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Shoeck Wave Treatment for
Achilles Tendinopathy

Jan D. Rompe, MD
Professor of Orthopaedics
OrthoTrauma Evaluation Center
Mainz, Germany
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Glyceryl Trinitrate Patches

quticoid Injections
gclerosing

Surgical Revision

Alfredson and Cook 2007; Br J Sports Med 41:211




to placebo decreases pain, but may be beneficial inviefiepain while rehabilitation of the
musculotendinous structures continues.

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

Patient presents
with mid tendon pain

|' Exclude rupture, evaluate peritendinous structures

[ Begin Alfredson’ s heel-drop exercise program

6-12 weeks

1
Respond
Continue maintenance exsrcise
6-12 months

1. Continue exercise, evaluate and treat kinstic chain
Modify load, Consider GTN patch
6-12 wesks

2. Continue exercise, add biomechanical assessmeant,
massage and electrotherapy. Continue GTN patch

-

3. Continue exercise 4
such 25 LS|

L%

4. Sclerosing treatment
812 wesks

5. Surgery




Scandinavian Members ?

INTERNATIONAL SOCIETY FOR
MUSCULOSKELETAL SHOCKWAVE THERAPY
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Shoclc Wave Treatment
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Before After shockwave tre \
treatment
1 wee ‘ weeks 26 weeks 52 weeks
Achillodynia ‘

Pain at rest (VA “iﬁl.ﬂ** 0.3+1.3%%* 0.110.3%%* 0.1+0.2%%* 0.110.3%%*
Pain threshold (V .6 27.5£10.9%*% 31.2+13.4%% 38.4+11.8%*% 43.319.1%%* 41.9+11.6%*

Tenderness 6.713.2 2.613.6%* 1.813.4%% 0.711.8%%* 0.5+1.8%%* 0.912.6%%*

(30 N, VAS)
Load-induced pain 7.841.7  2.2+42.5%%  13422%E>  05+1.1%*F  0.4+1.0%*  0.7+1.6%*

(VAS)

Pain-free running time ((4.44+18.5 63.0£37.0%* 75.4438.1%) 87.5435.2%% 96.7434.7*%*% 90.0+43.0%*

(min)

e Radial shock wave treatment ® ,,Clinical Focusing”

* 2000 impulse, 2-4 bar * 5x in weekly intervals
e No local anaesthesia * Follow-up up to 52 weeks after SWT




Shoclk Wave Treatment
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DOCTORS. TRAINERS AND CONDITIONING COACHES

= RADIAL SHOCK
K\ AVES FOR THE

&I TREATMENT TO THE
- LOWER LIMBS \

S\ Observations
Acilles tendinitis 17 high-level athletes

n=237 33 |4
no. of sessions: 3 17 very good results

i Tassery and Allaire 2003; FIBA Assist Mag 1: 57

by Thierry &llaire

the team doctor for the
Division | men's basket-
ball team, St. Thomas Le
Havre, and the doctor for

Rt | e Radial shock wave treatment
. lassery 1 @ member

A sl ° 2000 impulses, 2 - 2.5 bar
T :

e ~ e No local anaesthesia

Physiotherapists,
Doctors, and

; S S S 7
Chirepodists (ACKMPBI. o 1 1 F
,Clinical Focusing
In the early 1990s, medi- . .
cal machines originally used in the field of urology for  compressor, are administered through contact with the (] 3 kl t 1
breaking up kidnay stones (lithotripsy] were increasingly  skin and penetrate the tissue to 4 depth of 3 to 4 s X ln Wee y ln erva S
usad to treat pseudarthrosis and break up intra-tendinous  possible to treat suparficial lesions to the so sues wi

ThEIn:-;:dial shock wave davice used by us, the "Swiss k;::f;' 'R ARy Ao O Tdning eele n. : b FOIIOW-UP 6 Weeks after SWT

Dolorclast™ (Electranic Radial System-EMS) produces so-  The treatment easas inflammation in afflictad area and
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affected by intractableon-insertional A
standard treatment with ESWT in
failed to improve after curren

At 6 months of f T grougoodfair; in the placebo group 46.6%

good/fair.

Astore et al. 2004; Isokinetic Congress Report

e Focused shock wave treatment
* 2000 impulsea, 0.25 m]/mm?

e No local anaesthesia

¢ ,Clinical Focusing”

* 3x in weekly intervals

* Follow-up 24 weeks after SWT




Shoclk Wave Treatment
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Thirty-five patients with chroniensertional Achilles_te
high-energy extracorporeal shock wave thertap
(control group).

One month, and 3 months, and
the control and ESWT gr
2.8 (P <.001), res '
Twelve mont

eater in the ESWT group caetpaith the control group.

Furia 2006; Am J Sports Med 34:733

] e Focused shock wave treatment

I ] * 3000 Impulse, 0.2 mJ/ mm?

L I e No local anaesthesia
pre 1 month | 3 months |12 months|

treatment

_— R
WMESWT | 7.9 42 2.9 2.8 e Clinical FOCUSIHg

O Control 8.6 8.2 7.2 7 PY 1X
OLA 7.3 4.3 3.2 3.2

mna | 82 [ 42 [ 21 | 26 * Follow-up 12 weeks after SWT

Time of Follow-up




Shoclk Wave Treatment
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Forty-nine patients with chronic Achilles pain were etedlin a double-blind randomize
placebo-controlled trial. Each patient wasated once a month for 3 months The primary
outcome measure was a reduction in Achilles tendonghaiimg walking.

At 4 weeks after the last intervention, we founin pain relief between the
shock wave therapy group and the control group. THiere werdwo patients with tendon

ruptures in the treatment group.

These results provide no support for the use of shock wearapy for treatment of patients wit

chronic Achilles tendon pain.
Costa et al. 2005; Clin Orthop 440: 199

e Focused shock wave treatment
* 1500 Impulse, 0.2 mJ/ mm?

e No local anaesthesia

¢ ,Clinical Focusing”

* 3x in monthly intervals

* Follow-up 4 weeks after SWT




Why Shock Wave Treatment ?
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What can shoeck wave treatment do EXPERIMENTALLY ?

What can shock wave treatment do CLINICALLY ?2




Shoclc Wave Treatment
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« may harm the Achilles tendon in a dose-dependent manner

(2000 x 0.08 mJ /mm? vs. 0.60 m]J/mm?)

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

Low-energy SWT
0.10 mJ/mm?

High-energy SWT
0.60 mJ/mm?



Low-energy SWT
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o induces neovascularization at the Achilles tendon-bene

junction (500 x 0.12 mJ,/mm?)
Wang et al. 2003; ] Orthop Res 21: 984

o induces healing, formation of capillariess and improves

tensile strength of the Achilles tendon atter a stab injury
(0.16 mJ;/mm?)

Control
3 weeks 500 shocks
3 weeks




Low-energy SWT
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» induces healing of collagenase-induced Achilles tendinitis

in a dose-dependent manner (.16 mj/mm
Chen et al. 2004; ] Orthop Res 22: 854
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at 12 weeks 200 shocks 500 shocks 1000 shocks
at 12 weeks at 12 weeks at 12 weeks

« improves, the healing rate and tensile strength of the

tendon-bone interface in a bone tunnel model Eoox 012 mj/mm
Wang et al. 2005; ] Orthop Res 23:274
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Low-energy SWI
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e reduces necrosis in a compromised - skin - tlap model S v
(1500 x 0.15 mJ/ mm?)

Meirer et al. 2005; Br | Plast Surg 58: 53
Meirer et al. 2007; ]| Reconstr' Microsurg 23: 231

— .-

<

o induces collateral vessels and ameliorates ischemia-induced

myocardial dysfunction (3x 4000 x 0,09 mJ,/mm?)
Nishida et al. 2004; Circulation 110: 3055
Fukumoto et al. 2006; Cor Artery Dis 17: 63

G
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Low-energy SWT
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. mduces healing of infected skin detects x2000x0.06.m/mm)
Schaden et al. 2005; ISMST' Vienna
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ClinicalTrials.gov

A service of the L. 5. National Institutes of Health

Help us improve — complete our brief su

Home | Search | Listings | Resources |

Safety & Efficacy Study for the Use of Extracorporeal Shockwaves in the Treatment of
Diabetic Foot Uleers

This study is currently recruiting patients.
Verified by Tissue Regeneration Technologies August 2006

Sponsored by: Tissue Regeneration Technologies
Information provided by: Tissue Regeneration Technologies
ClinicalTrials.gov Identifier: NCT00366132

Purpose

dtertls 1108

The purpose of this clinical study is to compare the safety and effectiveness of shockwave treatment combined with
standard-of-care treatment, to standard-of-care treatment alone to induce healing of a chronic plantar foot ulcer in
subjects with diabetes mellitus. For the purpose of this study, the definition of plantar foot ulcer is a wound or open
sore that involves the plantar(bottom) aspect of the foot, and the definition of chronic is a duration of 6 weelks or
greater with a lack of response to treatment.

Condition Intervention

Chronic Diabetic Foot Ulcers Device: Extracorporeal Shockwaves




Why Shock Wave Treatment ?
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What can shock wave treatment do EXPERIMENTALLY ?
What can shock wave treatment do CLINICALLY ?

* Achilles Tendinopathy
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Trial # 1
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Eccentric loading, shock wave treatment, or a wait-and-
see policy for tendinopathy of the main body of tendo
Achillis: a randomized controlled trial

Jan D. Rompe, Bernhard Nafe, John Furia, Nicola Maffulli

Am J Sports Med 2007; 35:374-383




Low-energy SWI

A Plan

http://www.randomization.com

. Stretching

. EEWT

£ Stretching
SWT

. Stretching
. -_———————

. Stretching
Stretching

42 Stretching
nd See

ching

45, Stretching

Computer-generated random number list
Subjects randomized into blocks

Randomized
(n=75)
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Eccentr. Loading
(n=25)

Follow-Up 4 Months
(n=22)

Shock Wave
(n= 25)

Follow-Up 4 Months
(n=23)

3 Groups

Blinded Observer
Evaluation: On-Intention-to-Treat

Wait-and-See

(n= 25)

Follow-Up 4 Months

(n=21)




Inclusion Criteria
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* Tendinopathy
* Body of tendo Achillis
* Painful > 6 Months
* > 3 conservative therapies
(Local injection mandatory)
* Pain > 4 on NRS [0-10]
* Norupture in ultrasound / MRI




Group 1¢ Eccentric Loading
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Seventy-eight consecutive patienfshaving chronic painful Achilles tendinosis at the mi
portion (2-6 cm level) in 101 Achilles tendons wereatied with eccentric calf-muscle trainin
for 12 weeks.

In 90 of the 101 Achilles tendo ) with chronic peful mid-portion Achilles
tendinosis, treatment was satisfactory=emd the patiest 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 decreasedgnificantly from 6.7 to 1.0.

Fahlstrom et al. 2003; Knee Surg Sports Traumatol Artlmosc 11: 327
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Group 2: Shock Wave Treatment
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v 1 APPLICATOR

L 2 PROJECTILE
| g 3 COMPRESSED-AIR CONNECTOR
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e Radial shock wave treatment

* 2,000 impulses, 0.12 mJ/mm?
(= pressure of 2.5 bar)

 No local anaesthesia

* Clinical Focusing™

* 3x in weekly intervals

Swiss Dolorclast, EMS, Switzerland




Group 3t Wait-and-See
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Patients allocated to theait-and-see policygroup visited their family doctor once during th
intervention period of 6 weeks. Activities that provdkgain, and practical solutions (includin
ergonomic advice) were discussed with the patient. |feasary, paracetamol (2000-4000
daily) or non-steroidal anti-inflammatory drugs (NSAlDeaproxen 1000 mg daily) wers
prescribed. The patient was encouraged to await fugib@ntaneous improvement.

Smidt et al. 2002; Lancet 359: 657

o 1 tfurther visit during 3-month period

* Practical advice

* Control of running shoes (over-pronation)
* Shoe inserts g

* Conventional stretching exercises

* Paracetamol (2000 mg/d) or

* Naproxen (1000 mg/d)




Outcome Assessment
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VISA- A Score (0 points - 100 points)

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

Algometer
(Pain Test-Model FPK,

Wagner Instruments, Greenwich, CT)

11-point Numeric Rating Scale (NRS) (0/[best] - 10/ [worst])

6-point LIKERT scale (1 [best] - 6 [worst])




Results: Main Outcome Vlieasure
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0 Ecc. Loading
B Shock Wave
[0 Wait-and-See

4 Mo
On-Intention-to-Treat




Results: Secondary Outcome Measures
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0 Ecc. Loading

ThPalllll v B Shock Wave
resno 2 . [1Wait-and-See

4 Mo
On-Intention-to-Treat




Results: Secondary Outcome Measures
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0 Ecc. Loading
B Shock Wave
[0 Wait-and-See

4 Mo
On-Intention-to-Treat




Results: Secondary Outcome Measures

Worst 6

Likert-
Scale

4
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0 Ecc. Loading
B Shock Wave
[ Wait-and-See

o)
On-Intention-to-Treat

60% vs. 55% vs. 24% reported 1 or 2 points on the LIKERT Scale




Results: 12 Months
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GROUP 1 (Eccentric Training, ET)

4 months from baseline
Analyzed (n= 25)

GROUP 2 (Shock wave therapy, SWT)

4 months from baseline

Analyzed (n= 25)

GROUP 3 (Wait-and-see, W/'S)

4 months from baseline
Analyzed (n= 25)

SUCCESS
n= 15

FAILURE
n=10

SUCCESS (8)
n=13

FAILURE (F)
n=12

SUCCESS (S)
n= =6

FAILURE (F)
n=19

Cross-,/~ "~ .
Over s
Y

SWT
n=8 n=2

T
C/ s

I ~‘4,
Over v

ET Surg
n=7 n=2

Cross- ‘,‘
very |

12 months from baseline
Analyzed (n=15)
Contacted (n= 10)
Lost to FU (n=9)
Last value camied forward

(n=13)

12 months from baseline
Analyzed (n=10)
Contacted (n=T7)
Lost to FU (n=3)
Last value camied forward

(n=3)

12 month s from baseline
Analyzed (n=13)
Contacted (n= 9)

Lost to FU (n=4)

Last value camed forward
(n=4)

12 month s from baseline
Analyzed (n=12)
Contacted (n= 10)

Lost to FU (n=2)

Last value camed forward
(n=2)

12 months from baseline
Analyzed (n= 6)
Contacted (n=4)

Lost to FU (n=2)

Last value camied forward

(n=2)

12 months from baseline
Analyzed (n= 19)
Contacted (n= 18)
Lost to FU {n=1)
Last value camied forward

SUCCESS (8)
(n=11)

FAILURE (F)
(n=4)

S 5
(n=6) (n=0)

F F

SUCCESS (S)
(n=11)

FAILURE (F)
(n=2)

(n

8 5 8
=4) (n=0) (n=1)

F F F

SUCCESS (S)
(n=23)

Failure (F)
(n="1)

(n=1)
5
ﬂ"=9i




Summary: |
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Wait-and-See in chronic patients no better than placebo effect,
< 30%

Eccentric loading and low-energy SWT comparably successful,
< 60%

Concerns: ecc. loading - concept hard to standardize
— problem of compliance

SWT - cost considerations




Summary I
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Low-energy SWT is NOT SUCESSFUL under all circumstances

Forty-nine patients with chronic Achilles pain were etedl in a double-blind randomizeg
placebo-controlled trial. Each patient wiasated once a monthfor 3 months.
At 4 weeks afterthe last intervention, we founab differencein pain relief between the shoc

wave therapy group and the control group.
Costa et al. 2005; Clin Orthop 440: 199

chronic patients only

repetitive, 3x in weekly intervals

2000 low-energy impulses

clinical focusing, NO local anaesthesia
follow-up 12 weeks after last SWT




Summary 11
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Eccentric loading is NOT SUCCESSFUL under all circumstances

We studied the effects of eccentric exercises in 34 fdadenon-athletic patients with Achilles

tendinopathy.
19 patients (60%) improved with the eccentric exercise g@men. The overall average VISA-

A scores at latest follow up was 50.
Sayana and Maffulli 2006; J Sci Med Sport; Epub ahead oprint

mmm) less effective in sedentary patients




What are the alternatives ?
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Debridement Percutaneous
(+ Plantaris Augmentation) Tenotomies




What are the alternatives ?
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Surgery is NOT SUCCESSFUL under all circumstances

We matched each of the 61 nonathletic patients with andisig of tendinopathy of the Achille
tendon with an athletic patient with tendinopathy of thaimmbody of the Achilles tendon of the
same sex and age (+/-2 years). A match was possibltfpatients (23 males and 33 female
All patients undwerwent open surgery for Achilles tendiropathy.

ported an excellent or good result at 3-year filow-up. Of the 45 athletic subjects, 4
undeparent further surgery during the study period, anq8886) reported an excellent or goa
result.

48 nonathletic patients, 9 underwent furthegeoyr during the study period, amshly 25
(52%)

Nonathletic subjects experience more prolonged recoverymore 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
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Trial # 2
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Eccentric loading versus shock wave treatment
for chronic tendinopathy of the insertion of tendo Achillis:

a randomized controlled trial

Jan' D. Rompe, John Furia, Nicola Matfulli

J Bone Joint Surg [Am] 2007; in press




Low-energy SWI
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Randomized
(n=50)

Eccentr. Loading
(n= 25)

Follow-Up 4 Months Follow-Up 4 Months
(n=22) (n=23)

KL
=T
=T
=T
=T
KL
KL
KL
=T
- EL
- ST
- EL
- SwT
- EL
=T
L
- EL
- ST
ST
- EL
- SWT
- SWT
L
. ST
- ST
EL
EL
KL
KL
=T
=T
KL
=T
=T
KL
=T
KL
KL
=T
KL
KL
=T
EL
EL
EL
=T
ST
L
ST
ST

2 Groups
Blinded Observer:

C ter- ted rand ber list . .
ompuer-senerd fed Fandom number us Evaluation: On-Intention-te-Treat

Subjects randomized into blocks
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* Tendinopathy
* Insertion of tendo Achillis
* Painful > 6 Months
* > 3 conservative therapies
(Local injection mandatory)
* Pain > 4 on NRS [0-10]
* Norupture in ultrasound / MRI
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Group 1¢ Eccentric Loading
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Seventy-eight consecutive patienfshaving chronic painful Achilles tendinosis at the mi
portion (2-6 cm level) in 101 Achilles tendons wereatied with eccentric calf-muscle trainin
for 12 weeks.

In 90 of the 101 Achilles tendo ) with chronic peful mid-portion Achilles
tendinosis, treatment was satisfactory=emd the patiest 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 decreasedgnificantly from 6.7 to 1.0.

Fahlstrom et al. 2003; Knee Surg Sports Traumatol Artlmosc 11: 327




Group 2: Shock Wave Treatment
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! APPLICATOR
2 PROJECTILE
® COMPRESSED-AIR CONNECTOR

e Radial shock wave treatment

* 2,000 impulses, 0.12 m]/mm?
(= pressure of 2.5 bar)

e No local anaesthesia

* ,Clinical Focusing”

* 3x in weekly intervals

Swiss Dolorclast, EMS, Switzerland




Results: Main Outcome Vlieasure
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VISA-A 50 [ Ecc. Loading
Score B Shock Wave

4 Mo
On-Intention-to-Treat




Results: Secondary Outcome Measures
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Likert-
Scale

O Ecc. Loading
B Shock Wave

o)
On-Intention-to-Treat

26Y% vs. 649, reported 1 or 2 points on the LIKERT Scale




Summary
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Eccentric loading is NOT SUCCESSFUL under all circumstances

50 patients with a chronic recalcitramtsertional Achilles tendinopathy were enrolled in g
randomized controlled study to compare the effectess of two management strategies: Gro
eccentric loading Group 2: repetitive low-energhock wave therapy(SWT).

At 4 months from baseline, for all outcome measuregroup 1 and 2 differed significantly in
favor of SWT. On the LIKERT scale 28% of Group 1, and 64% of Gr@ureported “completel

recovered” or “much improved”.

mmm) less effective in insertional Achilles tendinopathy
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Take-home Message

Musculoeskeletal SWT

has completely: gone beyond' the concept of pure physical and
mechanical implications known from lithotripsy of Kidney stones

produces biological healing responses, at the tissue level, including
the induction of neovascularization associated with increased
expression of angiogenic growth factors - BIOSURGERY

has demonstrated good outcomes in 50-607% of various refractory
tendinopathies within 3-6: months in numerous RCTs

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

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




