria of clinical data (such as sexual function), the experi-
ment abandoned the meta-analysis of some aspects, and 
still held a relatively conservative attitude towards ESWT 
as a treatment for PD. [20].

Previous studies have different opinions on the thera-
peutic effect of ESWT on PD. The prospective study of 
Husain et al. concluded that ESWT can improve penile 
curvature and reduce erectile pain; [18] a small single- 
arm trial by Kiyota et al. proposed ESWT as a surgical 
alternative in improving or even reversing the formation 
of fibrous plaques as well as reducing pain, but failed 
to find an improvement in penile curvature; [25] Mani-
kandan et al. gave relatively optimistic conclusions that 
ESWT was effective in improving penile curvature and 
relieving pain during erection, but there was no signifi-
cant evidence for improvement in erectile function. [26] 
Other studies hold a more conservative view. The pro-
spective study conducted by Hauck et al. gave the opin-
ion that ESWT only has a certain role in relieving pain, 
and cannot provide evidence as a standardized treat-
ment scheme for PD. [11] In the study by Strebel et al., 
pain could be relieved to some extent in the majority of 
the population in which ESWT was applied, but other 
experimental results did not reach the expected degree 
of improvement, so they did not consider ESWT as a 
routine treatment, especially in patients who wanted to 
correct penile deformity and improve long-term sexual 
function. [13] Mortensen et al. studied the combined 
treatment of vacuum pump and ESWT, and finally rec-
ognized that ESWT is a non-invasive treatment with less 
side effects, but has no significant effect on the improve-
ment of major symptoms. [27].

The present study, although somewhat optimistic in its 
results compared with previous published studies, still 
has certain limitations due to the low number of high-
quality clinical studies that can be included at present. As 
there are differences in the expression methods adopted 
by the individual findings in terms of decreasing penile 
curvature (such as ventral or dorsal [22, 24]), we consider 

the results of the meta-analysis using continuous quan-
titative data to be heterogeneous and therefore do not 
adopt the method of the previous studies. [24] We sim-
ply defined the reduction of penile curvature in various 
directions as improvement, which resolved the contro-
versy among multiple authors. We included the research 
results of Hatzichristodoulou [23] and Sokolakis [24] and 
analyzed using dichotomous outcome variables. As for 
the measurement results of the reduction of plaque size, 
only Palmieri’s study [21] provided continuous outcome 
data. Although the measurement methods adopted by 
different studies are different (such as ruler, ultrasound 
and palpation), it is a pity that the accurate area data of 
plaque size reduction cannot be obtained and the dichot-
omous data is used for analysis The 4 RCTs included in 
this study all used the standard VAS score scale to assess 
the degree of pain. We collected and supplemented rel-
evant data according to the formula officially provided 
by Cochrane, and analyzed continuous outcome vari-
ables, which minimized the heterogeneity caused by 
missing data. However, the symptoms of PD have dif-
ferent manifestations at different times. As the disease 
progresses, the patient’s tolerance to pain and the way to 
assess pain will change, and may even be accompanied by 
spontaneous relief of pain, [10, 28] the patients included 
in this study are not completely consistent in the dura-
tion of symptoms, thus affecting the experimental results 
to a certain extent. For the assessment of “sexual func-
tion”, Palmieri’s [21] and Chitale’s [22] studies uniformly 
used IIEF-5 score scale for sexual function evaluation, 
while Hatzichristodoulou’s [23] study only used self-
made questionnaires for subjective intention evaluation 
because the use of IIEF-5 has not been popularized, simi-
lar to sokolakis’ study. [24] Considering the widespread 
use of IIEF-5, it is inappropriate to define the degree of 
improvement in sexual function as a dichotomous out-
come variable of subjective will. Therefore, we included 
two studies with IIEF-5 scores for the analysis of con-
tinuous outcome variables. In addition to considering the 
measurement method of the research results and the dif-
ferences in the baseline data of the patients included, the 
lack of some research results and the differences in the 

Fig. 8  Forest plot of rate of complications. CI, confidence interval. ESWT, extracorporeal shock wave therapy
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follow-up time (4 weeks to 3 years) have become poten-
tial factors affecting the results of this study. In summary, 
the use of dichotomous outcome variables for analysis 
and the rational application of statistical formulas make 
up for the lack of continuous outcome data to a certain 
extent, but the lack of data accuracy is also one of the 
main sources of heterogeneity of results.

Analysis of complications is also a part worth discuss-
ing, which is an important perspective to prove the safety 
of ESWT. The 4 RCTs all paid attention to the occur-
rence of complications, which is worthy of reference for 
subsequent research. “Bruises” is a clearly reported com-
plication after treatment. In our study defined the occur-
rence of “bruises” as postoperative complications with 
the exclusion of minor abrasions of the skin and small 
bleeding points. There are differences in the intensity of 
shock waves applied in different studies, and in course 
settings, leading to differences in the negative effects 
of shock waves on patients. It is also important to note 
when conducting intervention designs that, although 
increasing the intensity and frequency of shock waves 
within a certain range is able to increase efficacy, too high 
doses of shock waves also cause irreversible damage to 
penile structures, increase the risk of complications, and 
impair physiological function of PD patients, which has 
also been demonstrated in animal trials. [29] Fortunately, 
based on the analysis of the included studies, the com-
plication rate is not significantly increased in the ESWT 
group compared with the control group, indicating that 
the application of low-dose shock waves can play a thera-
peutic role without causing serious complications.

Compared with previous studies, this study has 
included more literatures and all are high-quality RCTs. 
However, there are still differences among different stud-
ies in baseline data of patients, interventions as well as 
the way outcomes were evaluated, which partly affect the 
reliability of the results. In the follow-up study, the inclu-
sion and exclusion criteria should be strictly set, and a 
relatively consistent experimental intervention plan (such 
as shock wave energy, frequency, etc.) should be devel-
oped, a unified evaluation method of outcome indicators 
(such as penile curvature - degree, plaque size - mm2, 
pain degree - VAS score, sexual function - IIEF-5 score), 
and similar follow-up time of outcomes should be devel-
oped. Similar suggestions were also given in the previ-
ous meta-analysis. [20] However, it is worth noting that 
the results of this study and previous similar clinical tri-
als show that ESWT, as a physical therapy, can not fun-
damentally correct the penis deformity caused by tunica 
albuginea lesions, but can only alleviate the additional 
symptoms of the lesions, such as pain and inflammatory 
reaction. Therefore, we need more high-quality stud-
ies for exploring the application strategies of ESWT, and 
higher levels of evidence can be obtained through clinical 

experiments with uniform intervention conditions, which 
can guide us to give more effective recommendations for 
the clinical application of ESWT. For example, combina-
tion therapy with drugs such as antioxidants, rather than 
pursuing the efficacy of ESWT alone. [30, 31].

Conclusions
ESWT has a certain effect on relieving pain during erec-
tion or sexual intercourse and softening or reducing 
plaques in the short term, but its effect on completely 
reversing the curvature of the penis and improving sexual 
function in the long term is still very limited. As a safe 
and effective treatment, it still deserves our attention. We 
need more high-quality clinical studies for more precise 
evaluation.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12894-023-01320-8.

Supplementary Material 1

Acknowledgements
Not applicable.

Authors’ contributions
Study design was done by XFW and YSC, acquisition of data was done by XFW, 
HQL and GLT, analysis and interpretation of data was performed by GW, YLC, 
drafting of manuscript was done by XFW, review of manuscript was done by 
JTW, YSC, and all authors read and approved the final manuscript.

Funding
This work was supported by grants from Taishan Scholars Program of 
Shandong Province (No. tsqn202306403).

Data Availability
All data generated or analysed during this study are included in this published 
article.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Received: 20 June 2023 / Accepted: 8 September 2023

References
1.	 Campbell J, Alzubaidi R. Understanding the cellular basis and pathophysiol-

ogy of Peyronie’s disease to optimize treatment for erectile dysfunction. 
Transl Androl Urol. 2017;6:46–59. https://doi.org/10.21037/tau.2016.11.01.

2.	 Chung E, Ralph D, Kagioglu A, Garaffa G, Shamsodini A, Bivalacqua T, Glina 
S, Hakim L, Sadeghi-Nejad H, Broderick G. Evidence-based management 

https://doi.org/10.1186/s12894-023-01320-8
https://doi.org/10.1186/s12894-023-01320-8
https://doi.org/10.21037/tau.2016.11.01


Page 11 of 11Wang et al. BMC Urology          (2023) 23:145 

guidelines on Peyronie’s Disease. J Sex Med. 2016;13:905–23. https://doi.
org/10.1016/j.jsxm.2016.04.062.

3.	 Stuntz M, Perlaky A, des Vignes F, Kyriakides T, Glass D. The prevalence of 
Peyronie’s Disease in the United States: a Population-Based study. PLoS ONE. 
2016;11:e0150157. https://doi.org/10.1371/journal.pone.0150157.

4.	 Dibenedetti DB, Nguyen D, Zografos L, Ziemiecki R, Zhou X. A Popu-
lation-Based study of Peyronie’s Disease: prevalence and treatment 
patterns in the United States. Adv Urol. 2011;2011:282503. https://doi.
org/10.1155/2011/282503.

5.	 Ralph D, Gonzalez-Cadavid N, Mirone V, Perovic S, Sohn M, Usta M, Levine L. 
The management of Peyronie’s disease: evidence-based 2010 guidelines. J 
Sex Med. 2010;7:2359–74. https://doi.org/10.1111/j.1743-6109.2010.01850.x.

6.	 Al-Thakafi S, Al-Hathal N. Peyronie’s disease: a literature review on epidemiol-
ogy, genetics, pathophysiology, diagnosis and work-up. Transl Androl Urol. 
2016;5:280–9. https://doi.org/10.21037/tau.2016.04.05.

7.	 Moghalu OI, Das R, Horns J, Campbell A, Hotaling JM, Pastuszak AW. Trends 
in treatment of Peyronie’s disease in adult men in the United States from 
2008 to 2017-results from an encounter and claims database. Int J Impot Res. 
2022;34:280–8. https://doi.org/10.1038/s41443-021-00430-x.

8.	 Bellorofonte C, Ruoppolo M, Tura M, Zaatar C, Tombolini P, Menchini GF, 
Fabris. [Possibility of using the piezoelectric lithotriptor in the treatment of 
severe cavernous fibrosis]. Arch Ital Urol Nefrol Androl. 1989;61:417–22.

9.	 Mittermayr R, Antonic V, Hartinger J, Kaufmann H, Redl H, Teot L, Stojadi-
novic A, Schaden W. Extracorporeal shock wave therapy (ESWT) for wound 
healing: technology, mechanisms, and clinical efficacy. Wound Repair Regen. 
2012;20:456–65. https://doi.org/10.1111/j.1524-475X.2012.00796.x.

10.	 Hatzimouratidis K, Eardley I, Giuliano F, Hatzichristou D, Moncada I, Salonia A, 
Vardi Y, Wespes E, European Association of. EAU guidelines on penile curva-
ture. Eur Urol. 2012;62:543–52. https://doi.org/10.1016/j.eururo.2012.05.040.

11.	 Hauck EW, Hauptmann A, Bschleipfer T, Schmelz HU, Altinkilic BM, Weidner 
W. Questionable efficacy of extracorporeal shock wave therapy for Peyronie’s 
disease: results of a prospective approach. J Urol. 2004;171:296–9. https://doi.
org/10.1097/01.ju.0000099891.68488.4e.

12.	 Michel MS, Ptaschnyk T, Musial A, Braun P, Lenz ST, Alken P, Köhrmann KU. 
Objective and subjective changes in patients with Peyronie’s disease after 
management with shockwave therapy. J Endourol. 2003;17:41–4. https://doi.
org/10.1089/089277903321196788. discussion 44.

13.	 Strebel RT, Suter S, Sautter T, Hauri D. Extracorporeal shockwave therapy 
for Peyronie’s disease does not correct penile deformity. Int J Impot Res. 
2004;16:448–51. https://doi.org/10.1038/sj.ijir.3901192.

14.	 Hauck EW, Mueller UO, Bschleipfer T, Schmelz HU, Diemer T, Weidner W. 
Extracorporeal shock wave therapy for Peyronie’s disease: exploratory meta-
analysis of clinical trials. J Urol. 2004;171:740–5. https://doi.org/10.1097/01.
ju.0000108060.30363.8d.

15.	 Hauck EW, Altinkilic BM, Ludwig M, Lüdecke G, Schroeder-Printzen I, Arens C, 
Weidner W. Extracorporal shock wave therapy in the treatment of Peyronie’s 
disease. First results of a case-controlled approach. Eur Urol. 2000;38:663–9. 
https://doi.org/10.1159/000020359. Discussion 670.

16.	 Gelbard MK, Dorey F, James K. The natural history of Peyronie’s disease. J Urol. 
1990;144:1376–9. https://doi.org/10.1016/s0022-5347(17)39746-x.

17.	 Bekos A, Arvaniti M, Hatzimouratidis K, Moysidis K, Tzortzis V, Hatzichristou D. 
The natural history of Peyronie’s disease: an ultrasonography-based study. Eur 
Urol. 2008;53:644–50. https://doi.org/10.1016/j.eururo.2007.07.013.

18.	 Husain J, Lynn NN, Jones DK, Collins GN, O’Reilly PH. Extracorporeal shock 
wave therapy in the management of Peyronie’s disease: initial experience. 
BJU Int. 2000;86:466–8. https://doi.org/10.1046/j.1464-410x.2000.00827.x.

19.	 Gao L, Qian S, Tang Z, Li J, Yuan J. A meta-analysis of extracorporeal shock 
wave therapy for Peyronie’s disease. Int J Impot Res. 2016;28:161–6. https://
doi.org/10.1038/ijir.2016.24.

20.	 Bakr AM, El-Sakka AI. Extracorporeal shockwave therapy in Peyronie’s Disease: 
systematic review and Meta-analysis. J Sex Med. 2021;18:1705–14. https://doi.
org/10.1016/j.jsxm.2021.06.012.

21.	 Palmieri A, Imbimbo C, Longo N, Fusco F, Verze P, Mangiapia F, Creta M, 
Mirone V. A first prospective, randomized, double-blind, placebo-controlled 
clinical trial evaluating extracorporeal shock wave therapy for the treatment 
of Peyronie’s disease. Eur Urol. 2009;56:363–9. https://doi.org/10.1016/j.
eururo.2009.05.012.

22.	 Chitale S, Morsey M, Swift L, Sethia K. Limited shock wave therapy vs sham 
treatment in men with Peyronie’s disease: results of a prospective random-
ized controlled double-blind trial. BJU Int. 2010;106:1352–6. https://doi.
org/10.1111/j.1464-410X.2010.09331.x.

23.	 Hatzichristodoulou G, Meisner C, Gschwend JE, Stenzl A, Lahme S. 
Extracorporeal shock wave therapy in Peyronie’s disease: results of a 
placebo-controlled, prospective, randomized, single-blind study. J Sex Med. 
2013;10:2815–21. https://doi.org/10.1111/jsm.12275.

24.	 Sokolakis I, Pyrgidis N, Lahme S, Hatzichristodoulou G. Low-intensity shock-
wave therapy in Peyronie’s disease: long-term results from a prospective, 
randomized, sham-controlled trial. Int J Impot Res. 2022;34:487–94. https://
doi.org/10.1038/s41443-021-00447-2.

25.	 Kiyota H, Ohishi Y, Asano K, Hasegawa N, Madarame J, Miki K, Kato N, Kimura 
T, Ishiyama T, Maeda S, Shimomura T, Shiono Y, Miki J. Extracorporeal shock 
wave treatment for Peyronie’s disease using EDAP LT-02; preliminary results. 
Int J Urol. 2002;9:110–3. https://doi.org/10.1046/j.1442-2042.2002.00430.x.

26.	 Manikandan R, Islam W, Srinivasan V, Evans CM. Evaluation of extracorporeal 
shock wave therapy in Peyronie’s disease. Urology. 2002;60:795–9. https://doi.
org/10.1016/s0090-4295(02)01970-2. discussion 799–800.

27.	 Mortensen J, Skov-Jeppesen SM, Ladegaard PBJ, Lund L. A Randomized, 
single-blinded clinical trial evaluating the effect of extracorporeal Shockwave 
treatment (ESWT) as Add-On therapy to Vacuum Erectile device on Peyronie’s 
Disease. Res Rep Urol. 2021;13:715–22. https://doi.org/10.2147/rru.S325929.

28.	 Mulhall JP, Schiff J, Guhring P. An analysis of the natural history of Pey-
ronie’s disease. J Urol. 2006;175:2115–8. https://doi.org/10.1016/S0022-
5347(06)00270-9. discussion 2118.

29.	 Muller A, Akin-Olugbade Y, Deveci S, Donohue JF, Tal R, Kobylarz KA, Palese 
M, Mulhall JP. The impact of shock wave therapy at varied energy and 
dose levels on functional and structural changes in erectile tissue. Eur Urol. 
2008;53:635–42. https://doi.org/10.1016/j.eururo.2007.06.032.

30.	 Paulis G, Paulis A, Romano G, Barletta D, Fabiani A. Rationale of combination 
therapy with antioxidants in medical management of Peyronie’s disease: 
results of clinical application. Res Rep Urol. 2017;9:129–39. https://doi.
org/10.2147/rru.S141748.

31.	 Paulis G, De Giorgio G. Patients with Peyronie’s disease achieve complete 
plaque regression after multimodal treatment with antioxidants: a case series. 
J Med Case Rep. 2022;16:359. https://doi.org/10.1186/s13256-022-03614-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.jsxm.2016.04.062
https://doi.org/10.1016/j.jsxm.2016.04.062
https://doi.org/10.1371/journal.pone.0150157
https://doi.org/10.1155/2011/282503
https://doi.org/10.1155/2011/282503
https://doi.org/10.1111/j.1743-6109.2010.01850.x
https://doi.org/10.21037/tau.2016.04.05
https://doi.org/10.1038/s41443-021-00430-x
https://doi.org/10.1111/j.1524-475X.2012.00796.x
https://doi.org/10.1016/j.eururo.2012.05.040
https://doi.org/10.1097/01.ju.0000099891.68488.4e
https://doi.org/10.1097/01.ju.0000099891.68488.4e
https://doi.org/10.1089/089277903321196788
https://doi.org/10.1089/089277903321196788
https://doi.org/10.1038/sj.ijir.3901192
https://doi.org/10.1097/01.ju.0000108060.30363.8d
https://doi.org/10.1097/01.ju.0000108060.30363.8d
https://doi.org/10.1159/000020359
https://doi.org/10.1016/s0022-5347(17)39746-x
https://doi.org/10.1016/j.eururo.2007.07.013
https://doi.org/10.1046/j.1464-410x.2000.00827.x
https://doi.org/10.1038/ijir.2016.24
https://doi.org/10.1038/ijir.2016.24
https://doi.org/10.1016/j.jsxm.2021.06.012
https://doi.org/10.1016/j.jsxm.2021.06.012
https://doi.org/10.1016/j.eururo.2009.05.012
https://doi.org/10.1016/j.eururo.2009.05.012
https://doi.org/10.1111/j.1464-410X.2010.09331.x
https://doi.org/10.1111/j.1464-410X.2010.09331.x
https://doi.org/10.1111/jsm.12275
https://doi.org/10.1038/s41443-021-00447-2
https://doi.org/10.1038/s41443-021-00447-2
https://doi.org/10.1046/j.1442-2042.2002.00430.x
https://doi.org/10.1016/s0090-4295(02)01970-2
https://doi.org/10.1016/s0090-4295(02)01970-2
https://doi.org/10.2147/rru.S325929
https://doi.org/10.1016/S0022-5347(06)00270-9
https://doi.org/10.1016/S0022-5347(06)00270-9
https://doi.org/10.1016/j.eururo.2007.06.032
https://doi.org/10.2147/rru.S141748
https://doi.org/10.2147/rru.S141748
https://doi.org/10.1186/s13256-022-03614-1

	﻿Updated recommendations on the therapeutic role of extracorporeal shock wave therapy for peyronie’s disease: systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Inclusion criteria
	﻿Source of study
	﻿Data extraction
	﻿Data synthesis and analysis

	﻿Results
	﻿Literature search
	﻿Study characteristics
	﻿Outcome measures
	﻿Reduction of penile curvature


	﻿Reduction of plaque size
	﻿Improvement of sexual function
	﻿Relief of pain
	﻿Rate of complications
	﻿Sensitivity analysis
	﻿Discussion
	﻿Conclusions
	﻿References


