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Biomechanical effects of different fixation techniques following bilevel oblique lumbar interbody
fusion on adjacent segments: A finite element analysis
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[Abstract] Objective To clarify the biomechanical effects of different fixation techniques
following bilevel oblique lumbar interbody fusion ( OLIF) on adjacent segments under
osteoporotic conditions. Methods Based on computed tomography (CT) scans, a complete finite
element model of the osteoporotic lumbar spine (1.1 —S1) was established. After verifying the
model’s validity, the L3 —L5 segment was selected as the surgical segment, and three surgical
models were constructed: D two standalone cages; @ bilateral pedicle screw fixation; @ bilateral
cortical bone trajectory screw fixation. Changes in the range of motion (ROM) of adjacent

segments, as well as the stress on intervertebral discs and endplates, were investigated in all
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surgical models. Results All surgical models increased the ROM of adjacent segments. Among
the cephalad and caudal adjacent segments, the model with standalone cages showed the smallest
increase in ROM, the model with bilateral pedicle screws showed the largest increase in ROM,
and the model with bilateral cortical bone trajectory screws showed an intermediate increase in
ROM between the first two models. For all surgical models, the extent of ROM increase in the
caudal adjacent segments was smaller than that in the cephalad adjacent segments. The stress on
intervertebral disc at adjacent segments increased in all surgical models. Among the cephalad and
caudal adjacent segments, the model with bilateral pedicle screws showed the greatest increase in
stress on intervertebral discs, the model with standalone cages showed the smallest increase in
stress on intervertebral discs, and the model with bilateral cortical bone trajectory screws showed
an intermediate increase. The stress changes in the endplates and intervertebral discs at adjacent
segments in all surgical models showed the similar trend. Conclusion Different fixation
techniques following bilevel OLIF all increase the ROM of adjacent segments, as well as the
stress on intervertebral discs and endplates, with a more significant increase observed in the

cephalad adjacent segments. The use of standalone cages has the least impact on adjacent

segments, while bilateral pedicle screw fixation has the greatest impact. In addition, bilateral
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cortical bone trajectory screws have a smaller impact on the cephalad adjacent segments.
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Table 1 Material properties of the finite element model

components and implants

AL WPERLE (MPa) MEL /A
Fe o 12 000.0 0.30
/NS 100.0 0.20
LG 4 000.0 0.30
A% 1.0 0.49
2 4 31 1.2 0.45
ELES K 20.0 0.30
J& P 20.0 0.30
B 19.5 0.30
] 11.6 0.30
L) 15.0 0.30
1 2 5] ) 58.7 0.30
KT R 32.9 0.30
HE: 1) 45 4% 3500.0 0.30
WRET 55 i He i 110 000.0 0.30
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Figure 1  All finite element models
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Table 2 Range of motion at L2—L3 across all models

(n=1.%

ALY T J J i 7r e ek e s ey kD
5Lk 5.02 3.45 2.10 2.14 5.14 5.23
HIl cage 6.02 3.88 2.27 2.33 5.72 5.85
XA HE 55 AR SR 4T 6.70 4.35 2.45 2.50 6.14 6.26
XU p I3 2305 R T 6.47 4.16 2.36 2.41 5.98 6.10
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Table 3 Range of motion at L5—S1 across all models
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ALY i J A 7r e 1 le s e ey kD
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Hl cage 13.12 9.45 1.83 1.93 5.86 5.97
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Table 4 Intervertebral disc stress at .2—L3 across all models

(n=1,MPa)
(7% i J& A iy g ey aig e 2
e 1.54 1.14 0.83 0.92 1.62 1.68
Hpl cage 1.88 1.36 0.95 1.06 1.93 2.01
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XU Bz Jo B 90 8 R T 2.08 1.48 1.01 1.13 2.09 2.18
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Table 5 Intervertebral disc stress at L5S—S1 across all models
(n=1,MPa)
i i J& i iy vey &1 Ao Fi
TR 2.75 1.83 0.69 0.75 1.64 1.77
Fl cage 3.32 2.17 0.78 0.85 1.92 2.08
WU E = HR R ET 3.67 2.41 0.84 0.92 2.11 2.28
XU Bz 5 L R BT 3.56 2.31 0.81 0.89 2.05 2.22
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Figure 2 Stress distribution in the adjacent segment intervertebral discs under conditions of peak stress increase
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Table 6 The endplate stress at L.2— L3 across all models

(n=1,MPa)
AR i J A 2 e A e e kD A 25
SERE 9.09 7.12 5.23 5.31 9.37 9.45
HUph cage 11.32 8.75 6.16 6.26 11.47 11.58
XU HE 5 AR R ET 13.82 10.34 7.08 7.19 13.51 13.65
XU S 5 2300 AR T 12.92 9.78 6.81 6.95 12.69 12.81
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Table 7 The endplate stress at L5—S1 across all models

(n=1,MPa)
ALY i J&i A I ik A ik e i
564K 11.36 8.32 4.26 4.32 10.08 10.11
Bl cage 13.62 9.88 4.86 4.95 11.87 11.92
XU 5 AR IR ET 16.28 11.28 5.45 5.53 13.51 13.60
XU Bz o 290 8 MR T 15.76 10.89 5.35 5.44 13.08 13.12
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Figure 3  Stress distribution in the adjacent segment under conditions of peak endplate stress increase
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