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Abstract
Background

By establishing a finite element model of unilateral biportal endoscopic lumbar interbody fusion (UBE-
LIF), the biomechanical characteristics of UBE-LIF technology were analysed and evaluated. The risk of
cage subsidence was also evaluated.

Methods

The finite element model of the L4-L5 vertebral body was constructed based on CT data from healthy
adult male volunteers. According to the UBE-LIF surgical method, the fusio model with different cage
heights of 8 mm, 10 mm and 12 mm was successively constructed. The flexion, extension, right lateral
bend, left lateral bend, right axial rotation, and left axial rotation motions were simulated in 6 models with
different bone conditions on the upper surface of L4 with 500 N followed load and 10 Nm torsional
torque. The range of motion(ROM), Pedicle screw-rod system stress and endplate stress of each model
under different working conditions were observed and analysed.

Results

The ROM of the 12mm model was the lowest, simultaneously, the maximum stress of the pedicle screw-
rod system of the 12mm model was the lowest. However, the 12mm model has the largest endplate
stress. The maximum stress of the L4 inferior endplate was greater than that of the L5 superior endplate
in the UBE-LIF surgical models (24.9%). Compared with the normal model, the ROM of the osteoporosis
model increased by 4.7%, the maximum stress of the pedicle screw-rod system increased by 14%, and the
maximum stress of the endplate increased by 7.5%.

Conclusions

The results show that the appropriate height of the cage should be selected during the operation to
ensure the stability of the segment and avoid the risk of the subsidence caused by the high cage. This is
especially important for patients with osteoporosis.

1. Introduction

Degenerative diseases of the lumbar spine include lumbar disc herniation and lumbar spinal stenosis,
which cause clinical symptoms such as low back pain, radiating pain of the lower limbs and intermittent
claudication and affect patients' quality of life[1]. They are common clinical diseases[2].
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Open lumbar posterior fusion is considered a routine surgical approach for the treatment of degenerative
diseases of the lumbar spine. It restores the stability of the lumbar spine and improves the height of the
lumbar intervertebral space while completely decompressing the neural structures and has been proven
to be safe and effective[3]. Open surgery, however, requires extensive dissection and injury of the
paraspinal muscles, as well as destruction of the posterior structures of the lumbar spine, resulting in
iatrogenic lower back pain due to trauma and bleeding[4, 5]. UBE-LIF technology combines the
advantages of endoscopy and open fusion surgery to propose a minimally invasive surgical approach to
lumbar interbody fusion[6].

Although minimally invasive surgery has the advantages of reducing trauma and speeding up
postoperative recovery[7], cage subsidence cannot be completely avoided. cage subsidence will lead to
narrowing of the intervertebral space, affect the stability of the spine, and even lead to fusion failure,
adjacent segment degeneration and other serious consequences[8]. It has been reported that the cage
subsidence rate in posterior fusion surgery is approximately 34.1% to 59.3%[9, 10]. The risk factors that
cause the subsidence are the size, shape and material of the cage[11, 12], the position of the cage[13],
body mass index (BMI)[14], disc height [15], and osteoporosis (as an independent risk factor, which not
only easily leads to degenerative changes in the lumbar spine but also increases the risk of subsidence
by more than 1.3 times)[16, 17]. In current clinical studies, the follow-up time for UBE-LIF varies, and there
are few reports on the incidence of cage subsidence.

The finite element analysis method can simulate the surgical model and evaluate the risk of cage
subsidence by analysing the data. Fan et al.'s compared two finite element models, transforaminal
lumbar interbody fusion (TLIF) and posterior lumbar interbody fusion (PLIF), it was found that the
endplate stress of TLIF was 29.2% higher than that of PLIF (its subsidence risk is greater)[18]. In the finite
element model of TLIF surgery, both the 10 mm cage and 8 mm cage were placed. Compared with the
stress of the endplate, the 10 mm cage increased by 16%, which proved that the risk of subsidence
increased with higher cage placement[19]. Park et al.'s established a TLIF surgical model of osteoporosis
and found that the risk of subsidence was significantly increased[20]. The results of these studies are
similar to those of clinical studies[21], indicating that the finite element analysis method is of certain
reference value to study the risk of subsidence.

Therefore, the UBE-LIF finite element model was established in this study, and two factors, including
different cage heights and osteoporosis, were set to evaluate the risk of cage subsidence. The purpose of
this study is to provide a reference for selecting the height of the cage during UBE-LIF operation.

2. Materials And Methods
2.1 Normal finite element model construction of L4-5

2.1.1 Subjects
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A normal adult male was selected as a volunteer. There was no history of lumbar pain, trauma or surgery,
and lumbar lesions were excluded through imaging.

2.1.2 Collection device

Siemens Third Generation SOMATOM Force CT (Bethune Hospital, Shanxi)

2.1.3 sampling

A healthy young male volunteer was selected to participate in the experiment. CT tomography along the
superior edge of the L1 vertebral body to the inferior edge of the S1 vertebral body was selected with a
thickness of 0.75 mm.

2.1.4 Method

According to the vertebral body contour in CT data, L4-5 vertebral bodies were extracted. According to the
mechanical material properties of various lumbar structures in previous studies, cortical bone, cancellous
bone, posterior structure, bone endplate, cartilage endplate, intervertebral disc, nucleus pulpous, facet
joint and 7 major ligaments were constructed successively. These included the anterior longitudinal
ligament ALL , posterior longitudinal ligament PLL , ligamentum flava LF , capsularligament CL ,
intertransverse ligament ITL , interspinous ligament ISL and supraspinous ligament SSL [22]. The
cortical bone was set as a shell unit of 1.0 mm thickness. The superior and inferior surfaces of the
vertebral body were constructed with cartilage endplates of 0.5 mm thickness and bone endplates of the
same thickness. The 3D tetrahedral mesh technique was applied to each structure, which was treated
with common nodes compared with neighbouring structures (Figure 1A).

The annulus fibrosus and nucleus pulpous were set as Mooney-Rivlin hyperelastic materials; that is,
collagen fibres as one-dimensional spring elements only work under tension (Figure 1B). Ligaments are
simulated using TRUSS units and can only withstand tension, not stress. The rest were set as isotropic
homogeneous elastic materials[23].

Facet joint surfaces were set to face-to-face contact, and their property was set to tangential action
without friction, with normal action to hard friction as a "penalty” function. A binding contact was
established at the attachment site of the ligament and cortical bone.

2.2 Setting of osteoporosis model

The osteoporotic model simulated the material properties of osteoporosis by reducing the Young's
modulus of bone. The material properties of osteoporosis are defined as a 66% reduction in Young's
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modulus of cancellous bone and a 33% reduction in Young's modulus of cortical bone, bony endplate and
posterior structure, while the soft tissue structure remains unchanged (Figure 2)[24].

2.3 Establishment of a finite element model of L4-5 UBE-LIF
surgery

On the basis of the normal model, the left inferior articular process of L4, left superior articular process of
L5, left facet articular capsule, left capsule ligament, 30% of the posterior longitudinal ligament, 50% of
the ligamentum flavum, all of the nucleus pulpous and 10% of the annular fibre were removed. The UBE-
LIF procedure was simulated[25].

The cage model was set to 26 mm and 10 mm in length and width, respectively. Bone mud from
autogenous cancellous bone was filled inside the cage (13 mm*5 mm).

After measuring and adjusting the L4-5 intervertebral space height, cages with heights of 8mm, 10mm
and 12mm was placed between the L4-5 endplates at an Angle of 30° through an intervertebral foramen
approach (Figure 3A)[26)].

The interface between the adjacent endplate and the cage was set as a face-to-face contact with a
friction coefficient of 0.5. The posterior percutaneous pedicle screw placement technique was simulated.,
four pedicle screws (45 mm in length, 6.5 mm in diameter) were inserted posterior to the L4 and L5
vertebral body, and titanium rods (55 mm in length, 5.5 mm in diameter) were connected to the ends of
the ipsilateral screws for fixation (Figure 3B). The cage, pedicle screw and rod were all made of titanium
alloy (Ti6Al4 V), and the screw had binding with the vertebral body. Its material parameters were obtained
from previous literature reports[27, 28], as shown in Tables 1 and 2.

Table 1. Lumbar spine results and internal fixation material attribute parameters
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Structures

Cortical bone normal

Cortical bone osteoporotic
Cancellous bone normal
Cancellous bone osteoporotic
Posterior element normal
Posterior element osteoporotic
Bony endplate normal

Bony endplate osteoporotic
Cartilage endplate

Annulus fibrosus

Nucleus pulpous

Facet joint

Cage Ti6Al4V

Bone graft normal
Bone graft osteoporotic

Pedicle screws-rod Ti6Al4V

Young’s modulus (MPa)
12000

8040

100

34

3500

2345

2000

1340

24

Mooney-Rivlin
C1=0.18 C2=0.045
Mooney-Rivlin
C1=0.12 C2=0.03
10000

110000

100

34

110000

Table 2. Attribute parameters of 7 lumbar ligament materials
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Poisson’s ratio
0.30
0.30
0.20
0.20
0.30
0.30
0.20
0.20
0.30

0.30
0.30
0.20
0.20
0.30

Element type
C3D4
C3D4
C3D4
C3D4
C3D4
C3D4
C3D4
C3D4
C3D4R
C3D4

C3D4RH

C3D4RH
C3D4RR
C3D4R
C3D4R
C3D4



Ligaments  Young's modulus (MPa) Poisson’sratio Elementtype Cross-sectional

Area (mm?)

ALL 7.8 0.30 T3D2 76
PLL 1 0.30 T3D2 15
LF 1.5 0.30 T3D2 40
ITL 10 0.30 T3D2 3

CL 7.5 0.30 T3D2 30
ISL 1 0.30 T3D2 30
SSL 3 0.30 T3D2 23

By assigning material attributes to each model and structure, we generated:

. L4-5 normal 3D finite element Model (NO),

. Finite element model of L4-5 osteoporosis (S0),

. Normal UBE-LIF model with an 8 mm cage in L4-5 (N1)

. UBE-LIF model of osteoporosis with an 8 mm cage in L4-5 (S1),
. Normal UBE-LIF model with a 10 mm cage in L4-5 (N2),

. UBE-LIF model of osteoporosis with a 10 mm cage in L4-5 (S2),
. Normal UBE-LIF Model with a 12 mm cage in L4-5(N3),

00 N O o b~ WN =

. UBE-LIF model of osteoporosis with a 12 mm cage in L4-5 (S3).

2.4 Setting of boundary and load conditions

Each model involved the following: torque and load on the L4 vertebral body on the upper surface of the
coupling nodes, completely fixed constraint at the bottom of the L5 vertebral bodies of six degrees of
freedom, the model of L4 vertebral body surface coupling point on follower-load of 500 N, simulation of
the half body weight and waist muscle tissue of the compression load produced by the synergy and
application of 10 Nm torque coupling points[29], with six lumbar postures, such as flexion, extension, left
lateral bending, right lateral bending ,left axial rotation, right axial rotation (Figure 4).

2.5 Main outcome measures

The relative ROMs of the L4-5 segments, the maximum stress of the Pedicle screw-rod system and the
maximum stress distribution between the L4-5 endplates of the cage were observed and recorded under
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different motion states.

3. Results

3.1 Validity verification and biomechanical evaluation of the
model

The ROMs of the L4-5 model under 6 different working conditions was measured by applying the above
boundary and loading conditions to the normal lumbar finite element Model (NO). The results were
compared with those of laboratory cadavers[30]. The results show that the trend is consistent (Figure 5),
and the biomechanical measurement is within one standard deviation, indicating that the NO finite
element model can be used in relevant studies. This indicated that model verification had succeeded.

3.2 Biomechanical evaluation of cage implantation at
different heights

3.2.1 ROM

The biomechanical characteristics of six UBE-LIF finite element models were compared, and the motion
of each model under general physiological motion was simulated, namely, flexion, extension, bending and
rotation. The ROMs of L4-5 is shown in Figure 6.

The ROMs of the NO model were 6.2°, 3.2°, 5.1°, 5°, 5° and 5.1° under flexion, extension, left lateral
bending, right lateral bending, left axial rotation, right axial rotation, respectively. The ROMs of the SO
model were 6.6°, 3.5°, 5.4°, 5.2°, 5.3° and 5.3° under flexion, extension, left lateral bending, right lateral
bending, left axial rotation, right axial rotation. respectively, which were much higher than the ROMs after
UBE-LIF.

The maximum values of ROMs of the six UBE-LIF surgical models all appeared in the flexion movement,
and the minimum values appeared in the extension movement. The ROMs of the six UBE-LIF models in
the right lateral bending were all larger than those in the left lateral bending, and the ROMs in the right
axial rotation were all larger than those in the left axial rotation.

Under normal conditions of bone mass, ROMs at the L4-5 was decreased in all three UBE-LIF surgical
models compared with the NO model, and ROM in the N3 model was the lowest. ROM in the N2 model
increased by 7% compared with the N3 model, and ROM in the N1 model increased by 10% compared
with the N2 model. Osteoporosis was similar to the normal bone mass model. The S3 model had the
lowest ROM, ROM in the S2 model increased by 12% compared with the S3 model, and ROM in the N1
model increased by 7% compared with the N2 model. When the height of the cage is the same, the ROMs
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of the osteoporosis model was slightly higher than that of the normal bone mass model (approximately
4.7%).

3.2.2 Maximum stress of the Pedicle screw-rod system

The biomechanical characteristics of the six UBE-LIF models were compared, and the movement of each
model under general physiological movement, namely, flexion, extension, bending and rotation, was
simulated. The stress distribution of the screw-rod system is shown in Figure 7 and 8.

Under normal conditions, the maximum stress of N3(167~284Mpa was the smallest, N1 (253~337Mpa
maximum stress being 14% larger than N2(214~274Mpa maximum stress, N2 maximum stress being
9% larger than N3 maximum stress, and N1 maximum stress being 24% larger than N3 maximum
stress.Under Osteoporosis conditions, the maximum stress of S3(168~288Mpa model was the
smallest, S1(267~444Mpa maximum stress being 18% larger than S2(228~325Mpa maximum stress,
S2 maximum stress being 22% larger than S3 maximum stress, and ST maximum stress being 50%
larger than S3 maximum stress.

In terms of the maximum stress of the Pedicle screw-rod system, the stress of the six UBE-LIF models
reached the maximum in the simulation of lateral bending and the minimum in the simulation of flexion
and extension. and the maximum stress was greater in left lateral bending than in right lateral bending,
left axial rotation than in right axial rotation, and extension than in flexion.

The maximum stress of the osteoporotic model was higher than that of the normal bone mass model
when the same height of the cage (approximately 14%).

3.2.3 Maximum stress of the endplate

The biomechanical characteristics of the six UBE-LIF models were compared, and the motion of each
model under general physiological motion was simulated, namely, flexion, extension, bending and
rotation. the maximum stress distribution of the inferior endplate of L4 and the superior endplate of L5
were shown in Figure 9,10 and 11.

In the normal bone mass model, In the inferior endplate of L4, the maximum stress of N1 endplate was
the lowest(16~33.6Mpa , N2 maximum stress 20.7~42.4Mpa increased by 45% compared with N1
maximum stress, N3 maximum stress 30.2~70.6Mpa increased by 63% compared with N2 maximum
stress, and N3 maximum stress increased by 136% compared with N1 maximum stress. The superior
endplate of L5, the maximum stress of the N1 endplate was also the lowest 12.4~21.5Mpa , N2
maximum stress 17~41Mpa increased by 39% compared with N1 maximum stress. N3 maximum
stress 23.2~65.9Mpa increased by 58% compared with N2 maximum stress, and N3 maximum stress
increased by 121% compared with N1 maximum stress.
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In the osteoporosis model, In the inferior endplate of L4, the maximum stress of S1 endplate was the
lowest 15.8~34.6Mpa , S2 maximum stress 22~45.4Mpa increased by 47% compared with S1
maximum stress, S3 maximum stress 33.2~72.8Mpa increased by 61% compared with S2 maximum
stress, and S3 maximum stress 32.2~71.8Mpa increased by 139% compared with ST maximum
stress. The superior endplate of L5, the maximum stress of the S1 endplate was also the lowest

14.5~24.1Mpa , S2 maximum stress 19.8~43.2Mpa increased by 45% compared with ST maximum
stress. S3 maximum stress 31.2~69.2Mpa increased by 63% compared with S2 maximum stress, and
S3 maximum stress increased by 138% compared with ST maximum stress.

When the height of the cage is the same, the maximum stress between the cage and the adjacent
endplate in the osteoporosis model was slightly more than that in the normal bone mass model
(approximately 7.5%). The maximum stress of the inferior endplate of L4 was greater than that of the
superior endplate of L5 in the six UBE-LIF surgical models under six motion modes (approximately
24.1%). the maximum stress of the inferior endplate of L4 was the maximum during flexion motion, and
the stress of the endplate was the minimum during extension motion.

4. Discussion

As a new minimally invasive fusion technique, UBE-LIF can not only improve the surgical field through
endoscopy but also provide the same flexibility and efficacy of open surgery[31]. To minimize posterior
muscle dissection and ligament damage, direct decompression of the spinal canal and bilateral nerve
roots was performed through excision of the ligamentum flava, lamina and facet, while an interbody
fusion cage was inserted to restore the lumbar sequence and provide immediate stability[32]. At present,
clinical studies on the operation and postoperative efficacy of UBE-LIF technology are extensive, but there
are few reports on cage subsidence[33, 34]. Therefore, we used the finite element analysis method to
conduct biomechanical analysis on the risk of postoperative cage subsidence of UBE-LIF with different
bones and different heights of cage. The results showed that patients with osteoporosis had a higher risk
of subsidence after UBE-LIF surgery. An increase in the height of the cage will improve the stability of the
segment, but the risk of the subsidence will also increase.

The ROMs of the UBE-LIF model was significantly lower than that of the normal lumbar model under all
six motion states, suggesting that UBE-LIF enhanced the stability of the segment. Part of the L4-5 left
structure was removed in the UBE-LIF model, and the ROMs of the model after surgery was larger in the
right bend and right rotation than in the left bend and left rotation. Patients with UBE-LIF should pay
attention to their movements to protect their spines

The ROM of the 12 mm cage model was minimal, and the maximum stress of the pedicle screw-rod
system was minimal. The reasons are as follows: with the expansion of the intervertebral space height,
the nonlinear pull protection of the seven ligaments is enhanced, while the restoration of lumbar lordotic
angle improves the stability of the entire spine[35].
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In this study, ROMs of segments was significantly increased in patients with osteoporosis[36]. The
maximum stress of the pedicle screw-rod system increased significantly. Previous experiments have
proven that the cancellous bone mineral density in patients with osteoporosis is very significant[37].
However, pedicle screw fixation mainly depends on the bone density of cancellous bone, according to the
experimental conclusion of Chen et al.[38], when the maximum stress of the pedicle screw exceeds the
yield stress of the cancellous bone by 343.5MPa, the cancellous bone will be destructed and the pedicle
screw will be loosened. Combined with the results of this study, the 8mm osteoporosis model has the
maximum stress exceeding the yield stress during lateral bending, so screw loosening may be greater in
osteoporosis patients. Therefore, patients with osteoporosis need strict anti-osteoporosis treatment after
surgery[39].

In the UBE-LIF model, the maximum stress of the inferior endplate of L4 was greater than that of the
superior endplate of L5, and the stress increased with increasing height of the cage. Previous finite
element studies showed that subsidence occurred because the von-Mises stress value of the adjacent
endplate reached the failure stress value of the vertebral body itself[40, 41]. Wu et al.s experimental
results show that the yield stress of L4 inferior endplate is 27.49 + 11.60 MPa, and The L5 superior
endplate is 38.26 + 19.28 MPa[42].Combined with the results of this study, In the L4 inferior endplate, the
8mm model does not exceed the yield stress, the 10mm model has the maximum stress exceeding

the yield stress during flexion, while the 12mm model has only the extension not exceeding the yield
stress. In the L5 superior endplate, the 8mm model and the T0mm model do not exceed the yield stress,
and the 12mm model has the maximum stress exceeding the yield stress during flexion. Therefore, the
higher the height of the cage, the higher the risk of subsidence in the inferior endplate of L4. Fan et al.’s
finite element analysis of anterior lumbar interbody fusion (ALIF), PLIF and TLIF also proved this[43]. In
this study, the maximum stress of the endplate in the osteoporosis model was approximately 7.5% more
than that in the normal model. Analysis showed that this was because the bone structural strength of
osteoporosis patients decreased significantly, Osteoporotic cortical bone and cancellous bone density
decreases affect bone stiffness and strain values[44]. and the bone stiffness decreased by 14% on
average[45].Decreased bone stiffness increases the risk of cage subsidence[46]. In this study, it was
found that the stress peak of the endplate all occurred in the state of flexion, suggesting that
postoperative patients should wear waist circumference protector to avoid excessive lumbar flexion.

By comparing the biomechanics of the UBE-LIF model, we found that the ROM of the surgical segment
was reduced by 7% in the 10 mm cage model compared with the 8 mm cage model, and the maximum
stress of the pedicle screw-rod system was reduced by 14%, but the maximum stress of the L4 inferior
endplate and the L5 superior endplate was increased by 45% and 39%, respectively. In the 12 mm cage
model, compared with the 10 mm cage model, the ROM of the surgical segment was reduced by 10%, and
the maximum stress of the pedicle screw-rod system was reduced by 9%, but the maximum stress of the
L4 inferior endplate and the L5 superior endplate increased by 63% and 58%, respectively. The use of a
larger cage significantly increased the maximum stress of the endplate and increased the risk of cage
subsidence, although it reduced the mobility of the segments and the maximum stress of the pedicle

screw-rod system, improving the stability of the surgical segments and the pedicle screws. Previous
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studies have shown that the greater the lumbar intervertebral space after Extreme lateral interbody
fusions (XLIF), the greater the probability of postoperative subsidence[47]. After TLIF, the height of the
cage was greater than the height of the lumbar space by 1.3 mm, and the sensitivity of subsidence was
93.3%[48]. This indicates that the choice of the high height of the cage is bound to increase the risk of
cage subsidence, while the choice of the small height of the cage cannot restore the curvature and
stability of the lumbar spine. Therefore, the selection of the appropriate height of the cage is of great
significance to reduce the postoperative cage subsidence. Compared with the traditional static cage, the
new expandable interbody fusion cage can be adjusted in real time after intervertebral space placement
according to the feedback resistance and intraoperative imaging detection in the process of distraction to
avoid excessive distraction height of the cage and effectively restore the lumbar space height and
lordotic angle[49]. Cadaver experiments have shown that the expandable cage can significantly improve
sagittal balance and thus enhance segmental stability[50]. The expandable cage was used in the UBE-LIF
operation, and good results were obtained after the operation[51]. Combined with the results of this study
and other related studies, it is proven that the expandable cage may improve the stress condition of the
endplate and reduce the risk of subsidence.

In this study, finite element analysis of the three-dimensional lumbar spine model was used to restore the
biomechanics of the lumbar spine after UBE-LIF surgery to a certain extent, and simulation analysis was
conducted on different lumbar intervertebral space heights. However, there are still some limitations in the
research results. First, the lumbar model was established based on healthy subjects without spinal
disease, without considering changes in vertebral morphology and structure caused by lesions. Second,
we only simulated the reconstruction of the L4-5 vertebral body and some adjacent structures and failed
to construct the soft tissue structures, such as paraspinal muscles, in detail. In addition, the elastic
modulus and Poisson's ratio obtained in previous literature cannot replace the bone mineral density of the
real vertebral body, and there is still a certain gap between them, so they cannot simulate the real
biomechanical state of the human body. The results obtained by using the finite element technique can
reflect the basic state of the spine and provide a direction for further research.

5. Conclusion

We found that the placement of a high-height cage in UBE-LIF surgery provided better segmental stability
and reduced stress in the pedicle screw-rod system. However, higher cages significantly increase the risk
of cage subsidence. Patients with osteoporosis have worse postoperative segmental stability, greater
stress on the pedicle screw-rod system, and a higher risk of cage subsidence than patients with normal
bones. Therefore, the higher the cage is, the better, but it needs to be properly opened to ensure segmental
stability while avoiding the increased risk of subsidence caused by an excessively high cage, which is
more important for patients with osteoporosis.

Abbreviations

UBE-LIF: unilateral biportal endoscopic lumbar interbody fusion
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ROM: range of motion;

BMI: body mass index;

TLIF: transforaminal lumbar interbody fusion;
ALL: anterior longitudinal ligament;
PLL: posterior longitudinal ligament;
LF: ligamentum flava;

CL: capsular ligament;

ITL: intertransverse ligament;

ISL: interspinous ligament;

SSL: supraspinous ligament;

PLIF: posterior lumbar interbody fusion;
ALIF: anterior lumbar interbody fusion;

XLIF: Extreme lateral interbody fusions.
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Figures

Annulus Fibrosus

Nucleus Pulposus

Figure 1

A The finite element model of the L4-L5 segment including the vertebrae, seven spinal ligaments, and
intervertebral disc. B Annulus fibrosus and nucleus pulposus.
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Figure 3

A Cage implantation in L4-5 intervertebral space. B Finite element model of UBE-LIF surgery
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Left or right axial rotation

Flexion or Extension

Left or right lateral bending

Figure 4

Application of the follower-load and physiological moments on the superior endplate of L4 while the
inferior endplate of L5 was fixed
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Figure 5

ROMs of the L4-5 finite element model at various positions
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ROMs of the 6 surgical models at different body positions
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Figure 8

Stress of the Pedicle screw-rod system in each position of 6 surgical models
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Stress (in MPa) on the inferior endplate of L4 and the superior endplate of L5 under simulated flexion
moment of 10 N m and 500 N follower-load.

the inferior

endplate of L4

the superior

endplate of L5

Figure 9
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L4 Endplate stress (Mpa)
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Figure 10

Stress of the L4 endplate at different positions in 6 surgical models
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Figure 11

Stress of the L5 endplate at different positions in 6 surgical models
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