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anatomical 3D printed posterior lumbar
interbody fusion cage with internal lattice design
based on weighted topology optimization
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Abstract

In this study, we designed and manufactured a posterior lumbar interbody fusion
cage for osteoporosis patients using 3D-printing. The cage structure conforms to
the anatomical endplate’s curved surface for stress transmission and internal lattice
design for bone growth. Finite element (FE) analysis and weight topology optimization
under different lumbar spine activity ratios were integrated to design the curved
surface (CS-type) cage using the endplate surface morphology statistical results
from the ostzoporosis patients. The CS-type and plate (P-type) cage biomechanical
behaviors under different daily activities were compared by performing non-linear
FE analysis. A gyroid lattice with 0.25 spiral wall thickness was then designed in the
internal cavity of the CS-type cage. The CS-cage was manufactured using metal 3D
printing to conduct in vitro biomechanical tests. The FE analysis result showed that
the maximum stress values at the inferior L3 and superior L4 endplates under all daily
activities for the P-type cage implantation model were all higher than those for the
CS-type cage. Fracture might occur in the P-type cage because the maximum stresses
found in the endplates exceeded its ultimate strength (about 10 MPa) under flexion,
torsion and bending loads. The yield load and stiffness of our designed C5-type cage
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Design of a patient-specific mandible reconstruction implant with dental
prosthesis for metal 3D printing using integrated weighted topology
optimization and finite element analysis
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ARTICLE INFO

ABSTRACT

Keywords:
Pasient-cpecific implant
Mandibular reconstruction
Denzal proathesiz

3D printing

Topology optimization
Finite element analysiz

The aim of this study was used a weighted topology optimization method to derign a patient-zpecific mandibular
implant for reconstruction and restoration of appearance in patients with severe mandibular defectz. A finite
element (FE) model was constructed and the defect region was defined from the unilateral first premolar to the
second molar. The reconstruction implant included main body, Axation wing and dental prosthesis. Standard
topology optimization was performed wsing strez: constraint to identify optimal fixation wing structure (denoted
az WOS) with solid core main body. Two independent optimal main body with internal beam supporting
structures defined as WOSA and WOSO optimized from the WOS model under axial and oblique condition: ware
then obtained, respectively. Final optimal model (WBOS) wasz generated using a weighted topology optimization
that considered 60% and 40% contibudons of WOSA and WOSO models, respectively. The WBOS model was
fabricated using metal 3D printing and fixed on the resting acrylonitrile butadiene styrene (ABS) bone to perform
fracture testing. Stress concentration were found in the upper area connected to the main body of the mesial wing
and eorresponding maximum values under axial/oblique loads were reduced from 778/925 MPa of the WOS
model to 764/720 MPa of the WBOS model. The reduction in percentage variations of weight between original
(91.1 g) and final opdmal (24.5 g) models was 73.14% for fabricated 3D printing medelz. The WBOS model alzo
exhibited a higher resiztant force {2163 N) when compared with the original model (1678 N). This study
developed a dezign strategy with weighted topology optimization and fabrication for producing patient-zpecific
implantz using metal 30 printing. The obtained reconstruetion implant can provide good biomechanical per-
formanee and recovery of appearance for oral rehabilitation.

1. Introduction

of the mandible, and to reztore facial contours and masticatory function
{Pinheire and Alves, 2015; Stoor et al., 2017; Yusactal., 2017; Lec ctal,

w BOS ode' The main objective of reconstruction for severe mandibular defects is 2018; Cheng et al, 2019). These considerations are particularly

to restore functional components of the facial skeleton and contribute to important for patientz who need complex postoperative dental pros-

individual facial idenfity, mastication,

__________ PR

speech, swallowing, and theses that ensure quality of life.
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Li, C. H., Wu, C. H., & Lin, C. L. (2020). Design of a patient-specific mandible reconstruction implant with dental prosthesis for metal 3D printing using integrated weighted topology optimization

and finite element analysis. Journal of the mechanical behavior of biomedical materials, 105, 103700.
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Abstract: This study proposes a novel titanium 3D printing patient-specific implant: a lightweight
structure with enough biomechanical strength for a distal femur fracture with segmental large defect
using nonlinear finite element (FE) analysis. CT scanning images were processed to identify the size
and shape of a large bone defect in the right distal femur of a young patient. A novel titanium implant
was designed with a proximal cylinder tube for increasing mechanical stability, proximal/distal
shells for increasing bone ingrowth contact areas, and lattice mesh at the outer surface to provide
space for morselized cancellous bone grafting, The implant was fixed by transverse screws at the
proximal/distal host bone. A pre-contoured locking plate was applied at the lateral site to secure the
whole construct. A FE model with nonlinear contact element implant-bone interfaces was constructed
to perform simulations for three clinical stages under single leg standing load conditions. The three
stages were the initial postoperative period, fracture healing, and post fracture healing and locking
plate removal. The results showed that the maximum implant von Mises stress reached 1318 MPa at
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