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We prospectively studied extracorporeal shock wave
therapy (ESWT) for calcific tendinitis of the shoulder in 46
consecutive patients. All patients were randomly divided
into 2 groups: treatment and control. The 33 patients in
the treatment group received 2 courses of ESWT at the
energy density of 0.55 mJ/mm2 (1000 impulses). The
control group underwent sham treatment with a dummy
electrode (13 patients). Evaluation included the Constant
score, pain scale, and radiographs. The ESWT results
were good to excellent in 87.9% of shoulders (29/33)
and fair in 12.1% (4/33), and the control results were
fair in 69.2% (9/13) and poor in 30.1% (4/13). Among
ESWT patients, calcium deposits were completely
eliminated in 7 cases (21.2%), partially eliminated in 11
(36.3%), and unchanged in 15 (45.4%). In contrast,
elimination was partial in 2 control patients (15.3%) and
unchanged in 11 (84.7%). There was no significant
difference between Gärtner type I and type II groups in
the Constant score ( P > .05). ESWT shows promise for
pain relief and functional restoration of calcific tendinitis
with negligible complications. (J Shoulder Elbow Surg
2008;17:55-59.)

Over the past 30 years, extracorporeal shock wave
lithotripsy has been considered by urologists to be
the gold standard in treating renal calculi, and the
revolutionary method has almost completely replaced
invasive surgery worldwide. More recently, extracor-
poreal shock wave therapy (ESWT) has been used to
treat conditions such as nonunion of fractures, lateral
epicondylitis, plantar fasciitis, and calcific tendinitis
of the shoulder. It has shown promise in the promotion
of fracture healing and repair of tendinopa-
thies.11,13,16,17
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Calcific tendinitis as a source of shoulder pain
was initially described more than 100 years ago as
maladie de Duplay.13 Current treatment includes
physiotherapy, nonsteroidal anti-inflammatory drugs,
steroid injection, and surgical intervention to remove
calcium deposits and decompress the subacromial
space. Treatment of patients with calcific tendinitis is
typically conservative. Reported success rates range
between 30% and 85%.6,7,10,12,13,19 If pain be-
comes chronic or intermittent after several months of
conservative treatment, surgery is often recommen-
ded. The effects of these different treatments vary sig-
nificantly, and they do not show consistent and
reliable long-term results.

ESWT represents a new, noninvasive treatment
for calcific tendinitis of the shoulder. We conducted
a randomized, prospective study using ESWTas treat-
ment in a consecutive series of patients seen at our
institution.

MATERIALS AND METHODS

Forty-six consecutive patients with chronic calcific tendini-
tis of the shoulder were recruited prospectively from July
2002 to February 2004. All patients were randomly divided
into 2 groups: treatment and control. The randomization ap-
plied in this study was based on consecutive patients diag-
nosed at our hospital. The allocation ratio was set as 2:1
for intervention and placebo groups. Thus, systematic ran-
dom sampling by 3 and its multiples was used in this series
of cases to assign placebo subjects, without considering
whether she or he refused to participate or met the
exclusion criteria. Patients in the treatment group received
ESWT, whereas control patients underwent sham shock
wave treatment. Inclusion criteria included shoulder pain at-
tributable to calcific tendinitis that had failed to respond to at
least 3 months of nonoperative treatment. Nonoperative
treatment included nonsteroidal anti-inflammatory drugs,
corticosteroid injections, physical therapy, an exercise pro-
gram, and immobilization of the shoulder in a sling. Exclu-
sion criteria included a history of previous shoulder
surgery, pregnancy, rotator cuff tear, malignancy, local in-
fection, presence of cardiac pacemaker, use of anticoagu-
lants, clotting problems, generalized polyarthritis, arthritis
of the shoulder, or age under 18 years.

Before each application of ESWT or sham treatment, 10
mL of 2% lidocaine was injected into the affected area from
a lateral approach with a 24-gauge needle. Ultrasound gel
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was used as a contact medium between the transducer head
and the skin. ESWTwas administered in 2 sessions that were
2 weeks apart. Each session consisted of 1000 acoustic
shock wave pulses delivered to the affected area by use of
the OrthoWave machine (MTS, Konstanz, Germany) set at
level 5. At this setting, the OrthoWave machine generates
2 pulses per second with an energy density of 0.55 mJ/
mm. The most commonly encountered adverse reactions af-
ter ESWT included pain, local irritation, skin changes such
as redness or bruising, swelling, and hematoma formation;
all adverse reactions were recorded. After treatment, each
patient was instructed to ice the shoulder for 48 hours. Ortho-
paedic examinations were done before ESWT sessions, and
there were additional assessments at 6 weeks, 12 weeks, 6
months, and 1 year after the final ESWT session.2

An anteroposterior (AP) radiograph of the affected shoul-
der with the arm in neutral rotation was obtained before
ESWT and taken at each of the 4 follow-up examinations.
The calcific deposits were categorized according to mor-
phology, and size (the longest length of the calcium deposit)
was recorded. The morphologic features of the deposit had
to be homogeneous in appearance and have well-defined
borders (corresponding to type I in the classification of Gärt-
ner3), nonhomogeneous in structure with a sharp outline, or
homogeneous in structure with no defined border (corre-
sponding to type II in the Gärtner classification). Resorption
was graded as none, partial, or complete per AP view by
a radiologist who was blinded to treatment status and ante-
cedent studies.

Evaluation of function was done independently of the
treating orthopaedic surgeon at baseline (before ESWT)
and after 6 weeks, 12 weeks, 6 months, and 1 year. The
100-point Constant scoring system was used, with 15 points
for pain, 20 points for activities of daily living, 40 points for
shoulder motion, and 25 points for power of the affected
arm.2 Intensity of pain was measured with a visual analog
scale ranging from 0 to 10, with 10 points being the worst
score and 0 points being the best score. Scores before
and after treatment were compared statistically by use of
the Wilcoxon signed rank test. Scores between the treatment
and control groups were compared by use of the Mann-
Whitney test. The level of significance, a, was set to 5%
for each test; therefore, P < .05 was considered significant.

RESULTS

The ESWT group consisted of 18 women and 15
men (mean age, 54.4 years; range, 30-70 years).
The right shoulder was affected in 30 cases and the
left in 3. The mean duration of the condition at the
time of treatment was 12.3 months (range, 6-72
months).

The control group consisted of 9 women and 4 men
(mean age, 57.8 years; range, 44-82 years). The
right shoulder was affected in 12 cases and the left
in 1. The mean duration of the condition at the time
of treatment was 11.1 months (range, 6-30 months).

In the ESWT group, the pain scale score decreased
from 7.2 before ESWT to 3.7, 2.1, 1.6, and 1.3 at 6
weeks, 12 weeks, 6 months, and 1 year, respectively.
In the control group, pain scale scores persisted at the
same high pretreatment level. Comparative results be-
fore and after treatment for the ESWT and control
groups are shown in Figure 1. Before treatment, no
statistically significant difference was observed be-
tween groups. After treatment, a statistically signifi-
cant difference was observed between the ESWT
and control groups (P < .001). Improvement after
treatment was statistically significant for the ESWT
group (P < .001) but not for the control group
(P > .05).

In the ESWT group, the Constant score increased
from 57.3 before ESWT to 74.3, 82.8, 85, and 88
at 6 weeks, 12 weeks, 6 months, and 1 year after
treatment, respectively. In the control group, the Con-
stant score was essentially unchanged with time,
from a score of 56.2 before ESWT to 57.3, 54.3,
and 56.8 at 6 weeks, 12 weeks, and 6 months after
treatment, respectively. Comparative results of Con-
stant scores before and after treatment between pa-
tient groups are shown in Figure 2. Before treatment,
no statistically significant difference was observed be-
tween the 2 groups. After treatment, a statistically sig-
nificant difference was observed between the ESWT
and control groups (P < .001). Improvement after
treatment was statistically significant for the ESWT
group (P < .001) but not for the control group (P >
.05). Overall results in the ESWT group were good
to excellent in 87.9% of shoulders (29/33) and fair
in 12.1% (4/33). In contrast, results for the control
group were fair in 69.2% of shoulders (9/13) and
poor in 30.1% (4/13).

There were local erythematous changes over shock
application sites in 3 of 33 ESWT patients (9.1%). No
neurovascular complications were noted. For local dis-
comfort, ice packing on the treatment area along with
administration of acetaminophen resolved all com-
plaints. Patient satisfaction in the ESWT group in-
creased from 62.0% at 6 weeks to 83% 1 year after
ESWT.

On AP radiography of the shoulder, the mean width
of deposits in the ESWT group was 11.9 6 5.4 mm

Figure 1 Pain scores for control patients (light gray bars) and ESWT
patients (dark gray bars). After treatment, a statistically significant
difference was observed between the ESWT and control groups
(P < .05 [asterisks]).
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(range, 3.4-23.5 mm). The mean width of deposits in
the control group was 10.5 6 6.4 mm (range, 2.5-
20.4 mm). After ESWT treatment, the mean width of
deposits decreased to 5.5 6 6.3 mm (range, 0-18.7
mm). In contrast, the mean width of deposits in the con-
trol group after sham treatment was 9.8 6 5.9 mm
(range, 2.3-21.0 mm). These data represent a sig-
nificant reduction in mean size of calcium deposits
after therapy for the ESWT group (P < .001) but not
for the control group (P ¼ .415).

The ESWT group consisted of 22 Gärtner type I de-
posits and 11 Gärtner type II deposits. The mean width
of deposits among Gärtner type I lesions was 9.9 6
4.7 mm (range, 3.4-16.9 mm). The mean width of de-
posits among Gärtner type II lesions was 15.5 6 5.1
mm (range, 8.24-23.5 mm). There was no signifi-
cance in width of deposit in terms of overall therapeu-
tic results and type of calcium deposit. We correlated
the Constant score and morphologic pattern of the de-
posit, but there was no statistically significant differ-
ence in response between the 2 groups (Gärtner
type I and type II lesions) to ESWT (P¼.37) (Figure 3).

In the ESWT group, calcium deposits were com-
pletely eliminated in 7 cases (21.2%), partially elimi-
nated in 11 (36.3%), and unchanged in 15 (45.4%).
We noted fragmentation of calcium deposits in 6 pa-
tients as early as 6 weeks after ESWT. None of the pa-
tients inwhomcompleteeliminationof calciumdeposits
was obtained showed any recurrence of calcium de-
posits at 1 year after shock wave therapy. Among
control patients, calcium deposits were completely
eliminated in no patient, partially eliminated in 2
(15.3%), and unchanged in 11 (84.7%). We could
not detect any fragmentation of calcium deposits. Of
the 7 ESWT patients who had complete elimination
of calcium deposits, 6 were complaint-free and had
normal Constant scores whereas the remaining pa-
tient, who had mild pain, had a Constant score of
85 points. Of the 11 patients who had partial elim-
ination of calcium deposits, 7 were complaint-free

Figure 2 Constant scores for control patients (light gray bars) and
ESWT patients (dark gray bars). After treatment, a statistically signif-
icant difference was observed between the ESWT and control
groups (P < .05 [asterisks]).
and had normal Constant scores, 3 patients had sig-
nificant improvement, and the remaining patient had
moderate pain.

DISCUSSION

The exact cause of calcific tendinitis of the shoulder
is unknown, although a degenerative process with
an inflammatory reaction may play an important
role.1,4,5 Nonoperative treatment is directed toward
reducing pain and improving function. Thus far, multi-
ple therapies have been advocated, ranging from rest
or stretching and strengthening exercises to nonsteroi-
dal anti-inflammatory medications or steroid injection
to surgical intervention to remove calcium deposits
and decompress the subacromial space. The effects
of these different treatments vary significantly; more-
over, the standard treatments do not show consistent
and reliable long-term results. From our results, we
conclude that ESWT is an effective method for treating
calcific tendinitis of the shoulder.

The mechanism by which shock wave therapy acts
is not yet known. However, there have been several
studies showing apparent improvement in patients
with calcific tendinitis of the shoulder treated with
shock wave therapy. Rompe et al13 conducted a pro-
spective study of 40 patients referred for persistent cal-
cific tendinitis of the shoulder. At 24 weeks’ follow-up
after ESWT, statistically significant improvement was
found in both subjective and objective criteria, with
the Constant score reaching a normal value in 60%
of the patients. Nearly three quarters (72.5%) of those
patients had no or occasional discomfort, and only 6
of 40 patients (15%) reported no improvement after
24 weeks. Loew and Jurgowski7 prospectively studied
20 patients who underwent ESWT for calcific tendi-
nitis of the shoulder. At the 12-week post-treatment
evaluation, 15 (75%) had a marked reduction in
symptoms. Subjective and functional states, as mea-
sured by Constant score, improved by a mean of
30%. In our study, the Constant score improved from

Figure 3 Constant scores for Gärtner type I deposits (light gray
bars) and Gärtner type II deposits (dark gray bars). There was no sta-
tistically significant difference in response between the 2 groups
(Gärtner type I and type II lesions) to ESWT.
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57.3 points before ESWT to 88 points at the 1-year
follow-up after ESWT.

The mechanism of calcium deposit dissolution is not
clearly known either. Calcium deposits are eliminated
after shock wave therapy through a molecular mecha-
nismofabsorptionassociatedwith improvedcirculation
at the tendon-bone junction. Ludwig et al8 reported pain
relief and improved Harris scores 1 year after shock
wave therapy in22patientswith femoral headnecrosis;
they believed success was a result of improved circula-
tion after shock wave therapy.

Wang et al18,20 showed that shock wave therapy
enhanced neovascularization at the tendon-bone junc-
tion in dog and rabbit models. Their studies also
showed that shock waves induce neovascularization
at the tendon junction with early release of angiogen-
esis-mediating growth and proliferating factors, in-
cluding endothelial nitric oxide synthase, vascular
endothelial growth factor, and proliferating cell anti-
nuclear antigen, all of which lead to improved blood
supply and tissue regeneration. They concluded that
shock wave therapy relieved shoulder symptoms by
alternating focal circulation and regeneration.15,22

In a study by Loew and Jurgowski,7 radiographs
showed partial disintegration of the calcifying nucleus
in 5 patients, with complete elimination of calcifica-
tion in 7. Rompe et al13 noted partial or complete elim-
ination at the 24-month follow-up in 62.5% of patients,
whereas Wang et al21 reported partial or complete
elimination at the 24-month follow-up in 57.6% of
patients. Spindler et al14 noted that fragmentation of
calcium occurred as early as 24 hours after shock ther-
apy. Wang et al19 noted fragmentation in 3 cases. In
our study, calcium deposits were completely eliminated
in 7 cases (21.2%), partially eliminated in 11 (36.3%),
and unchanged in the remaining 15 (45.4%). We
noted fragmentation of calcium deposits in 6 patients
at the6-week post-ESWTevaluation. Theactual interval
for dissolution of calcium deposits to become apparent
is not known, but dissolution of calcium deposits has
been observed between 6 weeks and 6 months after
ESWT.

The relationship of calcium deposits to shoulder
pain is unclear. The goals of treatment are to alleviate
pain and to restore shoulder function. Could we pre-
dict the clinical outcome by evaluating the size of cal-
cium deposits and morphology of the calcifications
on radiography? According to our results, there was
no statistically significant difference in response to
ESWT between Gärtner type I and Gärtner type II le-
sions in terms of Constant score (P > .05). Maier
et al9 treated 62 patients (65 shoulders) with chronic
calcific tendinitis with ESWT. They used radiographs
to evaluate the size and morphology of calcifications.
After ESWT (mean follow-up, 18.2 months), clinical
evaluations of all 65 shoulders revealed an increase
in Constant score from 44% to 78% (P < .0001).
The size and morphology of calcium deposits before
ESWT is given were not associated with clinical out-
come.9

One question for clinicians using ESWT is the
choice of second-line treatment for the patient who
does not respond to ESWT. According to reports by
Wang et al,19,21 preliminary results of shock wave
therapy for calcific tendinitis of the shoulder showed
good or excellent outcomes in 62% of patients at 3-
to 6-month follow-up evaluations. However, their
most recent study showed that 90.9% of patients
had obtained complete or nearly complete resolution
of symptoms 2 years after shock wave therapy.21

They noted that the effects of shock wave therapy for
calcific tendinitis of the shoulder appear to be cumula-
tive and time-dependent. In our study, we noted that
the Constant score and pain scale score did not signif-
icantly improve after 6 months after ESWT. Thus, we
suggest that patients who do not see improvement af-
ter ESWT in that time frame should consider other
forms of treatment.

In conclusion, treatment of calcific tendinitis of the
shoulder with shock waves has produced a high rate
of success in pain relief and functional restoration with
negligible associated complications. ESWT is a new
therapeutic modality that appears to be both safe and
effective for these patients.
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