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JUr 22—, W HRab 25 38 e A (1) 1l A2 T JE A,
FCIESEILCIR 2 B A
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B DhRE R —, TR TR, RS, S TN
7 LA
7.2.2 B EHAIT AL

BT T A S5 T Rl A 2= R
LT T R i B v 7 W N i A2, ix
P BHE T AL CWE R L, IR AR ¥ & 4
R4 AR O T WA LR TG B, 48 2508 R4, ity
BURERAE ROE, VA9 K. o, 5 — R/ ERHA
PN Y T1E— G AR UEMN) C B X B2 bl I 22 2 pp
o Y 5 T
7.2.3  /NRL b T ML

X NIE PN 2 BT A AN SR RE R U ()



194 i) =

it B 2012 4F 3 42 &

B RN R S, phdi i R A g R B
Wk HEREEAET A, B AH LW
AT, BRI A, (8 ESE .

FoAb b di iy e

AR I R VR T R 75 2, ROKR AT RE HBL R 51 o
AT B IR AR L AR ol
BT H BRI L, 30978 SO (L e RE R ok
d BRI HL, T BGE MLR IR | VR YT I A A AL 1Y
e I A PR Tl e RE S AN, 6 7 O JIE 5 1)
ik SRV E

7.3 WEHEEMMDEMNEEEMEELRTHH

Iz

W gL D7 B30-82 oK o 7 A A ik
0 T RV R K AN, T 2% R I B0 bk R K M A
¥ BTG AL R, AT REAT I A A K 1 3
i WOL R FE TS 2 10 Bl o i n] DLAE R I 1) A
BB A A5 o IR T I AR R
TN IR 2T 4 B 1 il 25 W IS T AR 35 1
i AEROR. Rk, FATIN Y A7 Bk 2D Bt
ok YA o I A o 3 R At o A

SR T e BE R T WG T IR (1 1R R, TR N AR
AR TR AR L N AR AT R ORI
T8 BE o B RE A A N R A 22 i R A0 M, O g
F A A [R] I A BE B2 v Jh R A0 I e 25
(VI AU, (ELRE, R 1o o 80X TR 40 L PR A L
PN T, FCRE A TR R 40 0 48 b
PrRC I E IS5 . H T, N A o R
= EREAFH.

Oy T He RS N R R 9T (KUBT T . JLIER
JELHE R R i B DNA /254 Ok B N R
G S i BUNE 6 S Y N D R S i v B
Febric AN — A AR A S A . T 245
FERRE, s AR, AEIEE (BEE) 1Y)
B T T BE X A0 MO A7 P A AN RS R, B AR CR
EAKISET.

724

8 &4 i&

Pt B S R IR, BRI
PWALREIN R R] . ot . A e . 1
HRIR T o B RORAE DR S U B . % A
SCPTIR, AN AR (ESWL) 75 WA R R 4¢
i MARR AR EBRH RS T T AR M. T
ROk, Pl IR I TR P IR, JRis T

Ji o A 13 T L DNA /2459 5 18 L& AR 1) i6
VEQIRES

SR, A A b ol ¢ 50 g 2 A8 15 2 AU AT B
RoTRk, BATUIR T LR 4T SV 40 1) I AT, DA
fift ke o ok e AE R B A R (A R 1) AL A BT
REW W T JL N B, JEHOR BT ITN AR 5%
AR, ook TSR

2 % X

1 Shrivastava S K. Shock wave treatment in medicine. J.
Biosci, 2005, 30(2): 269-275

2 WA, RIFR. RS AR, dbat: AREAEH
i tt, 2004. 15-22, 247-248

3 Toth-Kischkat A. Physical principles of shockwave. In:
Proc. of the 3rd Congress of the International Society of
Musculoskeletal Shockwave Therapy, Naples, Italy, June,
2000

4 Asgari M A, Safarinejad M R, Hosseini S Y, et al. Ex-
tracorporeal shock wave lithotripsy of renal calculi during
early pregnancy. Br J Urol, 1999, 84(6): 615-618

5 PhIEE] pheh R AR, g AT KA HY R AL, 2001

6 Singh I. Impact of power index, hydroureteronephrosis,
stone size, and composition on the efficacy of in situ
boosted ESWL for primary proximal urethral calculi.
Urol, 2001, 58(1): 16-22

7 Takayama K, Saito T. Shock wave/geophysical and medi-
cal applications. Annu Rev Fluid Mech, 2004, 36: 347-379

8 ki, ARk, WS, A5, APk ICRE AR SN b A RV
T LIREREE A (M 717 Gk ). A R AR R, 2004,
25(7): 448-449

9 Valchanou V D, Michailov P. High energy shock waves in
the treatment of delayed and nonunion of fractures. Int.
Orthop, 1991, 15: 181-184

10 JHSEEE, FHaHT7, RIMIE, 55, RS o o R ALZUE AN E
KB PTIEIR @A . AR K, 1998, 21(6): 331-
333

11 Loew M, Jurgowski W. Initial experiences with extra-
corporeal shockwave lithotripsy (ESWL) in treatment of
tendinosis calcarea of the shoulder. Z Orthop, 1993, 131:
470-473

12 Rompe J D, Burger R, Hogf C, et al. Shoulder function
after extracorporal shock wave therapy for calcific ten-
donitis. Journal of Shoulder and Elbow surgery, 1998,
7(5): 505-509

13 AREEA. AR A s A HLIG R I (R . v A 3k PR A1
FE, 1999, 20:127-128

14 Kodama T, Takayama K, Nagayasu N, et al. Basic study
of shock wave revascularization therapy for cerebral em-
bolism. Neurosonology, 1997, 10: 79-83

15 Kodama T, Takayama K, Uenohara H. A new technology
for revascularization of cerebral embolism using liquid jet
impact. Phys. Med. Biol, 1997, 42:2355-2367

16 Hosseini S H R, HiranoT, Onodera O, et al. Study of
laser driven underwater shock waves for medical applica-
tion. In: Proc Jpn Shock Wave Symp. Ed. K Takayama,
2000. 613-616

17 Hirano T, Komatsu M, Saeki T, et al. Enhancement of
fibrinolytics with a laser-induced liquid jets. Laser Surg
Med, 2001, 29: 360-368

18 Menezes V, Kanno A, Takayama K. Shock waves for bal-
listic delivery of DNA droplets into living cells. Int J of
Aerospace Innovations, 2009, 1(3): 111-116



i

2 M

Wit 55 - o o AR AE I 2 A () 19

195

19

20

21

22

23

24

25

Menezes V, Takayama K, Ohki T, et al. Laser-ablation-
assisted microparticle acceleration for drug delivery. Appl.
Phy. Lett., 2005, 87: 163504

Kendal M, Mitchell T J, Costigan G, et al. Downregula-
tion of IgE antibody and allergic responses in the lung by
epidermal biolistic microparticle delivery. J. Allergy Clin.
Immunol., 2006, 117: 275-282

Morishita R. Adventure of gene therapy into the brain:
a New era for cardiovascular gene therapy. Circ. Res.,
2000, 87: 719-721

Quinlan N J, Kendall M A F, Bellhouse B J, et al. Inves-
tigations of gas and particle dynamics in first generation
needle-free drug delivery devices. Shock Waves, 2001, 10:
395-404

Johnston S A. Biollstic transformation: microbes to mice.
Nature, 1990, 346: 777-778

Bellhouse B J, Quilan N J, Ainsworth R W. Needle-less
delivery of drug in dry powder form, using shock waves
and supersonic gas flow. In: Houwing A F P, Paul A,
Boyce R R, et al. eds. Proc 21st Int Symp Shock Waves.
1997. 51-56

Kendall M A F. The delivery of particulate vaccines and
drugs to human skin with a practical, hand-held shock

26

27

28

29

30

31

32

tube-based system. Shock Wave J, 2002, 12: 23-33
Jagadeesh G, Kawagishi J, Takayama K, et al. A new mi-
cro particle delivery system using laser ablation. In: Lu
F. ed. Proc 23rd Int Symp Shock Waves. 2001. 859-866
Pavlov A 1. Needle-free drug delivery using shock wave
techniques: [Master Thesis]. City-name(State-name):
Massachusetts Institute of Technology, 2006

McClure S R, Van Sickle D, White M R. Effects of extra-
corporeal shock wave therapy on bone. Vet Surg, 2004,
33(1): 40-48

Bosch G, de Mos M, van Binsbergen R, et al. The effect
of focused extracorporeal shock wave therapy on collagen
matrix and gene expression in normal tendons and liga-
ments. Equine Vet J, 2009, 41(4): 335-341

Komatsu M. Study of applications of shockwaves to
medicine: [PhD thesis]. Tohoku: Tohoku Univ, 2002
Vogel A, Busch S. Shock wave emission and cavitation
bubble generation by picosecond and nanosecond optical
breakdown in water. J. Acoust. Soc. Am., 1996, 100:148-
165

Nakagawa A. Application of shockwaves as a treatment
modality in the vicinity of brain and skull. J. Neurosurg,
2003, 99:156-162

DOI: CNKI: 11-1774/03.20120316.1544.004



196 i) 2 it B 2012 4F 3 42 &

APPLICATIONS OF SHOCK WAVE TO MEDICAL THERAPY *

CHEN Haibin YANG Zhihuan' NING Xin LI Xiaoyan

State Key Laboratory of Trauma, Burns, and Combined Injuries, Institute of Surgery Research, Daping Hospital, Third Military
Medical University, Chongqging 400042, China

Abstract  Shock wave researches were traditionally developed as an element of high-speed gas dynamics
supporting supersonic flights and atmospheric reentry of space vehicles. However, in the past thirty years shock
waves have been successfully applied to medical therapy. This paper discusses firstly the operation principles
of extracorporeal shock wave lithotripsy (ESWL) and its mechanisms (i.e. stress mechanism, and cavilation
mechanism) of noninvasion removal of kidney and urthral stones. Then the effectiveness of ESWL treatment
to nonunion bone fracture, false joint, tennis elbow etc. in orthopedic surgery are reviewed. The theories and
methods of formation of microexplosion- and laser-induced microwater jets are briefly discussed with special
attention paid on their applications to cerebral thrombosis revascularization. Relevant experimental setups are
also enumerated for introducing DNA /drug and high-speed particles into cells and related results summarized.
Besides, the idea underlying the application of shock wave to treat tendons, ligaments and bones on horses
or dogs in veterinary medicine is presented. This review proposes finally the key research fields to be further
explored, such as the new generation technology of medical shock wave, novel devices for shock wave therapy,

and medical applications of shock wave to the cerebral embolism revascularization and gene therapy.

Keywords shock wave, clinical treatment, veterinary medicine, cerebral thrombosis, cancer
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