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Shockwave

1. Two types of “ESWT”: focused ESWT (FSW) and 
radial pressure wave (RPW aka “EPAT”)

2. The technologies work differently and 
potentially synergistically by stimulating 
angiogenesis, stem cells, growth factors

3. Has the highest level of evidence of anything 
you do for musculoskeletal conditions, many 
bone conditions, and high potential for wounds

4. Is “non-invasive”, most often no “down-time”. 
Can use while training even daily & half-time!
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SHOCK WAVE HAS MORE LEVEL I EVIDENCE 
THAN MOST TOOLS IN OUR TOOL BOX

Clinically Relevant Effectiveness Of Focused ESWT In The Treatment Of Chronic 

Plantar Fasciitis: A Randomized, Controlled Multicenter Study The Journal of 

Bone and Joint Surgery (2015)

Radial ESWT Is Safe And Effective In The Treatment Of Chronic Recalcitrant 

Plantar Fasciitis: Results Of A Confirmatory Randomized Placebo-Controlled 

Multicenter Study American Journal of Sports Medicine (2008) 

Eccentric Loading Versus Eccentric Loading Plus Shock-Wave 

Treatment For Midportion Achilles Tendinopathy: A Randomized 

Controlled Trial  American Journal of Sports Medicine (2009)

Eccentric Loading, Shock-Wave Treatment, Or A Wait-And-See Policy For 

Tendinopathy Of The Main Body Of Tendon Achillis: A Randomized 

Controlled Trial American Journal of Sports Medicine (2007) 

Shock Wave Therapy For Chronic Achilles Tendon Pain: A Randomized 

Placebo-Controlled Trial Clinical Orthopedics and Related Research (2005) 



“Throw the life-
preserver out 

early: get better 
quicker, don’t 

dwell”
• 2006 Nike athletes started coming down & 

Whalen family introduced me to the Alter-G (also 

coincidently, shockwave research started!)
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High-Energy/Low-Energy

O OLD Terminology, Old machines!!!

O Current Terminology (since 2006): Focused

aka “ESWT” (true shockwaves) and radial

(RSW, SWT,rESWT) “sound/pressure” waves

O Most “shockwave” devices current in US 

market are radial devices ($16-26K)

O ESWT (focused) devices are $55+K (but 

have more indications beyond 

musculoskeletal, ie wounds, neuro, GU)



Energy levels: both can produce “High”
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How does it work?

O Causes pain, release & depletion of  

Substance P

O Creates micro-trauma, releases growth 

factors, neovascularization, re-introduces a 

healing response

O Can induce stem cell release in bony & fatty 

areas
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The Effects of SHOCK WAVE
O Reduces/eliminates 

pain

O Effect on nociceptors: 

→ c-fibres (slow)

O Inhibited by a-delta-fibres 

(fast)

O Analgesic effect

O Increases circulation 

and metabolism

O Stimulates 

neovascularization

O Stimulates tissue and 

bone growth

O Tissue engineering 

(mense)

O Biological mechano-

transduction

O Cell proliferation (neuland)

O Dissolves calcium 

deposits

O Reduces muscle tension

O Antibacterial effects



BIOLOGIC EFFECTS OF 
ACOUSTIC PRESSURE WAVES

• Disruption of cell membranes

• Neovascularization

• Stimulate osteoblasts, chondroblasts, macrophages



Biologic Effects of 
Acoustic Pressure Waves

ACOUSTIC WAVES 

BIO-CHEMISTRY

CJ Wang, MD 



Contraindications

O Coagulopathies

O NSAIDS, Gluco-Corticoid tx (wait 6 wks)

O Anti-coagulation therapy (coumadin, etc)?

O Tumors?

O Pregnancy?

O Open growth plates? RSW OK.

O Neurogenic seizure

O Neuropathy/Radiculopathy/Tarsal Tunnel? 
My have increased pain



Note:

O Some devices require gel &/or mineral oil 

between application area & device

O Local anesthetic decreases effectiveness

O Much more indications beyond US borders



Note:

O Changing a degenerative state to regenerate

O Creating acute inflammation

O Some data to show treatment of trigger 

points can be more helpful



Note:

O Patients’ response to pain can be variable 
but most have some temporary relief after 
each treatment

O Variable # of pulses/shocks, may need to 
space out more treatment sessions if not 
achieving therapeutic range

O Having more pain after treatment is not 
correlated w a better or worse response

O Can take 10-12 wks to see improvement 
after completion of treatment!



TIP:

O It’s like re-painting a wall…the colors take a 

while to match!

O Like painting, may need “touch-up” 

treatment @ 6 & 12 wks.

O Some athletes have used RSW during sports 

competition (half-time), daily, & “annually”



Working principle of focused and radial extracorporeal shock wave 
technology. 

In case of focused shock waves, single acoustic pulses are generated either 
with a spark-gap (electrohydraulic principle), a technology similar to a 
loudspeaker (electromagnetic principle) or piezocrystals (piezoelectric 
principle). 

By means of reflectors of certain shape, the acoustic pulses are converted 
into a focused acoustic pressure wave/shock wave with a point of highest 
pressure at the desired target within pathological tissue. 

In case of radial shock waves, a projectile is fired within a guiding tube that 
strikes a metal applicator placed on the skin. The projectile generates stress 
waves in the applicator that transmit pressure waves into tissue. 



Devices

O ESWT aka “focused”, ultrasonic

O RSW: radial, acoustic sound wave, 
“Extracorporeal Pulsed Activation Treatment” 
aka “EPAT”, RPW

O “V-actor”-vibration therapy used for muscle 
spasm/trigger point therapy

O Different applicator “tips” change depth 
penetration

O Getting FDA approved: “EMTT” Electromagnetic 
Transduction Therapy



Duolith (fESWT)



Orthopulse: RPW aka “EPAT”



Energy setting based on device

Bar Duolith(mJ/mm²) EnPuls (mJ) Condition

1 0.7 60

2 0.12 90

2.4 0.15 110 Achilles, medial tibial stress syndrome & other superficial areas (tennis elbow, patellar tendon, hip & elbow bursitis)

3 0.2 120

4 0.25 150 Plantar fascia, hamstring, muscle strains, rotator cuff

5 0.3 185

0.3-.55 Non-union, AVN, stress fractures (may need local anesthesia proximal to area)

Note: contraindication is coagulopathy, nsaids

Note: tx settings are typical but can be a range, usual session is 2500 pulses,larger areas can adjust up to 5000 pulses

Note: with Duolith apply mineral oil between head every 3 tx

Note: with Duolith, D Actor & Orthopulse, use ultrasound gel between applicator tip & patient's skin

Note: with EnPuls, may need blue cap for superficial areas (eg Achilles)& mineral oil (not US gel) between tip & skin

Note: radial devices can be used daily, but focused ESWT (Duolith) should be used 2-14 days apart for musculoskeletal & 4-6 wks for bone



Benefits

O Ideally, NO “downtime” for most conditions, 

no immobilization, (No Boot! -but some 

protection, ankle brace, orthosis), great for 

athletic & active patients

O Better not to use NSAIDS concurrently

O Few relative contra-indications 

(coagulopathies)



Note on study Levels

O Level I: highest (blinded, randomized, 

placebo-controlled)

O Level II- randomized, placebo controlled

O Level III- non-randomized, case-cohort, 

prospective

O Level IV: retrospective

O Level V: expert opinion



Have to use the best evidence!

1. Need to use facts & data

2. Resist the temptation to 

use unproven therapies

3. Do not try to gain fame 

(it’s not about you)



2018: 3 Excellent Reviews

O Moya et al. The Role of Extracorporeal 

shockwave treatment in musculoskeletal 

disorders. J Bone Joint Surg Feb 2018

O Reilly et al. Narrative review on the effect of 

shockwave treatment for management of 

upper and lower extremity musculoskeletal 

conditions. Phys Med Rehab 2018

O Hao et al. Meta-analysis for osteonecrosis 

femoral head. J Ortho Surg Res 2018



2019

O Borgstrom, Saxena & Tenforde

O Extra-corporeal shockwave therapy in lower 

limb





Acute Plantar Fasciitis 
(<6 wks)

O Rompe et al (2010) RCT.  ESWT vs. Plantar 

fascia specific stretching for acute plantar 

fasciitis (<6wks) showed that stretching is 

superior1. Level I

O Mardani-Kivi et al (2015) RCT. ESWT vs. 

Corticosteroid for acute plantar fasciitis 

(<6wks).  Corticosteroid injection showed 

more effectiveness for the acute condition2. 

Level II



Plantar Fasciitis tx “early” vs 
“traditional”)ie 6+mos

O Saxena et al (2016) Prospective analysis. 
Early implementation of RSWT on subacute 
plantar fasciitis  (for symptoms <3 months) 
vs. Standardized implementation of RSWT 
on chronic (>6months) plantar fasciitis was 
analyzed.  Better outcomes with early 
implementation with VAS and RM scores at 
12 months, faster RTA & significantly more 
likely to continue sport/activity 2017 J Foot 
Ankle Surg Level III



Chronic Plantar fasciitis (6+ mos) 
3 Level 1 Studies!!!

O Gollwitzer et al (2015) Multicenter RCT. Focused 
ESWT vs. Placebo showed favorable VAS and RM 
outcome of ESWT3. Level I

O Saxena et al (2013) Case-controlled study on 
athletes. Comparing endoscopic plantar fasciotomy
(EPF) vs. Focused ESWT.  EPF with better outcome 
but ESWT preferable since they can remain active 
during treatment4. Level II

O Gerdesmeyer et al (2008) RCT.  Radial ESWT vs. 
Placebo.  Radial ESWT with superior VAS and RM 
results5.  Level I

O Malay et al (2006) RCT.  ESWT vs. Placebo with better 
VAS outcome of ESWT6. Level I



Platinum Evidence!



Current protocol 

O Offer earlier after they’ve tried insoles, 

stretch, icing, nsaid (stop 6 wks before)

O ESWT 3-5 sessions

O Stretching arch

O Comfortable insoles/orthoses

O Foot & posture strengthening

O Ice as needed

O Tape, night splint?



Achilles Tendinopathy: 
3 Level 1 studies

O Saxena et al (2011). Prospective study.  RSW for para, 
proximal, and insertional Achilles tendinopathy. 
Significant improvement in RM score for Achilles 
tendinopathy7. 75% effective Level III

O Rompe et al (2009). RCT. RSWT vs. Eccentric + ESWT 
with favorable outcome for the combined group8. Level I

O Rompe et al (2008).  RCT. RSWT vs. eccentric loading.  
Better outcome for ESWT9. Level I

O Rasmussen et al (2008). RCT. ESWT vs. Placebo ESWT.  
Better outcome with the ESWT10. Level I

O Furia (2008). Case control study. RSWT vs. Control 
(traditional conservative method).  Better outcome with 
ESWT11. Level III





2019: Musc Lig Tend Journal



ESWT & RSW for Achilles

O Saxena et al 2019  Musc Lig Tend J Combined 
treatment is better compared to just RSW

O 38 pts tx w both, 7 had surgery after (1 prior), 7 
lost to f/u. 24 all RTA w sig improvement

O Statistical improvement at 3 mos w VAS & RM 
scores, and sig better at 12+ mos post-tx

O So far, compared to radial studies, adding ESWT 
appears better

O 50% were pain-free & at 100% activity level @ 
1+ yr



Medial Tibial Stress Syndrome 
(Shin Splints)

O Rompe et al (2010) Retrospective cohort 

study. Radial ESWT + home training program 

vs. Home training program only.  ESWT 

combined group out-performed the other 

group12. Level II

O Moen et al (2012) Prospective study 

comparing ESWT w a gradual RTRunning

program. RTA sig faster (P=.008, 60 vs 

92days) 15 Level II



Medial Tibial Stress Fracture: 
17 Wks later, Olympic Gold



44



45



17 yo HS football player re-frx
Sept of Sr yr Tx 3x 0.30mJ/mm²



RTA Bootx2 wks, Practice in 6 wk, 
played 6 games inc state champs



Type 1 NSF x6 mos in elite 
sprinter(need <1mm cuts)



Healed in 3 mos, 6wks NWB BK  boot &3 
Tx w ESWT @ .40mJ/mm², 2500 pulses



Sesamoiditis

O One series reported in the literature.

O Saxena et al (2017) JFAS “prospective” 

analysis-pilot study.  ESWT treatment for 

sesamoidopathy with failed other 

conservative treatments. 90% RTA. Stat sig 

improvements in both VAS and RM score.  

Mean return to activity 10.1±15.6 weeks 

(biased by 1 pt who waited a year to RTA!-

really only 5wks). Level III





Non-Unions

O Furia et al (2010) Retrospective cohort. 

ESWT vs. Intramedullary screw for 5th

metatarsal metaphyseal-diaphyseal fracture 

non-union treatment.  ESWT showed 

comparable results13. Level I

O Cacchio et al (2009) Prospective, 

randomized, multicenter trial.  ESWT vs. 

surgical treatment for long-bone non-unions.  

Found comparable results14. Level I
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9 mos non-union:
Tx 2x @ .40mJ/mm²

O Still healed @ 6 mos

O Ongoing study of midfoot non-unions in 
Seattle, WA . R Bouché, DPM (86% healed)

O IRB @ PAMF: 188 Lisfranc’s fusions: Non-
union 9.6% 1st TMT, 2nd TMT 5.6%, 3rd TMT 
2.1%, NC 15.9%
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Current Studies on wounds

O Hitchman LH, Totty JP, Raza A, Cai P, Smith GE, 
Carradice D, Wallace T, Harwood AE, Chetter IC. 
Extracorporeal Shockwave Therapy for Diabetic 
Foot Ulcers: A Systematic Review and Meta-
Analysis. Ann Vasc Surg. 2019 Apr;56:330-339.

O Galiano R, Snyder R, Mayer P, Rogers LC, Alvarez O. 
Focused shockwave therapy in diabetic foot 
ulcers: secondary endpoints of two multicentre
randomised controlled trials. J Wound Care. 2019 
Jun 2;28(6):383-395



55 yo F,  3 
cm wound 

non-smoker 
S/p BCC 
excision 

4/19, non-
healing after 

wide-
excision 1/20

O Re-bx of wound negative

O Small peroneal artery 

blockage re-vascularized 

2/20

O Hx of VV ligation 

O Lymphedema

O Normal BMI

O Not Diabetic!



Start of ESWT: 
lateral ankle



After 6 
ESWT 1000 
pulses@.10
mJ/mm² & 

RSW 1500 @ 
1.0 Bar, 4-

8Hz



Initial PICO @ 
1wk



2 wks after 
PICO & Grafix
Use VAC codes 

& new CPT 
tracking codes



August 2020



PLATINUM LEVEL OF 
EVIDENCE

O With so many positive Level I-III studies, 

Cochrane Reviews has designated “Platinum 

Standard” beyond “Gold Standard”

O Nothing else this rigidly studied in 

musculoskeletal medicine

O At least 9 Level I, 4 Level II & 4 Level III Foot 

& Ankle studies…what are people waiting 

for?



The Future:

O ESWT, RPW & EMTT, plus appropriate 

eccentrics (avoid negative for 

insertional) and heel cushions/insoles

O Other tendinopathies such as Post Tib 

(JFAS 2020 Tenforde et al) & 

Peroneal(underway)



The Future: “EMTT” (Electromagnetic 
Transduction Therapy aka PEMF)



2017 J Foot Ankle Surg



EMTT & Achilles

O Cohort study comparing 1cm heel cushion to 8 

sessions of EMTT plus heel cushion

O Gerdesmeyer et al 2017 JFAS

O Eval @ 12 wks, no increase in activity level

O Significant improvement in both groups with VAS 

& RM, but significantly better with adding EMTT

O FDA approval

O Other studies published on shoulder, knee & 

back pain
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