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Three-Dimensional Numerical Analysis of the Mechanical Function of the Plate
Fixation for the Long Bone Fracture

Hyoun Oh Cho, M.D,, Kyoung Duck Kwak, M.D., Sung Do Cho, M.D,, Sang Jeong Lee, M.D,
Choong Dong Lee, Ph.D*,, Jae Wan Jang, M.S.* and Joon O Kim, M.S.

Department of Orthopaedic Surgery, Dong Kang Hospital, Ulsan, Korea
*Department of Engineering and Mechanics, Hyundai Research Institute, Ulsan, Korea

Since the finite element method(FEM) was introduced to the orthopaedic biomechanics, it has
been applied with increasing intrest to investigate bone, bone-prosthesis, and fracture fixation de-
vice, etc., in terms of stress, strain, force, and displacement. The authors implemented the FEM for
the “intact” and the “fractured” long bone models respectively to observe the mechanical behaviors
of the plate fixation for the long bone fractures, and we observed the followings;

1. In the intact model, stresses are evenly distributed and smoothly changed.

2. The maximum equivalent von-Mises stress in the fracture model is higher than that in the in-

tact one.

3. Stresses on the plate are much higher than those on the bony surface in the fracture model.

4. Stresses for the bony surface beneath the plate in the fracture model are much lower than

those in the intact model;however, stresses are highly concentrated around the screws.

5. Although two-thirds of total compressive load is transmitted through the fracture site area,

maximum von-Mises stress in the fracture site is much lower than that in the plate.

6. High stresses are found at the areas between the plate holes and the screw

heads.

7. Shearing forces of the screws are higher at the near and end screws from the fracture site.
Key Words: Mechanical function, Long bone fractures, Finite element, Stress.
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Fig. 1. Finite element model of the Femur.

Fig. 2. Finite element models of intact long
bone(A), and fractured long bone fixed with
plate and screws(B).

Table 1. Material characteristics

Material Young's Poisson ratio
modulus
Cortical bone 15 GPa 0.4
Cancellsous bone 1 GPa 0.33
Plate, screw 200 GPa 0.28

Table 2. Description of each load case

Load Load Description Remarks
case
1 Fz =-100N Tension L=
2 Fz = 100N Compression o =5 e

3 My=-100N/mm Bending 1 q:#_j??‘b
r

4 My= 100N/mm Bending 2 \PETH N

5 Mx= 100N/mm Bending 3

6 Mz= 100N/mm Torsion
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Fig. 4- A, Equivalent stress contour for in-
tact long bone model in tensile and axial com-

pressive forces.
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Fig. 4-C. Equivalent stress contour for in-
tact long bone model in bending moment in

sagittal plane.
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Fig. 4-B. Equivalent stress contour for in-
tact long bone model in bending moment in cor-
onal plane. {}
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Fig. 4-D. Equivalent stress contour for in-
tact long bone model in torsional moment.
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Fig. 5-A. Equivalent stress contour for frac-
tured long bone model in tensile force.
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Fig. 5-C. Equivalent stress contour for frac-
tured long bone model in bending moment in
coronal plane away from the plate.
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Fig. 5-B. Equivalent stress contour for frac-

tured long bone model in axial compressive
force.
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Fig. 5-D. Equivalent stress contour for frac-
tured long bone model in bending moment in
coronal plane toward the plate.
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Fig. 5-E. Equivalent stress contour for fra.c-
tured long bone model in bending moment in

sagittal plane.
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Fig. 6-A. Equivalent stress contour for frac-
tured long bone model(bony portion only) in
tensile force. The range of stress value is equi-
valent to that of intact model.
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Fig. 5-F. Equivalent stress contour for frac-
tured long bone model in torsional moment.
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Fig. 6-B. Equivalent stress contour for frac-
tured long bone model(bony portion only) in ax-
ial compressive force. The range of stress value
is equivalent to that of intact model.
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BENDING
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Fig. 6-C. Equivalent stress contour for frac-
tured long bone model(bony portion only) in
bending moment in coronal plane away from
the plate. The range of stress value is equiva-
lent to that of intact model.
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Fig. 6-E. Equivalent stress contour for frac-
tured long bone model(bony portion only) in
bending moment in sagittal plane. The range of
stress value is equivalent to that of intact

model.
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Fig, 6-D. Equivalent stress contour for frac-
tured long bone model(bony portion only) in
bending moment in coronal plane toward the
plate. The range of stress value is equivalent to
that of intact model.
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Fig. 6-F. Equivalent stress contour for frac-
tured long bone model(bony portion only) in
torsional moment. The range of stress value is
equivalent to that of intact model.
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Table 3. Maximum von-Mises stress for each
case

Fractured
bone*

w5 2.830 5.240 42.34
=5 » 23830 2.880 22.34

COTE® 01086 02870  0.7246

0.1086  0.4880  2.7060

®==% 01235 01920  1.2530

t

@ 0.1047 08800  6.5400

* Fractured long bone fixed with plate and
screws
** Plate fixed to the fractured long bone

Load case Intact bone Plate**

()

14
12

10

0 1 2 3 4 5 6 7 8
aO0a® a4%e°
Proximal Distal

deb e e e $dU} FYYes I
Aol YAHAY. Cheal 5Vl olstd 3%
go) BzolA £ $0] BFATL Yo
o, 2 A7RdNE dhH YN A
Ebskoh

FARY TH ded 3L F48

Table 4. Fracture site status

Maximum von-
Mises stress

0.274(N/mm?)

Load case  Gap force

o =32 P 0.0N)
66.22 1.856
o Ed 453 0.067

@ 00 oom

@ 0.72 0.073
1.16 0.057

0 1 2z 3 @& £ ¢ 7 8
99 o009
Proximal Distal

Fig. 7. Shearing force in each screw. Shear forces are higher at the near and end screws from the

fracture site.
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