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Extracorporeal shockwave therapy improves
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adhesive capsulitis
Chih-Yu Chen, MDa,b, Chia-Chian Hu, BSb, Pei-Wei Weng, MDb, Yu-Ming Huang, MDb,
Chang-Jung Chiang, MD, PhDb, Chia-Hsien Chen, MDb, Yang-Hwei Tsuang, MD, PhDb,
Rong-Sen Yang, MD, PhDc, Jui-Sheng Sun, MD, PhDc,d,*, Cheng-Kung Cheng, PhDa,**
a

Department of Biomedical Engineering, National Yang-Ming University, Taipei, Taiwan
Department of Orthopedics, Shuang Ho Hospital, Taipei Medical University, New Taipei City, Taiwan
c
Department of Orthopedic Surgery, College of Medicine, National Taiwan University, Taipei, Taiwan
d
Department of Orthopedic Surgery, National Taiwan University Hospital Hsin-Chu Branch,
Hsin-Chu City, Taiwan
b

Background: The treatment of adhesive capsulitis is a dilemma for orthopaedic rehabilitation specialists.
In this study, we assessed whether extracorporeal shockwave therapy (ESWT) improves the functional
outcome of primary shoulder adhesive capsulitis.
Methods: In this prospective, randomized, controlled, single-blind clinical trial, we enrolled 40 patients
with primary adhesive capsulitis to assess whether ESWT can improve the functional outcome of primary
adhesive capsulitis better than oral steroid therapy. Patients were allocated to the oral steroid group or
ESWT group with randomization. Functional outcome evaluations were performed using the Constant
Shoulder Score (CSS) and Oxford Shoulder Score.
Results: Both groups showed significant improvement in the Oxford Shoulder Score evaluation
throughout the study period. In the ESWT group, the total CSS and range of motion (ROM) parameter
of the CSS in the ESWT group showed significant improvement from the fourth week that was better
than that in the steroid group; the activities–of–daily living (ADL) parameter of the CSS achieved significance and was better than that in the steroid group at the sixth week. For the steroid group, pain was
significantly reduced from baseline to the fourth week of the study; ADL and ROM improved at the
fourth to 12th week. For the ESWT group, ADL and ROM improvements were significant from baseline
to the sixth week.
Conclusion: Our results showed that ESWT can be an alternative treatment, at least in the short-term,
for primary adhesive capsulitis of the shoulder. In addition, all of the side effects of ESWT were transient
and tolerable.
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Adhesive capsulitis is characterized by painful, gradual
loss of active and passive shoulder motion resulting from
fibrosis and contracture of the joint capsule. Shoulder
motion occurs in multiple planes of movement, and loss
of shoulder mobility can result in significant functional
impairment. Primary adhesive capsulitis is defined as
adhesive capsulitis that has no definite etiology, such as
full- and partial-thickness rotator cuff tears, calcific tendinopathy, glenohumeral or acromioclavicular arthritis, and
cervical radiculopathy.13,25
The treatment and evaluation of a stiff and painful
shoulder, characteristic of adhesive capsulitis, or ‘‘frozen’’
shoulder, is a dilemma for orthopaedic rehabilitation
specialists. Treatment options including benign neglect,
home-based and supervised physical therapy, oral and intraarticular corticosteroid injections, closed manipulation, and
arthroscopic capsular release.12 The traditional treatment
approach to restore shoulder mobility emphasizes mobilization of the shoulder overhead. Forced elevation in a
stiff and painful shoulder can be painful and potentially
destructive to the glenohumeral joint.7 Most patients
improve with nonsurgical treatment. Failure to obtain
symptomatic improvement and the presence of continued
functional disability after 6 months of physical therapy are
general guidelines for surgical intervention. Diligent postoperative therapy to maintain motion is required to minimize recurrence of adhesive capsulitis.22,25
In most cases, adhesive capsulitis is a self-limiting condition of poorly understood etiology that results in
shoulder pain and large mobility deficits. In addition, both
the prevalence and incidence of adhesive capsulitis are
increasing. The natural history of adhesive capsulitis, though
typically described as a self-limiting disease process, is
not completely understood. Some physiotherapeutic interventions show evidence regarding reducing pain or
increasing mobility; there is little evidence to suggest that
the disease prognosis is affected, and this raises the need for
new, innovative research in the area of adhesive capsulitis
and its treatment.30
Extracorporeal shockwave therapy (ESWT) has been
used in soft-tissue disorders including lateral epicondylitis,
plantar fasciitis, and calcific tendinitis of the shoulder.8,26,33
ESWT stimulates soft-tissue healing, increases blood
flow to the treated site, and induces an inflammatorymediated healing process.8,27,33 In addition, ESWT has
been successfully introduced in the treatment of Dupuytren
contracture.18,23 Because Dupuytren contracture shares a
similar pathogenesis with adhesive capsulitis of the

shoulder,15,18,31 we believe that ESWT could be another
optimal alternative treatment for primary shoulder adhesive
capsulitis.
The purpose of this study is to compare the treatment
effects and evaluate the short-term functional outcomes
between ESWT and oral steroids for shoulder primary
adhesive capsulitis. Our hypothesis is that ESWT will
reduce pain, facilitate range of motion (ROM) recovery,
and increase the ability to perform activities of daily
living (ADL) and thus result in short-term functional
outcome improvement in patients with primary adhesive
capsulitis.

Materials and methods
This study was a prospective, single-blind, randomized clinical
trial, in which the investigator who performed the functional
evaluations was blinded from the group assignment and from the
randomization procedures. From July 2012 to June 2013, 52 patients with adhesive capsulitis from Shuang-Ho Hospital, New
Taipei City, Taiwan, were enrolled in the study. The inclusion
criteria were patients older than 18 years with shoulder pain and
restriction in ROM (>75% ROM loss in 2 directions, ie,
abduction, flexion, external rotation, and internal rotation)3,22 for a
duration of at least 3 months and in whom no treatment other than
analgesics was prescribed within the past 3 months. In all patients,
shoulder radiographs, soft-tissue sonography, and/or shoulder
magnetic resonance imaging studies were obtained at least
2 weeks before the beginning of enrollment in the study. We
excluded 12 patients with secondary adhesive capsulitis due to
rotator cuff problems (3 patients), calcifying tendinitis (3 patients), secondary arthritis (3 patients), fracture (2 patients), or
cerebrovascular accident (1 patient). The demographic data of the
patients are presented in Table I. Our sample size determination
was based on an assumed study power of 80% (b ¼ .5), a significance level of 5% (a ¼ .05), and a predicted difference of 1.0
SD (ie, 1.0 SD) in mean changes in the measured variables
between the 2 groups. Using these parameters and adjusting our a
for multiple comparisons, we required approximately 15 patients
per group.
Functional outcome evaluations with the Constant Shoulder
Score (CSS) and the Oxford Shoulder Score (OSS) were performed at baseline (before treatment), the second week after the
first treatment (during treatment), the fourth week after the first
treatment (after treatment), and the sixth and 12th weeks after the
first treatment (short-term follow-up).10,20,27 All patients signed
an informed consent form before treatment and were trained by a
nursing specialist at each follow-up to follow a home-based exercise physical therapy program including passive shoulder
rotation, pendulum exercise, shoulder elevation, towel-stretch
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Demographic data

Gender
Age, mean  SD, y
Dominant hand
Affected shoulder on same side as dominant hand

Figure 1

Group 1 (steroid group)

Group 2 (ESWT group)

6 men and 11 women
52.4  8.2
15 right and 2 left
10 (66.7%)

5 men and 12 women
54.3  8.6
16 right and 1 left
12 (70.6%)

Flowchart for study procedures.

external rotation/extension, and shoulder horizontal adduction
and horizontal abduction. Each exercise was held for 5 to
10 seconds, with 10 repetitions each time, and was performed 3 to
4 times per day.
The patients were allocated to the 2 groups according to a
computer-generated randomization list concealed in a set of
numbered envelopes. An administrative assistant who was unaware of the clinical information of the participants opened the
appropriate numbered envelope with the patient; the card inside
indicated whether the patient was to receive oral steroids or undergo ESWT. The steroid group (group 1) comprised 21 patients,
and the ESWT group (group 2) comprised 19 patients. Group 1
patients were given 30 mg of oral prednisolone (six 5-mg tablets)
daily for 2 weeks as a single morning dose and then 15 mg (three
5-mg tablets) daily for another 2 weeks.1,3 Group 2 patients underwent ESWT 3 times, on the first, 14th, and 28th days.
Seventeen patients in group 1 and 17 in group 2 completed the
evaluation at the end of the study. The study flowchart is shown in
Figure 1.

ESWT was performed by a nursing specialist certified on
operating the machine (Orthospec; Medispec, Germantown, MD,
USA). The treatment was performed with the patient in the sitting
position with the affected shoulder positioned on the targeting
device. After application of the ultrasound gel, the shockwaves
were delivered to 3 separate locations. The first treatment was in
an anterior-to-posterior direction at the anterior shoulder joint, and
the upper margin of the treatment zone was about 1 fingerbreadth
lateral to the coracoid process. The second treatment was in an
oblique direction into the glenohumeral joint at about 1 fingerbreadth beyond the anterior border of the acromion tip. The third
treatment was in a posterior-to-anterior direction on the posterior
side of the shoulder joint located beneath the lateral border of the
scapular spine. Depending on the tolerance of the patient, 450 to
500 shots were given in each treatment area, with a total of 1,350
to 1,500 shots in each treatment session. The energy flux density
of each shot was 0.6 mJ/mm2, and the treatment frequency was
1.25 Hz. These evaluations were performed by an independent
investigator unaware of the treatment that the patient received.
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All data are expressed as mean  standard deviation. Intergroup analyses were performed with the Mann-Whitney U test.
Intragroup analyses were performed with repeated-measures
1-way analysis of variance. A result was considered statistically
significant at P < .05. Statistical analysis was performed with
PASW Statistics statistical software (version 18.0; SPSS, Chicago,
IL, USA).

Results
In this study, both groups showed significant improvements in the OSS evaluation throughout the study period.
In the CSS evaluation, both groups showed functional
outcome improvements after treatment, but the patients
who received ESWT showed faster improvements and
better final CSSs than those who received oral steroids.
Before treatment, both groups had similar functional
scores, and the differences were not statistically significant (P ¼ .973 for CSS and P ¼ .658 for OSS). After
treatment for 4 weeks, the CSS in the ESWT group was
significantly improved compared with the steroid group
(P ¼ .009); a significant difference in the OSS was not
observed (P ¼ .085). After 6 weeks, the ESWT group
showed significant improvement in both the CSS and OSS
compared with the steroid group (P < .001 and P ¼ .020,
respectively). At the final evaluation at 12 weeks,
the ESWT group still showed significant improvement
compared with the steroid group in both the CSS and
OSS evaluations (P ¼ .041 and P ¼ .045, respectively)
(Fig. 2).
Compared with the steroid group, the ESWT group
showed significant improvement in the ROM parameter
of the CSS beginning in the fourth week (P ¼ .024), and
this persisted throughout the following sessions of evaluation (P ¼ .001 for sixth week and P ¼ .012 for 12th week).
In addition, the ADL parameter of the CSS reached statistical significance (P ¼ .045) at the sixth week. None of
the pain and power parameters of the CSS evaluation
achieved a significant difference throughout the study
period (Fig. 3). Regarding ROM between the 2 groups,
both the forward elevation (flexion) and lateral flexion
(abduction) angles improved during the course of treatment, but the ESWT group showed greater improvement
than the steroid group. The flexion angle reached statistical
significance at the fourth week (P ¼ .041), and this persisted into the sixth and 12th weeks (P ¼ .009 and P ¼ .002,
respectively). On the other hand, the abduction angle
reached statistical significance at the sixth week (P ¼ .018),
and this persisted into the 12th week (P ¼ .007) (Fig. 4).
The external rotation scores between the steroid group and
ESWT group reached statistical significance at the sixth
week (P ¼ .038), and this persisted into the 12th week
(P ¼ .029). The internal rotation scores between groups
reached statistical significance at the fourth week
(P ¼ .045), and this persisted into the sixth and 12th weeks
(P ¼ .029 and P ¼ .045, respectively) (Fig. 5). The

Figure 2 Functional shoulder scores after steroid treatment
(oral prednisolone) and ESWT. Both groups had equal functional
scores before treatment. After treatment for 4 weeks, the CSS in
the ESWT group was significantly improved compared with the
steroid group (P ¼ .009) (asterisks). After 6 weeks, the ESWT
group showed significant improvement in both the CSS and OSS
compared with the steroid group (P < .001 and P ¼ .020,
respectively) (asterisks). At the final evaluation at 12 weeks, the
ESWT group still showed significant improvement compared with
the steroid group on both the CSS and OSS evaluations (P ¼ .041
and P ¼ .045, respectively) (asterisks).

descriptive statistics for ROM measurements between the
groups are shown in Table II.
For the intragroup analysis, the CSS in the steroid group
improved significantly at the second week of the study and
this improvement persisted into the sixth week (P ¼ .001
for second to fourth week and P < .001 for fourth to sixth
week). The pain parameter of the CSS in the steroid group
was significant from the beginning of the study until the
fourth week (P ¼ .007 for baseline to second week and
P ¼ .001 for second to fourth week). Significant results for
the ADL, ROM, and power parameters were evident from
the fourth to the 12th week, except for the power parameter
at the sixth to 12th week (Table III). In the ESWT group,
statistical significance was noted in the total CSS and the
ADL and ROM parameters of the CSS from the beginning
of the study until the sixth week. However, the pain and
power parameters reached statistical significance only from
the second to the fourth week (Table IV).
Nine of the patients who were treated with ESWT (9 of
17, 52.94%) reported transient erythematous swelling at the
treatment site at least once during the treatment period. All
of the symptoms subsided 1 or 2 days later with rest and ice
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Figure 3 Improvement in parameters of CSS. Compared with the steroid (oral prednisolone) group, the ESWT group showed significant
improvement at the fourth week (P ¼ .024) and this persisted throughout the following sessions of evaluation (P ¼ .001 for sixth week and
P ¼ .012 for 12th week) (asterisks). In addition, the ADL parameter of the CSS reached statistical significance (P ¼ .045) (asterisk) at the
sixth week. None of the pain and power parameters of the CSS evaluation achieved a significant difference throughout the study period.

Figure 4 Line graph for forward flexion and abduction angles. Regarding ROM between the 2 groups, both the forward flexion and
lateral flexion angles improved during the course of treatment, but the ESWT group showed greater improvement than the steroid group.
The forward flexion angle reached statistical significance at the fourth week (P ¼ .041), and this persisted into the 12th week (P ¼ .009 for
sixth week and P ¼ .002 for 12th week). On the other hand, the lateral flexion angle reached statistical significance at the sixth week
(P ¼ .018) and this persisted into the 12th week (P ¼ .007). The blue solid line indicates forward flexion in the steroid group; the blue dotted
line, lateral flexion in the steroid group; the red solid line, forward flexion in the ESWT group; and the red dotted line, lateral flexion in the
ESWT group.

pack application. Two patients (2 of 17, 11.76%) reported
petechial bleeding at the treatment site at least once during
the treatment period, and all of the lesions had resolved

without treatment by the next follow-up visit. The mean
ESWT pain score on a visual analog scale was 6.94  1.21
immediately after treatment.
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Figure 5 Bar graphs for rotation angles. The external rotation scores between the steroid group and ESWT group reached statistical
significance at the sixth week (P ¼ .038), and this persisted into the 12th week (P ¼ .029). The internal rotation scores between groups
reached statistical significance at the fourth week (P ¼ .045), and this persisted into the sixth and 12th weeks (P ¼ .029 and P ¼ .045,
respectively).
Table II

Descriptive statistics for ROM measurements between steroid group and ESWT group
Baseline (0 wk)

Steroid group
Forward elevation, 
Lateral elevation, 
External rotation score
Internal rotation score
ESWT group
Forward elevation, 
Lateral elevation, 
External rotation score
Internal rotation score

Second week

Fourth week

Sixth week

12th week

75
67
4
3






21
23
1
1

99
91
4
4






30
27
2
1

108
99
4
4






29
28
2
1

117
110
5
4






34
31
1
1

120
113
5
4






24
23
2
1

76
68
4
3






18
21
2
2

101
99
4
4






30
24
2
2

129
113
4
4






26
24
2
2

145
135
5
4






21
27
2
2

148
136
5
4






21
25
2
2

Discussion
Primary adhesive capsulitis, or frozen shoulder, is a common condition encountered in the outpatient orthopaedic
clinic. The natural history of adhesive capsulitis, though
typically described as a self-limiting disease process, is not
completely known, and recent studies have shown that it
can lead to longer-term disability over the course of several
years.11 It is characterized by the spontaneous onset of
shoulder pain and global limitation of both active and
passive shoulder motion. Frozen shoulder is a common
condition, yet its treatment remains challenging. The best
treatment modality currently is physical therapy intervention. Therapeutic exercises and mobilization are strongly
recommended for reducing pain and improving ROM and

function in patients with frozen shoulders. Deep heat can be
used for pain relief and improvement of ROM. However,
ultrasound for pain relief and improvement of ROM or
function is not recommended.14 This study compared the
treatment effects and evaluated the short-term functional
outcomes between oral steroids and ESWT for shoulder
primary adhesive capsulitis. The results showed that patients had functional outcome improvements regardless of
whether they were treated with ESWT or oral steroids, but
patients who received ESWT had faster and better functional outcome improvements. In the steroid group, pain
was significantly reduced in the early phase of the study
(baseline to fourth week); ADL and ROM, on the other
hand, improved in the later phases (fourth to 12th week). In
the ESWT group, ADL and ROM improvements were

Shockwave therapy of shoulder adhesive capsulitis
Table III

Intragroup analysis of steroid group with repeated-measures 1-way analysis of variance
CSS

Baseline to second week
Second to fourth week
Fourth to sixth week
Sixth to 12th week

Table IV
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P
P
P
P

¼
¼
<
¼

Pain
.382
.001
.001
.242

P
P
P
P

¼
¼
¼
>

ADL
.007
.001
.269
.99

P
P
P
P

¼
¼
¼
¼

ROM
.311
.110
.007
.018

P
P
P
P

¼
¼
¼
¼

.077
.076
.003
.001

Power

OSS

P
P
P
P

P
P
P
P

¼
¼
¼
¼

.236
.361
.004
.332

<
<
¼
¼

.001
.001
.003
.007

Intragroup analysis of ESWT group with repeated-measures 1-way analysis of variance
CSS

Baseline to second week
Second to fourth week
Fourth to sixth week
Sixth to 12th week

P
P
P
P

¼
<
<
¼

Pain
.009
.001
.001
.774

P
P
P
P

¼
¼
¼
>

ADL
.136
.037
.332
.99

significant in the early phases of the study (baseline to sixth
week). Both groups showed significant improvements on
the OSS evaluation.
Oral prednisolone had been one of the treatment options
for shoulder adhesive capsulitis. Previous reports showed
that oral prednisolone had pain-relieving effects.3,22 Oral
and intra-articular injections of cortisone will lead to significant improvement and comparable results in the treatment of adhesive capsulitis of the shoulder. The use of
cortisone in the treatment of idiopathic shoulder adhesive
capsulitis leads to fast pain relief and improves ROM. Intraarticular injections of glucocorticoids showed superior results regarding objective shoulder scores, ROM, and patient
satisfaction compared with a short course of oral corticosteroids.3 Our study confirmed that pain was relieved
through the course of steroid prescription. It also showed
that the ADL and ROM improvements took much longer
than pain improvement (Table III). This might be the
beneficial effect of a home-based exercise program. Unfortunately, our study was unable to answer whether pain
relief in combination with an exercise program facilitated
later ADL and ROM improvements. Further studies are
needed to ascertain whether a home-based exercise physical therapy program alone or in combination with oral
steroids would facilitate recovery from primary adhesive
capsulitis.
ESWT was originally used for the treatment of renal
stones but is now applied worldwide for the treatment of
several musculoskeletal complaints.26,33 The concept of
using ESWT in patients with fibrotic conditions such as
plantar fibromatosis (Ledderhose’s disease) and Dupuytren
disease was introduced in the early 2010s.12,13 This idea
was derived from the successful treatment of penile fibromatosis (Peyronie’s disease) with ESWT.20,27 Because
primary shoulder adhesive capsulitis has a fibrotic histologic presentation similar to Dupuytren disease, it is
reasonable to use ESWT to treat primary adhesive capsulitis.15,18,23,31 In a study designed to evaluate the beneficial
effects of radial extracorporeal shockwave therapy

P
P
P
P

¼
¼
<
¼

ROM
.034
.001
.001
.632

P
P
P
P

¼
<
¼
¼

.037
.001
.001
.718

Power

OSS

P
P
P
P

P
P
P
P

¼
¼
¼
¼

.081
.004
.056
.942

<
<
¼
¼

.001
.001
.012
.001

(rESWT) on spastic subscapularis muscle in patients with
stroke, it was found that rESWT is an effective and safe
procedure for the reduction of spasticity and pain, as well
as for the improvement of ROM of spastic shoulders.16 In
our study, patients underwent 3 treatment sessions, at 2week intervals, with an energy flux density of 0.6 mJ/
mm2 for each shot and a treatment frequency of 1.25 Hz,
with a total of 1,350 to 1,500 shots in each treatment session. This treatment protocol was based on a previous
report of treatment for a fibrotic condition.17 In this study,
the ADL and ROM parameters of the CSS in the ESWT
group were improved from the beginning of the study until
the sixth week. However, the pain and power parameters
reached statistical significance only from the second to the
fourth week (Table IV).
Adhesive capsulitis is thought to be a combination of
synovial inflammation and capsular fibrosis.13,24,25 Histologic and immunohistochemical examination in adhesive
capsulitis cases showed an increase in the levels of several
kinds of inflammatory cytokines, accompanied by capsular
thickening and contracture at the rotator interval, coracohumeral ligament, interior capsule, and anterior capsule
anatomically.13,24,25 In a pig model, ESWT was shown to
ameliorate cardiac remodeling after acute myocardial
infarction, which is associated with the decreased number of fibrocytes.21 In addition to the antifibrotic effects,15,17,18,23,31 extracorporeal shockwaves have been
proved to have anti-inflammatory effects.9,10 Therefore, to
have direct access to the involved area, such as the joint
capsule, rotator interval, and coracohumeral ligament, we
selected anterior, lateral, tangential, and posterior approaches for the application of extracorporeal shockwaves
to the target area. This method can be performed using
easily identified surface anatomic landmarks and consistently among different patients.
In this study, both groups showed functional outcome
improvements after treatment, but patients who received
ESWT had faster improvements and better final CSSs than
those who took oral prednisolone (Fig. 2). In our study, pain
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was significantly reduced in both groups. Previous reports
have shown that ESWT has anti-inflammatory effects, and
this might explain the analgesic effects of ESWT in our
study.4,32 However, ROM improved more quickly in the
ESWT group than in the steroid group (Fig. 3), which
suggests that ESWT might have additional benefits in
terms of facilitating ROM recovery, aside from the antiinflammatory effects. Although we have no clear explanation for this finding, the antifibrotic effects of ESWT seem
to be a possible explanation and have been reported
earlier.15,17,20,27,31 Further study is warranted to explore the
underlying mechanism of ROM recovery in patients with
primary adhesive capsulitis treated with ESWT.
In a systemic series reviewing interventions for shoulder pain in adults to determine the efficacy and safety of
oral steroids for adhesive capsulitis, it was concluded that
oral steroids provide significant short-term benefits
regarding pain, range of movement of the shoulder, and
function in patients with adhesive capsulitis but the effect
may not be maintained beyond 6 weeks.2 Intra-articular
corticosteroid injection is also a commonly used therapy
for adhesive capsulitis, but there were no significant differences between the high- and low-dose corticosteroid
groups in a previous study and a low dose in the initial
stage was the preferred modality.34 In contrast, in a randomized controlled study performed by Kolk et al19 to
determine the effect of rESWT in patients with chronic
tendinitis of the rotator cuff, it was concluded that lowdose rESWT does not reduce pain or improve function
compared with placebo treatment. The results of this study
showed that ESWT can be an alternative treatment, at
least in the short-term, for primary adhesive capsulitis of
the shoulder and can lead to a faster recovery than oral
prednisolone prescriptions. To our knowledge, no previous
report has had similar findings.
This study has a number of limitations. First, the sample
size was not large, and the follow-up period only lasted
12 weeks. Only 40 patients were enrolled, 34 of whom
completed the evaluation at the end of the study. Although
some reports have shown that 12 weeks’ follow-up is sufficient to differentiate ESWT and oral steroids from other
treatments, a longer follow-up period is still necessary for
treatment efficacy and safety evaluations.2,6,28 Second, no
negative control group was included in the study design; a
sham control group was not approved by the institutional
review board for the sake of the patients’ right to treatment.
Without a negative control group, it is difficult to determine
the exact efficacy of each treatment method. This study
used a positive control group treated with oral prednisolone
in an attempt to determine the contribution of ESWT
treatment. During the study process, the participants were
clearly aware of the 2 different interventions, and measurement bias was thus inevitable. It is possible that ‘‘cointervention bias’’ did exist in our study.5,29 Future studies
should include a negative control group to clarify these
questions. Third, no arthroscopic findings were integrated
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into the study. Adhesive capsulitis is considered a disease
of progressive inflammation and reactive fibrosis.13,24,25
Although this study showed significant clinical improvements, it is impossible to establish a relationship between
the ESWT therapeutic mechanism and capsular histologic
changes at the molecular level without biopsy specimens.
Arthroscopic examinations should be included in future
study designs to identify the therapeutic mechanism of
ESWT in treating adhesive capsulitis.

Conclusion
Patients showed functional outcome improvements
regardless of whether they were treated with ESWT or
oral steroids, but those who received ESWT had faster
and better functional outcome improvements. In the
steroid group, pain was significantly reduced in the early
phase of the study (baseline to fourth week); ADL and
ROM improved in the later phases (fourth to 12th week).
In the ESWT group, ADL and ROM improvements
were significant in the early phases of the study (baseline to sixth week). These findings showed that the 2
treatment modalities improved functional outcomes
through different mechanisms. Our results also showed
that ESWT can be an alternative treatment, at least in
the short-term, for primary adhesive capsulitis of the
shoulder. In addition, all of the side effects of ESWT
were transient and tolerable. However, further welldesigned randomized controlled trials using larger patient populations and longer follow-up are warranted to
further enhance these conclusions and explore the underlying therapeutic mechanism of ESWT in treating
adhesive capsulitis of the shoulder.

Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.

References
1. Binder A, Hazleman BL, Parr G, Roberts S. A controlled study of oral
prednisolone in frozen shoulder. Br J Rheumatol 1986;25:288-92.
2. Buchbinder R, Green S, Youd JM, Johnston RV. Oral steroids for
adhesive capsulitis. Cochrane Database Syst Rev 2006:CD006189.
http://dx.doi.org/10.1002/14651858.CD006189
3. Buchbinder R, Hoving JL, Green S, Hall S, Forbes A, Nash P. Short
course prednisolone for adhesive capsulitis (frozen shoulder or stiff
painful shoulder): a randomised, double blind, placebo controlled trial.

Shockwave therapy of shoulder adhesive capsulitis

4.

5.
6.

7.

8.

9.
10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

Ann Rheum Dis 2004;63:1460-9. http://dx.doi.org/10.1136/ard.2003.
018218
Ciampa AR, de Prati AC, Amelio E, Cavalieri E, Persichini T,
Colasanti M, et al. Nitric oxide mediates anti-inflammatory action of
extracorporeal shock waves. FEBS Lett 2005;579:6839-45. http://dx.
doi.org/10.1016/j.febslet.2005.11.023
Colditz GA, Miller JN, Mosteller F. How study design affects outcomes in comparisons of therapy. I: medical. Stat Med 1989;8:441-54.
Dodenhoff RM, Levy O, Wilson A, Copeland SA. Manipulation under
anesthesia for primary frozen shoulder: effect on early recovery and
return to activity. J Shoulder Elbow Surg 2000;9:23-6.
Donatelli R, Ruivo RM, Thurner M, Ibrahim MI. New concepts in
restoring shoulder elevation in a stiff and painful shoulder patient.
Phys Ther Sport 2014;15:3-14. http://dx.doi.org/10.1016/j.ptsp.2013.
11.001
Farr S, Sevelda F, Mader P, Graf A, Petje G, Sabeti-Aschraf M.
Extracorporeal shockwave therapy in calcifying tendinitis of the
shoulder. Knee Surg Sports Traumatol Arthrosc 2011;19:2085-9.
http://dx.doi.org/10.1007/s00167-011-1479-z
Frairia R, Berta L. Biological effects of extracorporeal shock waves on
fibroblasts. A review. Muscles Ligaments Tendons J 2011;1:138-47.
Galasso O, Amelio E, Riccelli DA, Gasparini G. Short-term outcomes
of extracorporeal shock wave therapy for the treatment of chronic noncalcific tendinopathy of the supraspinatus: a double-blind, randomized, placebo-controlled trial. BMC Musculoskelet Disord 2012;13:86.
http://dx.doi.org/10.1186/1471-2474-13-86
Griesser MJ, Harris JD, Campbell JE, Jones GL. Adhesive capsulitis
of the shoulder: a systematic review of the effectiveness of intraarticular corticosteroid injections. J Bone Joint Surg Am 2011;93:
1727-33. http://dx.doi.org/10.1186/1471-2474-13-86
Hannafin JA, Chiaia TA. Adhesive capsulitis. A treatment approach.
Clin Orthop Relat Res 2000;372:95-109.
Hsu JE, Anakwenze OA, Warrender WJ, Abboud JA. Current review
of adhesive capsulitis. J Shoulder Elbow Surg 2011;20:502-14. http://
dx.doi.org/10.1016/j.jse.2010.08.023
Jain TK, Sharma NK. The effectiveness of physiotherapeutic interventions in treatment of frozen shoulder/adhesive capsulitis: a
systematic review. J Back Musculoskelet Rehabil 2014;27:247-73.
http://dx.doi.org/10.3233/BMR-130443
Kilian O, Pfeil U, Wenisch S, Heiss C, Kraus R, Schnettler R.
Enhanced alpha 1(I) mRNA expression in frozen shoulder and
Dupuytren tissue. Eur J Med Res 2007;12:585-90.
Kim YW, Shin JC, Yoon JG, Kim YK, Lee SC. Usefulness of radial
extracorporeal shock wave therapy for the spasticity of the subscapularis in patients with stroke: a pilot study. Chin Med J (Engl)
2013;126:4638-43.
Knobloch K, Kuehn M, Vogt PM. Focused extracorporeal shockwave
therapy in Dupuytren’s diseaseda hypothesis. Med Hypotheses 2011;
76:635-7. http://dx.doi.org/10.1016/j.mehy.2011.01.018
Knobloch K, Vogt PM. High-energy focussed extracorporeal shockwave therapy reduces pain in plantar fibromatosis (Ledderhose’s
disease). BMC Res Notes 2012;5:542. http://dx.doi.org/10.1186/17560500-5-542
Kolk A, Yang KG, Tamminga R, van der Hoeven H. Radial extracorporeal shock-wave therapy in patients with chronic rotator cuff
tendinitis: a prospective randomised double-blind placebo-controlled

1851

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

multicentre trial. Bone Joint J 2013;95:1521-6. http://dx.doi.org/10.
1302/0301-620X.95B11.31879
Kudriash VL, Marshev SV, Gabliia M, Evgrashev IuN. Practical aspects of application of extracorporeal shock wave lithotripsy in patients with urolithiasis [in Russian]. Urologiia 2013;2:12-4. 16.
Lei PP, Tao SM, Shuai Q, Bao YX, Wang SW, Qu YQ, et al. Extracorporeal cardiac shock wave therapy ameliorates myocardial fibrosis
by decreasing the amount of fibrocytes after acute myocardial
infarction in pigs. Coron Artery Dis 2013;24:509-15. http://dx.doi.org/
10.1097/MCA.0b013e3283640ec7
Lorbach O, Anagnostakos K, Scherf C, Seil R, Kohn D, Pape D.
Nonoperative management of adhesive capsulitis of the shoulder: oral
cortisone application versus intra-articular cortisone injections. J
Shoulder Elbow Surg 2010;19:172-9. http://dx.doi.org/10.1016/j.jse.
2009.06.013
Mafi R, Hindocha S, Khan W. Recent surgical and medical advances
in the treatment of Dupuytren’s diseaseda systematic review of the
literature. Open Orthop J 2012;6:77-82. http://dx.doi.org/10.2174/
1874325001206010077
Neviaser AS, Hannafin JA. Adhesive capsulitis: a review of current
treatment. Am J Sports Med 2010;38:2346-56. http://dx.doi.org/10.
1177/0363546509348048
Neviaser AS, Neviaser RJ. Adhesive capsulitis of the shoulder. J Am
Acad Orthop Surg 2011;19:536-42.
Ogden JA, Alvarez RG, Levitt R, Marlow M. Shock wave therapy
(Orthotripsy) in musculoskeletal disorders. Clin Orthop Relat Res
2001;387:22-40.
Rassweiler J, Rassweiler MC, Kenngott H, Frede T, Michel MS,
Alken P, et al. The past, present and future of minimally invasive
therapy in urology: a review and speculative outlook. Minim Invasive
Ther Allied Technol 2013;22:200-9. http://dx.doi.org/10.3109/
13645706.2013.816323
Sabeti-Aschraf M, Dorotka R, Goll A, Trieb K. Extracorporeal shock
wave therapy in the treatment of calcific tendinitis of the rotator cuff.
Am J Sports Med 2005;33:1365-8. http://dx.doi.org/10.1177/036354
6504273052
Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of
bias. Dimensions of methodological quality associated with estimates
of treatment effects in controlled trials. JAMA 1995;273:408-12.
Struyf F, Meeus M. Current evidence on physical therapy in patients
with adhesive capsulitis: what are we missing? Clin Rheumatol 2014;
33:593-600. http://dx.doi.org/10.1007/s10067-013-2464-3
Uhthoff HK, Boileau P. Primary frozen shoulder: global capsular
stiffness versus localized contracture. Clin Orthop Relat Res 2007;
456:79-84.
Vavken P, Holinka J, Rompe JD, Dorotka R. Focused extracorporeal
shock wave therapy in calcifying tendinitis of the shoulder: a metaanalysis. Sports Health 2009;1:137-44. http://dx.doi.org/10.1177/
1941738108331197
Wang CJ. Extracorporeal shockwave therapy in musculoskeletal disorders. J Orthop Surg Res 2012;7:11. http://dx.doi.org/10.1186/1749799X-7-11
Yoon SH, Lee HY, Lee HJ, Kwack KS. Optimal dose of intra-articular
corticosteroids for adhesive capsulitis: a randomized, triple-blind,
placebo-controlled trial. Am J Sports Med 2013;41:1133-9. http://dx.
doi.org/10.1177/0363546513480475

