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Comparison of Posterior Fixation
Strategies for Thoracolumbar
Burst Fracture: A Finite Element
Study
The management of thoracolumbar (TL) burst fractures remained challenging. Due to
the complex nature of the fractured vertebrae and the lack of clinical and biomechanical
evidence, currently, there was still no guideline to select the optimal posterior fixation
strategy for TL burst fracture. We utilized a T10-L3 TL finite element model to simulate
L1 burst fracture and four surgical constructs with one- or two-level suprajacent and
infrajacent instrumentation (U1L1, U1L2, U2L1, and U2L2). This study was aimed to
compare the biomechanical properties and find an optimal fixation strategy for TL burst
fracture in order to minimize motion in the fractured level without exerting significant
burden in the construct. Our result showed that two-level infrajacent fixation (U1L2 and
U2L2) resulted in greater global motion reduction ranging from 66.0 to 87.3% compared
to 32.0 to 47.3% in one-level infrajacent fixation (U1L1 and U2L1). Flexion produced
the largest pathological motion in the fractured level but the differences between the con-
structs were small, all within 0.26 deg. Comparisons in implant stress showed that U2L1
and U2L2 had an average 25.3 and 24.8% less von Mises stress in the pedicle screws
compared to U1L1 and U1L2, respectively. The construct of U2L1 had better preserva-
tion of the physiological spinal motion while providing sufficient range of motion reduc-
tion at the fractured level. We suggested that U2L1 is a good alternative to the standard
long-segment fixation with better preservation of physiological motion and without an
increased risk of implant failure. [DOI: 10.1115/1.4050537]

Keywords: thoracolumbar, burst fracture, posterior fixation, pedicle screw and rod con-
struct, finite element

Introduction

Burst fractures most commonly involved the thoracolumbar
(TL) spine [1,2]. Axial compressive momentum on the slightly
flexed spine resulted in compression of the anterior column, frac-
ture of the middle column, and potential retropulsion of bone frag-
ments into the spinal canal [3–5]. Spinal instability had been a
major concern following traumatic spinal injury. Previously,
Denis introduced the concept of the three-column model, and the
failure of two columns was considered as an absolute criterion for
spinal instability [4]. Since TL burst fractures involved in the fail-
ure of both the anterior and the middle column, any TL burst frac-
ture could be considered as unstable [6].

The management of TL burst fractures remained challenging.
Alpantiki et al. suggested that nonoperative treatment was appro-
priate for patients without neurological deficits and with intact
posterior ligamentous complex, but delayed neurological deterio-
ration was reported in up to 17% of patients, who often require
surgical intervention [1,7–10]. Surgical management of TL burst
fractures was aimed to decompress the neural tissue, stabilize the

vertebral columns, and prevent further kyphotic deformity, which
often requires rigid fixation of the spine segments [2].

Posterior instrumentation (PI) with pedicle screws and rods had
been the most widely accepted method for surgical stabilization
since it involved rigid fixation of all three columns of the spine
[1,11]. Previous results had demonstrated both clinical and radio-
graphic improvement in patients with TL burst fracture after pos-
terior fixation with screw and rod-based constructs [12,13]. Some
previous studies addressed the biomechanical characteristics of
the fractured TL spine after PI. McLain et al. and Sapkas et al. dis-
cussed the biomechanics and the number of instrumented seg-
ments in TL burst fractures, and long-segment fixation was
associated with better radiographic results [14,15]. Basaran et al.
compared short-segment fixation to long-segment fixation and
concluded that short-segment fixation was sufficient to create
robust stabilization [15]. However, these studies only addressed
two constructs, and other designs such as those with a different
number of instrumented levels at the suprajacent and infrajacent
segments had not been evaluated. As a result, due to the complex
nature of the fractured vertebral body and lack of clinical or bio-
mechanical evidence, currently, there was no guideline or stand-
ard to select the best posterior fixation strategy for TL burst
fracture.

In this study, we established a finite element (FE) model of
T10-L3 TL segments and simulated L1 burst fracture. Four
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fixation constructs involving either one- or two-level suprajacent
and infrajacent pedicle screw and rod fixation were simulated.
Flexion, extension, lateral bending, and axial rotation range of
motion (ROM) of both the constructs and the fractured levels
were analyzed. The burden of each construct including maximum
von Mises stress and strain energy was also compared. The objec-
tive of this study was aimed to find an optimal posterior fixation
strategy for TL burst fracture in order to minimize motion in the
fractured level without creating a significant burden in the con-
struct itself.

Material and Method

Generation of Thoracolumbar Finite Element Model. A
three-dimensional FE model of the T10-L3 TL spine segments
was created from axial computed tomography images at 1-mm
thickness intervals obtained from a resin spine model, which was
cast from the cadaveric spine of an Asian male in his thirties with-
out spinal disease or abnormalities. The images were imported
into the software 3D-DOCTOR software (Able Software Corp., Lex-
ington, MA) to construct the geometric structure of T10-L3. The
mesh structure was prepared using the preprocessing software
PATRAN (MSC software, Irvine, CA) and the FE model was imported
into ABAQUS 6.12 (Simulia Inc., Johnston, RI) to solve (Fig. 1). For
vertebral bone, a closed surface was first generated consisting of
cortical bones and endplates assigned to 3-node shell elements
(S3R). The thickness of the cortical bones and endplates was set
to 0.35 mm and 0.5 mm according to previous studies [16–18].
Inside the cortical surface contained cancellous bone assigned to
4-node solid continuum elements (C3D4).

The intervertebral discs (IVDs) were generated with its superior
and inferior boundary being the endplates of the adjacent

segmented vertebra. The outer boundary of the IVD was gener-
ated according to the scanned geometry. The boundary between
the annulus fibrosus and nucleus pulposus was generated parallel
to the outer border and making the volume of the nucleus pulpo-
sus being 50% of the total IVD volume [19]. The IVDs were mod-
eled with three different components: annulus fibers, annulus
ground substance, and nucleus pulposus [20,21]. The annulus was
constructed as a ring-shaped structure defined by an outer annulus
fiber as the outer border and an inner annulus fiber as the inner
border. The annulus fibers were modeled with six layers of shell
elements with a thickness of 1.5 mm. Annulus ground substance
was modeled by solid tetrahedral elements (C3D4) between the
inner and outer layers of annulus fibers. The nucleus pulposus was
modeled by noncompressible solid tetrahedral linear elements
(C3D4) inside the inner annulus fiber.

The facet was modeled as part of the posterior bony elements
according to the original geometry using C3D4 tetrahedron ele-
ments as previously described [22]. A three-dimensional surface-
to-surface contact with friction was assigned to simulate the facet
contact behavior with a finite sliding interaction defined to allow
random motions including sliding, rotation, and separation. The
friction characteristic was modeled with a classic isotropic Cou-
lomb friction model with friction coefficient of 0.1.

The ligamentous complex including anterior longitudinal liga-
ments (ALL), posterior longitudinal ligaments (PLL), ligamentum
flavum (LF), interspinous ligaments (ISL), and supraspinous liga-
ments (SSL) was modeled using Truss elements (T3D2). The
material properties of the FE models were given in Table 1.

Simulation of Thoracolumbar Burst Fracture. Burst frac-
tures of the TL spine resulted in the failure of the anterior and
middle columns under axial loads in the three-column theory
[3,4]. In this study, the fractured model was created by removing
the elements of the middle 30% of the L1 vertebral body, accord-
ing to previously described method with some modifications [23].
The ALL and PLL at L1 level were also removed. The fractured
model simulated A3-type vertebral burst fracture in the Arbeitsge-
meinschaft f€ur Osteosynthesefragen fracture classification [24]
(Fig. 1).

Generation of Pedicle Screw and Rod Model for Posterior
Fixation. The primary dimensions (diameter, length) of the pedi-
cle screws for thoracic lumbar vertebra were 5.5 mm� 45 mm and
6.5 mm� 45 mm, respectively. The diameter of the rods was
6 mm. The pedicle screws and rods were composed of titanium.
The material properties of the implants were shown in Table 1.
Three-dimensional structures of the screws and rods were created
in software PATRAN (MSC software) (Fig. 1). The mesh structures
were prepared using software HYPERMESH 11.0 (Altair Technolo-
gies Inc) and imported into ABAQUS 6.12 (Simulia Inc) to solve.

Fig. 1 Finite element model of T10-L3 thoracolumbar spine
and simulation of L1 burst fracture with posterior fixation. The
present finite element model of the intact spine (left), simulated
L1 bust fracture (middle), and the pedicle screws and rods
(right).

Table 1 Material properties and mesh types of the thoracolumbar finite element model

Component Young’s modulus (MPa) Poisson’s ratio Element type

Annulus fiber Shell (STRI3)
Inner laminate : inner layer 360 0.30
Inner laminate : middle layer 385 0.30
Inner laminate : outer layer 420 0.30
Outer laminate : inner layer 440 0.30
Outer Laminate : Mid-dle Layer 495 0.30
Outer Laminate : Outer Layer 550 0.30

Annulus ground substance 4.2 0.45 Tetrahedron (C3D4)
Cancellous bone 100 0.20 Tetrahedron (C3D4)
Cortical bone 12,000 0.30 Shell (S3R)
Posterior bony elements 3500 0.25 Tetrahedron (C3D4)
Endplate 12,000 0.30 Shell (S3R)
Nucleus pulposus 1 0.49 Tetrahedron (C3D4)
ALL/PLL/LF/ISL/SSL 20/20/20/10/10 0.25 Truss (T3D2)
Titanium screw/rod 110,000 0.30 Tetrahedron (C3D4)

071007-2 / Vol. 143, JULY 2021 Transactions of the ASME



Simulation of Posterior Fixation Surgeries. Five models
were simulated in this study. These included an unfractured intact
model and four different surgical constructs consisting of bilateral
pedicle screw and rod fixation in either one-level or two-level
adjacent levels: (1) one-level fixations superior (T12) and inferior
(L2) to the fracture level (U1L1); (2) one-level fixation superior
(T12) and two-level fixation inferior (L2,L3) to the fracture level
(U1L2); (3) two-level fixation superior (T11,T12) and one-level
fixation inferior (L2) to the fracture level (U2L1); (4) two-level
fixations superior (T11,T12) and inferior (L2,L3) to the fracture
level (U2L2) (Fig. 2).

Loading and Boundary Conditions. The preload was set to
150 N and applied evenly using the follower load technique on the
superior endplate of the T10 vertebral body to simulate the weight
of the upper body. For the simulation of the upper body weight, a
preload ranging from 100 to 200 N was used in the literature, and
a 150 N preload was chosen in this study [25,26]. The 6 N-m
moment was applied in the sagittal, coronal, and transverse plane
to create flexion–extension, lateral bending, and axial rotation,
respectively.

The boundary condition of the simulations was set with the
nodes on the inferior endplate of L3 constrained in all directions.
The interfaces of the pedicle screws and bone were assigned with
tie constraints.

Result

Model Validation. To validate the present FE model, we com-
pared the ROM of both the intact spine model and the posterior
instrumented fractured spine model with the literature (presented
as mean and standard deviations). First, the motion of the intact
model in T12-L2 was compared to the results of in vitro cadaveric
studies by Hitchon et al. and Moon et al. (Fig. 3(a)) [27,28]. The
comparisons showed the ROM of the present intact model in flex-
ion, extension, and axial rotation was within one standard devia-
tion (SD) when compared to the literature. The ROM in lateral
bending was within one SD of that reported by Moon et al. but
was smaller (1.19 SD) than one SD compared to the results of
Hitchon et al.

Fig. 3 Validation of the present FE model. Comparisons of the ROM of the present intact (a), short-segment fix-
ation (b), and long-segment fixation (c) models with the literature (presented as mean and standard deviation).

Fig. 2 Different pedicle screw and rod-based constructs. Four
fixation constructs for L1 burst fracture simulated in this study
including short-segment instrumentation(U1L1), long-segment
instrumentation(U2L2), and intermediate constructs (U1L2 and
U2L1). The screw and rod constructs are shown in red.
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Next, the fractured and instrumented model was validated
against the in vitro cadaveric experiments conducted by McDon-
nell et al., Grossbach et al., and Patricia et al. [29–31]. For the
simulation of short-segment instrumentation, our results were
within one SD when compared to the previously reported results
except that the ROM in flexion–extension was larger (1.81 SD)
than one SD compared to that reported by Patricia et al. and the
ROM in rotation was smaller (1.37 SD) than one SD compared to
the result of Patricia et al. (Fig. 3(b)). For the simulation of long-
segment instrumentation, the comparison showed that the ROM
of the present model was within one SD when compared to the lit-
erature (Fig. 3(c)). A detailed discussion about the differences
was made in the Discussion section.

Range of Motion and Range of Motion Distribution in the
Thoracolumbar Spine. The global flexion, extension, lateral
bending, and axial rotation ROM and the ROM distribution of the
intact and surgical models were shown in Fig. 4(a). Compared to

the intact model, all surgeries showed decreased ROM in exten-
sion, lateral bending, and axial rotation. However, the ROM in
flexion was increased by 53.2, 32.2, 47.4, and 26.5% in U1L1,
U1L2, U2L1, and U2L2, respectively. The percentage ROM dis-
tributions of the T10-L3 segments in Fig. 4(b) further revealed
that the increase of motion in flexion was mainly due to the patho-
logical intravertebral motion of L1 caused by the fracture, which
accounted for 71.1, 82.3, 76.0, and 88.5% of the global motion in
U1L1, U1L2, U2L1, and U2L2, respectively. The comparisons
between different fixation constructs showed that more ROM
decrease in extension, lateral bending, and rotation was observed
in constructs with two-level infrajacent fixation (U1L2 and
U2L2), ranging from 66.0 to 87.3% compared to 32.0 to 47.3% in
constructs with one-level infrajacent fixation (U1L1 and U2L1).

The Fractured Vertebrae. Burst fractures were considered as
unstable fractures, and micromotions or even pseudo-arthrosis
could exist at the fracture site, causing mechanical back pain and

Fig. 4 The range of motion and the ROM distribution in different constructs. The global ROM and ROM distribu-
tion presented in absolute value (a) and the ROM distribution presented in percentage (b).

Fig. 5 The fracture motion and the percentage of height reduction in L1. The pathological
motion (a) and vertebral height reduction (b) of the fractured L1 in flexion, extension, lateral
bending, and axial rotation.
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neurological complications [11]. The pathological intravertebral
ROM within the fractured L1 was shown in Fig. 5(a). Flexion pro-
duced the largest pathological motion of 8.36, 8.34, 8.60, and
8.59 deg in U1L1, U1L2, U2L1, and U2L2, respectively. The
average L1 ROM of the constructs in extension, lateral bending,
and axial rotation were 8.4, 0.4, 1.6, and 2.1 deg, respectively.
The differences of L1 ROM between the four constructs were
small, all within 0.26 deg.

The vertebral height was measured as the distance between the
centermost nodes in the superior and inferior endplates of the FE
models. Decreased L1 vertebral heights were observed in all fixa-
tion constructs (Fig. 5(b)). The decrease was dynamic and varied
under different spinal motions. Flexion resulted in maximum ver-
tebral height reduction with an average 9.2% decrease of L1 verte-
bral heights while minimal height reduction was observed in
extension with an average 1.5% decrease. An average of 5.6 and
5.2% decrease of L1 vertebral heights was shown in lateral bend-
ing and axial rotation, respectively.

The comparison between different constructs showed more
height reduction in constructs involving two-level suprajacent fix-
ation to the fractured level. U2L1 resulted in a 9.4, 1.3, 5.2, and
5.4% height reduction and U2L2 resulted in a 9.5, 1.5, 5.4, and
5.4% height reduction whereas U1L1 resulted in a 9.0, 1.2,
4.9, and 5.0% height reduction and U1L2 resulted in a 9.1, 1.3,
5.1, and 5.1% height reduction in flexion, extension, lateral bend-
ing, and axial rotation, respectively. Comparisons of changes in

L1 vertebral heights between different constructs under different
motions revealed the differences were less than 0.6% of the origi-
nal height.

Von Mises Stress and Strain Energy on the Screw and Rod
Construct. The maximum von Mises stress and strain energy of
each construct in the pedicle screws and rods under TL motions
were shown (Fig. 6). Flexion and axial rotation exerted more
mechanical stress on both the screws and rods ranging from 13.6
to 18.7 MPa and 97.9 to 129.4 MPa, respectively. Extension
resulted in the least stress for all constructs, with 3.7–4.7 MPa on
the screws and 29.3–34.9 MPa on the rods. Comparisons between
the constructs showed that U2L1 and U2L2 had an average 25.3
and 24.8% less von Mises stress in the pedicle screws compared
to U1L1 and U1L2, respectively. For the rods, U1L2 generated
8.6% and 23.4% more von Mises stress under flexion and lateral
bending compared to the second highest value, respectively.
U1L2 and U2L1 had 9.6% and 14.9% more stress on the rods
under axial rotation compared to the third highest value. The max-
imum stress at the pedicle screws and rods for each construct and
the corresponding motion was given in Table 2.

For all four constructs, the maximum von Mises stresses in the
pedicle screws were measured at the base of the T12 pedicle
screws near the junction of the screws and rods. For the rods, the
maximum von Mises stresses were measured at the L1 level in all

Fig. 6 Maximum von Mises stress in the pedicle screws and the rods in different constructs.
The maximum von Mises stress in the pedicle screws (a) and the rods (b) in flexion, exten-
sion, lateral bending, and axial rotation.

Fig. 7 Maximum strain energy in the pedicle screws and the rods in different constructs.
The maximum strain energy in the pedicle screws (a) and the rods (b) in flexion, extension,
lateral bending, and axial rotation.
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constructs. The locations where the maximum stresses in the pedi-
cle screws were measured were presented in Fig. 1 available in
the Supplemental Materials on the ASME Digital Collection.

The strain energy in the pedicle screws and rods was presented
in Fig. 7. While the difference of pedicle screw strain energy
between U1L2, U2L1, and U2L2 was within 13.5%, U1L1 had
20.4% and 21.0% increased strain energy in the pedicle screws
compared to the second highest value in flexion and rotation,
respectively. The strain energy in the rods was higher under flex-
ion compared to other motion in all constructs. U1L2 and U2L2
had 28.% and 29.9% increased more strain energy under lateral
bending compared to U2L1. U2L1 had a 33.0% more strain
energy under rotation compared to the second highest value in
U1L1. The maximum strain energy at the pedicle screws and the
rods for each construct and the corresponding motion was given
in Table 3.

Discussion

Posterior instrumentation with pedicle screws and rods had
been the most widely accepted approach for surgical stabilization
of TL burst fractures [11,12]. Although some previous studies had
addressed the biomechanical properties of pedicle screw-based
posterior fixation constructs, there was no guideline or standard to
select the posterior fixation strategy, and the ideal management
remained controversial [32–34]. This study evaluated and com-
pared the biomechanics of different fixation strategies using FE
analysis.

The FE model of the TL spine in this study was validated
against previously published in vitro data including the ROM of
the intact and the instrumented model. The majority of our results
remained compatible and within one SD compared to the litera-
ture. Although some differences were noted between our results
and previous experiments, the differences were within 1.19 SD in
the intact model and within 1.81 SD in the instrumented model. It
should be noted that the experimental data cited from the literature
had high variability, especially in the ROM of the instrumented
spine. The variation of the anatomy in the present model and the
cadaveric experiments in the literature could result in different
response in spinal motion. For the instrumented model, multiple
real-world factors in the placement of the pedicle screws includ-
ing anatomical variation and surgeon’s preference could all con-
tribute to the variation in the cadaveric experiments. Moreover,
the difference in loading application and the assumption of iso-
tropic materials properties in the FE model might also contribute
to the differences since the spinal responses to moments in differ-
ent planes may be different.

To prevent hypermobility and pseudo-arthrosis, we aimed to
optimize posterior fixation in order to minimize the motion in the
fractured level without creating a significant burden in the con-
struct itself. The relation between motion at fracture site and
hypertrophic pseudo-arthrosis had been well established and that
TL region was susceptible to failure of fusion because of its tran-
sitional biomechanics [35]. Since T12-L2 was often the site of
early micromotion, adequate fixation and stabilization are
required to promote fusion and to avoid pseudarthrosis [35,36].

Our simulation showed that all construct had similar ROM at the
fractured level under all motions with the difference within
0.26 deg. Comparisons of changes in L1 vertebral heights between
different constructs under different motions revealed the differen-
ces were less than 0.6% of the original height. With this in mind,
the result further suggested that the extent of fixation might not
have a significant impact on the fusion of the fractured level.

In terms of global ROM, our result showed that U1L1 and
U2L1 had better physiological ROM preservation with only 32.0
to 47.3% ROM reduction compared to 66.0–87.3% ROM reduc-
tion observed in U1L2 and U2L2 during extension, lateral bend-
ing, and rotation. For ROM distribution, U1L1 and U2L1 had less
ROM percentage in the fractured L1 level.

This study investigated the maximum von Mises stress and
strain energy in the implants rather than in the vertebral bone
because of the effect of stress shielding after PI, which was previ-
ously described [37]. Previous results showed that in the cases of
instrumented lumbar fusion, PI shifted the axial load posteriorly
with more than 50% of compressive load shifted to the pedicle
screws and rods [38]. The percentage would be higher in the pres-
ent scenario since TL burst fractures resulted in complete failure
of the anterior and middle column [6]. As a result, the axial load
would mostly be exerted on the construct and risk of early implant
failure would be higher. We aimed to investigate the construct
burden to minimize the risks of implant failure. Regarding the von
Mises stress and strain energy in the pedicle screws and rods, the
maximum von Mises stress of the constructs was related to the
risks of acute implant fracture since material failure occurs when
the von Mises stress surpasses the tensile yield stress [39]. How-
ever, acute failure of the screws and rods would be less likely
unless there was any major trauma since the tensile yield stress of
titanium is approximately 880 MPa and the maximum stress in the
present simulation is 129.4 MPa in the rods of U1L1 under
flexion.

Material fatigue was related to cyclic strain energy during
repetitive motion, and therefore the strain energy in the constructs
could be interpreted as the susceptibility to implant failure due to
chronic wearing [40]. As a result, the strain energy might be a bet-
ter parameter to evaluate the susceptibility of the titanium screws
and rods to implant failure. Our comparison showed that higher
strain energy in both the pedicle screws and the rods was observed
flexion compared to other motion in all constructs. Regarding the
pedicle screws, U1L1 had more strain energy under flexion and
rotation compared to other constructs. On the other hand, the
strain energy in the rods was different in each construct under dif-
ferent motion. Since previous studies concluded that the most
common implant failure was pedicle screw failure, our result sug-
gested that short segment fixation U1L1 might be at higher risks
of implant failure [41,42].

Taken together, our results suggested that the construct of
U2L1 had better preservation of the physiological spinal motion
and provided sufficient ROM reduction at the fractured level.
Although short segment fixation could sufficiently provide similar
ROM reduction and fixation, U1L1 might be at higher risks of
implant failure.

The limitations of this study should be noted. First, the complex
nature of different fracture morphologies in TL burst fractures and

Table 2 Maximum von Mises stress in the pedicle screws and
rods

Maximum stress in the pedicle screws

Construct U1L1 U1L2 U2L1 U2L2
Stress ðMPaÞ 18.70 18.49 14.02 15.83
Level T12 T12 T12 T12
Motion rotation flexion flexion rotation

Maximum stress in the rods
Construct U1L1 U1L2 U2L1 U2L2
Stress ðMPaÞ 108.35 129.36 119.09 117.32
Motion flexion flexion flexion flexion

Table 3 Maximum strain energy in the pedicle screws and rods

Maximum strain energy in the pedicle screws

Construct U1L1 U1L2 U2L1 U2L2
Energy ðmJ=mm3Þ 5.43 4.48 4.28 4.51
Motion Flexion Flexion Flexion Flexion

Maximum strain energy in the rods
Construct U1L1 U1L2 U2L1 U2L2
Energy ðmJ=mm3Þ 29.83 28.89 32.90 35.36
Motion Flexion Flexion Flexion Flexion
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their impacts on the spinal biomechanics were simplified. Differ-
ences in the fracture morphology were likely to alter the ROM
and stress distribution but this was very challenging to be taken
into account since there are no identical fractures in the real
world. Additionally, serving as the transitional area between the
rigid thoracic spine and mobile lumbar spine, the TL junction fea-
tured unique biomechanics. As a result, changing the level of the
fracture and levels of posterior fixation were also likely to alter
the biomechanical response of the TL segments. With this in
mind, we selected the level with the highest incidence of burst
fracture for simulation [43]. Second, simplification of the material
properties including the assumption of linear isotropic materials
in the FE model might not reflect the real-world behavior of the
tissues and the surgical constructs. Third, the contact between the
bone and the pedicle screws was set to tie constraints and assumed
to be perfect. However, the main conclusions of this study were
based on comparisons between the surgical construct models. The
above-mentioned model simplifications were equally applied to
all models and likely had a minimal effect on the comparative
differences.

In conclusion, we utilized a FE model to compare the biome-
chanical performances of different posterior fixation strategies for
TL burst fracture. Our results suggested that two-level suprajacent
and one-level infrajacent pedicle screw and rod fixation was a
good alternative to the standard long-segment fixation with better
preservation of physiological motion and without an increased
risk of implant failure.
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