Research Report

Effectiveness of Radial Shock-Wave
Therapy for Calcific Tendinitis of the
Shoulder: Single-Blind, Randomized
Clinical Study

Background and Purpose. Radial shock-wave therapy (RSWT) is a
pneumatically generated, low- to medium-energy type of shock-wave
therapy. This single-blind, randomized, “less active similar therapy”-
controlled study was performed to evaluate the effectiveness of RSWT
for the management of calcific tendinitis of the shoulder. Subjects.
Ninety patients with radiographically verified calcific tendinitis of the
shoulder were tested. Methods. Subjects were randomly assigned to
either a treatment group (n=45) or a control group (n=45). Pain and
functional level were evaluated before and after treatment and at a
6-month follow-up. Radiographic modifications in calcifications were
evaluated before and after treatment. Results. The treatment group
displayed improvement in all of the parameters analyzed after treat-
ment and at the 6-month follow-up. Calcifications disappeared com-
pletely in 86.6% of the subjects in the treatment group and partially in
13.4% of subjects; only 8.8% of the subjects in the control group
displayed partially reduced calcifications, and none displayed a total
disappearance. Discussion and Conclusion. The results suggest that the
use of RSWT for the management of calcific tendinitis of the shoulder
is safe and effective, leading to a significant reduction in pain and
improvement of shoulder function after 4 weeks, without adverse
effects. [Cacchio A, Paoloni M, Barile A, et al. Effectiveness of radial
shock-wave therapy for calcific tendinitis of the shoulder: single-blind,
randomized clinical study. Phys Ther. 2006;86:672—682.]
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alcific tendinitis of the shoulder is a commonly

observed problem! characterized by calcium

phosphate crystal deposition in the rotator cuff

tendons, typically occurring between the fourth
and the fifth decades of life.2~* It most frequently affects
the supraspinatus tendon near its insertion, followed by
the infraspinatus, teres minor, and subscapularis ten-
dons in descending order.® The etiology and pathogen-
esis of shoulder calcific tendinitis are still unclear. Hypo-
vascularization and local degenerative and proliferative
changes in tendinous tissue of the rotator cuff have been
suggested as possible causes.?:%8 The incidence of calcific
tendinitis varies, depending on different reports, from
2.7% to 63%.1-91° This wide variability may be due to the
use of different clinical and radiographic criteria,!!
because the incidence of the calcification may be over-
estimated when evaluated by radiographs rather than by
clinical parameters.

The disorder leads to pain, particularly nocturnal dis-
comfort, in about 50% of patients!'2 and frequently to a
considerable restriction of range of motion. The clinical
presentation varies considerably, and symptoms may last
for several days and then either disappear or become
chronic,!!® which means that it has not yet been possible

to clearly predict the natural history of the disease. For
example, Bosworth! described the disappearance of
calcifications in 9.3% of patients within 3 years of the
initial diagnosis. According to Wagenhauser,!* calcifica-
tions disappeared in 27.1% of patients after 10 years, and
Gartner!s reported that calcifications with sharp margins
and a homogeneous or heterogeneous structure disap-
peared spontaneously in 33% of patients over a period of
3 years. The time required for a spontaneous disappear-
ance of the calcifications, however, often is too long and
unacceptable for the patient’s quality of life.

Treatment of patients with calcific tendinitis is typically
conservative and includes the use of nonsteroidal anti-
inflammatory drugs, subacromial injection with steroids,
percutaneous needle aspiration,!¢ transcutaneous elec-
trical nerve stimulation,'” and therapeutic exercise,!® all
of which have a limited effect!?; the only intervention
that has been shown to result in a clinical improvement
is therapeutic ultrasound.?’-2! Open or arthroscopic
surgical procedures have been proposed to relieve symp-
toms for patients with chronic pain, with good
results.322.23
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The energy at the focal point of the
shock wave per impulse is called the
“energy flux density” (EFD) and is
recorded as joules per area. The ef-
fective total energy of a treatment
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the single impulses and by the geomet-
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Physical characteristics of extracorporeal shock-wave therapy (ESWT) (left) and radial shock-

wave therapy (RSWT) (right).

Recent studies by Loew et al?® and
Rompe et al?” compared high-energy
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shock-wave therapy with low-energy
shock-wave therapy in the management
of calcific tendinitis of the shoulder,
and the results showed energy-
dependent success.?> It was assumed
that low-energy and unfocused shock-
wave therapy (eg, RSWT), although
effective for achieving pain relief, could
not be effective in disintegrating the
calcific deposit of the rotator cuff.3®
Recent findings, however, have demon-
strated that ultrasound treatment in
patients with calcific tendinitis of the
shoulder leads to calcific deposit dem-

Target Zone

Figure 2.

Wave propagation of extracorporeal shock-wave therapy (ESWT) and radial shock-wave

therapy (RSWT).

When conservative therapy has not been effective in reliev-
ing pain and other symptoms, extracorporeal shock-wave
therapy (ESWT) has been used,!!?4-28 yielding results such
as relief of pain?°-3! and improved function?>29-31:32 that
are sometimes as good as those achieved by means of
surgical procedures.?® However, recent randomized con-
trolled trials have shown negative results with the use ESWT
for the management of calcific tendinitis.?334

A radial shock wave (RSW) is a low- to medium-energy
shock wave that is pneumatically generated through the
acceleration of a projectile inside the handpiece of the
treatment device and then transmitted radially from the
tip of the applicator to the target zone. The pressure and
the energy density decrease by the third power of the
penetration depth in the tissue. Radial shock waves show
a lower peak pressure and a considerably longer rise
time than extracorporeal shock waves (ESWs) (Fig. 1).
In radial shock-wave therapy (RSWT), the focal point is
not centered on the target zone, as occurs in ESWT, but
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olition, and not only to relief of pain?!;
moreover, a considerable total level
energy can be administered through
RSWT by using an adequate number of

impulses per treatment.

Potential benefits could derive from RSWT, compared
with ESWT, because it is less painful and thus can be
administered without anesthesia, thereby reducing the
risks of treatment for patients. Furthermore, due to the
radial emission of RSWT, the calcification, once located
radiographically, is surely included inside the wave prop-
agation area. Contrarily, when the shock wave is focused,
as occurs in the ESWT, refocusing of the applicator is
periodically necessary to be certain that the waves hit the
calcification.?¢ Moreover, no ultrasound guide is needed
to perform therapeutic applications of RSWT.

Although RSWT has been successfully used since the late
1990s for the management of various orthopedic disor-
ders such as epicondylitis of the elbow and chronic heel
pain,®”38 which represent 2 of the 3 musculoskeletal
indications for ESWT (plantar fasciitis, lateral epicondy-
litis, and calcific tendinitis®®), no randomized clinical
study has yet been performed in the treatment of
shoulder calcifications.
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Table 1.

Failed Previous Conservative Interventions

evaluation; presence of symptoms for at
least 6 months; failure of previous con-

servative treatments (anti-inflammatory
.gf:l:me“' f;::’ml {;":’L %0 drugs, ultrasound and exercises, laser
Failed Interventions (n=4§) (n=4§) Patients) tht?rapy and exercises, clectrical stimu-
lation and exercises, acupuncture, and
Anti-inflammatory drugs 42 40 82 (9”:4) steroid injection) (Tab. 1). Exclusion
[t T N menr | e versoor i ca gt
Transcutaneous electrical nerve 16 12 28 (31.1%) meral .Or ac?omloclawcular arthritis or
stimulation and exercise acromioclavicular spur to rule out alter-
Acupuncture 3 3 6 (6.7%) native explanations for the pain; preg-
Cor’ricosteroid iniedion 39 33 72 (800%) nancy; implanted pacemaker; blood
coagulation disorders or use of antico-
agulant drugs; age of <18 years; inflam-
Table 2. matory or neoplastic disorders; pres-
Baseline Characteristics of the Treatment and Control Groups® ence of type I (cloudy and
transparent) calcifications according to
. Treatment Control the Gartner and Simons radiographic
Characteristics Group Group classification®; and conservative treat-
Subjects (n) 45 45 ments administered in the last 4 weeks.
Age [y)® 56.12+1.98 56.42+2.09
Duration (mo)® 1424.95 13+5.03 Presence of shoulder pathologies was
'Svp]ooljgee?de (n) ‘Zé/ 18 4212/ 17 clinically evaluated by an expert ortho-
Treatment side (right/left) 27/18 23/22 pedic physician, and, when suspected
UCLA Shoulder Rating Scale score 10.25+2.08 10.14+1.96 on the basis of the clinical findings,
(range=0-35)® ultrasound and magnetic resonance
VAS (range=0-10)° 7.96+0.88 7.72+1.03 | imaging (MRI) examinations were per-
Calcification size (mm)® 21.30=7.50 19.70+8.30 formed. All subiects were verball
Type of calcification® . ' ) . Y
| 1 13 informed of the potential risks of treat-
I 34 32 ment as well as of the possibility of

“ UCLA=University of California—Los Angeles, VAS=visual analog scale.
’Values are mean * standard deviation.
¢ Gartner and Simons radiographic classification.®

The aim of our study was to evaluate the effectiveness of
RSWT on pain relief, restoration of shoulder function,
and resolution of calcific tendinitis of the shoulder,
using a single-blind, randomized, “less active similar
therapy”-controlled study. We considered functionality
and pain as primary end points, because we initially did
not expect a reduction in calcification, and we consid-
ered the radiographic disappearance of calcifications as
a secondary end point.

Subjects and Method

Between November 2002 and December 2003, we con-
ducted a single-center, single-blind, “less active similar
therapy”-controlled study. Inclusion criteria were: cal-
cific tendinitis of the shoulder, detected on standardized
radiographs, with type I (homogenous and with well-
defined borders) or type II (heterogeneous in structure
with sharp outline or homogenous in structure with no
defined border) calcifications according to the Gartner
and Simons radiographic classification®; visual analog
scale (VAS) score of =4 cm at the moment of the
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unknowingly being included in the
control group and receiving a “less
active  similar  therapy.”  Written
informed consent was obtained from
all subjects, and the procedures fol-
lowed were in accordance with the ethical standards of
the Committee on Human Experimentation of “San
Salvatore” Hospital of L’Aquila. Subjects who met the
eligibility criteria were randomly assigned, by the use of
a computer-based 1:1 randomization scheme and sealed
envelopes, to either a treatment group or a control
group (Tab. 2), so that each subject had an equal
probability of being assigned to either group.

Ninety-five patients were enrolled and assessed for eligi-
bility between November 2002 and December 2003; 2
patients did not meet the inclusion criteria, and 3
patients met the exclusion criteria (Fig. 3), showing a
tear of the rotator cuff muscles with diagnostic ultra-
sound. Six patients whom the orthopedic physician
believed had a rotator cuff tear received diagnostic
ultrasound. In 3 of the 6 patients (the 3 patients who
were excluded), positive findings for rotator cuff tear
were found. In the remaining 3 patients, due to uncer-
tain findings for rotator cuff tear using diagnos-
tic ultrasound, an MRI examination revealed no rotator

Cacchio et al . 675



95 patients assessed
for eligibility

5 excluded

90 randomly
assigned

/

\

the blinding procedure was unmasked,
and real RSWT was offered to the sub-
jects in the control group.

Outcome Measures

The primary end points were a signifi-
cant increase in the mean score of the
University of California—Los Angeles
(UCLA) Shoulder Rating Scale*!*2 and
a significant decrease in the VAS score

45 received standard
intervention as allocated

45 completed treatment

45 received placebo
intervention as allocated

45 completed treatment

from before to after treatment and to
the 6-month follow-up period. The
UCLA Shoulder Rating Scale is a
35-point shoulder scale that combines
scores for pain, function, active range

of forward flexion, strength of forward

45 evaluated at end of treatment

45 evaluated at end of treatment

flexion (manual muscle testing), and
patient satisfaction. Pain and function

are both scored from 1 to 10 points,
with 1 being the worst score and 10

45 followed up 6 months

39 followed up 6 months

6 excluded because received local
steroid injections

being the best score. Active range of
forward flexion, strength of forward
flexion, and patient satisfaction are

scored from 0 to 5 points, with 0 being
the worst score and 5 being the best

45 analyzed

45 analyzed

score. The outcome score is defined as
follows: 34 to 35 points, excellent; 29 to

Treatment Group

Control Group

33 points, good; 21 to 28 points, mild;
and 20 points or less, poor. The single-
administration reliability and the valid-

Figure 3.
Flow diagram of the study.

cuff tear, and thus these 3 patients were enrolled in the
study. The remaining 90 patients (55 men and 35
women; mean age=>56.2 years, SD=3.05, range=40-62)
with radiographically verified calcific tendinitis of the
shoulder and a mean duration of symptoms of 13
months (SD=6.43, range=6-26) were randomly
assigned to either the treatment group or the control
group. Calcifications were found in the supraspinatus
tendon (87%) and the infraspinatus tendon (13%).

The baseline characteristics, which were similar and
without statistically significant differences between
groups, are shown in Table 2. All 90 subjects were
re-examined after the treatment period. At the 6-month
follow-up, all 45 patients in the treatment group were
reappraised, and 6 subjects (13.4%) in the control group
were excluded because they had received corticosteroid
injection therapy between the end of treatment and
follow-up. Nevertheless, based on the principle of
intention-to-treat,*® the data for these 6 subjects were
included in the data analysis. At the 6-month follow-up,

676 . Cacchio et al

ity of UCLA Shoulder Rating Scale

scores compared with Shoulder Pain

and Disability Index (SPADI) scores

have recently been tested.*® The reli-
ability of the UCLA Shoulder Rating Scale scores, esti-
mated using the Cronbach alpha statistic, could not be
assessed because of the typology of the pain and function
subscales. Regarding the validity of the UCLA Shoulder
Rating Scale scores, negative correlations were found
between the SPADI disability subscale scores and the
UCLA Shoulder Rating Scale function subscale scores
(r=—.64) and between the SPADI pain subscale scores
and the UCLA Shoulder Rating Scale pain subscale
scores (r=—.63). To our knowledge, no other publica-
tions are available regarding responsiveness, error, and
reliability for this scale, even though it has been used for
patients with different shoulder conditions, including
rotator cuff disease?! and calcific tendinitis.**

Self-rated pain intensity at the moment of the evaluation
was measured on a 10-cm horizontal VAS with 0 cm
labeled “no pain” and 10 cm labeled “worst pain I have
ever had.” Subjects were asked to answer the question:
“Referring to the worst pain you have experienced in
your life, what is the relative level of your shoulder pain?”
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Table 3.

The secondary end point was the radio-
graphic disappearance of calcifications
at the end of treatment. Success was

Mean (=SD) Values and Outcomes of the University of California—Los Angeles Shoulder
Rating Scale in the Treatment and Control Groups

defined as complete disappearance of

. . . . Mean (+SD) Treatment Group Control Group

calcification. An anteroposterior r.adlo- Values (n=45) (n=45) p

graph of the shoulder obtained in 45

degrees of external rotation and 45 Before freatment 10.25+2.08 10.14=1.96 .9144¢<
. . b

?egreeShOf lrll)t.errtlal rc()itatlortl w;s tc?keg /:\Her treatment 3030(1)(2)(;_“0203161 '1]14%2::2.82 .0056

or cach subject under standarcize Follow-up 32.12+3.02 10.57+3.96 .0023¢

conditions in terms of distance from p 1151 3302¢

radiographic film and exposure set-

ting* in order to evaluate the pres- | Outcomes’ E G M P Total E G M P Total

ence, type, and size of calcifications, as

well as their location within a specific Before freatment 45 45 45 45

tendon. Type of calcification was evalu- Affer freatment ar 4 45 s A

¢ - 4YP Follow-up 39 5 1 45 3 36 39

ated according to the Gartner and

Simons classification.® A caliper that
evaluated calcification length (in milli-
meters) was used for size measurement.
The radiographic assessments were
obtained before treatment; post-
treatment assessment was performed 1
week after the end of treatment so as to
be able to correlate the disappearance of the calcifica-
tion with the therapy performed.

Primary outcome measurements were performed by 2
experienced physicians. The secondary outcome mea-
surements were assessed by an experienced radiologist.
The subjects, the outcome assessors, and the radiologist
were all blinded to the treatment performed.

Method of Treatment

A Physio Shock Wave Therapy device* consisting of a
control unit, a handpiece with 3 different head applica-
tors (8, 10, and 15 mm), and a medical air compressor
was used. The compressor generates a pneumatic energy
that is used to accelerate a projectile inside the hand-
piece. When the projectile strikes the applicator, a shock
wave is generated and radially spreads from the tip of the
applicator to the target zone.

Subjects were seated with the shoulder abducted at 45
degrees, the elbow flexed at 90 degrees, and the forearm
resting on a flat surface, and the shock-wave applicator
was placed in the direction of the calcifications. No local
anesthetics or analgesic drugs were administered before
or during the treatment and no therapeutic cointerven-
tion was administered in either the treatment group or
the control group. Radial shock-wave therapy was admin-
istered in both groups by the same experienced physi-
cian (in accordance with Italian law, shock-wave therapy
must be administered by a physician and not by a
physical therapist).

* Elettronica Pagani Srl, Via De Nicola 4/D, 20037 Paderno Dugnano (MI), Italy.
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“ Comparison between treatment and control groups before treatment.

” Comparison between treatment and control groups after treatment.

“ Comparison between before and after treatment within each group.

“ Comparison between treatment and control groups at 6-month follow-up.

“ Comparison between after treatment and 6-month follow-up within each group.

JE=excellent (34-35 points), G=good (29-33 points), M=mild (21-28 points), P=poor (=20 points).

The RSWT was administered using a 15-mm-head appli-
cator. Each subject in the treatment group received 4
sessions at l-week intervals, with 2,500 impulses per
session (500 impulses with a pressure of 1.5 bar and a
frequency of 4.5 Hz and 2,000 impulses with a pressure
of 2.5 bar and a frequency of 10 Hz), an EFD of
0.10 m]/me, and a fixed impulse time of 2 milli-
seconds. The treatment area was prepared with a cou-
pling gel (Aquasonic 100") to minimize the loss of
shock-wave energy at the interface between applicator
tip and skin.

The same treatment procedure was followed for the
subjects in the control group, except that the total
number of impulses administered was only 25 (5
impulses with a pressure of 1.5 bar and a frequency of 4.5
Hz and 20 impulses with a pressure of 2.5 bar and a
frequency of 10 Hz). Because we were not able to
perform a simulated treatment, we had to give some
shock-wave impulse to the control group to avoid possi-
ble blinding failure. Other researchers'®47 also have
used a “less active similar therapy,” and the rationale for
this technique is that the efficacy of shock-wave therapy
seems to be dose-dependent.?®

Data Analysis

Statistical analysis was performed using the SSP 2.5
statistical package (Smith’s Statistical Package, version
2.75, 2004*). All analyses of the primary and secondary

T Parker Laboratories Inc, 286 Eldridge Rd, Fairfield, NJ 07004.
+ Gary Smith, Pomona College, Claremont, Calif 91711 (http://www.economics.
pomona.edu/StatSite/framepg.html).
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Table 4.

Comparison of Single ltems of the Unviersity of California-Los Angeles (UCLA) Shoulder
Rating Scale Before and After Treatment With Radial Shock-Wave Therapy and at 6-Month
Follow-up in the Treatment and Control Groups

the treatment and control groups and
within each group before and after
treatment and at the 6-month follow-
up. A Tukey post hoc comparison was

Treatment Control used to determine significant differ-
UCLA Shoulder Group Group ences between mean values when a
Rating Scale ltem (n=45) (n=45) P significant main effect and interaction
Pain (range—1-10] were found. Two-sample paired and
Before freatment 1.39+0.97 1.04+1.03 8966e | unpaired ¢ tests were applied to com-
Ater treatment 7.90+1.09 2.85+2.03 0044t | pare the differences of average size of
P .00000001¢ .0386°¢ calcium deposits on radiographic
Follow-up' 7.95+0.92 2.64x1.14 .0023¢ | examination before and after treat-
P .8147° 5471° ment and between the treatment and
ACﬁVf range of forward flexion . control groups, respectively. For all
+ + a . .
ter neamens 1945.2493  8500-3245  oopas | 2nabses the level of significance was
P .000002¢ 0693¢ set at P=.05.
Follow-up 152.00+£28.99 90.00+26.15 01274
P .0026° 4232° To allow a clinical translation of the
Strength of forward flexion statistical results, the number needed
(range=0-5) to treat (NNT)*® was evaluated. The
Before treatment 3.49+0.75 3.16*0.32 .6590° NNT is expressed in terms designed to
After treatment 4.98i0.3§ 3.66i06.95 .0067° help decide whether the intervention
F’o”o weup 40229:%036 glg!o% 0045¢ | might be valuable in clinical practice.*®
p 1350¢ 0.2340¢° For example, when comparing treat-
Function (range=0-5) ment X and treatment Y, an NNT score
Before treatment 2.10+0.33 2.18+0.45 47382 | of 5 for treatment X indicates that, on
After treatment 4.48+0.85 2.98+1.23 .0748° average, after treating 5 patients, treat-
P .000001¢ 2145¢ ment X will have achieved one more
EOHOW'UP 4(}88'8380-82 nggge] 61 01637 positive outcome than if treatment Y
Patient SOHSFOCHOH (fCln e=0 5) | | had been used.48 For the primary o
OBefore treatment o 0.80+0.50 0.84+0.45 74949 Co.me’ the “NNT was ,,Calculated consid-
Affer freatment 4.80+1.02 1.70+1.90 00176 | ering the “excellent” category (34-35
P .0000001¢ .0921¢ points on the UCLA Shoulder Rating
Follow-up 4.60+1.03 1.05£0.95 00119 ]| Scale) as a positive outcome and the
P -3572° .0442° “good,” “mild,” and “poor” categories
“ Comparison between treatment and control groups before treatment. (below 34 pOil’ltS on the UCLA Shoul-
4 Comparison between treatment and control groups after treatment. der Rating Scale) as negative outcomes.
’]CompariAson between before and after treatment within each group. For the secondary outcome, number of
“ Comparison between treatment and control groups at 6-month follow-up. . . .
“ Comparison between after treatment and 6-month follow-up within each group. dlsappearance of calcifications was
used to calculate the NNT.
outcomes were performed according to the principle of  Results

intention-to-treat. The intention-to-treat analysis was car-
ried out according to a “worst-case scenario” analysis:
subjects who did not complete the treatment or had not
undergone the post-treatment or final follow-up assess-
ments were assigned a poor outcome, corresponding to
the final average change recorded in the per-protocol
completer population in the control group.?® A 2-sample
¢ test was applied to compare the differences of the
baseline data. A 2-way analysis of variance (ANOVA) with
group (treatment versus control) as the between-subjects
factor and time as the within-subjects factor was used to
assess the presence of significant differences between

678 . Cacchio et al

Primary Outcome Measures

The ANOVA demonstrated a significant effect of treat-
ment (P<.0001) and a significant treatment-time inter-
action (P<<.0001). One week after the end of treatment
and at the 6-month follow-up, statistically significant
improvements in mean total scores (Tab. 3) and single-
item scores (Tab. 4) on the UCLA Shoulder Rating Scale
were observed in the treatment group. Statistically sig-
nificant improvements in scores on the pain subscale of
UCLA Shoulder Rating Scale also were observed in the
control group. No statistically significant difference was
found between the treatment and control groups for the
function subscale of UCLA Shoulder Rating Scale at the

Physical Therapy . Volume 86 . Number 5 . May 2006



Table 5.
Visual Analog Scale (VAS) Scores Before and After Treatment and at
6-Month Follow-up in the Treatment and Control Groups

Treatment Control
VAS Score Group (n=45) Group (n=45) P
Before treatment  7.96+0.88 7.72+1.03 98557
After treatment 0.90+0.99 5.85+2.23 .0039%
P .00000001¢ .0418¢
Follow-up 0.95+0.99 6.84+2.41 .00109
P .8112¢ .0462¢

“ Comparison between treatment and control groups before treatment.

” Comparison between treatment and control groups after treatment.

¢ Comparison between before and after treatment within each group.

“ Comparison between treatment and control groups at 6-month follow-up.
¢ Comparison between after treatment and 6-month follow-up within each

group.

post-treatment assessment. However, statistically signifi-
cant differences between groups were found at the
6-month follow-up. The NNT to reach an excellent
UCLA Shoulder Rating Scale score was 1.09 one week
after the last treatment session and 1.15 at the 6-month
follow-up. Statistically significant VAS score reduction
(Tab. 5) was observed both 1 week after the end of
treatment and at the 6-month follow-up in the treatment

group.

Secondary Outcome Measures

Radiographic assessment was performed 1 week after the
end of treatment. Radiographic changes in the average
size of calcifications are shown in Table 6. The average
size of calcifications showed a significant decrease after
treatment in the treatment group, whereas no change
was seen in the control group. After treatment, calcifi-
cations disappeared in 39 subjects (86.6%) and were
partially reabsorbed in 6 subjects (13.4%) in the treat-
ment group (Fig. 4). Thirty-four (87.2%) of the 39
calcifications that totally disappeared were classified as
type II and 5 calcifications (12.8%) were classified as
type I according to the Gartner and Simons classifica-
tion%; all 6 calcifications that partially disappeared were
classified as type I. The NNT for complete disappearance
of calcifications was 1.15 in the treatment group.

In the control group, no complete disappearance of
calcifications was observed. Partial disappearance of
calcifications was seen in 4 subjects (8.8%) in the
treatment group, and no change in calcifications was
seen in 41 subjects (91.2%) in the treatment group. All
4 calcifications that partially disappeared were type II in
the Gartner and Simons classification.® Thirteen
(31.7%) of the 41 unmodified calcifications were type I,
while the remaining 28 unmodified calcifications (68.3%)
were type II in the Gartner and Simons classification.®
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Table 6.

Average Size of Diameter of Calcium Deposits (in Millimeters) Before
and After Treatment on Radiographic Examination in the Treatment
and Control Groups

Control
Group (n=45) P

Treatment
Group (n=45)

Before treatment  21.30+7.50 19.70+8.30 .9855¢
After treatment 0.85+1.20 18.85+6.40 .0001°
P .00000001¢ .9918¢

“ Comparison between treatment and control groups before treatment.
” Comparison between treatment and control groups after treatment.
“ Comparison between before and after treatment within each group.

Adverse Effects

After shock-wave treatment, no clinically relevant side
effects were seen in either group. Hematomas that lasted
4 to 6 days were observed in only 3 subjects (6.7%) in the
treatment group, but the hematomas did not cause
discomfort or pain in the subjects, and they received the
remaining RSWT applications. No other adverse effects
were noted.

Discussion

Extracorporeal shock-wave therapy has been used for the
management of calcific tendinitis of the shoulder when
conventional physical therapy was not effective in reliev-
ing pain and other symptoms,'-?4-28 showing results
comparable to those obtained by means of surgical
treatment.?® Although RSWT has been used in the
management of various orthopedic disorders,33¢ no
randomized clinical trial has yet been conducted to
assess its effectiveness and safety in the management of
calcific tendinitis of the shoulder.

Clinical and radiographic results of the current study
showed that RSWT is effective in reducing pain, improv-
ing shoulder function, and removing calcifications.
These results were maintained at the 6-month follow-up.
Reduction in pain, as evaluated by VAS scores, was
comparable to that observed in other studies in which
ESWT was used.!!:29 Moreover, the functional improve-
ment of the shoulder, as evaluated with the UCLA
Shoulder Rating Scale, was comparable to that obtained
by other researchers with the use of ESWT.#4

Our study showed that RSWT is effective in dissolving
calcifications, and this effect was unexpectedly better
than the effect achieved with ESWT in a recent study by
Rompe et al.** Rompe et al** observed a rate of calcifi-
cation disappearance of 47% and of partial disappear-
ance of 33%; in our study, calcifications completely
disappeared in 86.6% of the subjects in the treatment
group and partially disappeared in 13.4% of the subjects.

Differences between ESWT and RSWT in the way the
shock waves are administered may contribute to these
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Figure 4.
Treatment using radial shock-wave therapy (RSWT) of the right shoulder of a 44-year-old man with a type Il subacromial calficiation according to
Gartner and Simons radiographic classification?: (left) before RSWT; (right) 4 weeks aftfer RSWT, showing complete disappearance of calcification.

contrasting results. In RSWT, the calcification, once
located radiographically, is surely included inside the
wave propagation area. Contrarily, when the shock wave
is focused, as occurs in ESWT, refocusing of the appli-
cator periodically is necessary. Haake et al3¢ achieved
poor results when they used ESWT nonfluoroscopically
focused on the calcified area to dissolve calcifications in
the shoulder, suggesting that it is important to keep the
focal spot constantly on the calcific deposit during the
entire treatment. Our results suggest that when RSWT is
administered, an exact focusing of the shock waves is not
required to obtain the disappearance of the calcification
due to their radial emission. In RSWT, the applicator was
positioned on the posterior or anterior region of the
shoulder, according to the radiographic calcification
location, which could be on the infraspinatus tendon or
on the supraspinatus tendon and, therefore, more pos-
terior or more anterior, respectively. The number of
impulses administered in RSWT was greater (2,500
impulses per session) in comparison with the standard
number of impulses administered (1,000 impulses per
session). In this way, a greater amount of EFD could be
aimed at the target zone. More research, however, is
needed to confirm this hypothesis.

As shown in the study by Rompe et al,** a complete
disappearance of the calcium deposits was found more
frequently in patients with type II calcifications accord-
ing to the Gartner and Simons classification.® Rompe
et al®® investigated how differences in EFD can modify
the ability of the shock wave to dissolve calcifications in
the shoulder. In 2 groups of subjects treated with the
same ESWT protocol, although with different EFDs
(0.06 m]/mm2 versus 0.28 m]/me), the percentage of
calcification disappearance was significantly higher in
the high-EFD group (64%) than in the low-EFD group
(50%) at the 6-month follow-up; Constant and Murley
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scores showed a greater effect in the high-EFD group
than in the low-EFD group (88 points versus 71 points).

The use of Constant and Murley scores (minimum score
of 0 and maximum score of 100, with higher scores
reflecting increased function) is a standardized, highly
reliable, clinical method of assessing shoulder function.
The total score is obtained by adding the results of 4
subscales: subjective pain (15 points), function (20
points), objective clinician assessment of range of
motion (40 points), and strength (25 points).

Our results suggest that, using RSWT (EFD=0.10 m]/
mm?, comparable to low-EFD ESTW), 2,500 impulses
per session for 4 sessions (total of 10,000 impulses) is
more effective in comparison with 25 impulses per
session for 4 sessions (total of 100 impulses) for the
management of calcific tendinitis of the shoulder. A
potential limitation of this study is the lack of a true
placebo-control group, even though our results showed
a significantly higher rate of success in all of the param-
eters evaluated in the treatment group and no adverse
effects. Use of “less active same therapy,” however, was
needed to avoid a possible blinding failure.

Conclusion

Our results suggest that RSWT effectively reduces pain
(improvement of VAS scores) and increases shoulder
function (improvement of UCLA Shoulder Rating Scale
scores) without device-related adverse effects. Moreover,
the results seen after the treatment were maintained
over the following 6 months. In contrast to the ESWT,
RSWT may be used without an ultrasound guide with
apparently no adverse effects on safety and efficacy.
Moreover, RSWT was unexpectedly better than ESWT in
dissolving calcifications of the shoulder. Further research
is needed to directly compare RWST and ESWT.
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