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Design and finite-element evaluation of a partially bioabsorbable interbody fusion cage
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[Abstract| Objective To design a partially bioabsorbable interbody fusion cage (PBIFC) and to analyze its biomechanics using
finite-element evaluation method. Methods A new type of PBIFC was designed and made from nano-hydroxyapatite/ polyamide 66 (n-
HA/PA66) and multi-Camino acid) copolymer-calcium sulfate; a 3D finite-element model of 1;-1., segment was constructed and
validated. A PBIFC or a non-absorbable cage of identical shape (n-HA/PA66 cage) was implanted via anterior approach on the model,
and four models were established, including the immediate implantation model and 4-week implantation model of each cage. An axial
compressive preload of 400 N and a torque of 10 Nm were applied to the L; segment to simulate spinal compression, flexion, extension,
rotation, and lateral bending. The stress and stress contour of different loading conditions were calculated. Results Immediately after
implantation, stresses of the bone graft in PBIFC model were higher than those in n-HA/PA66 cage model, while stresses of the cage
and endplate in PBIFC model were lower; and no significant difference in stress contours on endplate was found between the two
models. Four weeks after implantation, stresses of the bone graft in PBIFC were higher than those in n-HA/PA66 cage, and stresses of
the cage and endplate in PBIFC model were lower, with the stress differences being greater than those of immediately after implantation.
The stress contours on endplate in PBIFC model was larger than that in the n-HA/PA66 cage model. Conclusion PBIFC is probably
more suitable than a non-absorbable cage of identical shape for lumbar interbody fusion.
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Fig 1 Finite-element model of partially bioabsorbable
interbody fusion cage (PBIFC) and grafted bone
A: PBIFC cap; B: Bone graft; C: Cage base
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Tab 1 Material property assignation

of finite-element models in L/,

Young’s Poisson Transverse
Material modulus ? >1‘io section
p/MPa atio A/mm?

Cortical bone 12 000 0. 30

Cancellous bone 100 0. 20

Endplate 3 000 0. 25

Posterior elements 3 500 0. 25

Nucleus pulposus 1 0. 49

Annulus fibrosus 50 0. 45

Ligament
Anterior longitudinal ligament 20 63.7
Posterior longitudinal ligament 20 20
Ligamentum intertransversarium 58.7 3.6
Ligamentum flava 19.5 40
Interspinal ligaments 11.6 40
Supraspinous ligament 15 30
Capsule ligament 32.9 60

n-HA-PA66 3 800 0.3

Amino acid copolymer/ 1 000 0.3
calcium sulphate

Grafted bone 100 0.2
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Fig 2 Finite-element models of cage loaded with bone graft (A-D) and of the cage implanted in L;/, (E-H)
PBIFC: Partially bioabsorbable interbody fusion cage. A,E: PBIFC implanted immediately; B,F: PBIFC implanted for 4 weeks; C,G: n-HA-
PA66 cage implanted immediately; D, H: n-HA-PA66 cage implanted for 4 weeks
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Fig 3 Stress of 4 models under 10 Nm torque with preload of 400 N
PBIFC.: Partially bioabsorbable interbody fusion cage. A: Stress of grafted bone; B: Stress of cage; C: Stress of Ly endplate. PBIFC. PBIFC
implanted immediately; n-HA: n-HA/PA66 cage implanted immediately; PBIFC 4 w: PBIFC implanted for 4 weeks; n-HA 4 w: n-HA/PA66

cage implanted for 4 weeks

h' !. h' hg “
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Fig 4 Profiles of peak von Mises stresses on the upper endplate of L, in 4 models under 10 Nm torque with preload of 400 N

PBIFC: Partially bioabsorbable interbody fusion cage
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