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ABSTRACT

Introduction: Tennis elbow is a colloquial name of a common
musculoskeletal disorder arising secondary to recurrent micro-
trauma of the upper extremity, particularly impacting the lateral
epicondyle of the elbow. First-line treatment of the condition is
conservative, with many methods which are mostly effective.
Extracorporal shock wave therapy (ESWT) is one of these meth-
ods, which has shown its effectiveness in several clinical trials.
The objective of this study was assessment of the effectiveness
of ESWT for tennis elbow in a short (4 weeks) follow-up.
Patients and methods: Eleven patients, 8 female and 3 male
with a mean age of 55 years, with tennis elbow were treated with
ESWT. Each patient received 3 local applications of 2000 shocks,
with 1-week interval between the sessions. The measurements
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included pain at rest and at movements in Numeric Rank Scale
(NRS), grip strength and function of the hand with the quick-
DASH questionnaire. The patients were assessed before start
of the treatment (baseline) and 1 week after the last application
(final assessment).

Results: At the last assessment at 4 weeks, all but 1 patients expe-
rienced a major and statistically significant pain relief, increase
of grip strength and improvement of function of the hand. In
1patient the treatment failed. No adverse events associated with
shock-wave therapy have been reported.

Conclusion: Tennis elbow treatment with ESWT is effective
and free of adverse events.

Keywords: tennis elbow; conservative treatment; extracorporal
shock wave therapy; outcome assessment.

TABLE 1. Characteristic features of tennis elbow

Tennis elbow (lat. epicondylitis lateralis) is the colloquial name
of a condition of inflammatory and degenerative aetiology,
affecting the attachments of the extensor carpi ulnaris and
extensor digitorum communis muscles to the lateral epicon-
dyle of the humerus. This is the most common cause of pain felt
in the elbow joint area. Although the Latin name epicondylitis
suggests an inflammatory aetiology of the disease, it actu-
ally has an overload-degenerative aetiology, and the changes
concern the attachment of the extensor muscles of the radial
wrist [1, 2, 3]. The characteristics of the disease are described
in Table 1. Degenerative changes in the attachment of muscles
to the lateral epicondyle are a consequence of micro-injuries
and overload, occurring especially in:
— alternating extension and supination of the wrist (e.g.
working with a screwdriver);
— carrying heavy objects with your elbows straight;
— bouncing a tennis ball (performing alternating flexion
and extension of the elbow, while holding the racket shaft
with a strong grip).

People who work at a computer (secretaries, office workers)
also suffer from the disease, due to the specific arrangement of
the hands when typing on a computer keyboard, which causes
tension in the muscle attachment. In some situations, it can be
considered an occupational disease.
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It mainly affects middle-aged men (approx. 40-50 years old)

The course of the disease varies. Most patients present to the
doctor after a few months symptoms, but some may have
bothersome symptoms and tolerate them for years, until moment
of significant exacerbation

Sometimes severe pain occurs after performing a specific
movement and persists, forcing patient to seek help in the
emergency (,acute” tennis elbow)

In about 30% of patients with tennis elbow, other hand diseases
coexist, e.g. carpal tunnel syndrome, wrist, golf elbow, trigger
finger or de Quervain’s disease

Symptoms and diagnostics. Tennis elbow is diagnosed on the
basis of clinical symptoms and signs that are listed in Table
2. In most cases, such a clinical picture is sufficient to estab-
lish a confident diagnosis, but in doubtful cases, ultrasound
or even magnetic resonance imaging (MRI) can be performed.
Ultrasound shows degenerative changes and fluid effusion in
the area of attachments of the extensor muscles to the lateral
epicondyle. Radial tunnel syndrome should be considered in
the differential diagnosis, especially if standard treatment
fails [2, 4]. Treatment of tennis elbow. The disease is usually
treated conservatively. Table 3 lists and describes conserva-
tive treatments, of which steroid injection is the most com-
monly used. Conservative treatment requires patience. If the
cause of the disease is specific and repetitive hand movements
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during professional work or recreation, it is necessary to modify
the way you perform movements to relieve the load at muscle
attachments to the lateral epicondyle. Physical therapy and
exercises to strengthen the wrist extensor muscles are also
helpful in preventing the recurrence. Surgical treatment is only
considered after conservative treatments have failed. Opera-
tion consists in detachment (separation) of attachments of the
extensor carpi ulnaris (ECU) tendon from the lateral epicondyle
of the humerus [1]. Over a period of last 15 years, extracorporal
shock wave therapy (ESWT) has been used to treat some ten-
dinopathies and enthesopathies, including tennis elbow. Ben-
eficial effect of this therapy consists in promotion of soft-tissue
healing by immediately inhibiting pain receptors, reducing
inflammatory cytokines, enhancing angiogenesis, boosting
cellular proliferation and extracellular matrix synthesis [2, 3].

TABLE 2. Symptoms and signs of tennis elbow

Tenderness over the lateral epicondyle

Pain on the lateral side of the elbow that occurs when the wrist
and the whole limb move

Radiating the pain into forearm and/or arm

The pain intensifies when the hand is clenched and the grip is firm

Weaker grip and reduced dexterity of the hand

Methods of treatment of tennis elbow: physical therapy
(iontophoresis, laser, magnetic field, cryotherapy), tourniquets,
immobilization of the wrist in moderate extension. Improvement
istemporary, but in some patients may be permanent and this
treatment can be repeated many times

Injection of the steroid into the area of the greatest pain, after
which the symptoms disappear for up to a year, and in some
patients (about 30%) the improvement is permanent

Injection of platelet-rich plasma that stimulate repair processes.
The effectiveness is similar to that of an injectable steroid, but they
do not have adverse effects

Extracorporeal shock wave therapy

The objective of this study was assessment of the effec-
tiveness of ESWT for tennis elbow in a short-term follow-up.

MATERIALS AND METHODS

Over the period of 1 year (2020), 16 patients diagnosed tennis
elbow were treated in authors’ institution by local application
of the shock wave. Of this number 11 patients, 8 female and
3 male with a mean age of 55 (range 32-73) years completed
the follow-up visits and this group is the subject of analysis.
Right elbow was involved in 4 patients and left in 7 patients.
Duration of the disease until the start of treatment was a mean
of 8 (range 3-26) months. The diagnosis of tennis elbow was
made based on clinical symptoms and signs listed in Table 2.
No additional imaging tests (i.e. USG) were performed to con-
firm clinical diagnosis.

All patients were examined before the start of treat-
ment (baseline) and 1-week after the third application of the

shock-wave, at 4 weeks. The measurements included pain
experienced by the patients at rest and at movements (in
Numeric Rank Scale - NRS, range 0-10), grip strength with
Jamar dynamometer in kG, and function of the hand with the
quickDASH (Disability of Arm, Shoulder and Hand) question-
naire. Additionally, the pain experienced by the patients dur-
ing shock-wave application was recorded. The quickDASH is
avalidated and widely used 11-item questionnaire that meas-
ures upper-extremity specific symptoms and disability. The
score of this questionnaire reflects the ability to use the limb
in performing daily activities. The basic version consists of 30
items, while the short version (quickDASH) consists of 11 items.
Each item is scored from 1-5, where 1 means no complaints or
non-restricted performance of a given activity, while 5 means
severe complains or inability to perform a given activity. The
“raw” quickDASH score ranges from 11-55 points. The score is
then converted by dividing the “raw” value by the number of
questions the patient answered, subtracting from the quo-
tient of 1 and multiplying the result by 25. The obtained range
of values is from 0-100 points, with a lower score indicating
overall better function of the extremity, while higher score
indicating worse function. All clinical assessments and shock-
wave applications were performed by the same person (HM).

Intervention

The PiezoWave device (Richard Wolf, Germany) was used
to administer the treatment of ESWT (Fig. 1). The patient’s
hand was stabilized with the extremity on a table, flexed in the
elbow joint. The transducer was placed over the site of tender-
ness on the lateral epicondyle (Fig. 2). Each patient received
3 local applications of 2000 shocks at a pressure of 2 bars and
frequency 8 Hz, lasting approximately 8 min, with 1-week inter-
val between the sessions.

FIGURE 1. The PiezoWave shock-wave generator with a transducer
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FIGURE 2. Application of shock wave in tennis elbow

The approval of the Bioethical Council of the local Medi-
cal University was obtained in order to conduct this survey
and informed consent was obtained from all subjects before
enrolment.

Statistical analysis

In order to calculate the distribution of the data, the Anderson-
Darling test was used, for statistical significance a statistical

test for data with a parametric distribution: paired T-test for

paired data. For non-parametric distribution data, a Wilcoxon

rank-test was performed for paired data. The statistical sig-
nificance threshold was p < 0.05.

RESULTS

The results of measurements taken in 11 patients before and
1week after the third shock-wave application are presented in
Table 4. Pain, both at rest and after load, decreased statistically
significantly, and only 1 patient experienced moderate pain at
rest, rated 6 on the NRS. The pain experienced at load of the
extremity that usually provoke pain, decreased significantly in
the majority of patients to the average value of NRS = 4 and only
1patient still experienced strong pain during these movements,
rated on 8 on the NRS. Patients felt pain when performing the
first procedure, which they assessed as an average NRS = 5.9,
while during the last procedure the pain decreased to NRS =
4.6 (difference non-significant). Grip strength improved after
a series of 3 ESWT applications by an average of 3.9 kG, which
was a statistically significant difference. Performance of daily
activity tasks as assessed by the quickDASH questionnaire,
improved statistically significantly by an average of 31 points.
Only in 1 patient (the same whose pain did not dubside) func-
tion of the extremity did not improve (quickDASH 73). In sum-
mary, after 4 weeks from the start of ESWT, all but 1 patients
experienced significant improvement, in terms of resolution
of pain, stronger grip and better hand function. No adverse
events associated with shock-wave therapy have been reported.
All patients were satisfied with the treatment and declared
that they would choose it again, in a case of recurrence. The
patient in whom shock-wave therapy failed was given surgery.
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TABLE 3. Baseline and final findings measured in 11 patients in the study

Baseline el
Parameter assessment p
mean range mean range

Pain at rest (NRS) 5,0 3-8 1,8 0-6 0,0004
Pain at movement (NRS) 8,3 5-10 4,0 1-8 0,003
Pain at application 5,9 3-10 4,6 1-10 0,16
Grip strength (kG) 17,6 8-30 21,5 12-32 0,02
quickDASH score 66 48-75 35 0-73 0,004
DISCUSSION

The main impairments of tennis elbow are pain, decreased grip
strength, and impaired unction of the upper limb. The main goals
of therapy in this disease are to control pain and maintain or
improve function. In most studies relief of pain at movements is
the primary outcome measure, as once pain is controlled, func-
tion may be improved through exercises, to strengthen the elbow
joint and extend the range of motion. Therefore treatment is
focused on pain. Among the many treatments listed in Table 3,
steroid injection in the area of the lateral epicondyle is the most
commonly used. In most cases, it is an effective therapy and after
1-2 injections, the pain subsides. In addition to steroids, other
injectables are used, such as platelet-rich plasma or hyaluronic
acid, but their efficacy is overall not better than steroids. Ster-
oid injections are easy available, simple, cheap and relatively
safe, therefore quite popular [5, 6]. Other methods, are less com-
monly used because they require longer use, and sometimes, like
ESWT, a special generator (the PiezoWave device) is necessary.
However, since some patients have contraindications to steroid
therapy or are afraid of injections, ESWT is a good alternative
in these cases. The following paragraph presents an overview
of the literature on the use of ESWT in tennis elbow.

LITERATURE REVIEW

In 1 of the older studies, Rompe et al., reported results of the
treatment of 78 patients with tennis elbow by ESWT. The
patients were tennis players with recalcitrant disease of at
least 12 months’ duration and experienced at least 2 conserva-
tive treatment failure. They were randomly assigned to receive
either ESWT weekly for 3 weeks or an identical placebo (sham
ESWT). The results assessed at 1 and 3 months showed sig-
nificant improvements in pain score, functional activity score,
specific activity and overall assessments evaluations of disease
state in the ESWT group compared to the placebo group. The
authors conclude that ESWT is a good choice for patients with
chronic tennis elbow when other treatments fail [6].

Lee et al. compared results of the treatment of 12 patients
with tennis elbow by ESWT (application once a week for
3 weeks) with 10 patients receiving local steroid (triamci-
nolone) injection. The results were assessed at 2 months. Both
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groups showed significant resolution of pain and improvement
in Nirschl score. The authors conclude ESWT can be a useful
treatment in patients for whom local steroid injection is con-
traindicated [4]. In patients with no contraindications ster-
oid injection offers rapid symptomatic relief, requiring fewer
treatment sessions and lower costs. Conversely, ESWT may
necessitate multiple sessions and higher costs [5].

Guler and Yildirim compared results of the treatment of 40
patients, who were randomly allocated to receive a 3-week treat-
ment of either kinesiotaping for 5 days a week or ESWT once
aweek. The assessments included pain score, grip strength and
quickDASH score at baseline, after 1 and 2 months. Both kine-
siotaping and ESWT significantly reduced pain, improved grip
strength and function as assessed with quickDASH, however,
these improvements were more prominent in the kinesiotap-
ing group. The authors conclude, that considering the feasibility
and the low cost of kinesiotaping compared with ESWT, they
recommend that the former treatment should be considered
for treating patients with newly diagnosed tennis elbow [7].

The authors found 3 meta-analyses and systematic reviews
on effectiveness of ESWT for tennis elbow. Main findings from
these studies are reported below.

Yao et al. reported results of meta-analysis comparing out-
comes of the treatment of tennis elbow by ESWT versus other
non-invasive methods. A total of 13 articles with 1035 patients
were included, of which, 501 patients received ESWT and 534
underwent other methods. The results of meta-analysis show
that pain relief and improvement of grip strength were statisti-
cally significantly better in patients who received ESWT. This
evidence shows that ESWT can more effectively relieve the pain
and improve function by strengthen the grip than several other
methods [8].

Zhang etal. reported results of a meta-analysis of randomized,
controlled trials focused on the effectiveness of ESWT for ten-
nis elbow. Nine studies involving a total of 715 patients were
analysed. Of these studies, 6 compared ESWT with placebo,
1 compared ESWT with ultrasound, 1 compared ESWT with
laser and the 1 compared different doses of ESWT. Results of 4
studies mentioned statistically significant pain relief after ESWT,
compared with placebo at 3 months assessment. Three studies
showed statistically significant improvement of grip strength
after ESWT at 3 months, comparing to placebo. Three studies
reported some adverse events after ESWT, including nausea,
skin bruising, red spots, sweating and burning sensation, which
all were transient. The authors conclude that ESWT effectively
reduces the mean overall pain and is a good treatment option
for tennis elbow [9].

Zheng et al. presented results of a meta-analysis of rand-
omized, controlled trials comparing ESWT with steroid injec-
tions for chronic tennis elbow. A total of 6 studies were identi-
fied and analysed. The results of meta-analysis show that both
ESWT and steroid injections are effective and safe in treating
chronic tennis elbow. Compared with steroid injection, ESWT
showed inferior short-term (1-month) but superior long-term
(3-month and 6-month) outcomes regarding pain relief and
function recovery, with a similar rate of mild adverse events [10].

The findings from literature review show that ESWT is effec-
tive for tennis elbow, although not better than other methods. The
results of present study are consistent with the data from the litera-
ture. The studies cited in this review did not provide informa-
tion on the recurrence rate following ESWT. Considering the
relatively short follow-up period, amounting to 3-6 months in
most studies, it can be expected that recurrences may occur
at a later date.

Presented study has some limitations, including small sam-
ple of patients and relatively short, 1-month follow-up. There-
fore these results should be considered a preliminary report.
The authors are aware that enlargement of the patient group
and extension of the observation time is necessary to make
the results more reliable.

CONCLUSION

Tennis elbow treatment with ESWT is effective and free of
adverse events.

REFERENCES

1. Zyluk A. Choroby przyczepéw miesni i pochewek $ciegien. In: Zyluk A:
Choroby i urazy reki. Warszawa: Medipage; 2022. p. 61-74.

2. Wang CJ, Wang FS, Yang KD, Weng LH, Hsu CC, Huang CS, et. al. Shock
wave therapy induces neovascularization at the tendon-bone junction.
A study in rabbits. ] Orthop Res 2003;21(6):984-9. doi: 10.1016/S0736-
0266(03)00104-9. PMID: 14554209.

3. Giindiiz R, Malas FU, Borman P, Kocaoglu S, ﬁzgakar L. Physical therapy,
corticosteroid injection, and extracorporeal shock wave treatment in
lateral epicondylitis. Clinical and ultrasonographical comparison. Clin
Rheumatol 2012;31(5):807-12. doi: 10.1007/s10067-012-1939-y. PMID:
22278162.

4. Lee SS, Kang S, Park NK, Lee CW, Song HS, Sohn MK, et al. Effectiveness
of initial extracorporeal shock wave therapy on the newly diagnosed
lateral or medial epicondylitis. Ann Rehabil Med 2012;36(5):681-7. doi:
10.5535/arm.2012.36.5.681.

5. Crowther MA, Bannister GC, Huma H, Rooker GD. A prospective, ran-
domised study to compare extracorporeal shock-wave therapy and injec-
tion of steroid for the treatment of tennis elbow. ] Bone Joint Surg Br
2002;84(5):678-9. doi: 10.1302/0301-620x.84b5.12741.

6. Rompe JD, DeckingJ, Schoellner C, Theis C. Repetitive low-energy shock

wave treatment for chronic lateral epicondylitis in tennis players. Am
] Sports Med 2004;32(3):734-43. doi: 10.1177/0363546503261697.

. Guler T, Yildirim P. Comparison of the efficacy of kinesiotaping and
extracorporeal shock wave therapy in patients with newly diagnosed
lateral epicondylitis: A prospective randomized trial. Niger J Clin Pract
2020;23(5):704-10. doi: 10.4103/njcp.njcp_45_19.

8. Yao G, Chen ], Duan Y, Chen X. Efficacy of extracorporeal shock wave
therapy for lateral epicondylitis: a systematic review and meta-analysis.
Biomed Res Int 2020;2020:2064781. doi: 10.1155/2020/2064781.

. Zhang L, Zhang X, Pang L, Wang Z, Jiang J. Extracorporeal shock wave
therapy versus local corticosteroid injection for chronic lateral epicon-

~

O

dylitis: a systematic review with meta-analysis of randomized controlled
trials. Orthop Surg 2024;16(11):2598-607. doi: 10.1111/0s.14212.

10. Zheng C, Zeng D, Chen]J, Liu S, Li], Ruan Z, et al. Effectiveness of extracor-
poreal shock wave therapy in patients with tennis elbow: A meta-analysis
of randomized controlled trials. Medicine (Baltimore) 2020;99(30):e21189.
doi: 10.1097/MD.0000000000021189.

ojs.pum.edu.pl/pomijlifesci



