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A Study On Shape Design of Implant Systems For Bone Fracture Operations
By Using Finite Element Method

Ji-Hyun Cho', Keum-Hee Seo', Tae-il Seo*

Abstract

This paper investigates shape design processes of two implant systems for bone fracture treatment ; Bone plate and
Interlocking nail system. These systems can directly fix fractured human bones by surgical operations. The bone plates
consist of various shaped plates and implant screws for fixation of fractured human bones with various manual instruments
allowing to handle them. The material corresponds to titanium alloy Ti6Al4V because it is harmless material for human
body as well as significantly rigid. This system has to be suitably rigid as well as manually bended in orthopedic surgery
operations. The Interlocking nail system is a kind of nail implanted inside fractured human bones. The shapes of these
systems have to be suitably designed in order to endure various loads as well as avoid any damages. If various shaped
prototypes would be fabricated and tested to design the optimal shapes, optimal shapes could be obtained but very long
time and expensive costs must be required. In this paper finite element method was applied into these systems. Under
various boundary conditions a series of structural analysis was conducted by using ANSYS. Finally important shape factors
could be determined on the basis of the analysis results.

Key Words : Bone fracture(Z2), Implant system(U=THE A|~8l), Shape design(34“2 7)), Bone plate(3-=2] ] E), Interlocking
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Fig. 1 Various fracture treatment system
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Table 1 Material Properties of Ti6AI3V Alloy

Property Value Unit

Density 7750 kg‘3

Young's Modulus 1.21E+11 Pa
Poisson's Ratio 0.34

Tensile Yield Strength 8.05E+08 Pa

Tensile Ultimate Strength 8.45E+08 Pa

CoFatigue Strength Coefficient 1.293E+09 Pa
Fatigue Strength Exponent -0.088
Fatigue Ductility Coefficient 0.26
Fatigue Ductility Exponent -0.721

Applied Load

0.2% Offset
Displacement

Load(N})

Displacement{mm}

Fig. 6 Schema of bone plate bending test
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Fig. 9 Deformed shape of bone plate
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Fig. 10 Bending curve of bone plate
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Table 2 Displacement according to Loads
Displacement Displacement

Load (mm) Load (mm)

™ before after ) before after

200 0.56 0.56 3200 9.0 15.6

400 1.1 1.1 3400 9.6 16

600 1.7 1.7 3600 11.7 17.5

800 23 23 3800 13.5 18.6

1000 2.8 2.8 4000 14.9 19

1200 33 34 4200 153 19.6

1400 3.9 4.1 4400 16.3 19.9

1600 45 5 4600 16.5 20.2

1800 5 5.6 4800 16.8 20.7

2000 5.6 7.1 5000 17.4 20.9

2200 6.2 9.7 5200 19.1 21.8

2400 6.7 11.4 5400 20 21.8

2600 7.3 12.4 5600 19.9 225

2800 7.9 12.7 5800 21.5 227

3000 8.4 13.8 6000 22.8 232
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Table 3 Shape Conditions of Nail Shaft

S (mm) M3 (mm) L& (mm)

14 16 20

10 15
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Table 4 Material Properties of Ti6AI3V Alloy

SE(mm) | M¥(mm) | L¥F(mm)

@ 14 16 20

@ 8 10 15

&) 4 6 8
Total Deformation 0.10236 0.052535 0.0032148

Von-mises(MPa) 22.606 11.241 4.4348
Safety Factor 6.4228~15 15 15
5 Szzz;ii ;Cmi ‘5?%2; e

2.384=-001
2.185=-001

| .987e-001

. 7882-001

-589=-001

.391e-001
B l.197=-001
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L .987e-002

- 000 +D00
//\
z

Fig. 15 Bending test simulation results
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