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Construction of three-dimensional mechanical finite element model of gallbladder
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[Abstract] Objective To construct a three-dimensional mechanical finite element model (FEM) of human gallbladder for
non-invasive biomechanical research of gallbladder and operation simulation. Methods An interactive CAD model of gallbladder
was developed by parametric design software PRO/E using anatomical data, and was transferred into the finite element analysis
software ANSYS in IGES format. Subsequently.the geometric model was meshed with 3D 20-node hexahedral structural solid
elements and endued with material attributes to build the FEM. The procedure of clampping the gallbladder fundus was
simulated with the established FEM, and the deformation and Von Mises Stress was analyzed under displacement loads. Results

A 3D FEM of gallbaldder was successfully established, including the fundus, body and neck of gallbladder. The model
consisted of 14 520 elements and 82 524 nodes. It was found that the Von Mises Stress concentration areas were at the periphery
of the gallbladder bed and junction of gallbladder neck and cystic duct, and the deformation was centered at the head of
gallbladder fundus. Conclusion FEM can simulate the mechanical response in gallbladder operation. and the gallbladder FEM
can be used for biomechanical research of the gallbladder.
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Fig 1 Structural curves of gallbladder in PRO/E interactive modeling module

A,B,C: The frontal, lateral and top view; D: Axonometric drawing
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Fig 2 Moving the points of style curves

for interactively modifying luminal surface
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Fig 3 Diagram of boundary constraints and non-pressure loads
The pink areas symbolize the connecting sites of gallbladder neck which is
enwrapped by tight connective tissue of hepatoduodenal ligament and gall-
bladder bed. The three perpendicular arrows are at the point where a cy-
lindrical coordinate will be created in ANSYS. The yellow arrow repre-
sents the Y axis of the cylindrical coordinate and the pivot of clamp. Red

arrows indicate the action of jaws. The viewing angle is from top
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Fig 4 CAD(A), finite element model(FEM) of gallbladder(B) and gallbladder FEM with pressure loads on the inner walls(C)

A1,Bl: Intact view; A2,B2: Cut-open view; C: The tenuous red arrows were shown at the nodes attached to the inner areas of gallbladder wall

when “show the pres and convect as arrows” order was operated under “symbols settings”
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Fig 5 Contours of deformation (A) and of Von Mises stress (B,C)

The white arrows pointing the local stress concentration areas
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