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a b s t r a c t

Extracorporeal shockwave therapy (ESWT) is used in a number of indications in the medical field. A
number of tendinopathies show good and excellent results due to evidence based medicine. The treat-
ment of lateral epicondylitis is known to show conflicting results. This overview of the published RCT's
on ESWT for lateral epicondylitis tries to show the reasons for this conflicting data-base and point out,
why we think that this is still a main indication for extracorporeal shockwave therapy.

© 2015 Published by Elsevier Ltd on behalf of IJS Publishing Group Limited.
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1. Introduction

The German Dr. F. Runge first described Epicondylitis humeri
radialis in 1873, as “writers cramp”, and then 1883 as “Lawn Tennis
elbow” in the British Journal of Sports Medicine [1]. Tennis elbow is
more accurately described and understood as lateral elbow ten-
dinopathy d a process of failed healing affecting the common
extensor tendon. Tennis elbow (also known as lateral epicondylitis)
is characterized by chronic degeneration at the origin of the
extensor carpi radialis brevis muscle on the lateral epicondyle of

the humerus. It is usually caused by injury or overuse. Symptoms
include pain, weakness and stiffness of the outer elbow. It is one of
the most common tendinopathies of the upper extremity with an
annual incidence of 1e3% of the total population [2]. Conservative
treatments include rest, application of ice, analgesic medications
with NSAR or orthopedic devices. As well physiotherapy and
eccentric training and stretching are in use. Controversially dis-
cussed but still in use are corticosteroid injections. Over 50% of the
patients go to an orthopedic surgeon, and there is a percentage of
12%, that undergo surgery after failed conservative treatment.

In the beginning of the 1990s extracorporeal shockwave therapy
found it's way to orthopedic treatment procedures and epi-
condylitis was one of the first and obviouslymost successful treated* Corresponding author.
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indications for ESWT. Quite a number of RCTs (Randomized
Controlled Trials) were performed to prove the efficacy of the
treatment. The treatment of radial epicondylitis by ESWT even got
an FDA-approval in the USA [14,15].

But there are high-quality studies, which showed not as strong
results in comparison to placebo as expected and the role of ESWT
for epicondylitis had to be discussed again.

According to the guidelines of ISMST (International Society for
Medical Shockwave Treatment) and DIGEST (Deutschsprachige
Internationale Gesellschaft für Extrakorporale Stobwellentherapie)
in the following overviewwewant to summarize the actual known
and published level-1b studies (Level of Evidence based on AHCPR
1992) with Evidence obtained from at least one randomized
controlled trial. Therefor we performed a search in internet using
Pubmed and Cochrane-Registers and took a look at the reference
lists of articles and dissertations as well as the given talks at the
international conferences of DIGESTand ISMST.We tried to compare
and analyze the studies, especially on behalf of the diverging results
and outcomes as well as to point out possible conflicts according to
the study-design and the use of different shockwave-devices. The
interpretation of the data shows to be very difficult as there is a high
diversity of treatment protocols and the used scores and end-points.
In earlier publications and meta-analyses these studies were
excluded and smallest collections of three publications were
compared or all studies are included without differentiation of all
the bias of generators, local anesthesia and so on.

We therefor wanted to include the published level-1b-Studies
and rated them due to the clinical use and guidelines of ISMST
and DIGEST.

2. A number of studies with negative results were published
in the years of 2002 to 2008

Crowther et al. [3] published in 2002 a controlled trial
shockwave-therapy vs. local steroid injectionwith 93 patients with
a follow-up after 6 weeks and 3 months. After three months, 84% of
patients in group 1 were considered to have had successful treat-
ment by a single injection of 20 mg triamcinolone with lignocaine
compared with 60% in group 2 receiving 2000 shock waves in three
sessions at weekly interval.

The conclusion of the authors showed in the medium term local
injection of steroid being more successful and 100 (??) times less
expensive than ESWT in the treatment of tennis elbow. However
local injections of steroids have to be discussed as harmful in the
long term and therefore seems not to be a treatment option. Taking
a closer look to the study the randomization has to be criticized as a
number of patients randomized to receive the injection refused the
injection and therefore the patients receiving the injection are a
positive-selection.

In our opinion Crowther et al. even showed a positive result for
ESWT but the study has to be excluded as comparison to cortico-
steroids in chronic tissue disorders seems to be inadequate and the
randomization process was incorrect.

In one of the biggest studies Haake et al. [4] randomized 271
patients in a multi center study in 2002 comparing ESWT vs.
placebo.

Results: follow up at 6 weeks, 12 weeks and 12 months, Roles
and Maudsley score (see Figs. 1 and 2).

After three months, 25,8% in ESWT and 25,4% in placebo group
reached the primary end point in the Roles and Maudsley score “1
or 2” out of 4 and no requirement for additional treatment.

Conclusions of the authors
“Extracorporeal shockwave therapy as applied in the present

study is ineffective for the treatment of chronic lateral

epicondylitis. Six weeks, three months, and one year after extra-
corporeal shockwave therapy with 3 ! 2000 pulses and positive
energy flux density (EDþ) of 0,07 to 0.09 mJ/mm2 and use of local
anesthesia, we detected no relevant difference in the clinical suc-
cess rate compared with that in a placebo therapy group.”

In an additional follow-up after one year, the authors found an
improvement in two-thirds of the patients in both groups.

The study-design unfortunately includes the use of local anes-
thesia, very low intensities and as a multi center-study the
shockwave-generators were not similar and different intensities
were in use as revealed by the authors. According to Labek et al. [5]
the use of local anesthesia shows a negative influence on shock-
wave treatment and might have impaired this study. Local anes-
thesia inhibits the C-fibre-activity and substantially alters the
biological response to ESWT (see Fig. 5).

In an often quoted study Speed et al. [6] showed 2002 no sig-
nificant effect of ESWT in lateral epicondylitis within a short period
of 3 months (Figs. 3 and 4).

Results: 3 months follow-up. VAS.
At three months, 14 (35%) of the subjects in the ESWTgroup and

12 (34%) of the subjects in the sham group showed a positive
response (50% improvement from baseline) with respect to pain.

Conclusions of the authors
There appears to be a significant placebo effect of moderate dose

ESWT in subjects with lateral epicondylitis but there is no evidence
of added benefit of treatment when compared to sham therapy.

In comparison both groups show a low positive effect to the
treatment, but the sham group was treated with a minimal Energy
flux density of 0.04 mJ/mm. No matter the little amount of energy
this controverts the principle of a sham group.

Fig. 1. Haake et al. [4] e R&M-Score.

Fig. 2. Haake et al. [4] is Text 1 and belongs to Fig. 1.
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Melikyan et al. [7] showed in 2003 no difference between
ESWT and placebo using a foam pad and even showed about the
same number of patients going to surgery after remaining pain
within the two groups. All patients improved significantly over
time, regardless of treatment but still the authors had to state that
this study showed no evidence that extracorporeal shockwave
therapy for tennis elbow is better than placebo.

Chung et al. [8] who performed in 2004 a controlled trial with
59 patients in two groups using an electromagnetic shockwave-
device compared to a group with an intervening air pad to extin-
guish the shockwave-effect. All patients received additionally a
forearm-stretching program. Success rates in the sham and active
therapy groups were 31% and 39%, no significant difference was
detected between groups within the short follow-up of only 8
weeks. Still it has to be mentioned, that both groups showed within
the short FU an improvement in quality of life and grip-strength of
7.4 respectively 6.8 kg. This study therefore is limited due to a
variable amount of energy flux utilized and the short duration of
follow-up.

Lebrun et al. [9] performed a study including 60 patients in
2005.

The results after 8 weeks follow-up in VAS showed the pro-
portions of treatment successes in the sham ESWT and the active
ESWT with 31% and 39% (p ¼ 0.533).

In the conclusions of the authors a low-dose ESWT did not have
a clinically important effect in reducing pain, improving quality of
life, or increasing pain-free grip strength in middle-aged patients
with previously untreated unilateral or bilateral lateral epi-
condylitis. Here as well the short follow-up has to be criticized.

Staples et al. [10] in 2008 showed positive effects but no dif-
ferences within the two groups. Follow-up was investigated at 3
weeks, 3 months and 6 months. The groups did not differ on de-
mographic or clinical characteristics at baseline and there were
significant improvements in almost all outcome measures for both
groups over the 6-month follow-up period, but there were no dif-
ferences between the groups even after adjusting for duration of
symptoms. The authors therefore state, that this study found little
evidence to support the use of ESWT for the treatment of lateral
epicondylitis and is consistent to recent systematic reviews of
ESWT for lateral epicondylitis that have drawn similar conclusions.
Same as in the study of Speed et al. [6], Staples performs a “sub-
therapeutic” dose of ESWT in the sham group.

3. Studies with positive results in RCTs could be found in the
years 1996 to 2012

Mehra et al. [11] performed in 2003 a controlled trial to show
the use of a mobile lithotripter in the treatment of tennis elbow and
plantar fasciitis with a follow-up at 6 months, assessing a VAS.

In the treatment groups, a final pain score at six months post
treatment showed significant improvement (three or more points)
in 78% of patients with tennis elbow.

Conclusion of the authors:
The mobile lithotripter is an effective way of treating tennis-

elbow and plantar fasciitis but warrants further larger studies.
Rompe et al. [12] performed a placebo-controlled trial using

repetitive low-energy shock wave treatment in 2004 due to the
conflicting evidence regarding ESWT for chronic tennis elbow. The
treatment was performed with patients with recalcitrant MRI-
confirmed tennis elbow of at least 12 months duration and the
follow-up was performed at 3 and 12 months. Thomsen test, Roles
and Maudsley score, Upper Extremity Function Scale were used to
score the patients (see Figs. 5 and 6).

65% of the active group and 35% of placebo group were able to
perform activities at the desired level and achieved at least 50%

reduction of pain.
The conclusions of the authors agreed, that there is a significant

benefit of low-energy ESWT as applied when compared to sham
treatment for tennis elbow 3 months after intervention. There is a
considerable placebo effect of low-energy ESWT in patients with
chronic lateral epicondylitis.

Already in 1996 Rompe et al. [13] showed similar positive results
in a RCT with two groups treating lateral epicondylitis.

As well in 2004 Levitt et al. [14] presented a study at the AAOS
Annual Meeting including 183 patients using an electrohydraulic
device and a Styrofoam block showing a positive outcome as an
FDA-approval study.

Success after 8 weeks could be shown in 51% of the patients in
the ESWT-group and 37% in the placebo group in a self-assessment
and VAS.

Pettrone et al. [15] performed as well a RCT leading to an FDA-
approval in 2005 with a 12 weeks follow-up in the scores of
Thomsen test, pain score, and grip strength including 114 patients
(see Figs. 7 and 8).

61% (34) of 56 patients in the active treatment group compared
with only 29% (17) of 58 patients in placebo group had >50%
reduction of pain in Thomsen test. Likewise the functional activity
scores, activity-specific evaluation and overall impression of the
disease state showed significant improvement in the treatment-
group.

Extracorporeal shockwave therapy as utilized in the current
study, without the use of local anesthesia is safe and effective
treatment of chronic lateral epicondylitis as stated by the authors.

Fig. 3. Speed et al. [6] e Success rate.

Fig. 4. Speed et al. [6] is the according Text to Fig. 3.
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In patients who have had failure of conventional treatment of
lateral epicondylitis, shockwave therapy can significantly improve
the pain scores, functional scores, and the subjective impression of
the disease state.

Additionally in a follow-up after 12 months the improvement
persisted after ESWT in those patients that were followed (see
Fig. 7).

Spacca et al. [16] could display same good results in 2005 using a
radial shockwave-device, (see Figs. 9 and 10). Comparing the same
parameter before and after treatment within each group of each 31
patients, a statistically significant improvement is shown in the
study group. The authors state that the use of radial shockwave
therapy allowed a decrease of pain, and functional impairment, and
an increase of the pain free grip strength test, in patientswith tennis
elbow. The RSWT is safe and effective and must be considered as a
possible therapy for the treatment of patients with tennis elbow.

Radwan et al. 2007 [17] performed a controlled trial comparing
ESWT to surgery. Resistant tennis elbow: shock-wave therapy
versus percutaneous tenotomy with 12 weeks and 12 months
follow-up. At three months, the success rates, defined as Roles and
Maudsley score: excellent and good, were 74,1% of patients in the
tenotomy group and 65,5% of ESWT patients.

The success rate (Roles and Maudsley score: excellent and good)
at three months in the ESWT group was 65,5% and in the tenotomy
group was 74,1%. ESWT appeared to be a useful noninvasive treat-
ment method that reduces the necessity for surgical procedures.
(see Figs. 2, 4, 6, 8e10).

€Ozturan et al. [18] compared in 2010 autologous blood and

corticosteroid injection and extracorporeal shock wave therapy in
the treatment of lateral epicondylitis.

Thomsen provocative testing, upper extremity functional scores,
and maximal grip strength were used for evaluation. Follow-up at
4, 12, 26, and 52 weeks.

In Conclusion of the authors Corticosteroid injection provided a
high success rate in the short term but autologous blood injection
and extracorporeal shockwave therapy gave better long-term re-
sults, especially considering the high recurrence rate with corti-
costeroid injection.

The best long-term result was achieved by ESWT (89,9%) vs.
autologous blood injection (83.3%) after 52 weeks. Considering the

Fig. 5. Rompe et al. [12] e Success rate.

Fig. 6. Rompe et al. [12] belongs to Fig. 5.

Fig. 7. Pettorine et al. [15] e Results.

Fig. 8. Pettrone et al. [15] belongs to Fig. 7.

Fig. 9. Spacca et al. [16] e VAS-Score.
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harm corticosteroids may cause to the tendon and the high recur-
rence rate this therapy fails. Comparing ESWT and autologous
blood injection better results are presented for ESWT in the long-
term.

Gündüz et al. [19] performed 2012 a three-armed clinical trial
with ultrasonic comparison including 59 patients. Compared were
physical therapy, corticosteroid injections and shockwave therapy.
The authors imply that physical therapy modalities, corticosteroid
injection, and ESWT have favorable effects on pain and grip
strength in the early period of lateral epicondylitis treatment. The
increase in grip strength lasts longerwith ESWT. On the other hand,
ultrasonographic findings did not change in the first six months of
these treatment methods. According to the findings of Dr. Gleitz

[20], presented at the annual meetings of the ISMST we would
recommend a Power-Doppler-Ultrasound follow-up, as he was able
to show various changes in the tissue and even tries to give a
prediction.

Lee et al. [21] 2012 showed in a comparison of ESWT vs. steroid
injection using the Nirschl score and a 100 point score before and
after the treatments of 1st, 2nd, 4th and 8th week. The Roles and
Maudsley score was assessed at one and eight weeks after the
treatments showing that the ESWT group improved as much as the
local steroid injection group as treatment for medial and lateral
epicondylitis. Therefore, ESWT can be a useful treatment option.
The proportion of excellent and good grades of Roles and Maudsley
score in the ESWT group increased more than that of local steroid
injection group by the final 8th week. Most interesting would be to
compare the results in a long-term follow-up expecting even better
results for ESWT.

4. Discussion

At the moment there are seventeen level-1b studies and 2 high-
level Cochrane analyses for the ESWT of epicondylitis humeri
radialis available.

We analyzed those studies and looked for the study-designs (see
Table 2). We found out that there are big differences in the studies.
Some listed acute epicondylitis with only some weeks of symp-
toms, others used local anesthesia or had only a follow-up of 8
weeks after treatment.

These studies did not follow the recommended guidelines of the
ISMST (International Society for Medical Shockwave Treatment)!

Of course there is one Cochrane-Analysis available for the
treatment of tennis elbow by ESWT, Buchbinder et al. [22] with
platinum evidence that shockwave therapy provides little or no
benefit in terms of pain and function in lateral elbow pain but the
authors did not differentiate between generation principles (Table
1), did not focus on the use of local anesthesia and acute cases
were included in some studies. And in some studies even the sham
group received shockwave as well. As well Buchbinder et al. didn't
consider the use of different shockwave-devices and treatment-
protocols.

Besides the analyzed RCTs there is a number of clinical trials
showing very good results of ESWT for lateral epicondylitis. Nota-
rnicola et al. [23] in 2015 were able to detect prognostic factors in
ESWT for the management of tendinopathies. According to their

Table 1
Generation principles.

Generation principle Positive outcome Negative outcome

Electrohydraulic 4 0
Electromagnetic 2 7
Radial 4 0
Piezzoelectric 0 0

Table 2
Included studies.

Study year Shockwave-generator n FU Local anesthesia? Outcome Remark

Crowther et al. 2002 elektromagnetic 93 3 months No LA Negativ
Haake et al. 2002 div.

elektromagnetic
271 3 months LA yes Negativ Different shockwave generators

Speed et al. 2002 elektromagnetic 75 3 months No LA Negativ 3 session with 4 weeks interval
Melikyan et al. 2003 elektromagnetic 74 3 months No LA Negativ
Chung et al. 2004 elektromagnetic 59 3 months No LA Negativ Acute patients
Lebrun et al. 2005 elektromagnetic 60 8 weeks No LA Negativ Short FU
Staples et al. 2008 elektromagnetic 68 6 months No LA Negativ Sub-therapeutic sham treatment

Mehra et al. 2003 radial 24 6 months LA yes Positive LA, little n
Rompe et al. 1996 elektromagnetic 100 6 months No LA Positive
Rompe et al. 2004 elektromagnetic 78 3 months/1year No LA Positive
Levitt et al. 2004 elektrohydraulic 183 8 weeks LA yes Positive No Article, only for FDA, LA, short FU
Pettrone et al. 2005 elektrohydraulic 114 3 months No LA Positive
Spacca et al. 2005 radial 62 6 months No LA Positive
Radwan et al. 2007 elektrohydraulic 56 1 year No LA Positive
€Ozturan et al. 2010 elektrohydraulic 60 1 year LA yes Positive LA, PRP vs ESWT vs Steroid
Gündüz et al. 2012 radial 59 6 months No LA Positive Steroid
Lee et al. 2012 radial 22 8 weeks No LA Positive Short FU, little n

Fig. 10. Spacca et al. [16] belongs to Fig. 9.
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findings laterality different to the dominant limb and repeated
shockwave treatments are prognostic factors in an unsuccessful
therapy, while being male and a high body mass index are factors
for success.

As well Trentini et al. [24] as well in 2015 show ESWT for EHR to
be a valuable and safe solution, representing a definitive treatment
in the majority of patients. But patients refractory to a 3-to 4-
session ESWT cycle have lower chances of positive response after
further ESWT cycles.

Furia [25] 2005 investigated the efficacy and safety of ESWT in
36 patients with chronic lateral epicondylitis showing a significant
improvement in the mean VAS with excellent or good outcomes on
the Roles & Maudsley scale in 77.8%, stating ESWT as an effective
treatment for EHR. No significant complications were observed and
the worker's compensation status did not affect outcomes.

Rating all the studies we see that only a little number of studies
showing negative results [3,6and7] and a veritable number of
studies showing positive results [12,13,15,16,17 and 19] are
compatible to the guidelines of ISMST and DIGEST.

Taking a look on the present guidelines for the treatment of
tennis elbow Theis et al. [26] in 2004 showed that surgery is not
indicated before repetitive low-energy ESWT has been applied.

5. Overall conclusion

We included in our Overview only studies with level EBM 1b,
which were performed close to the guidelines of the ISMST (www.
ismst.com) and the DIGEST (“http://www.digest-ev.de).

The current evidence base seems to be adequate to support the
use of ESWT for lateral epicondylitis with symptoms beyond three
months. Of course further research should be focussed on the best
treatment regimes but efficacy has been well demonstrated. In our
opinion there is a majority of studies with an evident proof of ef-
ficacy for ESWT in the treatment of epicondylitis. Even studies with
platinum evidence had systematic faults and could not be taken for
this analysis.

ESWT should only be used without local anesthesia, for chronic
indications, the follow-up should be more than 3 months, better
one year, and it is only possible to compare shockwave devices with
the same shockwave generation principle. Further research should
focus on best treatment regimes, but the current evidence base
seems to be adequate to support the use of ESWT for Epicondylitis
humeri radialis with symptoms beyond 3 months.

Therefor in our opinion the qualitative and quantities analysis of
studies for the treatment of epicondylitis radials by ESWT is
positive!
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