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Abstract: [Objective] To compare the mechanical properties of four—dimensional (4D) locking plate and conventional locking plate.
[Methods] The oblique fracture model of femoral shaft was established based on CT data of volunteers, and then the internal fixation model
with 4D locking bone plate and routine locking plate were constructed respectively. The axial and four—point bending loads were added by
using ANSYS software to analyze the displacement, stress and nephogram distribution of the two models. [Results] Under 600 N axial load-
ing, the 4D group proved significantly less than the routine group in plate displacement [(0.1+0.0) mm vs (0.4+0.0) mm, P<0.001], while the
former was significantly greater than the latter in screw displacement [(0.6+0.0) mm vs (0.4+0.0) mm, P<0.001] and femur displacement
[(1.2+0.0) mm vs (0.8+0.0) mm, P<0.001]. In addition, the 4D group had significantly less stress on plate [(11.3+0.0) MPa vs (15.4+0.0) MPa,
P<0.001] and stress on screw [(9.3£0.0) MPa vs (10.1+0.0) MPa, P<0.001], whereas greater stress on femur [(2.4+0.0) MPa vs (2.3+0.0) MPa,
P<0.001] than the routine group. Under 500 N four—point bending load, the 4D group had significantly less plate displacement [(0.029+
0.00) mm vs (0.044+0.00) mm, P<0.001], while greater screw displacement [(0.058+0.00) mm vs (0.051+0.00) mm, P<0.001] and femur dis-
placement [(0.112+0.001) mm vs (0.096+0.00) mm, P<0.001] than the routine group. Furthermore, the 4D group had significantly less
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stress on plate [(3.685+0.005) MPa vs (5.556+0.001) MPa, P<0.001], and screw stress [(2.608+0.004) MPa vs (3.024+0.001) MPa, whereas
greater stress on femur [(0.326+0.005) MPa vs (0.308+1.160) MPa, P<0.001] than the routine group. [Conclusion] The four—dimensional

plate has relatively reduced risk of screw fracture, the overall biomechanical properties similar to the conventional plate, which has the po-

tential to develop into a new internal fixation for fracture.

Key words: femoral shaft fracture, 4-dimensional locking plate, internal fixation, finite element analysis
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Table 1. Model material properties

R A (GPa) THIALE (%)
PSR 16.7 0.3
PR 0.03 0.3
R 111.2 0.3
IRET 111.2 0.3
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Figure 1. Schematic diagram of plate model and loading condi-
tion. la: Schematic diagram of axial loading condition; 1b:

Schematic diagram of the four—point bending loading state.
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Table 2. Comparison of measurements between 2 groups in term

of axial loading ( & +s)

i AR A PuZ2H LA PAE

{4 (mm)
et 0.1+0.0 0.4+0.0 <0.001
IRET 0.6+0.0 0.4+0.0 <0.001
Jiewr 1.2+0.0 0.8+0.0 <0.001
P{H <0.001 <0.001

¥ 1 (MPa)
e 11.320.0 15.420.0 <0.001
BRET 9.3+0.0 10.120.0 <0.001
=g 2.4+0.0 2.3+0.0 <0.001
P1{H <0.001 <0.001
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Table 3. Comparison of measurments between 2 groups in term

of four—point bending ( & +s)

FEbR S EBAL PuAEZH HALLH P{E

£i8% (mm)
A 0.029+0.00 0.044+0.00 <0.001
BRET 0.058+0.00 0.051+0.00 <0.001
JBe 0.112+0.001 0.0960.00 <0.001
P{E <0.001 0.020

IV 73 (MPa)
E=g 3.685+0.005 5.556+0.001 <0.001
BRET 2.608+0.004 3.024+0.001 <0.001
gy 0.326+0.005 0.308+1.160 <0.001
PAE <0.001 <0.001
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Figure 2. Axial loading stress cloud diagram. 2a: Stress cloud diagram of 4D group; 2b: Stress cloud diagram of plate in

routine group; 2c: Screw stress cloud diagram of 4D group; 2d: Stress cloud diagram of screws in routine group; 2e: Femo-

ral stress cloud diagram of the 4D group; 2f: Stress cloud diagram of the femur in the routine group.
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