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KpouoTiko Kupa

% Eva KPOUOTLKO KUMA OVTUTPOCWTIIEVEL Lo EAEYXOMEVN €KPNEN,TTapAyovTac Eva
NXNTIKO TIOALLO.OTAV TO KPOUOTIKO KUULOL ELOEPXETAL OTOV LOTO, Untopel va StaxuBet
& va avtavakAooTEL WOTE N KLVNTLKN eVEPYELA va amoppodnBel cuudwva PE TNV
akEpatn dSopn Twv LoTwv 1 Sopwv

Ogden JA, Téth-Kischkat A, Schultheiss R: Principles of Shock Wave Therapy. Clin Orthop Relat Res 2001 [387] 8-17)



QPOKTNPLOTLKA TWV KPOUOTLKWY KUMOTW

h-Kischkat A, Schultheiss R: Principles of Shock Wave Therapy. Clin Orthop Relat Res 20
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Llovpyla BeparmeuTikol KPOUOTLKOU KUUQL

Wiley JP. Extracorporeal Shockwave Therapy A Review. Sports Medicine (SPORTS ME
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ALOKPLON KpOULOTIKWV Kupatwv(shockwaves)

v' Avaloya pE TtV rukvotnta & To

TIOOO EVEPYELAC:
v" XounAAicg(0,08 ml/mm?)
v" Méonc (0,28 mJ/mm?2)
v" YYnAic (0,6 mJ/mm?3)

[MUKVOTNTEC EVEPYELAC KATW TWV
0,5 mJ/mm2m peiwon twv
TIAPEVEPYELWV OTO GUCLOAOYLKO
ootitn LoTo

XopunAng vs uPnAng evépyelac
shockvawes

XaLNANC EVEPYELOC TITWYA KALVLIKA
amnoteAeopata(Speed et al.2003,
Haacke et al.2003,Buchbinder et al.2002)

A

Yy nAng evepyelag taxutepn
avakoUudlon(ouxva povo 1 edpappoyn)
(Ogden et al.2002,Alvarez et.al.2002)



TOPLKN avodpoLn TwWV CUCKEUWV KPOUOTIK
KUUATWV

V' EkTevnc épeuva otn Mepuavia 1968-1970 yia Tnv €TTidpacn TwV KPOUCTIKWY O€
(WVTEG OpYyaVIOUOUG

o [leipapaTikKEG HEAETEC O€ I0TOUG(MUIKOG-OUVOETIKOG K.O.K)(Chung, 2002)

«  ECwowpaTtikn AiBotpiyia-kKAIVIKA e@appoyn-OekaeTia 1980(Thiel et al, 2001)

v OpBottaidIkEG evOEiEeIC ETTIKOVOUAQAYia, TTEApATIAIO
ATTOVEUPWOITIOA, TEVOVTITIOES, WeEUDAPOPWON(Wang, 2012)

v O FDA amédeie KAIVIKA e@apuoyn yia TTEAPaTIaia attoveupwaitida, eTrikovouAaAyia(2003)

Coombs et al, 2000, COOMBS R, SCHADEN W, ZHOU, S: “Musculoskeletal Shockwave Therapy”, ed by R Coombs, et al,
Greenwich Medical Media, London, 2000.



- Edapuoyn-tpomnog 6pacng

V' TEMLEOUEVOC OEPAC SLOXEETOL OTO TIOUO
v HYNTIKOC MAAROC peTadEpPeToLl HEOO OTOV
LOTO e tn PorBela tou gel

v'MéyLotn evépyela Staxéetal otov moumnod &
oKTWVOBOAEL TOV LOTO




OLOAOYLKEC ETILOPACELC TWV KPOUOTLK
KU LOTWV

* AU&non & dadopormoinon Twv KuTTApWV[mapaywyn KUTokivng & amneleBsvpwon
geAeVBepwv plwv ( NO,CO,0-) » avtipAeypovwdn dpaon]

* Emutdyuvon tn¢ nwpwong kataypdtwy(enidpaon otnv npwteivoocuvOeon)
e OOTEOYEVETLKN SpaOTNPLOTNTO O€ KATAYUATO(AYVWOTOC LNXOVIOUOC)

* Ayyeloyevetikn enidpaon(avénon tTng aLUATKAC PONS Tou ootol & LoTwyv, avaiynoia,
avénon petaBoAlopou, BeAtiwon SlamepaToOTNTOC KUTTAPLKAC HEUBPAVNCG, avTilpAeypovwdn
&paon)

* Anokataotoon tou $puoLoAOYLKOU HUTKOU TOVOU

D' Agostino MC, Samson V, Bonora C, Sizzano F, De Girolamo L, Romeo P. Early angiogenic response to shock waves in a three-dimensional model
of human microvascular endothelial cell culture (HMEC-1). J Biol Regul Homeost Agents. 2012 Jan-Mar;26(1):29-37.



pBomatdikec evdeiléelc yla KPOUOTLK

KOpoto(ESWT)1

orporeal shockwave therapy in musculoskeletal disorders. Journal of Orthopaedic Surgery and Resear

enikovOUAitidoa

uvbpouo
UTTAKPWULAKOU
TTOVoU
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Bomaldikec evOeiéelc yio KpouoT
KOpoato(ESWT) 2

Lateral |
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Common
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Achilles IGocan Metatarsal
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Calcancus (heel bone)
axiAAeLog tévovrog neApatiaia neptrovia

ETILYOVATLOLKOG TEVOVTOLG



Avtevoeléelc

Health Technology Assessment: Extracorporeal Shockwave Therapy for the Treatment of

Musculoskeletal Disorders. Olympia, Wash: Department of Labor and Industries; March 29,2004.
27.

e AnoAutec . JYETLKEC
v Eykuuoouvn v Osia pAeyuovn
v Oykoc¢ v’ Ooteondpwon
v’ Znmtikn eAsyuovi v avw ot paxn
v Aludtwua

v 0ibnuo

v AVQITTUOOOUEVO OKEAETO
v MetaAAka epputevuato
v Neuportadsiec



Case studies 1

“Shockwave Treatment in Orthopaedics and Rheumatology, Clinical and Experimental Studies” Dr Moustafa Hafez, MB.BCh,
MS (Orth), CASLAT, PhD, Clinical Tutor & Research Consultant Imperial College London,April 2011

Kdtaypa Bpaxtoviou pe uneptpodikn Ké"m(\ll’«fjl Bpaxtoviou N?Td,OUTé 4
YevdapBpwon(npo Bepanciag) OUVEOPLECG LE KPOUOTLKA KULOLTOL




Case studies 2

Kataypa okadoerdbouc(npo Katayupa okadoedouc peta tn
Bepaneiog) Oepareia HE KPOUOTIKA KULOTOL




Case studies 3

K(}BUGTEP"II{E'V"I nwpwon ot KaBuotepnpévn MWPWOoN O€ KATAYO
Kataypa kvApng(rpw) KVApNG(petd and Oeparneioa)




KAWVLKEC EPAPOYEC




poyn eEwowuatTikN¢ BEPATTEINC UE KOOUOTIKA KU
ockwave’ o aodevn UE mEAUATIAIO ATTOVEUPLTL
MeAetn atoutknc nepintwaonc

J AoBevnc 35 stwv

J 2000 kpouoTikoUG maApouc o€ 3 onpeia evatcOnotlog(peta ano

YnAadion) SHOCKWAVE THERAPY
J Nukvotnta evépyelag:0.25mJ/mm? |

J Juyxvotnta:5-10Hz
J Awdpkela ouvedpiag:20 min.
J Awdpkela npoy.:2 popec/yia 4 €B6.

3. Roplying the contact onl 4, Delverng the shockwaves

Nouvébakn I, Maraotpatnc H.,PT,Msc Quotkodepaneia 12(3):151-160,2009



wtc')KoMo Gspaneiaq-oucke-

e Juokeun:mielonAektpikn tn¢ Storz Medical(Storz Medical
Masterplus MP 100)




TOKOAAO Beparmeiac-0eon acBev
edapuoyn

Ocon aoBevouc & sdapuoyn

Yrta

3 onueia evalocOnoiag

2000 rtaApoug

Mukvotnta evépyetog: 0.25mJ/mm?
Yuxvotnto:5-10Hz

Awdpkela cuvedpiac:20 min.
Alapkela tpoy.:2 dopec/yia 4 €B6.

LN N X X X X X

Alataoelg

Noubakn I'.,Martaotpatnc H.,PT,Msc Quoikodepaneia 12(3):151-160,2009



PWTOKOAAO Beparmeilac-anoteAEOUAT

J Avakoudion amo mpwivo movo HeTA amo TL¢ 3 ouved.(VAS mpwivou
TTOVOU)

J BeAtiwon ROM mpnviopou-idto enimedo pe vylec(peta tn Beparneia)

J EpwtnpotoAoylo aéloAoynong Atoupylkotntac & movou BeAtiwon
20%(Richter et al.,2006)

J EpwtnpoatoAdylo ya Asttoupykotnta-BeAtiwon 22%

Nouébakn I.,Martaotpatng H.,PT,Msc Quolkodepaneio 12(3):151-160,2009




zuintnon

Me Baon ta anoteAéopata n Beparmneia pe shockwaves odnyei oto €EAeyxo-
LELWON TWV HULKPOKATAOTPODWV OTOUC LOTOUC-ETTIOUAWTLKNA amoKpLon-
KaAUTEPN Mpooapuoyn otLg Blodoyikec amattoel (Ogden et al.2004)
AvaAyntikn Stadikaoia-umepSLlEyepon MEPLOXWV EYKEDAALKOU PAOLOU-UVAUN
novou(Rompe et al 2005)-peiwon Twv AloBNTIKWY VWV 0T TTEPLOXN
epappoync(Ohtori et al 2001)

Ytadlakn BeAtiwon petd to TEAo¢ tnG Bepareiag 6Léyspcn dLadikaoiog
EMOVAWONGC

AmtoteAéopata mapolong Epeuvac cupdwvouv pe AANeC Epeuvec(Hammer et
al. 2003),(Strash et al.2002),(Alvarez et al.2002)

Meploplopol g €PYOOLA ATOMKNG HEAETNG
Melovektnua-eANeLP N uTtEPNXOYPOADLKAC ATTELKOVLONG TNG TIEAMATLOLLOG
amovel pwaong

NMAEONEKTHMA SHOCKWAVES VS KAAZZIKH ®/O-MONO 2 cuvedpleg Twv
15’/€B6 yia 4 ef6. ENQ kAaooikr) ¢/6 moAl neplocotepPo



UMTTEPAOHOTA

& 2 nuavtikn BeAtiwon mpwivou tovou

@ BeAtlwon AELTOUPYLKOTNTOC
@ Kopla mapevepyeLa

@ KoAa anoteAeopata o€ xpovio MEApOTLOL
arnovevpwoltda

@Yriapén eAeyxopevwv HEANOVTIKWY KALVLKWV
EPEUVWV

Nouvébakn I, Maraotpatng H.,PT,Msc Quoikodepaneia 12(3):151-160,2009
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Amoomnaocpata

1° ApOBpo

Extracorporeal Shock Wave-Mediated Changes in
Proliferation, Differentiation. and Gene Expression of

Human Osteoblasts

Alexander Hofmann, MD, Ulrike Riiz, PhysiolD, Martin Henri Hessmann, PhD, Muauro Alini, PhD,
Pol Maria Romrmens, PhD, and Jan-Dirk Rompe, PhD)

Background: The goal of this study
was to determine whether cell prolifera-
tion, differentiation. and gene expression
of primary human osteoblasts (hOB) are
influenced by shock wave application
(SWA

Methoeds: Osteoblast cultures were
isolated from cancellous bone fragments
and (reated with S00 impulses of enerygy
flux densities of 0.06 mJ/mm->. 0.18 mJ/
mm?, (.36 mFmm>. and 0.530 mJ/mm->.
Twenty-four hours and 96 hours after
SWA cell proliferation, alkaline phospha-
tase activity, and mineralization were
analyzed. The global gene expression
profiling was determined 96 hours after
SWA employing Affymetrix TIG-TT133A

microarrays.

Resulfs: After 24 hours, hOB showed
a dose-dependent increase in cell prolifer-
ation [rom 68.7% (at 0.06 mJ/mm”, p =
0.002) up to 81.6% (at 0.5 mJ/mm-=. p =
0.001). which also persisted after 96 hours.
Nummbers of alkaline phosphatase-posilive
hOB increased after SWA treatment with
peak levels of response between 0.18 mV
mm~ and 0.5 mJ/mm?* alter 24 hours. Min-
cralization was significantly higher in all
groups compared with controls. Microar-
ray analyses revealed SWA-induced dif-
ferential expression of 94 genes involved
in physiologic processes, cell homeostasis.
and bone formation. Most intriguing was
the up-regulation of multiple genes involved
in skeletal development and osteohlast dif-
ferentiation (e.g., PTHrP, prostaghndin E2-

receptor EP3, BNMNP-2 inducible Kinase,
chordin., cartilage oligomeric matrix pro-
lein, matrillin).

Coinclusion: We showed that shock
waves have direct dose-dependent stimu-
latory efTects on proliferation and differ-
entiation of osteoblasts from normal
human cancellous bone. YWe demonstrated
that several genes critical for osteoblast
differentiation and function arc regulated
after SWA. Overall. data presented herein
will aid further understanding of the os-
teogenic cffect of shock waves and, in ad-
dition., will enhance current knowledge of
the SWAmediated gene expression.

Key Words: Extracorporeal shock
wave therapy, Osteoblast, Tligh density
microarray.

J Iravma. 2008651102 1110.

J Trauma 2008:;65:1402-1410



2° ApBpo

Extracorporeal Shock Waves Stimulate Frog Sciatic Nerves Indirectly via
a Cavitation-Mediated Mechanism

G. Schelling,” M. Delius,* M. Gschwender,* P. Grafe,5 and S. Gambihler*
*Instilute of Anesthaciclogy, ¥institute for Surgical Research, and Sinstitute of Physiology, Ludwig-Maximilians University, Munich, Germany

ABSTRACT Shock waves (SWs) are single pressure pulses with amplitudes up to over 100 MPa, a rise time of only a few
nanoseconds, and a short duration of approximately 2 ps. Their clinical application for stone destruction causes pain, indicating
nerve stimulation by SWs. To examine this phenomenon, sciatic nerves of frogs were exposed to SWs in an organ bath. The
SWs were generated with an expearimental Darnier lithotripter model XL1 at an operating voltage of 15 k'V. The nerves were
mountad in a chamber which allowed electrical nerve stimulation and the registration ol electrically and SW-induced compound
action potentials (SWCAPEs). The chamber was filled with frog Ringer’s solution. In a standardized protocol, 100 SWs ware
administered at a rate of 1/min 1o each nerve preparation and a iotal of four experiments were performed. The first experiment
established that 85.0 = 4.7% of administered SWs induced aclion potentials which were lower in amplitude (1.45 = 1.14 versus
1.95 = 0.95 mV, p = 0.004) but similar in shape to electrically induced compound action potentials. In a second expariment,
it was shown that the site of origin of the SWCAFPSs could be correctly determined by simultaneous recording of action potentials
at both ends of the nerve. The mechanism of shock wave stimulation was examined by experiments 3 and 4. In experiment
3, in contrast to the previous experiments, SW exposure of the nerves was parformed 6 ¢m cutside the shock wave focus. This
resulted in a mean probability of inducing a SWCAP of only 4%. After gas bubble administration, this probability increased 1o
86% for the first SW released immediately after bubble application and declined to 56% for the second, 21% for the third, 1o
O for the 10th SV aftar fluid injection. This indicates that cavitation, the interaction betwesen shock waves and gas bubbles in
fiuid or tissues, was involved in SWCAP generation. In experiment 4, nerves were again exposed in the focus, however, the
Ringer's solution surrounding the nerve was replaced by polyvinyl alcohol (PWVA). PVA is a solution with low cavitation activity.
In PVA, the excitability was markedly diminished to 11.0 = 5,19 compared with 956.0 = 4.4% in control nerves exposed in
Ringer's solution. In conclusion, biceffects of SWs on nervous tissue appear 1o result from cavitation. It is suggested that
cavitation is also the underying mechanism of SW-related pain during extracarpareal SW lithotripsy in clinical medicine.



3° ApBpo

Extracorporeal Shock Waves Stimulate Frog Sciatic Nerves Indirectly via
a Cavitation-Mediated Mechanism

G. Schelling,” M. Delius,* M. Gschwender,* P. Grafe,§ and S. Gambihler*
*Instilute of Anesthasiclogy, ¥institute for Surgical Research, and Sinstitute of Physiology, Ludwig-Maximilians University, Munich, Germany

ABSTRACT Shock waves (SWs) are single pressure pulses with amplitudes up to over 100 MPa, a rise time of only a few
nanaseconds, and a short duration of approximately 2 pys. Their clinical application for stone destruction causes pain, indicating
nerve stimulation by SWs. To examine this phenomenon, sciatic nerves of frogs were exposed to SWs in an organ bath. The
SWs were generated with an experimental Darnier lithotripter model XL1 at an operating voiltage of 15 kV. The nerves were
mounted in a chamber which allowed electrical nerve stimulation and the registration of electrically and SW-induced compound
action potentials (SWCAPs). The chamber was filled with frog Ringer’s solution. In a standardized protocol, 100 SWs ware
administered at a rate of 1/min 1o each nerve preparation and a total of four experiments were performed. The first experiment
established that 25.0 = 4.7% of administered SWs induced action potentials which were lower in amplitude (1.45 * 1.14 versus
1.95 * 0.95 mV, p = 0.004) but similar in shape to electrically induced compound action potentials. In a second expariment,
it was shawn that the site of origin of the SWGCAPSs couid be correctly determined by simultaneous recording of action potentials
at both ends of the nerve. The mechanism of shock wave stimulation was examined by experiments 3 and 4. In experiment
3, in contrast to the previous experiments, SW exposure of the nerves was parformed & c¢m cutside the shock wave focus. This
resulted in a mean probability of inducing a SWCAP of only 4%. After gas bubble administration, this probability increased 1o
86% for the first SW released immediately after bubble application and declined to 56% for the second, 21% for the third, 1o
O for the 10th SW aftar fluid injection. This indicates that cavitation, the interaction betwesen shock waves and gas bubbles in
fiuid or tissues, was involved in SWCAFP generation. In experiment 4, nerves were again exposed in the focus, however, the
Ringer's solution sumrounding the nerve was replaced by polyvinyl alcohol (PVA). PVA is a solution with low cavitation activity.
In PVA, the excitability was markedly diminished to 11.0 = 5 1% compared with 96.0 = 4.4% in control nerves exposed in
Ringer's solution. In conclusion, biceffects of SWs on nervous tissue appear 1o result from cavitation. It is suggested that
cavitation is also the underdying mechanism of SW-related pain during extracorpareal SW lithotripsy in clinical medicine.



Amoomnaocpata
4° ApBpo

Journal of Orthopaedic Research 21 (2003) 984-989

Shock wave therapy induces neovascularizat
at the tendon - bone junction

A study in rabbits
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