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1. A&

A FAH HM%E  (Extracorporeal Shock Wave
Lithotripsy: ESWL)2 1980 22 24 AAFE A F
oz Ang olF vAFH Nae2 24 ¥ 24
Aze odd ¥¥E dou A Wyeid
(Chaussy et at 1980). 23} SA7olM LAY 33
A4 s AN AAZ FAEEHo FHE 2N

o (29 1) dAEA Ee 2HLE .EE T8 AW
o2 wEzdd. Fo I [N #AY 70 %t
ESWLE ol4sle ZA4E ASste gled, g A
3 HYsts 2%F AP AA) BA9 95 % 7HFe)
ESWLE ©o]-&3l3 3It} (Chaussy et al 1988).
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“ Electrical Pulse Generator

Figure 1. principle of ESWL

HZ Bo FAI w4y T 32 A8
(musculaoskeletal disorderyoll YFHel ARG A5 Hof
AYeld G 27HH AR (Extracorporeal Shock
Wave Therapy: ESWT)7} & HHE& 32 U} (Ogden
et al 2001). 7I€2 ESWL 539 By} Ydoxoz @
& diize FARE ALY 7S tennis elbow, golf
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elbow 59 F4o] AMFE o] B2 HR i) o]
u] olF FDASIME ESWT AMEE& H7-8 Adeolet F
% ESWTE  orthopeadic®  lithotripsy S €431
orthotripsy2 BWR A7 = #ol,

o}3 ESWTSY A3 ENE HAHS-= FF09 =
% 2ol &I Leld el opir), ESWTE Yt
Mo ESWLY H3] #& FEd3 4L A3
(Rompe et al 1996). £F ESWTOIMNE 43 JuixZF
AZsr) 2o vy Y 29 (C@y K33 A
" Reel FF9 oizE ZAMET) (Eisenmenger
2002).

2 A3t 7129 ESWL 233 84A) g o] 83t
o ESWTH| HZEF 397 L 27 S 247NE A
2o BAL £ AT} (Rompe etal 1998). & BTl A
= F0 24 3 5 JAdHer 73 4% AL
2 o923 AT £4A7 24 2 nIdgc ¥
APl olm| MY ¥FY Tz 2A7E
Rl D (Choi 2001), S£8, MA = 9 £ g
Ag o]gd AEH A LY7IE N delelth
(Choi et al 2003, Choi 2002). %3¥ EswTel 439
£27 343 5 Ao disE AFdA 2 7t
AAe gede s adu & 5 g
g 976N 4TE T3S A7 Y gAE 9
122 9 & dodg FAL o TPHE $349
Ae B ad 3 Ad oled ol8skdy
HolMel FAsel AL Agelold 4 ofg
AYE 43 g FAstd 29 24 4
AL £ystn Aol Ao via s

T

>

Ly P

2. 9P UHE R YH

Sy SAM L9 Iz 2L 9%y #4594
WA ukMe] Z|R pxe Oy 1M JHEE ZA R
2tk AEF 7= parabolic reflector W T4l
A9Ast2 Yt 958 membrane H = FHf ol 2}
21714 (Choi 2001) B A5HEY 2] (Choi et al
2003, Choi 2002)2 ZF3lA cylindiically diverging
shock waveZ 245 €t ALY FH A= parabolic
reflectoro] 213} WEALE|O) parabola®l 27F FHZ AL
gt

ZA0 &A= FH WH: gy 2% dlelw YLEH
715t MQ e BRFERn vk 2N Feod 7
8tz ArLE o]48M HeH 4 o & s HJoz
Heg 4= gl

a= m-l(Db-Da)
" H

4714 HE W89 ¥°l, Da, Db & dols) AF @
2 R A3 v

2 4794 89 23 §9 3% pE 1538
71 A&, 2 el 7dEy wMsg o83,
FAR 93¢ AR oA {2)F ol g

max{r, )

Z R;(“‘"d)

g =indry)

1
P(t)=—
& () jv;

od7]A M: maximum iteration number, Po(t): pressure
waveform for the case of a parallel cylinder, 1d= THg 2(3)

22 A% At

_D,=D(y)
A7l ¢ speed of sound, min(td} = td(max(D(y)),

max(td) = td(min(D(y)})-
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Figure 2. Geometry of a taper cylinder

- 380 -



2 dFdHE Po(t)E k3 Zo| F£¥Hor A3
$it}h (Church 1989).

(4) P_()=A -exp(-a t)-cos(2nft+B)-H{0)

7|4 Al
constant, {: fundamental frequency, B! phase

2E 3 He ohga 2ol Fedd,

amplitude constant, a: decay

{5) H(t) =1 for t>=0
= (} otherwise

249k (B)E ol%dty FARE FIE A5
Z A2 rise timed Qo vl 2 QoA
Po(t)7} 20 ns? rise time shock front& 717
=5 F72 ngsigd. od 38 B dFeA
AL 48 ¥ S AV did F4H
Po(1)9] #38E EAISR Yot AltelA ALE-d
A4t g2 a= 6ES5: B=r/5. =0.1E6, A for
making maximum of Po(t) of 50 MPa ©|t},

50r

40t

30

20+

Figure 3. Typical lithotripsy pulse Po(t) for a parallel
cylindrical shock wave generator (vertical: Pressure in MPa,
horizontal: time in us). The rise time of the shock front is set to
be 20 ns,

08 o AjgYo)lAde HelH ZF 0 ~ 10 Alo]
ol thafMe FHATH FF AYAHQY vlEZE ¢
A Eeo) AL A% wloH S A% 7] AZE o
ALE F¢l 935y £33 WA 7(Choi 2002, 2001)8} F

A s Ak § A58 FE=E H=110, Do=80
9 g JINEE oy, AgdeldoA sHolH Be
|l J0E (Da=70 Db=90 mm)7}x] m& P},

ABE SAHO LI Hey U5 249 24
719l #Y g &3 dF AHE 28Ho2 Hyrlsp|
A8 "ol YFR TR FAY AAELE TS
Adk. 28 4= Azd AAEY 9 ANE By F
ek A% PYEY (H=110, Do=80 mm), L& &
< Heoly YEL 29Ect AP oy YF
5T 10=0y Az} Lol g sl 7] AMge
H=110, Da=70, Db=90 mm= &}

Figure. 4. Photographs of constructed ¢ylindrical shock wave
source. left : parallel cylinder, right: taper cylinder

YLEY Yo 5L A ALH g2 Ay FF
Ax9} 2ABRE FHE3E parabolic reflectors 7] & 2]
A (1 uF, 20 kV)& Ap£3t2Th (Choi 2001).

3. 21

gols 235 T4 459 dels & FristdA
4 F ol8sld 2PN =3 2480 Hye o
Y 4] AN Hidez Told mEe %3
AL F Po(yE uidch oM B FRo} ol
5 A7 ofF ojAstA dgstets 2F 0] 3y
< 2A @xsin A 53] FAS} positive half
cyclesr ol% RASA #3380 &, FAQ shock
fronts FA3] 5 8te], peak positive pressure (P+):
&3 Z4gct 99 negative half cycle A @&
A @3, peak negative pressure (P-)X ¥|£3 2t H7

stz Ak
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Figure 5. Pressure wave form predicted at the focus for a taper
cylinder. (a) angle= 1.040, (b) angle= 3.120 , (c) angle= 6.230,
(d) angle= 10310
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Figure. 6. Predicted peak pressure for the taper cylinder

variation against taper angle
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Figure. 7. Photographs of the surface of the stone phantom

exposed to 1000 shock waves at 15 kV (1 uF). {a) taper

cylinder, (b} parallel cylinder
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ESWL? c}3t7h2&2 ESWTE F#H#e @.4%1?_1 i
neg Fg ojfgc AEHS FEd F
cavitation ET7F FR31ch, HolH Z = ulgt A
FATH ) 7]E WF G AFHUdstn, 4¥H
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oA slolmEE S B FAM AP £ R T
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A computing time& &3 AHIL PC LEAME
F+835t7] o]gc}, Coleman et al (199 Pt HYF beam
axis€ et 2R P AL AF3}e 1Y 2
BE o]4¥ B A ATE I EHE F UE R
o2 oidrl

5 #&

ol ¥FY FAn FY7|dA dsE FFHIAY
B8 UFYY 4% vlm3la shock front F¥0}
e g, negative half cycle A FollA s 3A
wstA Gy dolse st FHge wel p+e
g FASA, P- HuAY WA Fidte Ao
vetel. 24 24 4¥E€ T dcn 983 23
a Azl Hd 4 A Ede 2P 4599
e #$4% + YA Heolw A 7HAE 489
A ¥ ESWTY AHAY FF3:F 24 Yoz
AgE g A Aoz JdEn.

(B D= DAME @O (RSB
2003-4)2) NIRNC2 4+BEASLICI)

dngs

Chaussy C. G. Brendel W., and Scmiedt E., 1980,
Extracorporcally induced destruction of Kkidncy stones by shock
waves. Lancet, Vol. 13, pp. 1265-1268.

Chaussy C G, Brendel- W and Schmiedt E. (1988). ESWL:
Pas¢, Present, and future. J. Endourol., 2(2), 97-105.

Choi M J. (2003). A focused cylindrical thermohydraulic shock
wave generator with a diagnostic ultrasonic transducer for
clinical use of the extracorpgeal shock wave treatment.
Korean Patent Application No.10-2003-0005714, Jan. 2003.

ChoiM J,Cho SC, LeeJ S, Shin Y H and Lee Y J. (2002). A
focused cylindrical thermchydraulic type st ock wave generator
for extracorporeal lithotripsy. Proceeding: of the Acoustical
Society of Korea , 21(2s), 339-342,

Choi M J, Lee S H, Hong K J, Kim H C, P:rk C W and Lee H

J. (2001). Acoustic streaming produced b an extracorporeal

shock wave lithotripter. Proceedings of the Korea Society of
Medical and Biological Engineering , 23(1), 60-61.

Coleman A. J.,, Choi M. ). and Saunders I. E. (1991).
Theoretical predictions of the acoustic pressure generated by a
shock wave lithotripter, Ultrasound in Medicine & Biology,
17(3), 245-25

Church
generated by an
Acoustc. Soc. Am., 86(1), 215-227.

C C (1989). A theoretical study of cavitation
extracorporeal shock wave lithotripter. J

Eisenmenger W, Du X X, Tang C, Zhao S, Wang Y,
Rong F, Dai D, Guan M and Qi A. (2002). The first
clincial results of wide focus and low pressuer ESWL.
UMB, 28(6), 769-774.

Ogden J A, Alvarez R G, Levitt R and Marlow M.
(2001). Shock therapy:
Musculoskeletal disorders. Clinical Ornthopaedics & Related
Research, 387, 22-40.

wave Orthetripsy  in

Rompe, J.D., Hopf, C., Kullmer, K., Heine, J., Burger, R.,
Nafe, B.: Low-¢nergy extracorporeal shock-wave therapy for
Orthopaedics

persistent  tennis  elbow.  [rernational

(SICOT),1996,20_23-27

Rompe, J.D., Kirkpatrick, C.J., Kullmer, K., Schwitalle, M.,
Krischek, 0. (1998). Dose-related effects of shock waves on
rabbit tendo Achillis. J of Bone and Joint Surgery, 80(3),
546-555.

- 384 -



