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Analysis of Stiffness Factors of Polymeric Ligation Clip
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With the increasing frequency of laparoscopic surgery, interest in the application of polymeric ligation clips as a method for
ligating blood vessels has grown. Automatic clip appliers with built-in polymeric ligation clips have been developed to
reduce ligation time. As the built-in clip is loaded into the jaw of the applier for ligation, a high spring constant, the elastic
property of the clip is required to load properly. As the built-in clip loses its elastic properties due to stress relaxation over
time, a polymeric ligation clip with a high spring constant is needed to increase the shelf life of the applier. In this study,
four design factors of the cavity at the clip hinge (length, width, eccentricity, and angle of the cavity) were derived and
applied to the Taguchi optimization method using finite element analysis to evaluate which factor was critical. The four
design factors explained 93.5% of the variation in the spring constant. The factors related to cavity width and eccentricity
were significant at p<0.05. Cavity width was the most crucial factor, explaining 70.8% of the variation in the spring constant.
The spring constant of the improved clip model increased by 55.4% compared with the existing model.

NOMENCLATURE
E = Young’s Modulus
v = Poisson’s Ratio
k = Spring Constant
F = Reaction Force
6 = Displacement
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Fig. 1 Polymeric ligation clips applied by clip applier [4] (Adapted
from Ref. 4 on the basis of OA)
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Fig. 2 Structure of polymeric ligation clip

Fig. 3 Automatic clip applier with built-in polymeric ligation clips [7]
(Adapted from Ref. 7 on the basis of OA)
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(b) Factors of cavity location; CE (cavity_eccent), CA (cavity angle)

Fig. 4 Four design factors related to cavity size and location

Table 1 Design factors and their levels used in Taguchi method

Design factor Level-1 Level-2 Level-3
CL [mm] 1.45 1.61 1.77
CW [mm] 0.48 0.54 0.59
CE [mm] -0.054 0 0.054
CA [deg] -3 0 3
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Fig. 5 Finite element mesh model of a clip with all four factors set
to level-1 and applied boundary conditions

Table 2 Material property of POM (PolyOxyMethylene) [9]
(Adapted from Ref. 9 on the basis of OA)

Parameter Material property Value
E Young’s modulus (MPa) 2,824
1% Poisson’s ratio 0.44

Type: Total Deformation
Unit: mm
Time: 1's
7.2734 Max
6.4653
5.6571
4.849
4.0408
3.2326
24245
1.6163
0.80817
7.9376e-6 Min

Fig. 6 Deformation shape of the clip by a displacement of 7.2 mm
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Fig. 7 Reaction force (F) vs. displacement (9) of the clip
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Fig. 8 Spring constant (k) vs. displacement () of the clip
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Table 3 Spring constant by means of Taguchi method L18

Run Design factor k
No. CL cw CE c4 [gf/mm]
1 1.45 0.48 -0.054 -3 7.195
2 1.45 0.54 0 0 4.890
3 1.45 0.59 0.054 3 5.161
4 1.61 0.48 0 3 6.109
5 1.61 0.54 0.054 -3 4978
6 1.61 0.59 -0.054 0 4.614
7 1.77 0.48 0.054 0 6.359
8 1.77 0.54 -0.054 3 6.518
9 1.77 0.59 0 -3 2.893
10 1.45 0.48 0 0 6.367
11 1.45 0.54 0.054 3 5.545
12 1.45 0.59 -0.054 -3 4.436
13 1.61 0.48 -0.054 3 6.435
14 1.61 0.54 0 3 4.617
15 1.61 0.59 0.054 0 3.728
16 1.77 0.48 0.054 3 5.871
17 1.77 0.54 -0.054 0 5.513
18 1.77 0.59 0 3 3.509

Table 4 Analysis of variance (ANOVA) of each design factor

Source DoF Adj.SS  Adj. MS F P
CL 2 (14041021) 0.5091 3.06 0.097
cw 2 (17603;305) 8.1898 49.28 0.000%*
CE 2 (31 jii/f) 1.6678 10.03 0.005%*
c4 2 ?3990023 0.4519 2.72 0.119

Error 9 (1 645905/08) 0.1662
1 B

R? =0.9353, *p-value<0.05
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Fig. 9 Main effect plot about spring constant k&

Table 5 Increase of spring constant by the improved combination

Model k [gf/mm] Increase
Existing
(CL-2, CW-2, CE-2, CA-2) 4675 )
Improved o
(CL-1, CW-1, CE-1, CA-3) 7263 33:4%
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