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Abstract

Recent clinical studies have shown that computer navigation for total knee arthroplasty (TKA)
provides improved component alignment accuracy. However, femoral stress fracture after computer-
navigated TKA have been reported due to the pin hole and we hypothesized that osteoporosis would
be one of the key factors in pin hole fracture after computer-navigated TKA. We investigated the
von-Mises stress around the femoral pin-hole for different elastic modulli and ultimate stresses and
four different pin penetration modes to understand the aging effect on femoral stress fracture risk after
computer-navigated TKA by finite element analysis. In this study, aging effect was shown to increase
the femoral stress fracture risk for all pin penetration modes. Especially, aging effect was shown
dramatically in the transcortical pin penetration mode.
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Fig. 1 (A)-(D) Four different modes of pin
penetration in tubular bone; (A) unicortical, (B)
bicortical, (C) half-bicortical, and (D) transcorticall,
(E) Finite element model of femur with loading
and boundary conditions

Table. 1 The elastic modulus of the bone for
different ages

Age
20 60 70 80
Bone

Cortical bone(GPa) 155 | 143 | 14.0 | 13.7
Cancellous bone(MPa)| 279 | 145 | 115 79
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Fig. 2 Maximum von-Mises stresses to ultimate
stresses at the pin hole from 20 years to 80 years
at different pin penetration modes and pin diameters

under 1500 N of axial compressive load
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Fig. 3 Maximum von-Mises stresses to ultimate
stresses at the pin hole from 20 years to 80 years
at different pin penetration modes and pin diameters

under 12 N of torsional load
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