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1.1 o3 uifH

111 A& 33 ANgs
T 5ol T4 WA 2 dE gl AR 23U dSH A

o)yl Jqor FA9 X7 (Extracorporeal Shock Wave Therapy: ESWT)7}

Z #AES Fa 9k (Ogden et al 2001).
ESWT2 7t43 ESWL(Extracorporeal Shock Wave Lithotripsy)ol Al
Fgd Azmsoltt. ESWL T43 Hop FUd oz & oyx]e FAIE X

Abet 49 ®aA A9 (chronic tendonitis, eg, tennis elbow, golf elbow %)
Zarol 7§ Ht} (Eisenmenger et al 2002, Rompe et al 1996). &3t &2 1=
3 Ho] Byl A (psduoathrosis) A 2o &¥7F d5% 1 Ut = ESWTE
orthopedic¥} lithotripsyS A 3F9] ‘orthotripsy’ & ™ ¥ ¥t} orthotripsy:= 2000
"= FDA +9& ddew, A48 ESWT A57]o] thdt Al&o] &7t 9]

(of], 2003d OssaTron®, (USA)”7} tennis elbow 2 heel spur X 50| Al&3lE%
871, ESWTE $43 duAE A JEsiA dadgozy

112 A& 43 ANgs9 49

ESWT+= ESWLH &3 dgE o] &% thChoi et al 2004). ESWT+=
ESWLe A AF&3h= olyA BT dubaom vk oyxo FATE o] &3}
Ax2 £4S A5 3HRompe et al 1998). 2|7 olyA ¥ 34+ A9 =49
4719 oF 10% Hr=s& AR&sta vk ESWT= =2471¢ H34d ¥, 3
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Table 1.1-1. Application of ESWT

Osteoproximal Tissue Bone Urology

Shoulder Tendonisis

Rotator fasciitis

Epicondylitis Non-union
Induration penis
(Tennis, Golfer’'s elbow) Femoral head necrosis
plastid
Patellar tip syndrome Pseudarthrosis
Achillodynia

Fasciitis plantaristheel spur)




(1) 43 2A W2 (piezoelectric type)

ZASE BAEE 49 piezoelectric elementsthE AxHE %x3ate] wjd
sbal, 7t AxEe JIE A FATGE JAHAINAY, dd 2E dFeE
ato] J& AlA FAT dUAE dE Weltt (Choi 1992). ©] WAL FEg

A% AdUiAE &7 A= 2717F ARk diol v (Figure 1.1-

—_

(2) A7148 384 "2 (electrichydraulic type)

B LA #HE AR AR mFRI Qe WES Ao mHe10 T

=3 YrHCho et al 2007).

(3) AA7] ¥4 (electromagnetic type)

Sewol= A B AF FeW He FE PO Tl 9o

Avp T ZFA7F NEE o] AEel &-Eskal 9
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Figure 1.1-1. Piezoelectric type shockwave generator. (a) Principle, (b)

Disposition of piezoelements



Spark Plug

(b)

Figure 1.1-2. Electrohydraulic type shock wave generator. (a) Electrode

and focusing principle, (b) 3D graphic of reflector.
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Electrolyte -
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Figure 1.1-3. Electromagnetic cylindrical type shockwave generator

(a)General structure, (b)Shockwave geometric beam focus
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generator.
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Figure 1.2-3. Structure of an electromagnetic cylindrical shock wave
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Figure 2.2-1. High voltage impulse discharge system used in the

present experiment (Shinewave, HnT medical, Korea)
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Figure 2.2-2. Electromagnetic cylindrical shock wave transducers

constructed to be tested in the present study
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Table 2.2-1. Ranges of the thickness of the insulator and iron foil of

the electromagnetic cylindrical shock wave transducers

tested in the present study

Material Thickness
Insulator 50pm, 100gm, 1504m, 200pm, 300um, 500um
Iron foil 30um, 50pm, 100gm, 1504m, 200um
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Figure 2.4-1. A typical waveform of the discharge current pulse
measured in the high voltage pulse power generator not

connected with the shock wave transducer
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Table 2.4-1. An effective matching coefficients

30 0.12 0.12 0.13 0.14 0.16 0.21
50 0.09 0.1 0.12 0.12 0.15 0.21
100 0.09 0.1 0.12 0.13 0.16 0.21
150 0.1 0.11 0.13 0.14 0.16 0.22
200 0.13 0.13 0.15 0.16 0.18 0.24
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Table 2.4-2. An effective resistance matching coefficients

30 0.048 | 0.046 0.05 0.054 | 0.065 | 0.089
50 0.043 | 0.041 0.06 0.058 | 0.073 | 0.116
100 0.056 0.07 0.09 0.101 | 0.149 0.22

150 0.089 | 0.077 0.12 0134 | 0.186 | 0.271
200 | L o e PR R RO 0.16 0174 | 0.244 | 0.298
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Figure 2.4-4. Inductance of the shockwave transducers against (a) the
insulator thickness for 5 different iron foil thickness and
(b) the iron foil for thickness for 6 different insulator

thickness.
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Resistance
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Figure 2.4-5. An equal value resistance of shockwave transducer (a)
the insulator thickness for 5 different iron foil thickness
and (b) the iron foil for thickness for 6 different insulator

thickness.
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Figure 2.4-6. Peak amplitudes of the current pulse flowing through the

solenoid coil against (a) the insulator thickness for 5
different iron foil thickness and (b) the iron foil thickness

for 6 different insulator thickness.
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Figure 2.4-7. Typical shock waveform measured in the near from the

cylindrical surface of the shockwave transducer (Insulator:

300m, Iron foil: 30m)
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Inductance of the shockwave transducers (iron foil of 50 gm in
thickness and insulator of 200um in thickness) against the
number of turn of the solenoid coil: comparison before and after

combining the iron foil and insulator to the solenoid. «--««xeeeeeeeee 54
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Abstract

Electromagnetic cylindrical shock wave generator employed In
extracorporeal shock wave therapy (ESWT) consists of a high voltage (up
to several times of 10 kV) pulse power generation part and a cylindrical
shock wave transducer. The shock wave transducer is a solenoid coil
wrapped with iron foil with an insulator between them. As a high voltage
discharging impulse current flows through the shock wave transducer, the
iron foil vibrates in a similar pattern with the impulse current by the
magnetic force which occurs in the solenoid coil, and is transformed to
shock waves. The Shock produced resulting from the foil vibration is
influenced by the impulse current that flows through the coil and this
discharging current varies with the inductance or resistance of the shock
wave transducer. These inductance and resistance are determined by the
thickness of the coil and insulator. The present study has investigated
changes of the inductance and resistance of the shock wave transducer in
relation to the thickness of the iron foil and the insulator, and also
measured discharging current impulses flowing through the solenoid and
shock waves produced under different thickness combinations of the iron
foil and the insulator. Based on the results observed, the optimized
thickness of the iron foil and the insulator of the electromagnetic

cylindrical shock wave transducer was suggested.

(Key word: ESWT, shock wave, electromagnetic, solenoid coil, cylindrical,

insulator, iron foil)
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