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ABSTRACT

For almost 30 years, extracorporeal shock wave therapy has been clinically imple-
mented as an effective treatment to disintegrate urinary stones. This technology
has also emerged as an effective noninvasive treatment modality for several ortho-
pedic and traumatic indications including problematic soft tissue wounds. Delayed/
nonhealing or chronic wounds constitute a burden for each patient affected,
significantly impairing quality of life. Intensive wound care is required, and this
places an enormous burden on society in terms of lost productivity and healthcare
costs. Therefore, cost-effective, noninvasive, and efficacious treatments are impera-
tive to achieve both (accelerated and complete) healing of problematic wounds and
reduce treatment-related costs. Several experimental and clinical studies show effi-
cacy for extracorporeal shock wave therapy as means to accelerate tissue repair and
regeneration in various wounds. However, the biomolecular mechanism by which
this treatment modality exerts its therapeutic effects remains unclear. Potential
mechanisms, which are discussed herein, include initial neovascularization with
ensuing durable and functional angiogenesis. Furthermore, recruitment of mesen-
chymal stem cells, stimulated cell proliferation and differentiation, and anti-
inflammatory and antimicrobial effects as well as suppression of nociception are
considered important facets of the biological responses to therapeutic shock waves.
This review aims to provide an overview of shock wave therapy, its history and
development as well as its current place in clinical practice. Recent research
advances are discussed emphasizing the role of extracorporeal shock wave therapy in
soft tissue wound healing.

The influence of shock waves on biological (human) tissue
was first documented on castaways who were exposed to
water bomb explosions during World War II. They suffered
severe lung injuries but showed no overt clinical signs of
traumatic injury.1 Approximately 40 years later, in 1980, high-
energy focused extracorporeal shock waves were first clini-
cally introduced in Munich, Germany, to disintegrate urinary
stones (i.e., lithotripsy). Over the ensuing 15 years, more than
2 million patients with nephro-ureterolithiasis were success-
fully treated with shock waves, with few treatment-related
side effects.2,3 Hence, lithotripsy by means of extracorporeal
shock wave therapy (ESWT) became the gold standard for the
initial treatment of urolithiasis.4,5

During the early years of medical application in the 1980s
incidental experimental observations showed shock waves to
have osteogenic potential. Animal experiments showed stimu-
lated fracture healing, and histological investigations con-
firmed the influence of shock waves on the activation of
osteoblasts with associated increased bone density.6,7 In 1988,

Valchanou and Michailov8 performed the first high-energy
shock wave application with a lithotripter for delayed and
nonunion fractures, and they reported an 85% success
(fracture union) rate. In the years following this clinical break-
through, shock waves were increasingly used in patients suf-
fering from pseudarthrosis.7,9,10 However, devices designed for
the requirements of lithotripsy were used and not specific to
orthopedic indications. These initial human applications to
orthopedic problems with urologic lithotripters proved to be
laborious; therefore, shock wave devices specifically designed
for orthopedic and traumatic indications were developed (the
first orthopedic device, OssaTron [HMT AG, Lengwil, Swit-
zerland] became available in 1993). Through the application of
these modified devices, high-energy focused ESWT of delayed
or nonunion fractures became the standard method of treat-
ment in selected countries10 and slowly became the treatment
of first choice.11

Around the same time, at the beginning of the 1990s, the
first reports about high-energy focused shock wave therapy
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for calcific tendinopathy of the shoulder were published.12,13

Further investigations and clinical trials using ESWT had
shown clinical efficacy for therapeutic shock waves for a
variety orthopedic pathologies including calcific tendonitis of
the rotator cuff, lateral epicondylitis of the elbow, plantar
fasciitis, achillodynia, and calcaneal spurs.7,14,15 In October
2000, the Food and Drug Administration approved ESWT
(OssaTron device) for chronic plantar fasciitis and in 2003 for
chronic lateral epicondylitis (tennis elbow).16–18

In order to stay current with the emerging medical indica-
tions for shock wave therapy, accompanied by the increasing
popularity and acceptance of ESWT worldwide, the European
Society of Shockwave Therapy was renamed the International
Society for Medical Shockwave Treatment (ISMST) in 2000,
and the scope of the ISMST expanded to include all of the
various clinical indications for therapeutic shock waves in
2009.

First investigations of shock waves on wound healing were
undertaken in 1986.19 However, systematic studies (experi-
mental in vitro and in vivo studies and clinical trials) evalu-
ating the efficacy of low-energy defocused shock wave
therapy on delayed healing or chronic wounds have only been
performed in recent years.

To date, ESWT has become increasingly popular and
become accepted worldwide. Successful application has been
reported in the peer-reviewed literature for numerous medical
indications. Despite this encouraging progress, the biomo-
lecular mechanisms by which shock waves exert their positive
clinical effects are yet to be completely understood. Advan-
tages of extracorporeal shock wave therapy include: (1) non-
invasiveness (avoidance of surgery); (2) low associated
complication rates (e.g., minimal petechial skin hemorrhage
and hematoma); (3) efficacy for indications refractory to other
standards of practice (e.g., osseous non-union); (4) flat learn-
ing curve; and (5) cost-effectiveness.

This review focuses on the use of ESWT in wound healing
and addresses issues related to its underlying mechanism in
this field.

RELEVANCE OF ESWT IN
WOUND HEALING
The incidence of chronic wounds continues to rise worldwide
and constitutes an extraordinary burden not only on patients’
quality of life but also on healthcare costs.20 Chronic wounds
are defined as wounds that have not proceeded through
orderly and timely phase of tissue repair in order to reconsti-
tute anatomic and functional integrity after 3 months.21 In the
majority of cases, the etiology is multifaceted and includes
local (e.g., venous or arterial insufficiency, infection, and
local pressure) and systemic (e.g., diabetes and nutritional
status) factors.

The therapeutic approach to chronic wounds (e.g., venous
ulcers, diabetic ulcers, and pressure sores) up to now has been
limited in both viable treatment options as well as therapeutic
efficacy. Clinical standards of practice include adequate
wound bed preparation with surgical and nonsurgical (e.g.,
enzymatic) debridement,22–25 application of specialized dress-
ings26 providing the wound with a moist environment,22,27–29

and medical or surgical intervention to attain adequate vascu-
lar inflow and outflow and sufficient offloading to avoid pres-
sure necrosis.30,31 Additionally, many adjunctive therapies

have been designed for the care of chronic wounds such as
negative pressure wound therapy, hyperbaric oxygen therapy
(HBOT), and ultrasound.32–36 Several experimental ap-
proaches are currently being evaluated to further improve
chronic wound care. Studies suggest efficacy using gene
therapy, recombinant growth factor application, bioengi-
neered skin (tissue engineering), and stem cell therapy.27,37,38

However, these (experimental) treatment approaches prima-
rily target only a single aspect of the complex mechanism of
pathological wound healing processes.

Nevertheless, treatment of chronic wounds is dispro-
portionally prolonged and often insufficient, amounting to
refractory wounds despite multimodal treatment approaches.
Patient discomfort and impaired quality of life combined with
enormous healthcare expenses make chronic wounds the
subject of intensive research. Alternative (effective) treatment
options are highly desirable to reduce both the patients suf-
fering with chronic wound as well costs to society.

BASICS OF SHOCK WAVE TECHNOLOGY
Shock waves are transient short-term acoustic pulses with
high peak pressure and a very short rise to peak pressure time
on the order of magnitude of nanoseconds (one billionth of a
second). Shock waves for use in medicine can be generated
using different physical principles. The electro-hydraulic
shock wave generation principle uses a supersonic flow to
generate a shock wave within a metal enclosure that has a
suitable shape to reflect the generated shock waves toward the
therapeutic target with the desired wave characteristics (wave
length, frequency, and amplitude). The shock wave is gener-
ated by a high voltage discharge on the electrode placed in the
water-containing compartment causing the expansion of the
generated plasma bubble at supersonic speed. The expansion
velocity of the bubble is decelerated by the surrounding water
and, at sound velocity, a shock wave front detaches from the
bubble surface traveling through the water. A metallic half-
ellipsoid-shaped reflector focuses the almost spherical acous-
tic impulse front, which has been generated in the first focal
point of the ellipsoid, to a second focal point (therapeutic
target). The new soft-focused applicators use a parabolic
reflector capable of generating an almost parallel shock wave
front (Figure 1) with a diameter the size of the reflector in
order to apply the shock waves to a larger area (i.e., low-
energy defocused shock wave therapy utilized for soft tissue
wounds). The energy flux density of the soft-focused shock
waves used for wounds is lower than that of the focused shock
waves typically used for lithotripsy and delayed union or
orthopedic nonunion.

Shock waves are usually characterized by a multiplicity of
physical parameters. The most important parameter is the
peak pressure vs. time plot where the time dependence of
the transient pressure is measured using fast high-resolution
pressure probes such as fiber-optic laser hydrophones. The
maximum pressure of medical shock wave devices is up to
100 megapascal (MPa), one thousand times that of surround-
ing air pressure. A typical shape of the -6dB zone is a cigar-
like distribution with a diameter of several millimeters and a
length of up to 10 cm (Figure 2). The size of the therapeutic
target zone is highly dependent on the shock wave source
and reflector geometry leaving a wide range of possible
shapes.
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As a pulsed event, the shock wave pulses have a very broad
frequency spectrum ranging from hertz to megahertz with
different intensities per frequency.

After numerical integration of the square of the maximum
pressure plot and multiplication with a constant factor con-
sisting of the area and acoustic impedance within the -6dB
integration limits, the total energy and energy flux density can
be calculated from these pressure plots. The total energy,
consisting of a positive compression part and a tensile part, is
given in millijoule (mJ), the energy flux density in mJ per
millimeter square (mJ/mm2). To fully describe a shock wave,
it is necessary to provide all of the above data, consisting of
spatial dimension, maximum pressure, positive and tensile
part of the energy, and energy flux density.

For a complete therapy description, the energy flux density,
the number of pulses, pulse repetition frequency, and the
number and interval of retreatments are important parameters.
Unfortunately most publications lack part of the required
information, which makes them difficult to compare for safety
and efficacy. This might be a reason why studies investigating

the same clinical indication show divergent therapeutic
results. The optimal treatment regime for many indications in
orthopedics has yet to be established. Providing all necessary
treatment parameters in peer-reviewed publications as stated
above will be a crucial step to attaining the optimal therapeu-
tic index for orthopedic indications. The German-speaking
medical shock wave association Deutschsprachige Interna-
tionale Gesellschaft für Extrakorporale Stoßwellentherapie
(DIGEST) is currently preparing the initial steps (consensus
statement) for the reporting of device-specific treatment
parameters and results that should be appreciated by all manu-
facturers and clinical users because they will gain an under-
standing of the best shock wave treatment parameters for each
device and specific clinical indication.

Recently, nonfocused and defocused shock wave applica-
tors have been introduced to the market. Thus far, only
focused applicators were available originating from kidney
stone lithotripsy where focused shock wave application was
necessary to concentrate energy at one therapeutic point of
interest enabling stone disintegration. Today, it is believed

Figure 1. Electro-hydraulic shock wave
field of an ellipsoidal reflector (blue) and
a roughly parabolic reflector (yellow)
with resulting focal zones. The resulting
areas of highest intensity show cigar-
like and ovoid shapes, respectively, the
energy flux density of the soft-focused
shock waves are lower than the ones of
the focused shock waves. It is now pos-
sible to treat larger areas with reducing
the number of shock waves necessary
to cover a predefined area.

Figure 2. Spatial shape of the shock
wave focal zone showing the -6dB of a
typical shock wave. The absolute size
varies greatly depending on the genera-
tion principle and reflector shape.

ESWT in wound healing Mittermayr et al.
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that the working mechanisms of shock waves are based on
cellular and molecular actions, which do not necessarily
require focused application to the therapeutic target. Soft-
focused or defocused shock wave applicators provide a larger
diameter of the shock wave field and therefore cover a larger
area of tissue per pulse administered. This might reduce the
number of pulses and the treatment time as well as enhance
patient tolerance for the treatment of superficial indications
such as chronic wounds. The potential for future application,
e.g., of the ischemic heart during open cardiac surgery, is now
achievable due to the possibility to shape the acoustic pressure
distribution according to the specific anatomic and functional
requirements of new clinical indications.

POTENTIAL MECHANISM OF SHOCK
WAVE THERAPY

Uncomplicated soft tissue wound healing is a complex, well-
coordinated cascade of interdependent processes at both the
cellular and molecular levels.30,39 Initial inflammation, which
follows tissue injury, is beneficial for the organism because it
limits continuation of tissue damage and clearance of the
pathogens and sets in place cells and factors for continuation
of healing cascade. Ultimately, physiological healing process
leads to complete tissue repair and regeneration with near-
normal restoration of tissue integrity and functionality.
Wounds, particularly in the elderly, but also in patients with
comorbidities such as diabetes, atherosclerosis, venous insuf-
ficiency, reduced mobility due to chronic infirmity, and hyper-
cholesterolemia can show delayed/disturbed healing. Chronic
inflammation is just one of the underlying mechanisms of
delayed wound healing due to its damaging potential. Several
studies have shown that a key event in the biology of wound
healing is angiogenic response and in these cases of delayed
wound healing, it is remarkably suppressed.40,41

In compromised tissue (i.e., in the setting of hypoxia or
ischemia) extracorporeal shock waves increase local tissue
perfusion42,43 evidenced by significantly reduced laser
Doppler imaging signal43–45 (Figure 3) in models of flap tissue
necrosis following experimental iatrogenic ischemia.46–48

Nitric oxide (NO), a small ubiquitous molecule with
numerous biological functions,49 is hypothesized to play a
dominant role in ESWT-mediated improvement of local blood
flow in wounds, thus limiting at least in partial inflammation.
In fact, NO levels were found to be elevated after treatment in
vitro as well as in vivo, which correlates with the clinical
findings of reduced ischemic necrosis and improved signals
on laser Doppler imaging systems. Increased nonenzymatic50

but also enzymatic (via up-regulated nitric oxide synthase
(NOS) expression43,51,52) production of NO are considered
possible mechanisms supporting immediate post shock wave
treatment improvement in ischemic tissue perfusion. NO is
also important in modulating or mediating angiogenesis; thus,
early NO-mediated improvement of perfusion could be
complemented by new vessel in-growth (neo-vascularization)
into the ischemic tissue zone. This theory is supported by the
finding that wound tissue vascular endothelial growth factor,
the most potent inducer of angiogenesis, is acutely increased
in response to ESWT.42–44,53,54 Our own studies on transgenic
mice55 as well as the work of others56 revealed an up-
regulation of vascular endothelial growth factor (VEGF)
receptor 2 (VEGF-R2), which is considered a primary media-
tor of angiogenic signaling. Furthermore, quantitative immu-
nohistological studies evaluating ischemic tissue vessel
formation showed higher vessel densities in the shock wave-
treated groups.42,43,54,56

An interesting clinical study by Brañes et al.57 reported
positive effects of ESWT on the angiogenesis but also evalu-
ated effects of shock wave therapy on lymph vessel formation.
The authors reported increased neo-vascularization and neo-
lymphangiogenesis in patients with rotator cuff tendinopathy.

Figure 3. Superficial tissue perfusion
assessed by laser Doppler imaging
system in a rodent epigastric flap
model. Depicted are typical perfusion
images in the control group and in the
ESWT group during a 7-day follow-up
period. An increase in perfusion on day
7 postoperatively is evident in the flaps
that were treated with shock waves.
Each group had a drop in perfusion post
surgery caused by ligation of the neu-
rovascular bundle (1 hour postischemia;
control group/right side; ESWT group/
left side). ESWT, extracorporeal shock
wave therapy.
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In the published literature, there are hypothesis-generating
experimental data as well as clinical observations that suggest
a heretofore unproven systemic effect of ESWT. Therefore,
we conducted a preliminary study on uninjured transgenic
(green fluorescent tagged VEGF-R2) mice.55 In one group, a
single hind limb was treated with shock waves while the
contra-lateral hind limb in the same animal was left untreated
(the internal control). In the untreated control group, only the
basal VEGF-R2 expression in the hind limbs without shock
wave treatment was measured. The VEGF-R2 levels in the
treated uninjured group were higher in both the shock wave-
treated limb as well as the untreated contra-lateral hind limb
of the shock wave-treated animal in comparison with controls,
although not statistically significant. In contrast, the control
group showed baseline VEGF-R2 levels in both untreated,
uninjured hind limbs.55 Findings in the rat ischemic flap
model also suggest an remote effect of ESWT, extending
beyond the local shock wave-treated area (ischemic zone),
as higher perfusion levels were observed not only in the
ischemic zone but also in the transition zone as well as the
vital zone in the shock wave-treated rats.55 These findings led
us to hypothesize a potential systemic effect of ESWT and,
currently, we are in process of evaluating the systemic effects
of ESWT in similar models with focus on the serum cytokine/
chemokine response to the treatment.

Although the physical forces of shock waves certainly
account only for a part of the observed biological efficacy,
this component is very relevant in the context of angiogen-
esis. Endoluminal shear stress provoked by physical forces
may induce drastic changes in the cytoskeleton of endothe-
lial cells,58 and this biomechanical force increases NOS
activity,59,60 thereby further stimulating angiogenesis. Wang
et al.61 showed in vivo Ras-dependent superoxide production
following shock wave treatment, which in turn regulated
cytosolic extracellular regulated kinase (ERK) phosphoryla-
tion and hypoxin-inducible factor-1a transactivation. These
intracellular changes may induce VEGF-A expression with
subsequent angiogenesis. In a murine skin isograft model,
Stojadinovic et al.54 analyzed a broad spectrum of expression
of angiogenesis pathway-specific genes, in mouse skin
isograft model and found significantly enhanced expression
in pro-angiogenic genes, ELR motif (glutamic acid–leucine–
arginine sequence) positive chemokines (ELR+-CXC)
chemokines, CC-chemokines, and cytokines.

During wound repair, platelet–cell adhesion molecule-1
(PECAM-1) on leukocytes and on endothelial cells is criti-
cally involved in the transendothelial migration processes at
inflammatory sites, endothelial cell migration, and the forma-
tion of new blood vessels.62 Interestingly, it has been shown
that PECAM-1 activation can be strongly induced by
mechanical stress forces, indicating that its role in transduc-
tion of mechanical stimuli.63 In response to the low energy
ESWT, significant increase in PECAM-1 expression was
shown histologically and confirmed with Western blot analy-
sis for tissue protein64 in the study of murine model of diabe-
tes impaired wound healing and in normal healing wounds.
Expression kinetics of 84 pro-angiogenic genes have shown
that a single ESWT treatment turned on/augmented, for a
prolonged period of time, 25–30 key pro-angiogenic genes
that were previously silent in both a diabetic model and in
normal healing wounds.

During regenerative processes in wounds, complex cas-
cades of molecular as well as cellular events occur, which

interact on multiple mechanistic levels. For example, the
recruitment and incorporation of progenitor cells is aug-
mented by growth factors and chemokines such as VEGF.65,66

While acute ischemia shows marked overexpression of
chemotactic factors, chronic ischemic tissue is characterized
by reduced capability of endothelial progenitor cells (EPCs)
recruitment due to limited presence of such stimulatory
factors. Treatment of nonischemic and chronic ischemic
tissue with extracorporeal shock waves in rats, however,
induces strong expression of stromal cell-derived factor 1
(SDF-1) mRNA and is functionally linked to improved
homing of previously administered EPC in nonischemic as
well as in chronic ischemic tissue.67 In addition, bone marrow-
derived mononuclear cells showed a dose-dependent overex-
pression of VEGF mRNA and protein release following shock
wave exposure in vitro.68 Furthermore, stimulation of bone
marrow-derived mononuclear cells with shock waves facili-
tated cell differentiation to an endothelial phenotype (VEGF+

and CD31+).68 Similar effects were showed in an in vivo
segmental bony defect rat animal model, which showed osteo-
blastic differentiation.69 However, VEGF together with
TGF-a1 were also elevated in these in vitro experiments, and
strong neovascularization was observed at the cartilaginous-
osseous junction. ESWT-stimulated homing and differentia-
tion of stem cells with high tissue regenerating potential,
including de novo vessel formation, is promising for playing
a pivotal role in clinical application.

As previously mentioned, early inflammation is beneficial
for the organism; however, resolution of the inflammatory
response in timely manner is key event in the physiological
wound healing. Immuno-modulatory function of NO is well
defined, and there is several authors suggesting that keeping
the levels of NO in physiological concentrations during initial
stages of wound healing is critical for successful outcome.
Low energy shock wave therapy has also been shown to
efficiently down-regulate necrosis factor kb (NF-kb) activa-
tion and NF-kb-dependent gene expression through modifi-
cation of NO levels which, in turn, regulates NF-kb and thus
diminishes pro-inflammatory stimuli.52,70 In vitro experiments
of inflammation in cell cultures, by addition of lipopolysac-
charide (LPS) and cytokines, caused rapid and significant
drop in NOS activity and NO accumulation. In human umbili-
cal vein endothelial cell and rat glioma C6 cell line after the
treatment with ESWT authors reported increase in NO con-
centration and NOS activity and suppression of NF-kb and
NF-kb dependent pro-inflammatory cytokines. Therefore,
the observed beneficial effects of ESWT on wound healing
and repair can be explained in part by its effect on NO
metabolism.

In vivo studies have also shown enhanced early local inflam-
matory responses (high levels of macrophage-derived inflam-
matory protein [MIP]-1a and MIP-1b) in sham-treated
animals when compared with ESWT-treated grafts, pointing to
an anti-inflammatory mechanism of shock waves. Further-
more, shock waves significantly reduced leukocyte and mac-
rophage infiltration into the isograft; these are pivotal cells in
the inflammatory response.51,71 Studies have shown enhanced
early local inflammatory responses (high levels of MIP-1a and
MIP-1b) in sham-treated animals when compared with ESWT-
treated grafts, pointing to an anti-inflammatory mechanism of
shock waves.

Often local microbial populations either through coloniza-
tion, contamination, or critical contamination maintain the
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pro-inflammatory state that impairs healing in chronic
wounds. The antibacterial effect of ESWT was first reported
in 2000 for clinically relevant bacteria in wounds.72 Gerdes-
meyer et al.73 showed that the bactericidal effect has a thresh-
old level in terms of shock wave energy flux density and total
amount of impulses and that bacterial burden in wounds was
statistically reduced in a patient population receiving ESWT
treatment.45

ESWT-enhanced cell proliferation at the local wound tissue
level,15,51,74,75 stimulated extracellular matrix metabolism,75

decreased apoptosis,51,67 and down-regulated oxygen-mediated
burst of leukocytes are also promising and warrant further
clinical study.61

CLINICAL STUDIES
A list of indications for use of ESWT, thanks to a serendipi-
tous finding, led to expanding shock wave therapy application
from urologic and orthopedic to soft tissue indications. In the
course of an ongoing prospective assessment of shock wave
therapy for orthopedic nonunion and delayed union fractures
in the AUVA Trauma Center Meidling, Vienna, Austria, cases
complicated by osteocutaneous fistulae and/or overlying soft
tissue defects (open fractures) were found to not only con-
solidate the disrupted bone but also heal the soft tissue wound
in response to shock wave treatment, the latter with notewor-
thy healing velocity. Encouraged by these findings, the first
human trials on wound healing were performed in August
2004 (AUVA Trauma Center Meidling) achieving very prom-
ising results. Schaden et al. in 2007 demonstrated safety and
potential efficacy for low-energy defocused shock waves
applied to wounds of various etiologies.76 ESWT was per-
formed on 208 patients (33.3% acute and 66.8% chronic
wounds) in the study by Schaden et al. Within this patient
population, 156 (75%) showed complete healing (100%
wound epithelialization). Significant association was found
between complete epithelialization and wound size (wounds
<10 cm2 healed in 81.0% vs. 61.8% for wounds >10 cm2) as
well as between complete healing and wound duration
(wounds persisting >1 month showed 57.1% healing rate vs.
wounds <1 month that had a healing rate of 83%). With regard
to wound etiology, venous stasis ulcers showed the lowest
healing rates (36%), whereas all other wound etiologies
showed at least a healing rate of 66% (arterial insufficiency
ulcer—66.7%, decubital ulcer—71.4%, disturbed healing
wounds—75.6%, posttraumatic tissue necrosis—86.6%, and
burn wounds—100%).

In additional study, we have continued application of
ESWT on patients with soft tissue indications and thus far we
have included approximately 600 patients with various types
of wounds whom we treated with low-energy defocused
ESWT. Currently, our study is in midterm analysis (430
patients) and even though we did not finish analysis of the
whole patient population, we can state that wound outcomes
in association with critical wound/patient parameters found in
the study by Schaden et al. did not change substantially over
the course of the expanded clinical experience. In this review,
for illustrative purposes, we present some of the representa-
tive images (Appendix S1) from the analyzed patient popula-
tion; however, analysis of the whole patient population is
ongoing and will be presented to the readership in the near
future.

Peer reviewed literature evaluating ESWT for various indi-
cations is continuously accumulating. We extracted studies
for soft tissue indications and focused on those that have
reported findings on potential mechanism. Several published
clinical studies have been performed showing efficacy of
ESWT in soft tissue wound healing, particularly in chronic
or/and delayed healing wounds (Table 1).

No treatment-related toxicity, infection, or deterioration of
any ESWT-treated wound was evident in several studies
evaluating safety and feasibility of ESWT in acute (burns77

and skin isograft donor sites78) and chronic (chronic ulcers79

and diabetic [type I] foot ulcers80) wounds.
All authors reported significantly higher rate of healing

compared with control group. Elegant approach in study of
ESWT effects on skin isograft donor site, somewhat over-
comes differences in the wound size and depth showed higher
successful rate of healing after ESWT. However, this pilot
study had a small cohort of patients and needs further clinical
evaluation with higher number of patients.

Larking et al.81 investigated the response of decubitus
ulcerations to ESWT in a randomized, placebo-controlled
crossover study. All included patients (nine ulcers) suffered
from severe physical disabilities (Barthel score <8/20) with
decubitus ulcerations lasting longer than 3 months in different
locations. The design of the study protocol consisted of a
3-week baseline observation period in order to confirm stable
wound conditions. Thereafter, ulcers were allocated to ESWT
or placebo and followed-up for 4 weeks receiving treatment
each week. A 2-week wash-out phase led over to treatment
crossover for another 4 weeks with same treatment and evalu-
ation parameters as in the first phase. The main finding was
that ulcers that were stable over the baseline observation
period showed healing after ESWT. In the group receiving the
placebo regimen first (machine with typical noise but without
producing shock waves), no substantial differences in wound
area were recognized in the 4-week interval, but after receiv-
ing ESWT, wounds showed progressively healing. In the
ESWT first group, most of the ulcers decreased in size, which
was continued after crossing over in the placebo group. An
interesting finding was that some of the wounds initially
showed deterioration in size once the shock wave therapy
started, which then turned in improvement. This phenomenon
was discussed as follows that shock waves may first debride
the wounds receiving proper wound bed, which is then con-
ditioned for healing.

An interesting clinical study was performed by Wang
et al.45 comparing ESWT and HBOT for chronic diabetic foot
ulcers. Seventy-two ulcers persisting longer than 3 months
were assigned to one of two study groups and analyzed. In the
ESWT group, 300 + 100 pulses/cm2 at an energy flux density
of 0.11 mJ/mm2 was applied to the chronic diabetic foot ulcer
every 2 weeks. The HBOT was performed using a sealed
multiplace chamber at a pressure of 2.5 atmospheres absolute
for 90 minutes total (25-minute sessions with 5-minute
breaks). The treatment frequency was five times a week for a
total of 20 treatments. Posttreatment wound care was the same
in both groups. Complete ulcer healing was found in 31% of
the ESWT group compared with 22% of the HBOT group,
which was statistically significant. Furthermore, more than
50% improvement in terms of wound surface downsizing was
observed in 89% of shock wave-treated ulcers compared with
72% of HBOT-treated ulcers, which was again statistically
significant. Histological examination revealed higher cell
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counts and greater proliferation index in the ESWT group.
Immunohistochemical staining showed significantly elevated
levels of vascular endothelial growth factor and endothelial
nitric oxide synthase as well as proliferation of cell nuclear
antigen in the ESWT group. In addition, perfusion studies
performed with laser Doppler imaging showed a significant
increase in wound tissue perfusion in the ESWT group com-
pared with the HBOT group. The authors concluded that
ESWT of chronic diabetic foot ulcer is superior to HBOT, and
it appears that ESWT results in increased angiogenesis and
cellular events consistent with decreased cell apoptosis.

A novel approach was taken by a group from Vienna82

comparing the prophylactic extracorporeal shock wave treat-
ment of areas where vein grafts were harvested for coronary
artery bypass surgery with standard practice local vein harvest
site procedures (=control group). They found a significantly
lower ASEPSIS score in the ESWT group beginning at post-
operative day 3 through day 7 as compared with the control
group. Furthermore, antibiotic treatment had to be applied
more often in the control group, and surgical revisions were
necessary in more control group patients than in the ESWT
group. The authors concluded that prophylactic ESWT could
improve wound healing after vein harvesting for coronary
arterial bypass surgery.

CONCLUSIONS
ESWT for the treatment of soft tissue wounds is novel
approach to treat soft tissue indication. In studies currently
available, it has been showed great potential and promising
data for treatment of some of the difficult to heal/nonhealing
wounds. Importantly, shock waves applied to wounds differ
considerably from those used in lithotripsy and from those
used in orthopedic applications in terms of focus, frequency
of applied shockwaves, energy flux density, and total number
of impulses. Shock waves used in treating problematic
wounds were not determined to be destructive, rather they
have been shown to induce/normalize biological responses,
which stimulate and support tissue repair and regeneration.
Although the mechanism of action is still under investigation,
it was shown that the physical properties of shock waves are
translated to complex biological responses including release
of factors, cytokine, and chemokines involved in enhanced
tissue perfusion and angiogenesis, both essential for the
wound healing cascade. Chronic inflammation and bacterial
burden also negatively affect wound healing and, therefore,
the suppression of pro-inflammatory status as well as the
antimicrobial effect of shock waves could further lead to
improved wound healing. ESWT supporting healing of prob-
lematic wounds represents an innovative therapeutic modal-
ity, which thus far shows clinical efficacy, reproducibility, and
safety. The application of shock waves to wounds is techni-
cally easy to perform, allows treatment in an outpatient setting
(well tolerated without the need for analgesia), saves time,
and does not require anesthetics. Due to the noninvasive
nature, comparatively low costs, and the rare complications
associated with this therapy, ESWT may be a valid alternative
to conservative and surgical treatments in patients with
chronic wound conditions. However, current clinical evidence
is weak with only several studies with low patient numbers
included. Therefore, it is essential to perform further random-
ized and controlled clinical studies with sufficient number of
subjects to confirm these promising results.
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