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Abstract: The interbody fusion cage used to replace the degenerative intervertebral disc is largely composed of tita-
nium-based biomaterials and biopolymer materials such as PEEK. Titanium is characterized by osseointergration and
biocompatibility, but it is posed that the phenomenon such as subsidence can occur due to high elastic modulus versus
bone. On the other hand, PEEK can control the elastic modulus in a similar to bone, but there is a problem that the
osseointegration is limited. The purpose of this study was to implement titanium material’s stiffness similar to that
of bone by applying cellular structure, which is able to change the stiffness. For this purpose, the cellular structure
A (BD, Body Diagonal Shape) and structure B (QF, Quadral Pod Shape) with porosity of 50%, 60%, 70% were pro-
posed and the reinforcement structure was suggested for efficient strength reinforcement and the stiffness of each
model was evaluated. As a result, the stiffness was reduced by 69~93% compared with Ti6AI4V ELI material, and
the stiffness most similar to cortical bone is calculated with the deviation of about 12% in the BD model with 60%
porosity. In this study, the interbody fusion cage made of Ti6Al4V ELI material with stiffness similar to cortical bone
was implementing by applying cellular structure. Through this, it is considered that the limitation of the metal bio-
material by the high elastic modulus may be alleviated.
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Table 1. The value of the parameters and element for each unit cell

Type Porosity (%)  Unit cell size (mm)  Pore size (um) Strut thickness (um) Number of element
BD50 50 1.10 400 380 1,135
BD60 60 1.00 400 310 2,116
BD70 70 0.90 400 235 2,936
QP50 50 2.25 400 605 2,651
QP60 60 1.745 400 400 2,727

QP70 70 1.48 400 285 2,505
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Table 2. The mechanical properties of each material

Materials Elastic modulus (GPa)  Poisson’s ratio Yield strength (MPa) Mass density (g/cm?)
Ti6Al4V ELI [16] 105 0.37 480 4.51
Cortical bone [14,15] 18.2 0.38 205 1.80
PEEK [20] 4.6 0.38 125 1.31
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Fig. 4. The shape of the frame for PLIF cage: (A) Top view,
(B) Isometric view, (C) Right view, (D) Back view
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Table 3. Number of element about PLIF cage finite element models

Type

Element type Number of element

Cellular cage with frame

Single material model (Ti6A14V ELI, Cortical bone, PEEK)

148,253
80,209

Tetrahedron element

Tetrahedron element
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Type Porosity (%) Y axis deformation (mm) Elastic modulus (GPa)
BD50 50 0.01952 14.0
BD60 60 0.04331 6.9
BD70 70 0.10746 3.1
QP50 50 0.006895 19.3
QP60 60 0.01616 10.6
QP70 70 0.03718 5.5
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Table 5. The calculated stiffness and allowable load of each
PLIF cage model

Model Stiffness (N/mm)  Allowable load (N)

BD50 119,289 4,138

BD60 68,966 2,866

BD70 35,404 1,856

QP50 149,054 4,715

QP60 96,646 3,661

QP70 57,402 2,665
Cortical bone 78,082 5,791
Ti6Al14V ELI 480,769 13,5659

PEEK 19,561 3,631
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