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What is a Shock Wave?
A shock wave is a very strong pressure impulse in any elastic medium (such as air, 
water, or a solid), produced by supersonic craft, lightning, explosions, or other 
extreme phenomena that create sudden and significant changes in pressure.
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Basic Science – What is ESWT?

• Shock waves are characterized by their high peak pressure, area of negative 
pressure (cavitation) and short time intervals.

Tensile Phase
(Cavitation or Stretching)

MICRO EFFECT

Compressive Phase
(Tissue Compression)

MACRO EFFECT

• Extracorporeal Shock Wave Technology (ESWT) is a type of medical 
device technology based on shock wave energy applications



TYPES OF ACOUSTIC PRESSURE GENERATORS

Electrohydraulic Shockwaves: 
Lightning and focused thunder 

Focal Volume - Focused Energy

Max Peak Pressure: 60 MPa
Rise time: nanoseconds
True shockwave in all settings
Largest focal area, short treatment time,
most effective in levels of energy delivery and time 
of treatment

Electromagnetic Pressure Waves: 
Loudspeaker

Max Peak Pressure: 110 MPa
Rise time: microseconds
True shockwave at high energy settings only.  
Small intense focal area (increased treatment 
time)

Piezoelectric Pressure Waves: 
Focused vibrating crystals

Max Peak Pressure: 80 MPa
Rise time: microseconds
True shockwave at high energy settings only.  
Small intense focal area (increased treatment 
time)

Radial Pressure Waves: 
Pneumatic jack hammer Unfocused

Max Peak Pressure: 0.4 MPa
Rise time: microseconds
Does not produce shockwaves at any setting
Energy completely dissipated by 0.5 – 1.0 cm

Extracorporeal Shockwaves…

.
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Shock Waves Cavitation

• The tensile phase of shock waves produce 
cavitation bubbles (or cavities) that last 300 
to 600 µs

• When a cavitation bubble collapses near a 
boundary a microjet of fluid is formed with 
speeds upwards of 100 m/s

• If enough space is available, then clusters of 
cavitation bubbles are formed and their 
coherent collapse enhances cavitation’s
power

(from Smith’s Textbook of Urology, Part IV  Extracorporeal Shock 
Wave Lithotripsy - The Physics of Shock Wave Lithotripsy, by R.O.
Cleveland and J.A. McAteer)

Cavitation Cluster Action Cavitation Bubble Action



Mechanism of Action: ESWT

ESWT onto Injury
Site

Anti-inflammatory Response,  
Improved Micro-circulation,  
modulation of neurotransmitters  
& immune response

Increased Cellular Permeability &  
Neuronal Signalling. Release of eNOS

Cellular Expression  
of Growth Factors  
PCNA, VEGF.
Collagen Type 1,  
Progenitor cells  
Generation.

New Vascularisation &  
Injury Resolution Schaden, 2001; Ogden, 2002; Weil et al, 2002; Ogden et al., 2004; Furia, 2006; Amelio &Manganotti, 2010;  

Angehrn,2008; Cacchio, et al, 2009; Furia, 2008; Mariotto, 2005;Mariotto, 2009 Nortanicola et al., 2010



Mechanisms of Action

TLR3 stimulation leads to three phases of inflammatory modulation. The complex interaction between the two main 
cytokines IL-6 and IL-10 in TLR3 stimulation can be schematically seen as a three-phase regulation over time. After an 
early pro-inflammatory initiation phase mediated by IL-6, a middle phase showing suppression of inflammation can be 
seen before the late anti-inflammatory limitation phase of IL-10 results. This modulation of the inflammatory response 
is prerequisite for angiogenesis and repair in ischemic tissue.

Shockwave Therapy Differentially Stimulates Endothelial Cells: Implications on the 
Control of Inflammation via Toll-Like Receptor 3 

Johannes Holfeld, et al, Dept of Cardiac Surgery, Innsbruck Med Univ, Innsbruck, Austria

“SWT modulates inflammation via the TLR3 pathway. The interaction between interleukin (IL)-6 
and IL-10 in TLR3 stimulation can be schematically seen as a three-phase regulation over time.”



Mechanisms of Action
Shock Wave Therapy Improves Cardiac Function in a Model of Chronic

Ischemic Heart Failure: Evidence for a Mechanism Involving VEGF
Signaling and the Extracellular Matrix

Can Gollmann-Tepek€oyl€u, MD;, et al, Medical University,of Innsbruck, Austria

.

“SWT positively affects heart function in chronic ischemic heart failure by induction of 
angiogenesis and postnatal vasculogenesis. SWT upregulated pivotal angiogenic and 
vasculogenic factors in the myocardium in vivo and induced proliferative and anti-
apoptotic effects on endothelial cells in vitro. Mechanistically, these effects depend on 
vascular endothelial growth factor
signaling and heparan sulfate proteoglycans. SWT is a promising treatment option for 
regeneration of ischemic myocardium.” 
(J Am Heart Assoc. 2018;7:e010025. DOI: 10.1161/JAHA.118.010025)



Mechanisms of Action
Effect of shock waves on macrophages: A possible role in tissue

regeneration and remodeling

Naths Grazia Sukubo, et al, Humanitas Clinical and Research Center, Rozzano, Milan, Italy

International Journal of Surgery 24 (2015) 124e130

.

Conclusions: Macrophage exposure to low energy SW dampens the induction of the 
pro-inflammatory profile characterizing M1 macrophages and promotes the 
acquisition of an anti-inflammatory profile synergizing with macrophage alternative 
activation.
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Focused Shock Wave Features
IMPORTANT  FEATURES
• Extremely rapid rise time

• Negative pressure causing 
cavitation

• Transient/localized heat and 
sonoluminescence (less  
than 1 nanosecond long)

• Total duration of 5 to 8 µs.

• Liquids are the best medium 
to produce and transmit 
shock waves

• Dosage (number of shocks, 
energy setting and 
frequency) is key for success
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Focused Shock Wave Ellipsoidal 
Reflector

• The larger the focusing area the larger the focal volume and the energy associated to it

50%
Area

35%
Area

20%
Area
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Ellipsoidal Reflector Area Matters

A0 = Half of Ellipsoid 70% A0 40% A0

100% Energy 70% Energy 40% Energy

Unfocused Treatment
Area Unfocused Treatment

Area
Unfocused 
Treatment

Area
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Pressures and Focal Volumes

C/2

C

C

C

Pressure in 
Focal Point

C/2

C

Pressure in 
Focal Point

• Note that maximum pressure is dependent on reflected area at the same voltage 
discharge 

• Pressure gradients are observed along the shock waves pathway
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Spatial Distribution Function of 
Semiaxis Ratio

• For geometries 
with c/b ~ 1.1, 
no unfocussed 
areas can be 
created.

c2

c2

c1

c1

b1 b2

c1/b1 ~ 2.0 c2/b2 ~ 1.1
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Energy Flux Density and Tissue 
Interaction

• Note that after 0.60 mJ/mm² of energy flux density produced by the shock waves, the 
cell can be damaged leading to necrosis

• Shock waves with lower energy flux densities (< 0.60 mJ/mm²) can stretch the tissue 
(macro effect) and stimulate/interfere with cells communication through cavitation 
(micro effect)

• The macro and micro effects can be fully developed only by the focused waves and their 
synergetic action gets maximum outcomes for tissue repair, which translate in faster 
healing only after few treatments



Biological Effects
Mechanotransduction:

•The physical shaking of the tissue by the shock 
waves leads to a mechanotransduction; the 
conversion of mechanical signals (e. g. shear, 
compression, tension) into electrical or chemical 
signals responses in the tissue.

•The stimulation of mechanically sensitive 
molecules, the mechanoreceptors at the plasma 
membrane (e. g. ion channels, components of the 
extracellular matrix and the cytosketon) leads to 
cellular responses.

•Following the stimulation of the cell nucleus via 
the excited cytoskeleton leads to an enzymatic 
tissue response and the expression / release of 
transcription factors, cytokines, growth factors etc.

•A cascade of regeneration events is initiated and 
the metabolism, migration, proliferation and 
differentiation of stem / progenitor cells is initiated.

•This leads to enhanced angiogenesis and 
neovascularisation,  reduced cell apoptosis and 
tissue necrosis, modulation of inflammation and 
finally to improved tissue remodeling and 
regeneration.



Wang et al (2006): Biological mechanism of musculoskeletal 
shockwaves. 9th Congress of the International Society for 
Medical Shockwave Treatment.

Expression of regeneration-associated
molecules:

Ø VEGF (vascular endothelial growth
factor)

Ø eNOS (endothelial nitric oxide
synthase)

Ø BMP (bone morphogenetic
protein)

Ø PCNA (proliferating cell nuclear
antigen)

Ø SDF-1 (stromal-derived factor 1)
Ø IGF-1 (insulin-like growth factor 1)
Ø FGF-ß (fibroblast growth factor ß)
Ø TGF-ß (transforming growth factor

ß)
Ø TNF-α (tumor necrose factor α)
Ø ATP (adenosine triphosphate)
Ø Interleukins (IL-1, IL-6, IL-8, IL-10)
Ø … 

Biological Effects



Application Areas - Overview
Orthopaedics / Physiotherapy & Rehabilitation / Sports Medicine
Traumatology & Bone Repair / Musculoskeletal & Joint / Nerve

Cleared standard indications:

Chronic Tendinopathies
Ø Calcifying tendinopathy of 

the shoulder
Ø Lateral epicondylopathy

tennis elbow
Ø Greater trochanter pain

syndrome
Ø Patellar tendinopathy
Ø Achilles tendinopathy
Ø Plantar fasciitis, heel spur
Bone Pathologies
Ø Delayed bone healing
Ø Bone Non-Union 

(pseudarthrose)
Ø Stress fracture
Ø Avascular bone necrosis
Ø Osteochondritis Dissecans

(OCD)

Skin Pathologies
Ø Delayed or non-healing

wounds
Ø Skin ulcers
Ø Non-circumferential burn

wounds

Common empirically-tested clinical
uses:
Tendinopathies
Ø Rotator cuff tendinopathy
Ø Medial epicondylopathy of the 

elbow
Ø Adductor tendinopathy

syndrome
Ø Pes-Anserinus tendinopathy

syndrome
Ø Peroneal tendinopathy
Ø Foot and ankle tendinopathies

Bone Pathologies
Ø Bone marrow edema
Ø Osgood Schlatter disease
Ø Tibial stress syndrome (shin

splint)

Muscle Pathologies
Ø Myofascial Syndrome
Ø Muscle sprain without

discontinuity

Skin Pathologies
Ø Cellulite
Ø Lymphedema

Exceptional indications – expert 
indications:
Musculoskeletal pathologies
Ø Osteoarthritis
Ø Dupuytren disease
Ø Plantar fibromatosis

(Ledderhose disease)
Ø De Quervain disease & Trigger 

finger
Ø Foot and ankle tendinopathies

Neurological Pathologies
Ø Spasticity
Ø Polyneuropathy
Ø Carpal Tunnel Syndrome

Urologic Pathologies
Ø Pelvic chronic pain syndrome
Ø Erectile dysfunction
Ø Peyronie disease

Experimental
Ø Heart Muscle Ischemia
Ø Peripheral nerve lesions
Ø Pathologies of the spinal cord 

and brain
Ø Osteoporosis



Clinical Evidence
Heinz Lohrer,  et al, European Sportscare Network (ESN), Zentrum f¨ur Sportorthop¨adie, Germany, 
Institute for Sport and Sport Sciences, Albert-Ludwigs-Universit¨at Freiburg, Germany, European 
SportsCare, london, UK, 2016

“Historical ESWT Paradigms Are Overcome: A Narrative Review”

“A recent systematic musculoskeletal ESWT review concludes that there is more need for 
high level studies [12]. But the question to be answered in future is not if ESWT works but 
rather which treatment protocol and parameters are the best for specific and well 
described conditions [47]. Research finally has to follow clinical practice, where treatment 
protocols are individualized.”

“With the exception of bone related conditions, modern musculoskeletal ESWT is 
performed with energy below 0.28 mJ/mm2  and without anesthesia. The size of the 
tissue area to be treated can be small or large. “Biofeedback” is superior to imaging 
guided focusing. ESWT application in apophyseal osteochondral lesions in patients with 
open growth plates seems to be promising and safe. ESWT protocols
should be adapted to the stage and chronicity of the treated pathology.”



Clinical Evidence
Daniel Moya, MD,  Wolfgang Schaden, MD, et al (2019), 

JBJS, February 2018
“”The Role of Extracorporeal Shock Wave Therapy in 

Musculoskeletal Disorders”

ESWT is considered to be an alternative to surgery for several chronic tendinopathies and 
nonunions because of its efficacy, safety, and noninvasiveness. The best evidence 
supporting the use of ESWT was obtained with low to medium levels of energy for tendon 
disorders as well as with a high energy level for
tendon calcification and bone pathologies in a comprehensive rehabilitation framework.

Because of the variability in the treatment protocols, the methodological quality of many 
ESWT studies is limited. Further research from well-designed, high-quality studies is 
required to standardize the treatment parameters and demonstrate
the optimal ESWT approach for health-care decisionmaking. With adequate patient 
selection, appropriate indications,homogeneous ESWT therapeutic protocols, and
proper application, ESWT could make a paramount contribution to noninvasive treatment 
of certain musculoskeletal disorders.



Clinical Evidence
Dr. A. Ngai (2016), Qatar Orthopaedic and Sports Medicine Hospital.

“Prospective cohort study examining short term changes in pain after application 
of Extracorporeal Shockwave Therapy (ESWT) in 178 consecutive patients”

• 178 patients (136 non-athletes, 42 athletes), 83 male; 95 female; 302 treatments.
• Chronic musculoskeletal injuries, pain score (VAS ≥ 3) and failure of conservative treatment.
• Incremental protocol dependent on tissue or injury (0.07-0.27 mJ/mm2),1000-1400 pulses 

given at 3-5 Hz.



Clinical Evidence
R.Thiele, s. Marx (2009), IZS Berlin, Germany.

“Focused and planar focused ESWT – a comparison of the Results in the 
Treatment of Heel spurs”

Group I: Focused, 179 patients, 1200 shocks, 0.12 – 0.14 mJ/mm2, 5 Hz, local anaesthesia.
Group II: Defocused, 95 patients, 1200 shocks, 0.14 mJ/mm2, 5 Hz, no anaesthesia.

Evaluation via VAS and Roles & Maudsley.
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Background: The effectiveness of extracorporeal shock wave therapy in the treatment of plantar fasciitis is 
controversial. The objective of the present study was to test whether focused extracorporeal shock wave therapy is 
effective in relieving chronic heel pain diagnosed as plantar fasciitis.
Methods: Two hundred and fifty subjects were enrolled in a prospective, multicenter, double-blind, randomized, 
and placebo-controlled U.S. Food and Drug Administration trial. Subjects were randomized to focused 
extracorporeal shock wave therapy (0.25 mJ/mm2) or placebo intervention, with three sessions of 2000 impulses in 
weekly intervals. Primary outcomes were both the percentage change of heel pain on the visual analog scale 
composite score (pain during first steps in the morning, pain with daily activities, and pain with a force meter) and 
the Roles and Maudsley score at twelve weeks after the last intervention compared with the scores at baseline.
Results: Two hundred and forty-six patients (98.4%) were available for intention-to-treat analysis at the twelve-
week follow-up. With regard to the first primary end point, the visual analog scale composite score, there was a 
significant difference (p = 0.0027, one-sided) in the reduction of heel pain in the extracorporeal shock wave 
therapy group (69.2%) compared with the placebo therapy group (34.5%). Extracorporeal shock wave therapy was 
also significantly superior to the placebo therapy for the Roles and Maudsley score (p = 0.0006, one-sided). 
Temporary pain and swelling during and after treatment were the only device-related adverse events observed.
Conclusions: The results of the present study provide proof of the clinically relevant effect size of focused 
extracorporeal shock wave therapy without local anesthesia in the treatment of recalcitrant plantar fasciitis, with 
success rates between 50% and 65%.
Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

Clinically Relevant Effectiveness of Focused Extracorporeal Shock Wave Therapy in the 
Treatment of Chronic Plantar Fasciitis 

A Randomized, Controlled Multicenter Study

Gollwitzer, Hans MD, et al
The Journal of Bone and Joint Surgery:May 6, 2015 - Volume 97 - Issue 9 - p 701-708doi: 10.2106/JBJS.M.01331

https://journals.lww.com/jbjsjournal/toc/2015/05060


Clinical Evidence
Ashraf Fansa, MD, John G. Kenney, MD, Martin O‘Malley, MD, et al (2019), HSS 

New York, NY, USA.
“Efficacy of Unfocused Medium-Intensity Extracorporeal Shock Wave

Therapy (MI-ESWT) for Plantar Fasciitis” JFAS, Jan 2020



Clinical Evidence
Ashraf Fansa, MD, John G. Kenney, MD, Martin O‘Malley, MD, et al (2019), HSS 

New York, NY, USA.
“Efficacy of Unfocused Medium-Intensity Extracorporeal Shock Wave

Therapy (MI-ESWT) for Plantar Fasciitis” JFAS, Jan 2020
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Background: Muscle injuries are among the most common sports-related lesions in athletes; however, optimal 
treatment remains obscure. Extracorporeal shock wave therapy (ESWT) may be a promising approach in this 
context, because it has gained increasing importance in tissue regeneration in various medical fields.
Hypothesis: ESWT stimulates and accelerates regenerative processes of acute muscle injuries.
Study Design: Controlled laboratory study.
Methods: Adult Sprague-Dawley rats were divided into 4 experimental groups (2 ESWT1 groups and 2 ESWT–
groups) as well as an uninjured control group (n ! 6 in each group). An acute cardiotoxin-induced injury was set into 
the quadriceps femoris muscle of rats in the experimental groups. A single ESWT session was administered to 
injured muscles of the ESWT1 groups 1 day after injury, whereas ESWT– groups received no further treatment. At 4 
and 7 days after injury, 1 each of the ESWT1 and ESWT groups was euthanized. Regenerating lesions were excised 
and analyzed by histomorphometry and immunohistochemistry to assess fiber size, myonuclear content, and 
recruitment of satellite cells.
Results: The size and myonuclear content of regenerating fibers in ESWT1 muscle was significantly increased 
compared with ESWT– muscle fibers at both 4 and 7 days after injury. Similarly, at both time points, ESWT1 
muscles exhibited significantly higher contents of pax7-positive satellite cells, mitotically active H3P1 cells, and, of 
cells expressing the myogenic regulatory factors, myoD and myogenin, indicating enhanced proliferation and 
differentiation rates of satellite cells after ESWT. Mitotic activity at 4 days after injury was doubled in ESWT1 
compared with ESWT– muscles.
Conclusion: ESWT stimulates regeneration of skeletal muscle tissue and accelerates repair processes.
Clinical Relevance: We provide evidence for accelerated regeneration of damaged skeletal muscle after ESWT. 
Although further studies are necessary, our findings support the view that ESWT is an effective method to improve 
muscle healing, with special relevance to sports injuries.

Extracorporeal Shock Wave Therapy Accelerates Regeneration After Acute
Skeletal Muscle Injury

Investigation performed at the University of Salzburg, Salzburg, Austria

Angela Zissler, MSc, et al
The American Journal of Sports Medicine, Vol. 45, No. 3, 2016



Clinical Evidence
Dr. R. Diesch (2000), Bodensee Sports Clinic Friedrichshafen, Germany.

“Clinical Application of Shock Waves in the Treatment of Tendinosis Calcarea of the Shoulder, 
Plantar Fasciitis, Epicondylitis and Pseudarthrosis.“ 

170 patients were treated in a prospective study in accordance with DIGEST with the elctrohydraulic ESWT.
Improvement measurement via the VAS and Roles & Maudsley score.

0

20

40

60

80

100

120

3 6 12

%

months after ESWT

Tendinosis calcarea

no
change/worse

0

20
40

60
80

100

120

3 6 12

%

months after ESWT

Heel spur

no change/worse

very good/good

45 patients, Ø 2.3 treatments, 750 – 850 shocks, 0.75 
mJ/mm2

79 patients, Ø 2.2 treatments, 800 – 1000 shocks, 0.55 
mJ/mm2



Clinical Evidence
Dr. R. Diesch (2000), Bodensee Sports Clinic Friedrichshafen, Germany.

“Clinical Application of Shock Waves in the Treatment of Tendinosis Calcarea of the Shoulder, Plantar Fasciitis, 
Epicondylitis and Pseudarthrosis.“ II
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Case Study – John G. Keating, MD



Case Study – John G. Keating, MD
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Stem Cell
Improvement of stem cell quality

Schuh et al., 2014, „In vitro extracorporeal shock wave treatment enhances stemness and preserves 
multipotency of rat and human adipose-derived stem cells“

Repetitive SWT in vitro resulted in significant elevation of mesenchymal markers and increased differentiation
capacity towards the osteogenic and adipogenic lineage as well as toward Schwann-cell like cells.



ESWT + PRP Synergy Research
Notarnicola, A. et al. Effect of shock wave treatment on platelet-rich plasma added to osteoblast cultures.
Ultrasound Med. Biol. 37, 160–168 (2011).

→ Osteoblast cultures with PRP pretreated with SW showed increased expression of insulin-like growth factor 
binding protein 3 (IGFBP-3), runt-related transcription factor 2 (RUNX2), of collagen type I, osteocalcin and 
insulin-like growth factor 1 (IGF-1).

→ This suggests that ESWT should stimulate osteogenesis also by indirect platelets-mediated network. It 
therefore seems possible that combining the two methods, ESWT and bioengineering procedures to infiltrate 
PRP and growth factors, could be a successful approach.

Seabaugh, K. A., Thoresen, M. & Giguère, S. Extracorporeal Shockwave Therapy Increases Growth Factor
Release from Equine Platelet-Rich Plasma In Vitro. Front. Vet. Sci. (2017). doi:10.3389/fvets.2017.00205

→ ESWT significantly increased transforming growth factor-ß1 (TGF-ß1) and plateled derived growth factor ßß
(PDGF-ßß) concentrations.

→ The combination of PRP and ESWT might result in synergism of two modalities previously utilized 
individually for tendon and ligament injuries.


