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Abstract

Diabetic foot ulcers (DFUs) are among the most severe late-stage complications in patients with diabetes. It is characterized by
complex pathogenic factors, challenging treatments, and high rates of disability and mortality. Therefore, DFUs have become

a major therapeutic challenge for patients with diabetes. In recent years, extracorporeal shock wave therapy (ESWT) has emerged
as a novel modality for promoting the healing of both acute and chronic superficial wounds. An increasing number of studies have
demonstrated significant clinical efficacy in the treatment of DFUs. Developed by experts from the Wound Repair Committee of the
Chinese Medical Doctor Association through an extensive review of high-quality literature, this consensus systematically outlines
the indications, contraindications, standardized procedures, key technical points, post-treatment patient management and
assessment, and prevention and management of potential complications related to ESWT for DFUs. This consensus aims to
provide clinical guidance and a practical reference for physicians in wound repair departments to apply ESWT in the management
of diabetic foot ulcers.
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Introduction

Diabetic foot ulcers (DFUs), one of the most severe complications HSHLISHES

of diabetes, stem from peripheral neuropathy and varying degrees e This is the first national expert consensus on ESWT for

of vascular disease in the lower extremities. It is characterized by diabetic foot ulcers in China.

foot infections, ulcerations, and deep tissue destruction. Clinically, e Recommendations were developed by 69 multidisciplin-

DFUs manifest as infection, ulceration, degeneration, and necrosis ary experts using Delphi methodology.

of the foot tissues, and in severe cases, may lead to amputation. e The consensus defines evidence-graded indications, con-
Current treatment strategies for DFUs are primarily based on traindications, and clinical protocols.

comprehensive internal medicine management supplemented by e The document provides detailed parameters for ESWT use

various approaches, depending on the patient’s clinical presenta- in various DFU classifications.

tion. These include debridement and dressing changes, antimicro- e This consensus bridges clinical evidence and practice for

bial therapy, vascular reconstruction, hyperbaric oxygen therapy, wound care professionals.

negative pressure wound therapy, stem cell therapy, bioengi-
neered skin substitutes, and surgical interventions. However,
most DFU patients often present with multiple comorbidities,  ¢reqtment modality. Extracorporeal shock wave therapy (ESWT)
poor general health, and limited financial resources. This high- ¢ 5 non-invasive, safe, and effective technique that has been
lights the urgent need for a cost-effective, safe, and efficacious widely applied in various medical fields!". In recent years,
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a growing body of literature has reported promising outcomes
and broad prospects of ESWT in the management of DFUs!*!,
Nevertheless, its widespread clinical adoption has been hindered
by inconsistencies in application protocols, lack of standardized
technical guidelines, and absence of unified treatment regimens.
To address these issues, the Wound Repair Committee of the
Chinese Medical Doctor Association convened a panel of
experts guided by evidence-based medicine and the Delphi
method. Based on a comprehensive review of recent domestic
and international literature on the use of ESWT in DFUs and
drawing upon national clinical experience, the panel formulated
this expert consensus. This document aims to provide
a standardized reference for the clinical application of ESWT
in the treatment of DFUs in China. In accordance with the
TITAN 2025 Guidelines for transparent reporting of Al involve-
ment in scientific work, this manuscript includes a completed
TITAN checklist to ensure compliance and transparency'.

Scope of application

This consensus provides guidelines for the use of ESWT in the
diagnosis and treatment of DFUs, specifically in adult patients
diagnosed with this condition. It addresses healthcare institutions
and health management departments that provide services to this
population. This consensus serves as a reference for healthcare
professionals in wound repair, medical rehabilitation, endocrinol-
ogy departments, and medical wellness institutions.

Methods

Consensus development group and their responsibilities

The consensus was pre-registered in both Chinese and English
and was developed based on a prewritten protocol. The con-
sensus working group consisted of 69 experts from multiple
disciplines, including wound repair, burn and plastic surgery,
endocrinology, and evidence-based medicine. The group was
structured into the following subgroups: advisory committee,
leadership team, expert panel, drafting team, literature review
group, methodology team, evidence appraisal group and secre-
tariat group. Experts from multidisciplinary fields were invited
to form relevant groups through advisors and group leaders.

The literature review group was responsible for identifying high-
quality studies related to DFUs and ESWT based on predefined
clinical questions. Searches were conducted using both Chinese and
English keywords such as “extracorporeal shock wave therapy,”
“shock wave therapy,” “focused shock wave therapy,” “defocused
shock wave therapy,” “radial shock wave therapy,” “wound heal-
ing,” “diabetic foot ulcer,” and “skin ulcer.” The databases
searched included PubMed, Medline, Web of Science, Wanfang,
and CNKI, with the search period covering the inception of each
database to 1 December 2024. Relevant references were manually
retrieved to supplement the electronic search. The scope of the
search was limited to human disease-related studies, and eligible
literature included systematic reviews, meta-analyses, randomized
controlled trials (RCTs), cohort studies, case series, and expert
consensus statements. The detailed literature search strategy is
shown in Supplementary Digital Content Material 2, available at:
http:/links.lww.com/JS9/F363.

The methodological quality of the included RCT's was assessed
using the Cochrane Risk of Bias tool; cohort and case-control
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Level of evidence

Level of

evidence Definition

A The materials are derived from multicenter controlled clinical trials or
meta-analyses.

B The materials are derived from single-center controlled clinical trials
or large-scale non-controlled studies.

C Expert opinion and/or data from registered small-scale or

retrospective studies.

studies were evaluated using the Newcastle-Ottawa Scale; and the
Joanna Briggs Institute criteria were used to appraise case series
and expert opinion-based evidence (see Table 1).

Based on literature review and expert consultation, the drafting
team formulated key clinical questions, which were then evalu-
ated for their importance via an online survey. These questions
were structured using the PICO format (P: Population/Patient, I:
Intervention, C: Comparator, O: Outcome). A Delphi question-
naire was subsequently designed and distributed to experts. The
collected data were analyzed and fed back to the expert panel to
develop the initial draft of the consensus. This draft was then
revised based on feedback and suggestions from the expert group.
The methodology expert group was responsible for guiding the
consensus plan writing and literature quality assessment, among
other things. Supplementary Digital Content (Material 1, avail-
able at: http://links.lww.com/JS9/F362; Material 2, available at:
http://links.lww.com/JS9/F363; Material 3, available at: http://
links.lww.com/JS9/F364; Material 4, available at: http:/links.
Iww.com/JS9/F365) provides the detailed Delphi questionnaire,
search strategy, risk of bias and sensitivity analyses, and the
TITAN Guideline Checklist used in this study.

Formulation of consensus recommendations

The expert group formed its recommendations by assessing fac-
tors such as the quality of evidence, balance of benefits and
harms, acceptability, and implementability, and based on the
level of agreement to form the first draft of the recommendations
for expert consensus. The recommendations were counted, sum-
marized and given an appropriate level of recommendation based
on the results of the deliberations after obtaining feedback from
the experts in the first round. Specific suggestions from the first
round of feedback were revised and incorporated after further
discussion and individual consultation within the expert group.
Additional modifications were made based on the expert input
before the second round of evaluation. The results of the two
rounds of the Delphi method (see Supplementary Digital Content
Material 1, available at: http:/links.lww.com/JS9/F362 — Delphi
for details) expert questionnaire feedback and the results of the
first consensus workshop discussions were summarized, and the
recommendations were tallied and refined according to estab-
lished rules. Subsequently, the Consensus Workshop was con-
vened to review each entry individually in light of the latest
clinical evidence to form the final recommendations. Consensus
Criteria: Recommendations supported by more than 90% of
experts were classified as strong recommendations. Those receiv-
ing 70%-90% support were classified as having moderate recom-
mendations. Recommendations with 50% to 70% agreement
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Recommendation grade

Wagner classification of diabetic foot ulcers

Recommendation

grade Definition

| There is evidence and/or general agreement that a given
treatment or intervention is beneficial, useful, and effective.

II There is conflicting evidence and/or divergence of opinion
regarding the usefulness and/or effectiveness of a given
treatment or intervention.

lla Evidence and/or expert opinion favor the usefulness and/or
effectiveness of the given treatment or intervention.
lIb The evidence and/or expert opinion regarding the usefulness

and/or effectiveness is insufficient.

Il There is evidence or consensus indicating that the given
treatment or procedure is ineffective and may be harmful in
SoOme Cases.

were considered weak recommendations. Any recommendation
with a degree of consistency of <50% were not be included.
Detailed information on the recommendation grade rating can
be found in Table 2.

Clinical issues and recommendations

Clinical issues 1
Indications for the Use of ESWT in the Treatment of DFUs

Recommendation 1

ESWT can be routinely used in patients with first-onset Wagner
grade 1 or 2 DFUs. (Level of Evidence: A; Strength of
Recommendation: I)

Recommendation 2

ESWT can be routinely applied to patients with Wagner grade 3
DFUs following effective debridement and drainage, provided
there is no exposed bone tissue, no osteomyelitis, and the infec-
tion is confined to the wound area or has improved to Wagner
grade 1 or 2 after treatment. (Level of Evidence: C; Strength of
Recommendation: IIb)

Recommendation 3

ESWT can be routinely applied to patients with traumatic ulcers
without severe infection or gangrene after Wagner grade 4 or 5
post-amputation/toe amputation. (Level of Evidence: C;
Strength of Recommendation: IIb)

Recommendation 4

For patients with DFUs accompanied by sinus tracts, ESWT
should be administered only after adequate debridement and
low-position drainage have been performed. (Level of
Evidence: C; Strength of Recommendation: IIb)

Rationale. Studies have shown that in 2021, approximately
537 million people worldwide are living with diabetes, with
a global prevalence of 6.3%!°!. DFUs refer to skin ulceration
and/or deep tissue destruction in the foot or ankle region of

Classification Clinical manifestations

Grade 0 Presence of risk factors for foot ulceration without current ulceration

Grade 1 Superficial foot ulcer without signs of infection, predominantly
presenting as a neuropathic ulcer

Grade 2 Deeper ulcer often accompanied by soft tissue infection, without
osteomyelitis or deep abscess formation

Grade 3 Deep ulcer with abscess formation or osteomyelitis

Grade 4 Localized gangrene (toes, heel, or forefoot), characterized by ischemic
necrosis typically accompanied by neuropathy

Grade 5 Extensive gangrene of the entire foot

diabetic patients caused by distal lower limb neuropathy and/
or varying degrees of vascular disease. These lesions may or may
not be accompanied by infection'®!. The incidence of DFUs is
approximately 8.1%!”), making it one of the most serious com-
plications of diabetes.

Currently, the most widely used classification system for
DFUs in both clinical practice and research is the Wagner
classification!™, originally proposed by Meggitt in 1976 and
later popularized by Wagner (see Table 3). ESWT is an emerging
modality in physical therapy. In 2017, the USA Food and Drug
Administration approved the use of ESWT for the treatment of
DFUs wounds for the first time!”. A growing body of research
suggests that ESWT can promote superficial ulcer healing by
stimulating angiogenesis and granulation tissue formation!'®!,
Therefore, for patients with DFUs classified as Wagner grade 1
or 2, routine ESWT has been shown to provide favorable
outcomes'™' "™, In contrast, for patients with Wagner grade 3
DFUs complicated by localized abscesses or osteomyelitis, the
mechanical stress accompanying the shock waves may drive
bacteria or toxins into deeper tissues or the bloodstream, poten-
tially leading to systemic infections. Therefore, ESWT is not
recommended in such cases ", Similarly, in patients with
Wagner grade 4 or § ulcers associated with localized gangrene,
the cells in the gangrenous area are necrotic and lack regenera-
tive capacity, and ESWT is unlikely to reverse tissue necrosis and
is not recommended for these cases'"*!. However, based on our
clinical observations, ESWT may still be effectively applied in
patients with Wagner grade 3 ulcers who have undergone ade-
quate debridement and drainage, or in grade 4/5 patients who
have undergone amputation or toe resection and have been
down-staged to Wagner grade 1 or 2 ulcers. ESWT has shown
promising results in these cases, and for DFUs cases with sinus
tracts, thorough debridement and low-position drainage should
precede the application of ESWT to prevent fluid accumulation.

Clinical issues 2

Contraindications for ESWT in the Treatment of DFUs

Recommendation 5

ESWT should be avoided in patients with new thrombosis (acute
phase) in the lower extremity treatment area, acute phase frac-
tures, malignant tumors, active wound bleeding, or exposed
blood vessels following debridement. (Evidence level: C;
Recommendation grade: Ila)
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Recommendation 6

Shockwave therapy should be avoided in patients with signifi-
cant coagulation disorders, implanted pacemakers, uncontrolled
hypertension (systolic BP >180 mmHg or diastolic BP
>110 mmHg), severe protein malnutrition (serum albumin
<20 g/L), or severe anemia (hemoglobin <70 g/L). (Evidence
level: C; Recommendation grade: Ila)

Recommendation 7

Patients with mental disorders, women who are pregnant or
recently intended to become pregnant, and patients with sys-
temic infections (e.g., sepsis) with DFUs should avoid shock-
wave therapy. (Evidence level: C; Recommendation grade: Ila)

Rationale. In an animal study!'®, researchers pointed out that the
cavitation effect of shockwaves can cause thrombi or fat emboli to
disintegrate and fragment, leading to vascular recanalization.
When deep vein thrombosis is present locally, ESWT treatment
may cause the thrombus to loosen, fragment, or even detach,
ultimately resulting in pulmonary embolism or other diseases.
A case reported in the literature™”! indicated that shockwave
therapy for ureteral stones led to spontaneous miscarriage,
which may be related to the close proximity of the therapy site;
however, ESWT should be avoided in pregnant women or those
with recent pregnancy intentions (to avoid pregnancy without
knowledge). In a study on shockwaves!'®], it was noted that
there was an increased risk of hematoma when ESWT was admi-
nistered to patients with coagulation disorders or those who were
being treated with drugs such as warfarin. The study also reported
three cases in which blood pressure increased during or after
treatment, and one case involved a hypertensive crisis that led to
syncope. Furthermore, if there is an infection site in the treatment
area, shockwave therapy may stimulate the inflammatory focus,
potentially exacerbating the condition. Therefore, treatment
should be administered only after infection control. The article
also suggests avoiding ESWT in patients with autonomic dysfunc-
tion or high levels of emotional anxiety. Shockwaves can cause
local damage during treatment; therefore, so it be avoided if there
is active exudation or exposed blood vessels in the treatment area,
to prevent further injury. Several previous consensus
guidelines!"”! recommend avoiding ESWT in patients with
malignant tumors, severe protein malnutrition, or severe anemia,
as these patients may not tolerate the treatment well.

Clinical issues 3

Preoperative Assessment for the Use of ESWT in the Treatment
of DFUs.

Recommendation 8

A comprehensive evaluation of the patient’s overall condition
should be conducted prior to the initiation of ESWT for DFUs.
This includes a thorough assessment of the patient’s general
physical status, cognitive function, psychological expectations,
social background, history of diabetes, history and progression
of DFUs, and previous treatment outcomes. Such evaluations
help determine the appropriateness of ESWT for individual
patients. (Evidence Level: C; Recommendation Grade: Ila)
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Recommendation 9

A careful assessment of the skin condition below the knee and
the status of lower limb arterial pulses should be performed. At
least one of the following vascular assessments should be com-
pleted: ankle-brachial index (ABI), transcutaneous oxygen pres-
sure (TcPO2), lower limb vascular ultrasound, computed
tomography angiography (CTA), magnetic resonance angiogra-
phy (MRA), or digital subtraction angiography (DSA). In addi-
tion, neuropathy evaluation should be conducted to help
determine the prognosis and assess the effectiveness of ESWT.
(Evidence Level: C; Recommendation Grade: Ila)

Recommendation 10

A comprehensive evaluation of the local DFUs should include
the color, depth, anatomical location, exudate characteristics,
granulation tissue growth, extent of infection, local temperature,
and sensory function. These parameters serve as important indi-
cators for assessing the therapeutic response to ESWT. (Evidence
Level: C; Recommendation Grade: Ila)

Rationale. Prior to initiating treatment, both the systemic and
local conditions of the patient should be thoroughly evaluated,
incorporating both subjective and objective indicators.
A patient’s confidence and adherence to treatment significantly
impact therapeutic outcomes. Research indicates that 20%-—
40% of individuals with diabetes experience varying degrees of
depression and anxiety?l, These emotional disturbances are
associated with an increased incidence and mortality of diabetic
complications, which in turn slow the healing of DFUs.
Maintaining optimal blood glucose levels is a fundamental pre-
requisite for promoting DFUs healing!*!!. Poor glycemic control
not only hinders ulcer recovery but also increases the risk of
serious complications. Chronic hyperglycemia in DFUs patients
often leads to neuropathy and peripheral vascular diseases.
Therefore, treatment should not be limited to local ulcer care,
but should also address neurological impairment and microcir-
culatory dysfunction!®?!, In patients with significant lower extre-
mity ischemia, vascular intervention can be performed first
through the detection of relevant indices, which is of great sig-
nificance to the prognosis of the patients!?*>*!,

Additionally, peripheral neuropathy in diabetic foot requires
careful management. Some researchers regard neuropathy as
a primary factor that precipitates vascular lesions and impairs
wound healing®’!. Positive outcomes have been reported with
combined bone transport and neurolysis in the treatment of
DFUs. Early ambulation under protective measures such as cast-
ing is also recommended post-neurolysisi>®?”!, The severity,
depth, and size of DFUs vary, as do the types of infecting
bacteria®®!, treatment strategies should be individualized.
Evaluating the local condition of an ulcer helps develop
a personalized treatment plan. Continuous monitoring of local
ulcer characteristics enables quantification of ESWT efficacy
and provides objective data to adjust treatment parameters,
including frequency, energy level, and duration.

Clinical issues 4

Types of Extracorporeal Shock Waves Suitable for the Treatment
of DFUs.
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Recommendation 11

Radial extracorporeal shock wave therapy (r ESWT) has demon-
strated superior efficacy over other methods for treating super-
ficial soft tissue defects, making it particularly suitable for
patients with DFUs. (Level of Evidence: B; Recommendation
Grade: IIa)

Recommendation 12

Focused extracorporeal shock wave therapy (f ESWT) may be
considered for the treatment of deep tissue injuries, such as
wounds with sinus tracts complicated by osteomyelitis.
Treatment parameters should be tailored based on wound char-
acteristics and patient tolerance. (Level of Evidence: C;
Recommendation Grade: IIb)

Rationale. Shock waves are discontinuous pressure waves that
propagate through a medium. They occur when the source
moves faster than the speed of sound in that medium, and are
also referred to as shockwaves or blast waves!?’!, Originally
developed for extracorporeal lithotripsy in the treatment of
urinary tract stones, ESWT has since expanded to other areas,
including bone healing and pain management!*°!,

Based on their generation mechanism, shock wave sources
can be classified into electrohydraulic, piezoelectric, electromag-
netic, and pneumatic ballistic types!*'!. Depending on how the
waves are transmitted, they are further categorized as focused
shock waves or radial (divergent) shock waves, each with dis-
tinct physical characteristics®?,

Focused shock waves and radial shock waves act on a small,
concentrated area through mechanisms such as wave superposi-
tion and reflection. Focused shock waves are characterized by
a high peak pressure (often exceeding 50 MPa, much higher than
the ~15 MPa of radial waves), rapid rise time (5-10 ns), and
a steep pressure gradient. They also penetrate deeply (up to
>10 cm) and concentrate energy within a narrow focal zone
(2-8 mm in diameter)'*”\. Owing to their powerful penetrative
capacity, focused shock waves are mainly used for conditions
involving bone and deep soft tissues, such as nonunion fractures,
calcific tendinitis of the rotator cuff, plantar fasciitis, and avas-
cular necrosis of the femoral head!**>=%1,

In contrast, radial shock waves are typically generated via
mechanical impact, in which compressed air or electromagnetic
force propels a metal projectile at high velocity to strike
a transmitter (metal or plastic) at the tip of the devicel*®!. This
kinetic energy is converted into shock waves that radiate spheri-
cally from the point of contact with the skin. Unlike focused
waves, radial waves lack a distinct focal point and their energy
dissipates quickly with distance. The highest energy is delivered
near the skin surface and spreads over a broader area, primarily
affecting superficial tissues”>%!,

The key features of radial shock waves include a lower peak
pressure (5-15 MPa, roughly one-third to one-fifth that of
focused waves), slower pressure rise time (1-25 ps), gentler
pressure gradients, weaker penetration (energy decreases shar-
ply within 1-3 ¢cm, with 90% concentrated within 2 cm of the
surface), and broader energy dispersion (with coverage dia-
meters up to 5 cm, making precise targeting difficult)],

Owing to these properties, radial shock waves are more sui-
table as adjunct therapies in chronic wound care, particularly for

75

promoting healing of DFUs and treating scar tissue. Therefore,
patients with DFUs are better suited for treatment with radial
(divergent) shock wave therapy.

Clinical issues 5

Precautions Before Performing ESWT.

Recommendation 13

Patients should be provided with scientific knowledge of the
principles and mechanisms of ESWT to enhance their confidence
in the treatment process. Establish a philosophy of lifelong pre-
vention and intervention is essential. Patients should be encour-
aged to return for follow-up visits, allowing for continuous
monitoring of wound progression and early identification of
potential complications. (Level of Evidence: C; Strength of
Recommendation: Ila)

Rationale. Extracorporeal shockwave therapy (ESWT), a non-
invasive modality utilizing high-energy acoustic waves, has
shown promising clinical efficacy as an adjunctive treatment in
diabetic foot ulcer (DFU) management!®). Its therapeutic
mechanism primarily involves the generation of mechanical sti-
mulation and downstream biological responses at the treatment
site, which together promote angiogenesis, enhance microcircu-
lation, and accelerate wound healing, ultimately reducing the
risk of ulcer recurrence.

Effective patient education is critical to optimizing ESWT
outcomes in DFU. Patients should be informed of the underlying
therapeutic mechanisms, including ESWT’s ability to stimulate
cellular proliferation, promote the release of endothelial growth
factors, and enhance collagen synthesis, all of which contribute
to tissue repair*®*!!, Furthermore, its safety profile should be
emphasized, as ESWT is associated with relatively few adverse
effects and is generally well tolerated!**!,

Patient education should be contextualized within the
broader framework of lifelong prevention and timely interven-
tion, recognizing that diabetic foot represents a chronic, multi-
factorial complication closely linked to vascular insufficiency
and peripheral neuropathy. Long-term, multidisciplinary man-
agement is often required. Patients should be encouraged to
adopt sustained preventive strategies, particularly with regard
to the tight regulation of glycemic control, blood pressure, and
lipid levels. Concurrently, structured follow-up systems and
regular wound surveillance are necessary. During and after
ESWT, patients should be advised to monitor for any changes
in wound size, exudate volume, or signs of infection, and to seek
medical attention promptly for individualized adjustment of
therapeutic parameters if needed*?.

In addition to procedural counseling, lifestyle modification
remains a cornerstone of DFU management. Nutritionally,
patients should adhere to diabetes-specific dietary guidelines,
focusing on controlled caloric intake and balanced macronutri-
ent composition to mitigate the deleterious effects of hypergly-
cemia on wound healing. Environmental and self-care guidance
is also crucial: patients should maintain a warm and dry living
environment to avoid impairments in circulation or increased
infection risk, and exercise caution during foot hygiene to pre-
vent thermal injury. Smoking cessation must be strongly advo-
cated, as nicotine-induced vasoconstriction impairs tissue
oxygenation and delays healing. Physical activity should be
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appropriately calibrated — while excessive weight-bearing on the
affected limb must be avoided, moderate, low-impact activities
such as balance exercises or slow walking may enhance local
perfusion and systemic metabolic health!*!,

Proper footwear and pressure offloading are essential for
minimizing mechanical stress and preventing ulcer exacerbation.
Patients should be instructed to wear custom offloading shoes or
insoles and to perform daily inspections of both foot surfaces
and footwear interiors for early signs of trauma, such as blisters,
fissures, or erythema, warranting immediate attention'**l.

Collectively, these educational components — integrated with
ESWT - constitute a critical element of comprehensive DFU
management. Through close physician—patient collaboration,
interdisciplinary care, and sustained health education, the ther-
apeutic benefits of ESWT can be fully leveraged to promote
wound healing, reduce the risk of recurrence and amputation,
and significantly enhance patient quality of life!**!,

Recommendation 14

Provide patients with education on healthy lifestyle modifications,
including adherence to a diabetic-friendly diet, maintaining a warm
and comfortable living environment, avoiding smoking and exces-
sive weight-bearing on the affected limb, wearing offloading foot-
wear, and appropriately increasing physical activity levels. (Level of
Evidence: C; Strength of Recommendation: Ila)

Rationale. Wound irrigation plays a critical therapeutic role in
the treatment of DFUs. Techniques such as fluid lavage, medi-
cated irrigation, and closed drainage can effectively remove
necrotic tissue, foreign bodies, and inflammatory exudates
from the ulcer site. This helps reduce the local microbial load,
cleanse the wound, and create an environment conducive to
healing!*®’,

Debridement by autolytic or “conservative sharp” methods
allows for the gradual removal of devitalized tissue without
causing pain or bleeding. This approach minimizes additional
trauma and eliminates key barriers to healing!*”.

Medical ESWT typically requires a fluid medium, such as water,
or coupling agents to facilitate wave transmission into biological
tissues*®!. These media help minimize energy loss during propaga-
tion, ensure that shock waves reach the targeted treatment area
more effectively, and enhance the therapeutic effect.

It is recommended to apply a coupling gel between the shock
wave probe and the skin to eliminate air bubbles, which could
otherwise interfere with energy transmission and reduce thera-
peutic efficacy!*°l,

In the treatment of burn wounds, where the skin barrier is often
compromised, improper sterilization of the probe or repeated use
of non-sterile coupling gel may increase the risk of secondary
infection®!, Therefore, it is advisable to protect the probe head
using a sterile membrane before treatment. Moreover, it is also
recommended that the coupling agent should use small sterile
packages to avoid cross-infection caused by repeated use.

Recommendation 15

Before initiating ESWT, the patient’s skin condition and overall
physical status were assessed. Ensure that the patient is fully
informed about the potential risks associated with the procedure
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and obtain written informed consent. (Evidence Level: C;
Recommendation Grade: Ila)

Rationale. A thorough patient assessment is essential prior to
the initiation of ESWT. Careful examination and photographic
documentation of the treatment site and surrounding skin
should be performed. Due to the disruption of the skin’s physical
barrier in conditions such as acute eczema, contact dermatitis, or
radiation dermatitis, these inflammatory dermatoses are parti-
cularly susceptible to secondary infection®?), and shockwave
stimulation may exacerbate symptoms. In patients with pur-
pura, telangiectasia, varicose veins, or coagulopathies (e.g.,
hemophilia), ESWT may increase the risk of bleeding or
ecchymosis.

Patients with allergic predispositions or heightened pain sen-
sitivity may experience discomfort during treatment and may
require either avoidance of ESWT or modification to a gentler
protocol. Clinicians must carefully evaluate the characteristics of
the wound and surrounding tissues to select appropriate energy
levels, thereby minimizing the risk of iatrogenic injury.

Given the complications reported in clinical practice — such as
mild pain, numbness, ecchymosis, and irritant contact
dermatitis’®*! - patients should be adequately informed of poten-
tial adverse effects and comprehensive informed consent should
be obtained prior to treatment.

Clinical question 6

Key Considerations During the Application of ESWT in Patients
with DFUs: Treatment Areas, Frequency, and Intensity

Recommendation 16

If localized swelling, pain, or petechiae/ecchymosis occurs dur-
ing treatment, the procedure should be stopped immediately.
Appropriate topical medications and protective dressings should
be applied. Mild redness, pain, or swelling are generally self-
limiting and tend to resolve shortly after treatment. However, if
the symptoms persist or worsen, further evaluation is warranted.
(Evidence Level: C; Recommendation Grade: Ila)

Rationale. High-energy ESWT may cause damage to normal
tissue cells, potentially leading to inflammation and
necrosis®!). Individual tolerance to treatment varies signifi-
cantly. Some patients may develop localized swelling, pain, or
bruising even from minor trauma during daily activities, for
example, individuals with vitamin K deficiency®*l. Reports
have documented adverse reactions such as local ecchymosis
and hematoma in elderly patients undergoing ESWT for primary
sarcopenia; however, these symptoms typically resolve after
appropriate management'>l,

Transient pain following ESWT may be associated with the
pro-inflammatory effects of therapy. Therefore, the careful
administration is crucial. If a patient experiences discomfort
during treatment, the procedure should be suspended, and
appropriate symptomatic management should be initiated. If
the patient improves, treatment may be resumed using safer
parameters or alternative modalities. If symptoms persist despite
treatment, a specialist evaluation is recommended to rule out
underlying systemic conditions and facilitate appropriate adjust-
ments to the therapeutic plan.
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Recommendation 17

During shock wave therapy, particular attention should be paid
to pressure adjustment, prioritizing patient tolerance. The treat-
ment frequency should be modified according to the character-
istics of the wound; lower frequencies are advised for deeper
ulcers, while higher frequencies may be more appropriate for
superficial lesions. Suggested treatment parameters include
a pressure range of 1.0-2.5 bar and a frequency range of 8-
13 Hz. (Level of Evidence: A; Recommendation Grade: Ila)

Rationale. According to current studies, the therapeutic effects
of ESWT are energy-dependent. Low- to medium-energy shock
waves have been shown to promote the release of nitric oxide
and stimulate the polarization of macrophages from the pro-
inflammatory M1 phenotype to the anti-inflammatory M2 phe-
notype, thereby exerting anti-inflammatory and analgesic
effects. However, high-energy shock waves may cause signifi-
cant tissue damage during treatment, including local inflamma-
tion, necrosis, hemorrhage, and potential nerve injury*®.

In vitro experiments have demonstrated that a dose of 0.10
mJ/mm? applied 500 times significantly promotes the prolifera-
tion of HaCat cells derived from chronic diabetic wounds!*”!.
Moretti et al found that at an energy flux density of 0.03 m]/
mm?, patients with DFUs in the treatment group showed super-
ior wound healing time, closure rate, and epithelial regeneration
index compared to controls!®®!. Similarly, a clinical study by
Omar et al''¥ reported that ESWT at an energy flux density of
0.11 mJ/cm? significantly reduced wound size and the median
time to ulcer healing, without adverse effects.

It is important to note that radial (dispersive) and focused
shock waves use different units to express energy flux density —
bar for radial waves and mJ/mm? for focused waves. Some
studies suggest that a radial wave at 2.0 bar is approximately
equivalent to a focused wave at 0.09 mJ/mm?®°!, Given that
DFUs are typically superficial, and that higher frequencies cor-
respond to shallower zones of action within an appropriate
pressure range, we recommend adjusting treatment parameters
within the following energy ranges: Radial shock waves: 1.0-
2.5 bar Focused shock waves: 0.03-0.18 m]J/mm? Pressure
should be tailored to the patient’s tolerance and absence of
significant discomfort. Frequency should be selected based on
pre-treatment wound evaluation: higher frequencies for more
superficial wounds, with a general adjustment range of 8—13 Hz.

Recommendation 18

It is recommended that the treatment area include the wound site
as well as a 2-3 cm margin surrounding the lesion. Alternatively,
the treatment range can be guided by imaging modalities, such as
ultrasound, CT, or MRI, to ensure accurate targeting. However,
care should be taken to avoid applying shock waves directly over
the major nerves and blood vessels. (Level of Evidence: B;
Strength of Recommendation: Ila)

Rationale. Existing consensus''®! has emphasized that accurate
localization is a prerequisite for achieving optimal outcomes
with ESWT, particularly in the treatment of musculoskeletal
disorders. Common localization methods include surface anato-
mical landmarks combined with tender points, as well as ima-
ging techniques such as X-ray, ultrasound, and magnetic
resonance imaging (MRI). The treatment sites should avoid
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major blood vessels and the critical nerve trunks, and internal
fixation devices should not obstruct the shock wave path.

Peripheral neuropathy, peripheral arterial disease, and local
infections contribute to the development of DFUs. Lower limb
vascular ultrasound can help assess the status of local vessels,
whereas CT and MRI are useful for determining the extent of
infection and for evaluating the presence of osteomyelitis. When
used together, these imaging tools support the development of
a comprehensive treatment strategy and help delineate the
appropriate treatment area. In current DFUs treatment proto-
cols, Jeppesen et all''! have defined the treatment region as the
ulcer and a 1 cm margin surrounding it.

Previous studies have demonstrated that low-energy shock
waves can improve the perineural microenvironment, enhance
nerve conduction velocity, and aid in the recovery of motor
function in several ways®>®!l, Additionally, they may suppress
the release of pain-related neurotransmitters at nerve endings,
thus alleviating pain symptoms!®?!, However, some patients have
reported transient numbness and other sensory disturbances
after treatment!®®!. Research also suggests that mechanical sti-
mulation from shock waves may trigger localized inflammatory
responses in skeletal muscle injury sites during the early
phase!®*!. While the cavitation effect of ESWT can enhance
microcirculation, promote local metabolism, and reduce inflam-
mation, its direct impact on blood vessels may cause new vas-
cular injuries.

Therefore, this consensus recommends avoiding direct
application of shock waves over major nerves and blood vessels
to minimize patient discomfort and prevent potential
complications.

Recommendation 19

It is recommended that the total number of shock wave impulses
per treatment session be calculated as follows: 500 impulses plus
an additional 100 impulses for each square centimeter of the
treatment area. The number of impulses applied to a single
treatment point should not exceed 100, and the treatment
should proceed sequentially across the affected area. The recom-
mended treatment frequency is 2 to 3 sessions per week, with
a course of treatment lasting 4 weeks. The duration and number
of treatment courses should be individualized based on the
patient’s recovery progress. For patients with milder conditions
or those whose DFUs have improved but not fully healed after
other interventions, outpatient ESWT sessions are appropriate
and effective. (Evidence Level: B; Recommendation Grade: Ila)

Rationale. Animal studies have demonstrated that for chronic
skeletal muscle injuries in rats, ESWT achieves optimal repara-
tive effects at an energy flux density of 0.14 mJ/mm?, with
a frequency of 10 Hz and 500 impulses per session!®*l, In a ran-
domized controlled clinical trial, Omar ef al'*?! found that
administering ESWT twice weekly for 4 weeks, with 100
impulses per cm?, significantly reduced wound size and average
healing time in patients with DFUs. Similarly, Wang et all®’!
reported favorable outcomes when DFUs patients received
ESWT once every 2 weeks for three sessions, using a dosage of
300 + 100 impulses per cm?.

For chronic leg ulcers, other studies'®® have suggested tailoring
the number of impulses to the ulcer surface area. Under a regimen
of 300 + 100 impulses per cm? every three days, most ulcers
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healed effectively, with notable pain relief. ESWT is known to
exert cumulative and time-dependent therapeutic effects'®”!. For
example, Ge et all®®! demonstrated significant improvements in
shoulder soft tissue injuries after 4 weeks of ESWT.

Furthermore, Kamelger et al'®' investigated the dose-depen-
dent response of ESWT by varying pulse counts (200, 500, 1500,
2500, 5000, and 10 000) at a fixed energy density of 0.1 m]/
mm?. Their findings showed the most pronounced therapeutic
benefit at 500 impulses, with no significant gains at 1500
impulses and signs of tissue necrosis appearing at 5000 impulses.

The fundamental mechanism of ESWT lies in its ability to
induce localized microtrauma, thereby triggering an inflamma-
tory response and activating natural repair mechanisms.
However, repeated shockwave application to the same treat-
ment point or area can cause excessive tissue damage, potentially
overwhelming the regenerative capacity of the body and result-
ing in further injury.

Based on a synthesis of domestic and international studies and
clinical experience, we recommend a treatment protocol of 500
impulses plus 100 impulses per cm? of wound area per session.
No more than 100 impulses should be applied at any point.
Sessions should be scheduled 2-3 times per week, with one
treatment cycle lasting 4 weeks. Given the variability in disease
severity and patient compliance, ESWT should be tailored to
each individual, ensuring comprehensive DFUs care while allow-
ing for flexible outpatient treatment options.

Clinical question 7:
Post-Procedure Considerations After ESWT

Recommendation 20

After shock wave therapy, the coupling agent was removed from
the wound, disinfection was performed again, and appropriate
dressings were selected based on the local condition of the
wound. Consider adding antibiotic ointment, growth factors,
or other relevant treatments as needed. In the early stages of
shock wave therapy, wound exudates may increase; therefore, it
is recommended to use absorbent dressings to cover the wound.
This helps avoid excessive moisture while reducing the dressing
change frequency. (Evidence Level: C; Recommendation
Level: I1a)

Rationale. In a clinical study of pressure injury ulcers”"],
researchers pointed out that some patients experienced an
increase in ulcer size and exudate during the early stages of
ESWT treatment. The reason was thought to be the failure to
assess the extent of ischemic tissue, focusing only on the size of
the skin damage. While the ulcer area increased and exudate
increased, the wound healing speed accelerated in the later
stages. This suggests that ESWT can also serve as a non-surgical
debridement method. The theory of moist wound healing states
that when a wound is in a moist environment, tissue dehydration
and cell death are reduced, blood vessel regeneration speed
increases, and growth factors accelerate wound repair, thereby
promoting epithelial cells migration'”"), However, excessively
moist wounds contain high levels of reactive oxygen species
and matrix metalloproteinases, which can hinder cell recruit-
ment, extracellular matrix reconstruction, and angiogenesis'’?!.
Because the coupling agent is a foreign substance in the wound
healing process, it should be cleaned after treatment. Based on
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the condition of the wound bed, appropriate dressings, antibio-
tic ointments and growth factors should be selected. Due to
increased exudate in the early stages, it is important to promptly
replace soaked dressings and use highly absorbent dressings
(such as foam dressings, alginate dressings, or silver ion dres-
sings) to cover the wound, preventing maceration that could
affect healing.

Recommendation 21

Throughout the course of ESWT, it is essential to maintain
comprehensive and standardized foundational care. This
includes routine glycemic control, nutritional support, infection
management, prevention and treatment of neuropathy, appro-
priate foot weight bearing, and adjunctive use of vasodilators in
patients with lower extremity stenosis. (Level of Evidence: A;
Recommendation Grade: I)

Rationale. The pathogenesis of DFUs is multifaceted and
involves impaired glucose metabolism and peripheral neurovas-
cular complications. Factors such as hyperglycemia, chronic
inflammation, local hypoxia, and neuropathy can alter cellular
behavior and cytokine expression at the ulcer site, collectively
contributing to delayed wound healing”*!. Currently, single-mod-
ality treatments often yield limited efficacy. Therefore, the clinical
management of DFUs typically involves a multidisciplinary
approach that integrates systemic medical therapy with localized
interventions. Treatment should be tailored to the patient’s con-
dition and may include standard glycemic control, nutritional
support, infection management, neuropathy prevention and treat-
ment, appropriate offloading of the foot, and the use of vasodila-
tors in patients with lower extremity vascular stenosis. This
comprehensive strategy is critical for reducing both amputation
rates and mortality.

Recommendation 22

If there is no noticeable improvement in the wound or overall
healing after 2-3 sessions of ESWT, a comprehensive reassess-
ment of both the wound and the patient’s general condition
should be conducted. Based on these findings, the treatment
plan should be adjusted in a timely manner to prevent further
deterioration or progression of the condition. (Level of evidence:
C; Strength of recommendation: Ila)

Rationale. Shock wave therapy exhibits a cumulative dose-
dependent effect!’, and its therapeutic benefits may not be
immediately apparent. Over time and with repeated sessions,
the effects typically become more pronounced. For patients
who do not respond well to the initial treatment, a follow-up
course of therapy can be scheduled, during which treatment
parameters should be appropriately adjusted. It is important to
document patients’ subjective experiences and changes in their
wound bed conditions. If no improvement is observed upon re-
evaluation, alternative treatment strategies should be promptly
considered to prevent further deterioration of the condition.

Recommendation 23

After ESWT, patients should avoid prolonged walking, intense
physical activity, or heat-based physiotherapy. These actions



Su et al. International Journal of Surgery (2026)

may lead to local hyperemia or bleeding and should be pre-
vented. (Level of Evidence: C; Recommendation Grade: IIa)

Rationale. When shock waves reach a certain intensity, their
cavitation and thermal effects enhance microcirculation and
inhibit depolarization, thereby producing anti-inflammatory
and analgesic effects. However, from a broader perspective,
they may also induce local hyperemia. Therefore, patients
should avoid vigorous physical activity or physiotherapy imme-
diately after treatment to prevent excessive local blood flow or
potential bleeding!”*,

Clinical question 8

The Combined Use of ESWT with Other Treatment Modalities
in the Management of DFUs

Recommendation 24

Adjunctive therapies may promote wound healing during the
course of treatment. These include agents that improve micro-
circulation (e.g., alprostadil and beraprost sodium), antiplatelet
medications (such as aspirin and clopidogrel), growth factors,
and topical antibiotic ointments. (Level of Evidence: B; Strength
of Recommendation: Ia)

Recommendation 25

Phototherapy using red and blue light may be employed as an
adjunctive treatment to reduce the bacterial load at the wound
site, control infection, and promote healing.(Level of Evidence:
B; Strength of Recommendation: Ila)

Recommendation 26

Administering ESWT 24 hours after perilesional injection of
platelet-rich plasma (PRP) may enhance PRP diffusion and
accelerate wound healing.(Level of Evidence: B; Strength of
Recommendation: Ila)

Recommendation 27

Combined use of WIRA and diabetic foot electrotherapy devices
can more effectively reduce pain, improve blood circulation, and
suppress inflammation. However, immediate application should
be avoided, with a treatment interval of more than 24 hours.
(Level of Evidence: B; Strength of Recommendation: Ila)

Rationale. When treating DFUs, various combination therapies
have been recommended to promote wound healing. First, dur-
ing the treatment process, oral or topical medications can be
used, such as drugs to improve microcirculation (e.g., prosta-
glandin E1, beraprost sodium), antiplatelet drugs (such as
aspirin, clopidogrel), and topical growth factors and antibiotic
ointments to enhance wound healing!'*7®77). Additionally,
applying ESWT 24 hours after the injection of PRP around the
skin lesions can promote the diffusion of PRP and wound
healing!”®!. PRP contains a high concentration of platelets and
various growth factors that promote tissue repair and regenera-
tion. In contrast, ESWT stimulates angiogenesis and tissue remo-
deling through mechanical stimulation. The combined use of
these therapies can work synergistically to accelerate the
wound healing process.
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The combined application of ESWT and physical therapy also
shows promising results. Red and blue light therapy can reduce
bacterial load on the wound, control infection, and promote
wound healing!””!. The WIRA, which operates in the 580-
1200 nm wavelength range, penetrates up to 7 cm below the
skin surface, providing deep tissue treatment. It is important to
note that while therapies such as WIRA and diabetic foot elec-
trotherapy devices can reduce pain, improve blood circulation,
and suppress inflammation, they should not be used immedi-
ately in conjunction with ESWT. The treatment interval should
be greater than 24 hours®!,

In summary, the combined use of ESWT and other therapies
offers multiple effective options for the treatment of DFUs. In
clinical practice, these treatments should be carefully selected
and tailored based on the patient’s specific condition and the
characteristics of the wound to achieve the best therapeutic
outcomes.

Clinical question 9

Management of Infected Wounds

Recommendation 28

For infected wounds, routine sampling for bacterial culture and
drug sensitivity testing should be performed before shockwave
therapy. Appropriate antibiotics should be selected based on the
severity and location of the infection. (Evidence Level: C;
Recommendation Level: ITb)

Recommendation 29

For infected wounds, thorough debridement should be performed
before shockwave therapy to remove necrotic tissue and exudates.
The wound should then be covered with a sterile film, and cou-
pling gel applied. Local debridement and drainage are fundamen-
tal to treatment. (Evidence Level: B; Recommendation Level: IIb)

Recommendation 30

For infected wounds, appropriate antibiotic ointments, such as
mupirocin ointment, fusidic acid cream, or combined polymyxin
ointment, can be selected based on epidemiological characteris-
tics or drug sensitivity. These ointments may be applied directly
to the wound instead of coupling gel, followed by coverage with
a sterile film. At the same time, ensure that the shockwave
therapy head is protected with a sterile film to prevent any air
bubbles between the therapy head and the wound during treat-
ment. (Evidence Level: C; Recommendation Level: IIb)

Rationale. The pathogens responsible for infected wounds are
complex, with significant variations in antibiotic resistance.
Multiple studies have shown that failure to use empirical anti-
biotics can lead to treatment failure or the emergence of anti-
biotic-resistant strains. A systematic review indicated that
combining routine bacterial culture with drug sensitivity testing
significantly improves the healing rate of infected wounds and
reduces the risk of antibiotic misuse!**l. Moreover, for infections
in specific areas such as diabetic foot or burn wounds, selecting
antibiotics based on drug sensitivity results can shorten
healing time'®!!. Thorough debridement is a core measure in
controlling infection. Research shows that debridement reduces
bacterial load on the wound and promotes granulation tissue
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formation®?!, Sterile film coverage can isolate the wound from
external contamination, maintaining a moist wound environ-
ment. A randomized controlled trial (RCT) showed that after
debridement, using sterile film with coupling gel reduced the
wound infection rate by 32% compared to the non-covered
group!®!. Mupirocin, Fusidic acid, and combined polymyxin
ointments exhibit potent bactericidal activity against common
wound pathogens such as Staphylococcus aureus and
Pseudomonas aeruginosa. A multicenter study demonstrated
that locally applied mupirocin ointment increased the bacterial
clearance rate in MRSA-infected wounds to 85%!**!. The com-
bination of polymyxin ointment and shockwave therapy
enhances the antimicrobial effect, potentially owing to the pro-
motion of drug penetration by shockwaves!®*!. The sterile film
covering the therapy head helps avoid cross-contamination,
ensuring treatment safety. Before shockwave therapy, it is cru-
cial to ensure that no air bubbles are present in the wound to
prevent energy attenuation. In vitro experiments have confirmed
that energy loss from shockwaves can reach 30%-50% in the
presence of bubbles, which impacts the therapeutic effect!.
Therefore, strict adherence to aseptic techniques and standar-
dized procedures is essential to optimize treatment outcomes.

Conclusions

Currently, limited clinical evidence and a lack of rigorously
designed studies leave key areas such as optimal shockwave
therapy parameters, treatment duration, and the most suitable
wound types for shockwave treatment without unified stan-
dards. Although ESWT has made progress in treating DFUs,
the biological mechanisms underlying the effects of shockwaves
on wound healing are not fully understood"®®¢!. Current
research suggests that the impact of shockwave therapy on
wound healing is a complex, well-coordinated cascade process.
However, during the development of this consensus, it became
evident that evidence for ESWT in treating DFUs is still relatively
scarce, necessitating multicenter, large-scale clinical studies.
These studies should clarify the biological mechanisms by
which ESWT achieves clinical efficacy at the tissue, cellular,
and molecular levels. Expanding the clinical application of
shockwave therapy, along with the standardization of ESWT
training and certification for treatment institutions, should be
prioritized. Professional committees related to shockwave med-
icine have already been established both domestically and inter-
nationally. It is believed that in the near future, as ESWT
protocols continue to improve, they will serve as an effective
adjunctive treatment, offering significant benefits to a broader
population of diabetic foot patients.
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