Turk J Phys Med Rehab 2021;67(x):i-viii
DOI: 10.5606/tftrd.2021.4789
Available online at www.turkishjournalpmr.com

Original Article

Comparing the efficacy of continuous and pulsed ultrasound therapies in
patients with lateral epicondylitis: A double-blind, randomized,
placebo-controlled study
Hasan Hüseyin Ünver1, Fulya Bakılan1, Funda Berkan Taşçıoğlu2, Onur Armağan2, Merih Özgen2
1
2

Department of Physical Medicine and Rehabilitation, Eskişehir City Hospital, Eskişehir, Turkey
Department of Physical Medicine and Rehabilitation, Eskişehir Osmangazi University, Faculty of Medicine, Eskişehir, Turkey

Received: May 22, 2019 Accepted: December 08, 2019 Published online: December 30, 2020
ABSTRACT

Objectives: The aim of this study was to investigate the efficacy of continuous and pulsed ultrasound therapies in lateral epicondylitis.
Patients and methods: A total of 51 patients (18 males, 33 females; mean age: 46.52±6.16 years; range, 27 to 64 years) who were diagnosed with
lateral epicondylitis between February 2013 and October 2014 were included. The patients were randomized to either continuous ultrasound
(n=17), pulsed ultrasound (n=17), or placebo (n=17) groups. First group received 10 sessions of continuous ultrasound therapy. The second
group received 10 sessions of pulsed ultrasound therapy in a ratio of 1:4. The third group received 10 sessions of placebo treatment. The
pain levels of the patients were evaluated using Visual Analog Scale (VAS). The muscle strength was evaluated using a dynamometer. For
functional evaluation, Duruöz’s Hand Index (DHI) and Patient-Rated Tennis Elbow Evaluation (PRTEE) scales were used. Assessments were
made at baseline, at the end of therapy, and one month after therapy. The thickness of the common extensor tendon was also measured using
ultrasonic imaging at baseline and at the end of therapy.
Results: At the end of the study, there was a statistically significant improvement in the rest and activation VAS scores, and DHI and PRTEE
scores in both continuous and pulsed ultrasound therapy groups, compared to placebo (p<0.05). However, no superiority was found between
the continuous and pulsed ultrasound therapy groups (p>0.05). A statistically significant reduction in the common extensor tendon thickness
was found only in the pulsed ultrasound therapy group (p<0.05).
Conclusion: Our study results show that both continuous and pulsed ultrasound applications are effective in the treatment of lateral
epicondylitis.
Keywords: Lateral epicondylitis, pulsed ultrasound, therapeutic ultrasound.

Lateral epicondylitis (LE), also known as tennis
elbow, has an estimated prevalence of 1 to 3%, and
the dominant arm is commonly affected. It more
frequently occurs between 40 and 60 years and usually
affects women.[1-3] The diagnosis of LE is made clinically
and it is based on a history of pain and tenderness,
localized to lateral epicondyle. Although the diagnosis
of LE is clear, to date, no gold-standard treatment has
been established. All treatment methods have different
therapeutic mechanisms of action; however, the goal

of therapy is common: to improve function and reduce
pain.
Physiotherapy is a conservative treatment which is
usually recommended for LE.[4,5] Ultrasound (US) has
been used as a therapeutic agent in physiotherapy for
decades and accepted as an adjunct modality for the
management of many musculoskeletal conditions.[6-8]
It can be applied as pulsed or continuous therapy.
Pulsed US (PUS) produces non-thermal effects, reduces
inflammation, and increases collagen regeneration,
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whereas continuous US (CUS) generates thermal
effects.[9-13]
The number of the studies investigating the efficacy
of therapeutic US in LE is limited and there are
conflicting results on its efficacy. In some of these
studies, the efficacy of PUS and CUS therapies has
been examined and satisfactory effects have been
described in LE patients.[14,15] On the other hand, some
authors have suggested that neither PUS nor CUS
therapy is superior to placebo.[16-18]
To the best of our knowledge, there is no placebocontrolled study in the literature comparing the efficacy
of PUS and CUS in the treatment of LE. In the present
study, we, for the first time, aimed to investigate the
therapeutic effects of CUS and PUS in LE.

PATIENTS AND METHODS
This double-blind, prospective, randomized,
placebo-controlled study was carried out at
the outpatient clinic of the Eskisehir Osmangazi
University, Faculty of Medicine, Department
of Physical Medicine and Rehabilitation between
February 2013 and October 2014. A total 51 patients
(18 males, 33 females; mean age: 46.52±6.16 years;
range, 27 to 64 years) who were diagnosed with LE
were enrolled. Inclusion criteria were as follows: age
between 18 and 70 years, having pain on the lateral
side of the elbow for less than six months, tenderness
over the lateral epicondyle, and pain during extension
of the wrist and fingers. Exclusion criteria were
as follows: upper extremity and neck disorders,
other elbow pathologies, presence of tendon rupture,
use of non-steroidal anti-inflammatory drugs, joint
limitations due to a previous radial/ulnar fracture,
previous elbow surgery, osteoporosis, malignancy,
hemophilia, neurological deficit(s) in the ipsilateral
upper limb, and cognitive disfunction. After a
detailed history taking and physical examination,
routine hematological and biochemical analyses
were performed in all patients. In addition, elbow
radiographies were taken. A written informed
consent was obtained from each patient. The study
protocol was approved by the Institutional Review
Board of Eskisehir Osmangazi University, Faculty of
Medicine (14.05.2013/05). The study was conducted
in accordance with the principles of the Declaration
of Helsinki.
Randomization
The patients who met the inclusion criteria were
randomly assigned to three groups using a secure

system of numbered 1-2-3 opaque closed envelopes.
The physiotherapist opened the envelopes and applied
the treatment. The physician who made the clinical
assessments was blind to randomization and treatment
allocation.
Treatment protocol
In Group 1 (CUS group, n=17), continuous
ultrasonic waves of 1.5 MHz frequency and 1 W/
cm 2 power were applied with a 5-cm diameter
applicator (Sonopuls 434; Enraf Nonius, Delft,
Netherlands) for 5 min per session. The patients
were in the sitting position, and an acoustic gel
containing no pharmacological active substance was
applied. Ultrasound was, then, applied to the lateral
epicondyle in circular movements with the probe at
right angles to ensure maximum absorption of the
energy.
In Group 2 (PUS group, n=17), the same US
equipment was set at a frequency of 1.5 MHz and a
power of 1 W/cm 2 and a pulsed mode duty cycle of
1:4. The duration of US applied and the posture of
the patient treated were as described for the CUS
group.
The patients in Group 3 (placebo US group, n=17)
received a sham US application, where the same US
device as described above seemed to be working, but
without delivering any output. The treatment was
applied to the target in the same manner as described
above, using the acoustic gel, and for 5 min per
session.
All US therapies were performed once a day for
5 min, five days a week, for a total of two weeks.
Clinical assessments were performed at baseline, at
two and six weeks by a single physician who was blind
to the treatment allocation.
Clinical assessment
The Visual Analog Scale (VAS), grip strength,
Duruöz Hand Index (DHI), and Patient-Rated Tennis
Elbow Evaluation (PRTEE) were used for the clinical
follow-up and evaluation of the patients. The severity
of pain at rest and on movement in the past 24 h
was assessed using the VAS, consisting of 10-cm
horizontal lines with anchor points of 0 (no pain) and
10 (maximum pain).[19,20]
The grip strength was measured using a Baseline®
hydraulic hand dynamometer (Baseline Evaluation
Instruments, NY, USA).[21] The patient sat on a chair
in a comfortable position (0 degree of shoulder
abduction and 90 degrees of elbow flexion). The
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application was explained to the patient in detail. Each
measurement was carried out three times, while taking
a resting period of 2 min between each measurement.
The average score of three measurements was
calculated and recorded in pounds.
The DHI consists of 18 questions regarding
manual tasks which are frequently carried out while
cooking, washing, dressing, etc. The patient is
asked to evaluate the difficulty which he/she has in
carrying out these tasks (from 0: no difficulty, to 5:
impossible).[22]
The PRTEE assesses the average pain and function
of the affected arm during the preceding week. It
consists of two parts, one for assessing pain and one
for assessing function using a Numeric Rating Scale
ranging from 0 to 10, with five and 10 questions,
respectively.[23,24]
Ultrasonographic assessment
Ultrasonographic assessment was performed by
an experienced radiologist using the Toshiba Aplio™
500A machine (Toshiba Medical Systems Co.,
Otawara, Japan) with an 8-MHz linear probe, while
the patient was sitting (70 degrees of elbow flexion,
neutral position of wrist, and semiflexion position
of fingers). Diagnostic US showed thickening of the
origin of the common extensor tendon from the lateral
humeral epicondyle and the maximum thickness was
documented before and after treatment.[25]
Statistical analysis
Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,

NY, USA). Continuous variables were expressed in
mean ± standard deviation (SD) or median (minmax), while categorical variables were expressed in
number and frequency. The distribution of normality
was checked using the Shapiro-Wilk test. Normally
distributed variables were analyzed using the paired
t-test or one-way analysis of variance (ANOVA) with
repeated measures between the baseline and at two
and six weeks. One-way ANOVA was performed
for intergroup comparison of continuous variables.
A p value of <0.05 was considered statistically
significant.

RESULTS
There were no significant differences in the
baseline characteristics of the patients randomized in
this study (Table 1).
The VAS-movement, VAS-rest, grip strength,
DHI, and PRTEE scores were similar in all groups
at baseline. Compared to baseline, at two weeks,
significant improvements were observed in the
VAS-movement, grip strength, DHI, and PRTEE
scores in all groups (p<0.05) However, compared to
baseline, at six weeks, the VAS-movement (p<0.05),
grip strength (p<0.05), DHI (CUS group: p<0.05,
PUS group: p<0.01), and PRTEE scores (p<0.01)
were significantly improved only in the CUS and
PUS groups. Compared to baseline, the comparisons
among the three groups at two and six weeks revealed
a significant difference in all clinical parameters,
except for grip strength in favor of CUS and PUS
groups than the placebo group (p<0.05) (Table 2).

TABLE 1
Baseline demographic characteristic of patients
Group 1 (n=17)
n
Age (year)
Sex
Male
Female

Mean±SD

Group 2 (n=17)
n

45.3±7.5
7
10

Duration of symptoms (month)

Mean±SD

Group 3 (n=17)
n

47.2±4.2
5
12

3.5±1.9

47.1±6.8
6
11

3.7±2.0

3.7±2.1

Dominant extremity
Right
Left

15
2

15
2

14
3

Affected extremity
Right
Left

12
5

14
3

14
3

SD: Standard deviation.

Mean±SD
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TABLE 2
Comparison of clinical variables at baseline, two weeks, and six weeks
Group 1 (n=17)

Group 2 (n=17)

Group 3 (n=17)

Mean±SD

Mean±SD

Mean±SD

VAS-rest
Baseline (B)
Second week (2w)

3.0±1.2
2.2±1.8

3.2±1.3
2.3±1.4

3.3±1.4
2.9±1.5

Sixth week (6w)

2.1±1.5

2.1±1.4

2.8±1.8

P value
VAS-movement
Baseline (B)
Second week (2w)

>0.05

>0.05

>0.05

7.8±1.8
5.4±1.5

8.1±1.6
5.8±1.4

7.6±2.0
5.9±1.9

Sixth week (6w)

4.1±1.9

3.7±1.6

6.3±2.2

B-2w: <0.05
B-6w: <0.05

B-2w: <0.05
B-6w: <0.05
2w-6w: <0.05

B-2w: <0.05

24.3±8.4
26.6±13.5
26.4±10.7
B-2w: <0.05
B-6w: <0.05

25.4±8.3
27.3±11.2
27.6±9.4
B-2w: <0.05
B-6w: <0.05

22.0±9.4
23.3±13.0
22.8±11.6
B-2w: <0.05

Duruöz Hand Index
Baseline (B)
Second week (2w)

33.4±14.9
19.1±13.8

37.1±12.2
22.4±16.3

34.0±15.4
27.7±14.6

Sixth week (6w)

16.7±12.5

11.4±11.6

30.4±16.2

B-2w: <0.05
B-6w: <0.05

B-2w: <0.05
B-6w: <0.01
2w-6w: <0.05

B-2w: <0.05

51.7±9.6
33.2±9.8

55.4±9.3
37.9±10.1

50.7±11.5
44.3±12.1

26.2±8.8

24.4±8.7

45.5±10.7

B-2w: <0.05
B-6w: <0.01

B-2w: <0.05
B-6w: <0.01
2w-6w: <0.05

B-2w: <0.05

P value
Grip strength
Baseline (B)
Second week (2w)
Sixth week (6w)
P value

P value
Patient-Rated Tennis Elbow Evaluation
Baseline (B)
Second week (2w)
Sixth week (6w)
P value

P value

1-3: <0.05
2-3: <0.05
1-3: <0.05
2-3: <0.05

1-3: <0.05
2-3: <0.05
1-3: <0.05
2-3: <0.05

1-3: <0.05
2-3: <0.05
1-3: <0.05
2-3: <0.05

1-3: <0.05
2-3: <0.05
1-3: <0.05
2-3: <0.05

SD: Standard deviation; VAS: Visual Analog Scale; PRTEE: Patient-Rated Tennis Elbow Evaluation

The thickness of the origin of the common
extensor tendon was similar at baseline. At the end
of the treatment (Week 2), however, ultrasonographic
assessment revealed a significant decrease in the
thickness of common extensor tendon in favor of
the PUS groups, compared to both placebo and CUS
groups (p<0.05) (Table 3).
No systemic or local side effects were reported
during or after the treatment.

DISCUSSION
In this double-blind, randomized, placebocontrolled study, we evaluated the efficacy of CUS and
PUS therapies in patients with LE. Our study results
showed significant improvements in activity pain, grip
strength, DHI, and PRTEE scores at two weeks in all
groups. However, this clinical improvement continued
over the six-week period only in the CUS and PUS
groups. Furthermore, comparisons among the three
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TABLE 3
Comparison of ultrasonographic variables at baseline, two weeks, and six weeks
Group 1 (n=17)

Group 2 (n=17)

Group 3 (n=17)

Mean±SD

Mean±SD

Mean±SD

Baseline (B)

2.9±0.8

3.0±0.9

2.8±0.7

Second week (2w)

2.6±0.7

2.4±0.7

2.7±0.9

p

Thickness of common extensor tendon

P value

2-3: <0.05
1-2: <0.05

B-2w: <0.05

SD: Standard deviation.

groups showed that significant improvements were
observed in all clinical parameters, except for the grip
strength in favor of CUS and PUS groups at two and
six weeks of therapy. Ultrasonographic measurements
of the common extensor tendon thickness showed a
significant improvement only in the PUS.

of 12 sessions. The PUS was given with an on-to-off
ratio of one to four rate. The results showed that the
clinical improvements were statistically significantly
greater in patients receiving PUS therapy. Despite
some differences in methodology, the results of our
study are consistent with these studies.

Despite its widespread use, the efficacy of
therapeutic US in LE has been only subjected to a limited
number of studies, and the results of these studies
are somewhat conflicting. In a 12-week, randomized
study including 49 patients with LE, Murtezani
et al.[26] applied a combined exercise and PUS therapy
(1 MHz, 1.5 W/cm 2 for 5 to 7 min per session, totally
18 sessions) to the first group. The second group was
the corticosteroid injection group. In the US group,
significant improvements were demonstrated for VAS,
PRTEE pain scores, PRTEE function scores, and painfree grip strength compared to the corticosteroid
group. In another randomized, placebo-controlled
study, the effectiveness of PUS was compared with
placebo in 76 patients with LE.[27] Pulsed ultrasound
was applied with a frequency of 1 MHz, 1 W/cm2, and
in a pulsed mode 1:4 for 10 min per session. After
12 sessions of treatment, significant improvements
were achieved in pain scores and grip strength in the
PUS group compared to the placebo group. Similarly,
in a randomized, placebo-controlled study in which
the CUS (1 MHz, 1.5 W/cm2 for 5 min per session,
totally 15 sessions) was compared with placebo, the
VAS-pain, Disabilities of the Arm, Shoulder, and Hand
Index, and Short Form-36 (SF-36) scores improved
significantly in the CUS group, compared to placebo.[14]
Kachanathu and Vellapallil[28] also reported similar
improvements in their prospective, randomized study.
Twenty patients with subacute LE were included in
this study, and PUS and CUS were applied in addition
to the conventional physiotherapy exercises. Both
groups received a treatment with an intensity of 1.5
W/cm 2 by 1 MHz US machine for 8 min for a total

On the other hand, there are some studies showing
that US therapy is not superior to placebo in LE. In a
double-blind, randomized study by D’Vaz et al.,[15] the
improvements in the VAS, PRTEE, and grip strength
in patients receiving PUS therapy (1.5 MHz, 3 W/cm2
for 20 min per session, totally 15 sessions) were not
significantly different from the placebo group at six and
12 weeks. In another randomized study by Lundeberg
et al.[17] including 99 patients with LE, the patients were
divided into three groups. The CUS therapy (1 MHz,
1 W/cm 2 for 10 min per session, totally 10 sessions,
two days in a week) was applied to the first group and
placebo was given to the second group. The third group
was the control group and they were only advised to
rest for five weeks. Compared to the control group,
a significant improvement was observed in the US
group; however, there was no statistically significant
difference compared to the placebo group. Although
the US dose applied in our study was similar to these
studies, the results are different. These conflicting
results may be due to differences among the patients
included in the studies. Of note, the duration of
symptoms of our patients was less than six months,
while the duration of symptoms of both D’Vaz et al.[15]
and Lundeberg et al.’s[17] studies was more than six
months.
Review of the literature reveals no controlled study
comparing the efficacy of CUS and PUS with placebo
in LE. Due to the differences in the methodology of
this study, it would not be appropriate to compare
the results with the findings of the aforementioned
studies. In addition, therapeutic US therapy was
used in many previous studies with other treatment
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modalities, particularly with exercise therapy. Despite
the differences in methodology, the results of some of
the studies mentioned above are similar to our results,
indicating that both CUS and PUS therapies seem to be
superior to placebo.

decrease in the wound size was observed only in the
PUS group. In our study, the thickness of the common
extensor tendon decreased only in the PUS group. This
finding may be related to the underlying mechanisms
(i.e., anti-inflammatory effects), as mentioned above.

Therapeutic US is used in various musculoskeletal
disorders and it converts electrical energy into an
acoustic waveform, which is, then, converted into
heat and, then, passes through tissues of varying
resistance.[29] The US therapy is reported to reduce
edema, relieve pain, and accelerate tissue repair.[30-32]
The PUS produces non-thermal effects, whereas
CUS generates thermal effects.[30] Analgesia may
be the result of increased capillary permeability
and tissue metabolism, the enhancement of fibrous
tissue extensibility, declining muscle spasm and
the elevation of the pain threshold by thermal
mechanisms.[30-33] The PUS has been recommended for
acute pain and inflammation. It changes the cellular
environment, increases membrane permeability,
activates the degranulation of macrophages and
mast cells, enhances proliferation of fibroblasts, and
affects wound contraction and protein synthesis by
influencing the acoustic current and cavitation.[13,29,31]

Furthermore, in our study, the placebo group
also showed a statistically significant improvement
in the movement pain, DHI, and PRTEE scores. This
condition is known as the placebo effect which is mostly
related to the patients’ beliefs about the treatment and
physician-patient relationship. In addition, a placebo
analgesic effect is caused by the release of endogenous
opioids.[38,39]

Lateral epicondylitis most commonly occurs at
the tenoperiosteal junction, and granulation tissue
appears in this area. The main problem is the rapid
maturation of these granulation tissues and the scar
tissue has never a chance to fully heal.[34,35] Despite all
these pathophysiological evidences, there is a limited
number of studies in the literature evaluating the
common extensor tendon thickness in LE. Unlike
our study, in a single-blind, randomized study in
59 patients with LE, Gündüz et al.[36] compared
combined US (1 W/cm 2 for 5 min), massage and
hot pack therapy with extracorporeal shock wave
therapy and local steroid injection. There was no
significant improvement in the common extensor
tendon thickness in any of the three groups. In our
study, however, a significant improvement in the
common extensor tendon thickness was found only in
the PUS group.
There are also studies showing that PUS activates
collagen synthesis and regeneration. In a placebocontrolled study by Aktas,[37] 45 patients with a
pressure wound were divided into three groups. The
PUS therapy (0.5 W/cm2) was applied to the first
group, CUS therapy (1 W/cm2) was applied to the
second group, and placebo was given to the third
group. Treatment protocols were applied for 5 min per
session for totally 15 sessions. A statistically significant

Nonetheless, there are some limitations to this
study. First, only the short-term effects of therapeutic
US were able to be evaluated. Therefore, further
well-designed studies with long-term follow-up are
needed. Second, depending on the inclusion criteria,
only the patients who had LE symptoms less than six
months were enrolled, which limited the number of the
patients included in the study. Third, we were unable
to perform a power analysis before the study. Fourth,
in our study, US therapy was not combined with
other treatment modalities, such as exercise therapy.
However, it can be discussed whether it is a true
limitation: if a combined treatment was applied, the
real effectiveness of US could not have been evaluated
accurately. Finally, in the literature, different doses,
intensity, and duration of US in different dimensions
have been examined. Therefore, the results of clinical
trials should be discussed in the light of this concern.
In conclusion, our study results indicate that both
CUS and PUS therapies are effective in pain relief and
functional improvement in LE. However, there is still
no consensus on optimal therapeutic US parameters
and further well-designed trials are needed to confirm
these findings.
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