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Although ESWT has been trialled in several tendons and fascial structures, there have been no 
randomised controlled trials in the Achilles tendon.In other structures ESWT when compared
to placebo decreases pain, but may be beneficial in relieving pain while rehabilitation of the
musculotendinous structures continues.

Alfredson and Cook 2007; Br J Sports Med 41:211-216
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ShockShock Wave Treatment   Wave Treatment   

This is the first prospective pilot study performed to evaluate the effect of radial 
shockwave therapy in patients with unsuccessfully pretreated Achilles tendinosis. Forty
Achilles tendons (Achilles tendinosis) were treated 3 – 5 times by radial shockwave
therapy in a one-week interval setting. 

Lohrer et al. 2002; Sportverl Sportschad 16: 108

• „Clinical Focusing“
• 5x in weekly intervals
• Follow-up up to 52 weeks after SWT

• Radial shock wave treatment
• 2000 impulse, 2-4 bar
• No local anaesthesia
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ShockShock Wave Treatment  Wave Treatment  

Tassery and Allaire 2003; FIBA Assist Mag 1: 57

• Radial shock wave treatment
• 2000 impulses, 2 - 2.5 bar
• No local anaesthesia
• „Clinical Focusing“
• 3x in weekly intervals
• Follow-up 6 weeks after SWT
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ShockShock Wave TreatmentWave Treatment

A prospective, randomized, double-blind, controlledclinical trial was performed in 102 subjects
affected by intractablenon-insertional Achilles tendinopathy, to compare the outcomes of a 
standard treatment with ESWT in the painful segment of the Achilles tendon. All patients had
failed to improve after current conservative treatments.

At 6 months of follow-up: in the ESWT group 79.2% good/fair; in the placebo group 46.6% 
good/fair.

Astore et al. 2004; Isokinetic Congress Report

• Focused shock wave treatment
• 2000 impulsea, 0.25 mJ/mm²
• No local anaesthesia
• „Clinical Focusing“
• 3x in weekly intervals
• Follow-up 24 weeks after SWT
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ShockShock Wave Treatment Wave Treatment 

• Focused shock wave treatment
• 3000 Impulse, 0.2 mJ/mm²
• No local anaesthesia
• „Clinical Focusing“
• 1x
• Follow-up 12 weeks after SWT
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Thirty-five patients with chronicinsertional Achilles tendinopathy were treated with 1 dose of 
high-energy extracorporeal shock wave therapy and 33 were treated with nonoperative therapy
(control group). 
One month, and 3 months, and 12 months after treatment, the mean visual analog score for
the control and ESWT groups were 8.2 and 4.2 (P < .001), 7.2 and 2.9 (P < .001), and 7.0 and 
2.8 (P < .001), respectively.
Twelve months after treatment, the number of patients with successful Roles and Maudsley
scores was statistically greater in the ESWT group compared with the control group.

Furia 2006; Am J Sports Med 34:733
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ShockShock Wave Treatment Wave Treatment 

Forty-nine patients with chronic Achilles pain were enrolled in a double-blind randomized
placebo-controlled trial. Each patient was treated once a month for 3 months. The primary
outcome measure was a reduction in Achilles tendon painduring walking.

At 4 weeks after the last intervention, we found no difference in pain relief between the
shock wave therapy group and the control group. There weretwo patients with tendon
ruptures in the treatment group.

These results provide no support for the use of shock wavetherapy for treatment of patients with
chronic Achilles tendon pain. 

Costa et al. 2005; Clin Orthop 440: 199

• Focused shock wave treatment
• 1500 Impulse, 0.2 mJ/mm²
• No local anaesthesia
• „Clinical Focusing“
• 3x in  monthly intervals
• Follow-up 4 weeks after SWT

O
rthoT

raum
a

E
valuation

Center Mainz



What can shock wave treatment do EXPERIMENTALLY ?What can shock wave treatment do EXPERIMENTALLY ?

What can shock wave treatment do CLINICALLY ?What can shock wave treatment do CLINICALLY ?
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WhyWhy ShockShock Wave Treatment ?Wave Treatment ?



Low-energy SWT
0.10 mJ/mm²

High-energy SWT
0.60 mJ/mm²

ShockShock Wave TreatmentWave Treatment

maymay harmharm thethe Achilles Achilles tendontendon in a in a dosedose--dependentdependent mannermanner
(2000 x 0.08 mJ/mm(2000 x 0.08 mJ/mm²² vs. 0.60 mJ/mmvs. 0.60 mJ/mm²²))

RompeRompe et al. 1998; JBJS 80et al. 1998; JBJS 80--B: 546B: 546

••
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SWT (4 weeks)

x40

Controls

VEGF

x40

LowLow--energyenergy SWTSWT

•• inducesinduces neovascularizationneovascularization at at thethe Achilles Achilles tendontendon--bonebone
junctionjunction (500 x 0.12 mJ/mm(500 x 0.12 mJ/mm²²))

Wang et al. 2003; J Wang et al. 2003; J OrthopOrthop Res 21: 984Res 21: 984

SWT
500 shocks
3 weeks

••

Control
3 weeks

inducesinduces healinghealing, , formationformation of of capillariescapillaries and and improvesimproves
tensiletensile strengthstrength of of thethe Achilles Achilles tendontendon afterafter a a stabstab injuryinjury
(0.16 mJ/mm(0.16 mJ/mm²²))

OrhanOrhan et al. 2004; JBJS 86et al. 2004; JBJS 86--B: 613B: 613
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LowLow--energyenergy SWTSWT

SWT
200 shocks
at 12 weeks

SWT
500 shocks
at 12 weeks

SWT
1000 shocks
at 12 weeks

•• inducesinduces healinghealing of of collagenasecollagenase--inducedinduced Achilles Achilles tendinitistendinitis
in a in a dosedose--dependentdependent mannermanner (0.16 mJ/mm(0.16 mJ/mm²²))

Chen et al. 2004; J Chen et al. 2004; J OrthopOrthop Res 22: 854Res 22: 854

Control
at 12 weeks

improvesimproves thethe healinghealing rate and rate and tensiletensile strengthstrength of of thethe
tendontendon--bonebone interfaceinterface in a in a bonebone tunneltunnel modelmodel (500 x 0.12 mJ/mm(500 x 0.12 mJ/mm²²))

Wang et al. 2005; J Wang et al. 2005; J OrthopOrthop Res 23:274Res 23:274

••

Shock waves

Controls

FT

FT

T

TB

Control, 12 wks

T TBTB

SWT, 12 wks
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LowLow--energyenergy SWTSWT

•• reducesreduces necrosisnecrosis in a in a compromisedcompromised -- skinskin -- flapflap modelmodel
(1500 x 0.15 mJ/mm(1500 x 0.15 mJ/mm²²))

MeirerMeirer et al. 2005; Br J Plast et al. 2005; Br J Plast SurgSurg 58: 5358: 53

MeirerMeirer et al. 2007; J et al. 2007; J ReconstrReconstr MicrosurgMicrosurg 23: 23123: 231

epigastric art.

_

Control SWT

•• inducesinduces collateralcollateral vesselsvessels and and amelioratesameliorates ischemiaischemia--inducedinduced

myocardialmyocardial dysfunctiondysfunction (3x 4000 x 0.09 mJ/mm(3x 4000 x 0.09 mJ/mm²²))

NishidaNishida et al. 2004; et al. 2004; CirculationCirculation 110: 3055110: 3055

FukumotoFukumoto et al. 2006; Cor et al. 2006; Cor ArteryArtery Dis 17: 63Dis 17: 63

Control Control 4wks SWT SWT, 4 wks
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LowLow--energyenergy SWTSWT

•• inducesinduces healinghealing of of infectedinfected skinskin defectsdefects (5x 2000 x 0.06 mJ/mm(5x 2000 x 0.06 mJ/mm²²))

Schaden et al. 2005; ISMST Schaden et al. 2005; ISMST ViennaVienna

7 weeks

12 weeks

3 weeks

10 days

3 weeks

8 weeks

O
rthoT

raum
a

E
valuation

Center Mainz



O
rthoT

raum
a

E
valuation

Center Mainz

WhyWhy ShockShock Wave Treatment ?Wave Treatment ?

What can shock wave treatment do EXPERIMENTALLY ?What can shock wave treatment do EXPERIMENTALLY ?

What can shock wave treatment do CLINICALLY ?What can shock wave treatment do CLINICALLY ?

•• Achilles Achilles TendinopathyTendinopathy



Eccentric loading, shock wave treatment, or a waitEccentric loading, shock wave treatment, or a wait--andand--
see policy for see policy for tendinopathytendinopathy of the main body of of the main body of tendotendo

AchillisAchillis: a randomized controlled trial: a randomized controlled trial

Jan D. Jan D. RompeRompe, Bernhard , Bernhard NafeNafe, John , John FuriaFuria, Nicola , Nicola MaffulliMaffulli
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Am J Sports Med 2007; 35:374-383

Trial # 1Trial # 1



LowLow--energyenergy SWT SWT 

Randomized
(n= 75)

Eccentr. Loading
(n= 25)

Shock Wave
(n= 25)

Wait-and-See
(n= 25)

Follow-Up 4 Months
(n= 22)

Follow-Up 4 Months
(n= 23)

Follow-Up 4 Months
(n=21)

ComputerComputer--generatedgenerated randomrandom numbernumber listlist
SubjectsSubjects randomizedrandomized intointo blocksblocks

3 3 GroupsGroups
BlindedBlinded ObserverObserver

Evaluation: Evaluation: OnOn--IntentionIntention--toto--TreatTreat
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•• TendinopathyTendinopathy

•• Body of Body of tendotendo AchillisAchillis

•• Painful > 6 MonthsPainful > 6 Months

•• > 3 conservative therapies > 3 conservative therapies 

(Local injection mandatory)(Local injection mandatory)

•• Pain > 4 on NRS [0Pain > 4 on NRS [0--10]10]

•• No rupture in ultrasound / MRINo rupture in ultrasound / MRI

InclusionInclusion CriteriaCriteria

C

AT

5.1 mm

C

AT

12.2 mm

12.8 mm

5.
1 

m
m

Tendinopathy



Group 1: Group 1: EccentricEccentric LoadingLoading

Seventy-eight consecutive patients, having chronic painful Achilles tendinosis at the mid-
portion (2-6 cm level) in 101 Achilles tendons were treated with eccentric calf-muscle training
for 12 weeks. 
In 90 of the 101 Achilles tendons (89%) with chronic painful mid-portion Achilles 
tendinosis, treatment was satisfactory and the patients were back on their pre-injury
activity level after the 12-week training regimen. In these patients, the amount of pain
during activity, registered on the VAS-scale decreased significantly from 6.7 to 1.0.

Fahlstrom et al. 2003; Knee Surg Sports Traumatol Arthrosc 11: 327
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•• RadialRadial shockshock wavewave treatmenttreatment
•• 2,000 2,000 impulsesimpulses, 0.12 mJ/mm, 0.12 mJ/mm²²
((~ pressure of 2.5 bar)~ pressure of 2.5 bar)

•• No No locallocal anaesthesiaanaesthesia
•• „„ClinicalClinical FocusingFocusing““
•• 3x in 3x in weeklyweekly intervalsintervals

Group 2: Group 2: ShockShock Wave TreatmentWave Treatment

Swiss Swiss DolorclastDolorclast, EMS, , EMS, SwitzerlandSwitzerland
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Group 3: Group 3: WaitWait--andand--SeeSee

Patients allocated to thewait-and-see policygroup visited their family doctor once during the
intervention period of 6 weeks. Activities that provoked pain, and practical solutions (including
ergonomic advice) were discussed with the patient. If necessary, paracetamol (2000-4000 mg 
daily) or non-steroidal anti-inflammatory drugs (NSAIDs, naproxen 1000 mg daily) were
prescribed. The patient was encouraged to await furtherspontaneous improvement.

Smidt et al. 2002; Lancet 359: 657

•• 1 1 furtherfurther visitvisit duringduring 33--month month periodperiod
•• PracticalPractical adviceadvice
•• ControlControl of of runningrunning shoesshoes ((overover--pronationpronation))
•• ShoeShoe insertsinserts
•• ConventionalConventional stretchingstretching exercisesexercises
•• ParacetamolParacetamol (2000 mg/d) (2000 mg/d) oror
•• NaproxenNaproxen (1000 mg/d)(1000 mg/d)
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OutcomeOutcome AssessmentAssessment

VISAVISA-- A Score (0 A Score (0 pointspoints -- 100 100 pointspoints))

Pain Threshold: Pain Threshold: minimum pressure (kg) which induced minimum pressure (kg) which induced 
pain in the most tender areapain in the most tender area

1111--point point NumericNumeric RatingRating ScaleScale (NRS) (0 [best] (NRS) (0 [best] –– 10 [10 [worstworst])])

66--point LIKERT point LIKERT scalescale (1 [best] (1 [best] –– 6 [6 [worstworst])])

AlgometerAlgometer
(Pain Test-Model FPK, 

Wagner Instruments, Greenwich, CT)
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ResultsResults: Main : Main OutcomeOutcome MeasureMeasure

VISAVISA--AA
ScoreScore

0

50

100

0 4 Mo

Ecc. Loading

Shock Wave

Wait-and-See

5151 5050

7676

5555

%

N.S.

p= 0.002

4848

7070N.S.

N.S.

N.S.

p< 0.001

OnOn--IntentionIntention--toto--TreatTreat
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ResultsResults: : SecondarySecondary OutcomeOutcome MeasuresMeasures

PainPain
ThresholdThreshold

0

1

2

3

4

5

0 4 Mo

Ecc. Loading

Shock Wave

Wait-and-See

1.51.5

2.82.8

1.41.4
1.61.6

3.13.1

2.12.1

kg

N.S.

N.S.

N.S.

p< 0.001

p= 0.008

N.S.

OnOn--IntentionIntention--toto--TreatTreat
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ResultsResults: : SecondarySecondary OutcomeOutcome MeasuresMeasures

PainPain

0

5

10

0 4 Mo

Ecc. Loading

Shock Wave

Wait-and-See

7.27.2

4.04.0

6.96.9

7.97.9

3.63.6

6.06.0

NRS

N.S.

N.S.

N.S.

p< 0.001

p= 0.001

N.S.

OnOn--IntentionIntention--toto--TreatTreat
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ResultsResults: : SecondarySecondary OutcomeOutcome MeasuresMeasures

LikertLikert--
ScaleScale

1

2

3

4

5

6

0 4 Mo

Ecc. Loading

Shock Wave

Wait-and-See

5.35.3

2.92.9

4.84.8 4.84.8

2.72.7

4.34.3

N.S.
N.S.

N.S.

p< 0.001

p= 0.001

N.S.

60%60% vs. vs. 53%53% vs. vs. 24%24% reportedreported 1 1 oror 2 2 pointspoints on on thethe LIKERT LIKERT ScaleScale

Worst

Best

OnOn--IntentionIntention--toto--TreatTreat

O
rthoT

raum
a

E
valuation

Center Mainz



ResultsResults: 12 : 12 MonthsMonths
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SummarySummary II

WaitWait--andand--SeeSee in in chronicchronic patientspatients no no betterbetter thanthan placeboplacebo effecteffect, , 
≤≤ 30%30%

EccentricEccentric loadingloading and and lowlow--energyenergy SWT SWT comparablycomparably successfulsuccessful, , 
≤≤ 60%60%

ConcernsConcerns: : eccecc. . loadingloading –– conceptconcept hardhard to to standardizestandardize
–– problemproblem of of compliancecompliance

SWT SWT –– costcost considerationsconsiderations
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SummarySummary IIII

LowLow--energyenergy SWT SWT isis NOT SUCESSFUL NOT SUCESSFUL underunder all all circumstancescircumstances

chronicchronic patientspatients onlyonly
repetitiverepetitive, 3x in , 3x in weeklyweekly intervalsintervals
2000 2000 lowlow--energyenergy impulsesimpulses
clinicalclinical focusingfocusing, , NO NO locallocal anaesthesiaanaesthesia
followfollow--upup 12 12 weeksweeks afterafter last SWTlast SWT

Forty-nine patients with chronic Achilles pain were enrolled in a double-blind randomized
placebo-controlled trial. Each patient was treated once a monthfor 3 months. 
At 4 weeks afterthe last intervention, we foundno difference in pain relief between the shock
wave therapy group and the control group.

Costa et al. 2005; Clin Orthop 440: 199
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SummarySummary IIIIII

EccentricEccentric loadingloading isis NOT SUCCESSFUL NOT SUCCESSFUL underunder all all circumstancescircumstances

lessless effectiveeffective in in sedentarysedentary patientspatients

We studied the effects of eccentric exercises in 34 sedentary non-athletic patients with Achilles 
tendinopathy. 
19 patients (60%) improved with the eccentric exercise regimen. The overall average VISA-
A scores at latest follow up was 50. 

Sayana and Maffulli 2006; J Sci Med Sport; Epub ahead of print
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WhatWhat areare thethe alternatives ?alternatives ?
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Debridement
(+ Plantaris Augmentation)

Percutaneous
Tenotomies



We matched each of the 61 nonathletic patients with a diagnosis of tendinopathy of the Achilles 
tendon with an athletic patient with tendinopathy of the main body of the Achilles tendon of the
same sex and age (+/-2 years). A match was possible for56 patients (23 males and 33 females). 
All patients undwerwent open surgery for Achilles tendinopathy.

Of the 48 nonathletic patients, 9 underwent further surgery during the study period, and only 25 
(52%) reported an excellent or good result at 3-year follow-up. Of the 45 athletic subjects, 4 
underwent further surgery during the study period, and 36 (80%) reported an excellent or good 
result. 

Nonathletic subjects experience more prolonged recovery, more complications, and a 
greater risk of further surgery than athletic subjects with recalcitrant Achilles 
tendinopathy.

Mafulli et al. 2006; Clin J Sport Med 16: 123

WhatWhat areare thethe alternatives ?alternatives ?
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SurgerySurgery isis NOT SUCCESSFUL NOT SUCCESSFUL underunder all all circumstancescircumstances



Eccentric loading versus shock wave treatment Eccentric loading versus shock wave treatment 
for chronic for chronic tendinopathytendinopathy of the insertion of of the insertion of tendotendo AchillisAchillis: : 

a randomized controlled triala randomized controlled trial

Jan D. Jan D. RompeRompe, John , John FuriaFuria, Nicola , Nicola MaffulliMaffulli
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Trial # 2Trial # 2

J Bone Joint Surg [Am] 2007; in press



LowLow--energyenergy SWT SWT 

Randomized
(n= 50)

Eccentr. Loading
(n= 25)

SWT
(n= 25)

Follow-Up 4 Months
(n= 22)

Follow-Up 4 Months
(n=23)

ComputerComputer--generatedgenerated randomrandom numbernumber listlist
SubjectsSubjects randomizedrandomized intointo blocksblocks

2 2 GroupsGroups
BlindedBlinded ObserverObserver

Evaluation: Evaluation: OnOn--IntentionIntention--toto--TreatTreat
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•• TendinopathyTendinopathy

•• Insertion of Insertion of tendotendo AchillisAchillis

•• Painful > 6 MonthsPainful > 6 Months

•• > 3 conservative therapies > 3 conservative therapies 

(Local injection mandatory)(Local injection mandatory)

•• Pain > 4 on NRS [0Pain > 4 on NRS [0--10]10]

•• No rupture in ultrasound / MRINo rupture in ultrasound / MRI

InclusionInclusion CriteriaCriteria

AT

C



Group 1: Group 1: EccentricEccentric LoadingLoading

Seventy-eight consecutive patients, having chronic painful Achilles tendinosis at the mid-
portion (2-6 cm level) in 101 Achilles tendons were treated with eccentric calf-muscle training
for 12 weeks. 
In 90 of the 101 Achilles tendons (89%) with chronic painful mid-portion Achilles 
tendinosis, treatment was satisfactory and the patients were back on their pre-injury
activity level after the 12-week training regimen. In these patients, the amount of pain
during activity, registered on the VAS-scale decreased significantly from 6.7 to 1.0.

Fahlstrom et al. 2003; Knee Surg Sports Traumatol Arthrosc 11: 327
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•• RadialRadial shockshock wavewave treatmenttreatment
•• 2,000 2,000 impulsesimpulses, 0.12 mJ/mm, 0.12 mJ/mm²²
((~ pressure of 2.5 bar)~ pressure of 2.5 bar)

•• No No locallocal anaesthesiaanaesthesia
•• „„ClinicalClinical FocusingFocusing““
•• 3x in 3x in weeklyweekly intervalsintervals

Group 2: Group 2: ShockShock Wave TreatmentWave Treatment

Swiss Swiss DolorclastDolorclast, EMS, , EMS, SwitzerlandSwitzerland
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ResultsResults: Main : Main OutcomeOutcome MeasureMeasure

VISAVISA--AA
ScoreScore

0

50

100

0 4 Mo

Ecc. Loading

Shock Wave
5353 5454

6363

% p= 0.005

8080
N.S.

OnOn--IntentionIntention--toto--TreatTreat
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ResultsResults: : SecondarySecondary OutcomeOutcome MeasuresMeasures

LikertLikert--
ScaleScale

1

2

3

4

5

6

0 4 Mo

Ecc. Loading

Shock Wave

5.45.4

2.82.8

4.94.9

3.73.7

N.S.

p= 0.004

28%28% vs. vs. 64%64% reportedreported 1 1 oror 2 2 pointspoints on on thethe LIKERT LIKERT ScaleScale

Worst

Best

OnOn--IntentionIntention--toto--TreatTreat
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50 patients with a chronic recalcitrant insertional Achilles tendinopathy were enrolled in a 
randomized controlled study to compare the effectiveness of two management strategies: Group 1: 
eccentric loading; Group 2: repetitive low-energy shock wave therapy(SWT).

At 4 months from baseline, for all outcome measures, group 1 and 2 differed significantly in 
favor of SWT. On the LIKERT scale 28% of Group 1, and 64% of Group 2 reported “completely 
recovered” or “much improved”. 

SummarySummary

EccentricEccentric loadingloading isis NOT SUCCESSFUL NOT SUCCESSFUL underunder all all circumstancescircumstances

lessless effectiveeffective in in insertionalinsertional Achilles Achilles tendinopathytendinopathy
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WhatWhat areare thethe alternatives ?alternatives ?
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Musculoskeletal SWTMusculoskeletal SWT

has completely gone beyond the concept of pure physical and has completely gone beyond the concept of pure physical and 
mechanical implications known from lithotripsy of kidney stonesmechanical implications known from lithotripsy of kidney stones

produces biological healing responses at the tissue level, incluproduces biological healing responses at the tissue level, including ding 
the induction of the induction of neovascularizationneovascularization associated with increased associated with increased 
expression of expression of angiogenicangiogenic growth factors growth factors -- BIOSURGERYBIOSURGERY

has demonstrated good outcomes in 50has demonstrated good outcomes in 50--60% of various refractory 60% of various refractory 
tendinopathiestendinopathies within 3within 3--6 months in numerous 6 months in numerous RCTsRCTs

is safe, noninvasive and, when performed adequately, is associatis safe, noninvasive and, when performed adequately, is associated ed 
with virtually no side effects / morbiditywith virtually no side effects / morbidity

circumvents the need for immobilization and restricted weight circumvents the need for immobilization and restricted weight 
bearing, usually there is no lost time from workbearing, usually there is no lost time from work

TakeTake--homehome MessageMessage


