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Abstract

Aim: The aim of the study was to evauate the in-
fluence of radial shock wave therapy (RSWT) on
the course of calcifying tendinitis of the rotator
cuff.

Material and Methods: 35 patients with a mean
age of 47.5 years suffering for an average of 28
months from calcifying tendinitis with a Gaertner
type 2 calcific deposit with a mean size of 16.6 mm
in typical location (true a.p. view) were treated by
low energy RSWT three times. The acromio-
humeral distance averaged 10.4 mm measured on
the true a.p. view. All patients were followed up
clinically and radiologically 4 weeks, 3, 6 and 12
months after the last treatment.

Results: The Constant score improved significantly
(p < 0.0001) during the first 4 weeks after RSWT
from a mean of 68.5 to a mean of 80.5 points and
remained approximately constant at 3, 6 and 12

months follow-up. After 4 weeks, 25.7% of the pa-
tients had no pain and 54.3% reported pain relief.
80.8% of the patients were painfree and 19.2% re-
ported pain relief 12 months after RSWT. Radi-
ologically, no calcific deposit was visible in 17.6%
4 weeks after RSWT. There was disintegration in
20.5% and no change in the calcific deposit was
apparent in 61.5%. At further follow-up we found
complete resorption of the calcific deposit in 75%
up to 12 months after RSWT and there was no
change in 25%. Overal three patients (8.5%) had to
undergo surgical treatment 3-7 months after RSWT.

Conclusion: Low-energy RSWT leads to signifi-
cant pain relief and an improvement in shoulder
function within the first 4 weeks. In view of the
long history, the size and the spontaneous resorp-
tion rate of the calcific deposit, an inductive effect
of RSWT on the resorption of the calcific deposit
can be assumed.
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Introduction

Cdcifying tendinitis is a frequent cause of shoulder
complaints and is condition occurring in stages [25]
that is treated differently depending on the stage
and symptoms.

The duration of the spontaneous course of calcify-
ing tendinitis differs individually and is reported to
last from a few months to several years[17].

In 1992, Dahmen for the first time employed extra-
corporeal shock wave therapy (ESWT) to treat cal-
cifying tendinitis [2]. Rompe classified extracorpo-
real shock wave therapy according to the energy

flux density generated (Tab. 1). Electrohydraulic,
piezoelectric and electromagnetic systems have
been used up to now.

Since 2000, pneumatically generated low-to me-
dium-energy radial shock wave therapy (RSWT)
with a maximum energy flux density of 0.191
mJmm? in the focus at the tip of the shock wave
applicator (hydrophone measurement) and a posi-
tive peak pressure of 123 bar has been employed.
This should be distinguished from unfocussed pres-
sure pulse therapy (Tab. 2).
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Table 1 Classification of energy flux density according to Rompe

Low-energy energy density in the focus: 0.08 m¥mm?
Medium-energy energy density in the focus: 0.28 m¥mm?
High-energy energy density in the focus: 0.60 m¥mm?

The principle of the radial shock wave consists of
extreme acceleration of a projectile that is propelled
by means of compressed air, which encounters an
applicator, through which the energy impulse is
transmitted to the tissue.

In contrast to the principles of conventional shock
wave generation, the focus is not at the site of the
effect itself but in the tip of the applicator. The ra-
dial shock wave spreads radially from the tip of the
applicator with a penetration depth of 3.5 cm with-
out focusing the shock wave field in the tissue, as a
result of which the pressure and the energy density
decrease by the third power of the penetration depth
in the tissue so that the pneumatically generated
shock wave appears little suited for the treatment of
calcifying tendinitis of the rotator cuff [7, 26]. The
goal of radia shock wave treatment of calcifying
tendinitis is therefore not to induce disintegration of
the calcific deposit but rather to achieve pain relief.

In a mineralogical study of clinically symptomatic
and radiologically dense, sharply demarcated calci-
fication of the rotator cuff, Maier et al. [16] found a
high variability in the proportion by weight of cal-
cium and phosphorus. Patients with the highest
relative proportions by weight of calcium and
phosphorus in the calcific deposit had a history of
unsuccessful ESWT so the authors assume that the
capacity for disintegration of calcification of the
rotator cuff by means of ESWT depends on its min-
eral content.

The am of this prospective study was the evalua-
tion of the influence of RWST as a conservative
method of treatment on the natura course of
chronic calcifying tendinitis (Gaertner type 2) of
the rotator cuff of the shoulder for pain relief and
its effects on the calcific deposit.

Material and methods

Between 2000 and 2002, 35 patients (23 male, 12
female) with an average age of 47.5 years (33-73)
with chronic calcifying tendinitis were included in
the prospective study. The right shoulder was af-
fected by the disease in 22 patients and the left
shoulder in 13 patients.

The inclusion criteria were unsuccessful conserva-
tive trestment with a minimum duration of symp-

toms of more than 6 months, a Gaertner type 2 cal-
cific deposit [4] with a calcific deposit size Il or 111
according to Bosworth [1] and an acromion type 1
or 2 according to Bigliani. Patients with osteoar-
thritis of the AC joint and of the glenohumeral joint
and patients with concomitant rotator cuff rupture
were excluded from the study.

Table 2 Differences between ESWT, RSWT and UPPT
Technique Positive tip Focus Production Lithotripsy
pressure of cavitations
ESWT Electrohydraulic, 100-1000 bar Yes Yes Non-contact
€electromagnetic,
piezoelectric
RSWT Pneumatic 123 bar No Yes Non-contact
UDPT Pneumatic No No no Contact

ESWT: extracorporeal shock wave treatment
RSWT: radial shockwave treatment
UPPT: unfocused pressure pul se treatment
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Prior to the shock wave treatment, the diagnosis of
calcifying tendinitis was confirmed by X-rays in
three planes (true ap., axial, y-view) aong with
clinical examination. In al patients, a rotator cuff
rupture was excluded by MRI.

The average duration of symptoms was 28 months
(6 — 120 months). The deposit was localized in the
supraspinatus tendon (typical position) in 33 pa
tients and in the infraspinatus tendon in two pa-
tients. 29 patients had a grade 2 calcific deposit and
6 patients had a grade 3 (greatest diameter) calcific
deposit according to Bosworth (average 16.6 mm; 7
— 37 mm). 15 patients demonstrated an acromion
type 1 on the y-view and 20 patients had a type 2
acromion according to Bigliani. The acromiohu-
meral distance averaged 10.4 mm (7 — 13 mm).

The radial low-energy shock wave therapy (Swiss
DolorClast®, EMS Medica GmbH; EFD = 0.12
mJmm?) was administered to the supine patient
with the arm internally rotated 30 — 45° without
local anaesthesia. The shock wave applicator was
positioned over the area of maximum tenderness as
reported by the patient. In each case 2000 impulses
with a working pressure of 2.5 bar and a working
frequency of 8 Hz were administered using moder-
ate applicator pressure. All 35 patients received
three RSWT treatments at intervals of 7 — 10 days.

Side effects such as skin irritation, petechiae, hae-
matomas or swelling were not observed in any pa-
tient.

During the treatment, no physiotherapy was carried
out and the patients were instructed to avoid over-
head sports up to a week after the third shock wave
trestment. After the first follow-up examination (4
weeks after the last shock wave application), addi-
tional physiotherapeutic treatment by means of
manual therapy and warm packing commenced.

All of the patients (100%) were followed up clini-
cadly and radiologicaly 4 weeks, 3, 6 and 12
months after administration of the last RSWT. The
subjective change in pain was classified from the
patient’s history into pain exacerbation, increase in
pain, persistence of pain, relief of pain and freedom
from pain. The functional results were recorded by
means of unweighted Constant score. Power was
measured using the Isobex at the level of the scap-
ula with the arm abducted 90°. The standardised
radiographic examination was carried out in all pa-
tients at each follow-up in 3 planes (true a.p.; axid;
y-view).

Statistical analysis of the results was performed
with StatView (Abacus Concepts, Inc., Berkeley,
Cdlifornia). Student’s t test for linked samples was
used for the change in shoulder function, the X? test
for the change in subjective pain symptoms and for
the disintegration of the calcific deposit, and the
Spearmans rank correlation was used for the asso-
ciation between the change in pain symptoms and
the disintegration of the calcific deposit.

Results

Functionally, there was a significant (p < 0.0001)
improvement in the Constant Score from an aver-
age of 68.5 points (bar + 10 points, 46.2 — 80.6
points, max. 100 points) before the treatment to
80.5 points (bar + 12.9 points, 58.3 — 96.1 points) 4
weeks after the treatment. When the individua
categories of pain, activity of daily living, range of
motion and power were considered, significant pain
relief (p = 0.0037) was found 4 weeks after the
treatment with an increase in points from an aver-
age of 6.9 points (bar + 2.5 points, 1-12 paints;
max. 15 points) before the treatment to 10 points
(bar + 4.1 points, 0 - 15 points) after the treatment,
a significant improvement (p < 0.0001) in daily
activity from an average of 10.4 points (bar + 3.7
points, 1-18 points; max. 20 points) to an average
of 16 points (bar + 5 points, 7 - 20 points) and a
significant improvement (p = 0.02) in the range of
motion from 36 points (bar + 3.3 points, 26 - 40
points; max. 40 points) to an average of 38 points

(bar + 1.5 points, 36 - 40 points). An average in-
crease in power of 1.3 kg was observed 4 weeks
after the treatment (p = 0.2).

In the course of further follow-up, the Constant
Score three months after the treatment remained
amost constant with an average of 74.7 points
compared to the Constant Score 4 weeks after
RSWT (bar + 14.5 points, 46.7 — 95.8 points;, p =
0.9), an average of 78.9 points after 6 months com-
pared to the Constant Score 3 months after the
treatment (bar + 15.8 points, 46.7 — 100 points; p =
0.5) and an average of 79.7 points a year after the
RSWT compared to the 6-month result (bar + 13.2
points, 62.2 — 100 points; p = 0.9).

25.7% of the patients were painfree after 4 weeks,
pain relief was achieved in 54.3%, 14.2% had un-
changed pain symptoms and pain exacerbation oc-
curred in 5.7%. Three months after the treatment
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there was a further significant improvement (p <
0.0001) in the pain symptoms (n = 35). 50% of the
patients were painfree and 14.3% of the patients
reported relief of pain, in 30.7% the pain symptoms
were unchanged and in three patients the pain in-
creased (10.7%). 6 months after RSWT (n = 34), a
further significant reduction in pain (p = 0.003)
could be observed. At the 6-month follow-up,

Fig. 1 Changein pain symptoms

59.3% of the patients were painfree, 25.9% re-
ported further pain relief and 14.8% of the patients
were suffering from unchanged pain symptoms.
Worsening of the pain symptoms did not occur in
any patient. 12 months after the treatment (n = 32),
there was freedom from pain in 80.8% and pain
relief in 19.2%. No patient reported unchanged pain
symptoms (fig. 1).
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Fig. 2 Changein the calcific deposit
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Radiologicaly no calcific deposit could be seen in
17.6% of the patients 4 weeks after the treatment.
Disintegration of the calcific deposit occurred in
20.5% with an alteration of the stage from Gaertner
210 3in 4 cases and a reduction of the size of the
calcific deposit within the same stage in three cases.
In 61.8% of the patients, the calcific deposit was
unchanged. Three months after RSWT, 44.8% of
the patients no longer had a calcific deposit, disin-
tegration of the deposit occurred in 6.9% with a
reduction in the size of the deposit with the stage
unchanged in three cases and in 48.3% of the pa-
tients there was no change in the calcific deposit.

[ Partial disintegration

[ Complete disintegration

After 6 months, 30.4% of the patients demonstrated
an unchanged calcific deposit, in 4.4% of the pa
tients (one patient) there was disintegration of the
calcific deposit from Gaertner stage 2 to 3 without a
change in diameter and 65.3% of the patients had
no calcific deposit.

In the course of further follow-up, we found com-
plete resorption of the deposit in 75% and an un-
changed deposit in 25% after 12 months.

Compared to the initia findings, significant disin-
tegration (in each case p < 0.0001) was observed at
each follow-up up to 6 months. There was a further
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obvious change in the calcific deposit even 12
months after RSWT (p = 0.0507) (fig. 2).

At each follow-up, we found a correlation (Spear-
mans rank correlation) between the change in the
pain and the change in the calcific deposit. 4 weeks
after RSWT the correlation was 0.523 (p = 0.0031)

and three months after RSWT we found a correla-
tion of 0.71 (p = 0.0002). After 6 months the cor-
relation was 0.959 (p < 0.0001) and after 12 months
there was a correlation between the change in pain
symptoms and the change in the calcific deposit of
0.83 (p < 0.0001).

Table 3 Literature comparison of results after shock wave treatment

Author Mecha- Energy Number of Number of n Max. FU Calcific Calcific Painre- CS before CSat pvaue
nism flux shock treatments (weeks) deposit deposit lief/freedo treatment follow-up group 1
density waves after Gaert- | disintegra- m (%) P P Vs. group
per treat- ner/size tion 2
ment
RompedD  (ESWT) 0.28 1500 1 100 24 />10mm partial 67 43 78
etal.[18] mImm? 53%,
complete
resorption
19%
Rompe JD electro- 0.06 1500 1 50 24 1.2/>5mm partial 47 71 p<0.01
etal. [19] magnetic mJ¥mm? 34%,
(ESWT) complete
resorption
16%
electro- 0.28 1500 1 50 24 1.2/>5mm partial 53 88
magnetic mImm? 42%,
(ESWT) complete
resorption
22%
Seil Ret (ESWT) 0.04-0.12 5000 3 25 24 12 partial and 64.5 715 p<0.05
a.[23] mJ¥mm? complete
resorption
32%
(ESWT) >0.12 5000 1 25 24 12 partial and 67.2 79.4
mImm? complete
resorption
48%
Loew M et no treat- 0 0 0 20 12 12/>15 partial and 5 445 47.8
al.[13] ment mm complete
resorption
10%
electrohy- 0.1 2000 1 20 12 12/>15 partial and 30 39.4 51.6
draulic mImm? mm complete
(ESWT) resorption
20%
electrohy- 03 2000 1 20 12 12/>15 partial and 40 39 63.7
draulic mymm? mm complete
electro- resorption
magnetic 55%
(ESWT)
electrohy- 03 2000 2 20 12 12/>15 partial and a7 435 68.5
draulic mImm? mm complete
electro- resorption
magnetic 60%
(ESWT)
electrohy- 03 2000 1 42 24 1.2/>15 partial and 45 49.3 67.7 6 CSand
draulic mJ¥mm? mm complete pain: p >
electro- resorption 0.05/calc
magnetic 4% iump=
(ESWT) 0.04
electrohy- 03 2000 2 49 24 12/>15 partial and 53 44.4 69.6
draulic mImm? mm complete
electro- resorption
magnetic 1%
(ESWT)
HenneM pneumatic 0.191 2000 3 62 12 partial and
eta.[9] (RSWT) mymm? complete
resorption
34%
Own pneumatic 0.12 2000 3 35 12 2/>15 mm partial 64.3 68.5 74.7
results (RSWT) mImm? 6.9%,
complete
resorption
44.8%
pneumatic 0.12 2000 3 35 24 2/>15mm complete 85.2 68.5 78.9
(RSWT) mJ¥mm? resorption
65.3%

n: number of patients; max. FU (weeks): maximum follow-up; CS: Constant score; CS at FU (P): Constant score at follow-up (points)

Within the first 4 weeks after the third shock wave
treatment, an exacerbation of the calcifying tendi-
nitis occurred in two patients with extremely pain-
ful deposit disintegration. The pain symptoms in
this acute phase could only be controlled with local
infiltration of a local anaesthetic with a steroid and
ora opioid medication. In one of the two patients,

the exacerbation occurred a week after the treat-
ment. At the 4-week follow-up, clear pain relief
was aready reported and the calcific deposit (13
mm diameter before the treatment) was aready re-
sorbed. In one patient the exacerbation occurred 4
weeks after the last treatment. The patient attended
for the 4-week follow-up with unchanged pain
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symptoms and an unchanged calcific deposit on X-
ray (diameter 23 mm). Three days after the 4-week
follow-up, painful resorption of the calcific deposit
occurred, which was no longer detectable on the X-
ray three months after the treatment. At this time,
the patient was already completely painfree.

Overal, three patients (8.5%) with unchanged pain
symptoms and unchanged calcific deposit on X-ray
underwent arthroscopic extirpation of the calcific
deposit 3, 7 and 8 months after RSWT.

Discussion

Dahmen was the first to use extracorporea shock
wave therapy in calcifying tendinitis of the shoulder
[2]. Since then, there have been a few clinical
studies of high-energy shock wave trestment of cal-
cifying tendinitis of the rotator cuff, which have
confirmed the pain-relieving effect with an im-
provement in shoulder function along with induc-
tion of disintegration of the calcific deposit [8].

A direct comparison of the study results with one
another is hardly possible because of the use of dif-
ferent devices with different mechanisms and en-
ergy output and aso different dosages. In the lit-
erature, success rates between 30 and 79% and ra-
diological calcific deposit changes between 10 and
95% are described with various technologies and
dosages and with follow-up of up to 18 months, [8].

Table 3 compares the results of extracorporea
shock wave therapy (ESWT) with our results using
RSWT.

By varying the energy flux density (EFD 0.06
mJmm® and EFD 0.28 m¥mm? respectively) with
an otherwise identical treatment protocol, Rompe et
al. investigated the influence of the energy flux
density on the result of treatment of calcifying ten-
dinitis. After 6 months, partial or complete calcific
deposit disintegration was significantly more fre-
guent in the group of patients treated with high en-
ergy at 64% compared to 50% in the low-energy
group. Functionaly there was a significantly higher
Constant Score at 88 points in the high-energy
group compared to 71 points in the patient group
treated with low energy. However, the authors see
the advantage of the low-energy shock wave treat-
ment as the ability to do without plexus anaesthesia
particularly in cardiac or pulmonary risk patients
[19].

Loew et a. confirmed in a randomised prospective
study with three different treatment protocols that
the subjective, functional and radiological results
after shock wave therapy are energy- and dose-
dependent [13]. The subjective, functional and ra-
diologica results in the group that received a single
low-energy treatment were a pain relief rate of

30%, a Constant score of 51.6 points and a cacific
deposit disintegration rate of 20% three months af-
ter treatment and were much lower than the func-
tional and radiological result of our study. Com-
pared with the group of patients treated with low
energy in the study by Rompe et d. [19], we ob-
served more frequent pain relief or freedom from
pain in 85.2% of patients with a dightly higher
Constant score of 78.9 points and a higher calcific
deposit disintegration rate of 69.7% 6 months after
higher-dose RSWT (6000 impulses), which at least
appears to confirm that the success of treatment is
dose-dependent.

Seil et a. concluded from a prospective randomised
study that the results of the single high-energy
shock wave treatment were similar to several low-
energy shock wave treatments [23].

Maier et al. [14] showed that the size of the calcific
deposit and its morphology before the treatment do
not influence the functional result of the low-energy
shock wave treatment. They treated 65 shoulders 4
times with a low-energy shock wave using 2000
impulses and 2 Hz. After an average follow-up pe-
riod of 18.2 months, there was a significant func-
tional improvement in the treated shoulders with a
Constant Score of 78%.

The success rate of 70% with ESWT contrasts with
60% with needling and 80% with operative treat-
ment [§].

Ebenbichler et a. were able to achieve a radiologi-
cal success rate of 64.5% 9 months after treatment
using pulsed ultrasound treatment [3]. In a ran-
domised double-blind study, they investigated the
effect of pulsed ultrasound treatment 6 weeks and 9
months after treatment in patients with calcifying
tendinitis of Gaertner type 1 or 2 and a calcific de-
posit diameter of more than 5 mm. After 6 weeks,
no cacific deposit was visible radiologically sig-
nificantly more often in 19% of treated patients
than in 0% of the untreated control group. In the
treated group, there was significantly greater relief
of pain and improvement in daily activities than in
the untreated group after 6 weeks. After 9 months
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there was further pain relief and functional im-
provement in both groups without a significant dif-
ference between the groups. Radiologically, no cal-
cific deposit could be seen in 42% of the group
treated with ultrasound and in 8% of the untreated
group after 9 months. Differences between patients
with a calcific deposit of Gaertner type 1 or 2 were
not observed. There was significant pain relief and
functional improvement in 34% of the untreated
patients after 9 months. If the rate of resorption in
patients with Gaertner type 1 and 2 calcific deposit
without treatment is considered, a spontaneous cure
rate of 8% after 9 months can be assumed. In a pro-
spective study of 47 patients with type 1 or 2 calci-
fying tendinitis, Rupp et al. [20] found spontaneous
partia resorption of 50% up to complete resorption
in 32% of their patients within the first 6 months.
Loew et al. [13] described a spontaneous resorption
rate of 10% in 20 patients in their randomised study
in patients with a Gaertner type 1 and 2 calcific de-
posit in the course of three months but without sig-
nificant pain relief and functional improvement.

The weakness of our study is the absence of a con-
trol group. A possible placebo effect influencing
the result of the study, as described for pulsed ultra-
sound treatment of calcifying tendinitis in the study
by Ebenbichler et al. with 34% and for ESWT of
supraspinatus tendinitis with 17% [22] — 45% [24]
in the course of three months, is not revealed by our
study. If the highest spontaneous resorption rate
described hitherto by Rupp et a. of 32% after 6
months is assumed and their patient group is taken
as a control group, we then achieve a resorption
rate of 33.4% with RSWT.

Due to the radial spread of the RSWT, the pressure
and energy density diminish with the third power of
the penetration depth in the tissue. Haake et al. de-
mand that the shock wave be focused at the site of
action. They achieved significantly better results
after ESWT with the shock wave focused in the
region of the calcification compared to focusing the
shock wave treatment on the greater tubercle [7].
Gerdesmeyer et d. [5] concluded from this that the
pneumatically generated low-energy shock wave
appeared little suited for the treatment of calcifying
tendinitis of the shoulder as this is a pathological
ateration in deeper layers. Since then, there have
been experimental studies (Institute of Fluid Me-
chanics of Freiburg University, personal communi-
cation) which confirm the production of cavitation
with the spread of the radia shock wave. The re-
sults of our prospective study appear to confirm this
assumption, though the mechanical mechanism of
action of the radial low-energy shock wave has not
been elucidated with certainty. If the results of our

study are compared with the results of low-energy
electrohydraulically, electromagnetically or pie-
zoelectrically generated shock waves, the technique
by which the shock waves are generated appears to
beirrelevant.

The apparent induction of calcific deposit disinte-
gration by means of low-energy radial shock waves
contradicts our expectations according to the state
of knowledge of experimental studies. There have
already been numerous experimental, anima and
clinical studies of high- and medium-energy elec-
tromagnetically, electrohydraulically or piezoelec-
trically generated shock waves. However, the mo-
lecular mechanism of action of these methods is
still largely unclear. Positive effects in different
syndromes confirm the assumptions that different
mechanisms of action are involved [18].

It has been shown in vitro that high-energy shock
waves can induce nerve action potentials [21], and
this enables substance P to be released from non-
myelinated nerve fibres. Substance P can induce
neurogenic inflammation [11], plasma extravasa-
tion [27] and stimulation of proliferation of various
types of cell [6]. Theinitia rise in the concentration
of substance P in the zone of the shock wave fo-
cusing with a subsequent prolonged reduction in
concentration represents a possible explanation of
the ESWT-induced initia pain stimulus with sub-
sequent prolonged analgesia[15].

In biological tissues, a mechanical effect propor-
tional to the magnitude of the impedance difference
at the interfaces between different tissues is as-
cribed to the extracorporeal shock wave aong with
subordinate thermal and chemica effects [5, 12].
The mechanisms of the analgesic effect of the ra-
dial shock wave are still unclear.

Low-energy radial shock wave therapy already
leads within the first 4 weeks and for up to 12
months to significant pain reduction and appears
against expectations to induce resorption of the cal-
cific deposit, while a significant improvement in
shoulder function is achieved only within the first
four weeks.

If the clinical and radiological results 6 and 12
months after a single high-energy shock wave
treatment are compared with the results 6 and 12
months after three low-energy shock wave treat-
ments of calcifying tendinitis, both treatment meth-
ods appear to achieve similar results, suggesting
that the success of treatment is dose-dependent in-
dependent of the principle of shock wave genera-
tion.
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Whether the hitherto unknown molecular and me-
chanical mechanisms of action of the low-energy
ballistically generated shock wave is similar to
high-energy shock waves generated electrohydrau-
lically, electromagnetically or piezoelectrically re-
mains to be clarified.

The clinical and radiological results of our study
should be confirmed by means of further placebo-
controlled randomised studies.

Literature

! Bosworth BM. Calcific deposits in the shoulder and subacro-
mail bursitis. A survey of 12122 shoulders. J Am Med Ass
1941; 116: 2477 — 2482

2 Dahmen GP, Meiss L, Nam VC, Skuodies B. Extrakorporale
StoRwellentherapie (ESWT) im knochennahen Weichteilbe-
reich an der Schulter. Extracta Orthop 1992; 15: 25-28

3 Ebenbichler GR, Erdogmus CB, Resch KL, Funovics MA,
Kainberger F, Barisani G, Aringer M, Nicolakis P, Wiesinger
GF, Baghestanian M, Preisinger E, FialkaMoser Y. Ultraso-
und therapy for calcifying tendinitis of the shoulder. N Engl J
Med 1999; 340: 1533-1538

4 Géartner J, Heyer A. Tendinosis calcarea der Schulter. Ortho-
péde 1995;24. 284 — 302

5 Gerdesmeyer L, Maier M, Haake M, Schmitz C. Physika
lisch-technische Grundlagen der extrakorporalen Stof3wellen-
therapie (ESWT). Orthopéde 2002; 31: 610-617

® Goto T, Yamaza T, Kido MA, Tanaka T. Light- and electron-
microscopic study of the distribution of axons containing sub-
stance P and the localization of neurokinin-1 receptor in bone.
Cell Tissue Res 1989; 293: 87 — 93

" Haake M, Deike B, Thon A, Schmitt J. Exact Focusing of the
Extracorporeal Shock Wave Therapy for Calcifying Tendi-
nopathy. Clin Orthop 2002; 397: 323 — 331

8 Heller KD, Niethard FU. Der Einsatz der extrakorporalen
StoRRwellentherapie in der Orthopédie — eine iVletaanalyse. Z
Orthop 1998; 136: 390 — 401

°® Henne M, Gerdesmeyer L, Goebel M, Gollwitzer H. Einsatz
der radialen StoRRwelle bei Tendinosis calcarea der Schulter. 3.
Drei-Lander Treffen der Osterreichischen, Schweizer und
Deutschen Fachgesell schaften. Mnchen: 2003

1 Howard D, Sturtevant B. In vitro study of the mechanical
effects of shock-wave lithotripsy. Ultrasound Med Biol 1997;
23: 1107-1122

1) evine Jd, Clark R, Devor M, Helms C, Moskowitz MA,
Basbaum Al. Intraneuronal substance P contributes to the se-
verity of treated arthritis. Science 1984; 226: 547-549

2 |_oew M, Jurgowski W, Thomsen M. Effect of extracorpo-
real shock wave therapy on tendinosis calcarea of the shoulder.
A preliminary report. Urologe 1995; 34: 49-53

3| oew M, Daecke W, Kusnierczak D, Rashmanzadeh M, Ewe-
beck V. Shock-wave therapy is effective for chronic calcifying
tendinitis of the shoulder. J Bone Joint Surg 1999; 81-B: 863-
867

“ Meier M, Stébler A, Lienemann S, 1<éhler S, Feitenhand A,
Diurr HR, Pfahler M, Refior HJ. Shockwave application in

calcifying tendinitis of the shoulder — Prediction of outcome by
imaging. Arch Orthop Trauma Surg 2000; 120: 493-498

5 Maier M, Milz S, Wirtz DC, Rompe Jd, Schmitz C. Grund-
lagenforschung zur Applikation extrakorporaler Stof3wellen am
Stiitz- und Bewegungsapparat. Orthopéde 2002; 31: 667-677

18 Maier M, Tischer T, Anetzberger H, Gerdesmeyer L, Pellen-
gahr C, Schulz CU, Schmitz C, Michalke B. Mineralogische
Analyse rontgenologisch definierter Verkalkungen bei Patien-
ten mit chronischer Tendinosis calcarea der Rotatorenman-
schette. Z Orthop 2002; 140: 399 — 403

¥ Mole 0, Roche O, Gonzalves M. Tendinites calcifiantes de la
coiffe des rotateurs. traitement aithroscopique. Societe
Frangaise d'Arthroscopie. Arthroscopie. Paris: Elsevier, 1999:
324-329

18 Rompe Jd, Ktillmer 1<, Vogd J, Eckhardt A, Wahlmann t.J,
Eysel P, Hopf C, Kirkpatrick CJ, Birger R, Nife B. Extrakor-
porale Stol3wellentherapie — experimentelle Grundlagen, kli-
nisrher Einsatz. Orthopéde 3997; 26: 215 — 228

1 Rompe Jd, Biirger R, Hopf C, Eysel V. Shoulder function
after extracorporal shock wave therapy for calcifying tendinitis.
J Shoulder Elbow Surg 1998; 7: 505-509

® Rupp S, Seil R, Kahn D. Tendinosis calcarea der Rotatoren-
manschette. Orthopéde 2000; 29: 852-867

2 sehelling G, Delius M, Gschwender M, Grafe P, Cambihler
S. Extracorporeal shock waves stimulate frog sciatic nerves
indirectly via a cavitation-mediated mechanism. Biophysical J
1994; 66: 133-140

2 schmitt J, Haake M, Tosch A, Mildebrand R, Deike B, Griss
P. Low-energy extracorporeal shock-wave treatment (ESWT)
for tendinosis of the supraspinatus. J Bone Joint Surg 2001; 83-
B: 873-876

2 Seil R, Rupp S, Hammer DS, Ensdin S, Gebhardt T, Kohn
D. Extrakorporale Stof3wellentherapie bei der Tendinosis calca-
rea der Rotatorenmanschette: Vergleich verschiedener Be-
handlungsprotokolle. Z Orthop 1999; 137: 310-315

% Speed CA, Richards C, Nichols D, Burnet S, Wies Jt, Hum-
phreys H, Hazelman BL Extracorporea shock-wave therapy
for tendonitis of the rotator cuff. J Bone Joint Surg 2002; 84-B:
509-512

% Uhthoff HK, Sarkar K, Maynard Ja. Calcifying tendonitis: a
new concept of its pathogenesis. Clin Orthop 1976; 118: 164-
168

% \Wess O. StoRwellen versus Druckwellen. Stuttgart, New
York: Thieme, 2001

% Zochodne DW. Epineural peptides: a role in neuropathic
pain? Can J Neurol Sci 1993; 20: 69-72

Page 8



