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Nuzerical Stress Analysis of bone plate Systea using 3-disensional finite elenent nethod

Hyun-Su Kim
Dept. of Mechanical Eng., Dong A Uni

Abstract

Conventional compression bone fracture plates
sosetimes cause osteoporosis under the piate due to
high which

physiological

their rigidity in turn transfer
load wmostly through the plates and
screws. In order to prevent the osteopenia we have
designed a system which have a viscoelastic washer
between plate and screw head. The washer is made of a
blocozpatible ploymer (untra high wmolecular weight
UHMWPE) . finite

polyethylene, Three-dimensional

element meshes of the human femur with the
conventional and new concept bone plate are generated
and the comparative stress analyses are performed with
static half-stance loading condition. The results of
reduce the stress

analyses showed that could

shielding effect compared with the conventional plate.
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" Abduction forces

Figure 1 Conventional and new concept bone plate
(8) top : conventional bone plate ( Zimmer :
2362-06 ) bottom :
(b) parts of new concept bone plate ( bone screw,
UHMWPE washer and bone plate froms top )

new concept bone plate

Figure 2 The finite element models :

(a) intact femur (b) implanted femur (c) femur
(d) bone screw (e) UHMNPE washer

(f) bone plate (oblique view)

(a)
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Figure 3 The six locations where stresses are selected
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Figure 4 Von Mises stress of the laterial side for
contact and non-contact mode]
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Figure 5 Von Mises stress of the medial side for

contact and non-contact model
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Figure 6 The longutudinal stress of section #16
(a) intact bone (b) CCV model (c) CNEW model
(d) OCV model (e) ONEW model
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Table 1. The number of nodes
and elewents of the
finite element models

Model | Nodes | Elements
I.F 1453 752
ccv 2224 1196
CNEV | 2224 1186
ocv | 2323 1196
ONEW 2323 1196
where I.F : intact fesur model
CCV : contact model with
conventional B.P.
CNEY : contact model with
new concept B.P,
OCV : non-contact model
with convential B.P.
ONEV : non-contact wodel

with new concept B,P.

Table 2, The material properties

Cortical {Cancell- |UBMWPE| Plate
bone ous bone & Screw
Young's{E, [11.5
wmodulus|Ez [11.5] 0.325 1.24 | 200
(GPa) |Es {17.0
Poiss- {V;2]0.3
ons's |V;3]0.35] 0.29 0.3 103
ratio ]V22]0.35

The subscripts :
1 : Radial direction

2 : Clrcusferential direction
3 : Longitudinal direction

Table 3. The average stress transfer
and shielding ratio of each model
for the lateral side (unit : %)

Location

Model

No,

CCV |CNE¥ | OCV {ONEV

0
2
3
*
%5
6

21.48124.25|26. 43{56. 00
9.93|13.36(15.75]/32.69
8.37! 9.91| 9.68)21.13
5.49]10.51} 9.51)23.65
4.7411.70] 8.16]32.73
10.81{16.65{22.86{57.98

Stress Transfer

Stress Shielding

10.10{14.40{11.60)37. 40
89. 90|85, 60|88, 4062, 60
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Tabie 4. The average stress transfer and
shielding ratio of each model for
the medial side (unit : %)

Location Model
No. CCV { ONEW | OCV ONEW
#1 97.88100.30{100.97|106.91
” 85.92] 89.14] 88.08] 96.81
#3 76.71) 80.25] 77.18] 86.32
L1 77.69] 81.33| 78.51| 88.09
#5 85.01] 88.30| 88.62| 98.06
"% 96.00] 98,581100,84/107.17
Stress Transfer [86.50| 89.65] 89,001 97.20
Stress Shieldingj13.50} 10.35] 11.,00| 2.80




