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Introduction 

More than 130 years ago Runge published his “Zur Genesis und Behand-
lung des Schreibkampfes[1].” Just 10 years ago Morris introduced the term
“lawn tennis elbow[2].” Prevalence is described between 1% and 3%[3, 4]. Epi-
condylitis is associated with severe pain and restriction in range of motion
(ROM). More than 50% of patients consult an orthedic surgeon[4]. Surgery is
performed in less than 12%[5]. ESWT is well known to achieve excellent or
good results in 79% and 89% of patients respectively. Dahmen described the
first shock wave therapies in muscular pain disorders. He used large units with
focused shock waves from urologic departments[6]. During the last decade an
alternative ESWT option was designed, namely radial Extracorporeal Shock
Wave Therapy or rESWT using the Swiss DolorClast® device[7]. We have stud-
ied the effect on lateral epicondylitis.

1 Urological clinic and policlinic - University of Cologne
2 Private practice, Friedrichshafen
3 Private practice, Dingolfing
4 Private practice, Stuttgart
5 Sportsmedicine Institute of Frankfurt
6 Urological clinic – Uniersity of Bochum, Herne

Chapter 19.fm  Page 205  Tuesday, November 21, 2006  7:53 PM



206 EXTRACORPOREAL SHOCK WAVE THERAPY

Materials and Methods

One hundred and sixteen consecutive patients with epicondylitis lateralis
were examined as part of a multicentric, prospective, randomized and placebo-
controlled study. We enrolled patients with a pain history of at least 6 months and
at least 2 different failed attempts with a conservative treatment. In all cases sur-
gery was indicated. The exclusion criteria we used were defined as poor health
(Karnofsky index < 70), a specific epicondylitis related intervention within 2
weeks prior to ESWT, pregnancy, disturbance of coagulation, tumor, and systemic
diseases which could be feasible to generate tennis elbow like pain (e.g. collageno-
sis, rheumatic diseases).

Patients were randomized into a verum or sham ESWT group. Both groups
obtained identical treatments but the placebo group received modified treatment
set up to be sure that no energy passes the applicator. Patients were totally blocked
from shock waves.  Up to 3 treatments were conducted without local anesthesics
except in a few cases if pain was not acceptable. Follow-up exams were conducted
1, 4, and 12 weeks after intervention.

In the placebo or control group, if pain persisted 4 weeks after ESWT, blind-
ing was broken and patients were offered the opportunity to cross over into the
active unblinded ESWT group. 

Questionnaires were filled out by the treating orthopedist or surgeon and
forwarded anonymously to the study center for statistical evaluation (SPSS).

Results

Fifty-five patients were randomized to the placebo group and 61 were ran-
domly assigned to active treatment. Demographic data (Table 1) as well as symp-
toms and initial findings (Table 2) did not show any statistical difference.

Treatments were performed with 2000 shock waves at application pressure of
4 bar. Local anesthesia was required in only 11 patients (20%) of the verum group
and in 1 patient (1.6%) of the control group. Local symptoms could be observed
immediately following the treatment (Table 3), without clinical relevance, and
they disappeared completely after 1 week.
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Table 1. Demographic data.

Patients from the sham group were excluded in placebo analysis as soon as
they crossed over to verum treatment. They were analyzed as “changers” (Table
4). Seven patients left the study for different reasons (2 operative treatments, 5
due to different systemic diseases). Four patients were lost during follow-up. We
are able to re-examine 96.5% of patients during the follow-up period.

After one week, 73% of the verum patients and 28% of patients from the con-
trol group noticed an improvement. At the 4-week follow-up, the evaluation of
subjective improvement was significantly better in the verum group compared to
placebo. In the active group 63% indicated improvement (47% reported improve-
ment of at least 40%), while in the control group 48% indicated an improvement
of at least 40%. Twelve weeks after rESWT, most of the control patients could no
longer be followed up as control patients because of persistent pain.

Table 2. Clinical evidence (%).

Total Verum group Control group

Age (years) 46.2 ± 9.4 47.4 ± 9.3 45.1 ± 9.5

Female 48 21 27

Male 78 34 44

Right position 55 40 15

Left position 61 46 15

Pain duration (months) 16.4 ± 16.2 15.3 ± 13.8 17.3 ± 18.9

Verum Control

Awakening due to pain 26 24

Limitation during ADL 48 59

Limitation during sports 36 40

Limitation during work 45 43

Disturbance in finger extension 39 42

Disturbance in finger flexion 8 16
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Table 3. Adverse events (%).

In accordance with directives from the ethics commission, randomization was
terminated after 4 weeks for patients without successful treatment (improve-
ment less than 50%). These patients were offered verum treatment. At this
point, 83% of verum patients indicated an improvement. Control patients
without significant improvement had left the control group and experienced a
verum treatment as changers. All of them were analyzed as changers after cross
over. Only few control patients who noticed an improvement and whose ran-
domization was not terminated remained in the control group. Even though
they represent a positive selection from the control group, their results do not
reach the primary or secondary verum and changer groups. After 52 weeks,
only 11% of all patients reported no improvement, 70% of patients with pri-
mary or secondary verum treatment noticed improvements of at least 80%
(Figure 1).

In terms of the criteria pressure pain, night pain, pain at rest and pain during
exercise (Figures 2-5), the verum treatment proved clearly superior as shown in
the specific tests as well (Figures 6-8).

Table 4. Number of patients in follow-up examinations.

Postoperative Results All Verum Control

Local skin irritation 51 45 6

Petechial bleedings 21 19 2

Hematoma 3 3 0

Swelling 35 30 5

Pain 39 34 5

1 week 4 week 12 week 52 week

Verum 27 34 42 48

Control 44 50 17 16

Changer - - 37 41

All 71 84 96 105
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Figure 1. Subjective improvement (Visual Analog Scale).

The subjective evaluation shows a slight advantage of the verum group after 1
week. After 12 weeks only 5% of verum patients and 20% of changers obtained
poor results. Among the patients who remained in the control group (improve-
ment of a least 50%), 29% reported poor results. After 52 weeks, only 4% of
patients within the verum group scored as poor. In contrast, the changer group
was less successful (22% poor results) (Figure 9).

Figure 2. Local pain (Visual analog Scale).
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Figure 3. Night pain (Visual analog Scale).

Figure 4. Pain at rest (Visual analog Scale).

Figure 5. Pain during exercise (Visual analog Scale).
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Figure 6. Thomsen-Test (Visual analog Scale).

Figure 7. Midfinger-Test (Visual analog Scale).

Figure 8. Chair-Test (Visual analog Scale).
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Figure 9. Subjective outcome.

Figure 10 shows the percentage of treatment recommendation by patients.
81% of all verum patients (primary verum and changers) would like to repeat the
treatment after 52 weeks if the same pain would occur. Significant symptoms
were reported to limit a variety of activities (Figures 11-13). The limitations
decreased over time.

Only patients with these symptoms were included in the following evalua-
tion. The analysis showed the percentage of patients who still suffered

Figure 10. Patients recommendation for ESWT.
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Figure 11. Limitation during sports (Percentage value of the original patients
with this symptom).

Figure 12. Limitation in daily life (Percentage value of the original patients with
this symptom).

Figure 13. Restriction in occupation (Percentage of patients with this symptom).
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from symptoms. After 12 weeks 64% of control patients had switched to verum
treatment and 70% within 52 weeks because of persistent symptoms. That indi-
cates a significant selection of control patients at this point in time, which
resulted in biasing the overall study results.

Discussion

Dahmen was the first to treat soft tissue pain near bones with extracorporeal
shock waves[1]. Until December 1994 he treated 512 patients who received a total
of 4892 shock wave treatments. Two hundred and eighty-nine of these patients
had a minimum follow-up period of 6 months (average 12.1 months). Overall, a
large variety of patients with 30 different syndromes were enrolled in this uncon-
trolled study. Of the patients, 52% had good results and 28% found an improve-
ment. Only 3% of patients had surgery[2]. 

Haist reported 812 patients with enthesiopathies who received an average of
2.2 shock wave treatments with a Siemens Lithostar Overhead Module. Five hun-
dred and twenty-five patients suffered from radial epicondylitis, 87 from ulnar
epicondylitis and 113 patients were enrolled suffereing from  periarthopathy
humeroscalpularis. Of these patients, 76.5% had a follow-up of at least 3 months.
Of patients with epicondylitis, 76.1% reported very good or good results whereas
only 7.1% did not obtain a satisfactory condition[12]. 

In another study, Rompe treated 150 patients with epicondylitis after unsuc-
cessful conservative therapy of at least 3 months, although the average conserva-
tive therapy was 15 months. On average, 5 conservative therapy attempts were
conducted. As an example, 92% of patients had received steroid injections. A 3-
week treatment period preceded shock wave therapy. Patients were enrolled only
if surgery was indicated. An Osteostar was used to apply 1000 shock waves 3 times
at weekly intervals with an energy density of 0.06 mJ/mm2. All 5 selected parame-
ters (e.g. night pain, pain with or without activity) showed significant improve-
ments. Forty-eight patients showed very good and 51% good results. Only 24
patients achieved no improvement. Fifteen of them were operated. In summary, a
success rate of 84% was achieved in a patient group where, without shock wave
therapy, operative therapy would have been performed[13]. 

With higher energies, the Ossatron achieved success in 8 of 10 patients with
epicondylitis (n=10). Here the average conservative treatment rate was signifi-
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cantly lower at 1.3; no more than 3 treatments were performed[14]. Diesch
obtained similar results in 80 patients with epicondylitis (success rate 68%)[3].
Using the same equipment, Richter, however, considered 6-month results as dis-
appointing[4]. Schleberger, however, preferred the ultrasound-controlled MPL
9000 for shoulder treatments while he used the MFL 5000 for epicondylitis[5]. 

In summary, the studies mentioned above report success rates like those in
this study. However, the generation of shock waves is different: all studies men-
tioned above have used shock wave units emitting focused shock waves. Radial
shock waves as used for this study obtained identical success rates but required
fewer equipment resources.
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