EREYHE $£29% F3IH 2014456 A
234 Journal of Medical Biomechanics, Vol. 29 No.3, Jun. 2014

XEHE :1004-7220(2014)03-0234-07

fERE iR S E AR EMNFESH

K 4, BHF, RmAl, BRRIE, HUHk
(BT R BT A b5 fih bt , P R B bR TARBF ey, L 200093)

WE: BRY B AWA g 5 0E Bt s i R A 2R TR AR | AT N, S0 N 2R 40 . ik A Kelvin-Voigt #78
K Hertz $2 il BE3E | S BETE | [RITE 1 465 A0 1) 25 -5 2 400 20 40 35 Mo 2 TR A0 | 0 4 ok 17 7 R 7 725 it e i1 78 £ B4) 1
B 333 FA BRIT - S A= W BTN O 325, OB [R] B8 A &5 4 15 20 SUBE il U AR AR I8 I B 1 AR Ak v, R R
[) 235 4 P 145 72 SITCHR 2 et ot A 2 s SN ) P g S 07 7 o LIRS 17 435 P o A 280 1 A g 7 B o, TRIIE O e /N, B2 5
BB GEN TR H 26, it BIE SRR AT LG RO IR 5 42 8 fl ik 72 AR (03 48 % J7 , T AE %
U/ NI 5 %o 2H s G 55, i IR T U TV SU R R 1o R PR b, 1% 7 36 1T O I s B 4 170 22 4 foff PR i
TR AT,

A BRI RS e BRI

FE45ZES: R318.01 ERPRARAD: A

Mechanical analysis on laparoscopic instruments when contacting

with biological tissues

ZHU Wei, LU Kun-yong, SONG Cheng-li, ZHAO Ling-xi, XU Wen-dong( School of Medical
Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai Institute for

Minimally Invasive Therapy, Shanghai 200093, China)

Abstract. Objective To establish the contact deformation model of biological tissues contacting with endoscopic
instruments, and to make mechanical analysis on contact stress and strain. Methods Based on Kelvin-Voigt
model and Hertz contact theory, the contact deformation model of instruments (with both wedge-shaped teeth
and cylinder-shaped teeth) contacting with biological tissues was established, and the variation of contact stress
and strain changing with time in different endoscopic instruments were obtained through finite element analysis
method and bio-impedance measurement. Results Endoscopic instruments with different structures of the teeth
could cause different strain and stress on tissues during laparoscopic grasping. The stress of the instrument with
wedge-shaped teeth on tissues was largest, while that with cylinder-shaped teeth was smallest, and that of instru-
ment with hybrid structure of wedge-shaped and cylinder-shaped teeth was in between. Conclusions The hybrid
structure of wedge-shaped and cylinder-shaped teeth can effectively reduce the peak pressure during laparoscop-
ic grasping, thus prevent less tissue damage caused by wedge-shaped teeth, and enhance the grasping ability
with cylinder-shaped teeth. This study provides an important reference for the safety use and better design of lap-
aroscopic instruments in clinic.
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single wedge-shaped tooth
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Fig. 5 Pressure distributions on the instruments with different
structures of teeth (a) Wedge-shaped tooth contact model , (b) Cyl-

inder-shaped tooth contact model
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Stress distributions on biological tissues and instruments
(a) Wedge-shaped tooth contact
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tooth contact model
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