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Abstract
Purpose of Review Focused extracorporeal shockwave therapy (fESWT) is a physical treatment modality developed over the last
25 years for musculoskeletal indications. It has many indications in the field of physical medicine and rehabilitation (PM&R) and
is effective, time-efficient, and cost-efficient. This review focuses on basics and on clinical indications as well as on significant
trends in fESWT.
Recent Findings In PM&R, stimulation of healing processes in tendons, surrounding tissue, and bones via mechanotransduction
seems to be a relevant biological effect. The International Society for Medical Shockwave Treatment (ISMST) describes different
types of indications (such as approved standard indications—in accordance with most scientific evidence—like calcifying
tendinopathy of the shoulder, plantar fasciitis lateral epicondylopathy of the elbow, greater trochanter pain syndrome, patellar
tendinopathy, Achilles tendinopathy and bone non-union, common empirically tested clinical uses, exceptional or expert indi-
cations, and experimental indications).
Summary fESWT is a relevant treatment option in PM&R and regenerative medicine. In recent years, historical paradigms (for
example, application in cancer patients) have changed and new indications (such as nerve regeneration, myofascial trapezius
syndrome, low back pain, dermatosclerosis, and lymphedema) are supported. Future translational research should focus on
establishing actual exceptional indications and experimental indications for clinical routine.

Keywords Focused extracorporeal shockwave therapy . Mechanotransduction . Regeneration . Physical medicine and
rehabilitation

Introduction

In the field of physical medicine and rehabilitation (PM&R),
several physical modalities are used for the prevention and
treatment of different diseases and also for rehabilitation [1,
2]. Normally, these modalities are related to physical forces
and energies such as mechanical forces (mechanotherapy), heat
and cold (thermotherapy), electricity (electrotherapy), light
(phototherapy), and baths/climate (balneology and climate ther-
apy) and are able to induce physical and biophysiological reac-
tions in the human body [1, 2]. In most cases, they are applied

repeatedly and then are able to induce adaptive and regenerative
modifications of physical functions [1, 2].

The focused extracorporeal shockwave therapy (fESWT) is
a physical treatment modality from systematic field of
mechanotherapy, namely the application of mechanical
forces, and—at first implemented in medicine in the field of
urology for the destruction of kidney stones—has been devel-
oped over the last 25 years also for musculoskeletal indica-
tions [3–6, 7•]. In the last few years, it has been found that
most effects of fESWT are related to mechanotransduction,
with the idea that physical forces are able to influence tissue
physiology and diseases, and lead to tissue regeneration and
healing by pain relief, regulation of inflammation
(immunomodulation), and induction of neoangiogenesis and
of stem cell activities (migration, homing, differentiation)
[3–6, 7•].

Therefore, fESWT can be seen as a modern, non-invasive
treatment by application of shockwaves to injured tissue with

* Richard Crevenna
richard.crevenna@meduniwien.ac.at

1 Department of Physical Medicine, Rehabilitation and Occupational
Medicine, Medical University of Vienna, Waehringer Guertel 18-20,
1090 Vienna, Austria

https://doi.org/10.1007/s40141-020-00306-z

/ Published online: 18 December 2020

Current Physical Medicine and Rehabilitation Reports (2021) 9:1–10

http://crossmark.crossref.org/dialog/?doi=10.1007/s40141-020-00306-z&domain=pdf
mailto:richard.crevenna@meduniwien.ac.at


the intention to reduce pain and to promote regeneration and
healing processes. fESWT has been shown to be time-efficient
and cost-efficient and, up today, is allowed to be applied only
by qualified physicians. fESWT has many interesting indica-
tions, which are also located in the interdisciplinary field of
PM&R.

This narrative, short literature review focuses on basics and
on clinical indications as well as on significant trends in
fESWT.

Basics and Effects of fESWT

fESWT is related to repeatedly applied mechanical energies
(shockwaves) and able to induce therapeutic regenerative
modifications in the body.

Physically, a shockwave is an abrupt change in pressure with
a velocity higher than the speed of sound in the medium where
it propagates [3–6, 7•, 8, 9]. Thus, shockwaves are pressure
waves with a very short rise time, very high pressure, followed
by a wave of negative pressure, longer in duration but much
lower in amplitude than the initial peak [3–6, 7•, 8, 9].

fESWT is applied into small focal areas of 2–8 mm diam-
eter in order to optimize therapeutic effects and reduce nega-
tive effects on the surrounding tissue. The physical effects
seem to be dependent on the energy delivered to a certain area.
The shockwave energy per unit area is called the energy flux
density (in mJ/mm2). It reflects the flow of energy in a per-
pendicular direction to the direction of dissemination. The
energy flux density is an essential parameter of dosage of
fESWT [3–6, 7•, 8, 9].

Therapeutic focused shockwaves (used in fESWT) can be
applied with low (energy flux density < 0.1 mJ/mm2, as used
in typical PM&R indications) and high (energy flux density >
0.12 mJ/mm2, as used in non-healing fractures and
pseudoarthroses) energy levels.

The so-called “radial shockwaves” physically are not
shockwaves but sound waves characterized by a diverging
pressure field, which reaches maximal pressure at the source.
This short review focuses only on fESWT, which show a
pressure field that converges at a selected depth in the body
tissues where the maximal pressure is reached. For fESWT,
there are existing defined parameters such as energy density,
maximum pressure, minimum pressure, and spatial expansion
of the focus [3–6, 7•, 8, 9]. The different fESWT generator
technologies used today use the electrohydraulic, electromag-
netic, or piezoelectric effect principle. They are called electro-
hydraulic shockwave transducer, electromagnetic shockwave
transducer, and piezoelectric shockwave transducer and can
produce shockwaves at least at the focal point [3–6, 7•, 8, 9].

The electrohydraulic principle is that in which the
shockwaves are generated by a spark plug. The shockwaves

spread in a medium (water) and are then focused in one place
by a parabolic mirror [3–6, 7•, 8, 9].

The piezoelectric principle is based on a high-voltage dis-
charge across a pattern of piezoelectric crystals. Each element
expands, generating a pressure pulse that spreads toward the
focal region, of the arrangement. The placement of the crystals
and the shape of the sphere focus the shockwave into the
tissue [3–6, 7•, 8, 9].

Electromagnetic shockwaves are generated by an electric
current that passes through a coil. This produces a magnetic
field, which produces a shockwave via the conductive mem-
brane in surrounding water. Acoustic lenses are used to focus
the shockwave into the tissue [3–6, 7•, 8, 9].

This fESWT is allowed to be applied only by qualified
physicians. The so-called radial “shockwave” (sound wave)
generators produce only sound waves and are allowed to be
used also by qualified therapists [4].

fESWT was primarily used in the field of urology to disin-
tegrate urolithiasis (so-called lithotripsy). In musculoskeletal
medicine (PM&R, traumatology and orthopedics), fESWT
aims to induce adaptation, tissue repair, and regeneration
[3–6, 7•, 8, 9]. Thus, fESWT is a kind of adaptive and regen-
erative medicine [3–6, 7•, 8, 9]. As there are several approved
standard indications and common empirically tested clinical
uses now, the exact mechanisms of fESWT (reversal of chron-
ic inflammation, dissolution of calcified fibroblasts, stimula-
tion of collagen production, dispersion of substance P as a
pain mediator, and release of trigger points) are still under
exploration [3–6, 7•, 8, 9].

Nevertheless, the term of mechanotransduction seems to be
important. The biophysical cellular mechanotransduction
through cytoskeleton into nuclei leads to regulation of gene
expression and causes relevant biological effects, which lead
to stimulation of healing processes in tendons, surrounding
tissue, and bones [3–6, 7•, 8, 9].

Knowledge about mechanism is growing [3–6, 7•, 8, 9].
For example, d’Agostino et al. [3] described in a comprehen-
sive review in more detail that fESWT has been described in
experimental studies to reduce expression of several metallo-
proteinases (enzymes capable of degrading the collagen) and
inflammatory interleukins and, in turn, to upregulate gene
expression of typical tendon markers (such as scleraxis) and
anti-inflammatory cytokines (e.g., interleukin-10).

In animal experiments, fESWT was shown to promote
healing of “collagenase - Achilles tendinitis,” by inducing
transforming growth factor beta 1 and insulin-like growth fac-
tor I. Histological observations demonstrated that fESWT re-
solved swelling and edema as well as inflammatory cell infil-
tration in affected tendons [3].

Furthermore, at the bone level, after fESWT exposure,
there has been described early expression of angiogenesis-
related growth factors, including endothelial nitric oxide syn-
thase, vascular endothelial growth factor, and proliferating cell
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nuclear antigen, therefore producing new vessel in-growth
with improved blood supply as well as increasing cell prolif-
eration [3].

Furthermore, shockwaves have been shown to be able to
enhance regeneration of damaged tissue by leading to migra-
tion, homing, and differentiation of human stem cells [3–6, 7•,
8, 9].

fESWT is commonly used in the management of musculo-
skeletal disorders, and there is increasing evidence for its clin-
ical effectiveness. Pain relief, destruction of calcifications, and
the described mechanotransduction-initiated tissue regenera-
tion and further remodeling processes seem to be the most
important working mechanisms [3–6, 7•, 8, 9]. Clinical pain
reduction is often followed by changes in imaging [10]. In this
regard, Al-Abbad et al. [10] performed recently a meta-
analysis with meta-regression on imaging outcomes for rota-
tor cuff calcific tendinitis, osteonecrosis of the femoral head,
and plantar fasciitis. There was an overall reduction in the size
of measured lesion following fESWT for calcium deposit di-
ameter, lesion size in femoral head osteonecrosis, and plantar
fascia thickness [10].

The practical procedure of fESWT in clinical routine is
easy—the International Society for Medical Shockwave
Treatment (ISMST) clearly recommends standard examina-
tions including history taking and clinical examination, radio-
logical imaging, and neurological and/or laboratory diagnostic
tests before fESWT, and that only qualified physicians should
apply fESWT [5, 7•].

If there is an indication for fESWT and before application
of fESWT, the physician has to explain the method of fESWT
and of other possible treatment options. For example, other
possible non-operative treatment options for calcifying tendi-
nitis of the shoulder could be further physical modalities and
corticosteroid injection. Clinical target of therapy is to relieve
pain as well as improvement of function of upper extremity.
When non-operative treatment over a prolonged period fails,
surgical treatment should be considered [5, 7•].

If the patient decides to get fESWT, written informed con-
sent has to be obtained by the patient. After this fESWT can be
started, it is important to remember that fESWT has to be
applied by a physician (“…is carried out by the doctor!…”)
[5, 7•]. The shockwaves are applied via a contact gel through
the skin, and even if fESWT is painful, no local or regional
anesthesia is necessary. The adjustment is made before and
during the treatment by means of a clinical examination, pain
description (of the patient), and/or imaging. A fixed position is
important; thus, a possible interruption of fESWT (pain)
would be possible any time. During one fESWT session,
1000–3000 shockwaves are applied with a frequency of 1–5
impulses per second. The duration of one session is about
10 min up to 60 min including history taking and clinical
diagnostics, and one or more treatments can be necessary de-
pending on indication [5, 7•]. Exact choice of the parameters

time, frequency, duration, and intensity of fESWT depend on
the underlying disease and, in turn, on the patient’s pain tol-
erance during treatment sessions [5, 7•].

During treatment, all data are recorded and documented
precisely. After treatment, medication (e.g., analgesics) or
cooling may be recommended for the post-treatment period
[5, 7•].

For example and due to the fact that this was the first
approved indication by the U.S. Food and Drug
Administration (FDA), fESWT for treatment of plantar
fasciitis (synonyms include plantar heel spur, fasciitis
plantaris, plantar heel pain) is described according to the
ISMST procedure [7•]. fESWT is described to be provid-
ed personally by a doctor qualified by means of specialist
knowledge [7•]. In plantar fasciitis, fESWT is applied by
using a focused shockwave source with applicator with an
intensity of 0.08–0.35 mJ/mm2 (pain-adapted dosing—
feedback!) and by using ultrasound gel as coupling medi-
um via skin at the relevant (patient-oriented focusing)
location (feedback!). No local anesthesia is needed, but
sometimes if necessary, cryotherapy [7•]. The fESWT is
applied in a frequency up to 5 Hz with 1500–2000 im-
pulses per session. Up to 5 treatments with an interval of
1–2 weeks are performed [7•].

After fESWT, a documentation of treatment parameters
and a monitoring of clinical and circulatory function have to
be performed. Possible complications (adverse or side effects)
such as hematoma, pain enhancement, and nerve irritation
have to be documented and treated. For the post-treatment
period, analgesics or cooling can be recommended [7•]. For
follow-up treatment, counseling concerning stretching exer-
cises and individual physiotherapy and sports adaptation are
important [7•]. The first clinical success control makes sense
4–6 weeks after the fESWT, but with respect to the clinical
relevant phenomena of mechanotransduction after 12 weeks
(3 months) [5, 7•].

Side Effects of fESWT

If the application of fESWT is done in a proper way—namely
performed by a qualified physician after thorough history tak-
ing, clinical examination, radiological imaging, and neurolog-
ical and/or laboratory-diagnostic tests/investigations (if neces-
sary), the typical side effects from extracorporeal shockwave
therapy (ESWT) are limited to skin reddening, mild bruising,
swelling, pain, numbness, or tingling in (or around) the treated
area during and up to 24 h after treatment [4–6, 7•]. Other
described side effects seem to be very rare [4–6, 7•, 11].
Nevertheless, fESWT should not be applied after extensive
pretreatment with corticoids due to the fact that this can lead
to ruptures of tendons [4–6, 7•].
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Contraindications of fESWT

The contraindications differ in fESWT with low energy and
high energy with additional contraindications [5, 7•].

In fESWT with low energy, there are existing contraindi-
cations if the fetus (in pregnant women) or a malignant tumor
(but not cancer as an underlying disease) is in the treatment
area [5, 7•].

Beside this (fetus or a malignant tumor in the treatment
area), fESWT with high-energy focused waves has additional
contraindications such as lung tissue in the treatment area,
epiphyseal plate in the treatment area, brain or spine in the
treatment area, and severe coagulopathy and “marcu
marization” [5, 7•]. Furthermore, fESWT application during
acute infection should be avoided.

Myths and Paradigms in fESWT

Some paradigms have changed in the last decades [5, 12•,
13•]. Lohrer et al. [12•] were able to revise different historical
paradigms as set in a historical consensus meeting on ESWT
in 1995. Examples are the differences between fESWT with
radial sound waves, and also parameters such as energy inten-
sity, focus size/lesion size, regional/local anesthesia, imaging-
guided focusing, the application near/on growth plates, stage
and chronicity/acuteness, calcifications, and number of ses-
sions [12•]. The size of the lesion (tissue area to be treated
with fESWT) can be small or large. Direct clinical feedback
from the patient seems to be superior to imaging-guided fo-
cusing. fESWT can be applied without the risk of epiphyseal
damage in juvenile patients (apophyseal osteochondral lesions
in patients with open growth plates). The authors mention that
fESWT protocols should be adapted to the stage and chronic-
ity of the treated lesion, and encourage further research to
study the management of acute injuries [12•]. It seems that
different stages of a given pathology/disease will respond dif-
ferently to fESWT. Modern musculoskeletal fESWT is per-
formed with energy below 0.28 mJ/mm2 and without anesthe-
sia [4–6, 7•, 12•]. Nevertheless, several treatment parameters
remain still relying on empirical data, and more translational
research is urgently needed [4–6, 7•, 12•].

In former times, radial sound waves as well as focused
shockwaves have been applied only by interested physicians.
Today, qualified therapists are allowed to apply radial sound
waves.

Thus, the application of real shockwaves, namely fESWT,
remains the domain of qualified physicians [4–6, 7•, 13•].

Historical contraindications

The application of fESWT has been regarded as a contraindi-
cation for patients suffering from cancer until 2016 [5, 13•]. In

October 2016, the ISMST updated clinical recommendations
for the use of therapeutic shockwaves in clinical practice
based on an assessment of the currently published scientific
and clinical information and accepted approaches to treat-
ment, namely to clarify indications and contraindications for
the use of fESWT [5, 13•]. For patients suffering from cancer,
the situation has changed since this update. Cancer itself—in
the form of an underlying malignant disease—is not a contra-
indication for ESWT, but malignant tumors, metastasis, mul-
tiple myeloma, and lymphoma in the treatment area, and ac-
tive leukemia and leukemic phase of lymphoma (not in remis-
sion) have to be seen as contraindications for treatment with
fESWT with low and high energy levels [5, 13•].

Indications of fESWT

As described, fESWT is a non-invasive treatment option by
application of shockwaves to injured (soft) tissue with the
intention to reduce pain and to promote healing processes in
tendinopathies and bone and skin pathologies [3–6, 7•, 8, 14,
15]. The application of fESWT in musculoskeletal disorders
started with over-use tendinopathies (plantar fasciitis, lateral
epicondylitis, calcific or non-calcific tendonitis of the shoul-
der) with an excellent success rate (ranged from 65 to 91%)
and negligible side effects and complications [3–6, 7•, 8, 14,
15]. In the year 2000, FDA (USA) approved fESWT for the
treatment of proximal plantar fasciitis as first indication [3–6,
7•, 8, 14, 15]. Furthermore, fESWT was applied in non-union
of long bone fracture, avascular necrosis of femoral head,
chronic diabetic (and non-diabetic) wounds, and ulcers [3–6,
7•, 8, 14, 15].

The ISMST defined approved standard indications for
fESWT [4–6, 7•]. They include tendinopathies; bone and
skin pathologies, such as plantar fasciitis, with or without
heel spur; calcifying tendinopathy of the shoulder; bone
non-union (non-healing fractures) or pseudoarthroses;
non-healing wounds; lateral epicondylopathy of the elbow
or tennis elbow; Achilles tendinopathy; and more
(Table 1) [4–6, 7•].

Furthermore, there are existing so-called common empiri-
cally tested cl inical uses such as different other
tendinopathies, myofascial syndrome, and bone marrow ede-
ma (Table 1) [4–6, 7•].

Almost all of the indications of these both groups are part
of the daily clinical routine of physiatrist and/or of interdisci-
plinary treatment or rehabilitation concepts guided by phys-
iatrist (Table 1) [4–6, 7•, 16, 17•, 18–49].

The guidelines of the ISMST (published in October 2016)
provide scientific literature according to evidence-based
criteria.

In regard to the current evidence of fESWT for the ap-
proved indications, a comprehensive review by Moya et al.
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[17•] on the role of ESWT in musculoskeletal disorders re-
ported good evidence for the use of ESWT in calcifying
tendinopathy of the shoulder and plantar fasciitis (grade A
recommendation = level I studies with consistent findings).
Grade B recommendation (level II or III studies with consis-
tent findings) was found for lateral epicondylopathy of the
elbow, greater trochanter pain syndrome, patellar
tendinopathy, Achilles tendinopathy, and bone non-union
[17•].

In summary, there was effectiveness in pain reduction and
functional outcomes and in the resorption rate of calcification

[17•]. The best evidence for the usage of fESWT was found
with low energy levels for tendon disorders and with a high
energy level for calcifying tendinopathy as well as bone pa-
thologies [17•]. However, because of the variability in the
treatment protocols, further high-quality studies are required
to standardize the optimal fESWT approach for clinical
decision-making [17•].

A systematic review of systematic reviews on clinical
management of tendinopathy regardless of tendinopathy
type or location was published in 2020. Hereby, fESWT
demonstrated moderate effectiveness to improve pain
and function [19].

In a further recently published systematic review on ESWT
in upper limb diseases including rotator cuff tendinopathy,
subacromial impingement, and medial and lateral
epicondylitis, 26 studies were included. In 24 studies,
fESWT was used [21]. The authors concluded that ESWT is
a safe and effective treatment for all indications investigated
[21]. However, there does not seem to be a consensus about
energy (low vs. high energy) levels and the number of ses-
sions of ESWT required, as well [21]. In the studies included,
the protocols provided 1–6 sessions (with an interval of 1–
2 weeks); however, increasing the number of therapy sessions
seems not to improve the outcome [21].

Concerning avascular bone necrosis, a meta-analysis of
effect of fESWT concluded that fESWT might be a safe and
effective means to relieve pain and improve motor function in
lower limb [44].

A recent meta-analysis investigating fESWT in pa-
tients suffering from diabetic foot ulcers showed that
fESWT significantly improved wound healing by in-
creasing wound epithelialization and reducing wound
surface area, as well [39].

Recent meta-analysis on common empirically tested clini-
cal uses is evident, for example myofascial pain syndrome of
trapezius [47, 48]. Hereby, there was a significant improve-
ment of neck pain for the short term. Nevertheless, the limited
quality of these studies indicates the need for further studies in
this area.

The so-called exceptional indications or expert indications
are only for experienced users and include, for example, oste-
oarthritis, trigger finger, erectile dysfunction, polyneuropathy,
and lymphedema (Table 2) [4–6, 7•].

Examples for experimental indications are heart mus-
cle ischemia, osteoporosis, and complex regional pain
syndrome (CRPS). There is an urgent need for research
to increase knowledge and scientific evidence about the
usability of fESWT in these indications (Table 2) [4–6,
7•]. Thus, to establish exceptional indications and exper-
imental indications for regular clinical routine, more
translational research and clinical studies are urgently
needed [4–6, 7•, 50–70]. The field of PM&R seems to
be an ideal place for this research.

Table 1 Approved standard indications and common empirically tested
clinical uses as described by the ISMST [4–6, 7•, 16–49]

Approved standard indications

• Chronic tendinopathies

o Calcifying tendinopathy of the shoulder

o Lateral epicondylopathy of the elbow or tennis elbow

o Greater trochanter pain syndrome

o Patellar tendinopathy

o Achilles tendinopathy

o Plantar fasciitis with or without heel spur

• Bone pathologies

o Delayed bone healing

o Bone non-unions or pseudoarthroses

o Stress fracture

o Avascular bone necrosis without articular derangement

o Osteochondritis dissecans without articular derangement

• Skin pathologies

o Delayed or non-healing wounds

o Skin ulcers

o Non-circumferential burn wounds

Common empirically tested clinical uses

• Tendinopathies

o Rotator cuff tendinopathy without calcification

o Medial epicondylopathy of the elbow

o Adductor tendinopathy syndrome

o Pes anserinus tendinopathy syndrome

o Peroneal tendinopathy

o Foot and ankle tendinopathies

• Bone pathologies

o Bone marrow edema

o Osgood-Schlatter disease or apophysitis of the anterior tibial
tubercle

o Tibial stress syndrome

• Muscle pathologies

o Myofascial syndrome (such as myofascial pain syndrome of
trapezius)

o Muscle sprain without discontinuity

• Skin pathologies

o Cellulite
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Significant Trends and Aspects of fESWT
in the Field of PM&R

Tendinopathies, calcified tissue, carpal tunnel syndrome,
polyneuropathy, and delayed or non-healing wounds such as
skin ulcers but also lymphedema and dermatosclerosis are
typical indications which are treated by using different com-
binations of modalities of the field of PM&R. fESWT has
been shown to be a very effective option of mechanotherapy
to accelerate regeneration and healing and thus to improve the
functional status of patients. fESWT is easy and safe to apply
and, therefore, should be part of the therapeutic portfolio of
every physiatrist [1, 13•].

In the planning of rehabilitation (for almost all indications)
concepts, fESWT can be an option for necessary initial pain
reduction with the aim to better mobilize patients and to en-
able them to easily attend active physiotherapy and systematic
exercise programs [13•]. Since 2016, fESWT is allowed to be
applied to cancer survivors and to be part of cancer rehabili-
tation which has been shown to be an effective option to
accelerate return to work and improve the work ability and

social participation of cancer survivors [13•, 71, 72].
Furthermore, regular active exercise—as part of cancer
rehabilitation—with the intention to improve muscular
strength, endurance capacity, sensorimotor functions, and
flexibility has been shown to increase cancer-specific survival
[13•, 71, 72]. Before starting exercise programs, musculoskel-
etal conditions, such as plantar fasciitis, calcific tendinitis of
the shoulder, tennis elbow, and other musculoskeletal pain
syndromes, have to be treated by using effective methods to
reduce bodily pain and to mobilize and enable the patient to
participate actively [13•] (Fig. 1). fESWT has been shown to
be an effective method for treatment of these indications [4–6,
7•, 13•]. Until 2016, the application of fESWT has been seen
as a contraindication for cancer patients (cancer survivors).
After the described change in paradigm, fESWT is only con-
traindicated at the tumor site [5, 13•]. Due to the fact that some
physicians still see cancer as a general contraindication for the
use of fESWT, many cancer patients remain undertreated and
therefore cannot be mobilized due to bodily pain [13•].

In cancer survivors, there are typical cancer- or treatment-
related side effects to overcome during cancer rehabilitation
such as polyneuropathy, lymphedema, musculoskeletal pain,
reduced physical performance, and erectile dysfunction [72].
As a part of multimodal rehabilitation concepts, fESWT can
be used as an effective and, in most cases, time-efficient op-
tion against these side effects which have been recommended
by the ISMST as exceptional indications or expert indications
[5, 13•]. Nevertheless, further research is needed to identify
the relevant parameters such as the number of sessions, energy
transmitted, and frequency to optimize the application fESWT
for specific indications in cancer rehabilitation.

The treatment of lymphedema in cancer patients is, at the
moment, an expert indication (a so-called off-label indication)
with mechanotransduction and stimulation of collagen pro-
duction to be the therapeutic principles with the aim to stop
dermatosclerosis and to increase lymphangiogenesis. A

Table 2 Exceptional or expert indications and experimental indications
as described by the ISMST [4–6, 7•, 50–70]

Exceptional indications–expert indications

• Musculoskeletal pathologies

o Osteoarthritis

o Dupuytren’s disease

o Plantar fibromatosis or Ledderhose disease

o De Quervain’s disease

o Trigger finger

• Neurological pathologies

o Spasticity

o Polyneuropathy

o Carpal tunnel syndrome

• Urologic pathologies

o Pelvic chronic pain syndrome (abacterial prostatitis)

o Erectile dysfunction

o Peyronie’s disease

• Others

o Lymphedema

Experimental indications

• Heart muscle ischemia

• Peripheral nerve lesions

• Pathologies of the spinal cord and brain

• Skin calcinosis

• Periodontal disease

• Jawbone pathologies

• Complex regional pain syndrome

• Osteoporosis

Fig. 1 fESWT in a cancer patient suffering from plantar fasciitis with the
intention of mobilization to enable to regular exercise [13•]
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superficial area-wide fESWT treatment of the affected limbs
was suggested [50, 51].

fESWT for treatment of polyneuropathy in cancer patients
is, at the moment, an expert indication, a so-called off-label
use where mechanotransduction seems to be the therapeutic
principle. The treatment goals are pain reduction,
neuroregeneration, and angiogenesis. A superficial area-wide
fESWT treatment of the affected limbs was suggested [6, 7•,
52]. To our opinion, also the (effective) fESWT of erectile
dysfunction should also be part of a holistic cancer rehabilita-
tion concept after radical prostatectomy but remains a domain
of the urologist within an interdisciplinary cancer rehabilita-
tion concept [13•, 54–63].

Sexual function is a part of human health. In penile reha-
bilitation, fESWT has been shown to be able to improve erec-
tile function in patients with vascular phosphodiesterase type
5 inhibitor (PDE5I) refractory erectile dysfunction [6, 7•,
54–63].

Park et al. [65] were able to show that fESWT is able to
enhance peripheral nerve remyelination and gait function in a
nerve crush model. Nevertheless, long-term follow-up and
studies about the molecular mechanisms will be needed to
confirm these effects [65].

For fESWT, there are many very interesting and promising
indications from the field of PM&R such as osteoarthritis,
osteoporosis, nerve regeneration (carpal tunnel syndrome,
polyneuropathy, spasticity after stroke), myofascial trapezius
syndrome, low back pain, dermatosclerosis, chronic ulcers,
and lymphedema which have to be established with high sci-
entific evidence for clinical routine [50–53, 66–70].
Therefore, it seems that the field of PM&R could be one of
the best places for further research concerning fESWT, name-
ly translational and clinical research to establish actual excep-
tional (expert) indications and experimental indications for
regular clinical routine. Furthermore, the economic advan-
tages of this treatment method should also be studied.

Personal Observations and Views
Concerning fESWT

At the Department of Physical Medicine, Rehabilitation and
Occupational Medicine, Medical University of Vienna,
Austria, we are using ESWT (sound waves and shockwaves/
fESWT) since 2000 and have experiences in the treatment of
different musculoskeletal indications such as plantar heel, cal-
cified shoulder, tennis elbow, piriformis syndrome, and bone
marrow edema, but also dermatological (ulcers) as well as
neurological indications such as carpal tunnel syndrome
[13•, 73, 75, 76]. Also in our experience, fESWT has been
shown to be easy to apply, safe, clinically effective, and time-
and cost-efficient in most cases. Furthermore, we were able to

show that fESWT can be easily integrated into our outpatient
treatment plans and rehabilitation concepts [13•, 72, 73, 76].

Furthermore, (sound waves and) shockwaves seem to be
very promising to treat indications from dermatology such as
ulcers, lymphedema, dermatosclerosis, and a special dermato-
immunologic indication (for example, granuloma annulare) in
our experience [74, 75].

The application of fESWT in special patient groups such as
cancer patients and patients suffering from hemophilia is also
part of the clinical routine in our specialized outpatient clinics
for cancer rehabilitation and for hemophilia patients. Cancer
patients have been shown to benefit from fESWT in muscu-
loskeletal indications (plantar fasciitis, calcified shoulder)
with the intention of mobilization to enable them to exercise
for tertiary preventive purposes during cancer rehabilitation.
As described, the treatment of lymphedema and
polyneuropathy are very interesting expert indications in this
patient group [6, 7•, 13•, 72]. We were able to show that
fESWT application can be safe in patients suffering from he-
mophilia but it should only be treated by physicians with a
specialized expertise in this patient group [76].

At the moment, our clinical research group focuses on re-
search of fESWT application in carpal tunnel syndrome,
polyneuropathy, and lymphedema.

Conclusions

The fESWT has been developed over the last 25 years for
musculoskeletal indications and is a physical non-invasive
treatment modality from the part of mechanotherapy which
has many indications in the field of PM&R. Historical para-
digms have changed (such as application in cancer patients
and other contraindications), and new indications could be
found.

In most cases, fESWT is repeatedly applied and then able
to reduce pain and to induce adaptive and regenerative mod-
ifications of physical functions. fESWT is allowed to be ap-
plied only by qualified physicians and is effective and time-
and cost-efficient. Mechanotransduction, the stimulation of
adaptive and healing processes in tendons, surrounding tissue,
and bones via mechanotransduction, seems to be a relevant
biological effect of this relevant treatment option in regenera-
tive medicine.

In PM&R, fESWT leads to symptom (pain) reduction in
different musculoskeletal conditions and to increase flexibility
and mobility of patients, allowing activities such as walking,
running, and lifting as the basis of regular, systematic exercise.
To our opinion, the fESWT should be part of the therapeutic
portfolio of every physiatrist. Significant future trends of
fESWT in the field of PM&R are the integration in treatment
and rehabilitation concepts, and the rollout into patient groups
for whom fESWT has been a contraindication in former years.
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Furthermore, actual exceptional indications and experimental
indications should be established for regular clinical routine.
For this purpose, more translational research and clinical re-
search are urgently needed.
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