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Abstract: Background: Chronic lateral epicondylitis (LE), also known as tennis elbow, affects 1–3%
of the population, primarily those over 40 years old. Most cases resolve with conservative treatments,
but some require more advanced interventions. Extracorporeal shockwave therapy (ESWT) has
emerged as a non-surgical treatment option, utilizing either low- or high-energy levels to alleviate
pain and improve function. Objective: This study aimed to compare the efficacy of low-energy
versus high-energy ESWT in the treatment of chronic LE, focusing on pain relief and functional
improvement. Methods: A retrospective observational study was conducted including patients
treated for chronic LE between 2021 and 2024. Participants were divided into two groups: low-energy
ESWT (0.10 mJ/mm2) and high-energy ESWT (0.20 mJ/mm2). Both groups received 2400 pulses at
a frequency of 6 Hz once a week for three weeks. Pain and functional outcomes were measured using
a visual analog scale (VAS) and the Patient-Rated Tennis Elbow Evaluation Questionnaire (PRTEE)
at the baseline, three months (T1), and six months (T2) post-treatment. Results: Forty-six patients
participated, with 24 in the low-energy group and 22 in the high-energy group. Baseline demographics
and clinical characteristics were similar across groups. At T1 and T2, the low-energy group showed
significantly greater reductions in the VAS scores (T1: 4.45 ± 0.8 vs. 3.6 ± 1.7, p = 0.04; T2: 3.2 ± 1.2 vs.
2.1 ± 1.1, p = 0.004) and PRTEE scores (T1: 34.3 ± 6.9 vs. 26.8 ± 11.9, p = 0.03; T2: 25.3 ± 6 vs. 17.6 ± 9,
p = 0.005). Significant treatment–time interactions were observed for both the VAS and PRTEE scores,
indicating sustained improvements in the low-energy group. Conclusions: Low-energy ESWT was
more effective than high-energy ESWT in treating chronic LE, providing greater and longer-lasting
pain relief and functional improvement. These findings suggest that low-energy ESWT should be
preferred in clinical practice for managing this condition. Future research should focus on larger
sample sizes and randomized controlled trials to confirm these results and explore the underlying
mechanisms of differential efficacy between energy levels.

Keywords: extracorporeal shockwave therapy ESWT; lateral epicondylitis; lateral elbow tendinopa-
thy; upper limb; rehabilitation; minimally invasive; physiotherapy; treatment success rate; visual
analog scale; energy level; pain; upper limb; conservative treatment; PRTEE

1. Introduction

Tennis elbow or lateral epicondylitis (LE), also referred to as proximal wrist extensor
tendinopathy, manifests as pain either directly at or slightly below the lateral humeral
epicondyle within the tendon of the proximal wrist extensor. It affects around 1–3% of the
population, primarily those over 40, with equal prevalence between genders. Most cases
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(70–90%) experience spontaneous remission or respond well to conservative treatment
within a year [1], involving rest, nonsteroidal anti-inflammatory drugs (NSAIDS), orthosis,
physical therapy, and corticosteroid injections [2]. The normal anatomical architecture of
the tissues around the lateral epicondyle is complex and continues to be a focus of study [3].
Based on macroscopic and microscopic observations in 40 fresh-frozen cadavers, the ten-
dons of the extensor carpi radialis brevis (ECRB) and extensor digitorum communis (EDC)
were found to be indistinguishable at the osteotendinous origins [4]. The thin, tendinous
EDC and ECRB insertions are particularly vulnerable to injury [5]. Ultrasonographic assess-
ment at the humeral epicondyles enables accurate EDC and ECRB insertional identification
and differentiation [6]. Lateral elbow tendinosis is part of the larger family of tendinosis
conditions. Several review articles have commented on the term “tennis elbow” because
the prevalence of LE in tennis players contributes to only 5% of all LE cases [7]. The LE
etiology has long been associated with performing forceful, highly repetitive physical work
tasks, particularly with prolonged non-neutral hand and wrist postures [8]. High HbA1c
and blood glucose levels have also been associated with LE [9], as has female sex [10].
Smoking cessation significantly reduces LE risk [11], and hypercholesterolemia incidence is
higher in LE patients than in healthy controls [9].

The diagnosis of LE is mainly clinical [10]. The precise evaluation of the patient’s
history and a complete examination are mandatory. The key finding of the physical
examination is local tenderness over the origin of the ECRB at the lateral epicondyle, and
symptoms are often reproduced through provocative tests [1]. The most widely accepted
and used tests are Cozen’s, Mill’s, and Maudsley’s [11], and there was recently a new test
called “the selfie test”, where the patient is instructed to hold a cell phone with their elbow
fully extended and flex their wrist, independently pressing their thumb on the phone screen
or top button. A positive test is indicated by the presence of pain in the lateral aspect of
the elbow joint, which could be a valuable addition to the diagnostic process [10]. As the
diagnosis is clinically based, imaging is often unnecessary, although it can assist in more
complex cases [12]. Ultrasonography (US) has been proven to have high sensitivity but
low specificity in the diagnosis of LE, and is considered the most useful tool; however, it
should not be used in isolation, but rather as a complementary component of the overall
assessment [12–14].

Recent studies have highlighted the effectiveness of corticosteroid, platelet-rich plasma,
autologous blood products, or botulinum toxin injections in relieving pain and enhancing
functionality for patients unresponsive to medication and seeking to avoid surgery [2].
Surgery, whether arthroscopic or open, is typically recommended for patients with LE
resistant to conservative treatments due to excessive tension, repetitive micro-trauma, and
degenerative changes in the extensor carpi radialis brevis (ECRB) tendon [15]. Extracorpo-
real shockwave therapy (ESWT) is gaining popularity as a non-surgical option for treating
various musculoskeletal conditions including LE. It aims to alleviate pain and improve
function by stimulating tissue healing and activating nerve fibers [16]. Through the stimu-
lation of vascular endothelial growth factor and nitric oxide synthase [17,18], ESWT can
improve the blood supply to, and therefore tissue regeneration at the tendon–bone junction.
The resolution of injured tendon edema, swelling, and inflammatory cell infiltration has
also been reported with ESWT use [19]. The use of ESWT also increases the expression
of TGFβ1 and IGF-1, triggering the release of lubricin, which stimulates tenocyte growth,
proliferation, and facilitates tendon repair, gliding, and tissue healing [20]. Recent meta-
analyses and systematic reviews suggest that ESWT is a safer alternative compared to other
techniques and is increasingly recommended as a noninvasive option [21]. Additionally,
studies indicate that ESWT yields better long-term outcomes in terms of grip strength
and pain relief compared to corticosteroid injections, as demonstrated in recent level 1
meta-analyses [22].

ESWT can be separated into low-energy flux density (<0.12 mJ/mm) and high-energy
energy flux density (≥0.12 cmm) treatments regardless of the types of shockwave genera-
tors, and these energy levels have been widely adopted to treat different tendinopathies
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such as supraspinatus tendinopathy [23] or fasciopathies such as plantar fasciitis [24] or
other diseases such as chronic heel pain or myofascial pain syndrome [25–27].

Biological tissues interact with chemical substances (pharmaceuticals, in particular),
but also with physical energy [28]. In the case of pharmaceuticals, those used in modern
medicine are becoming ever more precise in aiming at specific types of molecules [29],
which is what makes it possible to cure specific illnesses. For every pharmaceutical, the
dosage is generally well-defined in terms of quantity and temporal duration for the cure
(the interval between one administration and the next and the total number of days of
administration). The same cannot be said for instrumental physical therapies, which, often
for the same illness, propose protocols that are quite different from one another in terms of
the number of sessions, the intervals between one session and the next, and the intensity
of the physical energy administered. For some electro-medical devices, moreover, even
though the intensity of the physical energy administered remains the same, the way the
device interacts with the patient will result in a greater or lesser release of energy into
the tissues, for example, regarding the width of the contact surface between the skin and
handpiece. This is the case with sound waves. High pressure mechanical waves propagate
directly when the tissue density is uniform, however, the ESWT probe angle influences
how much energy is released into the region of interest

To date, it is not yet clear which energy level, or which energy or power level, is the
most effective for pain relief and clinical improvement of elbow function in LE using ESWT.
Only one study has compared the two energy levels in LE, but since NSAIDs were used
during the therapy in both groups [30], it cannot be considered as an accurate assessment
of the effect of ESWT alone for LE [31]. Research protocols vary in recommendations for
the adjuvant treatment with physical therapy, eccentric loading, stretching, and the use
of NSAIDs [31]. Therefore, we conducted an observational study to compare the healing
effects of high-energy ESWT alone with low-energy ESWT alone in the therapy of chronic
lateral epicondylitis. The aim of the study was to determine whether low-energy or high-
energy ESWT is more effective for reducing elbow pain and improving function in patients
with LE.

2. Materials and Methods
2.1. Study Design and Population

This observational study followed good clinical practice and the ethics of the Helsinki
Declaration, approved by La Sapienza University’s Institutional Review Board (Prot.
0000/2024—Approval Date: 15 February 2024). Informed consent forms were signed
by all patients, and the data were anonymized. All participants provided signed informed
consent before the study, which included a specific section regarding the processing of their
personal data for research purposes, ensuring anonymization to safeguard their privacy.
The data of patients treated for symptomatic lateral elbow pain between 2021 and 2024
were retrospectively collected and analyzed. LE was diagnosed based on clinical symp-
toms, physical examinations, and imaging studies. To be study eligible, patients had to be
between 25 and 85 years old, have had pain in the epicondyle are of the lateral epicondyle
(Figure 1), with symptoms over the last 3 months, with reduced range of motion (ROM),
and present with a positive tendinopathy epicondylitis test. Patients were excluded if they
had marked atrophy or weakness at any forearm muscles, if they had previously undergone
elbow-region surgery, if they had recent corticosteroid or nerve blockage injections, if there
was a tumor in the treatment area, if they were pregnant, or if they had any coagulation
abnormalities. All eligible patients completed a demographic and clinical questionnaire
that assessed age and gender. The following scales were administered at T0 and at T1 after
three months and at T2 after 6 months from ESWT: A visual analog scale (VAS) [32] and
Patient-Rated Tennis Elbow Evaluation Questionnaire (PRTEE) [33]. All ESWT applications
and survey administration were performed by the primary investigator, a physician special-
ized in physical medicine and rehabilitation. Participants were instructed not to consume
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NSAIDs during the study period, and they were asked to report any intake including
self-medication on demand. The flow diagram of the study is shown in Figure 2.
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2.2. Intervention

The study protocol used was in line with the current state-of-the-art for treating LE
with ESWT performed by the principal authors using the Modulith SLK system (Storz
Medical, Tagerwilen, Switzerland), with an electromagnetic extracorporeal shockwave
generator equipped with an in-line ultrasound positioning system on the target zone.
The following parameters were followed. Firstly, ultrasonographic localization of the
region of interest was performed, and secondly, the focus was positioned according to
the site of the subject’s maximum local pain at treatment initiation [34]. All treatments
were performed with no local anesthesia. Participants underwent ESWT with the patient’s
forearm positioned neutrally and their elbow bent at a 90-degree angle while sitting on
a bed [35]. The data of patients who underwent either high-energy or low-energy ESWT
were collected from a pre-existing dataset. Specifically, this included the number of patients
and therapeutic characteristics as follows: low-energy level of 0.10 mJ/mm2 (Low-en-g),
with 24 patients, and at a high-energy level of 0.20 mJ/mm2, with 22 patients (High-en-g).
Both groups received 2400 pulses at a frequency of 6 Hz once a week for three weeks. The
VAS and PRTEE were administered before treatment, at T1 after three months, and at T2
after six months from ESWT.

Outcomes

All ESWT applications and survey administration were performed by the primary
investigator, a physician specialized in physical medicine and rehabilitation. The visual
analog scale (VAS) comprised a 100-mm horizontal line, with “no pain” denoted at the
left end (score: 0) and “pain as severe as possible” at the right end (score: 10). Patients
were instructed to place a hatch mark on the line corresponding to their current pain level,
both at rest and during their most painful movement. The VAS score was subsequently
determined by measuring the distance in millimeters between the left endpoint and the
patient’s mark [32].

The validated Italian version of the PRTEE questionnaire was used in this study. This
is a specific assessment tool in LE patients consisting of 15 items and three subgroups (pain,
special activities, and daily living activities). Higher scores indicate increased pain and
functional disability (0 = no disability) [36,37].

2.3. Statistical Analysis

Power analysis was performed using G*Power (v.3.1.9.2, developed by Franz Faul and
colleagues at the University of Kiel, Germany). Based on the study by Riaz S et al. [38],
a desired statistical power of 90% was assumed to detect a difference of 1.5 points in
the VAS-pain score, using a two-tailed t-test with Bonferroni corrections. The acceptable
precision level was determined with a standard deviation (SD) of 1.5 points. A confidence
level of 95% (α = 0.05) was specified, and an effect size of 0.93 was considered to determine
the magnitude of practically significant differences. With these parameters, a sample size of
21 participants per group was calculated to be sufficient. Descriptive statistics (mean and
standard deviations) were used to describe the characteristics of the two groups as well as
the outcome variables before and after intervention using paired samples t-tests to provide
an initial understanding of the data. Chi-square tests were used to determine the group
frequency differences based on gender. The normality of these variables was assessed using
the Shapiro–Wilk test for continuous variables. After confirming the normal distribution of
the variables in the two groups, a repeated measures ANOVA was conducted to evaluate
the change in VAS and PRTEE from the baseline at the two follow-up time points after
treatment. We used a mixed two-way ANOVA, with time as the within-subject factor and
group as the between-subject factor. In cases where a significant ANOVA result was found
(p < 0.05), we performed post hoc analysis to determine which specific group differences
contributed to the significance. Specifically, we used the Bonferroni corrections for the
post hoc test to adjust for multiple comparisons and minimize the risk of type I errors.
Additionally, bivariate correlations were performed to assess the relationships between
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variables, specifically, Pearson’s correlation was applied for continuous variables, while
Spearman’s rho correlations were used for ordinal variables. p < 0.05 was considered
statistically different. A cut-off for correlations was considered as follows: values between
0.3 and 0.7 indicated a moderate positive linear relationship, while values between −0.3
and −0.7 indicated a moderate negative linear relationship [39].

3. Results
3.1. Patient Demographic and Clinical Characteristics

All patients participated in the 3- and 6-month follow-ups (Table 1). Demographic and
clinical measurement characteristics were comparable between groups

Table 1. Comparison of the outcome measures before treatment in each group. Values are reported as
the mean ± standard deviation for continuous variables and as distribution for categoric variables
and the p value.

Variables High Energy Group
(n = 22)

Low Energy Group
(n = 24) p Value

Age, year 49.3 ± 9.8 50.2 ± 10.4 0.779
Gender, M = 1 F = 2 1 = 13; 2 = 9 1 = 11; 2 = 13 0.369
VAS T0, continuous 6.8 ± 1.1 7.3 ± 1.1 0.112

PRTEE T0 continuous 49.6 ± 2.1 52.2 ± 3.2 0.515
VAS: Visual analog scale; PRTEE: Patient-Rated Tennis Elbow Evaluation.

Descriptive statistics (mean and standard deviations) were used to describe the out-
come variables before and after intervention, using paired samples t-tests as shown in
Table 2.

Table 2. Comparison of the outcome measures after treatment in each group. Values are reported as
the mean ± standard deviation and the p value.

Variables High Energy Group
(n = 22)

Low Energy Group
(n = 24) p Value

VAS T1, continuous 4.4± 0.1 3.6 ± 0.3 0.02
PRTEE T1 continuous 34 ± 6.5 27.1± 11.3 0.01
VAS T2, continuous 3.2± 0.2 2.1 ± 0.2 0.002

PRTEE T2 continuous 24.8 ± 7.4 17.5 ± 8.4 0.003
VAS: Visual analogue scale; PRTEE: Patient-Rated Tennis Elbow Evaluation.

Repeated-measures 2-way ANOVAs for VAS scores showed no significant differences
at the baseline between the two groups. At T1 and at T2, a significant effect of treatment was
observed, with the low-power group exhibiting a lower VAS (T1: 4.45 ± 0.8 vs. 3.6 ± 1.7;
p value 0.04) (T2: 3.2 ± 1.2 vs. 2.1 ± 1.1; p value 0.004), respectively. Additionally, a sig-
nificant treatment–time interaction was observed (F(2, 88) = 7.56, p < 0.001, with a partial
eta squared η2 = 0.15 indicating a large effect size [40]. A strong, significant change in
test performance over time was observed in both groups (p value < 0.01). Following the
repeated-measures ANOVAs for VAS scores, post hoc tests were conducted using the Bon-
ferroni correction to account for multiple comparisons. The results showed that at T1, the
difference between the groups was significant (p < 0.05), but at T2, more significant differ-
ences were found (p = 0.004), with the low-power group reporting significantly lower VAS
values compared to the high-power group (mean difference = 1.094; 95% CI: 0.368–1.821).
These findings confirm a stronger treatment effect over time, consistent with the significant
treatment–time interaction observed in the ANOVA.

Furthermore, we conducted a repeated-measures 2-way ANOVA for PRTEE scores,
which showed no significant differences at the baseline between the two groups. At
T1 and T2, a significant effect of treatment was observed, with the low-power group
exhibiting a lower PRTEE (T1: 34.3 ± 6.9 vs. 26.8 ± 11.9; p value 0.03) (T2: 25.3 ± 6 vs.
17.6 ± 9; p value 0.005), respectively. A significant treatment–time interaction was observed
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(F(2, 88) = 7.56, p < 0.001, with a partial eta squared η2 = 0.07 indicating a moderate effect
size [40]. A strong, significant change in test performance over time was observed in both
groups (p value < 0.01). To further explore these differences, post hoc tests with Bonferroni
correction were conducted. The results revealed significant differences between groups
at T1 and T2, with mean differences of 7.476 (p = 0.03) and 7.718 (p = 0.005), respectively,
favoring the low-power group. The 95% confidence intervals for these differences were
[0.768, 14.184] at T1 and [2.437, 13.000] at T2, indicating a statistically significant improve-
ment in the low-power group compared to the high-power group at these time points. The
relationship between variables was evaluated through bivariate correlations using Pearson
correlation coefficients. Furthermore, concerning the correlation with the binary variable
“group”, Spearman’s rho was performed, the results of which are presented in Table 3.

Table 3. Comparison of the outcome measures before and after treatment in each group:
correlation analysis.

Variable Correlation with Coefficient (r) p-Value

VAS T0 PRTEE T0 0.7 <0.001
VAS T1 VAS T2 0.5 <0.05
VAS T1 PRTEE T1 0.7 <0.001
VAS T1 PRTEE T2 0.6 <0.01
VAS T2 PRTEE T1 0.7 <0.01
VAS T2 PRTEE T2 0.8 <0.001
VAS T1 Low-power group −0.332 0.024
VAS T2 Low-power group −0.446 <0.002

PRTEE T1 Low-power group −0.339 0.032
PRTEE T2 Low-power group −0.510 0.001

3.2. Safety

Throughout the study period, no significant adverse effects related to ESWT were
observed or reported by the participants.

4. Discussion

Despite the extensive use of ESWT worldwide, studies on the dose relationship be-
tween the intensity and the biological effects of ESWT remain inadequate [27]. The treat-
ment with ESWT for LE has been included in the guidelines of the International Society
for Medical Shockwave Treatment (ISMST) [41]. However, recent systematic reviews and
meta-analysis on the topic have not fully clarified the role of this therapy in treating this
condition. Instead, they show conflicting results in effectiveness and do not agree on which
types of shockwaves to use or the treatment protocol [21,42]. In some studies, regarding the
treatment of LE with ESWT, high energy was used [43,44], while in others, low energy was
used [45,46]. The therapy with ESWT involves administering sound waves with pressure
peaks that can reach 35–120 MPa and its effects, even at the molecular level, depend on the
energy delivered to the specific area, based on a parameter known as the energy flux density
(EFD) [47,48]. Some studies have been developed to investigate the effects of differences in
power, for example, on plantar fasciitis [49].

This study aimed to specifically assess the difference between the two EFDs in the
treatment of LE with ESWT alone. In our study, two different energy levels, based on past
studies [23], were considered: the low-energy group (Low-en-g) 0.10 mJ/mm2 and high-
energy group (High-en-g) 0.20 mJ/mm2, while keeping the number of sessions (three) and
administered shocks (2400) constant at 4 Hz. There is no consensus as to the appropriate
EFD, number of sessions, and SWT impulses, and it is not known whether and, if so, to
what degree a correlation exists between decreased pain and functional recovery, on the one
hand, and the resorption of calcific deposits, on the other hand [50–55]. In supraspinatus
calcific tendinopathy and chronic heel pain conditions, it has been demonstrated that high
energy produced greater clinical improvement [17,54,56,57].
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In our study, the demographic characteristics of the participants including age and
gender distribution were homogenous between the two groups, suggesting that the dif-
ferences observed in outcomes were attributable to the treatment modalities rather than
the confounding variables. The baseline VAS and PRTEE scores also showed no significant
differences, reinforcing the comparability of the two groups at the start of the intervention.

The results suggest a greater improvement in pain and functional outcomes with low-
energy ESWT. However, these results need to be confirmed in randomized controlled trials.

Improvements observed over time were significantly influenced by the type of ESWT
administered. This interaction underscores the efficacy of low-energy ESWT in LE in
promoting more pronounced improvements at 3 and at 6 months in terms of VAS score
and PRTEE score.

The correlation analyses (Table 3) revealed a strong relationship between the PRTEE
scores and patient-reported measures (VAS scores), indicating that pain reduction is closely
associated with improvements in functional abilities, however, these results need to be
confirmed in randomized controlled trials.

We did not detect statistically significant relationships between patient age or gender
and pain or function measurements.

Lacking several specific data on the difference in energy levels of ESWT in LE, it was
necessary to refer to more extensively studied rotator cuff tendinopathy data. These studies
indicated that high-energy application, compared to low-energy, resulted in greater calcific
deposit resorption, as demonstrated in cases of rotator cuff calcific tendonitis [17,54,56].
Conversely, basic research studies have shown that low-energy applications induce numer-
ous biological effects such as the stimulation of angiogenesis [41,57] and an increased syn-
thesis of nitric oxide, which has been demonstrated in vitro to provide anti-inflammatory
effects by flushing out inflammatory mediators [58]. Furthermore, another aspect to con-
sider, as cited in the ISMT guidelines [59], regards the power or intensity, which is quantified
as the EFD corresponding to the pressure (P) at a single point with an approximate diameter
of 200 µm. This definition of intensity, however, does not consider the transmission of
the sound wave through tissues, which, in physical terms, are referred to as media with
different acoustic impedances that the wave passes through.

We perceive that the difference in the effectiveness of ESWT power between a superfi-
cial tendon such as the ECRB [60] and a deeper tendon such as the insertional supraspinatus
is also related to the greater amount of tissue that the sound wave must penetrate in deeper
tendons. For these deeper tendons, a high-power EFD may be necessary to prevent the
dissipation of energy in tissues with different acoustic impedances.

The variation in tendon thickness may contribute to the differences in efficacy ob-
served among different power levels applied to various tendons. Specifically, the common
extensor tendon (CET) measures 3.8 mm in thickness [12], whereas the supraspinatus
tendon measures 12 mm [61]. Thicker tendons, such as the supraspinatus, possess greater
mass and thickness, resulting in higher density. Consequently, they may require a higher
energy level from the shockwave to effectively penetrate and produce a therapeutic effect.
Conversely, lower-power shockwaves may lack the necessary intensity to traverse the
entire structure of thick tendons and reach problematic areas. In our study, we found that a
lower-energy level was needed to penetrate the entire thick tendon structure.

As ultrasonography studies have shown, even a slight angle of incidence change in
probe position from perpendicular (≤2◦) results in emitted sound wave variation at the
surface of interest [62–64], possibly also altering the ESWT effects.

We compared the high-energy ESWT and low-energy ESWT for patients with chronic
LE. Low-energy ESWT usually has few side effects and good effectiveness, as confirmed
by the results of laboratory research [65,66]. Low-energy ESWT may also prevent the
phenomenon of lowering the level of adaptation of the patients or the patients’ giving up
the treatment because of pain in the middle of the treatment course [67]. Low-energy ESWT
is also known to create less local swelling and tenderness [68]. The histological reaction to
the ESWT is known to be dose-dependent on the total energy delivered to the tissue [65]. In
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fact, energy density determines clinical outcomes [59]. It has been shown that shockwaves
at low-energy density produce stimulatory effects on cell cultures and enhances wound
healing, while shockwaves of high-energy density may inhibit cell growth and interfere
with repair potential due to cell destruction and necrosis [69,70]. Therefore, the most
effective treatment outcome can only be achieved by using optimal treatment parameters.
This is the concept of a ‘window effect’ of treatment effectiveness [23]. In discussing
physical energy therapies in the field of musculoskeletal pathologies, it has been shown
that the effects of ESWT for knee osteoarthritis [60] and supraspinatus tendinopathy [23] are
dose dependent. This has also been noted for low-power laser therapy [71–75]. However,
for ESWT in chronic LE, there was no prior evidence of this. Following the results of our
study, it is hypothesized that in chronic LE, the ESWT effects are dose dependent, with low
power showing better clinical outcomes. However, these results need to be confirmed in
randomized controlled trials.

We should start thinking about the physical energies we use in rehabilitation, as ESWT,
in the same way that we consider the use of drugs, which possess a minimum effective
dose that must be identified through studies.

In chronic LE treated with ESWT alone, the low-energy group (0.10 mJ/mm2) showed
more effective and had longer-lasting results compared to those treated with a higher
energy level (0.20 mJ/mm2).

5. Limitations

This study had several limitations that should be acknowledged. First, as a retro-
spective study, it inherently lacks the control and randomization of prospective trials,
which may introduce selection bias. Second, not all potential outcomes were assessed,
particularly the absence of pre- and post-treatment imaging follow-up, duration of symp-
toms, type/activity at work, previous conservative treatments, and BMI, which would
have provided valuable objective data to correlate with the clinical findings. Third, the
assessment scales used in this study, such as pain and functional scores, are subjective and
can be influenced by individual patient perception, potentially affecting the reliability of
the results. Recent literature has proposed different methods of multimodal sensorimotor
evaluation of the hand and forearm, such as combining muscle mechanical properties,
pressure pain thresholds, active range of motion, maximal isometric strength, and manual
dexterity, which could be suggested for a more holistic view of the sample. This compre-
hensive approach could guide clinicians in monitoring the recovery of upper extremity
injuries more effectively [76]. Future studies should assess the influence of placebo effects
on therapy by standardizing treatment protocols including the use of the same language
and commands, consistent non-verbal communication, uniform setting and therapist attire,
a consistent ritual from welcome to farewell, and blinding participants to the ultrasound
image [77]. Future studies with larger sample sizes, randomized controlled designs, and
outcomes are needed to validate and expand upon our results.

6. Conclusions

Our study demonstrated that low-energy ESMW (0.10 mJ/mm2) was more effective
than high-energy ESWT (0.20 mJ/mm2) for the management of chronic LE treatment,
providing greater pain relief and functional improvement over time. These findings support
the preferential use of low-energy ESWT in clinical practice for patients with this condition.
Future prospective studies and randomized controlled trials with larger sample sizes are
warranted to confirm these results and to further explore the underlying mechanisms
contributing to the differential efficacy observed between the two treatment modalities.
There is a strong relationship between health-related quality-of-life metrics (PRTEE scores)
and patient-reported measures (VAS scores), indicating that reductions in pain are closely
associated with improvements in functional abilities and overall quality of life.
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CET Common extensor tendon
ECRB Extensor carpi radialis brevis
EDC Extensor digitorum communis
EFD Energy flux density
ESWT Extracorporeal shockwave therapy
LE Lateral epicondylitis
NSAIDs Nonsteroidal anti-inflammatory drugs
PRTEE Patient-Rated Tennis Elbow Evaluation Questionnaire
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VAS Visual analog scale
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26. Gezgİnaslan, Ö.; GÜmÜŞ Atalay, S.G. High-Energy Flux Density Extracorporeal Shock Wave Therapy Versus Traditional Physical
Therapy Modalities in Myofascial Pain Syndrome: A Randomized-controlled, Single-Blind Trial. Turk. J. Rheumatol. 2019, 35,
78–89. [CrossRef]

27. Park, K.D.; Lee, W.Y.; Park, M.-H.; Ahn, J.K.; Park, Y. High- versus low-energy extracorporeal shock-wave therapy for myofascial
pain syndrome of upper trapezius: A prospective randomized single blinded pilot study. Medicine 2018, 97, e11432. [CrossRef]

28. Tassinari, R.; Cavallini, C.; Olivi, E.; Facchin, F.; Taglioli, V.; Zannini, C.; Marcuzzi, M.; Ventura, C. Cell Responsiveness to Physical
Energies: Paving the Way to Decipher a Morphogenetic Code. Int. J. Mol. Sci. 2022, 23, 3157. [CrossRef]

29. Maxwell, L.J.; Zochling, J.; Boonen, A.; Singh, J.; Veras, M.M.; Ghogomu, E.T.; Jandu, M.B.; Tugwell, P.; Wells, G. TNF-alpha
inhibitors for ankylosing spondylitis. Cochrane Database Syst. Rev. 2015, 4, CD005468. [CrossRef]

30. Taheri, P.; Emadi, M.; Poorghasemian, J. Comparison the Effect of Extra Corporeal Shockwave Therapy with Low Dosage Versus
High Dosage in Treatment of the Patients with Lateral Epicondylitis. Adv. Biomed. Res. 2017, 6, 61. [CrossRef]

31. Reilly, J.M.; Bluman, E.; Tenforde, A.S. Effect of Shockwave Treatment for Management of Upper and Lower Extremity Muscu-
loskeletal Conditions: A Narrative Review. PM R 2018, 10, 1385–1403. [CrossRef]

32. Delgado, D.A.; Lambert, B.S.; Boutris, N.; McCulloch, P.C.; Robbins, A.B.; Moreno, M.R.; Harris, J.D. Validation of Digital Visual
Analog Scale Pain Scoring With a Traditional Paper-based Visual Analog Scale in Adults. JAAOS Glob. Res. Rev. 2018, 2, e088.
[CrossRef] [PubMed]

33. Rompe, J.D.; Overend, T.J.; MacDermid, J.C. Validation of the Patient-Rated Tennis Elbow Evaluation Questionnaire. J. Hand Ther.
2007, 20, 3–11. [CrossRef]

34. Speed, C.A.; Nichols, D.; Richards, C.; Humphreys, H.; Wies, J.T.; Burnet, S.; Hazleman, B.L. Extracorporeal shock wave therapy
for lateral epicondylitis—A double blind randomized controlled trial. J. Orthop. Res. 2002, 20, 895–898. [CrossRef]

35. El-Bably, S.; Ganeb, S.S.; El-shambaky, A.; Hassan, W. Extracorporeal Shock Wave Therapy versus Local Corticosteroid Injection
and Platelet-Rich Plasma in The Treatment of Supraspinatus Tendinopathy. Egypt. J. Hosp. Med. 2023, 92, 5900–5906. [CrossRef]

36. Testa, G.; Vescio, A.; Perez, S.; Petrantoni, V.; Mazzarella, G.; Costarella, L.; Pavone, V. Functional Outcome at Short and Middle
Term of the Extracorporeal Shockwave Therapy Treatment in Lateral Epicondylitis: A Case-Series Study. J. Clin. Med. 2020, 9, 633.
[CrossRef]

37. Cacchio, A.; Necozione, S.; MacDermid, J.C.; Rompe, J.D.; Maffulli, N.; di Orio, F.; Santilli, V.; Paoloni, M. Cross-cultural adaptation
and measurement properties of the italian version of the Patient-Rated Tennis Elbow Evaluation (PRTEE) questionnaire. Phys.
Ther. 2012, 92, 1036–1045. [CrossRef]

https://doi.org/10.1148/radiol.2371040784
https://www.ncbi.nlm.nih.gov/pubmed/16118152
https://doi.org/10.1016/j.jhsa.2010.11.040
https://doi.org/10.5397/cise.2019.22.4.227
https://doi.org/10.1016/S0736-0266(03)00104-9
https://doi.org/10.1007/s00402-008-0663-1
https://doi.org/10.1016/j.orthres.2003.10.013
https://doi.org/10.1007/s00441-011-1258-7
https://doi.org/10.1155/2020/2064781
https://doi.org/10.1080/00913847.2019.1599587
https://www.ncbi.nlm.nih.gov/pubmed/30951399
https://doi.org/10.2522/ptj.20110252
https://www.ncbi.nlm.nih.gov/pubmed/22745199
https://doi.org/10.1016/j.apmr.2014.01.033
https://doi.org/10.1177/0269215506069244
https://doi.org/10.5606/ArchRheumatol.2020.7496
https://doi.org/10.1097/MD.0000000000011432
https://doi.org/10.3390/ijms23063157
https://doi.org/10.1002/14651858.CD005468.pub2
https://doi.org/10.4103/2277-9175.207148
https://doi.org/10.1016/j.pmrj.2018.05.007
https://doi.org/10.5435/JAAOSGlobal-D-17-00088
https://www.ncbi.nlm.nih.gov/pubmed/30211382
https://doi.org/10.1197/j.jht.2006.10.003
https://doi.org/10.1016/S0736-0266(02)00013-X
https://doi.org/10.21608/ejhm.2023.309946
https://doi.org/10.3390/jcm9030633
https://doi.org/10.2522/ptj.20110398


J. Funct. Morphol. Kinesiol. 2024, 9, 173 12 of 13

38. Riaz, S.; Sattar, A.; Seemal, P.; Majeed, R.; Naveed, A.; Abid, N.; Bashir, S. Comparison of Extracorporeal Shockwave and
High-Intensity Laser in Treating Chronic Plantar Fasciitis. Pak. J. Med. Health Sci. 2023, 17, 46–47. [CrossRef]

39. Ratner, B. The correlation coefficient: Its values range between +1/−1, or do they? J. Target. Meas. Anal. Mark. 2009, 17, 139–142.
[CrossRef]

40. Richardson, J.T.E. Eta squared and partial eta squared as measures of effect size in educational research. Educ. Res. Rev. 2011, 6,
135–147. [CrossRef]

41. Available online: https://shockwavetherapy.org/wp-content/uploads/2024/01/ISMST-Guidelines-for-ESWT-_-engl-202401
03.pdf (accessed on 17 September 2024).

42. Karanasios, S.; Tsamasiotis, G.K.; Michopoulos, K.; Sakellari, V.; Gioftsos, G. Clinical effectiveness of shockwave therapy in lateral
elbow tendinopathy: Systematic review and meta-analysis. Clin. Rehabil. 2021, 35, 1383–1398. [CrossRef]

43. Sen, S.B.; Kosehasanogullari, M.; Yilmaz, N.O.; Kocyigit, B.F. Comparative analysis of the therapeutic effects of extracorporeal
shock wave therapy and high-intensity laser therapy in lateral epicondylitis: A randomised clinical trial. Rheumatol. Int. 2024, 44,
593–602. [CrossRef] [PubMed]

44. Ozturan, K.E.; Yucel, I.; Cakici, H.; Guven, M.; Sungur, I. Autologous blood and corticosteroid injection and extracoporeal shock
wave therapy in the treatment of lateral epicondylitis. Orthopedics 2010, 33, 84–91. [CrossRef] [PubMed]

45. Eraslan, L.; Yuce, D.; Erbilici, A.; Baltaci, G. Does Kinesiotaping improve pain and functionality in patients with newly diagnosed
lateral epicondylitis? Knee Surg. Sports Traumatol. Arthrosc. 2018, 26, 938–945. [CrossRef] [PubMed]

46. Yang, T.-H.; Huang, Y.-C.; Lau, Y.-C.; Wang, L.-Y. Efficacy of radial extracorporeal shock wave therapy on lateral epicondylosis,
and changes in the common extensor tendon stiffness with pretherapy and posttherapy in real-time sonoelastography: A
randomized controlled study. Am. J. Phys. Med. Rehabil. 2017, 96, 93–100. [CrossRef]

47. Speed, C.A.; Kolk, A.; Yang, K.G.A.; Tamminga, R.; van der Hoeven, H.; Wanner, S.; Gstöttner, M.; Meirer, R.; Hausdorfer, J.; Fille,
M.; et al. Extracorporeal shock-wave therapy in the management of chronic soft-tissue conditions. J. Bone Jt. Surg. Br. Vol. 2004,
86, 165–171. [CrossRef]

48. Van der Worp, H.; Akker-Scheek, I.v.D.; van Schie, H.; Zwerver, J. ESWT for tendinopathy: Technology and clinical implications.
Knee Surg. Sports Traumatol. Arthrosc. 2013, 21, 1451–1458. [CrossRef]

49. Chang, K.-V.; Chen, S.-Y.; Chen, W.-S.; Tu, Y.-K.; Chien, K.-L. Comparative effectiveness of focused shock wave therapy of different
intensity levels and radial shock wave therapy for treating plantar fasciitis: A systematic review and network meta-analysis.
Arch. Phys. Med. Rehabil. 2012, 93, 1259–1268. [CrossRef]

50. Fatima, A.; Ahmad, A.; Gilani, S.A.; Darain, H.; Kazmi, S.; Hanif, K. Effects of High-Energy Extracorporeal Shockwave Therapy on
Pain, Functional Disability, Quality of Life, and Ultrasonographic Changes in Patients with Calcified Rotator Cuff Tendinopathy.
BioMed Res. Int. 2022, 2022, 1230857. [CrossRef]

51. Hsu, C.J.; Wang, D.Y.; Tseng, K.F.; Fong, Y.C.; Hsu, H.C.; Jim, Y.F. Extra- corporeal shock wave therapy for calcifying tendinitis of
the shoulder. J. Shoulder Elbow Surg. 2008, 17, 55–59. [CrossRef]

52. Mouzopoulos, G.; Stamatakos, M.; Mouzo-poulos, D.; Tzurbakis, M. Extracorporeal shock wave treatment for shoulder calcific
tendonitis: A systematic review. Skelet. Radiol. 2007, 36, 803–811. [CrossRef]

53. Peters, J.; Luboldt, W.; Schwarz, W.; Jacobi, V.; Herzog, C.; Vogl, T.J. Extracorporeal shock wave therapy in calcific tendinitis of the
shoulder. Skelet. Radiol. 2004, 33, 712–718. [CrossRef] [PubMed]

54. Rompe, J.D.; Rumler, F.; Hopf, C.; Nafe, B.; Heine, J. Extra- corporal shock wave therapy for calcifying tendinitis of the shoulder.
Clin. Orthop. Relat. Res. 1995, 321, 196–201.

55. Gerdesmeyer, L.; Wagenpfeil, S.; Haake, M.; Maie, M.; Loe, M.; Wortle, K.; Lamp, R.; Seil, R.; Handle, G.; Gassel, S.; et al.
Extracorporeal shock wave therapy for the treatment of chronic calcifying tendonitis of the rotator cuff: A randomized controlled
trial. JAMA 2003, 290, 2573–2580. [CrossRef] [PubMed]

56. Albert, J.D.; Meadeb, J.; Guggenbuhl, P.; Marin, F.; Benkalfate, T.; Thomazeau, H.; Chales, G. High-energy extracorporeal
shock-wave therapy for calcifying tendinitis of the rotator cuff: A randomised trial. J. Bone Jt. Surg. Br. 2007, 89, 335–341.
[CrossRef] [PubMed]

57. Wang, C.-J.; Huang, H.-Y.; Chen, H.-H.; Pai, C.-H.; Yang, K.D. Effect of shock wave therapy on acute fractures of the tibia: A study
in a dog model. Clin. Orthop. Relat. Res. 2001, 387, 112–118. [CrossRef]

58. Ciampa, A.R.; de Prati, A.C.; Amelio, E.; Cavalieri, E.; Persichini, T.; Colasanti, M.; Musci, G.; Marlinghaus, E.; Suzuki, H.;
Mariotto, S. Nitric oxide mediates anti-inflammatory action of extracorporeal shock waves. FEBS Lett. 2005, 579, 6839–6845.
[CrossRef]

59. Keijsers, R.; Koenraadt, K.L.; Turkenburg, J.L.; Beumer, A.; The, B.; Eygendaal, D. Ultrasound Measurements of the ECRB Tendon
Shows Remarkable Variations in Patients with Lateral Epicondylitis. Arch. Bone Jt. Surg. 2020, 8, 168–172. [CrossRef]

60. McClure, S.; Dorfmuller, C. Extracorporeal shock wave therapy: Theory and equipment. Clin. Tech. Equine Pract. 2003, 2, 348–357.
[CrossRef]

61. Ruotolo, C.; Fow, J.; Nottage, W.M. The supraspinatus footprint: An anatomic study of the supraspinatus insertion. Arthroscopy
2004, 20, 246–249. [CrossRef]

62. Madaras, E.I.; Perez, J.; Sobel, B.E.; Mottley, J.G.; Miller, J.G. Anisotropy of the ultrasonic backscatter of myocardial tissue: II.
Measurements in vivo. J. Acoust. Soc. Am. 1988, 83, 762–769. [CrossRef]

https://doi.org/10.53350/pjmhs202317546
https://doi.org/10.1057/jt.2009.5
https://doi.org/10.1016/j.edurev.2010.12.001
https://shockwavetherapy.org/wp-content/uploads/2024/01/ISMST-Guidelines-for-ESWT-_-engl-20240103.pdf
https://shockwavetherapy.org/wp-content/uploads/2024/01/ISMST-Guidelines-for-ESWT-_-engl-20240103.pdf
https://doi.org/10.1177/02692155211006860
https://doi.org/10.1007/s00296-023-05525-w
https://www.ncbi.nlm.nih.gov/pubmed/38280938
https://doi.org/10.3928/01477447-20100104-09
https://www.ncbi.nlm.nih.gov/pubmed/20192142
https://doi.org/10.1007/s00167-017-4691-7
https://www.ncbi.nlm.nih.gov/pubmed/28840301
https://doi.org/10.1097/PHM.0000000000000547
https://doi.org/10.1302/0301-620X.86B2.14253
https://doi.org/10.1007/s00167-012-2009-3
https://doi.org/10.1016/j.apmr.2012.02.023
https://doi.org/10.1155/2022/1230857
https://doi.org/10.1016/j.jse.2007.03.023
https://doi.org/10.1007/s00256-007-0297-3
https://doi.org/10.1007/s00256-004-0849-8
https://www.ncbi.nlm.nih.gov/pubmed/15480643
https://doi.org/10.1001/jama.290.19.2573
https://www.ncbi.nlm.nih.gov/pubmed/14625334
https://doi.org/10.1302/0301-620X.89B3.18249
https://www.ncbi.nlm.nih.gov/pubmed/17356145
https://doi.org/10.1097/00003086-200106000-00015
https://doi.org/10.1016/j.febslet.2005.11.023
https://doi.org/10.22038/ABJS.2019.37767.1999
https://doi.org/10.1053/j.ctep.2004.04.008
https://doi.org/10.1016/j.arthro.2004.01.002
https://doi.org/10.1121/1.396119


J. Funct. Morphol. Kinesiol. 2024, 9, 173 13 of 13

63. Holland, M.R.; Lewis, S.H.; Hall, C.S.; Finch-Johnston, A.E.; Handley, S.M.; Wallace, K.D.; D’Sa, A.P.; Prater, D.M.; Perez, J.E.;
Miller, J.G. Effects of tissue anisotropy on the spectral characteristics of ultrasonic backscatter measured with a clinical imaging
system. Ultrason. Imaging 1998, 20, 178–190. [CrossRef]

64. Connolly, D.J.; Berman, L.; McNally, E.G. The use of beam angulation to overcome anisotropy when viewing human tendon with
high frequency linear array ultrasound. Br. J. Radiol. 2001, 74, 183–185. [CrossRef] [PubMed]

65. Ogden, J.A.; Alvarez, R.G.; Levitt, R.L.; Johnson, J.E.; Marlow, M.E. Electrohydraulic high-energy shock-wave treatment for
chronic plantar fasciitis. J. Bone Jt. Surg. Am. 2004, 86, 2216–2228. [CrossRef] [PubMed]

66. Jeon, J.H.; Jung, Y.J.; Lee, J.Y.; Choi, J.S.; Mun, J.H.; Park, W.Y.; Seo, C.H.; Jang, K.U. The effect of extracorporeal shock wave
therapy on myofascial pain syndrome. Ann. Rehabil. Med. 2012, 36, 665–674. [CrossRef] [PubMed]

67. Rompe, J.D.; Meurer, A.; Nafe, B.; Hofmann, A.; Gerdesmeyer, L. Repetitive low-energy shock wave application without local
anesthesia is more efficient than repetitive low- energy shock wave application with local anesthesia in the treatment of chronic
plantar fasciitis. J. Orthop. Res. 2005, 23, 931–941. [CrossRef] [PubMed]

68. Haupt, G.; Chvapil, M. Effect of shock waves on the healing of partial-thickness wounds in piglets. J. Surg. Res. 1990, 49, 45–48.
[CrossRef]

69. Holsapple, J.S.; Cooper, B.; Berry, S.H.; Staniszewska, A.; Dickson, B.M.; Taylor, J.A.; Bachoo, P.; Wilson, H.M. Low Intensity
Shockwave Treatment Modulates Macrophage Functions Beneficial to Healing Chronic Wounds. Int. J. Mol. Sci. 2021, 22, 7844.
[CrossRef]

70. Orhan, Z.; Cam, K.; Alper, M.; Ozturan, K. The effects of extracorporeal shock waves on the rat Achilles tendon: Is there a critical
dose for tissue injury? Arch. Orthop. Trauma Surg. 2003, 124, 631–635. [CrossRef]

71. Bjordal, J.M.; Lopes-Martins, R.; Joensen, J.; Couppe, C.; Ljunggren, A.E.; Stergioulas, A.; Johnson, M.I. A systematic review
with procedural assessments and meta-analysis of low level laser therapy in lateral elbow tendinopathy (tennis elbow). BMC
Musculoskelet. Disord. 2008, 9, 75. [CrossRef]

72. Jang, H.; Lee, H. Meta-analysis of pain relief effects by laser irradiation on joint areas. Photomed. Laser Surg. 2012, 30, 405–417.
[CrossRef]

73. Tumilty, S.; Munn, J.; McDonough, S.; Hurley, D.A.; Basford, J.R.; Baxter, G.D. Low level laser treatment of tendinopathy: A
systematic review with meta-analysis. Photomed. Laser Surg. 2010, 28, 3–16. [CrossRef] [PubMed]

74. Haslerud, S.; Magnussen, L.H.; Joensen, J.; Lopes-Martins, R.A.B.; Bjordal, J.M. The efficacy of low-level laser therapy for shoulder
tendinopathy: A systematic review and meta-analysis of randomized controlled trials. Physiother. Res. Int. 2015, 20, 108–125.
[CrossRef] [PubMed]

75. Agostini, F.; Bernetti, A.; Santilli, G.; Paoloni, M.; Santilli, V.; Mangone, M. Laser and thermal therapy in athletes’ tennis elbow:
An observational study. Med. Sport 2022, 75, 238–247. [CrossRef]

76. Bellosta-López, P.; Blasco-Abadía, J.; Andersen, L.L.; Vinstrup, J.; Skovlund, S.V.; Doménech-García, V. Multimodal sensorimotor
assessment of hand and forearm asymmetries: A reliability and correlational study. PeerJ 2024, 12, e17403. [CrossRef]

77. Doménech-García, V.; Pecos-Martín, D.; Blasco-Abadía, J.; Bellosta-López, P.; López-Royo, M.P. Placebo and nocebo effects of
per-cutaneous needle electrolysis and dry-needling: An intra and inter-treatment sessions analysis of a three-arm randomized
double-blinded controlled trial in patients with patellar tendinopathy. Front. Med. 2024, 11, 1381515. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/016173469802000303
https://doi.org/10.1259/bjr.74.878.740183
https://www.ncbi.nlm.nih.gov/pubmed/11718392
https://doi.org/10.2106/00004623-200410000-00013
https://www.ncbi.nlm.nih.gov/pubmed/15466731
https://doi.org/10.5535/arm.2012.36.5.665
https://www.ncbi.nlm.nih.gov/pubmed/23185731
https://doi.org/10.1016/j.orthres.2004.09.003
https://www.ncbi.nlm.nih.gov/pubmed/16023010
https://doi.org/10.1016/0022-4804(90)90109-F
https://doi.org/10.3390/ijms22157844
https://doi.org/10.1007/s00402-003-0598-5
https://doi.org/10.1186/1471-2474-9-75
https://doi.org/10.1089/pho.2012.3240
https://doi.org/10.1089/pho.2008.2470
https://www.ncbi.nlm.nih.gov/pubmed/19708800
https://doi.org/10.1002/pri.1606
https://www.ncbi.nlm.nih.gov/pubmed/25450903
https://doi.org/10.23736/S0025-7826.22.04048-0
https://doi.org/10.7717/peerj.17403
https://doi.org/10.3389/fmed.2024.1381515

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Intervention 
	Statistical Analysis 

	Results 
	Patient Demographic and Clinical Characteristics 
	Safety 

	Discussion 
	Limitations 
	Conclusions 
	References

