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LAY ABSTRACT
Extracorporeal shock wave therapy may be a viable  
treatment for knee osteoarthritis with local pain and 
dysfunction; however, there are no standards on how to 
choose the treatment parameters to obtain the best out-
come. This study compared 5 different levels of amount 
of treatment in 89 patients with knee ost eoarthritis, and 
found that a medium intensity of therapy was effective. 
In addition, a higher intensity of extracorporeal shock 
wave therapy, rather than higher shock numbers, might 
result in a higher level of alleviation of symptoms in 
these patients.

Objective: To assess the dose-related effects of  
radial extracorporeal shock wave therapy on pain  
alleviation in knee osteoarthritis.
Methods: With the use of a 2 × 2 factorial random-
ized controlled design, 89 patients diagnosed with 
knee osteoarthritis were assigned to 1 of 4 treat-
ment groups, which varied in terms of shock inten-
sity (0.12 mJ/mm2, lower density, or 0.24 mJ/mm2,  
higher density) and shock number (2,000 impulses 
or 4,000 impulses), or to a placebo control. Each  
group received 4 sessions of radial extracorporeal 
shock wave therapy, one week apart. The primary 
outcome was pain intensity measured on a visual ana-
logue scale, and the secondary outcome was the Wes-
tern Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) score. Assessments were performed  
at baseline, after each session, and at 4-week  
follow-up. 
Results: Two-way repeated-measures analysis of 
variance revealed a significant effect on the Pain 
score for intensity (p < 0.001), with no effect for 
number (p = 0.467) or the intensity–number inte-
raction (p = 0.536). Similar results were obtained 
for the WOMAC scores, except for an association 
between number and WOMAC score (p = 0.036). At 
the 4-week follow-up, all treatment groups showed  
greater reductions in the Pain and WOMAC  
scores than the control group. In addition, scores 
decreased more at higher densities of shock intensi-
ty than at lower densities, while there was no signifi-
cant difference between the 2,000- and 4,000-shock 
conditions.
Conclusion: Moderate-intensity radial extracorpo-
real shock wave therapy was effective, and a higher 
density might be more efficacious in alleviating pain 
in knee osteoarthritis.

Key words: dose-response relationship; radial extracorporeal 
shock wave therapy; knee osteoarthritis.
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Knee osteoarthritis (KOA) is the most common 
degenerative joint lesion; it has a high prevalence 

and a negative impact on the quality of life of affected 
individuals (1). It has been reported in a case–control 
study carried out in North Staffordshire that 9.6% of 

men and 18% of women have symptomatic KOA at 
the age of 60 years and over (2). In addition, approx-
imately 25% of the population older than 55 years 
reports at least one episode of knee pain each year in the  
United Kingdom.(3). The management of early- 
medium stage KOA is crucial; the main aims during 
this stage of conservative therapy for KOA are to reli-
eve pain and enhance joint mobility (4, 5). Treatments 
for KOA include oral medication, exercise therapy, in-
tra-articular drug injection, and physio therapy. Among 
these treatments, radial extracorporeal shock wave 
therapy (rESWT) has recently attracted increasing at-
tention (6). rESWT is widely used for pain relief and 
the treatment of musculoskeletal disorders, and has 
proven beneficial at specific stages of KOA (7). 

An extracorporeal shock wave is a transient sequen-
ce of acoustic pulses with a high peak pressure of 100 
MPa, followed by a negative pressure of approximately 
5–10 MPa, with an energy density between 0.003 and 
0.89 mJ/mm2 (8). Radial shock wave devices generate 
the maximum energy at the probe tip and then distribute 
it radially into the tissue, providing effective treatment 
(9). rESWT may be a more acceptable treatment for 
some patients because of its non-invasiveness, low 
complication rate, lack of required hospitalization and 
low cost compared with other approaches. However, 
rESWT has not met established efficacy standards, and 
the optimal dose is unknown. A meta-analysis indicated 
that the effects of rESWT are superior to those of a 
placebo and physical therapy for pain relief in KOA 
(10). Nevertheless, an RCT that applied a relatively 
small dose of radial extracorporeal shock waves did 
not demonstrate any statistically significant difference 
from a placebo treatment in terms of pain control in 
patients with severe KOA (11). Another systematic 
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review identified that the positive energy flux density 
(EFD) should be as high as possible; however, the dose 
was based on the subjective feeling of the individual 
patient (12). 

It is important to quantify the amount of rESWT 
needed to reduce symptoms of KOA and establish 
the efficacy of rESWT. Thus, the primary aim of this 
prospective randomized placebo-controlled study was 
to test whether there was a dose-response relationship 
between the treatment doses and reduction in pain 
and dysfunction. The secondary aim was to examine 
whether the mean change in pain and function scores 
was greater for the active rESWT conditions than for 
the placebo control 4 weeks after the final treatment.

MATERIAL AND METHODS 

Design and patients

This study employed a randomized, placebo-controlled, double-
blind, 2×2 factorial design and was registered in the Chinese 
Clinical Trial Registry (number ChiCTR2,000030371). The 
2 therapeutic factors were energy flux density (0.12 mJ/mm2, 
lower density (LD) or 0.24 mJ/mm2, higher density (HD)) and 
shock number (2,000 impulses or 4,000 impulses). Thus, the 
4 active rESWT groups were LD/2,000, LD/4,000, HD/2,000 
and HD/4,000. After the baseline assessments, subjects were 
randomized to the LD/2,000, LD/4,000, HD/2,000, HD/4,000 
or placebo control groups.

The study was conducted at the outpatient rehabilitation 
medicine department of the Aerospace Center Hospital, Beijing, 
China, from June 2019 to February 2020 and approved by the 
medical ethics committee of Aerospace Center Hospital (number 
20190528-JT-09). 

Patients were diagnosed by 2 expert physicians according to 
the American College of Rheumatology criteria (13). Inclusion 
criteria were: age over 45 years; presence of unilateral knee 
joint pain unresponsive to conventional treatments for at least 3 
months; Kellgren-Lawrence (K-L) grade II (small osteophytes, 
possible narrowing of the joint) or III (multiple, moderately 
sized osteophytes, definite joint space narrowing, some scle-
rotic areas, possible deformation of bone ends) seen on X-ray 
of the knee joint (14); and written informed consent form to 
participate in the study. Exclusion criteria were: bilateral knee 
joint symptoms; patients who had received ESWT in the past; 
patients who had undergone surgery in the involved knee joint 
or received an intra-articular injection in the preceding 6 months; 
secondary osteoarthritis of the knee joint (inflammatory or  
metabolic); contraindication for ESWT (metal implants, infec-
tion or tumour near the treatment area, blood-clotting disorders, 
and pregnancy); and severe primary cardiovascular disease, lung 
disease or other serious diseases that affect survival. 

Interventions

The enrolled subjects received rESWT with the radial extra-
corporeal shock wave device, Swiss Dolor Clast (EMS Electro 
Medical Systems, Nyon, Switzerland), with the standard radial 
(blue) handpiece, and a metal applicator with a diameter of 10 
mm for the treatment groups and 15 mm for the control group. 
rESWT was administered by one physician who was not involv-

ed in the enrolment and assessment of the patients. Before the 
treatment, subjects were placed in supine and prone positions 
successively, with the affected knee joint flexed at different 
angles to expose the pain points. Meanwhile, the physician 
located the pain points by palpating the anatomical marks 
around the knee joint (i.e. the peripatellar area, the medial and 
lateral condyles, and the popliteal fossa area, avoiding critical 
nerves and blood vessels), wiped an aqueous gel on the probe 
of a radial handpiece, and oriented the probe perpendicularly on 
the targeted area. There was no application of local anaesthesia 
or analgesic drugs during the sessions. 

rESWT groups

Subjects received 4 sessions of rESWT, one week apart, with a 
shock frequency of 8 Hz per session. The treatment protocols for 
the 4 rESWT groups were as follows: LD/2,000, with a positive 
EFD of 0.12 mJ/mm2 and 2,000 impulses per session; LD/4,000, 
with a positive EFD of 0.12 mJ/mm2 and 4,000 impulses per 
session; HD/2,000, with a positive EFD of 0.24 mJ/mm2 and 
2,000 impulses per session; and HD/4,000, with a positive EFD 
of 0.24 mJ/mm2 and 4,000 impulses per session. 

Control group

The placebo control group also received 4 sessions of rESWT, 
one week apart, with a shock frequency of 8 Hz per session, 
but was treated with the minimum positive EFD 0.02 mJ/mm2 
and 1,000 impulses per session (15).

All subjects were prevented from receiving any additional 
treatments, such as physical therapy, oral or parenteral steroid 
medications, anti-inflammatory drugs, stretching, acupuncture, 
orthotics, etc., throughout the treatment sessions.

Outcome measurements

The primary outcome measure was the pain intensity measured 
by visual analogue scale (VAS) (16) score, where 0 indicated no 
pain and 10 indicated maximum pain. VAS-pain was selected 
because it measures the severity of pain on movement and is 
widely used in efficacy studies of KOA treatments. The secon-
dary outcome was physical function on the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC). The 
WOMAC assesses the symptoms of KOA and is a validated, 
disease-specific, self-reporting questionnaire. The index consists 
of 5 questions on the severity of knee pain, 2 on stiffness, and 
17 on limitations in physical function. All items were rated on 
a Likert scale of 0 (no symptoms) to 4 (extreme symptoms), 
with a total range of 0–96 and higher scores indicating worse 
symptoms (17, 18). 

Evaluations were performed at baseline, immediately after 
each of the 4 rESWT sessions, and at follow-up 4 weeks after 
the final rESWT session. The adverse effects and patients’ com-
plaints during treatment were documented. The same physiatrist 
who was blinded to the participant’s treatment assignment 
conducted all the outcome measurements. 

Sample size

A priori power analysis was performed (G*Power, v.3.1.9.2, 
Franz Faul, Germany). Based on the preliminary data, a desir-
ed statistical power of 80% was assumed to detect a 2-point 
difference with a standard deviation (SD) of 1.5 points in the 
VAS-pain score, comparing active treatments with the control, 

www.medicaljournals.se/jrm
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based on a 2-tailed t-test with a Bonferroni significance level 
of α = 0.05/4. Interaction effects between treatments and time 
were tested based on a 2-way analysis of variance (ANOVA) 
model at a significance level of α = 0.05 with a statistical power 
of 80%. A drop-out rate of 10% was allowed for in all 5 treat-
ment conditions. With these parameters, 19 participants were 
needed for each of the 4 rESWT treatment conditions, and 13 
participants were needed for the control condition. Allowing for 
drop-outs, 99 randomized participants were required in total.

Randomization and blinding

Patients were randomized to the LD/2,000, LD/4,000, 
HD/2,000, HD/4,000 or placebo control group after providing 
written informed consent. Randomization was performed by 
a person who was not involved in the study, and a computer-
generated list of random numbers was used. The randomization 
numbers were concealed from the physiatrist who measured the 
outcomes in sequentially numbered, opaque, sealed and stapled 
envelopes. Thus, both the patients and physiatrist who measur-
ed the outcomes were blinded to the allocation. To maintain 
blinding, the interim statistical analyses were conducted by 
independent statisticians and the results were not shared with 
the patients or physiatrist before the end of the study.

Statistical analyses

Data were analysed using IBM SPSS statistics version 22 
(IBM, Armonk, NY, USA). Interim analyses were specified to 
be performed considering both the intervention efficacy and 
potential safety concerns, when 50% and 90% estimated sample 
size (50 and 89 patients, respectively) were randomized and 
completed. Early stopping for efficacy was predetermined at a 
p-value < 0.001 for rejection of the null hypothesis to declare 
that the active treatments were superior to the control (19, 20). 
The trial was also planned to be ended if potential harmful 
side-effects were observed.

All analyses were on an intention-to-treat (ITT) basis with 
all randomized patients included in the analyses. Missing 
data from patients who withdrew after the initial visit were 

imputed by means of the “last observation carried forward” 
technique. The normality of distributions was verified using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests for VAS-
pain scores and WOMAC scores across different time-points 
and interventions. Descriptive analysis was used to analyse the 
demographic data in each group. Crude means and SDs of the 
VAS-pain and WOMAC scores were calculated for all groups. 

To account for the correlation at different time-points among 
each individual, a 2-way repeated-measures ANOVA was per-
formed. Data collected at baseline, after each of the 4 treatment 
sessions, and 4 weeks after the final treatment session were 
included as levels of the within-subject factor (time), and 2 types 
of interventions (energy flux density and shock number) were 
set as the between-subject factors. If significant treatment by 
time interactions for the VAS-pain and WOMAC scores were 
observed, simple effects tests were performed, followed by 
Bonferroni’s post hoc tests in a secondary analysis to determine 
the within- and between- treatment differences. In the post 
hoc analysis, a Bonferroni adjustment was used to account for 
multiple comparisons with the statistical p-value set at 0.05/k, 
where k indicated the number of comparisons.

RESULTS

A total of 125 patients diagnosed with primary KOA 
were assessed for eligibility. Of these, 36 were exclud-
ed for not meeting the inclusion criteria (n = 15) or 
declining to participate (n = 21). Treatment allocation 
is shown in Fig. 1. Patients were randomized to 4 
active treatment groups: LD/2,000 (n = 19), LD/4,000 
(n = 19), HD/2,000 (n = 19), HD/4,000 (n = 18), or a 
placebo control group (n = 14). The trial was stopped 
for efficacy at the pre-planned interim analysis after 
enrolment of 89 patients, and all patients completed 
the 4-session experiment. Four patients were lost to 
follow-up due to unknown reasons, and 2 accepted 
other treatments during the follow-up period. 

Fig. 1. CONsolidated Standards of Reporting Trials (CONSORT) 2010 flow diagram. HD: higher density; LD: lower density.
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The baseline demographics and clinical characteris-
tics of the patients are summarized in Table I. Changes 
in the crude means of the VAS-pain and WOMAC 
scores across the 5 groups from baseline to the 4-week 
follow-up are summarized in Figs 2A and 2B, respec-
tively, both of which showed a decreasing trend.

All further significance was calculated by 2-way 
repeated measures ANOVA. As shown in Table II, the 
significance of the treatment effect was p < 0.001 for 
intensity and p = 0.467 for number for the VAS-pain  

scores, p = 0.536 for the intensity-number interaction for 
the VAS-pain scores, p < 0.001 for intensity, and p = 0.036 
for number for the WOMAC scores, and p = 0.552 for the 
intensity-number interaction for the WOMAC scores.

The intensity × time interaction was significant for 
the VAS-pain and WOMAC scores. While the num-
ber× time interaction was not significant for the VAS-
pain scores, it was significant for the WOMAC scores. 
The intensity × number × time interaction was significant 
for neither the VAS-pain nor the WOMAC scores. As 

Table I. Patients’ baseline demographic and clinical characteristics

Characteristics
LD/2,000
(n = 19)

LD/4,000
(n = 19)

HD/2,000
(n = 19)

HD/4,000
(n = 18)

Control
(n = 14)

Age, years, mean (SD) 60.84 (8.36) 62.70 (7.50) 58.21 (9.47) 63.65 (6.94) 61.50 (5.43)
Female, n (%) 11 (57.89) 12 (63.16) 10 (52.63) 12 (66.67) 8 (57.14)
BMI, kg/m², mean (SD) 24.83 (1.73) 24.35 (1.36) 23.91 (1.56) 25.96 (2.11) 24.98 (1.32)
Duration of KOA, months, mean (SD) 17.15 (5.36) 19.92 (6.85) 18.56 (7.48) 16.67 (4.72) 15.73 (8.37)
VAS-pain score, mean (SD) 5.17 (1.17) 5.33 (1.51) 5.60 (1.14) 5.80 (1.79) 5.26 (1.66)
WOMAC score, mean (SD) 31.17 (14.77) 29.00 (14.59) 26.80 (12.13) 35.40 (24.50) 26.25 (12.91)

HD: higher density; LD: lower density; 4,000: 4,000 impulses; 2,000: 2,000 impulses; SD: standard deviation; BMI: body mass index; VAS: visual analogue 
scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. 
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Fig. 2. Changes from baseline to the 4-week 
follow-up in the visual analogue scale 
(VAS)-pain scores and Western Ontario and 
McMaster Universities Osteoarthritis Index 
(WOMAC) scores across all groups (mean 
(standard deviation (SD)). (A) The mean 
VAS-pain score of all groups at baseline, 
after the 1st, 2nd, 3rd, and 4th sessions 
of treatment, and at the 4-week follow-
up. (B) Variations in the mean WOMAC 
score across all groups. Group: LD/2,000, 
n = 19; LD/4,000, n = 19; HD/2,000, n = 19; 
HD/4,000, n = 18; Control group, n = 14. 
VAS: visual analogue scale; HD: higher 
density; LD: lower density; 4,000: 4,000 
impulses; 2,000: 2,000 impulses.
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significant treatment-by-time interactions for the VAS-
pain and WOMAC scores were detected, simple effects 
tests were performed in the secondary analysis.

Within-treatment comparison between the 4-week 
follow-up and baseline
There were significant decreases (p < 0.001) over time 
in the VAS-pain and WOMAC scores, with the greatest 
change at the 4-week follow-up for all active treat-
ments. For the combined HD condition, the reduction 
at the 4-week follow-up in the mean (95% confidence 
interval; 95% CI) VAS-pain score was 4.27 (3.47, 5.08) 
(p < 0.001) from baseline; for the LD condition, it 
was 2.73 (1.99, 3.45) (p < 0.001) from baseline; for 
the 4,000-impulse condition, it was 3.38 (2.62, 4.14) 
(p < 0.001) from baseline; and for the 2,000-impulse 
condition, it was 3.62 (2.86, 4.38) (p < 0.001) from  
baseline. Similarly, for the mean WOMAC score, for 
the HD condition, the reduction at the 4-week follow-up 
was 21.94 (17.82, 26.05) (p < 0.001) from baseline; for 
the LD condition, it was 15.82 (12.08, 19.57) (p < 0.001) 
from baseline; for the 4,000-shock condition, it was 
21.40 (17.43, 25.38) (p < 0.001) from baseline; and for 
the 2,000-shock condition, it was 16.36 (12.43, 20.29) 
(p < 0.001) from baseline. For the control, there was no 
significant difference for either the mean VAS-pain score 
0.69 (–0.34, 1.72) (p > 0.99) or the mean WOMAC score 
4.42 (–0.94, 9.78) (p > 0.99) from baseline.

Comparisons among treatments at the 4-week 
follow-up 
The differences among treatments were significant 
(p < 0.001) at the 4-week follow-up. As shown in Fig. 3,  
the HD condition was significantly more effective 
than the LD and control conditions in reducing the 
VAS-pain scores, and the mean differences between 
HD and LD and between HD and control (95% CI) 
were 1.55 (0.69, 2.40) (p < 0.001) and 3.58 (2.55, 
4.61) (p < 0.001), respectively. The LD condition also 
differed from the control condition, and the mean dif-
ference (95% CI) was 2.03 (1.04, 3.02) (p < 0.001). For 

the 4,000- and 2,000–impulse conditions, which were 
not significantly different from each other, the mean 
difference was 0.24 (–0.61, 1.09) (p > 0.99), and both 
differed from the control condition, by 2.68 (1.67, 
3.70) (p < 0.001) and 2.93 (1.92, 3.93) (p < 0.001), 
respectively. 

Similar results were obtained for the WOMAC  
scores (Fig. 4), which indicated a significant difference 
between the HD and LD conditions, with a mean dif-
ference (95% CI) of 6.11 (1.74, 10.49) (p = 0.005), 
between the HD and control conditions of 17.51 (12.16, 
22.86) (p < 0.001), and between the LD and control 
conditions of 11.40 (6.24, 16.55) (p < 0.001). The 

Table II. Statistical analysis of visual analogue scale (VAS)-pain 
and Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) scores for all treatment factors

VAS-pain scores WOMAC scores

Treatment factors F *p-value F *p-value

Intensity 35.72 < 0.001 17.11 < 0.001
Number 0.55 0.467 5.01 0.036
Intensity × number interaction 0.40 0.536 0.37 0.552
Intensity × time interaction 11.84 < 0.001 9.07 0.001
Number × time interaction 0.35 0.774 5.07 0.017
Intensity × number × time interaction 0.53 0.654 0.66 0.492

*p-values relate to tests by 2-way repeated-measures analysis of variance 
(ANOVA).

Fig. 4. Comparisons of the Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) scores among treatments at the 4-week 
follow-up. Values are estimated marginal means (95% confidence 
interval; 95% CI) from 2-way repeated measures analysis of variance 
(ANOVA). *p < 0.05/3, post hoc Bonferroni-adjusted tests for multiple 
comparisons (k = 3). HD: higher density; LD: lower density; 4,000: 
4,000 impulses; 2,000: 2,000 impulses.
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analysis of variance (ANOVA). *p < 0.05/3, post hoc Bonferroni-adjusted 
tests for multiple comparisons (k=3). HD: higher density; LD: lower 
density; 4,000: 4,000 impulses; 2,000: 2,000 impulses.
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results for the 4,000- and 2,000-impulse conditions in-
dicated that both conditions were significantly different 
from the control, and the mean differences (95% CI) 
were 16.97 (11.66, 22.29) (p < 0.001) and 11.93 (6.71, 
17.15) (p < 0.001), respectively, while there was no 
significant difference between the 2 conditions after the 
Bonferroni adjustment, 5.04 (0.63, 9.46) (p = 0.022).

There were no adverse effects or complications after 
application of rESWT in any of the groups during the 
study period, and all patients were able to complete 
their treatments without any anaesthesia. Two patients 
reported minor skin reddening for a brief period fol-
lowing treatment.

DISCUSSION

The major finding of this study was that rESWT shock 
intensity has an independent effect on pain relief and 
functional improvement in patients with knee os-
teoarthritis, and the higher density condition led to 
greater improvements in the VAS-pain scores and 
WOMAC scores than the lower density or the control 
condition at the 4-week follow-up. This study further 
indicates that the shock number may decrease the  
WOMAC scores; nevertheless, no significant differences  
were detected between the 2,000- and 4,000-shock 
conditions at the 4-week follow-up.

Related research has found that there is a dose–effect 
relationship for rESWT. One study found that when 
endothelial progenitor cells of rats were treated with a 
low-energy (0.04–0.13 mJ/mm2) shock wave, the ex-
pression of endothelial nitric oxide synthase increased; 
when cells were treated with a high-energy (0.16 mJ/
mm2) shock wave, most of the expression of cytokines 
declined, leading the cells to apoptosis. Finally, it was 
concluded that shock intensities, ranging from 0.10 to 
0.13 mJ/mm2 and shock numbers ranging from 200 to 
300 impulses were the optimal parameters for rESWT 
to treat cells in vitro (21).

Similar issues regarding the dose–response relation-
ship have arisen in the clinical application of rESWT. 
Prior experience indicates that therapy parameters, 
such as the EFD per session, the interval between the 
sessions and the number of the sessions, will have an 
impact on the treatment effect. An RCT conducted 
by Ke et al. indicated that multiple-session rESWT 
has a clinically cumulative effect compared with 
single-session rESWT for patients with carpal tunnel 
syndrome (22). This study also proved the beneficial 
effects of multiple-session rESWT indirectly; however, 
the relevant content was not presented in the main 
results. A persistent decrease in outcome values was 
found across the 4 treatment sessions, until there was 
no significant difference between the final treatment 

and the 4-week follow-up, demonstrating that the 
treatment effects could last for at least 4 weeks after 
the final session.

However, few RCTs have investigated the dose– 
effect relationship between EFD and pain alleviation 
in patients with KOA. With respect to EFD, several 
studies have found “more is better”. One rESWT study 
of plantar fasciitis with positive results considered that 
the EFD was recommended to be maximum tolerable 
(23). In addition, a systematic review (12) demonstrat-
ed that the application of insufficient energy might 
adversely affect the outcome of rESWT. The mean 
EFD applied in all RCTs during rESWT for calcifying 
tendonitis of the shoulder with a positive outcome in 
the physiotherapy evidence database(Physiotherapy 
Evidence Database (PEDro; www.pedro.org.au  
[Accessed 2015 Oct 23 2015]) was 0.28±0.04 mJ/mm2, 
which was approximately 2.6 times more than the EFD 
applied in a negative RCT on rESWT (EFD = 0.11 mJ/
mm2) (24). A similar situation was found for treating 
plantar fasciopathy and Achilles tendinopathy (25, 26).

Therefore, a key issue in studying rESWT interven-
tions is quantification of the positive EFDs per treatment, 
i.e. the product of shock intensity by shock number. The 
EFD applied in KOA in previous research ranges from 
0.04 to 0.25 mJ/mm2, and the shock number ranges 
from 1,000 to 4,000 impulses per treatment. Imamura 
et al. (11) showed a negative outcome with 3 sessions of 
rESWT, one week apart, on pain control in patients with 
severe KOA, where the positive EFD was 0.10–0.16 
mJ/mm2 and the shock number was 2,000 impulses. 
Imamura et al. conjectured that higher total positive EFD 
might be required to achieve treatment success. Zhao et 
al. (27) used rESWT with total positive EFDs (with 4 
sessions of treatment, one week apart, an EFD of 0.25 
mJ/mm2, with 4,000 impulses each session) more than 
4 times higher than the former and then demonstrated a 
significant superiority of rESWT over a placebo.

The current study quantified the EFD of each session. 
The shock intensity and shock number applied here 
are consistent with the recommendations of Chinese 
guidelines for extracorporeal shock wave therapy for 
musculoskeletal diseases (28), which advise rESWT 
of low-moderate intensity and 2,000–4,000 impulses 
per session be applied in KOA therapy. Our earlier 
study (2020, unpublished observations) found that the  
higher the shock intensity, the more likely patients are 
to experience local pain, swelling, and numbness caused 
by the shock waves, but no serious adverse events were 
reported within the therapeutic dose. The EFD for a 
moderate intensity could be well accepted by patients; 
therefore, a moderate intensity from 0.12 to 0.25 mJ/
mm2 was applied. Doses of 0.12 and 0.24 mJ/mm2 were 
selected for the sake of the analysis. 

www.medicaljournals.se/jrm
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These results provide implications for the selection 
of treatment parameters for rESWT in KOA: higher 
total EFDs can be achieved by a higher density of 
impulses rather than by more impulses when the 
frequency and number of sessions are fixed. A mode-
rate intensity of EFD is recommended in the clinical 
management of KOA, ranging from 0.12 to 0.25 mJ/
mm2; furthermore, a higher density is preferred if it 
can be tolerated by the individual patient without the 
application of local anaesthesia. In addition, the current 
study found a potential correlation between the shock 
number and functional improvement; nevertheless, it 
is not effective enough to detect significant differences 
between the 2,000- and 4,000-impulse conditions at all 
time-points, including the 4-week follow-up when the 
maximal change was obtained. Thus, the shock number 
could be applied with 2,000 or 4,000 impulses in the 
treatment of KOA, which might achieve similar results.

Study limitations
This study has a number of limitations. First, it of-
fered substantial evidence to address dose–response 
questions with respect to treatment doses and pain 
alleviation in patients with KOA, but the maximal 
threshold is still not clear; thus, further research is 
needed to explore the therapeutic range of rESWT for 
KOA. Secondly, it was difficult for the placebo group 
to maintain compliance. To minimize this drop-out, the 
present study screened patients who had never been 
treated with ESWT and specified that the physician 
administering the treatment avoid communicating 
with participants about the treatment parameters. In 
addition, rESWT with a minimum intensity and 1,000 
impulses was adopted to make the patients feel they 
were being treated. Finally, the sample is relatively 
small. The clinical trial was stopped early, based on 
the prespecified interim analysis, and significant dif-
ferences were found between the HD and LD groups, 
indicating that the strength was sufficient; however, 
further multi-centre clinical trials are warranted to vali-
date these findings. In addition, a potential association 
between shock number and functional improvement 
might exist, and this possibility deserves to be eluci-
dated further in larger trials.

Conclusion

rESWT with an EFD of moderate intensity was found 
to be effective for pain alleviation and functional im-
provement therapy in patients with KOA. There was 
a dose–response relationship between the amount of 
EFD and alleviation of symptoms, independent of the 
shock number adopted per treatment; that is, the higher 
density compared with the lower density might be a 

better option for the treatment of patients with KOA. 
This study further indicates that a higher number of 
shocks might improve physical functioning in KOA; 
this possibility should be studied further in larger trials.
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