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Abstract

Background: Lateral epicondylitis (LE) is a popular overuse syndrome involving the forearm’s extensor tendons.
Corticosteroid (CS) injection is the popular injection used for management of LE. Extracorporeal shockwave therapy
(ESWT) is a noninvasive alternative inducing the neovascularization, tendon repairing, and decreasing pain. Our
study aimed to compare the effectiveness of ESWT versus local CS injection versus conventional physiotherapy (PT)
in management of chronic LE.

Results: Our results revealed that the three groups displayed a significant decrease of VAS score, decrease of PRTEE
score, and increase of grip strength compared to baseline (P < 0.05) at 4 weeks and 12 weeks of follow-up.
However, there was a significant decrease of VAS score in ESWT and CS groups more than PT group at 4 weeks
follow-up (P < 0.05) while ESWT group displayed a considerable improvement in functional disability score
(decrease in PRTEE score) more than CS and PT groups at 4 and 12 weeks of follow-up (P < 0.05), with no
considerable change in HGS between the three groups.

Conclusion: ESWT, local CS injection, and conventional PT were efficient in management of chronic LE at 12 weeks
of follow-up but ESWT had a higher effect decreasing pain and improving functional disability in daily life activity at
short and long term follow-up.
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Background
Lateral epicondylitis (LE) or tennis elbow is one of the
most common overuse injuries affecting the common
origin of the extensor tendons of the forearm with
prevalence of 1–3% of the population. It mostly occurs
in patients whose activities require strong gripping or re-
petitive wrist movements [1].
Clinical diagnosis is made by the history and physical

assessment that is tenderness over the lateral humeral
© The Author(s). 2020 Open Access This article
which permits use, sharing, adaptation, distribu
appropriate credit to the original author(s) and
changes were made. The images or other third
licence, unless indicated otherwise in a credit l
licence and your intended use is not permitted
permission directly from the copyright holder.

* Correspondence: monamohmed11289@gmail.com
Physical Medicine, Rheumatology and Rehabilitation Department, Faculty of
Medicine, Ain Shams University, 33 El-Salam Street, Helwan, Cairo, Egypt
epicondyle which increases with resisted dorsiflexion of
the wrist [2].
Conservative treatments including rest, medications,

orthotics, physical modalities, and exercises have doc-
umented successful outcomes at rates of 89 to 90
percent [3].
Corticosteroid (CS) injection seems to be efficient and

harmless in the short-term therapy of LE. But, there is
no sufficient proof to its long-term effectiveness [4].
Extracorporeal shockwave therapy (ESWT) is re-

cently applied in several musculoskeletal diseases. The
mechanism of action depends on stimulation of the
tendon healing by encouraging neovascularization,
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with accompanying hyper-stimulation analgesia. Some
studies have reported significant improvement in pain
and functional scores after ESWT [5, 6].
Braces aims to minimize stress to the extensor muscles

of the forearm by suppling a counterforce and permit-
ting the injured tendons to rest and heal [7].
Although, comparisons among treatment modalities

have been mentioned in the literature with incompat-
ible results and no single modality has been con-
firmed to be the most effective [8, 9]. So, the study
aimed to compare the effectiveness of ESWT versus
local CS injection versus conventional physiotherapy
in LE.

Methods
The study included forty-five patients diagnosed as LE
between April 2018 and January 2019, from the out-
patient clinic of Physical Medicine, Rheumatology and
Rehabilitation Department, Ain Shams University Hos-
pital. Written informed consents were taken from all
participants. Figure 1 shows the flowchart concerning
patients’ registration. All patients were acquainted about
the procedure of the study.
Sociodemographic data of the patients were registered.

Pain intensity on resisted dorsiflexion of wrist was re-
corded by a visual analog scale (VAS), and the forearm
pain and functional disability were recorded by patient-
rated tennis elbow evaluation questionnaire (PRTEE).
Pain-free grip strength was recorded using a hand dyna-
mometer [10]. Mean of three evaluations was measured
regarding Roberts et al. [10].
Forty-five patients were randomly assigned to receive

either ESWT sessions or steroid injection, or conven-
tional physiotherapy as in Fig. 1.
Group-I (n = 15) received a single injection by a

mixture composed of methylprednisolone acetate (20
mg) and 0.6 ml of lidocaine. Group II (n = 15)
Fig. 1 Flowchart diagram for the participants who were randomized into t
and extracorporeal
received physical modalities including transcutaneous
electrical nerve stimulation (TENS) (20 min), pulsed
ultrasound therapy (50% duty cycle) (1W/cm2, 3
MHz, 5 min), and local massage and stretching exer-
cises for the common extensor origin for twelve ses-
sions (3 sessions per week). Group III (n = 15)
received ESWT sessions (pressure 1.6 bar, frequency
16 Hz, 2000 shocks) for 3 sessions (1-week interval
between sessions). All patients of the three groups
were instructed to put on counterforce band and to
stop analgesics for 3 months until reassessment.
Statistical analysis was performed with the Statistical

Package for Social Science (IBM SPSS) version 23.
The quantitative variables were expressed as mean,
standard deviations and ranges for parametric data,
and median with range for non-parametric. The quali-
tative data were offered as numbers and percentages.
Comparison between groups were done with one-way
ANOVA, Kruskal–Wallis, repeated measures ANOVA
test, chi-square test, and post hoc analysis. Statistical
significance at p ≤ 0.05.

Results
Demographic data of the participants are presented in
Table 1. The three groups were nearly matched to sex,
age, disease duration, dominant hand, and side of in-
volvement (all p > 0.05).
In all patients of the three groups, there were a statisti-

cally significant decrease of VAS and PRTEE scores and
a significant increase of hand grip strength at 4 weeks of
follow-up and 12 weeks of follow-up (p < 0.05, for all)
(Tables 2 and 4) (Fig. 2).
Further, ESWT and CS groups showed a more de-

crease in VAS score than PT group at 4 weeks of follow-
up with no significant difference regarding VAS between
the three groups at 12 weeks of follow-up. Moreover,
ESWT group showed a more decrease in PRTEE score
hree groups as receiving physical therapy, corticosteroid injection,



Table 1 Comparison between the three groups regarding demographic data of included patients

Variable Corticosteroid Shock wave physiotherapy p value

No. = 15 No. = 15 No. = 15

Age Mean ± SD 46.00 ± 6.02 44.73 ± 6.06 49.33 ± 6.40 0.120

Sex Male 8 (53.3%) 9 (60.0%) 8 (53.3%) 0.914

Female 7 (46.7%) 6 (40.0%) 7 (46.7%)

Side Left 9 (60.0%) 9 (60.0%) 9 (60.0%) 1.000

Right 6 (40.0%) 6 (40.0%) 6 (40.0%)

Dominant hand Left 1 (6.67 %) 0 (0%) 2 (13.33%) 0.342

Right 14 (93.3%) 15 (100%) 13 (86.67%)

Duration of illness
(months)

Mean ± SD 8.00 ± 2.90 8.20 ± 2.88 7.07 ± 3.33 0.558

p value > 0.05, non significant (NS); p ≤ 0.05, significant (S)
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than the other two groups at 4 and 12 weeks of follow-
up. With respect to grip strength measurement, there
was no significant difference among the three groups at
4 and 12 weeks of follow-up (Tables 2, 3, and 4) (Figs. 2
and 3).

Discussion
In our study, the highly significant effectiveness of
ESWT on pain and functional disability agreed with
Maffulli et al. [11], who did a study on 59 patients with
LE receiving 3 sessions of ESWT sessions and reported a
significant improvement regarding the VAS score,
PRTEE score, and HGS after 3, 6, 12, and 24months of
follow-up.
In contrast, Buchbinder et al. [12] did a systematic re-

view and reported that there was a proof that extracor-
poreal shock wave therapy provided no or little effect in
pain and function in LE patients.
The reason for the conflicting results of ESWT on LE

could be the changes in the pulses number, applied dur-
ation, frequency, treatment interval, and different devices
applied, relying on the different protocols applied in
treatment.
This is because when the literature is revised, it is seen

that ESWT does not have a standard protocol used for
Table 2 Comparison between the three groups regarding PRTEE sc

PRTEE Corticosteroid

No. = 15

Before Mean ± SD 74.40 ± 6.80

After 4 weeks Mean ± SD 41.87 ± 11.61

After 12 weeks Mean ± SD 31.80 ± 9.91

Repeated measure ANOVA test 129.373

p value 0.000

Mean difference 4 weeks −32.53 ± 10.69

12 weeks −42.60 ± 8.28

PRTEE patient related tennis elbow evaluation; p value > 0.05, non significant (NS); p
treatment of LE. Rompe et al. [13] used ESWT with
1000 pulses and 0.08 mJ/mm2 low energy intensity, for
three sessions in the placebo-controlled study and re-
ported no significant changes among both groups after
treatment but, when Rompe et al. [14] used ESWT with
2000 pulses and 0.09 mJ/mm2 per a week for three ses-
sions, they reported superiority of ESWT in pain, hand
grip strength and function outcomes after 3 months and
12months of follow-up. And this supports the superior
effect of ESWT protocol used in our study which con-
sisted of 3 sessions with 2000 pulses, 16 frequency, 1.6
bar for 3 weeks with 1-week interval.
Meanwhile, the disease duration in our study ranged

from 3 to 12months with mean 7.76 months. Alvarez
et al. [15] found that patients with symptoms of long
duration respond better to ESWT as they have diseased
tissue and changes of nociceptors that are treated by
ESWT.
The highly significant effect of CS injection in our

study was in parallel to Smidt et al. study [4] that in-
cluded thirteen studies, to evaluate the effectiveness of
CS injection compared to placebo injection, local
anesthetic injection, or another conservative treatment
in LE. For short-term outcomes (≤ 6 weeks), there were
significant differences that were observed on pain relief,
ore

Shock wave physiotherapy p value

No. = 15 No. = 15

69.47 ± 8.94 69.00 ± 9.84 0.177

30.87 ± 9.16 39.00 ± 9.55 0.014

14.33 ± 5.18 23.87 ± 5.96 0.000

452.896 335.543

0.000 0.000

−38.60 ± 7.77 −30.00 ± 7.43 0.030

−55.13 ± 8.09 −45.13 ± 7.63 0.000

value ≤ 0.05, significant (S)

https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchbinder%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16821270


Fig. 2 Follow-up of VAS in the three groups
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global improvement, and hand grip strength for CS in-
jection compared to other treatment options [4]. On the
other hand, Lindenhovius et al. [16] compared CS injec-
tion to placebo injection and found non-significant
changes in the pain and functional disability scores, in
the short-term and long-term follow-up.
In contrast to our study, Haker and Lundeberg [17] re-

corded a non-significant change in the treatment of LE
between ultrasound-treated group and sham ultrasound-
treated group using either continuous or pulsed
ultrasound. While in 2010, Akın et al. [18] reported sig-
nificantly improved recovery in patients with LE treated
with ultrasound compared with those treated with sham
ultrasound.
We used pulsed ultrasound in our study due of its

stable cavitations, mechanical effects, and micro
streaming were thought to enhance the regeneration
and healing of tissues. Likewise, Kachanathu and Vel-
lapallil [19] compared the effectiveness of pulsed
ultrasound therapy (PUST) and continuous ultrasound
therapy (CUST) in the treatment of LE and reported
Table 3 Post hoc test between the three groups regarding
PRTEE score

Post hoc analysis by LSD

p1 p2 p3

PRTEE after 4 weeks 0.005 0.444 0.034

PRTEE after 12 weeks 0.000 0.013 0.001

Mean difference 4 weeks 0.046 0.458 0.004

Mean difference at 12 weeks 0.000 0.392 0.002

p1 corticosteroid versus shock wave, p2 corticosteroid versus physiotherapy p3
shock wave versus physiotherapy, LSD least significant difference
that PUST combined with physiotherapy exercises for
LE patients have better outcome than CUST.
Some studies in the literature compared the effect-

iveness of ESWT with injectable steroids or conven-
tional physiotherapy regarding the pain and functional
scores. Beyazal and Devrimsel [9] compared the ef-
fectiveness of local CS injection and ESWT in LE pa-
tients and reported equally significant improvement in
all patients of both groups at 4 weeks post-treatment
and better results in ESWT group at 12 weeks of
follow-up indicating better long-term outcome of
ESWT.
Meanwhile, Crowther et al. [20] conducted a study

involving 73 patients who received either CS injection
or ESWT. The CS injection group received triamcino-
lone (20 mg) with 1.5 ml of lidocaine (1%). They
found reduction of the VAS score by 82% in the CS
group and by 49% in the ESWT group at 12 weeks of
follow-up.
This may be explained by the different types of steroid

used as the steroid injected in our study was methyl-
prednisolone which is slightly water soluble and has a
shorter duration of action (1-5 weeks) than triamcino-
lone which is a relative water insoluble and has a long
duration of action (several weeks) [21]. Awori [22] re-
ported that a more water-insoluble preparation is prefer-
able in suppression of chronic inflammatory conditions,
so CS reported greater short term analgesic effect in our
study.
Lizis [23] compared the analgesic impacts of extra-

corporeal shock wave therapy and therapeutic ultra-
sound (US) in patients with chronic LE and recorded
that there was a highly significant reduction of pain
score (VAS ) in the group treated with ESWT more



Table 4 Comparison between three groups regarding HGS

Hand grip strength (HGS) Corticosteroid Shock wave Physiotherapy p value

No. = 15 No. = 15 No. = 15

Before Mean ± SD 12.47 ± 4.85 14.93 ± 6.33 11.40 ± 3.92 0.167

After 4 weeks Mean ± SD 29.87 ± 7.58 30.13 ± 9.40 28.13 ± 11.19 0.823

After12 weeks Mean ± SD 34.00 ± 14.58 44.93 ± 13.20 34.80 ± 11.83 0.052

Repeated measure ANOVA test 44.171 77.531 59.574

p value 0.000 0.000 0.000

Mean difference 4 weeks 17.40 ± 5.65 15.20 ± 7.35 16.73 ± 8.99 0.712

12 weeks 21.53 ± 12.17 30.0 ± 12.55 23.40 ± 10.51 0.130

p value > 0.05, non significant (NS); p value ≤ 0.05, significant (S)
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than the US group after treatment directly and 3
months after treatment.
Murtezani et al. [24] compared CS injection with

physiotherapy modalities (ultrasound and exercise) for
treating chronic LE and reported that the CS group
was significantly improved than the PT group regard-
ing VAS score reduction at 6 weeks of follow-up, and
this difference was no longer evident by 12 weeks.
In our study, we applied ESWT without local

anesthesia as Pettrone and McCall [6] demonstrated that
local anesthesia may alter the effect of shockwave on the
tissue, or simply prevent treating the most painful area
due to the analgesic effect of the anesthesia.
All patients of our study used counterforce forearm

strap and it was suggested that it played an important
role in improvement of pain and function in LE as it
permits the muscle to relieve in the early stage and
Fig. 3 Follow-up of PRTEE in the three groups
supply proprioceptive chip in the chronic stage. Velli-
lappilly et al. [25] review revealed that orthosis alone
or in combination with routine physical therapy can
be considered as an evidence-based treatment strategy
for patients with LE.
Our patients did not record any side effects except transient

pain in the treated elbow that was considered as a guiltless ad-
verse effect and they did not stop the therapy. Tosti et al. [26]
observed localized redness of the skin and tiny hematomas in
10 patients of 14 ones during management of LE.
Fewer number of ESWT sessions (three sessions only)

besides the minimum number of physiotherapy sessions
used in treatment of chronic LE (twelve sessions only) in
addition to, the short evaluation period which was only
12 weeks may be considered as a limitation for the con-
clusive results of our study. This was because the outpa-
tient’s follow-up was limited.



Ismael et al. Egyptian Rheumatology and Rehabilitation           (2020) 47:25 Page 6 of 6
Conclusion
Our results propose that although extracorporeal
shock wave therapy, conventional physiotherapy, and
corticosteroid injection were all efficient in treatment
of chronic lateral epicondylitis at 12 weeks of follow-
up. However, ESWT was superior to all other alterna-
tives due to its effect on pain and improving function
during daily-life activities at short term and long term
follow-up.
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