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Enhancement and Evaluation of Fatigue Resistance for Spine Fixation System
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Spinal fixation systems provide surgical versatility, but the complexity of their design reduces their
strength and fatigue resistance. There is no published data on the mechanical properties of such
screws. Screws were assembled according to a vertebrectomy model for destructive mechanical
testing. A group of two assemblies was tested in static compression. One group was applied to
surface a grit blasting method and another group was applied to surface a bead blasting method.
Modes of failure, yield, and ultimate strength, yield stiffness, and cycles to failure were
determined for six assembles. Static compression 2% offset yield load ranges was from 327 to
419N. Fatigue loads were determined two levels, 37.5% and 50% of the average load from static
compression ultimate load. An assembly of bead blasting treatment only achieved 5 million cycles

at 37.5% level in compression bending.
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Fig. 1 X-ray image of spine fixation using pedicle screws
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Fig. 2 Parts of spinal fixation system

Table 1 Specification and construction torque for screw
assembly

Manufacturer Otisbiotech Co., Ltd.

Screw Design ULC Spinal Fixation SystemTM

Material Titanium Alloy(Ti-6Al1-4V ELI)
Type Multiaxial
Outer Screw
R 4mm
Diameter
Rod Diameter 6mm
Length 25mm
Tighteni
ightening 5Nm
Torque
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Fig. 3 Lumbar bilateral construct test setup for spinal
fixation system(ASTM F1717)
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Fig. 4 Assembly of spinal fixation system for uniaxial

compression test
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Fig. 6 SEM image (a) Sand blasted surface and (b) Bead
blasted surface
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Fig. 7 The shape of the specimen failed after the static

compression test
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Fig. 8 Load-displacement curve of specimen

Table 2 Displacement at 2% offset yield, elastic

displacement and bending yield load

. Displacement | Elastic Compressive
Specimens N . L
N at 2% offset | Displacement | bending yield

o yield[mm] [mm} load[N]

1 8.7 3.5 370

2 8.7 4.0 384

3 7.2 2.5 325

4 8.0 34 336

5 7.3 2.7 330

6 6.3 2.3 282
Average 7.7 3.1 338
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Table 3 Compressive bending stiffness, ultimate
displacement and ultimate load
Compressive .
i Compressive
. Compressive bending
Specimens . . bending
bending ultimate
No. ultimate load
stiffness[N/mm] | displacement
(N]
[mm]
1 134 56.7 760
2 13.4 56.8 762
3 13.4 57.1 764
4 12.2 57.2 697
5 12.7 56.4 714
6 124 56.2 695
Average 13.0 56.7 732
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Table 4 The summary of fatigue test result

R Fatigue .
Specimens Yield Cycle Note
Load [N]

1 400 12,217 55% of compression
bending ultimate

2 400 13,703 strength

3 330 208,659 | 45% of compression
bending ultimate

4 330 222,706 strength

5 275 5,000,000 |37.5% of compression
bending ultimate

6 275 5,000,000 strength

Fig. 9 Fatigue failure of spine fixation system with bead
blasted surface at 222,706cycles on 330N(45%)
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Fig. 10 AF/N curve of ULC spinal fixation system with
bead blasted surface

Fig. 11 Fatigue failure of spine fixation system with sand
blasted surface at 1.37x10%jycles on 275N
(37.5%)
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