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Three-Dimensional Modeling and Motor Function of Gallbladder

ZHANG Zhihui', SONG Chengli', ZHANG Kai’, HU Hai’

(1. Shanghai Institute for Minimally Invasive Therapy, School of Medical Instrument and Food Engineering,
University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Gallstone Center, Dongfang
Hospital Affiliated to Tongji University, Shanghai 200120, China)

Abstract; Objective Considering the characteristics of gallbladder under healthy and pathological conditions,
biomechanical properties of gallbladder wall and hydrodynamic characteristics of bile, as well as the correlation
between motor function of gallbladder and genesis of gallstones were studied. Methods The three-dimensional
(3D) structure model of gallbladder was constructed by using CT image data. The finite element model was
established to simulate the movement of gallbladder and the flow process of bile, so as to analyze the movement
mode of gallbladder and its influence on gallstones formation under different fluid-solid coupling conditions. Results
Gallbladder motor function was closely related to biomechanical characteristics. Under the same boundary
conditions, the flow velocity of calculous bile (1.1 cm/s) was lower than that of normal bile (2.3 cm/s). The
abnormality of gallbladder motor function would not change the flow pattern of bile, but the change of bile
composition would make the flow pattern more tortuous. The maximum stress and maximum deformation of
gallbladder with weak motor function were 1. 079 kPa and 0. 931 mm, which were far smaller than the maximum
stress (4.318 kPa) and maximum deformation (3. 725 mm) of healthy gallbladder. In terms of stress, abnormal
bile composition did not have much impact on gallbladder. Conclusions When the motor function of gallbladder is
damaged and weakened, the contraction will be greatly reduced and gallstones are more likely to occur. The 3D
model of gallbladder and analysis of motor function can provide necessary theoretical basis and technical means
for surgical treatment of gallstones.
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Fig. 1 Solid modeling of gallbladder based on CT images
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(a) Front view, (b) Axis view, (c) Side view,
(d) Generated gallbladder model
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Fig.3 Velocity distributions of biliary system during refilling period
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Fig. 2 Boundary condition on biliary tree (a) Fluid domain,
(b) Solid domain
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Tab.1 Boundary conditions of gallbladder in three cases
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Fig. 4 Distribution of pressure and deformation of gallbladder during refilling (a) Healthy gallbladder,
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(b) Gallbladder with abnormal motor function, (c) Gallbladder with abnormal bile composition
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Tab.2 Simulation results of gallbladder during simulated refilling

in different cases
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