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Abstract

Background There are several treatment options for cal-
cifying tendinitis of the shoulder. The next step treatment
after conservative treatment fails is still a matter of dispute.
Extracorporeal shock wave therapy (ESWT) has been
shown to be a good alternative to surgery, but the best
treatment intensity remains unknown. High-energy ESWT
is much more painful, more expensive, and usually is done
in an inpatient setting, whereas low-energy ESWT can be
performed in an outpatient setting by a physical therapist.
Questions/purposes A systematic review and meta-ana-
lysis of randomized trials was performed to answer two
clear research questions: (1) Is there a greater increase in
the Constant-Murley score in patients treated with high-
energy ESWT compared with those treated with low-
energy ESWT by 3 months and by 6 months? (2) Is there a
greater chance of complete resorption of the calcifications
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in patients treated with high-energy ESWT compared with
those treated with low-energy ESWT by 3 months and by
6 months?

Methods Five relevant electronic online databases,
Medline (through PubMed), EMBASE (through OVID),
Cinahl (through EBSCO), Web of Science, and the Coch-
rane Central Register of Controlled Trials, were
systematically searched. We also crosschecked the refer-
ence lists of articles and reviews for possible relevant
studies. Eligible for inclusion were all randomized con-
trolled trials (RCTs) that compared high-energy ESWT
(> 0.28 mJ/mm?) with low-energy ESWT (< 0.08 mJ/
mmz). One author examined titles and abstracts of each
identified study to assess study eligibility. Two reviewers
independently extracted data and assessed the risk of bias
and study quality. The primary outcome measure, the
Constant-Murley score, was assessed by comparing mean
functional outcome scores between the groups. Secondary
outcomes were assessed using odds ratios, when appro-
priate data were pooled. Based on this process, five RCTs
(359 participants) were included.

Results All five RCTs showed greater improvement in
functional outcome (Constant-Murley score) in patients
treated with high-energy ESWT compared with patients
treated with low-energy ESWT at 3 and 6 months. The
3-month mean difference was 9.88 (95% CI, 9.04-10.72,
p < 0.001; 6-month data could not be pooled). Further-
more, high-energy ESWT more often resulted in complete
resorption of the deposits at 3 months. The corresponding
odds ratio was 3.40 (95% CI, 1.35-8.58) and p = 0.009
(6-month data could not be pooled).

Conclusion When shock wave therapy is chosen, high-
energy shock wave therapy is more likely to result in
improved Constant-Murley score and resorption of the
deposits compared with low-energy therapy.
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Level of Evidence Level 1, therapeutic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Calcifying tendinitis of the shoulder is a common disease
of the rotator cuff muscles that results in pain and
decreased ROM. The disease mainly affects individuals
between 30 and 50 years old, and males and females are
equally affected. The calcific material consists of a col-
lection of calcium hydroxyapatite in crystalline or
amorphous form [5, 8, 14]. Approximately 80% the
calcium deposits are located in the tendon of the supra-
spinatus, 15% are in the infraspinatus, and approximately
5% are in the subscapularis tendon. In the supraspinatus
tendon, the most affected location is 1.5 to 2.0 cm away
from its insertion at the greater tuberosity [5, 8, 11, 23].
The etiology of the calcium deposits in the rotator cuff is
disputed [9, 20, 23]. It has been suggested that it is related
to decreased local oxygen tension or hypoxia [5, 8]. The
calcifications can be subdivided using the classification of
Girtner and Heyer [8]. Their classification is used to
describe the radiologic aspect of the calcifications. It sub-
divides the calcifications into three groups: type I, clearly
circumscribed and dense; type II, clearly circumscribed,
translucent, cloudy, or dense; and type III, cloudy and
translucent.

The disease is at first treated nonoperatively, including
use of antiinflammatory drugs, ice therapy, physiotherapy,
corticosteroid injections, and/or needling. However, when
this fails, extracorporeal shock wave therapy (ESWT) can
be a good and less-invasive treatment option before surgery
[10, 12]. The exact mechanisms of action of the ESWT are
largely unknown; Loew et al. [17] postulated that the shock
waves lead to a three-way mechanism of action: (1)
mechanical effect resulting in deposit fragmentation; (2)
molecular effect resulting in deposit phagocytosis; and (3)
analgesic effect resulting in denervation of pain receptors.
Shock wave therapy can be divided into three categories
based on its energy levels: low-energy (< 0.08 mJ/mm?),
middle-energy  (0.08-0.28 mJ/mm?), and high-energy
(> 0.28 mJ/mm?) [1, 15, 20]. High-energy ESWT can
induce fragmentation and destruction of solid bodies. For
example, high-energy ESWT has a physical effect on
kidney stones, gallstones, and bony tissue, causing physical
and histologic changes. By contrast it is believed that the
therapeutic effect of low-energy ESWT is based on neu-
rophysiologic mechanisms [18, 22]. Moreover, different
devices are needed to apply different energy intensities.
Devices that can generate high-energy ESWT are more

expensive than the devices needed for low-energy ESWT.
High-energy ESWT is more painful than low-energy and
more often requires (intravenous) analgesia. This is why it
often is done in an inpatient setting. Low-energy ESWT, on
the contrary, usually is performed in an outpatient setting
by a physical therapist [1, 9].

However, regarding the functional and radiologic out-
comes, the optimal therapeutic intensity has to be set and a
dose-response relation has to be found [18].

We therefore performed a meta-analysis of randomized
trials comparing high- with low-energy ESWT for calci-
fying tendinitis of the shoulder. We specifically sought to
determine (1) if there a greater increase in Constant-Murley
score in patients treated with high-energy ESWT compared
with those treated with low-energy ESWT in the short term
(3 months) and at midterm (6 months), and (2) if there is a
greater chance of complete resorption of the calcifications
in patients treated with high-energy ESWT compared with
those treated with low-energy ESWT in the short term
(3 months) and at midterm (6 months)?

Materials and Methods
Search Strategy

This review was performed and reported following the
principles of the QUORUM statement [7, 19].

We systematically searched five relevant electronic
online databases: Medline (through PubMed), EMBASE
(through OVID), Cinahl (through EBSCO), Web of Sci-
ence, and the Cochrane Central Register of Controlled
Trials. In addition, the reference lists of articles and
reviews were crosschecked for possible relevant studies.
The search was set up using the PICO (patient [or disease],
intervention [a drug or test], comparison [another drug,
placebo or test], and outcome) format, and various medical
terms were used for the search (Table 1).

Eligible for inclusion were all randomized controlled
trials (RCTs) that compared high-energy ESWT (> 0.28 mJ/
mm?) with low-energy ESWT (< 0.08 mJ/mm?).

This literature search identified 194 potentially relevant
studies; 108 studies were excluded after screening the titles
and another 73 studies were excluded after reading the
abstracts. Reasons for exclusion were that the studies were
not RCTs or not concerning the shoulder. After reading the
full-text articles, another eight studies were excluded,
mainly because the comparison between the groups was
not of our interest. The remaining five studies were eligible
and are included in this systematic review. For the meta-
analysis, the data of three studies was used. The results of
the functional and radiologic outcomes after 3 months was
pooled (Fig. 1).
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Table 1. Search strategy

Population  Patients with radiographically confirmed symptomatic
tendinitis calcarea of the shoulder (search terms:
shoulder joint, rotator cuff, shoulder, supraspinatus,
infraspinatus, subscapular or teres, impingement
syndrome, tendinopathy, tendonitis or tendinitis,
tendinosis, calcinosis, calcifying, calcification,

calcified, calcific, calcarea)

Intervention High-energy extracorporeal shock wave therapy (search
terms: shock wave, ESWT, ESWL, radiofrequency,
HESWT, high-energy, high-intensity, high, high
EFD, shock waved therapy, extra corporeal shock
wave therapy, radiation nonionizing)

Comparison Low-energy extracorporeal shock wave therapy (search
terms: shock wave, ESWT, ESWL, radiofrequency,
LESWT, low-energy, low-intensity, low, low EFD,
shock waved therapy, extra corporeal shock wave
therapy, radiation nonionizing)

Outcome Functional outcome and radiologic outcome
Limits Language: English, German, Dutch
Publication years: 1990-February 2013

Study population: humans

ESWT = extracorporeal shock wave therapy; ESWL — extracorpo-
real shock wave lithotripsy; HESWT = high-energy shock wave
therapy; EFD = energy flux density; LESWT = low-energy shock
wave therapy.

Data Management

The data were independently extracted by two of the
authors (FUV, NidK) and crosschecked for accuracy. The
authors were blinded to the authors of the included articles,
their institutions, and the journals in which they were
published. Data from each study were extracted in a stan-
dardized way using an extraction form specifically
designed for this study. Extracted data included inclusion
and exclusion criteria, inclusion period, the individual
study groups, methods of randomization, blinding, type and
brand of shock wave generator, intensities and frequencies
of the shocks waves, primary and secondary outcome
measurements, statistics used, baseline characteristics, and
results (Appendix 1. Supplemental material is available
with the online version of CORR). Discrepancies between
the authors were resolved by scrutinizing the original
article until a consensus was reached. Authors of the
articles of the included studies were contacted for missing
information.

Study Quality
The risk of bias and quality of the individual articles were

independently assessed by two of the authors (FUV, NidK)
using the criteria of Furlan et al. [7] (Tables 2 and 3).

@ Springer

Disagreements were resolved by consensus; a third author
(JWM) was consulted if necessary.

Three of the five studies qualified as high-quality RCTs.
The high-quality studies were those of Albert et al. [1],
Gerdesmeyer et al. [9], and Pleiner et al. [21]. The low-
quality studies were those of Loew et al. [17] and Rompe
et al. [22].

Characteristics of Included Studies

The total study population from five RCTs of low-versus
high-energy ESWT consisted of 359 participants (Table 4).
All patients were treated with conservative measures for at
least 4 months before considering ESWT. No local anes-
thetics or corticosteroids were used with the ESWT. The
patients were followed up for a minimum of 3 months and
a maximum of 12 months. The primary functional outcome
measure in all studies was the Constant-Murley score. The
Constant-Murley score is used to assess function of the
shoulder [4]. This score combines physical tests with
subjective evaluations by the patients, for which 35 and 65
points respectively, can be assigned; resulting in a score
between O (worst) and 100 (most favorable) [2—4]. The
secondary outcome measures reported in the five studies
were more diverse, including the VAS for pain, radiologic
outcome, complication rate, and other therapies used.

Radiologic resorption of the calcium deposits was sub-
divided by four studies [1, 17, 21, 22] into complete
disappearance, partial disappearance, and no change in the
calcific deposits. Gerdesmeyer et al. [9] described the
change in calcification in actual mm? decrease, thus we did
not include this article in the quantitative analysis.

Heterogeneity

The extracted data for the increase in the Constant-Murley
score after 3 months showed moderate heterogeneity [7].
A random effects model was used to pool the data for the
functional outcome after 3 months. The data for the
increase in the Constant-Murley score after 6 months could
not be pooled because the extracted data were incomplete
and owing to the diversity in the timing of the final out-
come moment (range, 24-30 weeks), therefore it is
presented narratively.

The chance of complete resorption after 3 months
showed no heterogeneity and therefore could be pooled
using a fixed effect model. The data for the chance of
complete resorption after 6 months could not be pooled
because the extracted data were incomplete. With only
three studies selected for the meta-analysis, we could not
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Records identified through database searching (n = 380)
Medline (87); Embase (126); CINAHL (12); Web of Science (102); Cochrane Library (53)

Limits English, Dutch, German
Publication year 1990-February 2013

Additional records identified
through other sources
(m=11

Records after duplicates removed

(n=194)

Studies excluded after
screening title (n = 108)

Abstracts screened
(n=286)

Studies excluded after
reading abstract
(n=38)
Reasons
Wrong comparison
ESWT versus non-
ESWT
High-ESWT versus
middle-ESWT
Low-ESWT versus

Full-text articles
assessed for eligibility
(n=13)

A

Studies included in
qualitative synthesis
(n=75)

Studies excluded after
reading abstract
(n=73)
Reasons
Non-RCT
Comments/literature
review
Nonrelated body parts

.

Studies included in
quantitative synthesis

middle-ESWT

(n=3)

(meta-analysis)

Fig. 1 The flowchart shows the results of the systematic search, including the number of articles identified and excluded at each juncture.

perform a meaningful funnel plot analysis to assess for
publication bias.

Statistical Analysis

The Cochrane Collaboration’s Review Manager (RevMan,
http://tech.cochrane.org/revman) was used to pool the data
[11]. Mean difference and 95% CIs were calculated to pool
the functional outcome.

For the chance of complete resorption, the pooled odds
ratio with 95% CI was calculated. For the data that could
not be pooled because of heterogeneity and incomplete
data in the articles, the results are narratively reported.

Results

Constant-Murley Scores in Patients Treated With
High- and Low-energy ESWT

Constant-Murley scores at 3 months improved to a greater
degree in patients treated with high-energy ESWT than in
patients treated with low-energy ESWT (Fig. 2). Pooled
analysis [1, 9, 17] of the 216 patients showed that patients
in the high-energy group improved by a mean of 25.82
points (SD, 10.26 points), compared with 15.94 points (SD,
6.59 points) in the low-energy group (Fig.3). The
mean difference was 9.88 (25.82 versus 15.94, 95% CI,

@ Springer
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Table 2. Methodologic quality* of the included studies

Study Adequate Allocation Blinding Blinding Blinding Incomplete Incomplete No selective
randomization? concealment? patients? caregiver? outcome  outcome outcome data? outcome
assessors? data addressed? Intention-to-treat reporting?
Dropouts analysis?
Gerdesmeyer et al. [9] + + + - + + — +
Albert et al. [1] + + + ? ? + + +
Pleiner et al. [21] ? ? + - + + — +
Rompe et al. [22] ? ? ? ? ? + — +
Loew et al. [17] + ? ? ? ? + — +
* = quality criteria of Furlan et al. [8]; + = yes = 1 point; — = no = 0 points; ? unclear/unsure = 0 points; high-quality = greater than 50%;
low-quality = less than 50%.
Table 3. Methodologic quality* scores of the included studies
Study Similarity of Cointerventions Compliance Timing of the Score Study Percentage
baseline avoided or acceptable outcome maximum score
characteristics? similar? in all groups? assessments
similar?
Gerdesmeyer et al. [9] ? + + + 12 9 75
Albert et al. [1] + + + - 12 9 75
Pleiner et al. [21] + + + + 12 8 67
Rompe et al. [22] + - + + 12 5 42
Loew et al. [17] ? ? + + 12 4 33
* = quality criteria of Furlan et al. [8]; + = yes = 1 point; — = no = 0 points; ? unclear/unsure = 0 points; high-quality = greater than 50%;

low-quality = less than 50%.

9.04-10.72; p < 0.001). The difference in increase in Con-
stant-Murley scores between high-energy and low-energy
ESWT ranged from 16 points [1] to 33 points [17] (Table 5).

For functional outcome after 6 months, three of the five
included studies reported results similar to those after
3 months; all individual studies concluded that high-energy
showed a greater increase in the functional outcome mea-
sured by the Constant-Murley score after 6 months
(Fig. 4). This difference in Constant-Murley scores
between high-energy and low-energy ESWT ranged from
15 points [22] to 71 points [21] (Table 4). However, these
data could not be pooled because the extracted data were
incomplete and owing to diversity in the timing of the final
outcome moment (range, 24-30 weeks).

Resorption of the Calcifications

The chance of complete resorption of the calcifications at
3 months was greater in patients treated with high-energy
ESWT than in patients treated with low-energy ESWT
(Fig. 5). Pooled analysis [1, 17, 21] of the 163 patients
showed those in the high-energy group had a greater
chance of complete resorption compared with patients in

@ Springer

the low-energy group (odds ratio, 3.40; 95% CI, 1.35-8.58;
p = 0.009) (Fig. 6). The results of each study showed that
high-energy ESWT results in a greater chance of resorption
after 3 months. The difference in the rate of complete
resorption across the different studies in patients treated
with high-energy ESWT versus low-energy ESWT ranged
from 10% [1, 21] to 35% [17] (Table 6).

Two studies [21, 22] showed a greater chance of com-
plete resorption in patients treated with high-energy ESWT
compared with those treated with low-energy ESWT after
6 months. The extracted data for the chance of complete
resorption after 6 months could not be pooled because of
the large amount of incomplete extracted data. The dif-
ferences in the chance of complete resorption between
patients treated with high-energy ESWT and those treated
with low-energy ESWT were 11.64% [21] and 6% [22]
(Fig. 7).

Discussion
ESWT has been proven to be an effective treatment option

after failed nonoperative treatment of calcifying tendinitis
for at least 4 months [20]. It is a safe treatment option. It
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Increase in Constant-Murley score

Gerdesmeyer et al. [9]

m High ESWT

M Low ESWT

Loew et al. [17]

Fig. 2 This graph shows the data with the greater increase in Constant-Murley score after 3 months for patients treated with high-energy ESWT

compared with those treated with low-energy ESWT.

Mean difference, Random, 95% CI

-10 -5

5 10

Low-energy ESWT

High-energy ESWT

Fig. 3 The pooled results of the Constant-Murley scores after 3 months are shown.

has few adverse events and minor side effects such as
bruising and hematoma often are short-lived [9, 22]. Two
cases of humeral head osteonecrosis have been reported
[6]. In one case the causative relationship was questionable
and in the second case the indication for ESWT was
questionable [6]. There are high- and low-energy options,
but the best treatment intensity has not been set yet [20,
24]. High-energy ESWT is much more painful and more
expensive, and usually is done in an inpatient setting,
whereas low-energy ESWT can be performed in an out-
patient setting by a physical therapist [9, 21]. Therefore, we
hoped to answer two research questions by a systematic
review and meta-analysis. We asked whether patients
treated with high-energy ESWT showed a greater increase
in Constant-Murley score compared with patients treated
with low-energy ESWT at 3 months and at 6 months. We
also asked whether there was a greater chance of complete
resorption in patients treated with high-energy ESWT
compared with patients treated with low-energy ESWT at 3
and at 6 months.

This meta-analysis has some limitations; one is that the
functional outcome (Constant-Murley score) after 3 and
6 months showed moderate heterogeneity, and we

@ Springer

investigated the possible causes for this. One possible
explanation could be that energy levels of the different
studies were not equivalent and the devices used were not
the same (Table 4). Although the comparisons were for
high-energy ESWT versus low-energy ESWT, the intensity
was always either more than 0.28 mJ/mm?” or less than
0.08 mJ/mm”. Another explanation could be that the
included studies had different Constant-Murley scores
before treatment, although they did not differ much (range,
high-energy ESWT, 39.0-60.0; low-energy, ESWT, 39.4—
62.7). Another limitation of the current review is use of the
Constant-Murley score. Although it is a simple method to
assess function of the shoulder and it has high intraobserver
and interobserver reliability, the minimal clinically
important difference and minimal detectable difference for
patients with calcifying tendinitis has not been set yet. The
minimal clinically important difference has been set for
patients with a rotator cuff tear [16]. However, an increase
of 9.88 points on a scale of 1 to 100 is likely to be clinically
important. The reason for choosing a followup of 6 months
as an end point in the included articles is because at this
point the effect of the ESWT is expected but the natural
self-limiting course of the disease is not yet expected [9].
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Table 5. Results of Constant-Murley score after 3 months

Study High-Energy ESWT Low-energy ESWT
Mean increase in Number of Mean increase in Number of Weight of Mean difference
CMS in individual  participants in CMS in individual ~ participants in individual study (95% CI)
study group (SD) individual study study group (SD) individual study in meta-analysis
group group
Albert et al. [1] 12.5 (16.8) 40 4.5 (14.8) 40 1.5% 8.00 (1.06-14.94)
Gerdesmeyer  26.2 (2.02) 48 16.6 (2.45) 48 88.0% 9.60 (8.70-10.50)
et al. [9]
Loew et al. 24.7 (3.57) 20 12.2 (4.74) 20 10.5% 12.50 (9.90-15.10)
(17]
Total (95%) 108 108 100% 9.88 (9.04-10.72)

CMS = Constant-Murley score.

120 B High ESWT m Low ESWT
100
80
60
40
20
0

Gerdesmeyer et al. [9] Pleiner et al. [21] Rompe etal. [21]

Increase in Constant-Murley score

Fig. 4 This graph shows the data for greater increase in Constant-Murley scores after 6 months in patients treated with high-energy ESWT
compared with those treated with low-energy ESWT.

m High ESWT m Low ESWT

60
50
40
30
20

0

Albert et al [1] Loew et al. [17] Pleiner et al. [21]

Percentage of complete resorption

Fig. 5 This graph shows the data for a greater chance of complete resorption after 3 months in patients treated with high-energy ESWT
compared with those treated with low-energy ESWT.

High-energy ESWT resulted in a better functional out-  improved to a greater degree in patients treated with high-
come compared with low-energy ESWT in the short-term  energy ESWT than in patients treated with low-energy
and mid-term. Constant-Murley scores at 3 months  ESWT (Fig. 2). Pooled analysis [1, 9, 17] showed that
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Mean difference, Random, 95% CI
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Fig. 6 The pooled results of the chance of complete resorption after 3 months are shown.

25
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Percentage of complete resorption

Pleiner et al. [21]

u High ESWT

M Low ESWT

Rompe etal. [22]

Fig. 7 The data showed the greater chance of complete resorption after 6 months in patients treated with high-energy ESWT compared with

those treated with low-energy ESWT.

Table 6. Results for complete resorption after 3 months

Study High-energy ESWT Low-energy ESWT

Events occurred in Number of Events occurred in Number of Weight of Odds ratio

individual study  participants in individual study  participants in individual study  (95% CI)

group individual study group individual study meta-analysis

group group

Albert et al. [1] 6 40 2 40 30.8% 3.35 (0.63-17.74)
Loew et al. [17] 11 20 4 20 43.3% 4.89 (1.20-19.94)
Pleiner et al. [21] 4 23 2 20 25.9% 1.89 (0.31-11.64)
Total (95% CI) 21 83 8 80 100.0% 3.40 (1.35-8.58)

patients in the high-energy group improved by a mean of
25.82 points, compared with 15.94 points in the low-energy
group (Fig. 3). The mean difference was 9.88 (25.82 versus
15.94, 95% CI, 9.04-10.72; p < 0.001). These findings are
in line with those of Huisstede et al. [13] and Vavken et al.
[24]. Huisstede et al. [13] performed a systematic review on
the effectiveness of ESWT on calcific and noncalcific rotator
cuff tendinitis and two studies [1, 9] were included and
presented narratively that compared high-energy ESWT
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with low-energy ESWT. Vavken et al. [24] performed a
meta-analysis in which they chose a new, nonevidence-
based, cutoff point (0.20 mJ/mm?). Less than this intensity
was labeled low-energy and greater than 0.20 mJ/mm?® was
considered high-energy. Because of this new classification
of ESWT, their included studies differed substantially from
those in our study. They studied only the results 6 months
after treatment. Even with these differences, the conclusions
by Vavken et al. [24] are similar to those in our study.
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High-energy ESWT resulted in a greater chance of
complete resorption calcium deposits when compared with
low-energy ESWT. The chance of complete resorption of
the calcifications at 3 months was greater in patients
treated with high-energy ESWT than in patients treated
with low-energy ESWT (Fig. 5). Pooled analysis [1, 17,
21] showed patients in the high-energy group had a greater
chance of complete resorption compared with patients in
the low-energy group (odds ratio = 3.40; 95% CI, 1.35—
8.58; p = 0.009) (Fig. 6). These findings are in line with
the findings of Ioppolo et al. [15] and Vavken et al. [24].
Ioppolo et al. [15] performed a meta-analysis on the clin-
ical improvement and resorption of calcifications after
shock wave therapy compared with sham treatment. Vav-
ken et al. [24] used a different cutoff point of 0.20 mJ/
mm?. They also found a greater chance of complete
resorption after 6 months.

Based on our meta-analysis we believe that high-energy
ESWT is more effective than low-energy ESWT in terms of
functional outcome (Constant-Murley score) and radio-
graphic resorption (chance of complete resorption) of the
deposits after 3 months. However there is still a need for
high-quality RCTs to discover the exact dose-response
relation. In our opinion, this future research should focus on
high-energy ESWT because current available evidence
indicates that high-energy ESWT is more effective than low-
energy ESWT regarding the functional and radiologic out-
comes in the short term and midterm. It also would be
interesting to compare (high-energy) ESWT with other
treatment modalities for conservative treatment-resistant
calcifying tendinitis of the shoulder such as surgery or
needling/ barbotage of the calcific deposits.
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