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ABSTRACT
Objective:  To  evaluate  and  compare  the  effects  of  radial  and  focused  types  of  extracorporeal  shock  wave  therapy  (ESWT)  on  lateral
epicondylitis.
Study Design: A randomised sham-controlled trial.
Place and Duration of the Study: Department of Sports Medicine, Yuzuncu Yil University Hospital, Van, Turkiye, from August 2019 to
April 2020.
Methodology: Patients with acute lateral epicondylitis were randomised into focused, radial, and sham ESWT groups. The ESWT was
applied for three sessions at 2-4 days intervals. All the subjects were evaluated at baseline (week 0), week 5, and 13. Patient-rated tennis
elbow evaluation (PRTEE) scores were used as outcome measures.
Results: At weeks 5 and 13, all PRTEE scores (pain, function, and total) were remarkably improved in the focused and radial groups
(p<0.001), but not in the sham group (p>0.05). Focused ESWT was superior to radial ESWT for the change of pain scores from baseline to
week  5  (18.8±13.9  vs.  11.8±9.1;  p=0.026)  and  week  13  (17.8±13.1  vs.  11.7±10.5,  p=0.084).  Focused  ESWT  was  more  effective  than
radial ESWT for the change of function scores from baseline to weak 5 (17.9±12.5 vs. 11.2±9.5; p=0.025) and week 13 (16.9±11.6 vs.
10.7±10.1; p=0.032). Focused ESWT was superior to radial ESWT for the change of total scores from baseline to week 5 (36.7±25.9 vs.
23.0±17.2; p=0.021) and week 13 (34.7±24.3 vs. 22.4±18.5; p=0.044).
Conclusion: Focused and radial ESWT are effective in lateral epicondylitis. The focused ESWT is superior to the radial ESWT. Thus, focused
ESWT should be preferred in lateral epicondylitis.
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INTRODUCTION
Lateral  epicondylitis  is  the  most  common  reason  for  painful
lateral elbow caused by degeneration and inflammation of the
extensor tendons on the lateral forearm. It is associated with
female gender, smoking, dominant hand, diabetes mellitus, and
older age.1 It can be diagnosed clinically with a physical examina-
tion, including painful lateral elbow and pain reproduction with
resisted  wrist  dorsiflexion,  and  radiologically  by  ultrasonog-
raphy and magnetic resonance imaging.2 Non-operative treat-
ment  options  include  nonsteroidal  anti-inflammatory  drugs,
extracorporeal shock waves, physiotherapy and activity modifi-
cation, bracing, acupuncture, and biotherapies such as autolo-
gous blood and platelet-rich plasma.3
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Extracorporeal shock wave therapy (ESWT), a commonly used
alternative treatment option for lateral epicondylitis, is a non-in-
vasive,  drug-free,  and  effective  method  in  musculoskeletal
disorders.3,4 In managing lateral epicondylitis, ESWT is usually
used as a supplement to exercise programs or is recommended
when the other conservative treatments fail.5 However, many
ESWT parameters like types of used waves need to be investi-
gated to determine the most appropriate protocol.6

There are three types of waves (focused, planar, and radial) that
are created in ESWT generators.7 They are different from each
other in terms of penetration depth and working principles.8  For
instance, energy flux density (acoustic pressure) reaches the
maximum level at the tip of the applicator with radial waves,
while  it  is  highest  at  the targeted deep tissue with  focused
waves (Figure 1).7,8  However, it is not clear which of these waves
is more efficacious in the clinical practice.

To date, both the focused and radial types of ESWT have been
used in lateral epicondylitis. However, reviews findings on the
effectiveness of ESWT and ESWT types in cases with the lateral
epicondylitis are conflicting.4,9,10 Moreover, reports addressing
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the comparative effects of ESWT types for the management of
lateral  epicondylitis  are  limited  and  have  contradictory
results.11,12 For these reasons, in this study, the authors wanted
to test two hypotheses. Firstly, ESWT can improve participants’
pain and function scores in lateral epicondylitis. Secondly, ESWT
types' effectiveness can differ from each other in the lateral
epicondylitis. Accordingly, the study's objective was to evaluate
and  compare  the  effectiveness  of  radial  and  focused  ESWT
types on lateral epicondylitis.

Figure 1: The main differences between radial and focused ESWT.
Extracorporeal  shock  wave  therapy;  P:  Maximum  acoustic  pressure
point;  T: Targeted tissue.

METHODOLOGY
This  study  was  conducted  at  the  Department  of  Sports
Medicine, Yuzuncu Yil University Hospital, Van, Turkiye, between
August 2019 and April 2020. An investigator-blinded, prospec-
tive, randomised, and placebo-controlled trial was designed. The
study  obtained  ethics  approval  from  the  University  Ethical
Review Board (Decision No: 16; Date: August 6, 2019), and the
patients gave consent upon being informed. The trial followed
the rules of the Declaration of Helsinki. The trial was confirmed on
ClinicalTrials.gov with the data of NCT04838002.

The diagnosis of lateral epicondylitis was noted, based on clinical
assessment  (painful  lateral  elbow)  and  physical  examination
including exacerbation of the pain by resisted wrist extension.2

Patient-rated  tennis  elbow  evaluation  (PRTEE)  questionnaire
was used to evaluate end-point measures. This questionnaire
was specifically developed for patients with lateral epicondylitis
and was used to determine forearm pain and disability related to
the  condition.  The  PRTEE  is  a  15-item  questionnaire  that
assesses a patient's pain (5 items) and activity difficulties (10
items; 6 items for specific activities and four items for usual activi-
ties) related to the lateral epicondylitis. These subscales (pain
and function) affect the total score equally. Overall, getting a
minimum of 0 and a maximum of 100 points is possible. Higher
scores represent a higher level of pain and disability. The Turkish
version of the PRTEE scale has been validated by Altan et al.13

Before starting the trial, a sample size was calculated based on
the statisticians' advice.14 The calculations were made on the
G*Power  statistical  program  (version  3.1.9.7).  For  a  study
including three groups, power of 90%, an effect size of 0.4, and a
5%  type  1  (α)  error,  each  of  the  three  subgroups  needed  a
minimum of 28 cases.

Taking into account possible loss to follow‐up, a total of 97 cases
with the lateral epicondylitis were randomised into three groups
according to the wave models to be applied. For randomisation,
sequentially numbered three cards were used (one card for each

group). For each patient, one of the cards was drawn. The same
ESWT  device  was  applied  in  all  the  applications  (Elettronica
Pagani,  Italy).  The  instrument  has  electro-pneumatic  equip-
ment, and its emission modes provide both focused and radial
waves.

Patients  were  required  to;  have  a  new  diagnosis  of  lateral
epicondylitis, acute lateral epicondylitis (symptom duration <3
months), aged ≥18 years during the diagnosis, and have filled
out the pre- and post-ESWT assessment process. If a case had
both elbows affected, the elbow with a higher pain level was
initially accepted for the analysis.

Abnormal  elbow anatomy,  pregnancy,  malignancy,  infection,
implanted devices, cooperation disorders, and clotting diseases.
Moreover, cases with symptom duration >3 months, patients
with any experience with ESWT, and subjects who had injective
therapies before recruitment were excluded.

All patients were contacted by telephone two times a month to
increase their participation. In addition, to improve the treat-
ment adherence, a short theoretical explanation of the impor-
tance of the study was given to all groups.

The  lateral  epicondylitis  protocol  was  selected  by  the  user's
manual of the device. Accordingly, applications for each session
of different ESWT types were as follows: Focused ESWT (4 Hz, 1.5
Bar, 500 pulse, 0.02-0.60 mj/mm2 for 2 minutes and 5 seconds +
8 Hz, 1.7 Bar, 1800 pulse, 0.02-0.60 mj/mm2 for 3 minutes and 45
seconds); Radial ESWT (4 Hz, 1.2 Bar, 500 pulse, 0.144 mJ/mm2

for 2 minutes and 5 seconds + 8 Hz, 1.5 Bar, 1800 pulse, 0.180
mJ/mm2 for 3 minutes and 45 seconds); Sham ESWT (1 Hz, 1 Bar,
500 pulse for 2 minutes and 5 seconds + 1 Hz, 1 Bar, 1800 pulse
for 3 minutes and 45 seconds).

The treatment area on the lateral elbow was determined to be the
most painful localisation with palpation. The ESWT was applied
for three sessions, 2-4 days intervals (excluding weekends), in a
sitting position. All the cases were examined at baseline (week
0), one month after the completion of therapy (week 5), and three
months after the completion of therapy (week 13).

Statistical analyses were done by the SPSS v20 program (IBM
Corp., Armonk, NY, USA). The Kolmogorov-Smirnov test was
used to evaluate whether variables were normally distributed.
The paired t-test was used for normally distributed dependent
variables. The One-Way ANOVA with the Bonferroni test was
used to compare three independent variables with a normal
distribution. Some change scores in the sham group were non-
normally distributed: pain (baseline - week 5), function (base-
line - week 5), function (baseline - week 13), and total (baseline -
week 5). Therefore, the statistical comparisons used the Mann-
Whitney U test for these variables. The Student t-test compared
two independent variables with a normal distribution.

Categorical  variables  were  analysed  using  the  Pearson  chi-
square test, and were expressed as numbers and percentages.
Continuous variables were shown as mean ± standard devia-
tion (min-max). The value of p<0.05 values were accepted as
statistically meaningful.
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Table I: Statistical analyses for PRTEE pain, function and total scores.

The PRTEE Scores Focused ESWT (n=30) Radial ESWT (n=29) Sham ESWT (n=28) p
Pain
(baseline)

37.6±9.3
(18 – 50)

38.3±7.8
(23 – 50)

36.5±11.3
(17 – 50)

0.755

Pain
(week 5)

18.8±11.1
(5 – 48)

26.6±8.9
(7 – 43)

35.1±12.0
(13 – 50)

 

Pain
(week 13)

19.8±10.5
(5 – 49)

26.6±9.6
(5 – 44)

35.5±12.0
(10 – 50)

 

p (baseline vs. week 5) <0.001 <0.001 0.330  
p (baseline vs. week 13) <0.001 <0.001 0.442  
Function
(baseline)

37.5±9.0
(16 – 50)

35.6±11.0
(10 – 50)

35.6±13.7
(5 – 50)

0.769

Function
 (week 5)

19.6±11.0
(5 – 48)

24.5±10.1
(5 – 43)

33.8±14.6
(5 – 50)

 

Function
 (week 13)

20.6±10.0
(8 – 47)

25.0±10.6
(5 – 45)

35.1±14.2
(5 – 50)

 

p (baseline vs. week 5) <0.001 <0.001 0.243  
p (baseline vs. week 13) <0.001 <0.001 0.678  
Total
(baseline)

75.1±18.0
(34 – 100)

74.0±17.7
(39 – 100)

72.1±24.2
(29 – 100)

0.846

Total
(week 5)

38.5±22.0
(10 – 96)

51.0±18.6
(12 – 86)

69.0±26.1
(23 – 100)

 

Total
(week 13)

40.4±20.4
(13.5 – 96.5)

51.6±19.3
(10 – 89)

70.6±25.6
(27 – 100)

 

p (baseline vs. week 5) <0.001 <0.001 0.245  
p (baseline vs. week 13) <0.001 <0.001 0.498  
PRTEE: Patient-rated tennis elbow evaluation; ESWT: Extracorporeal shock wave therapy; Data were expressed as mean±SD (min. – max.). Paired t-test was
used to compare two dependent variables. The One-Way ANOVA was used to compare three independent variables.

Table II: Comparison of the groups for the changes in the PRTEE scores.

The PRTEE scores Focused ESWT (n=30) Radial ESWT (n=29) Sham ESWT (n=28) p
Pain
(baseline - week 5)

18.8±13.9
(-9 – 43)

11.8±9.1
(-2 – 30)

1.3±7.1
(-6 – 22)

0.026ST,*

<0.001MWU,†,§

Pain
(baseline - week 13)

17.8±13.1
(-9 – 43)

11.7±10.5
(-3 – 34)

1.0±6.5
(-12 – 19)

0.084OWA,*

<0.001OWA,†,§

Function
(baseline - week 5)

17.9±12.5
(-10.0 – 44.5)

11.2±9.5
(-3.5 – 32.5)

1.8±7.9
(-13 – 27)

0.025ST,*

<0.001MWU,†,§

Function
(baseline - week 13)

16.9±11.6
(-7.5 – 37)

10.7±10.1
(-13.0 – 33)

0.5±6.8
(-10.5 – 21)

0.032ST,*

<0.001MWU,†,§

Total
(baseline - week 5)

36.7±25.9
(-19 – 87.5)

23.0±17.2
(-2 – 57.5)

3.1±13.8
(-14 – 49)

0.021ST,*

<0.001MWU,†,§

Total
(baseline - week 13)

34.7±24.3
(-16.5 – 75)

22.4±18.5
(-5 – 58)

1.5±11.6
(-20.5 – 40)

0.044OWA,*

<0.001OWA,†,§

ST: The Student t-test; MWU: The Mann-Whitney U test; OWA: The One-Way ANOVA with the Bonferroni test; *: Focused vs. Radial; †: Focused vs. Sham; §:
Radial vs. Sham; PRTEE: Patient-Rated Tennis Elbow Evaluation; ESWT: Extracorporeal shock wave therapy; Data were expressed as mean±SD (min. – max.).

RESULTS

Figure 2 is a flow diagram demonstrating the distribution of
patients  between the  groups.  Due to  the  insufficient  effect
of the applied treatments and using other treatment options
separate from those in the study, five drop-outs occurred in
the groups.  In addition to the drop-outs,  five patients were
removed from analyses due to a lack of follow-up (Figure 2).
Thus, data from 87 patients were included in the statistical
analyses (30, 29, and 28 from the treatment groups, respec-
tively).

The focused, radial, and sham groups were similar for age
(49.3±14.0,  44.2±13.3,  and  46.0±16.9  years;  p=0.408),
gender  [female:  16  (53.3%),  15  (51.7%),  15  (53.6%),
male:14 (46.7%), 14 (48.3%), and 13 (46.4%), respectively;
p=0.988)],  body mass index (kg/m2:  26.3±2.7,  25.9±3.3,

26.2±2.1; p=0.912), and occupational features [house wife:
13(43.3%),  11(37.9%),  11(39.9%),  employed:  12(40%),
14(48.3%),  11(39.9%),  unemployed:  5(16.7%),  4(13.8%),
6(21.4%), respectively; p=0.918)].  Also, the three groups
were comparable regarding baseline PRTEE scores for pain,
function, and total points (Table I).

Compared with baseline (week 0), all PRTEE scores (pain,
function, and total) were remarkably decreased in focused
and radial  ESWT groups at weeks 5 and 13 (p <0.001).
However, the scores obtained from the follow-up examina-
tions were similar to the baseline in the sham ESWT group
(p >0.05, Table I).

Both focused and radial ESWT groups were seen as remark-
ably better than the sham ESWT group in all PRTEE scores
(pain, function, and total) (p <0.001), for the change from
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first  admission to  interval  examination times (weeks 5  and
13, Table II).

The focused ESWT was seen as better than the radial ESWT
based on the change in the PRTEE pain scores from baseline to
weeks  5  (18.8±13.9  vs.  11.8±9.1;  p=0.026)  and  13
(17.8±13.1 vs.  11.7±10.5;  p=0.084)  (Table II).  Importantly,
focused  ESWT  was  found  to  be  significantly  more  effective
than radial ESWT in the PRTEE function scores for the changes
from baseline to weeks 5 (17.9±12.5 vs. 11.2±9.5; p=0.025)
and 13 (16.9±11.6 vs. 10.7±10.1; p=0.032) (Table II). Focused
ESWT was superior to radial ESWT for the change of PRTEE
total  scores  from  baseline  to  weeks  5  (36.7±25.9  vs.
23.0±17.2;  p=0.021)  and  13  (34.7±24.3  vs.  22.4±18.5;
p=0.044, Table II).

Figure 2: Flow diagram of study participants.

DISCUSSION

In  this  prospective,  assessor-blind,  sham-controlled,
randomised trial, the authors conducted the study to see the
clinical  effects  of  focused  and  radial  ESWT  applications  on
lateral  epicondylitis.  The  authors  found  that  both  focused
ESWT and radial ESWT improved pain and functional status.
Additionally,  the  degree  and  continuity  of  these  effects
(change from the start of therapy to the subsequent examina-
tions)  demonstrated  that  the  focused  ESWT  was  significantly
more effective than the radial ESWT.

To obtain optimal  outcomes,  the authors  need to compare
treatment  options.  Therefore,  examining  and  providing  the
comparative  effectivity  of  radial  and  focused  ESWT  in  cases
with lateral epicondylitis was crucial. Although ESWT is usually
used as a supplement to exercise programs or recommended
when other  conservative treatments fail,5  more studies are
required to reach the ideal type of ESWT in treating lateral
epicondylitis.  Therefore,  the  present  findings  will  have  a  crit-
ical significance when choosing the kind of ESWT in the clinical
practice.

Reports  and  reviews  investigating  the  efficacy  of  ESWT  in
managing  the  lateral  epicondylitis  have  shown  conflicting
findings.4,9,10  In  the  present  study,  the  authors’  found  that
focused and radial waves are useful options in the lateral
epicondylitis.  Considering  the  degenerative  and  inflamma-
tory  processes  of  lateral  epicondylitis,1  the  efficiency  of
ESWT on the lateral epicondylitis can be due to its different
actions, resulting in functional improvements and relieving
of pain. These functions may include restriction of pain recep-
tors,15  activation  of  anti-inflammatory  cytokines,16  suppres-
sion of pro-inflammatory cytokines,17 activation of neovascu-
larization,18  stimulation  of  cellular  proliferation,19  and
increased damaged tissue renewal.20 It may be said that due
to the multiple functions mentioned, ESWT may have a long-
lasting effect on lateral epicondylitis.

According to the comparative results, the focused ESWT was
more  efficient  than  the  radial  ESWT  in  all  scores  of  PRTEE
(pain, function, and total) when evaluating the change from
baseline to follow-up periods. Although it was not statisti-
cally  significant,  the  change  of  pain  score  from baseline  to
week 13 in the focused group was more favourable than that
in the radial group. As a result, the present study demons-
trated that  the clinical  efficacy of  focused ESWT is  superior
to the radial ESWT. Although their mechanisms of action are
not  fully  known,  the  superior  effect  of  focused  wave  over
radial wave in the lateral epicondylitis may be related to
differences in their penetration depth and working principle.
Because the energy flux density (acoustic pressure) reaches
the maximum level at the tip of the applicator with the radial
ESWT, while it is highest at the targeted deep tissue with
focused ESWT.7,8 A deeper and more focused acoustic pres-
sure in the painful epicondyle area might be provided more
effective  treatment  in  focused  ESWT  compared  to  in  radial
ESWT.

Contrary  to  the  present  findings  showing  that  the  focused
type  is  more  effective,  a  systematic  review  has  concluded
that the radial type is related to better results in the chronic
(>six months) lateral epicondylitis.11 The presently studied
patients, on the other hand, had a new diagnosis of acute
lateral epicondylitis with symptom duration of <3 months.
Therefore, symptom duration may be a relevant factor in the
successful  performance of  ESWT sub-types.  On the other
hand,  a  study  has  reported  similar  effectiveness  of  radial
and  focused  ESWT  in  both  acute  and  chronic  lateral
epicondylitis.12 Unlike this study, a piezo-electric generator
was used in that study,12 while the device the authors used
has an electro-pneumatic system. Thus, the type of shock
wave  generator  might  be  another  relevant  factor  in  the
success of ESWT applications.

On the other hand, this study's possible limitations should be
considered.  For  instance,  the  authors  did  not  use  an
advanced  radiologic  tool  for  diagnosing  the  lateral
epicondylitis because the medical assessment and physical
examination mainly diagnose it.2 The authors chose an asses-
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sor-blind sham-controlled trial; however, this study has a limi-
tation  with  the  operator-informed outcome measures.  As
another  limitation,  a  subgroup  analysis  based  on  more
detailed  grouping according to  weekly  symptom duration
has not been made in this study. Also, the cost/benefit of the
ESWT compared to other non-invasive methods of treating
the lateral epicondylitis should be considered.21

CONCLUSION

Focused  and  radial  ESWT  are  effective  for  pain  relief  and
functional improvement in lateral epicondylitis. In addition,
the focused ESWT is superior to the radial  ESWT for the
degree and continuity of its effectiveness. Thus, the focused
ESWT should be preferred to the radial ESWT in the lateral
epicondylitis management.
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