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Abstract

The various total replacement artificial discs have developed because spinal fusion has shown a lesser mobility of an operated segment and
an accelerated degeneration at adjacent discs. But almost artificial discs have not yet been reached on the substitute surgery of fusion because
many problems such as those clinical success rates were not more than them of fusion have not solved. In this paper, vertically inserted
assemble-screw fixture in vertebrae was proposed to improve the fixed capability of artificial disc. And also, to evaluate the design suitability
of newly designed screw-type, including fixtures of commercial discs such as wedge and plate type, the 1/4 finite element model with a
vertebra and various implanted fixtures were generated, and next, 3 bending motions such as flexion, bending and twisting under the moment
of 10Nm and compression under the force of 1000N were considered, respectively and finally, FE analyses were performed. Results of three
fixture types were compared, such as Range of Motion and maximal stress, and so on.

For ROM, the screw type was average 58% less than the wedge type and was average 42% less than the plate type under all loading
conditions. For average stress ratio at closer nodes between vertebra and each fixture, the wedge type was the lowest as minimum 0.02 in
twisting, screw types were the highest as maximum 0.28 in compression. As the results of using cement material, it was predicted that the
instability problem of the wedge type was better solved. The screw type which could be increased by implanting depth according to the
number of assembling mid screws, showed that the decreased tendency of ROMs and maximal cancellous bone stresses. In further study,
controlling the number of assembling screws that was suitable for a patient’s bone quality, development of surgical tools and keeping on
design supplementations, which will be able to develop the competitive artificial disc.
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Fig. 1, Typical classification of screw fixture types
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Fig. 2, Comparison of three fixtures, including newly designed assembling-screw type
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Fig. 3, Finite element models of three fixture types to compare the implantation effects

oo W] 2Y4 UAIE L ot Fake oz v E9
< 93502 1Y S ke A4 Yol 20 deby 4
HolE 2 SR I £FOZE S5 2HUE S-S £
o2 FA ] A402 o]o] wopx] 2 & 4 ik thgk, YA}
B A B, FL FANNE FFo] folFhx, BE A W)
o A% 7Fed A5 A= v 4 o)) BAE FTE 7ol
Zasit

Cidas gy g
TE3AH L5} AY=olM TS E FRE 4 E9 2 8
ok 3% 3AA MRE A8, 9F Ha3e ¥ 1lmmE

1, 7Es YN0 AISE Mz 24 L P22 SElE
Table 1, Material properties and P-element types used in FE model
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Table 3, Normalized values as the angle ratio and displacement ratio of various fixtures based on the screw type with the implanted depth of 10mm under three

bendings and a compression
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Angle Ratio Disp Angle Disp Angle Disp Angle Disp Angle Disp
Ratio Ratio Ratio Ratio Ratio Ratio Ratfio Rdtio Retio

Flexion 1.56 1.04 1.29 1.06 1.00 1.00 0.75 0.88 0.60 0.77
Bending 1.71 1.13 1.57 1.28 1.00 1.00 0.75 0.87 0.59 0.75
Twisting 1.49 1.48 1.38 1.38 1.00 1.00 0.87 0.87 0.81 0.81
Compression 1.20 1.29 1.00 0.82 0.67
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Fig, 5. Interfacial stresses along with heights between the fixture and cancellous bone
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Table 4, Comparison of maximal cancelious bone stresses according to used cement quantity under four loading conditions

cement/cementless (ratio)

Cement ratiol%) Flexion Bending Twisting Compression
Wed 4 9.8/12.3(0.8) 8.0/10.6(0.75) 4.8/11.9(0.41) 4.3/5.3(0.81)
eqage
31.8 2.3/12.3(0.19) 1.9/10.6(0.18) 1.7/11.9(0.15) 0.6/5.3(0.11)
it 8 8.0/13.8(0.58) 7.8/14.0(0.56) 3.8/10.7(0.35) 3.9/6.3(0.61)
are
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Screw 20 2.8/6.8(0.42) 2.6/7.0(0.37) 1.9/6.4(0.31) 1.8/4.8(0.37)
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31.8 1.4/6.8(0.2) 1.6/7.0(0.22) 1.4/6.4(0.23) 0.3/4.8(0.06)
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Fig. 7. Comparison of maximal stresses at cancelious bone according to various fixture types with the bone-cement of 31.8%
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Table 5, Comparison of ROM shown in various fixtures according to the used bone-cement quantity.

Flexion Bending twisting Compression
A A A , A
Zero jittie Much Ze1o Jittle Much  Zero jitfle Much Zelo fittle Much
Wedge 2.1 1.5 0.3 =23 -1.6 -0370 1410 0.940 0.357 -0.204 -0.178 -0.025
Plate 1.7 1.0 0.0 -2.1 -1.1 -0.006 1.306 0.682 0.006 -0220 -0.142 -0.023
Screw
(10mm) ‘ 1.3 0.7 0.3 -1.4 -08 0.063 0.948 0.518 0.027 -0.170 0.111 0.021
Screw 1.0 0.6 02 -10 -06 0056 0824 0438 0025 -0.140 -0.088 —0.017
(13.5mm) ’ ) ' : ) ‘ ) ’ ’ ’ ) )
Screw
(17mm) 0.8 0.4 0.2 -0.8 -04 0.049 0.766 0.387 0.024 -0.114 -0.068 -0.014
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