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Mechanical properties of laparoscopic grasper
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Abstract: Objective To analyze the surface features of various laparoscopic graspers by finite element method and provide a basis
for the design of laparoscopic graspers. Methods The effects of rounding radius, tooth number, jaw areas and fenestration areas
on the maximum equivalent stress of the tissue-device contact surface while grasping the liver tissues were analyzed and the effects
of the above factors were ordered by orthogonal test. Results As the effective contact area of the tissue-device contact surface
increased, the maximum equivalent stress and its change rate became smaller. The effects of jaw area on the maximum equivalent
stress of the tissue-device contact surface was the largest, followed by tooth number, rounding radius and fenestration area.
Conclusion The optimal grasper should be selected according to the needs so as to prevent excessive equivalent stress and tissue
damages. During the design of laparoscopic grasper, the jaw area should be the main consideration, and the others are supplementary
consideration factors.
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Fig.1 Structure diagram of graspers
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Fig.2 Force diagram of grasper
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Tab.1 Design and results of orthogonal test

KR M ElREE kIR R BOREER
/mm /mm? /mm? /e5Pa
1 8 0.0 5x12 3x4 2.02
2 8 0.1 5%16 3x6 1.49
3 8 0.2 5%20 3x8 1.46
4 8 0.3 5x24 3x10 1.23
5 12 0.0 5x16 3x8 1.51
6 12 0.1 5x12 3x10 1.90
7 12 0.2 5x20 3x4 1.15
8 12 0.3 5x24 3x6 0.92
9 16 0.0 5%20 3x10 1.17
10 16 0.1 5%24 3x8 1.11
11 16 0.2 5x12 3x6 1.48
12 16 0.3 5%16 3x4 1.22
13 20 0.0 5x24 3x6 0.89
14 20 0.1 5%20 3x4 1.01
15 20 0.2 5%16 3x10 1.19
16 20 0.3 5x12 3x8 1.42
K, 6.20 5.59 6.82 5.40
K, 5.48 5.51 5.41 4.78
K, 4.98 5.28 4.79 5.50
K, 4.51 4.79 4.15 5.49
R 1.69 0.80 2.67 0.72
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Fig.3 Finite element simulation under different patterns
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