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ABSTRACT

Purpose: The use of shock waves in orthopedic diseases was reviewed with special regard to the
clinical applications.

Materials and Methods: Findings in the literature and results from our own studies were
analyzed and summarized.

Results: Extracorporeal shock waves induced osteoneogenesis in animal models with intact
and fractured bones. Based on these findings shock waves were used for the treatment of
pseudarthrosis in humans. Most patients had at least 1 unsuccessful operation before shock wave
therapy. Complete reunion was noted in 62 to 91% of cases and shock waves are recommended
by some as the first choice of treatment for hypertrophic pseudarthrosis.

After failed nonoperative therapy shock waves were used for the treatment of patients with
various diseases as secondary treatment. The success rate for treatment of tendinopathies, such
as tennis elbow, periarthritis humeroscapularis or calcaneal spur, was approximately 80%. For
calcific tendinitis shock wave therapy seems to be superior to all other minimal or noninvasive
techniques without compromising a potential later operation.

Conclusions: Shock waves have changed medical therapy substantially. Accounting for the

epidemiology of the treated diseases, this new change may equal or even surpass the impact of
extracorporeal shock wave lithotripsy.
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With the use of shock waves for the treatment of urolithi-
asis!-2 a new physical factor was introduced into medicine
that allows one to achieve effects inside the body and permits
surgery without using a blade. In the early 1970s Hiusler
and Kiefer noted experimental signs that shock waves were
capable of disintegrating renal stones.? Subsequent studies
focused on further technical development, feasibility and side
effects.4.5 In 1980 the first clinical extracorporeal shock wave
lithotripsy (ESWL*) for a renal stone in a patient was per-
formed.¢ Since then ESWL has revolutionized the therapy of
urolithiasis. Numerous studies have been done regarding
effectiveness, side effects and the development of new litho-
triptors.7-10

After 1985 stones in other organs, such as the gallbladder,
bile duct, pancreas or salivary glands, have been treated with
shock waves.!1-13 Within the last 10 years the understanding
of shock waves has continuously improved. The physical
principles as well as the tissue effects have been widely
investigated. Regarding the action of shock waves on tissue,
4 phases have been postulated: 1) physical phase—extracel-
lular cavitations, ionized molecules and an increase of mem-
brane permeability are direct effects of the shock waves, 2)
subsequent physical-chemical phase—diffusible radicals and
interactions with biomolecules (in both phases mitochondrial
lesions were observed), 3) chemical phase—may be accompa-
nied by intracellular reactions and molecular changes, and 4)
biological phase—noted if these changes persist.!#-37 Many of
the shock wave tissue interactions are not yet completely

* Dornier Medical Systems, Inc., Marietta, Georgia.

understood. However, shock waves were introduced in the
therapy of various orthopedic diseases.38

WOUND HEALING

In 1986 shock waves were used to stimulate healing pro-
cesses for the first time. Shock waves of various dosages were
applied to split thickness wounds in pig skin. These experi-
ments showed a dose dependency, that is with low energies
wound healing was stimulated, while high dosages led to a
prolonged recovery time. Irradiated skin, resembling a de-
layed healing model, showed similar effects.39-41 Although
some clinical treatments have been performed successfully
for a crural ulcer, these must be considered anecdotal, since
clinical studies have not been reported to date. During the
last 30 years there have been numerous investigations on
physical factors involved in healing processes, most of which,
such as electrical stimulation,*2 electromagnetic fields,*3.44
piezoelectricity, 546 ultrasound+7?-48 or mechanical influences
such as intermittent tension,*-5¢ immobilization and contin-
uous passive motion,5! and micromovement,52-53 were tested

in biological systems for their effects on bone growth or
fracture healing.

EFFECTS OF SHOCK WAVES ON BONE TISSUE

The positive results of the wound healing experiments led
to the hypothesis that fracture healing might be enhanced
with shock waves as well. The first treatments were per-
formed using a fracture model in rats. Using 5 treatments
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with 100 shock waves generated by an experimental Dornier
XL-1 lithotriptor, the osteogenetic potential was discovered
in 1986. Radiological, histological and biochemical findings
revealed that fracture healing was stimulated.54-56

Graff et al investigated the effects of shock waves on all
tissues through which the shock waves penetrate during
ESWL.57-60 The first experiments in 1986 had 2 main pur-
poses that is to investigate the shock wave transmission
through bone and the effects on bone tissue. Thus, a series of
in vivo and in vitro experiments was performed using pig,
rabbit and beagle bones. In 1 study 24 rabbits were treated
with 1,500 shock waves on the left anterosuperior iliac spine
and the left distal femur. Two groups with 12 animals each
were treated with 20 and 25 kv. generating power, respec-
tively, using a Dornier HMS3 lithotriptor. A third of the ani-
mals was sacrificed after 48 hours, and after 2 and 3 weeks,
respectively. Small hematomas and petechial bleeding simi-
lar to the findings after blunt trauma were noted. There were
no macroscopic fractures. The experiments showed remark-
able influence of shock waves on intact bone. Short-term
effects were bleeding and necrosis after 2 and 3 weeks, par-
ticularly with higher energies. Aseptic necrosis of bone mar-
row and damage to the osteocytes, as well as excess osteo-
neogenesis were observed. The 25 kv. group showed
multidirectional building of new trabeculae, which can be
considered the beginning of fracture healing without previ-
ous fracture.h7-60

The findings were confirmed by Johannes et al®! In a
canine nonunion model 4 of 5 shock wave treated animals but
only 1 of 5 untreated animals showed bony union after 12
weeks.52 However, bone defects in a dose dependent manner
using rabbit femur and tibia specimens were noted in ex vivo
studies.®? Results of ex vivo models for shock wave treatment
of bones$3-65 often contrast with the in vivo results and, thus,
they may not be helpful.

Although shock wave treatment for pseudarthrosis had
already been performed successfully in humans in the late
1980s, there was no proof of an osteogenetic effect of shock
waves in a standardized fracture model. We used 42, 1-year-
old blackhead sheep and inflicted standardized fractures by
osteotomy with an oscillating saw. The fractures were stabi-
lized with a V-shaped external fixator. After 1 week 2 treat-
ment groups were treated with 3,000 shock waves from 2
different angles with a generating voltage of 20 or 24 kv.
using a modified Dornier HM3 lithotriptor. Group 3 under-
went sham treatment and served as controls. Half of the
animals were sacrificed 4 and 7 weeks after fracture inflic-
tion. The evaluated parameters were conventional x-ray, mi-
croradiography, computerized tomography, conventional his-
tology, biomechanical testing (4-point bending), fluorescence
microscopy (calcein green and reverin staining) and serum
analyses (phosphate, calcium, albumin, alkaline phos-
phatase, total and bone isoenzyme). The radiological methods
showed a smaller fracture gap and enhanced endoperiosteal
and periosteal osteoneogenesis in the treated animals. En-
hanced osteogenesis and significant transformation into la-
mellar, stable bone were confirmed by histology and fluores-
cence microscopy. As expected, there were no changes in
serum values. Biomechanical stability was achieved in all
groups after 7 weeks. Clinically relevant side effects were not
observed.s6-69

The application of 1,500 shock waves at 20 kv. with the
high power experimental lithotriptor Dornier XL-1 unit to
the epiphyseal region resulted in impaired longitudinal
growth in 3 of 18 rats. In 8 animals growth plate dysplasias
were reported, which were at least partly replaced by new

one spicules.” However, using a larger animal model and
lower energies (Dornier HM3, 1,000 shock waves, 18 kv.) Van
Arsdalen et al noted no differences in the femurs of treated
and untreated rabbits.?! In another experiment fibula osteot-
omies and tibia defects showed no promoted healing after

shock wave treatment with low dosages.’? In summary, the

osteogenetic effect of high energy shock waves was demon-
strated in the majority of studies.

TREATMENT OF PSEUDARTHROSIS

In humans 0.5 to 10% of the fractures show insufficient
healing, resulting in pseudarthrosis.”® Delayed union is de-
fined when a fracture is not healed completely within 4
months. Healing that does not appear within 6 months is
called pseudarthrosis.” Congenital forms of pseudarthrosis
are known.” According to radiological criteria pseudarthro-
sis can be hypertrophic or atrophic.” A long surgical course
of treatment is not uncommon among patients with pseudar-
throsis. Schleberger reported up to 40 operations with an
average of 9 before shock wave treatment was performed in
his patients.?®

Initial clinical data were reported by Valchanow et al, who
began shock wave treatment of pseudarthrosis and delayed
union in 1988.77 Of 82 treatments 70 were successful but,
unfortunately, patient history, concomitant treatment and
followup were not exactly specified.”® Although, results pre-
sented by Biirger,79-82 and Witzsch83 et al showed a lower
success rate, they still observed complete union in 35% and
callus formation in 21% of 37 treated patients. Haist differ-
entiated the results with respect to hypertrophic versus atro-
phic pseudarthrosis.8¢ While all patients with hypertrophic
pseudarthrosis showed complete healing, only 3 of 13 with
atrophic pseudarthrosis did so. Schleberger and Senge pos-
tulated that pseudarthrosis should be stabilized after shock
wave treatment but axial pressure has to be assured.35.86
Therefore an orthesis may be used to avoid bending, rotating
or shear forces. Osteosynthetic material does not compromise
safety or success of shock wave application.?s.87

Our results support the data in the literature. With 2
different lithotriptors a success rate of 67% in 87 patients
was observed. Disregarding patients who today are consid-
ered poor candidates because of atrophic or scaphoid
pseudarthrosis with insufficient stabilization, the success
rate increases to 76%.38.88

The table summarizes the reported results of shock wave
therapy for pseudarthrosis.?8.76.78.84.89.90  Complications,
such as transient pain and petechial or subcutaneous bleed-
ing, occur in up to 4% of all treated patients.

USE OF SHOCK WAVES IN ENDOPROSTHESIS

The use of an endoprosthesis has gained great importance
and today total hip arthroplasty is the standard treatment
for patients with arthrosis of the hip. Instability has been the
major cause of failure during the years.?! The only definite
treatment is surgical replacement of the prosthesis. If a ce-
ment stabilized prosthesis is used, the prosthesis and cement
must be removed to replace the prosthesis. This procedure
often is difficult. As a consequence, shock wave treatment
was investigated with respect to mobilization of the cement
and, thus, facilitating the replacement.92.93

An acoustic interface was deemed responsible for the dis-
integration of kidney stones by shock waves.> A similar

Shock wave treatment of pseudarthrosis

Ref Machi No. C Oi % Success
eferences achine Pts. (zjmp ete Rate
nion
Valchanou and HM3 82 70 85
Michailov™
Haist et al®* " Osteostar 40 32 80
Haupt et al*® MFL 5000, Ossatron 54 36 67
Haupt et al®® Ossatron 33 22 67
Schleberger™® HM3, MFL 5000 45 41 91
Diesch, R.: Personal Ossatron 50 31 62

communication
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acoustic interface was believed to exist among bone, cement
and prosthesis. Indeed, shock wave induced microfractures
have been described in bone cement as well as cortical
bone.92.94-96 Decreases in tension stability of 19%9%5 and in
shear forces necessary to remove the prosthesis of 43% were
observed.?* Others reported no changes in stability after
shock wave treatment.®” In human cadavers application
of shock waves facilitated the removal of prostheses.?® In
contrast, others found no effect of shock waves on bone ce-
ment regarding stability or morphology.64.65 In 1 of these
cadaver experiments intravasation of bone marrow was
noted. Although the authors postulated the rigk of fat embo-
lism,55 this has never been seen clinically. Based on these
controversial results Delius concluded that shock waves are
unlikely to be used for removal of the arthroplasty.?®

Regarding current knowledge on the osteogenetic potential
of shock waves another approach seems more promising.
Shock wave induced osteogenesis could result in stabilizing
the prosthesis, although to my knowledge this has not been
investigated to date. Occasional clinical treatments have
been performed with temporary success.10¢

OSTEOCHONDROSIS

Osteochondrosis dissecans of the knee or talus was treated
with shock waves by Schleberger, resulting in integration of
the dissecating bone piece but success rates have not been
reported yet.”® Few treatments with promising results have
been performed in patients with Kohler’s, Perthes’ or Osgood-
Schlatter’s disease.?®-87 To date these therapies must be con-
sidered experimental.

TENDINOPATHY (TENNIS ELBOW, PERIARTHRITIS HUMERO-
SCAPULARIS, CALCANEAL SPUR)

Tendinopathies, such as the so-called tennis elbow (epicon-
dylitis humeri radialis), golfer’s elbow (epicondylitis humeri
ulnaris) or the periarthritis humero-scapularis, have been
well known for more than 100 years.101.102 However, the
pathogenesis remains unclear. Some terms, such as periar-
thritis humero-scapularis, are now considered an incorrect
subsumption of different diseases. Most frequently patholog-
ical findings in the rotary cuff and long head of the biceps
muscle are found. Common symptoms are pain, limited
movement and muscular atrophy.103 Most affected patients
are 40 to 60 years old. The cumulated lifetime risk to develop
periarthritis humero-scapularis is estimated to be 2%.104
Shoulder pain is increasing and ranks second among trauma
illnesses, which are responsible for more than half of all
occupational illnesses in the United States.°5 Immobiliza-
tion, physical therapy, radiotherapy and steroid injections
are symptomatic treatments.104.196 Arthroscopic or open sur-
gery are restricted to patients with no response.

Tennis elbow was originally described as writer’s cramp!0!
before Morris used the term “lawn tennis elbow.”107 The
disease has a prevalence of 1 to 3%.198.109 In women 40 to 50
years old the prevalence increases to 10%. Epicondylitis is
associated with severe pain and limited movement. Half of
the patients will present to a physician.!® Of the patients
with medial and lateral epicondylitis of the elbow 12 and 4%,
respectively, need surgery.'! Nonoperative treatment in-
cludes steroid injections,!!! which are superior to physiother-
apy. Surgery, such as the release of the common forearm
extensor origin, achieves excellent or good results in 70 or
89% of cases after 1 or 5 years, respectively.199

Medial epicondylitis, that is golfer’s elbow, is less frequent
than tennis elbow and is associated with various sports,
although half of the patients have no sports history, 112113
Conservative treatment includes rest, anti-inflammatory
drugs, physiotherapy, immobilization and steroid injections.
Of the patients 10% will need surgery, with a success rate of

up to 90%. The interval to return to professional sports
activities will last up to 8 months.!13.114

Prevalence of the calcaneal spur in Germany (population
80 million) is estimated at 500,000 to 700,000 patients. Lat-
eral radiograms of more than 1,000 white patients revealed
15.7% plantar and/or dorsal calcaneal spurs with 11% affect-
ing both heels.!!5 Spur incidence increases with age and is
similar on various continents, such as North America,
Europe and Africa.'’® The primary complaint is extreme
pain, often combined with active or passive limitation of
movement.t17-119 A multiplicity of various conservative and
surgical treatments has been described.!20-122 Ultra-
sound,!23.124 jontophoresis!? and low dose laser therapy!26
have a placebo effect only. Physical therapy, steroid injec-
tions and nonsteroid antiphlogistic agents are used. Surgery
is recommended after conservative treatment failure only.127

Dahmen et al first used shock waves for the treatment of
soft tissue pain in proximity to bones in 512 patients treated
with a total of 4,892 shock wave sessions.!28 All patients had
at least 3 months of unsuccessful conservative treatment and
were referred for surgery. Of the patients 289 had a mini-
mum followup of 6 months (average 12.1). More than 30
different syndromes were treated with 52% of the patients
having good results, 28% improved and only 3% requiring
surgery. Of 44 patients with tendinitis of the shoulder with-
out calcification 23 had good and 11 improved results, while
40 of 66 patients with epicondylitis had good results, 16
showed improvement and 10 remained unchanged. In both
groups 2 patients required surgery. Only a small number of
patients with all other syndromes were treated. Dahmen et
al reported an average of 9.6 repeat treatments, while others
limited the number to a maximum of 5.12¢

Haist and von Keitz-Steeger reported on 812 patients
treated for enthesopathy 1 to 5 times with an average of 2.2
shock wave treatments per patient using a Siemens Litho-
star * overhead module.13® All patients had a long history of
unsuccessful nonoperative treatment and 525 suffered from
radial epicondylitis, 113 from periarthropathy humero-
scapularis and 87 from humeral epicondylitis. The others had
insertion tendinosis of the major trochanter, calcaneal spur,
achillodynias or phantom pain after amputation. A total of
468 patients (76.5%) with epicondylitis was followed for at
least 3 months and 86.1% experienced a good treatment
result, whereas only 7.1% were unsatisfied. For patients with
shoulder symptoms the success rate was 73.8% with 2.4%
unsatisfactory results.®” Summarizing the studies, the suc-
cess rate, defined as pain-free or substantially improved, was
65 to 85%. In 296 of 396 sportsmen very good or good results
were achieved, while only 20 had an unsatisfactory treat-
ment outcome.130

Rompe et al treated 150 patients with epicondylitis after
failed nonoperative therapy for a minimum of 3 months (av-
erage 15).131 An average of 5 nonoperative treatments (range
3 to 9) had been performed, for example 92% of the patients
received steroid injections without success. Before shock
wave therapy a 3-week treatment pause was mandatory and
all patients were originally planned for surgery. Using the
Osteostar shock wave unit, 1,000 shock waves with an energy
density of 0.06 mJ./mm.? were applied 3 times at weekly
intervals. The parameters (such as night pain, pain with and
without activity) evaluated showed significant improvement.
The results were very good in 48 patients, good in 51, suffi-
cient in 27 and unchanged in only 24 (15 of whom underwent
surgery). In summary, the success rate was 84% in patients
who had otherwise been candidates for surgery.!3!

With higher energies using the Ossatroni device the aver-
age treatment rate was lower (1.3) with a maximum number
of 3. A 79% success rate with 14% unchanged is described in
41 patients with calcific tendinitis (29), epicondylitis (10) and

* Siemens Medical Systems, Iselin. New Jersey.
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achillodynia (2).%% This finding corresponds to results in 80
patients with success rates of 68 and 89% for epicondylitis
and calcaneal spur, respectively (Diesch, R., personal com-
munication). However, Richter et al reported disappointing
results 6 months after treatment.'32 Schleberger prefers the
ultrasound guided MPL3000 instrument for shoulder treat-
ments, while using the MFL5000* device with x-ray localiza-
tion for epicondylitis.”¢

In a prospective randomized trial of 61 patients with per-
sistent severe heel pain due to calcaneal spur 68% showed
improvement after shock wave therapy, compared to only 16
controls, while 48% had become completely pain-free and
12% of the treated patients still reported severe pain.133 The
involved mechanisms remain unclear. Stimulation of the ob-
turator nerve by shock waves during lithotripsy of a lower
third ureteral stone was described in 1 case.!34 Schelling et al
showed the stimulation of frog sciatic nerves via a cavitation
mediated mechanism.!35 Haist and von Keitz-Steeger postu-
lated 3 hypotheses regarding the mechanisms: 1) shock
waves damage cell membranes and, thus, nociceptors cannot
build up a potential to transmit pain signals, 2) stimulated by
shock waves the nociceptors send a high frequency of im-
pulses, which are suppressed due to a gate control mecha-
nism and 3) shock wave induced pericellular free radicals

change the chemical milieu and pain suppressing substances
are released.8?

CALCIFIC TENDINITIS

Calcific tendinitis is a common event. The literature notes
2 to 20% of such calcifications in the shoulder of asymptom-
atic persons and up to 50% in patients with shoulder
pain.136-139 Spontaneous remission of these calcifications is
seen in up to 100% of patients with acute pain.!3® However,
chronic pain may lead to rest pain and kinesalgia. In such
patients only 9% of the calcifications will resolve spontane-
ously within 3 years.!36 Nonoperative therapeutic options are
physical treatment, antiphlogistics, local x-ray radiation, ste-
roid infiltration and needling.!4° X-ray is without therapeutic
effect,4! while needling is successful in 40 to 60% of
cases.137.138 Qpen surgery removing the calcifications has a
high success rate,137 while arthroscopic procedures succeed
in 50% only.142

The first treatment of calcific tendinitis with shock waves
with the goal to disintegrate the calcification was reported by
Loew!43 and Jurgowski!#4 et al in 1993. A total of 13 patients
with a long history of calcific tendinitis (mean 5.5 years) had
been treated in 1 or 2 sessions with 1,500 to 2,000 shock
waves. Of the 5 patients treated with a Dornier compact
lithotriptor 4 had complete disintegration of the calcification
and marked clinical improvement. Interestingly, only 2 of the
8 patients treated with the MFL 5000 device showed partial
disintegration and none had clinical improvements. The dif-
ferent results could be due to the differing shock wave gen-
eration of the devices (electromagnetic versus electrohydrau-
lic). However, newer studies indicate that localization
problems were more likely to explain the difference.

Loew et al also reported a prospective study of 20 patients
with severe symptoms, whose calcifications were at least 1
cm. in diameter.14° The minimum history was 12 months and
the last treatment was not done within the last 2 months. A
total of 2,000 shock waves at 18 to 22 kv. generating voltage
was applied in 2 sessions 14 days apart. Local anesthesia
with subcutaneous bupivacaine infiltration was used. After
12 weeks 7 patients had radiologically complete resolution of
the calcification and 5 had partial disintegration. Magnetic
resonance tomography revealed no bone or soft tissue dam-
age. Six patients were completely symptom-free after 12
weeks, 8 were significantly improved and only 1 experienced
symptom deterioration. Using a 100 point score to evaluate

* Dornier, Germering, Germany.

shoulder diseases according to pain, daily life activities, ac-
tive pain-free motion and force,'*" an average improvement
of 25 points was noted with 13 patients reaching success
values (more than 80%). Petechial skin bleeding in 14 pa-
tients and superficial hematomas in 4 were the only side
effectslldl). 146

Haupt and Katzmeier treated 29 patients with the Ossa-
tron unit, of whom 14 became pain-free and 10 were substan-
tially improved. No patient experienced deterioration.** In a
larger series of more than 100 patients 70% were pain-free or
substantially improved and 16% were partially improved
(Diesch, R., personal communication). Rompe et al treated 40
patients with 1,500 shock waves and an energy density of
0.28 mJ./mm.? using plexus anesthesia.!1? Of the patients
62.5% showed partial or complete radiological disintegration
of the calcification, 72.5% had no or only occasional discom-
fort and after 24 weeks only 6 reported no improvement of
the symptoms. The same investigators performed a con-
trolled, prospective and randomized study of 100 patients
with symptoms at least 12 months in duration.!4# Clinical
evaluation and pain level were assessed in a standardized
manner, and the patients were followed for 24 weeks. One
group of patients received 3,000 shock waves, while the other
group had only 30 shock waves. In all 6 tested parameters
the group with 3,000 shock waves showed statistically sig-
nificant superior results. The overall outcome was good or
excellent in 48% of cases and acceptable in 42% in this group,
compared to 6 and 24%, respectively, in the 30 shock wave
group. 4%

The mechanism of action remains unknown. Resorption of
the calcification in the tendon and reactive hypervascular-
ization have been discussed.’*” Dahmen et al used low ener-
gies and reported an increased repeat treatment rate of up to
20.129 Using this regimen 48 of 76 patients had good and 19
had improved results, and 9 remained unchanged.

Loew et al conducted a prospective randomized study of 20
patients in an untreated control group and 20 in a shock
wave treated group (2 treatments with 2,000 shock waves at
21 kv., MFL 5000 device).!*® Of the treated patients 14 had a
successful result compared to only 1 control. Radiological and
clinical differences were statistically significant. In a second
study they compared single treatments (2,000 shock waves
and 21 versus 18 kv.). The 21 kv. group showed statistically
significantly better results. One treatment at 21 kv. was as
successful as the aforementioned double treatment.

To date the results of shock wave therapy for calcific ten-
dinitis have been superior to those of the spontaneous
course!?-139 and to physical or minimal invasive treat-
ment.!39.141.142 Treatment with greater success, open sur-

gery, will not be compromised in case of shock wave treat-
ment failure.

CONCLUSIONS

Several studies of shock waves for orthopedic diseases have
been reported but randomized trials are still rare and
needed. However, some points have been clarified. To my
knowledge no severe deterioration or complication has been
described to date. Of course, the general contraindications for
shock wave therapy still apply, for example pregnancy, coag-
ulation disorders or lung tissue in the shock wave path. To
date shock wave therapy has been limited in almost every
study to patients who had unsuccessful nonoperative treat-
ment, and for pseudarthrosis to those who also underwent
unsuccessful surgery. Alternative therapy, such as surgery,
has not been compromised by shock wave therapy. Thus, the
orthopedic group of the German Lithotripsy Society at the
consensus meeting in 1995 recommended shock wave ther-
apy for various indications including pseudarthrosis and de-
layed union of bones, enthesopathy (tennis elbow, shoulder
syndromes, calcaneal spurs) and pain in soft tissue in prox-
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imity to bones, and tendopathies with extraossary calcifica-
tion. For pseudarthrosis shock wave therapy is referred to as
the treatment of first choice.!5¢

Until 1992, we were the only center in Germany (and to our
knowledge 1 of 2 centers worldwide) to perform shock wave
therapy for orthopedic diseases. An overview in 1993 re-
vealed that already every sixth German urological shock
wave unit was also used for such treatments.?* Meanwhile a
number of other European departments have started to use
this therapy. At some departments it has outnumbered the
urological applications by far. The total number of orthopedic
shock wave treatments in Germany is estimated at 66,000 in
1996, while ESWL for urolithiasis was performed 70,000
times.15! Even during the Olympic Games in Atlanta shock
wave therapy was used for the treatment of athletes (Wess,
0., personal communication).

Several shock wave parameters exist, such as rise time,
peak pressure, negative pressure, pulse width, intensity and
focal energy. The geometry of the focus may also be variable.
The machines used for the aforementioned therapies are
mostly designed for lithotripsy. The treatment parameters
initially chosen were estimates and remain empirical. The
optimization of the various parameters to adjust to the new
therapies is only beginning.

Regarding the large population afflicted with these dis-
eases, considering the long-lasting and often invasive treat-
ment, and the socioeconomic importance of these diseases, it
is realistic to expect an even greater importance of shock waves
in this field than in urology. Urologists know how to use
shock waves for the treatment of urolithiasis. We should
enable our colleagues the access to new treatments and sup-

port them with the experience we gained in 15 years of using
ESWL.

Dr. Rupert Diesch provided information about pathogene-
sis, symptoms and treatment alternatives of the orthopedic

diseases. Dr. J. Miguel Garcia Schiirmann provided assis-
tance in the review.

REFERENCES

1. Chaussy, C., Eisenberger, F., Wanner, K., Forssmann, F.,
Hepp, W., Schmiedt, E. and Brendel, W.: The use of shock
waves for the destruction of renal calculi without direct con-
tact. Urol. Res., 4: 181, 1976.

2. Chaussy, C., Schmiedt, E., Jocham, D., Brendel, W,
Forssmann, B. and Walther, V.: First clinical experiences
with extracorporeally induced destruction of kidney stones by
shock waves. J. Urol.,, 127: 417, 1982.

3. Hausler, E. and Kiefer, W.. Anregung von StoBwellen in
Fliissigkeiten durch Hochgeschwindigkeitswassertropfen.
Verhand. Dtsch. Physikal. Gesellsch., 8: 786, 1971.

4. Forssmann, B., Hepp, W., Chaussy, C., Eisenberger, W. and
Wanner, K.: Eine Methode zur berithrungsfreien Zertrim-
merung von Nierensteinen durch Stofwellen. Biomed. Tech.,
22: 164, 1977.

5. Chaussy, C.: Extracorporeal shock wave lithotripsy. New As-
pects in the Treatment of Kidney Stone Disease. Basel: S.
Karger, 1982.

6. Chaussy, C., Brendel, W. and Schmiedt, E.: Extracorporeally
induced destruction of kidney stones by shock waves. Lancet,
2: 1265, 1980.

7. Coleman, A. J. and Saunders, J. E.: A review of the physical
properties and biological effects of the high amplitude acous-
tic field used in extracorporeal lithotripsy. Ultrasonics, 31:
75, 1993.

8. Eisenberger, F. and Schmidt, A.: ESWL and the future of stone
management. World J. Urol,, 11: 2, 1993.

9. Hofbauer, J., Ludvik, G., Grbovie, M. and Marberger, M.: Stel-
lenwert und kiinftige Entwicklung in der nichtinvasiven
Behandlung von Harnsteinen mit der extrakorporalen

StoBwellenlithotripsie (ESWL). Wien. Med. Wochenschr.,
145: 254, 1995.

10. Haupt, G., Haupt, A., Chaussy, Ch., Donovan, J. M. and Drach,
G. W.: Short-term changes of laboratory values after extra-
corporeal shock wave lithotripsy: a comparative study.
dJ. Urol., 142: 259, 1989.

11. Sauerbruch, T., Delius, M., Paumgartner, G., Holl, J., Wess, O.,
Weber, W., Hepp, W. and Brendel, W.: Fragmentation of
gallstones by extracorporeal shock waves. New Engl. J. Med.,
314: 818, 1986.

12. Sauerbruch, T., Holl, J., Sackmann, M., Werner, R., Wotzka, R.
and Paumgartner, G.: Disintegration of a pancreatic duct
stone with extracorporeal shock waves in a patient with
chronic pancreatitis. Endoscopy, 19: 207, 1987.

13. Iro, H., Schneider, H. Fodra, C., Waitz, G., Nitsche, N,
Heinritz, H. H., Benninger, J. and Ell, C.: Shockwave litho-
tripsy of salivary gland stones. Lancet, 339: 1333, 1992.

14. Brauner, T., Briimmer, F. and Hiilser, D. F.: Histopathology of
shock wave treated tumor cell suspensions and multicell tu-
mor spheroids. Ultrasound Med. Biol., 15: 451, 1989.

15. Brauner, T., Britmmer, F., Hiilser, D, F. and Rassweiler, J.:
Biological effects of shock waves. In: Stone Therapy in Urol-
ogy. Edited by F. Eisenberger, K. Miller and J. Rassweiler.
New York: Georg Thieme Verlag, chapt. 39, p. 50, 1991.

16. Subr, D., Briitmmer, F. and Hiilser, D, F.: Cavitation-generated
free radicals during shock wave exposure: investigations with
cell-free solutions and suspended cells. Ultrasound Med.
Biol., 17: 761, 1991.

17. Irmer, U.: Untersuchung der Leistungsfihigkeit verschiedener
Lithotripter-Unterwasserfunkenstrecken mittels zweier in-
vitro Modelle. Diplomarbeit, Universitit Stuttgart, Biologis-
ches Institut, Abt. Biophysik, 1991.

18. Holmes, R. P., Yeaman, L. L., Taylor, R. G., Lewis, J. C. and
McCollough, D. L.: Enhanced adriamycin uptake by neutro-
phils exposed to shock waves. J. Urol., part 2, 139: 304A,
abstract 566, 1988.

19. Gambihler, S. and Delius, M.: Transient increase in membrane
permeability of 11210 cells upon exposure to lithotripter
shock waves in vitro. Naturwissenschaften, 79: 328, 1992.

20. Hiilser, D. F., Brimmer, F., Brenner, J., Briuner, T. and
Nesper, M.: Zell- und Gewebeverinderungen durch
StoBwellenbehandlung. Biomedizinische Technik, 33: 7,
1988.

21. Russo, P., Mies, C., Huryk, R., Heston, W. D. W. and Fair,
W. R.: Histopathologic and ultrastructural correlates of tu-
mor growth suppression by high energy shock waves. J. Urol.,
137: 338, 1987.

22, Steinbach, P., Hofstidter, F., Nicolai, H., Rossler, W. and
Wieland, W.: In vitro investigations on cellular damage in-
duced by high energy shock waves. Ultrasound Med. Biol., 18:
691, 1992,

23. Fischer, N., Miiller, H. M., Gulhan, A., Sohn, M., Deutz, F. J.,
Riibben, H. and Lutzeyer, W.: Cavitation effects: possible
cause of tissue injury during extracorporeal shock wave lith-
otripsy. J. Endourol., 2: 215, 1988.

24. Church, C. C.: A theoretical study of cavitation generated by an
extracorporeal shock wave lithotripter. J. Acoust. Soc. Amer.,
88: 215, 1989.

25. Coleman, A. J. and Saunders, J. E.: A comparison of PVDF
hydrophone measurements in the acoustic field of a shock
wave source. In: Extra- und Intrakorporale Lithotripsie bei
Harn-, Gallen-, Pankreas- und Speichelsteinen. Edited by C.
Ell, M. Marberger and P. Berlien. New York: Georg Thieme
Verlag, p. 104, 1990.

26. Holmer, N. G., Almquist, L. O., Hertz, G., Holm, A., Lindstedt,
E., Persson, H. W. and Hertz, C. H.: On the mechanism of
kidney stone disintegration by acoustic shock waves. Ultra-
sound Med. Biol., 17: 479, 1991.

27. Morgan, T. R., Laudone, V. P, Heston, W. D. W., Zeitz, L. and
Fair, W. R.: Free radical production by high energy shock
waves—comparigon with ionizing irradiation. J. Urol., 139:
186, 1988.

28. Coleman, A. J., Choi, M. J., Saunders, J. E. and Leighton, T. G.:
Acoustic emission and sonoluminescence due to cavitation at
the beam focus of an eletrohydraulic shock wave lithotriper.
Ultrasound Med. Biol., 18: 267, 1992.

29. Delius, M. and Brendel, W.: Mechanisms of action in extracor-
poreal shock wave lithotripsy: experimental studies. In: Bil-
iary Lithotripsy. Edited by J. T. Ferucci, M. Delius and
H. J. Burhenne. Chicago: Year Book Medical, p. 31, 1989.



30.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

54.

EXTRACORPOREAL SHOCK WAVES FOR ORTHOPEDIC DISEASES 9

Zeman, R. K.. Davros, W. J., Goldberg, J. A., Garra, B. S,
Hayes, W. S., Cattau, E. L., Horii, 8. C., Cooper, C. J. and
Silverman, P. M.: Cavitation effects during lithotripsy: part
II. Clinical observations. Radiology, 177: 163, 1990.

. Zeman, R. K., Davros, W. J., Garra, B. S. and Horii, S. C.:

Cavitation effects during lithotripsy: part I. Results of in vitro
experiments. Radiology, 177: 157, 1990.

. Williams. A. R., Delius, M., Miller, D. L. and Schwarze, W.:

Investigation of cavitation in flowing media by lithotripter
shock waves both in vitro and in vivo. Ultrasound Med. Biol.,
15: 53, 1989.

. Coleman, A. J., Saunders, J. E., Crum, L. A. and Dyson, M.:

Acoustic cavitation generated by an extracorporeal shock-
wave lithotripter. Ultrasound Med. Biol, 13: 69, 1987.

. Kiefer. J.: Biologische Strahlenwirkung. Berlin: Springer Ver-

lag, 1981.

. Staudenraus, J. and Eisenmenger, W.: Fibre-optic probe hydro-

phone for ultrasonic and shock wave measurements in water.
Ultrasonics, 31: 267, 1993.

. Huber, P., Debus, J.. Peschke, P, Hahn, E. W. and Lorenz,

W.J.: In vivo detection of ultrasonically induced cavitation by
a fibre-optic technique. Ultrsound Med. Biol., 20: 811, 1994.

. Brimmer, F.: Schadigungen und Wirkmechanismen klinisch

relevanter  Stolwellen  aufgezeigt anhand von  in-vitro-
Untersuchungen. In: StoBwellenlithotripse, Aspekte und
Prognosen. Edited by C. Chaussy, F. Eisenberger, D. Jocham
and ). Wilbert. Tibingen: Attempto Verlag, p. 110, 1992.

. Haupt, G., Haupt, A. and Senge, T.: Die Behandlung von

Knochen mit  extrakorporalen  StoBwellen—Entwicklung
einer neuen Therapie. In: Stolwellenlithotripse, Aspekte und
Prognosen. Edited by C. Chaussy, F. Eisenberger, D. Jocham
and ). Wilbert. Tabingen: Attempto Verlag, p. 120, 1993.

Haupt, G. and Chvapil, M.: Effect of shock waves on the healing
of partial-thickness wounds in piglets. J. Surg. Res., 49: 45,
1990.

Haupt, G., Haupt, A., Chvapil, M., Drach, G. W. and Senge, Th.:
Wound and fracture healing: new indication for extracorpo-
real shock waves? J. Endourol., suppl., 4: S54, abstract A-4,
1990.

Haupt, G., Chvapil. M., Drach, G. W., Ekkernkamp, A. and
Graff, J.: Extrakorporale Stolwellen in der Therapie von
Wund- und Frakturheilung? Urologe A, 29: A72, 1990.

Paterson, D. C., Carter, R. F., Maxwell, G. M., Hillier, T. M,
Ludbrook, J. and Savage, J. P.: Electrical bone-growth stim-
ulation in an experimental model of delayed union. Lancet, 1:
1278, 1977.

Bassett, C. A.. Pacolick, R. J. and Becker, B. O.: Effects of
electric currents on bone in vivo. Nature, 204: 643, 1964.
Bassett, C. A. L.: The development and application of pulsed
electromagnetic fields {PEMFs) for ununited fractures and

arthrodeses. Orthop. Clin. N. Amer., 15: 61, 1984,

Fukada. E. and Yasuda, I.: On the piezoelectric effects of bone.
J. Phys. Soc. Jap., 12: 1158, 1957.

Graf, H. L., Stark, W.. Danz, R. and Geiss, D.: Stimulation of
bone growth by implanted FEP electrets and PVDF piezoelec-
tric films. Proc. Int. Symp. Electric, p. 813, 1985.

Dyson. M. and Brookes. M.: Stimulation of bone repair by
ultrasound. Ultrasound Med. Biol., suppl., 2: 61, 1983.

Duarte, L. R.: The stimulation of bone growth by ultrasound.
Arch. Orthop. Trauma Surg., 101: 153, 1983.

Arem, A. J. and Madden. J. W.: Is there a Wolffs law for
connective tissue? Surg. Forum, 25: 512, 1974.

. Arem, A. J. and Madden, J. W.: Effects of stress on healing

wounds: [. Intermittent noncyclical tension. J. Surg. Res., 20:
93. 1976.

. van Royen. B. J., O'Driscoll, 8. W., Dhert, W. J. and Salter,

R. B.: A comparison of the effects of immobilization and
continuous passive motion on surgical wound healing in ma-
jor rabbits. Plast. Reconstr. Surg., 78: 360, 1986.

. Goodship, A. E. and Kenwright, J.: The influence of induced

micromovement upon the healing of experimental tibial frac-
tures. J. Bone Joint Surg.—Brit. Vol., 67: 650, 1985.

. Kenwright. J., Richardson. J. B., Goodship, A. E., Evans, M.,

Kelly, D. J., Spriggins, A. J.. Newman, J. H., Burrough, 8. J.,
Harris, J. D. and Rowley, D. L.: Effect of controlled axial
micromovement on the healing of tibial fractures. Lancet, 2:
1185, 1986.

Haupt, G., Haupt, A., Gerety, B. and Chvapil, M.: Enhance-

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

ment of fracture healing with extracorporeal shock waves.
J. Urol,, part 2, 143: 230A, abstract 109, 1990.

Haupt, G., Haupt, A., Ekkernkamp, A., Gerety, B. and Chvapil,
M.: Influence of shock waves on fracture healing. Urology, 39:
529, 1992.

Haupt, G., Ekkernkamp, A., Chvapil, M., Haupt, A. and Gerety,
B.: Der EinfluB extrakorporaler StoBwellen auf die Knochen-
bruchheilung. Hefte Unfallheilk, 220: 524, 1991.

Graff, J.: Die Wirkung hochenergetischer Stofiwellen auf
Knochen und Weichteilgewebe. Bochum, Habilitationss-
chrift, Ruhr-Universitiat Bochum, 1989.

Graff, J., Berding, C. and Beck, M.: Transmission of shock
waves through bone: Is it possible to treat iliac ureteral
stones with patient in supine position? In: Shock Wave Lith-
otripsy: State of the Art. Edited by J. E. Lingeman and D. M.
Newman. New York: Plenum Press, p. 115, 1989.

Graff, J., Pastor, J. and Richter, K.-D.: Effect of high energy
shock waves on bony tissue. Urol. Res., 16: 252, abstract E12,
1988.

Graff, J., Richter, K.-D. and Pastor, J.: Wirkung von hochener-
getischen StoBwellen auf Knochengewebe. Verh. Ber. Dt.
Ges. Urol., 39: 76, 1987.

Johannes, E. J., Kaulesar Sukul, D. M., Pierik, E. G., Kristelijn,
M. J,, van Eijck, G. J. and Bras, J.: Non-operative treatment
of non-unions in bone with extracorporeal shock waves. Eur.
Surg. Res., suppl. 2, 24: 24, 1992,

Johannes, E. J., Kaulesar Sukul, D. M. and Matura, E.: High-
energy shock waves for the treatment of nonunions: an ex-
periment on dogs. J. Surg. Res., 57: 246, 1994.

Kaulesar Sukul, D. M., Johannes, E. J., Pierik, E., van Eijck, G.
and Kristelijn, M. J.: The effect of high energy shock waves
focused on cortical bone: an in vitro study. J. Surg. Res., 54:
46, 1993.

Braun, W., Claes, L., Riiter, A. and Paschke, D.: Effect of
extracorporeal shock waves on the stability of the interface
between bone and polymethylenmethacrylate: an in vitro
study on human femoral segments. Clin. Biomech., 7: 47,
1992.

Braun, W, Claes, L., Riiter, A. and Paschke, D.: Untersuchun-
gen zur Wirksamkeit von Stolwellen auf die Festigkeit des
Verbundes von Knochen und Polymethyl-Methacrylat. Eine
in vitro Studie an menschlichen Femursegmenten. Z. Or-
thop., 130: 236, 1992.

Ekkernkamp, A., Haupt, G., Knopf, H.-J., Piillenberg, P., Muhr,
G. and Senge, T.: Effects of extracorporeal shock waves on
standardized fractures in sheep. J. Urol., part 2, 145: 257A,
abstract 178, 1991.

Ekkernkamp, A.: Die Wirkung extrakorporaler StoBwellen auf
die Frakturheilung. Bochum, Habilitationsschrift, Ruhr-
Universitit Bochum, 1992.

Ekkernhamp, A., Bosse, A., Haupt, G. and Pommer, A.: Der
Einflul der extrakorporalen StoBwellen auf die standardisi-
erte Tibiafraktur am Schaf. In: Aktuelle Aspekte der Oste-
ologie. Edited by T. Ittel, G. Sieberth and H. Matthiass. New
York: Springer Verlag, p. 307, 1992.

Haupt, G., Ekkernkamp, A., Piillenberg, P. and Senge, Th.:
EinfluB extrakorporal erzeugter Stowellen auf standardisi-
erte Tibiafrakturen im Schafmodell. Urologe A, 31: A43,
1992.

Yeaman, L. D., Christopher, P. J. and McCullough, D. L.: Ef-
fects of shock waves on the structure and growth of the
immature rat epiphysis. J. Urol., 141: 670, 1989.

Van Arsdalen, K. N., Kurzweil, S., Smith, J., Levin, R. M.:
Effect of lithotripsy on immature rabbit bone and kidney
development. J. Urol.. 146: 213, 1991.

Seemann, O., Rassweiler, J., Chvapil, M., Alken, P. and Drach.
G. W.: Effect of low-dose shock wave energy on fracture
healing: an experimental study. J. Endourol., 6: 219, 1992.

Jager, M. and Wirth, C. J.. Pseudarthrosen. In: Praxis der
Orthopidie. New York: Georg Thieme Verlag, p. 338, 1986.

Riiter, A.: Frakturen. In: Praxis der Orthopidie. Edited by M.
Jager and C. J. Wirth. New York: Georg Thieme Verlag, p.
338, 1986.

Blauth, W. and Falliner, A.: Probleme der Behandlung ange-
borener Unterschenkelpseudarthrosen. Z. Orthop., 127: 3,
1989.

Schleberger, R.: Anwendung der extrakorporalen StoBwelle a
Stiitz- und Bewegungsapparat im mittelenergetischen Be-



10

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93

94

95

EXTRACORPOREAL SHOCK WAVES FOR ORTHOPEDIC DISEASES

reich. In: Die StoBwelle-Forschung und Klinik. Edited by C.
Chaussy, F. Eisenberger, D. Jocham and D. Wilbert. Tiibin-
gen: Attempto Verlag, p. 166, 1995.
Valchanow, V., Michailow, P. and Patrashkov, T.: New possi-
bilities of HM-3 lithotriptor for treatment of disturbed bone
union. Read at World Congress on ESWL and Endourology,
Kyoto, Japan. November 27-30, 1989.
Valchanou, V. D. and Michailov, P.: High energy shock waves in
the treatmet of delayed and nonunion fractures. Int. Ortho-
paed., 15; 181, 1991.
Biirger, R. A., Witzsch, U., Haist, J. and Karnosky, V.: Extra-
korporale StoBwellenbehandlung bei Pseudarthrose und
aseptischer Knochennekrose. Urologe A, 30: A48, 1991.
Birger, R. A., Witzsch, U., Haist, J., Karnosky, V. and
Hohenfellner, R.: Extracorporeal shock wave therapy of
pseudo-arthrosis and aseptic osteonecrosis. J. Endourol.,
suppl., 5: S48, abstract A-24, 1991.
Birger, R. A., Witzsch, U., Haist, J., Karnosky, V., Ahlers, J.
and Hohenfellner, R.: Extracorporeal shock wave therapy of
pseudarthrosis. J. Urol., part 2, 147: 260A, abstract 185, 1992.
Biirger, R. A, Witzsch, U., Haist, J., Grebe, P. and Hohenfellner,
R.: Die extrakorporale Sto8wellentherapie—eine neue Moglich-
keit zur Behandlung von Pseudarthrosen. In: StoBwellen-
lithotripse, Aspekte und Prognosen. Edited by C. E. F.
Chaussy, D. Jocham and D. Wilbert. Tibingen: Attempto
Verlag, p. 127, 1993.
Witzsch, U., Biirger, R. A., Karnoski, V. and Haist, J.: Hochen-
ergie-StoBwellenbehandlung—eine Methode zur Therapie
von Pseudarthrosen. Urologe A, 31: A43, 1992.
Haist, J.: Die Osteorestauration via StoB8wellenanwendung.
Eine neue Maoglichkeit zur Therapie der gestorten
knéchernen Konsolidierung. In: Die StoSiwelle—Forschung
und Klinik. Edited by C. Chaussy, F. Eisenberger, D. Jocham
and D. Wilbert. Tibingen: Attempto Verlag, p. 157, 1995.
Schleberger R. and Senge, Th.: Nicht-invasive Behandlung
nach Versagen der Frakturheilung durch Sto8wellen. In: Ak-
tuelle Aspekte der Osteologie. Edited by T. Ittel, G. Sieberth
and H. Matthiass. New York: Springer-Verlag, 1991.
Schleberger, R. and Senge, T.: Non-invasive treatment of long-
bone pseudarthrosis by shock waves (ESWL). Arch. Orthop.
Trauma Surg., 111: 224, 1992.
Haist, J., von Keitz-Steeger, D.: StoBwellentherapie knochen-
naher Weichteilschmerzen—Ein neues Behandlungskonzept.
In: Die StoBwelle—Forschung und Klinik. Edited by C.
Chaussy, F. Eisenberger, D. Jocham and D. Wilbert. Tiibin-
gen: Attempto Verlag, p. 162, 1995.
Haupt, G. and Katzmeier, P.: Anwendung der hochenergetis-
chen extrakorporalen StoBwellentherapie bei Pseudarthro-
sen, Tendinosis calcarea der Schulter und Ansatztendinosen
(Fersensporn, Epicondylitis). In: Die StoBwelle—Forschung
und Klinik. Edited by C. Chaussy, F. Eisenberger, D. Jocham
and D. Wilbert. Tiibingen: Attempto Verlag, p. 143, 1995.
Haist, J., Steeger, D., Witzsch, U., Biirger, R. A. and Haist, U.:
The extracorporeal shockwave therapy in the treatment of
disturbed bone union. Int. Conf. Biomed. Eng., p. 222, 1992.
Haupt, G., Pannek, J., Finke, W. and Senge, Th.: Anisthesie
und ESWL: Bestandsaufnahme in Deutschland. Dtsch. Ge-
sell. StoBwellenlithotripsie, 1994.
Ahnfeldt, L., Herberts, P., Malchau, H. and Andersson, G. B. J.:
Prognosis of total hip replacement. A Swedish multicenter
study of 4,664 revisions. Acta Orthop. Scand., suppl., 238: 1,
1990.
Karpman, R. R., Magee, F. P., Gruen, T. W. and Mobley, T.:
Work-in-progress. The lithotripter and its potential use in the
revision of total hip arthroplasty. Orthop. Rev., 16: 38, 1987.
. Weinstein, J. N., Oster, D. M., Park, J. B., Park, S. H. and
Loening, S.: The effect of the extracorporeal shock wave litho-
triptor in the bone-cement interface in dogs. Clin. Orthopaed.
Rel. Res., 235: 261, 1988.
. Lewis, G.: Effect of lithotripter treatment on the fracture tough-
ness of acrylic bone cement. Biomaterials, 13: 225, 1992.

. May, T. C., Krause, W. R., Preslar, A. J., Vernon Smith, M. J.,
Beaudoin, A. J. and Cardea, J. A.: Use of high-energy shock
waves for bone cement removal. J. Arthroplasty, 5: 19, 1990.

96. Schreurs, B. W, Bierkens, A. F., Huiskes, R., Hendrikx, A. J.

and Slooff, T. J.: The effect of the extracorporeal shock wave

lithotriptor on bone cement. J. Biomed. Material Res., 25:
157, 1991.

97.

98.

99.

100.

101.

102.

103.
104.

105.

106.

107.
108.

109.
110.

111.

112.

113.

114.

115.

116.

117.
118.
119.
120.

121.

122.

123.

Stranne, S. K, Callaghan, J. J., Cocks, F. H., Weinerth, J. L,
Straber, A. V. and Myers, B. S.: Would revision arthroplasty
be facilitated by extracorporeal shock wave lithotripsy? An
evaluation including whole bone strength in dogs. Clin. Or-
thop. Res., 287: 252, 1993.

Kim, J. K., Park, J. B., Weinstein, J. N., Marsh, J. L., Kim, Y. S
and Loening, S. A.: Effect of shock wave treatment on femoral
prosthesis and cement removal. Biomed. Mat. Eng., 4: 451,
1994.

Delius, M.: Biologische Wirkung von StoBwellen—mehr als
“nur” Steinzertrimmerung? Zentralbl. Chir., 120: 259, 1995,

Haupt, G. and Senge, T.: Use of extracorporeal shock waves
outside urology—new concepts emerging. J. Urol, part 2,
151: 281A, abstract 216, 1994.

Runge, F.: Zur Genese und Behandlung des Schreibkrampfes,
Berl. Klin. Wochenschr., 10: 245, 1873.

Duplay, S.: Uber die Periarthritis humero scapularis und die
daraus entstehende Schultersteife. Arch. Gen. Med., 2: 513,
1892.

Barnbeck, F. and Hierholzer, G.: Analyse des Sammelbegriffes
“Periarthritis humeroscapularis.” Akt. Traumatol., 21: 49, 1991,

Baslund, B., Thomsen, B. S. and Jensen, E. M.: Humero-
scapular periarthrosis. Ugeskr. Laeger, 153: 170, 1991.

Sommerich, C. M., McGlothlin, J. D. and Marras, W. S.: Occu-
pational risk factors associated with soft tissue disorders of
the shoulder: a review of recent investigations in the litera-
ture. Ergonomics, 36: 697, 1993.

Keilholz, L., Kutzki, D., Sauer, R. and Seegenschmiedt, M. H.:
Periarthritis humeroscapularis (PHS). Indikationen, Technik
und Ergebnisse der Radiotherapie. Strahlenther. Onkol.,
171: 379, 1995.

Morris, H.: Riders sprain. Lancet, 2: 557, 1882.

Allander, E.: Prevalence, incidence, and remission rates of
some common rheumatic diseases or syndromes. Scand.
J. Rheumatol., 3: 145, 1974.

Verhaar, J. A.: Tennis elbow. Anatomical, epidemiological and
therapeutic aspects. Int. Orthopaed., 18: 263, 1994.

O’Dwyer, K. J. and Howie, C. R.: Medial epicondylitis of the
elbow. Int. Orthopaed., 19: 69, 1995.

Day, B. H., Govindasamy, N. and Patnaik, R.: Corticosteroid
injections in the treatment of tennis elbow. Practitioner, 220:
459, 1978.

Thschantz, P. and Meine, J.: Epitrochleite. Causes, diagnostic,
modalites therapeutiques. Z. Unfallchir. Versicherungsmed.,
86: 145, 1993.

Gellman, H.: Tennis elbow (lateral epicondylitis). Orthop. Clin.
N. Amer., 23: 75, 1992.

Ritzenhoff, J. and Knapp, D.: Die Langzeitergebnisse der Epi-
condylitis humeri ulnaris (“Golferellbogen”) nach Behand-
lung analog der Hohmann sschen Einkerbung bei der Epi-
condylitis humeri radialis (“Tennisellbogen”). Z. Orthop. Thre
Grenzgeb., 130: 399, 1992.

Riepert, T., Drechsler, T., Urban, R., Schild, H. and Matern, R.:
Haufigkeit, Altersabhingigkeit und Geschlechtsverteilung
des Fersensporns. Analyse der Rontgenmorphologie bei 1027
Patienten der mitteleuropéischen Population. Rofo Fortschr.
Geb. Rintgenstr. Neuen Bildgeb. Verfahr., 162: 502, 1995.

Banadda, B. M., Gona, O., Ndlovu, D. M. and Vaz, R.: Calcaneal
spurs in a black African population. Foot Ankle, 13: 352,
1992.

DuVries, H. L.: Heel spur (calcaneal spur). A M.A. Arch. Surg,,
74: 536, 1957.

Furey, J. G.: Plantar fasciitis: the painful heel syndrome.
J. Bone Joint Surg., 57: 672, 1975.

Baxter, D. E. and Thigpen, C. M.: Heel pain—operative results.
Foot Ankle, 5: 16, 1984,

Wittenberg, R., Schaal, S. and Muhr, G.: Surgical treatment of
persistent elbow epicondylitis. Clin. Orthop., 278: 73, 1992.

Verhaar, J., Walenkamp, G., Kester, A., van Mameren, H., van
der Linden, T.: Lateral extensor release for tennis elbow. A
prospective long-term follow-up study. J. Bone Joint Surg,
75: 1034, 1993.

Labelle, H., Guibert, R., Newman, N., Fallaha, M., Rivard,
C. H.: Lack of scientific evidence for the treatment of lateral
epicondylitis of the elbow. An attempted meta-analysis.
J. Bone. Joint. Surg.—Brit. Vol., 74: 646, 1992.

Stratford, P. W., Levy, D. R, Gauldie, S., Miseferi, D. and Levy,
K.: The evaluation of phonophoresis and friction massage as



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

EXTRACORPOREAL SHOCK WAVES FOR ORTHOPEDIC DISEASES

treatments for extensor carpi radialis tendinitis: a random-
ized controlled trial. Physiother. Canada, 41: 93, 1989,

Ebenbichler, G. and Resch, K. L.: Kritische iiberpriifung des
therapeutischen Ultraschalls. Wien. Med. Wochenschr., 144:
51, 1994.

Grossi, E., Monza, G. C., Pollavini, S. and Bona, L.: NSAID
ionisation in the management of soft-tissue rheumatism: role
played by the drug, electrical stimulation and suggestion.
Clin. Exp. Rheumatol., 4: 265, 1986.

Ernst, E. and Fialka, V.. Low-dose Lasertherapie: eine
kritische Prifung der klinischen Wirksamkeit. Schweiz.
Med. Wochenschr., 123: 949, 1993.

Anderson, R. B. and Foster, M. D.: Operative treatment of
subcalcaneal pain. Foot Ankle, 9: 317, 1989.

Dahmen, G. P., Meiss, L., Nam, V. C., Franke, R. and Gonchars,
V.: Extrakorporale Stof3wellentherapie (ESWT) im knochen-
nahen Weichteilbereich an der Schulter. Erste Thera-
pieergebnisse. Ext. Orthopaed., 15: 25, 1992.

Dahmen, G. P, Franke, R., Gonchars, V., Poppe, K., Lentrodt,
S., Lichtenberger, S., Jost, S., Montigel, J., Nam, V. C. and
Dahmen, G.: Die Behandlung knochennaher Weich-
teilschmerzen mit Extrakorporaler StoBlwellentherapie
(ESWT), Indikation, Technik und bisherige Ergebnisse. In:
Die StoBwelle—Forschung und Klinik. Edited by C. Chaussy,
F. Eisenberger, D. Jocham and D. Wilbert. Tiibingen: At-
tempto Verlag, p. 175, 1995.

Haist, J. and von Keitz-Steeger, D.: Shock wave therapy in the
treatment of near to bone soft tissue pain in sportsmen. Int.
J. Sports Med., 17: §79, 1996.

Rompe, J. D., Hopf, C., Eysel, P., Heine, J., Witzsch, U., Nafe,
B.: Extrakorporale StoBwellentherapie des therapieresis-
tenten Tennisellbogens—erste Erfahrungen von 150 Pati-
enten. In: Die StoBwelle—Forschung und Klinik. Edited by C.
Chaussy, F. Eisenberger, D. Jocham and D. Wilbert. Tubin-
gen: Attempto Verlag, p. 147, 1995.

Richter, D., Ekkernkamp, A. and Muhr, G.: Die extrakorporale
StoBwellentherapie—ein alternatives Konzept zur Behand-
lung der Epicondylitis humeri radialis. Orthopéde, 24: 303,
1995.

Rompe, J. D, Kiillmer, K., Eysel, P., Riehle, H. M., Biirger, R.
and Nafe, B.. Niedrigenergetische extrakorporale
StoBwellentherapie ESWT beim plantaren Fersensporn. Or-
thop. Praxis, 32: 271, 1996.

Cass, A. S,, Doce, C. D. and Ugarte, R. R.: Extracorporeal shock
wave lithotripsy induced stimulation of the obturator nerve.
J. Urol., 151: 144, 1994.

Schelling, G., Delius, M., Gschwender, M., Grafe, P. and
Gambihler, S.. Extracorporeal shock waves stimulate frog
sciatic nerves indirectly via a cavitation-mediated mecha-
nism. Biophys. J., 1994: 133, 1994.

Bosworth, B. M.: Calcium deposits in the shoulder and subacro-
mial bursitis: a survey of 12,122 shoulders. J.AM.A., 116:
2477, 1941.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

11

DePalma, A. and Kruper, J.: Long-term study of shoulder joints
afflicted with and treated for calcific tendinitis. Clin. Orthop.,
20: 61, 1961.

Gartner, J.: Tendinosis calcarea—Behandlungsergebnisse mit
dem Needling. Z. Orthop., 131: 461, 1993.

Harmon, P. H.: Methods and results in the treatment of 2580
painful shoulders with special reference to calcific tendinitis
and the frozen shoulder. Amer. J. Surg., 95: 527, 1958.

Loew, M., Jurgowski, W. and Thomsen, M.: Die Wirkung ex-
trakorporaler Stofiwellen auf die Tendinosis calcarea der
Schulter. Urologe A, 34: 49, 1995.

Plenk, H.: Calcifying tendonitis of shoulder; critical study of
value of x-ray therapy. Radiology, 59: 384, 1952.

Ark, J. W, Flock, T. J., Flatow, E. L. and Bigliani, L. U.:
Arthroscopic treatment of calcific tendinitis of the shoulder.
Arthroscopy, 8: 183, 1992.

Loew, M. and Jurgowski, W.: Erste Erfahrungen mit der Ex-
trakorporalen StoBwellen-Lithotripsie (ESWL) ind der Be-
handlung der Tendinosis calcarea der Schulter. Z. Orthop.,
131: 470, 1993.

Jurgowski, W., Loew, M., Cotta, H. and Staehler, G.: Extracor-
poreal shock wave treatment of calcareous tendinitis of the
shoulder. J. Endourol., suppl., 7: S193, abstract P.XXI-11,
1993.

Constant, C. R. and Murley, A. H.: A clinical method of func-
tional assessment of the shoulder. Clin. Orthop. Rel. Res.,
214: 160, 1987.

Loew, M., Jurgowski, W., Mau, H. C. and Thomsen, M.: Treat-
ment of calcifying tendinitis of rotator cuff by extracorporeal
shock waves: a preliminary report. J. Shoulder Elbow Surg.,
4: 101, 1995.

Rompe, J. D., Rumler, F., Hopf, C., Nafe, B. and Heine, J.:
Extracorporeal shock wave therapy for the calcifying tendi-
nitis of the shoulder. Clin. Orthop. Rel. Res., 321: 196, 1995.

Rompe, J. D., Hopf, C., Kiillmer, K., Heine, J. and Biirger, R.:
Analgesic effects of extracorporeal shock-wave therapy on
chronic tennis elbow. J. Bone Joint Surg. Brit. Vol., 78: 233,
1996.

Loew, M., Jurgowski, W., Mau, H., Perlick, L. and Kuszniercak,
D.: Die Wirkung extrakorporal erzeugter hochenergetischer
StoBwellen auf den klinischen, rontgenologischen undhistolo-
gischen Verlauf der Tendinosis calcarea der Schulter—eine
prospektive Studie. In: Die Stofiwelle—Forschung und
Klinik. Edited by C. Chaussy, F. Eisenberger, D. Jocham and
D. Wilbert. Tbingen: Attempto Verlag, p. 153, 1995.

Haupt, G., Dahmen, G., Loew, M., Haist, J., Rompe, J.-D. and
Schleberger, R.: Standortbestimmung der Arbeitsgruppe “Or-
thopidische Stoflwellenbehandlungen”. In: Die Stowelle—
Forschung und Klinik. Edited by C. Chaussy, F. Eisenberger,
D. Jocham and D. Wilbert. Tibingen: Attempto Verlag, p.
137, 1995.

van der Assen, N.: Bericht mobile Lithotripsie. Dtsch. Gesell.
StoBwellenlithotripsie, 1996.



	USE OF EXTRACORPOREAL SHOCK WAVES IN THE TREATMENT OF PSEUDARTHROSIS, TENDINOPATHY AND OTHER ORTHOPEDIC DISEASES
	WOUND HEALING
	EFFECTS OF SlIOCK WAVES ON BONE TISSUE
	TREATMENT OF PSEUDARTHROSIS
	USE OF SHOCK WAVES IN ENDOPROSTHESIS
	OSTEOCHONDROSIS
	TENDINOPATHY (TENNIS ELBOW. PERIARTHRITIS HUMERO- SCAPULARIS, CALCANEAL SPUR)
	CALCIFIC TENDINITIS
	CONCLUSIONS
	REFERENCES


