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Abstract: The simulation of soft-tissue deformation is an important area of research in the field of virtual surgery. For
organs with complex physiological structures such as the uterus, realizing deformation modeling and real-time simu-
lation poses a challenge. In response, this paper proposed a filled-sphere model with a hybrid topology. This method
was tailored for modeling complex physiological structures, exemplified through its application in simulating uterine
deformation during hysteromyomectomy procedures. First, an improved filled-sphere model was proposed, which
was designed to accommodate the variability inherent in the geometric surfaces of organs. This model diverged from
traditional single topology connection mode by integrating a hybrid filled-sphere structure that involves tetrahedral and
central axis topologies. Further, considering uterine physiological properties and surgical operation characteristics,

regional and soft-tissue characteristics were incorporated into the deformation model. On this basis, we introduced a
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modeling method with a filled-sphere structure and tetrahedral topology, leveraging the metric tensor partition

method. By extracting the central axis of geometric model, we simulated topological structures of different uterine

parts, resulting in a complete filled-sphere model of the uterus. We developed a virtual environment for uterine de-

formation using OpenGL. Moreover, using Touch from 3D Systems, a uterine-deformation simulation platform was

established. Subsequently, experiments were performed to validate the effectiveness and real-time performance of our

simulation. In addition, an experimental platform for measuring real soft-tissue deformation was developed to com-

pare the virtual deformation determined through simulations against actual soft-tissue deformation. Results show that

the updating frequency of virtual uterine deformation is concentrated in the range of 40—60 Hz, meeting the real-

time monitoring requirements of surgical training. The maximum difference between virtual and actual deformations is

0.117 mm when a force less than 3 N is applied. This indicates that the deformation simulation is consistent with the

overall deformation trend of real soft-tissue under external forces.

Keywords: virtual surgery; soft-tissue deformation; filled-sphere model
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Fig.12 Comparison of deformation force and displace-
ment curves
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