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Summary

Introduction: This study aimed to determinate the
effectiveness of extracorporal shock wave thera-
py (ESWT) in the treatment of calcific tendinopa-
thy of the shoulder (CTS) in both the short and
long term. 
Methods: Participants of this study were recruited
by different clinicians of the National Health Ser-
vice (NHS) and private sector centres in the Unit-
ed Kingdom. Data were collected in a web-based
database [Assessment of the Effectiveness of Ex-
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tracorporeal Shock Wave Therapy (ESWT) for Soft
Tissue Injuries (ASSERT)]. The 15 participants
(mean age 49.00 ± 20.04 y) were treated using a
standardized ESWT protocol. At baseline and
again at 3, 6, 12 and 24 months following ESWT
treatment, the participants were evaluated with
the Visual Analogue Scale (VAS) for pain percep-
tion, the Upper Extremity score for functional lim-
itation assessment, and the 6 scores of EuroQol-
5D questionnaire (EQ-5D) for quality of life.
Results: There was a significant improvement
over time in 1 of the 8 analysed scores, the EQ-5D
Thermometer Score (p=0.002). 
Conclusion: ESWT showed beneficial effects on
the global health score over a 24-month follow-up
period.
Level of evidence: IV.

KEY WORDS: calcific tendinopathy of the shoulder,
extracorporeal shock wave therapy, longitudinal
study.

Introduction

Shoulder pain is one of the most frequent muscu-
loskeletal pathologies with a prevalence of between 4
and 26%1. Calcific tendonitis of the shoulder (CTS) is
a painful condition which can be acute and chronic in
nature. The cause of calcific tendinopathy is still not
understood. It has been said to occur due to degener-
ative lesions of the rotator cuff2 and as a result of the
deposition of calcium in the tissues followed by spon-
taneous resorption of the calcific deposit3. Patients
with CTS present with severe, disabling pain which
occurs usually in the morning and can be associated
with stiffness similar to that of a frozen shoulder4. The
initial treatment for CTS is usually conservative man-
agement including rest, analgesics, nonsteroidal and
anti-inflammatory medicines and a subacromial bur-
sal corticosteroid injections with resolution of symp-
toms in 90-99% of cases, thereby making surgery an
exceptional indication5-7. However, it has been identi-
fied that in many cases the initial improvement deteri-
orates and the condition becomes chronic8. ESWT
has emerged as an appropriate treatment for CTS
when conservative measures have failed and its effi-
cacy and safety have been well documented5,9-14 with
success rates ranging from 78 to 91%10,15-23. The
long term benefits of ESWT for CTS have also been

Extracorporeal shock wave therapy in the 
treatment of calcific tendinopathy of the shoulder:
the ASSERT database

Original article

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



reported 2 years post ESWT14,24 with corresponding
imaging showing elimination of calcium deposits in
the short term at 12 weeks post ESWT25,26 and also
in the longer term at 2-3 years post ESWT14. Shock-
wave therapy has been reported to provide equal or
better results than surgery for CTS13. 
This study aimed to evaluate the overall effectiveness
of the ESWT in (1) reducing the clinical severity of
symptoms, (2) relieving the pain symptom and (3) im-
proving the quality of life of patients with chronic cal-
cific tendinopathy of the shoulder over a period of 24
months. Furthermore, this study also aimed to anal-
yse if differences existed between male and female
patients on the effects of ESWT on these three vari-
ables, and again if age and involvement in previous
treatments could have played a role in the effective-
ness of ESWT.

Materials and methods

The ASSERT database was used to collect informa-
tion on the effectiveness of ESWT across the United
Kingdom. The ESWT machines were standardised
and a standardised treatment protocol, together with
standardised baseline measurements and outcome
measures and time points in centres across the Unit-
ed Kingdom, were adopted to aid validity27.

Recruitment
Participants were recruited from both the National
Health Service (NHS) and private sector centres in
the United Kingdom. Clinicians recruited participants
presenting with calcific tendinopathy of the shoulder,
and for whom ESWT was indicated as the treatment
choice.

Participants
Participants were included if they were over the age
of 18, had a diagnosis of CTS confirmed by the re-
cruiting clinician; undergone a course of conservative
therapy which had not been effective in relieving
symptoms; been recommended to receive ESWT at
one of the recruiting centres; not been diagnosed with
inflammatory arthropathy; and demonstrated the abili-
ty to give informed consent.
A total of 23 participants were enrolled (16 males; 7
females) and 15 participants (11 males and 4 fe-
males) met all the inclusion criteria and were consid-
ered for analysis (Tab. I).
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This study has been designed and conducted in ac-
cordance with the principles of the Declaration of
Helsinki and it has been approved by the Local Ethics
Committee (11/LO/0253). A written informed consent
was obtained by each participant28.

Use of ESWT machine
Standardisation of the machine and the process of ad-
ministration of ESWT had been agreed to ensure con-
sistency, reproducibility and generalisability of the re-
sults. All clinicians using the Swiss DolorClast device
(Electro Medical Systems SA, Nyon, Switzerland) and
Stortz devices (Stortz Medical AG, Tägerwilen, Switzer-
land) received training and certification to ensure ad-
herence to the protocol. All clinicians followed a stan-
dardised method of administration of ESWT29. This in-
cluded delivering an initial 500 “warm-up” impulses at a
low air pressure (1.5 bar of air pressure). This reduces
the pain which patients experience during treatment.
Based on patient feedback, the clinician then increased
the air pressure to 2.5 bar or above. The total dose of
impulses remained constant at 2500 per session, with
one session a week for three planned consecutive
weeks, with a maximum gap between two consecutive
treatments of two weeks.

Database
The ASSERT database is a web based system
(www.assert.org.uk) from which the clinician received
a study number for each participant27. Only unidentifi-
able information with the patients’ study number was
entered into the database. Sensitive data are held on
secure servers. Following informed consent, the clini-
cian recorded the following information: (1) Diagno-
sis: this was formulated on clinical grounds and some
clinicians also used imaging to confirm the diagnosis;
(2) Area treated/condition presented with; (3) Date of
presentation of symptoms; (4) Date of treatment of
ESWT; (5) Code for clinicians centre; (6) Centre
where treatment was administered; (7) Previous
treatments prior to consultation; (8) Side treated; (9)
Dates when ESWT was administered; (10) Baseline
scores recorded: EuroQol questionnaire scores (EQ-
5D)30, Visual Analogue Scale for pain (VAS)31, and
Upper Extremity Function Score (UPP-EST)32; (11)
Follow-up scores at 3, 6, 12 and 24 months post
treatment; (12) Satisfaction: rated poor, satisfactory,
good or excellent; (13) Time to effective treatment;
(14) Recurrence of the condition; (15) Complications;
and (16) Adverse events.

Table I. Sample of participants. 
 

 n Age (y) Number of previous 
treatments 

Participants enrolled 23 (16 males and 7 females) 52.27 ± 20.23 1.60 ± 1.17 

Participants considered  
for the analyses 15 (11 males and 4 females) 49.00 ± 20.04 1.63 ± 1.06 
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Baseline and follow-up assessments
After having obtained written informed consent, the
treating clinician undertook baseline assessments.
The follow-up assessments were instead performed
after 3, 6, 12 and 24 months’ post treatment. The co-
ordinators of ASSERT undertook all follow-up as-
sessments via email, telephone or post.

Outcome assessment
The EQ-5D30, the VAS for pain31 and the Upper Ex-
tremity Function Score32 were completed by the par-
ticipants of the study.
The EQ-5D is a standardised measure of health sta-
tus developed by the EuroQol Group to provide a
simple, generic measure of health for clinical and
economic appraisal. For the present study, the ver-
sion 3L (EQ-5D-3L) was used. This is a simple ques-
tionnaire composed of 5 items with a 3-point scale
answer for each item, and designed for completion by
the person being treated. Each one of the 5 items re-
spectively investigates 5 dimensions of the quality of
life, namely (1) mobility, (2) self-care, (3) usual activi-
ties, (4) pain/discomfort, and (5) anxiety/depression.
A score from 1 (best score) to 3 (worst score) is as-
signed for each dimension. The EQ-5D also includes
a scale, named EQ-5D Thermometer Scale, that al-
lows obtaining a global score to generally describe
the quality of life of the patient. It consists in a vertical
line, 100 mm in length, anchored by 2 word descrip-
tors at each end, which are “the worst health you can
imagine” and “the best health you can imagine”. Pa-
tients are asked to mark on the line the point which
they feel represents their perception of their current
health status. The score ranges from 0 (worst health
status) to 100 (best health status), and it is computed
by measuring the distance (in mm) between the end
of the line marked with “the worst health you can
imagine” and the mark on the line indicated by the
patient.
The VAS for pain is very similar to the EQ-5D Ther-
mometer Scale, but it focuses only on the pain per-
ceived by the patient, not on the overall quality of life.
It consists in a horizontal line, 100 mm in length,
which asks the patients “How severe is your pain to-
day?”. The line is anchored by 2 word descriptors at
each end, which are “no pain” and “very severe pain”.
Also in this case, patients mark on the line the point
which they feel represents their current perception of
their pain intensity. The score, from 0 (no pain) to 100
(very severe pain), is computed as the measurement
of the distance (in mm) between the end of the line
marked with “no pain” and the point on the line indi-
cated by the patient. 
The Upper Extremity Function Scale developed by
Pransky et al.32 is a self-administered questionnaire
which can be used to measure the impact of upper
extremity disorders on a person’s ability to perform
physical tasks. It can be used to monitor the patient
over time both to detect worsening of the condition
due to occupational exposure and to assess re-
sponse to therapeutic interventions. The maximum
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score is 80 and the minimum is 8. The lower the
score the better the condition.

Statistical analysis
Linear Mixed Model analysis (LMM) with maximum
likelihood method was performed in order to evaluate
the significant effects over time produced by ESWT in
the treatment of the CTS. To perform the LMM analy-
sis, the Time factor (fixed factor: T0 vs T3 vs T6 vs
T12 vs T24) was used to investigate differences over
time. The VAS and the UPP-EXT scores, as well as
the 6 scores of the EQ-5D were considered as de-
pendent variables for the analysis. If two or more of
the follow-up datasets were missing the patient was
excluded.
Due to the multiple dependent variables, the Bonfer-
roni correction was used adjust the p-value. The Bon-
ferroni correction indicate an adjusted p<0.006 for
significance. When a significant effect over time was
detected, Bonferroni post-hoc analysis (adjusted for
multiple comparison) was used to perform compar-
isons in pair among the different time of assess-
ments. 
All the analyses were performed with the statistical
software SPSS 20 (IBM Corporation, Chicago, IL,
USA).

Results

There was no significant change over time for the
VAS score (F4,24=2.509; p=0.069).
Similarly, there was no significant change over time
(F4,17=2.559; p=0.073) for the UPP-EXT score. The
EQ-5D questionnaire showed no significant differ-
ence over time for the EQ-5D Anxiety/Depression (F
not computable p=1.000); the EQ-5D Mobility score
(F4,18=1.238; p=0.327); the EQ-5D Pain/Discomfort
score (F4,21=3.230; p=0.032; not significant due to the
Bonferroni correction); the EQ-5D Usual Activities
score (F4,14=2.192; p=0.121); and the EQ-5D Self-
Care (F4,16=0.471; p=0.756). Conversely, a significant
increase (improvement) over time was found in the
EQ-5D Thermometer Scale (F4,17=6.821; p<0.002). In
order to have more clarity, all the data are reported
as Means ± SD in Table II with the results of the post-
hoc analysis.

Discussion

Conservative methods for treating refractory calcific
tendinopathy of the shoulder have been shown to
have limited efficacy with the true effectiveness being
unknown1. Several studies have confirmed the bene-
fits of ESWT for the treatment of CTS5,15,33 and a sys-
tematic review in 2011 found moderate evidence sup-
porting the use of focused ESWT34. There have been
discussions around whether high energy ESWT is
more effective than low energy, with some advocating
high energy20,35 reporting better function and pain re-
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Table II. Results relative to the effects over time with the post-hoc analyses outputs. 
 

Tests T0 T3 T6 T12 T24 Overall 
significance 
in time 

Comparisons 
in pair - 
significance Means ± 

SD (N) 
Means ± 
SD (N) 

Means ± 
SD (N) 

Means ± 
SD (N) 

Means ± 
SD (N) 

VAS Scores 51.64 ± 
18.11 (11) 

48.57 ± 
27.16 (7) 

52.13 ± 
36.07 (8) 

16.25 ± 
13.00 (4) 

36.33 ± 
28.11 (3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -3.07 +0.49 -35.39 -15.31 

UPP-EXT Scores 36.22 ± 
18.36 (9) 

22.40 ± 
20.65 (5) 

27.29 ± 
19.18 (7) 

28.00 ± 
32.92 (3) 

10.50 ± 
2.12 (2) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -13.82 -8.93 -8.22 -25.72 

EQ-5D 
Anxiety/Depression 

Scores 1.27 ± 
0.47 (11) 

1.00 ± 0.00 
(5) 

1.00 ± 0.00 
(7) 

1.00 ± 0.00 
(3) 

1.33 ± 0.58 
(3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -0.27 -0.27 -0.27 +0.06 

EQ-5D Mobility Scores 1.27 ± 
0.47 (11) 

1.40 ± 0.55 
(5) 

1.29 ± 0.49 
(7) 

1.00 ± 0.00 
(3) 

1.00 ± 0.00 
(3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- +0.13 +0.02 -0.27 -0.27 

EQ-5D 
Pain/Discomfort 

Scores 1.73 ± 
0.47 (11) 

1.80 ± 0.84 
(5) 

2.29 ± 0.49 
(7) 

1.67 ± 0.58 
(3) 

1.33 ± 0.58 
(3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- +0.07 +0.56 -0.06 -0.40 

EQ-5D Usual 
Activities 

Scores 2.00 ± 
0.45 (11) 

1.60 ± 0.55 
(5) 

2.00 ± 0.00 
(7) 

1.33 ± 0.58 
(3) 

2.00 ± 1.00 
(3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -0.40 0.00 -0.67 0.00 

EQ-5D Self-Care Scores 1.64 ± 
0.67 (11) 

1.40 ± 0.55 
(5) 

1.43 ± 0.53 
(7) 

1.33 ± 0.58 
(3) 

1.33 ± 0.58 
(3) 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -0.24 -0.21 -0.31 -0.31 

EQ-5D 
Thermometer Sc. 

Scores 49.45 ± 
25.74 (11) 

83.40 ± 
20.19 (5) 

77.71 ± 
19.81 (7) 

89.33 ± 
12.5 (3) 

83.67 ± 
12.06 (3) 

p=0.002 * T0 vs T3, T6, 
T12, T24 

Difference 
with 
baseline 
score 

- +33,95 +28.26 +39.88 34.22 

* p-value for significance after Bonferroni correction is<0.006. 
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duction and others reporting similar improvements
using low energy ESWT5. ESWT is now being consid-
ered a safe and minimally invasive treatment, with
similar if not better results than surgery6. ESWT treat-
ment avoids potential complications and expenditure
associated with surgery. Dubs36 found that ESWT, in
addition to proving to be more efficacious, was also
much more cost effective, saving an average of $
2000 per patient. ESWT versus arthroscopy for rota-
tor cuff calcification has been found to be 537 to 6.438

times less expensive. 
The present study did not confirm the positive re-
sults of previous studies5,15,33,34. This may have
been due to the small sample of patients (n=15). At
the time of recruitment, the insurance companies
would not reimburse for the CTS and therefore the
treatment was mot readily available to patients. No
analysis is perfect, and we acknowledge that many
other variables such as the amount of energy em-
ployed, high vs low intensity shock wave treatment,
radial vs focused shock wave treatment, the meth-
ods of localization of the shock waves, the number
of shocks, and the number of sessions must also be
considered when evaluating the efficacy of ESWT.
We acknowledge that more high-quality and well-
conducted studies are necessary. A database such
as ASSERT could be a valid method for the system-
atic collection of large amount of data and for the
standardization of procedures to obtain strong evi-
dences in this field.
Concerning the limitations, this study is not a ran-
domised controlled trial. Several studies have con-
firmed the benefits of ESWT for the treatment of
CTS5,15,33 and a systematic review in 2011 found
moderate evidence supporting the use of focused
ESWT34. The National Institute for Health and Clini-
cal Excellence (NICE) suggested that the effective-
ness of ESWT in “real life” would have needed to be
evaluated in a pragmatic fashion, using standard-
ised protocols and well validated clinically relevant
outcome measures. The ASSERT protocol is NICE
compliant, and satisfies the requirements set out by
NICE39. 
The fact that many different clinicians were involved
in the treatment, after appropriate certified training
and standardisation of the protocol, and that the ef-
fects of treatment were evaluated by independent in-
dividuals, increases the generalizability of the present
findings, and, in this respect, should be considered a
major strength of the present study. 
In conclusion, when administered in a standardised
fashion to an unselected population of patients suffer-
ing from calcific tendinopathy of the shoulder, ESWT
therapy is safe and in a larger population may prove
to be clinically significant. 
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