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Abstract: Background: Focused extracorporeal shock wave therapy (ESWT) has been successfully
used to treat musculoskeletal conditions, but ESWT stimulates nociceptors, causing pain deep in
the tissue during treatment. The occurrence of pain during ESWT is a side effect, but it can help
identify painful sites and assess minimum (MiTI) and maximum (MaTI) pain thresholds to ESWT
pressure stimuli. This topic has received limited attention in literature. Methods: This observational
study describes a specific approach to using ESWT to study pain in 71 patients. The approach
proposes moving the ESWT transducer head of the device over the entire joint surface, progressively
increasing the energy level until the patient experiences pain. Results: In the study, MiTI and
MaTI were 0.218 + 0.090 and 0.416 + 0.165 mJ/mm? in the affected joint and 0.282 £ 0.128 and
0.501 + 0.174 mJ/mm? in the contralateral homologous healthy joint, being significantly lower in the
affected joint (MiTL p < 0.001 and MaTL: p = 0.003, respectively). ESWT induced pain in 94.37% of
the sites with the highest subjective pain and in a greater number of sites (204) than digital pressure
(123) (p < 0.001). All sites with digital pressure pain also had ESWT pain. Conclusions: These results
suggest that the ESWT device may be useful in investigating pain in musculoskeletal conditions and
tailoring therapy:.
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1. Introduction

Extracorporeal shock wave therapy is a remarkable non-invasive treatment option
for various musculoskeletal conditions, demonstrating effectiveness in reducing pain and
improving functional outcomes.

The first studies into the potential medical applications of this technique date back to
the early 1970s, when shock waves were used to break up kidney crystalline aggregates.
From the early 1980s and for about a decade, the use of shock waves was limited to urology.

It was only at the beginning of the 1990s that the technique was redirected towards
pathological neo calcifications in musculoskeletal disorders, and the first results of the use
of this treatment in bone and musculoskeletal pathologies became known. Already, the
first results of the use of this treatment in bone and musculoskeletal pathologies have led
to the indication of this treatment also for musculoskeletal disorders [1].

Shock waves are defined as pressure waves that propagate in three dimensions and
typically induce a significant increase in pressure within a few nanoseconds [2]. They are
characterized by very rapidly rising positive pressure pulses from 5 to 120 MPa in about
5 ns, followed by a decline to negative pressure values of —20 MPa [3].

The positive and negative phases of shock waves have specific effects on the interfaces
between different tissues and their different densities. In the positive phase, high pressure
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shock waves may hit an interface and be reflected, or they may pass through and be
gradually absorbed. During the negative phase, the shock wave creates cavitation at the
tissue interfaces, resulting in the subsequent formation of air bubbles. The air bubbles then
implode at high speed, creating a second wave of shock waves or micro-jets of fluid (jet
stream) [4].

These forces can stimulate the tissue repair process. Chao et al. [5]. observed that
shockwave treatment of rat Achilles tendon tenocytes induced upregulation of proliferating
cell nuclear antigen (PCNA), collagen types I and III, and transforming growth factor-betal
(TGF-betal) gene expression, followed by increases in nitric oxide (NO) production,
TGF-betal release, and collagen synthesis.

Nitric oxide and vascular endothelial growth factor (VEGF) have been shown to be
important mediators of angiogenesis. Wang et al. [6] showed that shock wave therapy induced
neovascularization and tissue proliferation associated with early release of angiogenesis-
related factors including endothelial nitric oxide synthase (eNOS) and vascular endothelial
growth factor (VEGF) at the tendon-bone junction in rabbits.

As a result of these effects, the use of shockwave therapy has been extended to a variety
of musculoskeletal conditions, with non-unions and tendinopathies being by far the largest
group of indications [7].

Shock wave energy flows through an area with a perpendicular orientation to the
direction of propagation (and its unit is mJ/mm?). On the basis of the energy flux density,
Rompe et al. [8] classified the shock wave treatment as low (<0.08 mJ/mm?), medium
(<0.28 mJ/mm?), and high (<0.60 mJ/mm?). Usually, the energy flux density used in
clinical practice ranges from 0.001-0.4 mJ/mm?. At low and medium energy flux density,
NO is released, and its analgesic, angiogenic, and anti-inflammatory effects are observed,
being very useful in clinical treatment [2]; at high energy flux density, fragmentation and
destruction of solid bodies can be induced [9].

The shock waves work through a complex interplay of biological mechanisms.

The shock waves induce controlled mechanical stress to the tissues, resulting in
micro-trauma and activation of the body’s repair mechanisms. This mechanical stimulation
increases the synthesis and organization of collagen fibers, which are essential for tendon
and ligament repair [10].

The pain-relieving effects of shock waves are partly attributed to their impact on pain
pathways. Shock waves can modulate the release of pain mediators, such as prostaglandins
and cytokines, and influence neural mechanisms involved in pain perception. In addition,
shock waves can activate endogenous pain control systems, including the release of
endorphins and activation of descending inhibitory pathways [10].

Shock waves increase local blood flow and promote angiogenesis, both crucial for
tissue healing. Mechanical stimulation increases the expression of angiogenic factors such
as vascular endothelial growth factor and fibroblast growth factor, leading to the formation
of new blood vessels. This improved microcirculation increases the delivery of oxygen and
nutrients to the damaged tissue, facilitating repair and regeneration [10,11].

The stimulation of collagen production, modulation of pain pathways, and improvement
of microcirculation collectively contribute to promote tissue repair and reduce discomfort
in various musculoskeletal conditions.

Basically, there are two types of shock waves that can be generated and applied to
human tendons: radial shock wave therapy and focused shock wave therapy.

In clinical practice, the focused shock wave is extensively used; it can reach deeper
into tissues and concentrate the energy flow in smaller areas compared to radial waves [12].

Because of biological effects, shock waves have been successfully used to treat a variety
of musculoskeletal conditions, including pseudoarthrosis, delayed fracture healing, bone
marrow oedema and early osteonecrosis, insertional tendinopathies such as plantar fasciitis
and Achilles tendon fasciitis, calcific tendinitis of the rotator cuff, and tennis elbow [13-15].
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Recent systematic reviews and meta-analyses show that shock wave therapy is
an effective treatment for plantar fasciitis, with success rates ranging from 50% to 94%,
depending on operator experience and the shockwave device used [16].

However, shock waves excite nociceptors, causing pain deep in the tissue during
treatment [17-19]. Shock wave-induced pain occurs earlier in the injured tissue during
treatment [19,20] and increases with increasing energy flux density [18]. The pain induced is
influenced by the type of shock wave [13,21] and may be a reason for patients to discontinue
therapy [13].

The occurrence of pain during shock wave therapy is a side effect. However, the ability
to elicit pain with stimuli of known characteristics may allow the shock wave device to
evaluate the “minimum threshold of intensity” (MiTI) and the “maximum threshold of
intensity” (MaTT). MiTI and MaTI are important parameters for assessing pain in patients
with musculoskeletal diseases [22,23].

The MiTI and MaTlI levels are lower in inflamed and damaged tissue [24,25] and
increase after therapy [26-28] and can provide information on the degree of tissue damage
and disease progression [26-28].

Despite this, only a few studies have measured MiTI and MaTI with shock wave
devices [20,26], and they did not clarify whether the shock wave device can provide
information that allows the assessment of patients with musculoskeletal pain. For this
reason, the device is currently used only for the treatment of musculoskeletal diseases.

The aim of the study is to investigate whether a focused extracorporeal shockwave
therapy (ESWT) device can provide information for the assessment of pain in patients with
musculoskeletal diseases.

2. Methods

The study was conducted between April and December 2023 in accordance with the
principles of the Declaration of Helsinki. The study protocol was approved by the Technical
and Scientific Committee of our Institute and the Maugeri Ethics Committee (CE 2726).

The study used a focused ESWT device, the Piezo Wave 2 in TPST mode from the
Richard WOLF company (Knittlingen, Germany), to deliver low-intensity focused shock
waves. The device is equipped with knobs to program the frequency (range 1-8 Hz) and
energy density (1-20 energy levels corresponding to 0.092-0.822 mJ/mm?, respectively)
of the shock waves as well as a transducer head for transmitting the waves to the patient.
Additionally, the device uses interchangeable gel pads that, when placed on the transducer
head, allow the desired depth of penetration to be achieved.

2.1. Study Sample

The study was conducted on a sample of patients who were admitted to our Rehabilitation
Institute for ESWT treatment of unilateral musculoskeletal pain in the shoulder, elbow, hip,
knee, and foot caused by insertional tendinopathies and calcific tendinitis of the rotator
cuff and tennis elbow, greater trochanteric pain syndrome, patellar tendinopathy, Achilles
tendinitis, heel bursitis, and plantar fasciitis.

Patients with coagulation disorders or those who used anticoagulants, patients with
pacemakers, pregnant women, those with local infections, cancer patients, patients with
cognitive deficits (such as Alzheimer’s disease or senile dementia), patients with neurological
diseases that could cause pain or make data evaluation and collection difficult, and patients
who did not provide informed consent were excluded from the study. Patients were also
excluded if they were taking NSAIDs and corticosteroids at the time of enrolment, as these
drugs can reduce subjective pain and alter tissue responses, which could affect pain ratings.

Patients admitted to the study were informed that ESWT could cause discomfort and
pain and were instructed to notify the physician when pain occurred during the ESWT
evaluation and when the pain reached an unacceptable level.
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2.2. Clinical Evaluation

At the time of enrollment, the patient’s demographical and clinic data were collected,
including age, sex, weight, height, comorbidities, use of NSAIDs or corticosteroids, duration
of pain (days), and whether the patient had previously undergone ESWT.

Furthermore, the Cumulative Illness Rating Scale (CIRS) [29] and the Roles and
Maudsley scale were employed [30] to assess the severity of illness and the impact on
activities, respectively. The Cumulative Illness Rating Scale (CIRS) was used at admission
to evaluate comorbidities [29]. In this study, the average severity of all comorbidities
(severity index) was considered.

The Roles and Maudsley score was used to evaluate pain and activity limitation as
classified by four categories (1 point = excellent, 2 points = good, 3 points = fair, and
4 points = poor) [30].

The locations of joint discomfort were also documented. The study considered the
sites of the highest subjective joint pain reported by the patient and the site of pain induced
by moderate finger pressure, as identified by the physician.

2.3. ESWT and Evaluation by Device

The evaluation using the ESWT device was performed on a patient lying on a bed in
a position suitable for joint evaluation.

The transducer head, with a 20 mm gel pad attached, was moved in a slow deliberate
manner over the entire joint surface by the physician, who made use of both horizontal
and vertical movements while maintaining the transducer head in a perpendicular position
relative to the surface of the skin.

The device was used at a fixed frequency of 6 Hz for the entire evaluation period,
while the energy density level of the device was increased in a step-wise manner from 0.

In particular, the physician conducted a comprehensive evaluation of the entire joint
surface by moving the transducer head and initiating the examination with the lowest level
of energy intensity (level 1). In the absence of pain at any site of the joint, the physician
proceeded with the assessment, incrementally increasing the energy intensity. If there was
no pain at this energy level, the physician continued with further assessments, gradually
increasing the energy intensity until a sensation of pain appeared.

The physician recorded the intensity that produced the first pain sensation and defined
it as the “minimum threshold intensity” (MiTI) and the areas of joint pain detected by ESWT
(Table 1). The procedure was continued with a progressive increase in energy intensity
until the patient experienced intolerable pain (maximum threshold intensity) (MaTI).

Table 1. Details of the areas belonging to the different joints that the physician has taken into account
in the assessment of the sites of pain.

Joint N. of Areas Description of the Areas

Acromioclavicular area; supraspinatus pit; anterior side of the
arm; lateral side of the arm; posterior side of the arm.

Elbow 3 Epicondylar region; epitrochlear region; forearm
Trochanteric area; peri trochanteric region; upper half of

Shoulder 5

Hip 4 lateral side of the thigh; lower half of lateral side of the thigh.

Knee 5 Patellar area; peripatellar region; medial side of the knee;
lateral side of the knee; rear side of the knee.

Foot 7 Heel; tarsus; forefoot; distal Achilles region; dorsal side of the

foot; medial side of the foot; lateral side of the foot.

The assessment was performed first on the injured joint and then on the contralateral
homologous healthy joint. This allowed physicians to identify pain sites in the injured
joint and measure MiTl and MaTI in both the injured and contralateral homologous
healthy joints.
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MiTI and MaTI were assessed at baseline and 1 and 2 weeks, at the beginning of
three different ESWT sessions. An ESWT session (2000 pulses at 6 Hz with tolerable pain
intensity) was performed immediately after each pain threshold assessment.

2.4. Statistical Analysis
Sample Size Determination

Based on preliminary data, for sample size calculation, we assumed a baseline difference
of 35% between MiTi in the affected joint compared to the healthy joint; with this assumption,
o =0.05and B = 0.80, and 27 patients were calculated. In addition, looking at the difference
between MiTi over time, we hypothesized a 16% increase in MiTi in the affected joint after
2 weeks of treatment; with o« = 0.05 and 3 = 0.80, and 60 patients were expected. Taking
into account the possibility of dropouts, a total sample size of 70 patients was planned
for recruitment.

The statistical analysis was conducted using Statistica version 6 (StatSoft, Tulsa, OK,
USA; 2001) and included descriptive analyses (number, mean, percentage), chi-square test
(Fisher exact or Pearson as appropriate), Student’s t-test, and Friedman test for repeated
measurements and, in case of statistically significant differences among groups, followed
by a post hoc analysis with Dunn’s correction. P was considered statistically significant for
value < 0.05.

3. Results

The study was conducted in a sample of 71 patients with musculoskeletal pain
(Table 2).

Table 2. Demographic and clinical characteristics of patients sample (1 = 71).

Age, years 57.22 +11.30
Male/Female, n 17/54
Body Mass Index, kg/ m? 26.26 +4.52
CIRS, severity score 0.74 £ 0.88
Depression or Anxiety: Yes/No 3/68
Diabetes: Yes/No 2/69
Previous ESWT execution: Yes/No 29/42
Time from onset to assessment, days 112.15 + 6.83
Roles Maudsley score, at admission 3.42 +0.57
Roles Maudsley score, at 2 weeks 243 +0.83*

Legend: Data are expressed as mean £ SD or number. CIRS = Cumulative Illness Rating Scale—Geriatrics;
ESWT = extracorporeal shock wave therapy. Roles Maudsley score at admission vs. after 2 weeks: * p < 0.001.

Table 3 shows details of the MiTI and MaTI as measured by ESWT.

Table 3. Profile of pain thresholds (m]/mm?) assessed by ESWT at baseline, before the application of
the first ESWT session.

Affected Joints Healthy Joints
oints
J Number of MiTI MaTI MiTI MaTI
Patients
Shoulder 31 0.214 4+ 0.072 0.395 4+ 0.136 0.262 +0.107  0.486 £+ 0.162
Elbow 2 0.195 4 0.060 0.369 £ 0.026 0.245 +0.035 0.486 + 0.042
Hip 13 0.275 £ 0.153 0.506 + 0236 0.369 £+ 0.205 0.554 £+ 0.224
Knee 1 0.113 0.27 0.138 0.351
Foot 24 0.200 £ 0.053 0.406 4 0.153 0.269 +0.082  0.499 £+ 0.171
ALL 71 0.218 £ 0.090 *  0.416 £ 0.165* 0.282 +£0.128 0.501 + 0.174

Legend: Data are expressed as mean + SD or number. MiTI: minimum threshold intensity; MaTI: maximum
threshold intensity. * p = 0.003 referred to MaTI compared in the affected vs. health joints, and ** p < 0.001 referred
to MiTI compared in the affected vs. health joints.
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At baseline, MiTI and MaTI in the affected joints were significantly lower than in
the homologous healthy joints (Table 3, p < 0.001 and p = 0.003, respectively), and the
differences in MiTI and MaTI between the affected and healthy joints were 0.063 % 0.064
and 0.084 £ 0.084 mJ/mm?, respectively. At this time, the percentage of patients with low
MiTI (energy levels 1-5, corresponding to 0.092-0.0182 mJ/mm?) in the affected was 84.50%
vs. 19.72% in the healthy joints, and the percentage was 14.10% vs. 64.79% for energy levels
6-10 (0.220-0.351 mJ/mm?) and 1.40% vs. 15.49% for energy levels > 11 (>0.388 m]/mm?)
in the affected and healthy joints, respectively. Table 3 also highlights that in hip joints,
MiTI and MaTI were higher than in the other single-considered joints.

Figure 1 describes the MiTI and MaTlI in the affected joints at baseline and at 1 and
2 weeks after the application of the ESWT sessions.

Baseline After 1 week After 2 week
0.7- o *%

0.6
0.5
0.4
0.3- T T T
0.2

0.1
0.0-

(mJ/mm?)

Energy level intensity

MiTlI MaTl MiTlI MaTl MiTlI MaTI

Figure 1. Comparisons of MiTI and MaTI values during the three ESWT sessions in all affected
joints. Legend: * for comparison between “After 2 week and Baseline in MiTI” being p = 0.001; ° for
comparison between “After 1 week and After 2 weeks in MaTI” being p = 0.0106; ** for comparison
between “After 2 week and Baseline in MaTI” being p < 0.0001.

The Friedman test was statistically significant for both MiTI and MaTI comparisons
during the three ESWT sessions (both p < 0.0001). In the affected joint, both MiTI and MaTI
values were significantly higher at 2 weeks compared to baseline (p = 0.001 and p < 0.0001
respectively, Figure 1), with MaTI values significantly different between the second and
third ESWT sessions (p = 0.0106, Figure 1). In the healthy joint, no significant differences in
thresholds were observed at different times.

In the study sample, the MiTI induced pain in 94.37% of the sites where the patient
reported the highest subjective pain. Table 4 details the number of joint sites where pain
was elicited by the ESWT and digital pressure.

Table 4. Sites of pain elicited by digital pressure and ESWT evaluated in 71 patients, taking into
account the patient’s highest subjective pain rating.

Pain Induced by Pain Induced by
Digital Pressure ESWT
Joint
Number of Number of Sites/ Number of Sites/ Value
Patients Max Number of Sites Max Number of Sites P
Shoulder 31 49/155 81/155 0.018
Elbow 2 4/6 4/6 1.000
Hip 13 27/52 51/52 0.038
Knee 1 2/5 3/5 0.714
Foot 24 41/168 65/168 0.041
ALL 71 123/386 204/386 0.0003

Legend: Data are expressed as numbers. ESWT= extracorporeal shock wave therapy. Comparisons were
performed by chi-square test. A p < 0.05 was considered statistically significant.
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This table shows that the number of painful sites identified by the ESWT (204 sites,
52.85%) was higher than that identified by the digital pressure (123 sites, 31.90%), and the
difference between the two techniques was significant (chi-squared 13.29; p < 0.001). The
ESWT induced pain in all sites where there was pain induced by digital pressure and in
81 sites where digital pressure pain was absent.

At baseline, MiTI and MaTI of the injured (p = 0.005; p = 0.004) and healthy (p = 0.005;
p = 0.001) joints were lower in females than in males, while there were no differences
between normal weight and overweight patients (p = ns) and patients who had experienced
ESWT and those who had not (p = ns). During ESWT treatment, no patient interrupted the
therapeutic ESWT session due to pain caused by the device.

4. Discussion

The study aimed to test whether the ESWT device could provide information to assess
pain in patients with musculoskeletal diseases. The study found that at baseline, the
MITI scores were lower in the injured joint than in the homologous healthy joint. These
data suggest that the ESWT device induces the first sensation of pain in injured tissue at
lower energy levels than in healthy tissue. This is because the threshold for mechanical
nociceptors is lower in injured tissue than in healthy tissue, and therefore mechanical
nociceptors can be excited by lower energy stimuli [17,18]. It is not possible to compare the
data of this study with those of other authors because the literature on this subject is scarce
and the few studies evaluating MiTI and MaTI with ESWT are not specific [20,26].

However, the results of the study are consistent with previous studies in the literature
that have evaluated pain thresholds with pressure algometers and found lower MiTI in
injured tissue [24,31,32].

In the injured joint, MiTi was lower than in the homologous healthy joint, and the
percentage of patients with low MiTi was very high compared to what was observed in the
contralateral joint.

Evaluation of the differences in MiTI between injured and healthy joints can provide
information about the severity of tissue damage. In damaged tissue, the threshold of
mechanical nociceptors is negatively correlated with tissue damage [24,31,33,34]. This
means that the greater the tissue damage, the lower the nociceptor threshold. Therefore, by
comparing the MiTI of an injured joint with that of an uninjured joint, the physician can
determine the degree of tissue damage. In particular, the detection of large and significant
differences in MiTI between injured and healthy joints can lead to the assumption of greater
tissue damage. Furthermore, the fact that the MiTI in the healthy joint does not vary over
time suggests that its changes in the injured joint are not random but can be attributed to
an improvement in tissue damage where there has been treatment with ESWT. The study
also assessed patients with musculoskeletal pain after two sessions of ESWT and found
that the Roles and Maudsley scores were lower and MiTI and MaT]I scores were higher than
at baseline. These data are consistent with those of a recent meta-analysis that reported
lower pain levels and higher pain thresholds in patients treated with ESWT [26].

The results found in this study may be due to the fact that the therapy had reduced
tissue damage, leading to a reduction in subjective pain and an increase in pain thresholds,
so that more intense stimuli were required to evoke the first sensation of pain. The increase
in thresholds at the end of therapy may therefore indicate that the clinical picture has
improved and that the therapy carried out is effective.

The study also used the focused ESWT device to measure MaTl in patients with
musculoskeletal pain. The study showed that MaTI values at baseline were lower in the
injured joint than in the homologous healthy joint, indicating that the maximum tolerable
intensity in injured tissue is lower than in the healthy joint.

Therefore, the MATI measurement can also provide information on the severity of
tissue damage. In addition, the MATI can guide the physician in the delivery of ESWT
sessions. Systematic research recommends three treatment sessions one-= week apart, with
2000 impulses per session and the highest energy flux density the patient can tolerate [35].
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Therefore, by knowing the MaT], the clinician can deliver a treatment that is not excessively
painful and is therapeutic.

In the study, no patient interrupted the ESWT sessions due to pain caused by the
device. This may be due to the way the ESWT session was delivered, which required the
transducer head of the device to be moved on the joint surface, and the energy intensity
was the highest tolerable between MITI and MaTL

Finally, the focused ESWT device was employed to locate painful joint sites.

The study found that the MiTI induced pain in 94.36% of the sites where the patient
reported the greatest subjective pain. This finding shows that there is a high degree of
agreement between MiTl-induced pain and subjective pain [36,37] and suggests that the
ESWT device, when used according to a specific procedure, can identify painful areas
of joints.

This is due to the fact that the threshold for mechanical nociceptors is lower in injured
tissue [24,25]; hence, using the ESWT device with the same energy as the MiT], it is possible
to induce pain only in the affected tissue and thus discriminate between healthy and
injured tissue.

The study also compared the pain points identified by the focused ESWT device with
those identified by digital pressure, which is commonly used in clinical practice to locate
and assess the pain [38], and found that the MiTI induced pain in a greater number of joint
sites than digital pressure.

This indicates that the focused ESWT device also elicits pain in areas where there is
no digital pressure pain. It is therefore more reliable in identifying painful joint areas and,
consequently, damaged anatomical structures underlying the painful area.

This is because the focused ESWT device penetrates deep into the tissue and concentrates
mechanical energy in deep areas, allowing identification of pain in sites that cannot be
reached by digital pressure. Moreover, the focused device concentrates mechanical energy
on smaller areas of the joint [39,40], allowing for a more precise discrimination between
healthy and damaged tissues than is possible with digital pressure.

Regardless, the results of pain localization suggest that the EWST devices can be used
to map the pain sites and thus identify the damaged anatomical structures underlying the
pain sites. This can help the physician to confirm an existing diagnosis and guide him
toward new pain sites during ESWT treatment sessions, as the flow of energy needs to be
focused mainly on the painful areas.

In the study, women had lower MiTI and MaTlI values than men in both injured
and healthy joints; this difference between genders has also been found in previous
studies that measured pain thresholds using a pressure algometer [41,42]. However, the
specific mechanisms underlying the observed disparity are not yet clear, and it has been
suggested that an interaction of biological, psychological, and socio-cultural factors is
likely to contribute to these differences [43]. In any case, this disparity must be taken into
account by the operator during both the assessment and the ESWT session. In particular,
the operator must increase the energy intensity very slowly when assessing women’s
thresholds and scrupulously adhere to the thresholds found during the ESWT session,
using an energy intensity that is intermediate between MiTI and MaTL

Summarizing, the findings of the study demonstrate that the focused ESWT device
can assess pain thresholds in musculoskeletal disorders but also identify painful joint sites
and, consequently, damaged anatomical structures. They also suggest that the focused
ESWT device can provide information on the severity of tissue damage and the course
of musculoskeletal disorders and can assist the clinician in identifying musculoskeletal
disorders and performing ESWT sessions.

These results can be achieved by using focused and not radial ESWT devices. Differently
from radial shock waves, the focused shocks are concentrated on a limited area of the body
and can penetrate deep into the tissue, whereas radial shock waves act with pressure at the
skin’s surface and then diverge, although it cannot be excluded that they may also have
a beneficial effect at depth [12].
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Moreover, the transducer head of the focused shock wave device must not be held
stationary at the site of maximum pain, but it must be moved over the entire joint surface,
allowing a systematic exploration of the entire joint surface according to a specific procedure.

Currently, algometers are commonly used in clinical practice and clinical trials to
measure the pain-pressure threshold in various tissues. Problematically, the pressure
algometer measurements in the majority of these studies have been reported to be time-
consuming, requiring laborious measurements to map sensitivity along a muscle or joint
and ultimately construct a pressure sensitivity map, which is an appropriate assessment of
pain in many clinical conditions [44].

Moreover, the results of pressure algometer measurement are influenced by different
factors related to both the stimuli and the subjects, suggesting that the perception of pain
induced by the 1-cm? probe was sometimes difficult to define [45].

Unlike a pressure algometer, the focused ESWT device used according to the methodology
we proposed allows large areas to be explored and pain to be mapped in a shorter time,
and its results are less influenced by the method of mechanical stimulus delivery. For this
reason, focused ESWT can be a valid alternative to the pressure algometer in clinical trials.

Despite these positive considerations, the study has several limitations.

The protocol we used required patients to report the moment they felt pain. This
means that if the patient was not alert, he may have delayed reporting the onset of pain [32].

In addition, the device used in the study had a maximum mechanical energy level of
0.822 mJ/mm?, which created a “sky” effect. This may have led to an underestimation of
MaTl and suggests that a device with a wider energy range should be used to study pain.

The study did not include a control group, but it compared data from injured joints
with data from homologous healthy joints used as controls. This allowed us to assess pain
without the interference of patients’ biopsychosocial factors, which could have influenced
the results.

Instrumental examinations to assess the location and severity of tissue damage were
not included in the study. The images may have confirmed that the device identifies
damaged anatomical structures.

According to Leong et al. [20], the ESWT device may cause a blockade of mechanical
nociceptors during treatment and affect the study results, but this should not have occurred in
the study because the time needed to perform the ESWT assessment was usually quite short.

The study used a 6 Hz ESWT device and a 20 mm gel pad in all patients to standardize
the assessments. It is unclear whether different frequencies and different gel pads would
have yielded different results.

The study used digital pressure to locate and assess the pain. However, this method is
difficult to quantify and standardize because of differences in the pressure applied by the
same or different examiners and subjective reporting of pain by the patient [38].

Finally, the pain map used may have influenced the number of painful sites identified
by the ESWT device.

5. Conclusions

Focused ESWT is a therapeutic tool, but when used appropriately, it can also identify
damaged anatomical structures and provide information about the severity of tissue
damage and the course of musculoskeletal disease.

For this reason, focused ESWT can be a valuable tool for clinicians when investigating
pain and managing patients with musculoskeletal conditions.
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