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ORIGINAL RESEARCH
Focused, radial and combined shock wave therapy in treatment of calcific shoulder 
tendinopathy
Mai Ahmed Abo Al-Khaira, Mohamed Ezz Eldin Mowafya, Mervat Ismail Husseina, Mervat Abd Al Sattar Elserganya, 
Sameh Ahmed Khodairb and Radwa Mostafa El Khoulya

aPhysical Medicine, Rheumatology and Rehabilitation, Faculty of Medicine, Tanta University, Tanta, Egypt; bRadiodiagnosis and Medical Imaging, 
Faculty of Medicine, Tanta University, Tanta, Egypt

ABSTRACT
Objective: The aim of this work is to compare the clinical, functional, and ultrasonographic outcomes of 
focused, radial, and combined extracorporeal shock-wave therapy (ESWT) in the treatment of calcific 
shoulder tendinopathy.
Methods: we enrolled 45 patients with calcific shoulder tendinopathy, their ages ranged from 30 to 68 
(50.93 ± 9.44) years, classified according to the line of treatment into three groups, all received four 
sessions of ESWT 1 week apart.
Group I: 15 patients received focused shock waves (F-SW) 1500 shocks.
Group II: 15 patients received radial shock waves (R-SW) 2000 shocks.
Group III: 15 patients received combined focused and radial shock waves (C-SW). All patients were 
evaluated by musculoskeletal ultrasound (MSK US) before treatment, at 1 week and at 3 months after 
the last session.
Results: In the three studied groups, there was a significant improvement in shoulder pain, active range 
of motion (ROM), and shoulder function by shoulder disability questionnaire (SDQ) at 1 week after the 
end of treatment and after 3 months follow up. Moreover, there was a significant sonographic 
reduction in calcification size in the three groups. At the end of the study, the best improvement as 
regards a decrease of calcification size was obtained in group III when compared with group I and 
group II.
Conclusion: These results demonstrated clinical, functional, and sonographic improvement in all 
groups. The best therapy in calcific shoulder tendinopathy appears to be combined focused and radial 
ESWT compared to interventions alone. Level 1 Evidence Randomized control study.
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Introduction

Calcific shoulder tendinopathy is a common problem character
ized by the deposition of calcium hydroxyapatite crystals in the 
rotator cuff (RC) tendons. It typically occurs between the fourth 
and the fifth decades of life and most frequently affects the 
supraspinatus tendon near its insertion [1]. The exact pathophy
siologic mechanism of calcific tendinopathy of the shoulder is still 
unknown. Metabolic, vascular, and degenerative changes and 
overuse could be a calcification trigger for the tendon tissue [2].

Patients with calcific shoulder tendinopathy present with 
shoulder pain which is worse at night or after activities, a 
decrease of active ROM, and a decrease of muscular strength [3].

Musculoskeletal ultrasound (MSK US) is very helpful in the 
diagnosis and guided treatment of calcific shoulder tendino
pathy. It shows the presence of deposits and also defines their 
locations in the tendon, plus their size and shape (hyperechoic 
and arc-shaped) in the resting phase, and non-arc shaped 
(fragmented, cystic, nodular) in the resolving phase [4].

Most patients can be treated conservatively with pain med
ications, physical modalities, ROM exercises, and sub-acromial 
corticosteroid injections [5]. Some patients are resistant to 

conventional conservative treatment and remain with chronic 
symptoms. These patients can be treated with other modal
ities such as ESWT, needling and lavage, and surgical inter
vention [6]. Surgery, however, is costly and has many 
complications such as rotator cuff defects during removal of 
the deposits which may require intra-operative repair and long 
postoperative rehabilitation [7].

Extracorporeal shock-wave therapy has been used in the 
treatment of many musculoskeletal disorders such as; proximal 
plantar fasciitis, lateral epicondylitis, calcific shoulder tendonitis, 
and patellar tendinopathy with high success rates. It was found 
that ESWT can help reduction of inflammation, destruction of 
calcifications, tissue regeneration, and chronic pain relief [8].

There are two different types of ESWT; F-SW in which the energy 
generated converges in adjustable focus at a selected depth in the 
body tissues where the maximal pressure is reached. The other 
type is R-SW, in which the maximal pressure is at the skin surface 
and then diverges as it penetrates deeper. An effectiveness differ
ence could differ concerning their generation devices, physical 
characteristics, and mechanism of action. Unlike focused, RSWT 
has a different linear pressure, low energy values, relatively low 
velocity of propagation, and short duration of the rise time [9].
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So our study compares the clinical, functional, and ultra
sonographic outcomes of focused, radial, and combined ESWT 
in the treatment of calcific shoulder tendinopathy.

Patients and methods

In this Randomized control study, we enrolled 45 patients with 
calcific shoulder tendinopathy (Figure 1).

Their ages ranged from 30 to 68 years, 28 of 45 patients 
were females, the right side was affected in 60% of the 
patients and the left side in 40%.

We selected the patients from the outpatient clinics of 
physical medicine, rheumatology, and rehabilitation depart
ment, Xxx university hospitals. We obtained approval from 
the ethical committee of Xxx University Hospital following 
the declaration of Helsinki, and all participants signed 
informed consent. From January 2016 to January 2019. 
Inclusion criteria: Patients with calcific shoulder tendinopathy 
were diagnosed clinically by diagnostic criteria for upper limb 
disorders proposed by the United Kingdom Health and Safety 

Executive Workshop [10] and by MSK US [11] with no improve
ment after 3 months of treatment with conventional physical 
therapy as ultrasound, laser, and exercise, or medical treat
ment or local corticosteroid injection. Exclusion criteria: 
Other causes of shoulder pain as previous trauma or operation 
of the shoulder, shoulder arthritis, referred pain to the 
shoulder region from sites extrinsic to the shoulder joint as 
the cervical spine, brachial plexus, thoracic outlet, peripheral 
nerve affection, wound or local infection in the shoulder, and 
hemiplegic patients. Also, contraindications for shock-wave 
therapy as: Age under 18 years, malignancy, and clotting 
problems, or use of anticoagulants.

Patients with calcific shoulder tendinopathy were ran
domly allocated by using simple random numbers according 
to the line of treatment into three groups [12].

Group I (F-SW group)

Included 15 patients received F-SW, 1500 shocks, with energy 
level (0.3 mj/mm2) and frequency (4 Hz) [13].

The Consort Flowchart 

Assessed for eligibility 
(n = 70)

Enrollment
Excluded (n = 25) 

Not meeting 
inclusion criteria 

Randomization (n =45)

Allocated to intervention  
F-SW 

(n = 15) 
Received allocated intervention 

(n = 15) 
Did not receive allocated 

intervention 
(n = 0)

Allocated to intervention  
R-SW 

(n = 15) 
Received allocated intervention 

(n = 15) 
Did not receive allocated 

intervention 
(n = 0)

Allocated to intervention  
C-SW 

(n = 15) 
Received allocated intervention 

(n = 15) 
Did not receive allocated 

intervention 
(n = 0)

Base line

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Followup I 
(1 week)

Followup II 
(12 weeeks)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)

Analyzed (n = 15) 
Excluded (n = 0)Analysis 

Figure 1. CONSORT flow chart for the patients through the study. F-SW, focused shock waves. R-SW, radial shock waves. C-SW, combined shock waves. n, number.
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Group II (R-SW group)

Included 15 patients received R-SW, 2000 shocks, with energy 
level (2.5 bars) and frequency (10 Hz) [14].

Group III (C-SW group)

Included 15 patients received combined focused and radial 
shock waves in each session, 1500 shocks, and 2000 shocks, 
respectively, with the same previous parameters.

Patients of the three groups received four sessions, 1 week 
apart. Session duration lasts from 10 to 15 min. The contact 
head was positioned at the marked site of calcification which 
was defined by sonography before each treatment with an 
adequate amount of coupling gel. A cold pack was sometimes 
applied after the session to relieve pain and discomfort. No, 
medications or exercise were prescribed during treatment.

The shock-wave programs used in this study were done by 
DUOLITH SD1 Tower produced by STORZ MEDICAL AG. This 
device can generate F-SW (electromagnetically) and R-SW 
(pneumatically).

Method of evaluation

All patients were assessed clinically by complete history tak
ing: with special attention to shoulder pain site, duration, 
character, and relation to activity, history of trauma or opera
tion in the shoulder, and previous treatment. Assessment of 
degree of shoulder pain during movement by (VAS) [15]. 
Goniometric assessment of active shoulder ROM (Abduction 
and internal rotation). Functional assessment of the shoulder 
by (SDQ) [16].

All the patients underwent US examination of the shoulder 
using SAMSUNG MEDISON (UGEO H60), with linear array trans
ducers with frequencies ranging between 9 and 13 MHz. It was 
used to assess calcific shoulder tendinopathy as regards to 
calcification site and size. In this study the size of the calcific 
plaque was measured by mm at its maximal diameter. The 
previous clinical, functional, and ultrasonographic assessment 

was done for all the patients studied before treatment, 1 week, 
and 12 weeks after treatment.

Statistical analysis of the data

A power size calculation was made. Data were fed to the 
computer and analyzed using IBM SPSS software package 
version 20.0. Qualitative data were described using the num
ber and percent. The Kolmogorov–Smirnov test was used to 
verify the normality of the distribution. Quantitative data were 
described using mean and standard deviation. ANOVA test for 
normally distributed quantitative variables was used to com
pare between more than two groups. The significance of the 
obtained results was judged at the 5% level.

Results

The baseline data, including age, sex, disease duration, 
affected side, VAS, ROM, SDQ, sonographic findings (calcifica
tion site and size) in the three groups showed no significant 
differences (p > 0.05).Table 1

There was significant clinical, functional, and ultrasono
graphic improvement at 1 week and 3 months after treatment 
in the three groups studied (p < 0.001*).Table 2

Combined focused and radial ESWT was significantly better 
than the use of focused or radial ESWT alone in all clinical, 
functional, and ultrasonographic parameters studied at 1 and 
3 months after treatment. (p < 0.001*).Table 3

At 1 week and 3 months after treatment, there were no 
significant differences between focused and radial ESWT as 
regards clinical, functional, and ultrasonographic outcomes. 
Table 3

At the end of the study, only 3 cases in group I, 4 cases in 
group II and 10 cases in group III showed complete resorption 
of calcification whereas 12 patients in group I, 11 in group II, 
and 5 in group III showed a significant decrease of calcification 
size. Figures 2 and 3.

None of our patients needed surgical intervention after the 
completion of treatment sessions. Patients with residual pain 

Table 1. Baseline Characteristics of 45 patients with calcific shoulder tendinitis.

Characteristic Group I (F-SW)(15) Group II (R-SW) (15) Group III (C-SW)(15) Test of Sig. P

Age (years) 50.53 ± 6.78 53.47 ± 10.04 48.80 ± 11.02 F = 0.757 0.747
Sex Male/Female 6/9 5/10 6/9 χ2 = 0.0 1.0 00
Disease Duration (ms) 8.07 ± 5.35 8.93 ± 6.95 10.27 ± 7.69 H = 0.522 0.770
Affected side (R/L) 10/5 9/6 8/7 χ2 = 2.955 0.565
VAS 8.07 ± 0.96 7.73 ± 1.22 7.85 ± 1.58 H = 0.434 0.805
ROM
Abduction 114.0 ± 27.20 106.0 ± 38.28 87.33 ± 29.57 H = 4.172 0.124

P1 = 0.127 P2 = 0.500 P3 = 0.315
Internal rotation 39.0 ± 15.25 39.66 ± 19.03 29.0 ± 8.70 H = 3.553 0.169

P1 = 0.247 P2 = 0.146 P3 = 0. 154
SDQ 85.83 ± 16.23 84.89 ± 14.42 87.54 ± 14.92 F = 0.117 0.890
Calcific. site
Supraspinatus 12 11 13 χ2 = 0.833 0.659
Subscapularis 3 4 2
Calcific. Size (mm) 9.57 ± 4.95 9.52 ± 3.79 11.04 ± 4.78 H = 1.326 0.515

P1 = 0.173 P2 = 0.827 P3 = 272

SDQ; shoulder disability questioner, VAS: visual analog scale, ROM: range of motion 
p1: p-value for comparing between group I and group II, p2: p-value for comparing between group I and group III p3: p-value for comparing between group II and 

group III 
χ2: Chi square test F: F for ANOVA test H: H for Kruskal Wallis test 

THE PHYSICIAN AND SPORTSMEDICINE 3



after the end of sessions showed improvement with the exer
cise program which included stretching and strengthening of 
muscles around the shoulder.

In our study, there were no reported side effects with ESWT 
treatment except for, pain during the treatment session, mild 
hematoma, and petechia (two patients in group II and two 
patients in group III). Most symptoms disappeared within 
minutes or hours after treatment.

Discussion

This study was to compare clinical, functional, and sono
graphic outcomes of focused, radial, and combined ESWT in 
the treatment of calcific shoulder tendinopathy.

The most important findings of the present study were 
that, there is no statistically significant difference in the effec
tiveness of F-SW and R-SW therapy for treating calcific 
shoulder tendinopathy and that combining both focused 

and radial ESWT resulted in a significantly better outcome in 
shoulder pain, ROM, function, and ultrasonographic findings.

In our three studied groups, there was a significant 
improvement of shoulder pain (VAS), active shoulder ROM, 
and shoulder function (SDQ) at 1 week and 3 months after 
treatment compared with before treatment and also at 
3 months after treatment compared with 1 week after treat
ment. The best improvement of active shoulder abduction and 
internal rotation was obtained in group III when compared 
with group I and group II.

Our results were confirmed by others, Ioppolo et al., 
(2012) [13] studied 46 patients with calcific shoulder tendino
pathy treated by F-SW, patients were divided into 2 groups 
comparing between 2 energy levels. Each group received four 
sessions, 1 week apart, 2400 shocks (0.20 mj/mm2 in the high- 
energy group and 0.10 mj/mm2 in the low energy group) and 
found a significant improvement of (VAS) in both groups after 
3 months follow up with a better significant improvement in 
the higher energy group.

Table 2. Shoulder pain, ROM, functional, and ultrasonographic outcome after treatment in the three groups.

Variable Group Before After Follow up Test of Sig. p

VAS (range, 
0–10)

Group I 
Median (IQR)

8 (2) 6 (3) 4 (3) Fr = 
28.526

<0.001*

p1 = 0.006*, p2 < 0.001*, p3 = 0.014*
Group II 

Median (IQR)
7 (2) 5 (3) 3 (3) Fr = 

27.527
<0.001*

p1 = 0.003*, p2 < 0.001*, p3 = 0.001*
Group III 

Median (IQR)
8 (2) 5 (3) 0 (3) Fr = 

29.525
<0.001*

p1 = 0.005*, p2 < 0.001*, p3 = 0.011*
ROM
Abduction (range, 

0–180)
Group I 114.0 ± 27.20 133.0 ± 23.59 151.7 ± 19.61 F = 

33.411
<0.001*

p1 = 0.001*, p2 < 0.001*, p3 < 0.001*
Group II 106.0 ± 38.28 129.0 ± 33.39 151.0 ± 27.01 F = 20.461 <0.001*
p1 = 0.001*, p2 < 0.001*, p3 = 0.018*
Group III 87.33 ± 29.57 132.0 ± 35.29 174.0 ± 6.32 F = 53.011 <0.001*
p1 < 0.001*, p2 < 0.001*, p3 = 0.002*

Internal rotation 
(range, 
0–90)

Group I 39.0 ± 15.25 59.33 ± 13.34 66.0 ± 11.21 F = 16.587 <0.001*

p1 = 0.001 *, p2 < 0.001*, p3 = 0.150
Group II 39.66 ± 19.03 61.33 ± 15.40 75.66 ± 10.15 F = 21.031 <0.001*
p1 = 0.001*, p2 < 0.001*, p3 = 0.042*
Group III 29.0 ± 8.70 62.67 ± 11.78 78.67 ± 7.43 F = 107.21
p1 < 0.001*, p2 < 0.001*, p3 < 0.001*

SDQ (range, 0–100) Group I 85.83 ± 16.23 56.75 ± 23.04 34.17 ± 23.05 F = 22.762 <0.001*
p1 = 0.001*, p2 < 0.001*, p3 = 0.016*
Group II 84.89 ± 14.42 50.26 ± 21.82 29.16 ± 18.55 F = 34.638 <0.001*
p1 < 0.001*, p2 < 0.001*, p3 = 0.010*
Group III 87.54 ± 14.92 42.36 ± 21.60 17.16 ± 15.84 F = 60.854 <0.001*
p1 < 0.001*, p2 < 0.001*, p3 = 0.001*

Calcific. Size (mm) Group I 
Median (IQR)

8.70 (8.3) 5 (4.7) 3 (4) Fr = 
22.349

<0.001*

p1 = 0.010*, p2 < 0.001*, p3 = 0.839
Group II 

Median (IQR)
9 (7.2) 5 (2.2) 4.7 (5) Fr = 

28.000
<0.001*

p1 = 0.001*, p2 < 0.001*, p3 = 0.100
Group III 

Median (IQR)
11 (8.2) 7 (7) 0 (5.3) Fr = 

28.737
<0.001*

p1 = 0.003*, p2 < 0.001*, p3 = 0.028*

Fr: Friedman test, Sig. bet. periods was done using Post Hoc Test (Dunn’s) 
F: F test (ANOVA) with repeated measures, Sig. bet. periods was done using Post Hoc Test (adjusted Bonferroni) 
p: p-value for comparing between the studied periods 
p1: p-value for comparing between before and after 
p2: p-value for comparing between before and Follow up 
p3: p-value for comparing between after and Follow up 
*: Statistically significant at p ≤ 0.05 
SDQ; shoulder disability questioner, VAS; visual analog scale, ROM: range of motion 
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Malliaropoulos et al., (2017) [17] studied 67 patients with 
calcific shoulder tendinopathy treated with R-SW with indivi
dualized protocol according to the tolerance of each patient, 
and they found a significant reduction in VAS immediately 
after treatment and after 3 months follow up when compared 
with before treatment. They also found that the treatment 
became increasingly successful with the passage of time, 
with significant improvement of pain at 3 months follow up 
when compared with immediately after treatment.

It was suggested that the immediate analgesic effect of 
ESWT is achieved through hyperstimulation analgesia (gate- 
control theory), and by increasing local pain-inhibiting sub
stances leading to elevation of the pain threshold and also by 
increasing the release of neuropeptides which causes vasodi
latation and help to wash out the inflammatory media
tors [18].

The long-term analgesic effect of ESWT was explained by the 
ability of ESWT to cause selective destruction of unmyelinated 

Table 3. The mean difference of improvement of VAS, ROM, functional, and ultrasonographic findings in the three studied groups.

Variable period Group I Group II Group III Test of Sig. p

VAS Before/After 
Mean + SD

1.74 ± 0.96 1.80 ± 1.08 3.45 ± 1.29 H = 
13.371

0.001*

Median (IQR) 2 (2) 1 (1) 3 (2)
p1 = 0.926, p2 = 0.002*, p3 = 0.001*

Before/Follow up 
Mean + SD

4.40 ± 2.35 4.47 ± 1.72 6.58 ± 1.92 H = 
8.578

0.014*

Median (IQR) 4 (5) 3 (2) 7 (3)
p1 = 0.930, p2 = 0.009*, p3 = 0.003*

After/Follow up 
Mean + SD

2.66 ± 1.87 2.67 ± 1.54 3.13 ± 1.59 H = 
0.890

0.641

Median (IQR) 3 (3) 3 (3) 3 (3)
ROM
Abduction Before/After 

Mean + SD
19.0 ± 16.06 23.0 ± 19.44 44.67 ± 28.94 H = 

7.688
0.021*

Median (IQR) 20 (15) 20 (30) 35 (60)
p1 = 0.655, p2 = 0.010*, p3 = 0.032*

Before/Follow up 
Mean + SD

37.67 ± 22.59 45.0 ± 34.07 86.67 ± 31.26 H = 
16.269

<0.001*

Median (IQR) 40 (15) 30 (60) 80 (45)
p1 = 0.498, p2 < 0.001*, p3 = 0.002*

After/Follow up 
Mean + SD

18.66 ± 13.68 22.0 ± 26.24 42.0 ± 37.07 H = 
3.212

0.201

Median (IQR) 20 (20) 10 (50) 40 (70)
Internal rotation Before/After 

Mean + SD
20.33 ± 11.56 21.66 ± 8.99 33.66 ± 13.43 H = 

8.965
0.011*

Median (IQR) 10 (20) 20 (50) 35 (25)
p1 = 0.727, p2 = 0.007*, p3 = 0.008*

Before/Follow up 
Mean + SD

27.0 ± 13.20 36.0 ± 16.27 49.67 ± 13.56 H = 
13.414

<0.001*

Median (IQR) 30 (35) 40 (50) 50 (45)
p1 = 0.107, p2 < 0.001*, p3 = 0.019*

After/Follow up 
Mean + SD

6.66 ± 9.76 14.33 ± 13.47 16.0 ± 14.66 H = 
4.400

0.111

Median (IQR) 10 (20) 10 (15) 10 (30)
SDQ Before/After 

Mean + SD
29.07 ± 16.35 34.63 ± 17.87 45.17 ± 21.06 H = 

4.547
0.103

Median (IQR) 33.33 (21.43) 39.56 (35.72) 42.86 (43.59)
Before/Follow up 

Mean + SD
51.66 ± 19.94 55.73 ± 20.64 70.38 ± 16.75 H = 

6.782
0.034*

Median (IQR) 50 (35.72) 54.29 (37.09) 69.24 (26.93)
p1 = 0.587, p2 = 0.010*, p3 = 0.042*

After/Follow up 
Mean + SD

22.58 ± 25.17 21.09 ± 22.64 25.20 ± 18.69 H = 
0.676

0.713

Median (IQR) 13.34 (35.71) 21.48 (18.58) 30.77 (18.75)
Calcific. Size Before/After 

Mean + SD
3.24 ± 3.30 4.27 ± 3.02 4.55 ± 2.11 H = 

0.056
0.972

Median (IQR) 3.9 (5.3) 4.3 (5) 4.3 (2.3)
Before/Follow up 

Mean + SD
5.72 ± 3.64 5.58 ± 2.79 8.83 ± 3.49 H = 

7.354
0.025*

Median (IQR) 5.7 (4.5) 5.8 (4) 7.2 (5)
P1 = 0.928, p2 = 0.017*, p3 = 0.021*

After/Follow up 
Mean + SD

2.48 ± 1.44 1.31 ± 1.58 4.28 ± 3.18 H = 
7.929

0.019*

Median (IQR) 1.5 (3) 1 (3) 3 (6.4)
P1 = 0.771, p2 = 0.007*, p3 = 0.004*

SDQ; shoulder disability questioner, VAS; visual analog scale, ROM: range of motion 
p: p-value for comparing between the studied groups 
p1: p-value for comparing between group I and group II 
p2: p-value for comparing between group I and group III 
p3: p-value for comparing between group II and group III 
*: Statistically significant at p ≤ 0.05 
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C-fibers which are known to be responsible for throbbing, 
chronic pain [19]. Thus, ESWT may selectively lead to dysfunc
tion of peripheral sensory-unmyelinated nerve fibers responsi
ble for pain transmission without affecting large-myelinated 
nerve fibers responsible for motor function [20].

Also, animal studies demonstrated that ESWT application can 
decrease the synthesis of substance P and calcitonin gene- 
related peptide (CGRP) in dorsal root ganglia. This leads to 
decreased neurogenic inflammation which is considered to 
play an important role in the pathogenesis of tendinopathy [21].

The improvement of shoulder function (SDQ) in the three 
studied groups after ESWT treatment may be explained by the 
improvement of pain with a subsequent increase of ROM. 
ESWT also produces a ‘knocking’ force on the tendon that 
may relieve adhesions resulting from the chronic tendinopa
thy [22].

In our patients with calcific shoulder tendinopathy, the cal
cific deposits were most commonly located in the supraspina
tus tendon 80%, followed by the subscapularis tendon 20%.

Studies demonstrated that the most common site affected 
by calcific tendinopathy in the supraspinatus tendon is located 
between 1 and 2 cm medial to the tendon insertion on the 
greater tuberosity at the junction of fibrocartilage with the 

tendon (critical zone) which may be due to the poor vascular
ization of the tendon in this area which acts as a predisposing 
factor for tendon degeneration [23].

At the end of this study, 3 out of 15 patients (20%) in group 
I, 4 out of 15 patients (26.66%) in group II and 10 out of 15 
patients (66.66%) in group III showed complete resorption of 
calcification whereas 12 patients in group I, 11 in group II, and 
5 in group III showed a significant decrease of calcification 
size.

Albert et al., (2007) [23] studied patients with calcific 
shoulder tendinopathy treated with F-SW and found that 
total resorption of the calcification occurred in 15% of the 
patients in the high-energy group and 5% in the low energy 
group after 3 months follow up. Mangone et al., (2010) [24] 
studied 36 patients with calcific shoulder tendinopathy trea
ted with R-SW and found that calcifications disappeared in 
31% of his patients after 3 months follow up. Also, Avancini- 
Dobrović et al., (2011) [14] studied 30 patients with calcific 
shoulder tendinopathy treated with R-SW and found 
a significant decrease of calcification size after 6 months fol
low up compared with before treatment.

Several hypotheses have been suggested to explain the 
mechanism of action of ESWT in calcium resorption; however, 

Figure 2. Before treatment; right supraspinatus tendon showing calcification measuring 13 mm. At 1 week after end of treatment with combined shock-wave 
therapy; there was partial resorption of calcification (5 mm). after 3 months follow up; there was more improvement of right supraspinatus tendon with complete 
resorption of calcification.
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the exact mechanism remains controversial. With regard to the 
direct mechanical effect, ESWT is thought to induce deposit 
fragmentation through a pressure increase inside the deposit 
leading to disorganization and disintegration of the deposit [25].

Other studies suggested that the negative phase of the 
shock wave causes cavitation at the tissue interfaces. During 
cavitation, air bubbles are formed as a result of the negative 
pressure. These bubbles subsequently have imploded with 
high speed, generating a second wave of shock waves or 
micro-jets of fluid. Breakdown of the cavitation bubbles dis
rupts the integrity of the calcification and the subsequent 
microjets enhances the effect, destroying the deposit [26].

With regard to the molecular effect, ESWT can enhance 
phagocytosis of the deposit by increasing the neovasculariza
tion and leukocyte chemotaxis. It was found that ESWT can 
increase neovascularization by increasing the production of 
von Willebrand factor, vascular endothelial growth factor 
(VEGF), endothelial nitric oxide synthetase (eNOS), and prolifer
ating cell nuclear antigen (PCNA) [27]. Branes et al., (2012) 
were able to demonstrate the presence of neo-lymph 

angiogenesis from biopsies taken from rotator cuff repair sur
gery, previously treated with ESWT. Their hypothesis was that 
neo-lymph angiogenesis is related to improved calcium reab
sorption observed after ESWT treatments [28].

This study showed that the best clinical, functional, and 
ultrasonographic improvement was obtained in group III 
(combined shock-wave group) and this can be due to getting 
the beneficial effects and the advantages of both focused and 
radial shock waves.

No, previous-reported literature as regards the comparison 
between focused and radial shock waves or the use of com
bined focused and radial shock waves in the treatment of 
calcific shoulder tendinopathy.

Focused shock waves have higher energy levels and can 
reach deeper into the tissues, but the energy generated by 
F-SW is transmitted to a small area of interest (focus) with the 
maximum energy level developing some centimeters subcu
taneously. The effective focal zone of F-SW is very small; thus, 
the area of affected tissue that can be treated is also small. In 
contrast, R-SW develops their maximum energy at the skin 

Figure 3. Before treatment; right supraspinatus tendon showing calcification measuring 10 mm. At 1 week after end of treatment with radial shock-wave therapy; 
there was partial resorption of calcification (6 mm). at the end of the study there was more improvement of right supraspinatus tendon calcification (4 mm).
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surface and distribute it radially into the tissues and this allows 
treating the original site of the disease (e.g., the calcification 
area), as well as other affected areas [29].

The limitation of our study was the short duration of fol
low-up. The obtained results should be confirmed by further 
clinical studies with larger patient numbers and longer follow- 
up periods.

Conclusion

There was a significant improvement of clinical, functional, and 
ultrasonographic findings after the use of focused, radial, or 
combined ESWT in calcific shoulder tendinopathy. The best 
improvement was obtained after the combined use of focused 
and radial ESWT when compared with focused or radial ESWT 
alone.

Recommendations

We recommend ultrasonographic assessment for cases of calci
fic shoulder tendinopathy and we advise the use of combined 
focused and radial ESWT as a safe and effective substitute for 
surgical treatment of calcific shoulder tendinopathy.

Funding

This research did not receive any specific grant from funding agencies.

Declaration of interest
There is no actual or potential conflict of interest in relation to this article.

References

1. Hofstee DJ, Gosens T, Bonnet M, et al. Calcifications in the cuff: take 
it or leave it? Br J Sports Med. 2007 Nov 1;41(11):832–835.

2. Diehl P, Gerdesmeyer L, Gollwitzer H, et al. Calcific tendinopathy of 
the shoulder. Orthopade. 2011 Aug 1;40(8):733.

3. Louwerens JK, Sierevelt IN, van Noort A, et al. Evidence for minimally 
invasive therapies in the management of chronic calcific tendino
pathy of the rotator cuff: a systematic review and meta-analysis. 
J Shoulder Elbow Surg. 2014 Aug 1;23(8):1240–1249.

4. Merolla G, Singh S, Paladini P, et al. Calcific tendinitis of the rotator 
cuff: state of the art in diagnosis and treatment. J Orthop 
Traumatol. 2016 Mar;17(1):7–14.

5. Kachewar SG, Kulkarni DS. Calcific tendinopathy of the rotator cuff: 
a review. J Clin Diagn Res. 2013 7;Jul(7):1482.

6. Nicola M, Oliva F, Via AG. Calcific Tendinopathy. In: Disorders of the 
rotator cuff and biceps tendon e-book: the surgeon’s guide to 
comprehensive management. 2019. p. 192.

7. Merolla G, Bhat M, Paladini P, et al. Complications of calcific tendi
nitis of the shoulder: a concise review. J Orthop Traumatol. 2015 
Sep;16(3):175–183.

8. Wang CJ. Extracorporeal shockwave therapy in musculoskeletal 
disorders. J Orthop Surg Res. 2012;7(1):11.

9. Ammendolia A, Marotta N, Demeco A, et al. Effectiveness of radial 
shockwave therapy in calcific and noncalcific tendinopathy of the 
shoulder: A systematic review and meta-analysis. Muscles 
Ligaments Tendons J. 2020;10(1):40–47.

10. Harrington JM, Carter JT, Birrell L, et al. Surveillance case definitions 
for work related upper limb pain syndromes. Occup Environ Med. 
1998 Apr 1;55(4):264–271.

11. Pan PJ, Chou CL, Chiou HJ, et al. Extracorporeal shock-wave ther
apy for chronic calcific tendinopathy of the shoulders: a functional 
and sonographic study. Arch Phys Med Rehabil. 2003 Jul 1;84 
(7):988–993.

12. Lim CY, In J. Randomization in clinical studies [published correction 
appears in Korean J Anesthesiol. 2019 Aug;72(4):396]. Korean 
J Anesthesiol. 2019;72(3):221–232.

13. Ioppolo F, Tattoli M, Di Sante L, et al. Extracorporeal shock-wave 
therapy for supraspinatus calcifying tendinopathy: a randomized 
clinical trial comparing two different energy levels. Phys Ther. 2012 
Nov 1;92(11):1376–1385.

14. Avancini-Dobrović V, Frlan-Vrgoč L, Stamenković D, et al. Radial 
extracorporeal shock wave therapy in the treatment of shoulder 
calcific tendinopathy. Coll Antropol. 2011 Sep 25;35(2):221–225. 
https://hrcak.srce.hr/file/107564

15. Hawker GA, Mian S, Kendzerska T, et al. Measures of adult pain: 
visual analog scale for pain (VAS Pain), Numeric Rating scale for 
pain (NRS Pain), McGill pain questionnaire (MPQ), Short-Form 
McGill Pain Questionnaire (SF-MPQ), Chronic pain grade scale 
(CPGS), Short form-36 bodily pain scale (SF-36 BPS), and measure 
of intermittent and constant osteoarthritis pain (ICOAP). Arthritis 
Care Res (Hoboken). 2011 Nov;63(S11):S240–52.

16. Van der Windt DA, van der Heijden GJ, de Winter AF, et al. The 
responsiveness of the shoulder disability questionnaire. Ann 
Rheum Dis. 1998 Feb 1;57(2):82–87.

17. Malliaropoulos N, Thompson D, Meke M, et al. Individualized radial 
extracorporeal shock wave therapy (rESWT) for symptomatic calci
fic shoulder tendinopathy: a retrospective clinical study. BMC 
Musculoskelet Disord. 2017 Dec;18(1):513.

18. Bannuru RR, Flavin NE, Vaysbrot E, et al. High-energy extracorpor
eal shock-wave therapy for treating chronic calcific tendinopathy of 
the shoulder: a systematic review. Ann Intern Med. 2014 Apr 15;160 
(8):542–549.

19. Hausdorf J, Lemmens MA, Heck KD, et al. Selective loss of unmye
linated nerve fibers after extracorporeal shockwave application to 
the musculoskeletal system. Neuroscience. 2008 Jul 31;155 
(1):138–144.

20. Romeo P, Lavanga V, Pagani D, et al. Extracorporeal shock wave 
therapy in musculoskeletal disorders: a review. Med Princ Pract. 
2014;23(1):7–13.

21. Hausdorf J, Lemmens MA, Kaplan S, et al. Extracorporeal shock
wave application to the distal femur of rabbits diminishes the 
number of neurons immunoreactive for substance P in dorsal 
root ganglia L5. Brain Res. 2008;1207:96–101.

22. Reilly JM, Bluman E, Tenforde AS. Effect of shockwave treatment for 
management of upper and lower extremity musculoskeletal con
ditions: a narrative review. PM&R. 2018 Dec 1;10(12):1385–1403.

23. Albert JD, Meadeb J, Guggenbuhl P, et al. High-energy extracor
poreal shock-wave therapy for calcifying tendinopathy of the rota
tor cuff: a randomised trial. J bone Joint Surgery. British volume. 
2007 Mar;89(3):335–341.

24. Mangone G, Veliaj A, Postiglione M, et al. Radial extracorporeal 
shock-wave therapy in rotator cuff calcific tendinosis. Clin Cases 
Mineral Bone Metab. 2010 May 7;2:91. PMCID: PMC3004453 PMID: 
22460011.

25. Beckmann NM. Calcium apatite deposition disease: diagnosis and 
treatment. Radiol Res Pract. 2016;2016:4801474.

26. Johnsen E, Colonius T. Shock-induced collapse of a gas bubble in 
shockwave lithotripsy. J Acoust Soc Am. 2008 Oct;124(4):2011–2020. .

27. Chou WY, Wang CJ, Wu KT, et al. Prognostic factors for the out
come of extracorporeal shockwave therapy for calcific tendinopa
thy of the shoulder. Bone Joint J. 2017 Dec;99(12):1643–1650.

28. Brañes J, Contreras HR, Cabello P, et al. Shoulder rotator cuff 
responses to extracorporeal shockwave therapy: morphological 
and immunohistochemical analysis. Shoulder Elbow. 2012 Jul;4 
(3):163–168.

29. Moya D, Ramón S, Schaden W, et al. The role of extracorporeal 
shockwave treatment in musculoskeletal disorders. JBJS. 2018 Feb 
7;100(3):251–263.

8 M. A. A. AL-KHAIR ET AL.

https://hrcak.srce.hr/file/107564

	Abstract
	Introduction
	Patients and methods
	Group I (F-SW group)
	Group II (R-SW group)
	Group III (C-SW group)
	Method of evaluation
	Statistical analysis of the data
	Results
	Discussion
	Conclusion
	Recommendations

	Funding
	Declaration of interest
	References



