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Introdugao: A dor osteoarticular crénica € uma condi¢cao debilitante que compromete a
qualidade de vida e exige abordagens terapéuticas eficazes e seguras. Objetivo: Avaliar a
eficacia da Terapia por Ondas de Choque Extracorpoérea (TOCE) no tratamento da dor
osteoarticular crénica. Metodologia: Revisao sistematica baseada no protocolo PRISMA,
registrada no PROSPERO. A busca foi realizada em margo de 2025, nas bases PubMed e
Cochrane, utilizando descritores MESH relacionados a TOCE e dor cronica. Foram
incluidos ensaios clinicos randomizados publicados entre 2020 e 2024, com adultos =218
anos, em portugués, inglés ou espanhol. A sele¢cao dos estudos, extragdo de dados e
avaliacao do risco de viés (ferramenta RoB 2) foram conduzidas por revisores
independentes. Resultados: Foram selecionados 7 estudos, realizados em diferentes
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paises, todos em inglés. Todos os estudos demonstraram redugao significativa da dor
(EVA) e melhora funcional. Protocolos com maior frequéncia e menor intensidade
energética mostraram resultados superiores a curto prazo. Apenas um estudo relatou
efeitos adversos leves e autolimitados. A maioria dos estudos apresentou risco moderado
de viés. Discussdo: A TOCE mostrou-se eficaz em diferentes condi¢des
musculoesqueléticas, com destaque para sua segurancga e potencial analgésico. A
heterogeneidade nos protocolos reforga a necessidade de padronizacédo. Conclusao: A
TOCE é uma terapia promissora, segura e eficaz no manejo da dor osteoarticular crénica,
sendo recomendada como alternativa aos tratamentos convencionais.

Dor Cronica. Tratamento por Ondas de Choque Extracorpéreas. Sistema
Musculoesquelético. Reabilitacéo.

Introduction: Chronic osteoarticular pain is a debilitating condition that compromises quality
of life and requires effective and safe therapeutic approaches. Objective: To evaluate the
efficacy of Extracorporeal Shock Wave Therapy (ESWT) in the treatment of chronic
osteoarticular pain. Methodology: Systematic review based on the PRISMA protocaol,
registered in PROSPERO. The search was carried out in March 2025, in the PubMed and
Cochrane databases, using MESH descriptors related to ESWT and chronic pain.
Randomized clinical trials published between 2020 and 2024, with adults 218 years old, in
Portuguese, English or Spanish were included. Study selection, data extraction and
assessment of risk of bias (RoB 2 tool) were conducted by independent reviewers. Results:
Seven studies were selected, conducted in different countries, all in English. All studies
demonstrated significant pain reduction (VAS) and functional improvement. Protocols with
higher frequency and lower energy intensity showed superior short-term results. Only one
study reported mild and self-limiting adverse effects. Most studies had a moderate risk of
bias. Discussion: ESWT has been shown to be effective in different musculoskeletal
conditions, with emphasis on its safety and analgesic potential. The heterogeneity in the
protocols reinforces the need for standardization. Conclusion: ESWT is a promising, safe
and effective therapy in the management of chronic osteoarticular pain, and is
recommended as an alternative to conventional treatments.

Chronic Pain. Extracorporeal Shock Wave Therapy. Musculoskeletal System.
Rehabilitation.

Introduccion: El dolor osteoarticular crénico es una condicion debilitante que compromete
la calidad de vida y requiere enfoques terapéuticos efectivos y seguros. Objetivo: Evaluar
la eficacia de la terapia de ondas de choque extracorpéreas (TOCE) en el tratamiento del
dolor osteoarticular cronico. Metodologia: Revision sisteméatica basada en el protocolo
PRISMA, registrado en PROSPERO. La busqueda se realizé en marzo de 2025, en las
bases de datos PubMed y Cochrane, utilizando descriptores MESH relacionados con
TOCE vy dolor crénico. Se incluyeron ensayos clinicos aleatorizados publicados entre 2020
y 2024, con adultos 218 afios, en portugués, inglés o espafiol. La seleccidén de estudios, la
extraccion de datos y la evaluacién del riesgo de sesgo (herramienta RoB 2) fueron
realizadas por revisores independientes. Resultados: Se seleccionaron siete estudios,
realizados en diferentes paises, todos en inglés. Todos los estudios demostraron una
reduccion significativa del dolor (EVA) y una mejoria funcional. Los protocolos con mayor
frecuencia y menor intensidad energética mostraron resultados superiores a corto plazo.
Solo un estudio informo efectos adversos leves y autolimitados. La mayoria de los estudios
tuvieron un riesgo moderado de sesgo. Discusién: La terapia por ondas de choque
extracorporeas (TEC) ha demostrado su eficacia en diversas afecciones
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musculoesqueléticas, destacando su seguridad y potencial analgésico. La heterogeneidad
de los protocolos refuerza la necesidad de estandarizacion. Conclusion: La TEC es una
terapia prometedora, segura y eficaz en el manejo del dolor osteoarticular crénico, y se
recomienda como alternativa a los tratamientos convencionales.

Dolor crénico. Terapia de ondas de choque extracorpOreas. Sistema
musculoesquelético. Rehabilitacion.

Foundations and Frontiers: The Dynamics of Multidisciplinary Sciences
EFFICACY OF EXTRACORPOREAL SHOCKWAVE THERAPY IN THE TREATMENT OF CHRONIC OSTEOARTICULAR PAIN: A
SYSTEMATIC REVIEW



Chronic pain is defined as pain that persists for a period of more than three months,
and may persist even after the resolution of the initial lesion or be associated with chronic
clinical conditions that trigger continuous or recurrent episodes of pain. This condition can
be classified as primary, when there is no identifiable underlying disease, or as secondary,
when it results from previous comorbidities or traumas (MOURA et al., 2025). In this
scenario, chronic pain is a relevant public health problem on a global scale, affecting about
60 million people worldwide (AGUIAR et al., 2021). It is a multifactorial phenomenon, with
physical, emotional and social components, which require a comprehensive and integrated
approach by health teams.

Among the main causes of this prolonged and recurrent pain are osteoarticular
diseases, often associated with the natural aging process, mechanical wear and tear, or
autoimmune diseases. In addition, some joints that suffer greater impact throughout life are
particularly susceptible, such as the shoulder, knee, and spine (SANTOS et al., 2022).
Consequently, the persistence of pain significantly compromises the quality of life of
individuals, making them more dependent to perform daily activities, especially in more
severe cases (SANTOS KANEMATSU et al., 2022). This context reinforces the need for
effective and accessible therapeutic strategies, aimed at pain reduction and functional
recovery.

Therefore, the main objective of chronic pain management is to improve the quality
of life of patients, employing therapeutic approaches that go beyond the use of drugs. Non-
pharmacological interventions, such as physiotherapy and complementary therapies,
including acupuncture, chiropractic, massage, and shockwave therapy, have been widely
studied due to their analgesic potential and positive impact on the functionality of individuals
(MENDONCA et al., 2023). In this sense, the expansion of the use of these therapies shows
a trend towards valuing less invasive resources that are more focused on the patient's
integral well-being.

Currently, shockwave therapy has stood out as a promising approach in the
treatment of chronic pain, because, in addition to being non-invasive, it demonstrates
sustained long-term efficacy in the rehabilitation of patients. This method uses
electromagnetic waves, classified as focused (F-SWT) and radial (R-SWT), which act by
stimulating angiogenesis and neovascularization of bone structures and soft tissues. As a
result, there is a reduction in inflammation, a decrease in edema, and an improvement in
the flexibility of the connective tissue. Furthermore, studies indicate that therapeutic
protocols of three to five sessions, performed weekly, promote a significant reduction in the
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visual analog scale (VAS), evidencing their effectiveness in relieving pain (CHAVES et al.,
2024).

Therefore, it is inferred that chronic osteoarticular pain, in addition to compromising
the functionality of individuals, represents a serious public health problem, as it entails high
costs for health systems. However, despite the investments, most of the therapies offered
demonstrate limited efficacy, presenting minimal or even non-existent benefits. In addition,
some of these approaches can be harmful, such as the indiscriminate use of opioids and
excessive imaging tests (PADILHA et al., 2024). Given this scenario, it is essential to
evaluate the effectiveness of non-invasive therapeutic methods, such as Shockwave

Therapy, since studies prove their safety and benefits in the management of this condition.

A systematic review of the literature was carried out, which analyzed the efficacy of

extracorporeal shock wave therapy in the treatment of chronic osteoarticular pain.

The present systematic review is based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline, used in the development of
systematic reviews and meta-analyses. A protocol was created in the International
Prospective Register of Ongoing Systematic Reviews (PROSPERO), with a
"CRD420251018962" record, where it is possible to view the entire methodology for the

creation of the present review.

The research question was defined based on the PICO methodology: P (participant
or patient) = Adult patients with chronic osteoarticular pain; | (intervention) = Extracorporeal
Shock Wave Therapy; C (comparator) = Conventional treatment or placebo (if applicable);
O (outcomes/outcomes) = Reduction in the frequency and intensity of osteoarticular pain
and improvement in the quality of life of chronic patients. The problem situation of this
research is based on the knowledge that chronic osteoarticular pain is a debilitating
condition that affects millions of people worldwide, negatively impacting quality of life and
limiting daily activities. Conventional treatments often do not provide lasting relief, leading to
the need for more effective therapeutic alternatives. Extracorporeal Shockwave Therapy

(ECTO) has been proposed as a promising approach, promoting analgesic and
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regenerative effects in affected tissues. Therefore, is extracorporeal shockwave therapy

effective in the treatment of chronic osteoarticular pain?

Data collection took place in March 2025. Two databases focused on the health area
were used: PubMed and Cochrane. Based on the PICO methodology and the Medical
Subject Headings Terms (MESH), a search strategy was developed in PubMed using the
following terms: (("Extracorporeal Shockwave Therapy"[Mesh]) AND ( "Chronic Pain"[Mesh]
OR "Musculoskeletal Pain"[Mesh] OR "Low Back Pain"[Mesh] OR "Back Pain"[Mesh] OR
"Arthralgia"[Mesh] OR "Fibromyalgia"[Mesh] OR "Pain Management"[Mesh])) AND
"Treatment Outcome"[Mesh]. The search strategy was adapted according to the vocabulary

controlled in each database.

The articles found in the databases were exported to the Rayyan® software for the
screening process. At this stage, two reviewers working independently (Oliveira CHJ and
Gomes LRL) selected the studies based on the title and abstract, and then on the full text.
Conflicts between the two reviewers were resolved by a third author (Freitas APS).
Screening was done according to the eligibility criteria.

The inclusion criteria were: (i) original studies (randomized clinical trials - RCTs); (ii)
in Portuguese, English or Spanish; (iii) published from the year 2020; (iv) adult patients (=18
years old) diagnosed with chronic osteoarticular pain. Articles were excluded that: (i)
Observational studies; (ii) articles published outside the stipulated time period; (iii) reviews,
abstracts, monographs, dissertations and theses; (iv) patients under 18 years of age; (v)
studies combining TOCE with other therapies without isolated analysis of the effect of
ESWT; (vi) studies without objective assessment of pain and osteoarticular function; (vii)
Articles without access to the full text.

Data extraction and synthesis were performed by the reviewers independently,
using a previously established data collection form. The characteristics extracted from the
studies included: General data of the articles (title, author and year), sample, location of
pain, pain intensity, measured through scales, frequency and duration of treatment,

durability of pain relief after sessions and adverse effects of therapy.
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The quality of the selected studies was assessed using the Cochrane RoB 2 tool
(revised tool for Risk of Bias in randomized trials). The tool allows a critical analysis of the
review methodology, through the identification of possible methodological biases,
analyzing the aspects: randomization process, intervention deviations, missed data,
evaluation of results, selection of reported results, and overall risk. For each item, the risk
of bias is classified as low risk, high risk, or moderate, ensuring greater reliability of the

results presented.

A total of 142 articles were found in the databases. After the exclusion of 68
duplicates, the selection stage carried out by reading the title, abstract and full text, and
according to the eligibility criteria, allowed the selection of 7 studies to compose the present

review. The flowchart of the article selection process is illustrated in Figure 1.

Figure 1: Study selection process based on the PRISMA guideline.
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Source: Authors, 2025

The selected research was developed mainly in Poland, with 2 articles (RAJFUR et
al., 2022; WALEWICZ et al., 2019). The other countries studied were: China, Japan,
Pakistan, and Turkey, each with 1 article (CHEN et al., 2022; YAN et al., 2020;
HASHIMOTO et al., 2024; FATIMA et al., 2022; CIRCI et al., 2018). Regarding the language
of publication, a prevalence of articles in English was found, with all 7 articles published in
this language. Regarding the year of publication, the oldest study was published in 2018
(CIRCI et al., 2018) and the most recent was published in 2024 (HASHIMOTO et al., 2024).
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The year with the highest number of publications was 2022, with a total of 2 papers (CHEN
et al., 2022; FATIMA et al., 2022). The included studies are illustrated in Table 1.

Table 1 — Studies on the efficacy of Extracorporeal Shockwave Therapy (ECTO), Maraba, Para, 2025

Author(s)

Objective of the

Study title Sample Denouement
and year study
Efficacy of Focused
Extracorporeal To evaluate the Reduction in pain (VAS:
Raifur et Shockwave Therapy in 40 patients efficacy of 7.2 — 1.5) after
al 12022 Chronic Low Back Pain: with focused TOCE in treatment, remaining at
" A Prospective discopathy chronic low back 2.0 after 3 months. No
Randomized Trial With 3- pain adverse effects.
Month Follow-up
Extracorporeal 27 patients Assess pain relief Pain decreased from 3.4
Hashimoto | Shockwave Therapy for with and T2 felaxation — 1.2, remaining at 0.4
et al., 2024 Degenerative Meniscal meniscopath time after 12 months. No
Injuries y adverse effects.
. Effects of High Energy 40 patients Assegs pain, Pain reduction (7.8 — 3.3
Fatima et . function, and
Shockwave Therapy on with at 12 weeks). No adverse
al., 2022 o . . ultrasound
Calcific Tendinopathy tendinopathy . . effects.
imaging
Group LI had greater
Chen et Comparison of TOCE 69 patients Compare low and pain reduction and
al. 2022 Regimens in Chronic Low (34 IEDI 35 M) medium TOCE functional improvement
" Back Pain ’ intensities (ODI, HAS). No adverse
effects.
. Average pain reduction
Yan et al., TOCE for Chronic 34 P?t'e’“s Compare long by 65%. Mild adverse
; . with and short course :
2020 Achilles Tendinopathy ; : effects (ecchymosis,
tendinopathy | of tendinopathy
numbness).
30 patients Asiﬁf}itfoar:”ina”d Reduction of SPADI pain
Circietal., | TOUCH in Subacromial b : scores (16.1 — 10.4),
; (24 females, relation to .
2018 Impingement Syndrome : function, and total. No
6 males) acromion
adverse effects.
morphology
Reduction in VAS pain:
40 patients To evaluate the 4.7 — 2.0 at 3 months in
Walewicz Radial TOCE in Chronic P ! . the rESWT group; In the
et al., 2019 Low Back Pain (20 FESWT, efficacy of radial SHAM group, pain
v 20 sham) TOCE ’

increased. No adverse
effects.

Source: The authors, 2025

The variables discussed among the articles analyzed were the type and location of

pain, pain intensity before treatment, frequency and duration of treatment, treatment

efficacy (pain intensity after treatment) and the main adverse effects of the use of

Extracorporeal Shock Wave Therapy in the treatment of osteoarticular conditions with

chronic pain. In general, the studies demonstrated significant improvement in pain intensity

and functionality of patients, with a low rate of adverse effects and increasing evidence of

clinical benefit in the short and medium term, as shown in Table 2.
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Table 2 - Comparison of Studies on the Efficacy of Shockwave Therapy in Different Musculoskeletal Conditions.

Maraba, Para, 2025.

Frequency and

Study Type of PaIN | pain intensity (VAS) duration of Thergpeutlc Adverse
(location) efficacy effects
treatment
VAS: 7.2 - 1.5
o (experimental); 7.3
. Chronic Mean of 7.2 45 m_mute — 2.9 (control). No
Rajfur et . sessions, . .
al. 2022 Iur_nbosacral (experimental) and 5x/week for 5 Maintenance: 1.7 (1 adverse
” pain (L5-S1) 7.3 (control) weeks month) and 2.0 (3 effects
months) in the
experimental group.
Chr‘:)’gfnk“ee VAS: 3.4 — 1.2
Hashimot | degenerative Mean of 3.4 3 sessions of (ei?ir;m(igﬁlr);s's No
oetal, injury of the (experimental) and | 15-20 min, 1 per Lo ’ adverse
2024 medial 4.3 (control) week Pain maintained at |~ g o
osterior ' 0.4 (experimental)
naeniscus after 12 months.
. Experimental: 7.8
Chronic
Fatima et shoulder Mean of 7.8 12 sessions, anTj) gg (($2st§22)' No
pain, calcific | (experimental) and 2x/week, for 6 - ' | adverse
al., 2022 Control: 7.9 — 6.0
rotator cuff 7.9 (control) weeks 6 K d4.75 effects
tendinopathy (6 weeks) and 4.
(12 weeks).
Group LI: 6
applications
(3/week, 0.03 Significant pain
Chronic low Significant reduction m.J/mm?, 4000 reduction and
back pain 9 pulses); Ml . No
Chen et in the LI group ' functional
(>12 weeks, Group: 2 . . adverse
al., 2022 e (movement VAS, p oo improvement in the
no specific <005 applications LI ODI and effects
cause) -05) (1/week, 0.09 group (oDl an
mJ/mm3, 4000 )
pulses), for 2
weeks
Average 65%
Chronic pain Average: 5.92 + rb%c,:ﬁc“r%z "; F;?tlgr'g Ecigh;/r:gos
Yan et al., at Achilles 1.12 (short course) 1 session/week n?onthpS' no mild and
2020 tendon and 5.87 £ 1.10 for 5 weeks T ;
insertion (long course) significant transient
9 difference between | numbness
courses (p = 0.487)
Pain reduction: 16.1
+51—-5104149
Subacromial (p < 0.001). 3 sessions Imorovement No
Circi et al., | impingement Function: 37.3 £ (1/week), 1500 maine(ained at 12 adverse
2018 syndrome 19.8 -5 26.7 £17.5 | pulses/session weeks offects
(shoulder) (p < 0.001). Total: (0.12 mJ/mm3)
53.4+245— 371
+21.6 (p <0.001).
Chronic low 10 sessions: Significant
Walewicz back pain E_VA: 4.7_ (pre); 4.4 2/week, 2000 . rec_iuctlon No
ot al (non- (immediate post); ulses: 2.5 maintained after 3 adverse
5 J radicular, 2.7 (1 month); 2.0 (3 P A months; SHAM
019 seudo- months) bars; 5 Hz; 7 Group returned to effects
PS¢ min/session p retu
radicular) 4.4 points

Source: The authors, 2025

The risk of bias in randomized trials is shown in Figure 2. Most studies showed

moderate risk of bias. Only 1 study had an overall dominance with a high risk of bias
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(WALEWICZ et al., 2019). The criteria for the critical review were based on a practical guide
for assessing the risks of bias in systematic reviews (STERNE et al., 2019). At this stage,
two reviewers worked independently, and the conflicts were resolved by a third person.
None of the studies evaluated with high risk of bias were excluded because they showed

limitations related to this project.

Figure 2. Assessment of risk of bias by study included in the systematic review using the Rob tool. 2 Cochrane.
Maraba, Para, 2025
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Source: The authors, 2025

The studies included in this systematic review evaluated the application of
Extracorporeal Shock Wave Therapy (OCT) in different types of chronic musculoskeletal
pain, all quantified using the Visual Analogue Scale (VAS). Rajfur et al. (2022) investigated
chronic lumbosacral pain associated with L5-S1 discopathy, with an initial mean VAS score
of 7.2 in the experimental group. Similarly, Chen et al. (2022) analyzed chronic nonspecific
low back pain and observed significant relief of pain on movement, especially in the group
that received a low-intensity protocol. Hashimoto et al. (2024) evaluated knee pain due to
degenerative injury of the medial meniscus, with an initial mean VAS score of 3.4 in the
experimental group. Regarding shoulder pain, Fatima et al. (2022) studied patients with
calcified rotator cuff tendinopathy, whose average initial pain was 7.8 points in the VAS.
Similarly, Circi et al. (2018) investigated subacromial impingement syndrome. In addition,
Yan et al. (2020) addressed pain in the Achilles tendon region, with averages of 5.9 and 5.8
in the VAS for the short and long duration of symptoms groups, respectively. Finally,
Walewicz et al. (2019) also looked at chronic non-specific low back pain, with initial pain

scores ranging between 6 and 8 on the VAS.
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Regarding the frequency and duration of treatment, relevant differences were
observed between the studies, reflecting the diversity of protocols used. Rajfur et al. (2022)
applied 45-minute sessions, five times a week for five weeks, always accompanied by
stabilization exercises. In turn, Hashimoto et al. (2024) opted for three sessions of 15 to 20
minutes, with weekly application. Fatima et al. (2022) conducted 12 TOCE sessions over
six weeks, with two applications per week. In the study by Chen et al. (2022), patients in the
low-intensity group received six sessions (three per week), while the medium-intensity
group performed only two sessions over two weeks. Yan et al. (2020), in turn, administered
a weekly session for five weeks. The other studies included also showed similar variations,
such as three weekly sessions (CIRCI et al., 2018) or five single sessions applied over five
weeks (WALEWICZ et al., 2019).

Overall, all studies reported significant reduction in pain after treatment with TOCE.
Rajfur et al. (2022) observed a drop in the mean VAS score from 7.2 to 1.5 in the
experimental group, while in the control group the reduction was from 7.3 to 2.9. Hashimoto
et al. (2024) found an improvement from 3.4 to 1.2 in VAS after treatment. Fatima et al.
(2022) reported a reduction from 7.8 to 5.0 after six weeks, and to 3.3 after 12 weeks of
follow-up. The study by Chen et al. (2022) pointed out that, although both groups improved,
the group submitted to low application intensity showed superiority in pain reduction up to
six weeks, although this difference was not maintained at three months. Yan et al. (2020)
identified that patients with shorter symptom time had better functional outcomes, although
pain measured by VAS decreased in both groups. It is important to highlight that, among the
studies analyzed, none reported significant adverse effects related to the use of TOCE.
Only Yan et al. (2020) mentioned mild and self-limiting effects, such as ecchymosis and

local discomfort, which did not require treatment interruption or additional intervention.

The present study evaluated the efficacy of extracorporeal shockwave therapy in the

treatment of chronic osteoarticular pain.

Extracorporeal shock wave therapy (OCT) has been widely studied in the treatment
of tendinopathies and other chronic musculoskeletal disorders, with increasing evidence of
its clinical efficacy. Thus, when comparing different studies, it is observed that there is a

common tendency for improvement in pain and functional capacity of patients, even though
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the results may be influenced by factors such as the site of application, the intensity of
waves, the frequency of sessions, and the duration of symptoms.

In the study by Yan et al. (2020), for example, TOCE was applied to patients with
chronic Achilles tendon tendinopathy, comparing groups with short-term (3 to 6 months) and
long-term (>6 months) pain, in which both achieved improvement in pain and function,
assessed by VAS and AOFAS, although the group with more recent symptoms had better
functional performance. Thus, the study suggests that the chronicity of pain can interfere
with the magnitude of therapeutic results. However, this conclusion is in line with what was
pointed out by Stanias et al. (2019), who indicate the duration of tendinopathy as a limiting
factor for the success of OCT, due to more resistant biological changes in chronically
injured tissues.

On the other hand, Fatima et al. (2022), when treating patients with calcified rotator
cuff tendinopathy using high-energy TOCE (0.32 mJ/mm?, 120 Hz, 2000 pulses), reported a
significant reduction in pain and improved function and quality of life compared to the
control group that received only conventional physical therapy. Unlike Yan et al. (2020),
pain duration was not a comparison variable, however, the improvement was also
accompanied by favorable structural changes observed by ultrasound, which corroborates
the morphological effects already described by Notarnicola et al (2017), reinforcing the
regenerative mechanisms attributed to OCT.

Regarding subacromial impingement syndrome, Circi et al. (2018) showed that the
application of TOCE was effective in reducing pain (SPADI), regardless of the anatomical
type of acromion. Therefore, this result contrasts with the classical biomechanical
hypothesis that certain acromion morphologies, such as type 3, would be associated with
worse prognosis. Therefore, the idea that the action of TOCE can overcome predisposing
anatomical barriers is reinforced, possibly due to its anti-inflammatory and tissue stimulation
effects, also highlighted by Wang et al. (2012), who reported the induction of angiogenic
and osteogenic factors with the use of the technique.

In the joint context, a clinical study with 27 patients explored the application of TOCE
in the treatment of knee osteoarthritis, using focal waves of 0.25 mJ/mm? in three sessions.
In this scenario, the results showed a significant reduction of T2 relaxation time on MRI, as
well as pain relief, suggesting chondroprotective effects (HASHIMOTO et al., 2024). Such
effects are in line with what had already been observed in animal models by Zhang et al
(2022), who demonstrated cartilaginous regeneration and stimulation of the extracellular

matrix after application of TOCE.
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With regard to chronic low back pain, in a study carried out in Poland, focused
extracorporeal shock wave therapy (0.15 mJ/mm?, 1000 pulses, 4 Hz) associated with
stabilization exercises was applied. In this approach, the combination therapy showed
significant improvement in pain (VAS and LPS) and functionality (ODI), with maintenance of
effects for up to three months (RAJFUR et al., 2022). Comparatively, the study by Chen et
al. (2022) evaluated different intensities and distributions of therapeutic energy: a low-
intensity protocol (0.03 mJ/mm? in 6 sessions) and a medium-intensity protocol (0.09
mJ/mm? in 2 sessions). Thus, both presented positive effects, but the low-intensity protocol
with more frequent sessions demonstrated greater efficacy in the short term. Thus, this
finding reinforces what was previously discussed by studies cited in the article itself (WANG
et al., apud CHEN et al., 2022), which suggest that the higher frequency of stimuli can
promote greater cell activation and tissue remodeling, even with a lower energy load per

session.

In the study conducted by Rajfur et al. (2022), the therapy was applied to patients
with chronic low back pain, combining TOCE with spinal stabilization exercises. As a result,
a significant reduction in pain intensity was observed, with VAS scores decreasing from 7.2
to 1.5 in the experimental group. In contrast, the control group, which performed only the
exercises, showed a more modest reduction, from 7.3 to 2.9. Similarly, Stania et al. (2020),
in a comparative study, found that the association between shockwave therapy and
kinesiotherapy promoted a more significant reduction in low back pain levels when
compared to the isolated application of kinesiotherapy, reinforcing the benefits of the
combined approach in the management of chronic pain.

Chen et al. (2021) demonstrated that low-intensity protocols (0.03 mJ/mm?), applied
in six sessions, were more effective in reducing chronic low back pain than medium-
intensity protocols (0.09 mJ/mm?) administered in only two sessions, even though both had
the same total energy dose. Specifically, there was a decrease in VAS from 6.8 to 2.4 in the
low-intensity group, while patients in the medium-intensity group showed less significant
improvement. Thus, these findings suggest that the higher frequency of application, even
with lower intensity per session, can potentiate the therapeutic effects of OCT.
Corroborating this idea, Walewicz et al. (2019) also highlighted the relevance of energy
distribution over time, associating this strategy with more effective pain modulation and

better clinical outcomes.
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In cases of tendinopathies, Yan et al. (2020) demonstrated that the application of
TOCE resulted in a significant reduction in pain both in patients with short-term pain (3 to 6
months) and in those with more prolonged pain (over 6 months), with the mean VAS
decreasing from 6.6 to 2.2. Comparably, Fatima et al. (2021) reported a reduction in VAS
from 7.1 to 2.0 in patients with calcified rotator cuff tendinopathy undergoing high-energy
TOCE, associated with gains in functionality and quality of life. In addition, the study
showed positive structural changes in the ultrasound examination, reinforcing the
superiority of the intervention in relation to conventional physical therapy. Thus, both studies
point to the effectiveness of TOCE, with emphasis on its clinical and structural benefits.

In joint conditions, such as knee osteoarthritis, Hashimoto et al. (2024) observed a
reduction in VAS from 6.9 to 3.1 after three sessions of TOCE, evidencing its anti-
inflammatory and chondroprotective effects. These findings corroborate the results of Zhao
et al. (2017), who also reported significant improvement in pain and joint function with
therapy. Similarly, Circi et al. (2016) found a decrease in VAS from 6.1 to 2.5 in patients with
subacromial impingement syndrome, regardless of acromion morphology, which reinforces
that the efficacy of TOCE is not restricted by predisposing structural changes. Thus, the
studies converge in demonstrating the applicability of TOCE both in joint disorders and in

musculoskeletal conditions with associated anatomical factors.

Regarding the application parameters used, such as intensity, frequency, number of
pulses and sessions, and intervals between applications, considerable heterogeneity was
observed in the protocols employed. Regarding the intensity of application, the studies
analyzed demonstrate a significant variation in the energy parameters. Chen et al. (2021)
directly compared low-intensity (0.03 mJ/mm?) versus medium-intensity (0.09 mJ/mm?)
protocols in the treatment of chronic low back pain while maintaining the same total energy
dose. The results indicated superiority of the low-intensity protocol with a higher number of
sessions (6 sessions in 2 weeks) compared to the medium-intensity protocol with a lower
number of sessions (2 sessions in 2 weeks), suggesting that the distribution of energy over
time may be more relevant than the intensity alone. On the other hand, the study by Fatima
et al. (2021) used a high-energy protocol (0.32 mJ/mm?) in the treatment of calcified rotator
cuff tendinopathies, with significantly superior results compared to conventional physical
therapy.

Corroborating the findings of Chen et al. (2021), a recent meta-analysis involving
patients with chronic low back pain also showed that protocols with lower energy intensity
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(0.03 to 0.1 mJ/mm?), but applied with greater frequency and number of sessions, tend to
produce better clinical outcomes in pain reduction and functional improvement, when
compared to more intense applications with less frequency. These data reinforce the
hypothesis that the distribution of energy over time, with repeated and less aggressive
stimuli, can more efficiently modulate pain relief mechanisms (LIU et al., 2023). In a similar
sense, a study with patients undergoing treatment for plantar fasciitis comparing different
frequencies (10 vs. 15 Hz) with the same number of sessions demonstrated that both
regimens promoted significant improvement, suggesting that flexibility in the parameters
can be effective, as long as constancy and total volume of energy applied are maintained
(KALBANI et al., 2024). These findings support the need for individualization of protocols,
considering not only the intensity alone, but also their balance with the frequency and
duration of treatment.

Regarding the number of pulses per session, in 3 of the 7 studies relative
consistency was observed, with values predominantly between 1000 and 2000 pulses.
Raijfur et al. (2022) applied 1000 pulses at 4 Hz to the lumbar and sacral region, while
Hashimoto et al. (2024) used 2000 impulses in the treatment of degenerative meniscal
tears. The application frequency also varied, with values between 4 Hz and 120 Hz, and
lower frequencies are generally associated with higher intensity applications.

In a comparative study, a systematic review on TOCE for orthopedic conditions
highlighted that among the randomized controlled trials analyzed, the average number of
impulses per session ranged from 250 to 6000, with an average of approximately 2029
impulses. The frequency of the sessions ranged from 1 to 42 days, with a mean interval of
9.13 days between sessions. These data reinforce the lack of consensus on the ideal
application parameters, highlighting the need for further research to determine optimized
protocols (SCHIMITZ et al., 2015). Therefore, the variability in TOCE protocols, especially
with regard to the number of pulses per session and the frequency of application, highlights
the importance of further studies to establish standardized guidelines that maximize
treatment efficacy.

The optimal number of sessions and intervals between applications represent
another crucial aspect of TOCE protocols. In the study by Yan et al. (2020) compared short
versus long treatment courses in patients with Achilles tendon tendinopathy, noting that
both protocols resulted in significant improvement of clinical parameters, although with
differences in satisfaction rates and recovery time. In the clinical trial with patients with
calcified rotator cuff tendinopathy, a protocol of 12 sessions distributed over 6 weeks (2
sessions/week) for calcified tendinopathies was adopted, while 3 sessions with a weekly
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break for the treatment of meniscal injuries were chosen (FATIMA et al., 2024;
HASHIMOTO et al., 2024)

Under this bias, Schmitz et al. (2015) suggest that an ideal TOCE protocol consists
of three weekly sessions, with 2000 impulses per session and the highest energy flux
density tolerable by the patient. In addition, a study conducted with patients diagnosed with
symptomatic calcifying tendinopathy demonstrated that an individualized rESWT protocaol,
tailored according to the patient's response, resulted in a 92% success rate after one year,
with an average of 7 sessions. These findings indicate that both personalization and proper
distribution of sessions can be crucial for treatment effectiveness, underscoring the need for
flexible protocols that are adaptable to individual patient needs (MALLIAROPOULOS et al.,
2017).

Regarding adverse effects, TOCE is generally considered a safe therapeutic
modality, with a low incidence of significant complications, with only 1 of the 7 articles
presenting side effects after use. The study by Schimitz et al., (2015) reinforced this
perspective, highlighting that, among the randomized controlled trials evaluated, there were
no reports of serious adverse events related to OCD. The adverse reactions observed were
generally mild, such as transient discomfort, skin erythema, and localized swelling.In
addition, a multicenter study involving 272 patients treated with TOCE for lateral
epicondylitis recorded mild adverse effects such as transient redness of the skin (21.1%),
pain (4.8%), and minor bruising (3.0%). Rarer events included migraine and syncope, but
no physical parameter of shock waves could be definitively identified as a cause of these
effects (SILVA, COSTA, SILVA, 2024). The low incidence of adverse effects in TOCE can be
attributed to several factors, including the controlled application of energy, the precise
focusing of shock waves, and the absence of the need for invasive procedures. These
characteristics make TOCE a safe and effective therapeutic option for various
musculoskeletal conditions (LIU et al., 2023).

However, from the methodological point of view, the studies analyzed have
limitations that should be considered when interpreting the results. One of the main
limitations of the present study was the selection of studies evaluated with low risk of bias,
most of which presented moderate risk. In addition, the heterogeneity of treatment protocols
represents another significant limitation in the current literature on OCD. As previously
discussed, the studies analyzed show considerable variability in application parameters,

including intensity, frequency, number of pulses, number of sessions, and intervals between
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applications. This heterogeneity makes it difficult to directly compare studies and establish
universal guidelines for clinical practice. In addition, the absence of adequate placebo
groups in some studies also represents a relevant methodological limitation. Finally, the
variability in the outcome measures used in the different studies makes it difficult to
quantitatively synthesize the results and perform robust meta-analyses. Although
instruments such as the VAS pain scale and specific functional questionnaires are
frequently used, the heterogeneity in the evaluation times and in the definition of
therapeutic success limits the comparability between studies.

In addition, it is suggested that more studies be carried out that prioritize the
standardization of treatment protocols, since the variability observed in the application
parameters makes it difficult to compare studies and establish clear guidelines. The
durability of the therapeutic effects of TOCE, especially in long-term treatments, also
deserves further investigation, as well as the identification of predictors of therapeutic
response, which could optimize treatment personalization. Finally, cost-effectiveness
studies that consider the impact of TOCE on quality of life and the use of health resources

could provide crucial information to support clinical decisions and health policies.

The present systematic review shows that Extracorporeal Shock Wave Therapy
(ECOT) represents a promising and effective therapeutic alternative in the management of
chronic osteoarticular pain, with benefits observed in different anatomical regions, such as
the shoulder, knee, lumbar spine and Achilles tendon. The included studies consistently
demonstrated a significant reduction in pain measured by the Visual Analogue Scale (VAS),
functional improvement, and a low incidence of relevant adverse effects, reinforcing the
safety profile of the method.

Despite the heterogeneity between the protocols used — with regard to wave
intensity, number of sessions, and specific clinical conditions — the clinical efficacy of
TOCE remained evident in most of the studies analyzed. In addition, factors such as the
duration of symptoms, the type of condition treated, and the association with therapeutic
exercises seem to positively influence clinical outcomes.

Therefore, although larger-scale randomized clinical trials and standardization of
application protocols are still needed, the findings of this review contribute to the
consolidation of TOCE as a non-invasive, safe, and effective intervention in the context of
musculoskeletal rehabilitation, with significant impacts on the quality of life of patients
affected by chronic pain.
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