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Summary. Fifty patients who suffered from per-
sistent tennis elbow for more than 12 months, and
were referred for surgical treatment, were assigned
at random to 2 groups of low-energy extracorporal
shock wave therapy. Group I received a total of
3000 impulses of 0.08 mJ/mm2; group II (controls)
30 impulses of 0.08 mJ/mm2. Follow up was after 3
and 12 weeks. We found no significant differences
between the 2 groups before treatment, there was
but significant relief of pain and improvement of
function in group I with good or excellent outcome
in 56% at the last evaluation.

Résumé. Le but de cette e´tude est d’e´valuer les
effects des ondes de choc de basse e´nergie sur les
douleurs persistantes de l’e´piconcyle afin de pre´-
ciser leur utilisation en orthope´die. On a divise´
50 patients en deux groupes selon le nombre des
ondes de choc applique´es. Le groupe n° I qui a
rec̨u trois fois 100 impulsions a` 0.08 mJ/mm2
montrait significativement des meilleurs re´sultats
après trois et douze semaines que le groupe n° II
qui a rec̨u trois fois 10 impulsions a` 0.08 mJ/mm2.
Globalement nous avons trouve´s des re´sultats bons
et excellents chez 56% des patients du groupe n° I
comparéavec 20% chez des patients du groupe
n ° II.

Introduction

Our knowledge of the aetiology and pathology of
tennis elbow remains vague [5, 7], and it is not
clear whether conservative treatment [11, 14] or
operation gives the best results [12].

We describe a study to evaluate the efficacy of
low-dose extracorporal shock wave therapy
(ESWT) in the treatment of this condition.

Materials and methods
During a two year period, 60 patients with pain on the lateral
side of the elbow qualified for this study; 10 dropped out
during the first 9 weeks, leaving 50 patients available.

The criteria for inclusion were pain over the epicondyle for
more than 12 months and unsuccessful treatment during the
6 months before referral to hospital. In addition, pain had to be
reproduced by 2 or more of the following tests [11]:
(i) Palpation of the lateral epicondyle.
(ii) Resisted wrist extension with the shoulder flexed to 60°,

the elbow extended and the wrist extended to about 30°.
Pressure was applied to the dorsum of the 2nd and 3rd
metacarpal bones in the direction of flexion and ulnar
deviation to demonstrate involvement of the extensor
carpi radialis longus and brevis muscles.

(iii) Resisted finger extension with the shoulder flexed to
60 °, the elbow extended, the forearm pronated and the
fingers extended. Resisted extension was applied manu-
ally to the middle finger.

(iv) The chair test. With shoulder flexed to 60° and the elbow
extended, the subject lifted a chair weighing 3.5 kg.

Criteria for exclusion were dysfunction in the shoulder,
neck or thoracic region, local arthritis, generalised polyarthri-
tis, neurological abnormality, radial nerve entrapment, under
18 years of age, pregnancy, infections or tumours, and a
reduced range of movement in the elbow.

All the patients were told that two modes of ESWT were to
be tried. No other treatment or drugs were used for 6 weeks
before the trial began or while it was being carried out. The
patients were instructed to use their arm, but to avoid painful
movements.
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Consecutive cases were randomly assigned to one of
2 groups:

Group I: 25 patients, 10 women and 15 men with a mean
age of 41.5 years (range 25 to 65 years) and with a mean
duration of pain of 23 months (range 13 to 84 months).

Group II (controls): 25 patients, 16 women and 9 men with
a mean age of 43.2 years (range 31 to 58 months) and with a
mean duration of pain of 20 months (range 12 to 72 months).

Method of treatment.ESWT was applied by an experimental
device, the Siemens Osteostar (Siemens AG, Erlangen, Ger-
many), characterised by the integration of an electromagnetic
shock wave generator in a mobile fluoroscopy unit. The shock
waves are generated by passing a strong electric current
through a flat coil. This induces a magnetic field which itself
induces another magnetic field in a metal membrane overlying
the flat coil. Just as similar poles repel each other, so do the
generated magnetic fields of the membrane and the coil.

By means of an acoustic lens, the focus of the shock wave
sources is located at the centre of the C-arm. The focal area is
defined as the area in which 50% of the maximum energy is
reached. It has a length of 50 mm in the direction of the axis of
the shock wave, and a radius of 3.5 mm perpendicular to this
axis. When the lateral epicondyle was situated in the centre of
the C-arm the shock wave unit was docked on to the elbow by
means of a water-filled cylinder. An ultrasound gel was used as
a contact medium between the cylinder and skin.

Both groups were treated under the same conditions; the
patients were treated singly so that they did not influence each
other. Three times, at weekly intervals, 1000 impulses of
0.08 mJ/mm2 (group I) or 10 impulses of 0.08 mJ/mm2

(group II) were administered to the anterior aspect of the
lateral epicondyle, and at 3 points around this site at a radius of
1.5 cm to 2 cm. Follow up was 3 and 12 weeks after the last of
application of ESWT.

Method of evaluation.The severity of pain was evaluated with
a visual analogue scale ranging from 0 (no pain) to 100
(maximal pain). At 6 weeks, the patients’ treatment group was
checked so that group II could be offered effective treatment.

Examination consisted of the 4 diagnostic tests which
determined entry into the study. In addition, grip strength
was measured on both sides with a vigorimeter, a dynam-
ometer with a rubber balloon which is compressed by hand.
Air pressure within the balloon was recorded in kp/cm2.

The grip strength was classified as [14]: 1 = equal strength
on both sides; 2 = up to 25% reduction compared with the
opposite side; 3 = up to 50% reduction; 4 = up to 75%
reduction. Night and resting pain were recorded.

At the end of follow up every patient was asked about their
pain compared to before treatment and rated as [15]: 1 = ex-
cellent, no pain. full movement, full activity; 2 = good, occa-
sional discomfort, full movement, full activity; 3 = acceptable,
some discomfort on prolonged activity; 4 = poor, pain limiting
activity.

The Mann-Whitney’s U-test of 2 independent samples was
used for statistical analysis.

Results

Subjective outcome

Night pain varied in group I from a mean of 25.0 at
the beginning of the study to 26.5 just before the
start of ESWT, compared with 27.1 (p40.05) and

28.1 (p40.05) in group II. In group I, there was a
decrease of 55.4% after 3 weeks, and of 69.8%
after 12 weeks. In group II the data were –23.6%
(p50.0001) and –25.4% (p50.0001), indicating
an increase of pain at both times (Fig. 1).

Rest pain varied in group I from a mean of 30.3
at the beginning to 34.1 just before the start of
ESWT, compared to 25.8 (p 40.05) and 27.3
(p 40.05) in group II. In group I, there was a
decrease of 50.7% after 3 weeks and 56.6% after
12 weeks. In group II, the corresponding data were
–12.8% (p 50.001) and –23.4% (p 50.0001),
indicating increased pain at 3 and 12 weeks
(Fig. 2).

Local tenderness varied in group I from a mean
of 66.6 at the beginning of the study to 68.6 before
the start of ESWT, compared to 55.6 (p 50.05)
and 60.7 (p 40.05) in group II. In group I, there
was a decrease of 51.7% at 3 weeks and 60.6%
after 12 weeks. In group II the data were 2.5%
(p50.0001) and 1.2% at 3 and 12 weeks (Fig. 3).
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Fig. 1. Development of night pain over 12 weeks.VAS, visual
analogue scale score (mean)

Fig. 2.Development of rest pain over 12 weeks.VAS, visual
analogue scale score (mean)
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Pain during resisted wrist extension varied in
group I from a mean of 53.6 at the beginning to
54.9 just before the start of ESWT, compared to
39.2 (p40.05) and 52.8 (p40.05) on group II. In
group I, there was a decrease of 47.3% after
3 weeks and 53.9% after 12 weeks. In group II the
data were 1.3% (p 50.0001) and –8.7%
(p50.0001) at 3 and 12 weeks (Fig. 4).

Pain during resisted finger extension varied in
group I from a mean of 54.6 at the beginning to
54.3 just before ESWT started, compared to 51.7
(p 40.05) and 55.4 (p 40.05) in group II. In
group I, there was a decrease of 45.1% after
3 weeks and 56.3% after 12 weeks. In group II the
data were –9.9% (p 50.0001) and –13.3%
(p50.0001) at 3 and 12 weeks (Fig. 5).

Pain during the chair test varied in group I from
a mean of 46.8 at the beginning to 49.1 just before
ESWT started, compared to 48.9 (p 40.05) and
52.0 (p40.05) on group II. In group I, there was a

decrease of 49.5% after 3 weeks and 57.6% after
12 weeks. In group II the data were 1.0%
(p 50.0001) and –3.5% (p 50.0001) at 3 and
12 weeks (Fig. 6).

Objective outcome

Evaluation of grip strength varied from a mean of
2.4 at the beginning to 2.6 just before ESWT
started in group I, compared to 2.4 (p40.05) and
2.6 (p40.05) in group II. In group I, there was a
decrease of 29.2% after 3 weeks and 33.8% after
12 weeks. In group II, the data were 7.7%
(p50.05) and 3.8% (p50.05) at 3 and 12 weeks
(Fig. 7).

Overall outcome

In group I, the results were 8 excellent, 8 good and
9 acceptable after 3 weeks (mean 2.0), and after
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Fig. 3. Development of tenderness over 12 weeks.VAS, visual
analogue scale score (mean)

Fig. 4. Development of pain during resisted wrist extension.
VAS, visual analogue scale score (mean)

Fig. 5. Development of pain during resisted finger extension
over 12 weeks.VAS, visual analogue scale score (mean)

Fig. 6. Development of pain during the chair test over
12 weeks.VAS, visual analogue scale score (mean)
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12 weeks the corresponding figures were 6, 8 and 5.
There were 6 poor results. In group II, the data
were 5 good, 8 acceptable and 12 poor (mean 3.3)
after both 3 and 12 weeks (allp50.05).

Four patients in group I, all with poor results,
underwent a Bosworth operation after the study
had finished; 6 months later the results were 1 good
and 3 acceptable.

Discussion

Although more than 40 different treatments have
been described for tennis elbow, none has been
found which has been directed to the cause [1].
Diagnosis is straightforward, but treatment is often
difficult [8].

ESWT was first used for kidney and gallstones,
and later for delayed and nonunion of fractures
[10, 17, 18]. Good results were reported in cal-
careous tendinitis of the shoulder with both low
and high energy [2, 13]. Since 1991, we have used
ESWT for pain on the outer side of the elbow with
promising results and this led to the prospective
study reported in this paper. Ultrasound [4, 16],
ionisation [9] and low-dose laser therapy have
shown only a placebo effect, but steroid injections
are beneficial [3] compared to local anaesthetic or
saline. Injection failed in our patients, 92% of
whom had received at least one steroid injection
into the lateral epicondyle.

In the present randomised controlled study we
found a significant decrease of pain and increased
grip strength with no side effects. Immobilisation
was not needed and the treatment was carried out
as an outpatient. Working ability was not dimin-
ished. Nevertheless, as with the other treatments,
the mechanism of action is not known, although
inhibition of afferent nerves has been discussed as

a possibility [2]. We have shown that the shock
waves have a dose-dependent analgesic effect,
pushing back the indications for an effective op-
eration even further.

The success of this new treatment warrants
further study to determine the most efficient en-
ergy and number of the shock waves, and the
mechanism of pain relief. Comparison with other
conservative or operative procedures is necessary,
but difficult because studies rarely include control
groups and have variables in the number of pa-
tients, the duration of pain before treatment and the
time of follow up [12].
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Fig. 7. Development of grip strength over 12 weeks



27

16. Stratford PW, Levy DR, Gauldie S, Miseferi D, Levy K
(1989) The evaluation of phonophoresis and friction
massage as treatments for extensor carpi radialis tendini-
tis: a randomized controlled trial. Physiotherapy Canada
41: 93–99

17. Sukul K, Johannes EJ, Pierik E, van Eijck G, Kristelijn M
(1993) The effect of high energy shock waves focused on
cortical bone: an in vitro study. J Surg Res 54: 46–51

18. Valchanou VD, Michailov P (1991) High energy shock
waves in the treatment of delayed and nonunion of frac-
tures. Int Orthop 15: 181–184

19. Verhaar J, Walenkamp G, Kester A, van Mameren H, van
der Linden T (1993) Lateral extensor release for tennis
elbow. A prospective long-term follow-up study. J Bone
Joint Surg [Am] 75: 1034–1043

20. Wittenberg R, Schaal S, Muhr G (1992) Surgical treatment
of persistent elbow epicondylitis. Clin Orthop 278: 73–80

S
:
/
s
p
r
i
n
g
e
r
/
o
r
t
/
o
r
t
1
6
9
.
3
d

-

3
0
.
5
.
1
9
9
6

-

0
7
:
4
0
:
2
7

-

D
O
R
I
S

J. D. Rompe et al.: Persistent tennis elbow


