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Abstract:

Bone defect repair is always a challenge issue of clinic treatment and academic research
in biomechanics. Based on clinical CT images, the data-driven method is used to
establish a modulus prediction model of cancellous bone, which includes the
microstructure characteristics and distribution of trabecular bone. The degradable
metamaterial by 3D printing is implanted for defect repair in clinic treatment. This work
is scheduled by a few parts: (1) the sections of cancellous bone sample of distal tibia
with different sex, age and physiological state are prepared. The ratio of trabecular
volume and total volume (BV/TV) in each section and corresponding trabecular
modulus is determined by nano-micro-indentation tests. The distal tibia cancellous bone
of Small Tail Han Sheep is taken as the test sample here. The representative volume
element (RVE) of FEM model including clear trabecular structure is established based
on the micro-CT images. (2) the prediction modulus based on three-dimensional
convolutional neural network (CNN) is established to training and verifying the data by
using the clinical CT images and the equivalent mechanical parameters of RVE. The
model reveals the mapping relationship between the equivalent compression modulus
and the clinical CT images. (3) the 3D inhomogeneous cancellous bone model is
reconstructed by the prediction modulus, and its typical mechanical response is
basically consistent with the high precision cancellous bone model with microstructures.
This means that the equivalent compression modulus of different regions of distal tibia
can be obtained directly only by clinical CT scanning. (4) the degradable metamaterial
by 3D printing is implanted for defect repair in clinic treatment. After implantation of
substitution material into tibia of the patient, it takes time for the osteocyte to grow
inside tibia, which evidences that it grows if it has stress.
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