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Biomechanical characteristics of first coronal
reverse vertebrae in degenerative lumbar
scoliosis

A study using finite element analysis
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Abstract
Background: Whether the first coronal reverse vertebrae (FCRV) can directly cause biomechanical changesm
adjacent segments remains unclear.

Objective: This study aimed to explore the biomechanical changes in adjacent discs of FCRV to better understand
the stress distribution of degenerative lumbar scoliosis.

Methods: According to the plain computed tomography scan data of the T11-L1 segment of a degenerative lumbar
scoliosis patient, T12 was the FCRV, and a 3-dimensional finite element model was established accurately. The
T11-12 segment disc was defined as the adjacent upper disc (UD), axial section as half of the UD. Similarly, T12—-L1
disc was the adjacent lower disc (LD), axial section as half of the LD. The biomechanical changes in adjacent discs
of the FCRV under different loads were assessed.

Results: Rotational load was the highest under different loads, but it is usually instantaneous. It was noted that the
LD was subjected to significantly greater stress magnitudes under neutral standing. Although the adjacent discs of
the FCRV did not differ significantly with regard to shear stress, a striking difference was noted when the concave
and convex sides were considered individually. The concave sides of the adjacent disc were subjected to greater
stress under the neutral standing or lateral bending compared with the convex side. Furthermore, the concave sides
of the UD, half of the UD (HUD), and HLD were subjected to significantly greater stress under the neutral standing
compared with the convex side.

Conclusions: The distal adjacent disc of the FCRV may be at greater risk of degeneration because of taking on more
force. These findings can contribute to further treatment planning for the patient and aid physicians’ management
decision-making.

Abbreviations: FCRV first coronal reverse vertebrae, DLS = degenerative lumbar scoliosis, UD = upper disc,
HUD = half of the upper disc, LD = lower disc, HLD = half of the lower disc, FE = finite element, LLB = left lateral
bending, RLB = right lateral bending, LAR = left axial rotation, RAR = right axial rotation, NS= neutral standing

Keywords: adjacent disc stress, degenerative lumbar scoliosis, finite element analysis, first coronal reverse vertebrae

1. Introduction which is of growing interest in health care. Studies have
shown that the disorder accounts for 8.85% in Western
countries and 13.3% in the Han Chinese population, with
a mean age at presentation of 70.5 years.’ It has a sub-
stantially debilitating effect on patients’ general health, /!
such as pain, stiffness, and loss of function.

Degenerative lumbar scoliosis (DLS) is a primary coronal
plane deformity characterized by a Cobb angle of >10° that
develops after skeletal maturity and results from asym-
metric intervertebral disc and facet joint degeneration,!?!
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First coronal reverse vertebrae (FCRV) is defined as
the first vertebra that presents an opposite orientation
of asymmetric Hounsfield unit ratio compared with the
other vertebrae within the major curve.l”” Notably, our
previous work demonstrated that the FCRV could be
a more reliable selection criterion for the upper instru-
mented vertebra in patients with DLS.[®”! Therefore, it is
reasonable to believe that the biomechanical effects of the
FCRV on adjacent discs are significantly different, but it
has never been proved. In recent years, the finite element
(FE) methodology has been further developed in the field
of scoliosis and has been applied in clinical research and
spinal correction procedures. It has important academic
significance and application values in determining the
etiology, preventing and treating scoliosis, and predicting
the progression of the deformity while reducing postoper-
ative complications.!'%!")

In 2015, Zheng et al.'?! built the 3-dimensional FE
model of degenerative scoliosis, which was reliable and
effective for further biomechanical study of scoliosis. In
2017, Xu et al.["¥l investigated the effect of the DLS on
the vibrational characteristics of spines, and their find-
ings suggested that DLS could potentially lead to further
scoliotic deformity in the spine. In 2019, Haddas et al.["
found scoliotic spine presented abnormal and asymmetri-
cal kinetic and kinematic behavior using FE models and
concluded that a posterior fusion had a large effect on
pressure and forces at the adjacent level. Additionally,
in 2023, Stott and Driscoll™ demonstrated that the FE
models with excessive curvature might be subjected to
greater stress magnitudes, while the straighter spine mod-
els might reduce these stresses.
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However, although various FE models were reported for
spinal deformities, little attention has been paid to the biome-
chanical characteristics of FCRV in DLS. The purpose of this
study is to explore the biomechanical changes in adjacent
discs of the FCRV using FE methods to better understand
the force of DLS. It lays a foundation for further physical
therapy and enhancing long-term surgical outcomes.

2. Materials and methods
2.1. Data acquisition

This study was completed with the knowledge of the subject
and was supported by the Institutional Ethics Committee
of Hebei Medical University Third Hospital (KS2022-
040-1). The data were obtained from a 72-year-old female
patient who weighed 70kg, with the coronal Cobb angle of
41.3°. According to the DLS diagnostic criteria, the scolio-
sis was diagnosed as DLS. Using a computed tomography
(CT) (Siemens, Munich, Germany), transverse scanning
was done on the thoracolumbar segment from T10 to S1
in 0.75mm slices. A 3-dimensional (3D) model of the tho-
racolumbar spine (T10-S1) was constructed from the CT
images using Mimics 20.0 (Materialise, Leuven, Belgium)
in this study, shown in Figure 1.

2.2. Building of the 3-dimensional solid model

The detailed steps for building a deformed FE model were
obtained from previous research.'>'!7] Briefly, the geo-
metric information of the thoracolumbar spine (T10-51)
segment was obtained using a CT scan. The CT data was
imported into Mimics 20.0 to conduct image segmentation.

Figure 1. Construction of a 3D model of lumbar spine using computed tomography scan data. Segmentation in 3 different planes, that is,

sagittal, coronal, axial, and 3D model are shown.
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Geometric model reconstruction was then completed using
Geomagic Studio 2013 (Geomagic, Inc., Research Triangle
Park, NC, USA). The mesh of each component was created
in ABAQUS 2016 (Simulia Inc., USA). The final model was
then created using commercial FE software (Abaqus 6.11;
Dassault Systemes Simulia Corporation, Pennsylvania).

In this study, the T11-L1 segments of the spine model
were selected as our research model, and T12 was the first
coronal reverse vertebra. The length of the mesh was des-
ignated as 0.5 mm. Cartilage, bone, and other tissues were
meshed tetrahedral solid units. According to the physio-
logical anatomical model of the spine, the vertebral body
and the intervertebral joint will slide under a certain load,
and the friction coefficient was determined to be 0.2. The
nucleus pulposus and the annulus fibrosis of the interverte-
bral disc will not be separated under the load in this study.

The model includes cortical bone and cancellous bone
of the vertebral body, fibrous annulus of intervertebral
disc, nucleus pulposus, and superior and inferior articu-
lar process cartilage and 6 groups of major ligaments of
thoracolumbar vertebrae. Bony structures and interver-
tebral discs are simulated as isotropic elastic materials,
and these ligaments, including the anterior longitudinal
ligament, posterior longitudinal ligament, ligamentum
flavum, intertransverse ligament, supraspinous ligament,
and interspinous ligament, were simulated as spring ele-
ments.!"8) Different materials were distinguished accord-
ing to the difference of elastic modulus and Poisson ratio.
The material properties of bone, ligament, and interverte-
bral disc were determined by experimental literature,!'>->"!
and the material attributes and cross-sectional area are
shown in Table 1.

2.3. Feasibility validation

Compared with the patient’s CT image, we demonstrated
that the established FE model was geometrically similar
to the object of study. The credibility of the model was
verified based on the degree of coincidence between the 2
angles,!'2I which include coronal Cobb angle and lordo-
sis angle. Although the normal spine verification method
was not suitable for scoliosis modeling, geometric vari-
ation between the events was negligible. Subsequently,
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each vertebra was divided into 2 equal parts (upper and
lower), and each of which was divided into 5 equal parts
(U1 through US, and L1 through L3, respectively) from
the right (concave side) to the left (convex side). Similarly,
each disc was divided into 5 equal parts (D1 through DS3)
from the right side to the left. We set the vertebrae and
discs with different elastic modulus, respectively, depend-
ing on the Hounsfield gray value based on the CT images.

2.4. Boundary and loading conditions

The moments in this study were referred to Yamamoto
et al’sP?!l in vitro test loads. Therefore, 5 Nm moments
loading*'”" and bounding conditions were applied as pro-
vided in Yamamoto et al.’s study. The 5 loads in this study
simulated the S different motion states of the thoracic
spine. Under physiological conditions, T11 vertebral body
was axially loaded with 450 N. A boundary was applied
to constrain the displacement and rotation of all nodes on
the base of the L1 vertebral body in all directions. This was
also performed to apply a moment of 5 Nm in the axial
and sagittal on the upper surface of the T11 vertebral body
to simulate left and right bending, left and right rotation.

2.5. Statistical analysis

Statistical analysis was performed using SPSS 26.0 (SPSS
Inc., Chicago). A paired ¢ test was employed to evaluate
differences between the convex and concave sides, and
1-way analysis of variance was used to analyze the differ-
ence of convex or concave sides for biomechanical param-
eters. In case the difference between paired data or raw
data did not follow a normal distribution, the Wilcoxon
signed-rank test was performed. Differences were consid-
ered to be significant when p < 0.05.

3. Results
3.1. FE model

As mentioned previously, the aim of this work was to
explore the biomechanical changes in adjacent discs of
the FCRV using FE methods to better understand the
force of DLS. A 3-dimensional FE model of the T11-L1

Material parameters of the FE spinal model.

Young modulus (MPa)

Poisson ratio Cross-sectional area (mm?)

Cortical bone 12,000
Cancellous bone 100
Annulus fibrosis 4.2
Nucleus pulposus 1
Anterior longitudinal ligament 8
Posterior longitudinal ligament 10
Ligamentum flavum 5
Interspinous ligament 5
Supraspinous ligament 5
Intertransverse ligament 5

0.3 —

0.3 —
0.453 —
0.499 —

0.35 491
0.35 222
0.35 71.1
0.35 49.2
0.35 70.3
0.35 4

FE = finite element.
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Figure 2. The integral 3-dimensional FE model of DLS, including T11 to L1. DLS = degenerative lumbar scoliosis, FE = finite element.

thoracolumbar spine segments of DLS was constructed
in our study, which contained 271,314 elements and
398,724 nodes. The FE model includes finely recon-
structed vertebrae, intervertebral discs, ligaments, artic-
ular cartilage, and other anatomical structures, and the
model is outlined in Figure 2.

Notably, T12 vertebral body was the first coronal
reverse vertebra. Depending on the Hounsfield gray
value based on the CT images, we set the vertebrae and
discs (T11-L1) with different elastic moduli, respectively.
For example, the elastic moduli (MPa) of the T12 ver-
tebra from the right (concave side) to the left (convex
side), U1 through U5, were 367, 1237, 1410, 1654, and
2523, respectively, and those of L1 through L5 were 576,
1184, 1497, 1549, and 1636, respectively. Additionally,
the elastic moduli (MPa) of the T12-L1 segment disc
from the right (concave side) to the left (convex side),
D1 through D3, were 10.4, 11.1, 11.8, 12.5, and 13.2,
respectively. The trend in elastic moduli of the T11-L1
thoracolumbar spine was consistent with the trend in
Hounsfield unit.

3.2. Intervertebral disc stress distribution

The T11-12 segment disc was defined as the adjacent
upper disc (UD), axial section (at half height of the UD)
as half of the UD (HUD). Similarly, the T12-L1 seg-
ment disc was defined as the adjacent lower disc (LD),
axial section (at half height of the LD) as half of the LD
(HLD). Under 450 N vertical downward force and §
Nm moment loads, this study recorded stress distribu-
tion at the surface and axial section of T11-L1 segment
discs.

3.3. The maximum von Mises stress values of the
intervertebral discs subjected to different loads

Data in Figure 3, for example, show the maximum von
Mises stress values at the LD under left lateral bending
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(LLB), right lateral bending (RLB), left axial rotation
(LAR), right axial rotation (RAR), and neutral standing
(NS) loads. As can be seen in Figure 4, the maximum von
Mises stress values in UD were even higher than those
in other discs under the rotational load, which is consis-
tent with results obtained in previous studies.["”) However,
although the rotational load was the highest under dif-
ferent loads (Fig. 4), it is usually instantaneous in every-
day life, which is consistent with Dubousset's cone of
efficiency.??! It is important to reiterate that the LD was
subjected to significantly greater stress magnitudes under
the NS.

3.4. Stress distribution at intervertebral discs
including LD, HLD, UD, and HUD in lateral bending,
axial rotation, and NS

Intervertebral disc shear stresses were investigated at 1
through 9 under each loading condition in the present
study. The direction of 1 through 9, the longest line of
the coronal plane and evenly spaced, was from the con-
cave side to the convex side in the intervertebral disc. One
through 4 were defined as the concave side, and 6 through
9 were defined as the convex side. A negative number
indicated a compressive stress and a positive number indi-
cated a tensile stress.

For example, Figure 5 displays that the stress values (1
through 9) at the surface of the LD under the LLB load
were 0.00024, 0.000098, 0.00012, 0.00013, 0.00013,
0.00017, 0.00014, 0.0001, and -0.0007 MPa, respec-
tively. Under the RLB load, the stress values of the LD
at 1 through 9 were -0.00048, -0.000094, -0.000074,
-0.000089, -0.000091, -0.00015, -0.000099,
-0.000076, and 0.00097 MPa, respectively. Under the
LAR load, the stress values were 0.0023, -0.000081,
0.000016, 0.00011, 0.00025, 0.00031, 0.00028,
0.00028, and 0.00051 MPa, respectively. Under the RAR
load, the corresponding values were —0.0015, 0.000079,
-0.000013, -0.0001, -0.00024, -0.00031, -0.00028,
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Figure 3. The stress distribution at the adjacent lower disc (LD) in lateral bending (left and right), axial rotation (left and right), and neutral

standing in the FE model. FE = finite element.

-0.00027, and -0.00045 MPa, respectively. Under the NS
load, the corresponding values were 0.00047, -0.0018,
0.0020, 0.0010, 0.00065, 0.00039, 0.00032, 0.00054,
and -0.00043 MPa, respectively.

Interestingly, we found that the intervertebral disc
stress under different loads was mainly concentrated on
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the edge of the intervertebral disc, which is consistent
with the results of the FE model established by Chen et
al.»! Additionally, changes in the concave side of LD
under the RLB, LAR, RAR, or NS load were dramatic.
Moreover, it can be observed from Figure 6 that under the
LAR load, the concave and convex sides of UD were both
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Figure 4. The von Mises stress of the intervertebral discs under
various loading conditions for the FE model (T11-L1). FE = finite
element, LAR = left axial rotation, LLB = left lateral bending, NS
= neutral standing, RAR = right axial rotation, RLB = right lateral
bending.

compressed; however, they displayed opposite trends
under the RAR load, respectively.

3.5. Shear stress difference between concave and
convex disc sides

No significant differences in terms of shear stress were
found between UD, HUD, LD, and HLD under differ-
ent loads (Table 2). However, compared with the convex
side, the concave side of the discs of the T11-L1 tho-
racolumbar spine was subjected to significantly greater
stress under the NS, LLB, or RLB load (Table 3). A strik-
ing illustration of this can be seen in Table 4 where the
concave side of UD was subjected to greater stress mag-
nitudes under the NS load compared with the convex
side, and HUD and HLD also displayed similar trends
(Tables 4 and 3).

This article contained no information about flexion
and extension due to the fact that they significantly affect
the anterior and posterior discs rather than the left and
right sides.'” Nevertheless, these results suggest that data
obtained using FE model to simulate the force of DLS
may further provide strong support for assessing the
effect of FCRV on degeneration in adjacent segments in
patients with spinal deformity.

4. Discussion

Unlike idiopathic scoliosis, DLS is a chronic condi-
tion that results from degenerative bone and soft tissue
changes and begins with the intervertebral disc degener-
ation,'! and it has a substantially debilitating effect on
patients’ general health. Disability, pain, and neurological
complaints are more commonly reported by DLS patients
than cosmetic deformity or curve progression, which are
more common complaints among adolescent patients.¥
Intervertebral disc degeneration is a complex and chronic
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process that begins early in adulthood caused by multi-
ple stresses?’! and involves reduced disc height, loss of
water and proteoglycan content, and increased enzymatic
degradation.?¢

The degeneration can lead to pathological changes in
load-bearing at intervertebral and facet joints, resulting
in instability (via rotatory subluxation or olisthesis) and
bone remodeling at these joints.?”! Furthermore, a pro-
gressive decline in paraspinal and truncal musculature
and spinal ligaments is commonly caused by the cycle of
remodeling, which ultimately results in spinal deformity.
Interestingly, it is often less magnitude, yet it progresses
at faster rates.!?

The results of this FE analysis (FEA) study reveal that
FCRYV significantly caused changes in the forces on the
adjacent intervertebral discs under different loads. Most
notably, the LD was subjected to significantly greater
stress magnitudes under the NS load. Our findings can
contribute to further treatment planning for the patient
and aid physicians’ management decision-making. For
example, proximal fusion level above FCRV might help
to prevent postoperative adjacent segment degeneration
in patients with DLS. This is the first study, to our knowl-
edge, to investigate the biomechanical characteristics of
FCRV in patients with DLS.

The FEA has been further developed in the field of
scoliosis and can provide strong support for clinical
research due to its good predictive ability and without
any harm to the patient. For example, it can be used for
the prevention and diagnosis of spinal deformity, assist
in surgery, and help in the design of curative effects and
evaluation.?® In addition, numerical experiments are
less costly and more efficient compared with in vitro
specimen experiments, and the experimental conditions,
such as material properties, are freely controlled based
on spinal anatomy.['>?! In this study, the FE model sim-
ulated the combined effects of different morphological,
structural changes and changes to the material proper-
ties of spinal scoliosis. Through FEA, the results of any
biomechanical changes in the thoracolumbar spine, sim-
ilar to actual anatomical situations, can be accurately
recorded.

We found that the rotational load was the highest under
different loads, which is consistent with results obtained
in previous studies.'™” However, axial rotation is usually
instantaneous in everyday life, which is consistent with
Dubousset's cone of efficiency.??! It is important to reit-
erate that the LD was subjected to significantly greater
stress magnitudes under the NS. These findings extend
our previous study, confirming that the distal adjacent
segment of the FCRV is more likely to be injured because
of greater stress than the proximal adjacent segment.!®
The main reason is that scoliosis changes the normal
shape of the spine and may not effectively transfer the
load downward. Additionally, Krismer et al.?” reported
that fissure formation of the annulus in the degener-
ated disc was associated with torsion. Thus, the stress
increases probably accelerated fissure formation of the
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Figure 5. Shear stress of the adjacent lower disc in various postures, including lateral bending, axial rotation, and neutral standing.

disc in torsion. The stress showed a sharp increase in the
intervertebral discs during axial rotation, and it was likely
to cause the disc early degeneration change.’!! Therefore,
patients with DLS should avoid excessive overload-
bearing and frequent axial rotations of the spine.

In our study, the intervertebral disc stress under dif-
ferent loads was mainly concentrated on the edge of the
intervertebral disc, which is consistent with the results
of the FE model established by Chen et al.?’! However,
this study demonstrated that the concave side of the

discs was subjected to significantly greater stress under
the NS, LLB, or RLB load. One could predict that the
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stress concentration would be enhanced by a tremendous
alteration of different elastic moduli. Therefore, patients
with DLS should also avoid lateral bending and excessive
weight bearing, which can cause injury to the interverte-
bral disc.’? This may be due to increased differences in
elastic modulus (MPa) between the concave and convex
sides of the FCRV.

Incorrect posture could lead to different stress load
changes, which might be a potential risk factor for the
development or progression of DLS. However, it is still
unclear whether incorrect body posture is directly asso-
ciated with scoliosis.®¥) We posit that thoracolumbar
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Figure 6. Effect of various postures on intervertebral discs for the FE model (T11-L1). FE = finite element.

concavity was associated with AIS, similar to the trends
observed in the lumbar concavity.?* We speculate that
this mechanism also operates in DLS. There is no deny-
ing that some postures will affect the spine and inter-
vertebral discs in everyday life. For example, when the
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body posture bends to the concave side, the pressure on
the concave side of the thoracolumbar spine is further
increased, which has an adverse effect on the thoraco-
lumbar spine. Guy and Aubin® reported that the full
brace-wear compliance scenarios resulted 31/35 (89%)
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Table 2
The FE results in the discs of the T11-L1 thoracolumbar spine of DLS subjected to different loads.

LLB RLB NS LAR RAR
uD 0.0002 + 0.0002 —0.0001 + 0.0004 0.0003 + 0.0017 0.0007 + 0.0014 —0.0006 + 0.0012
HUD 0.0001 + 0.0002 —0.0001 + 0.0002 0.0003 + 0.0012 —0.0002 + 0.0004 0.0002 + 0.0004
LD 0.00005 + 0.0003 —0.00002 + 0.0004 0.0005 + 0.0003 0.0004 + 0.0007 —0.0003 =+ 0.0005
HLD 0.000006 + 0.0002 —0.00001 + 0.0002 0.0001 + 0.0009 0.0001 + 0.0002 —0.0001 + 0.0002
F 0.987 0.513 0.164* 1.856" 1.959
pvalue 0.411 0.677 0.920 0.157 0.140

Analysis of variance was performed, significant if p < 0.05.

DLS = degenerative lumbar scoliosis, FE = finite element, HLD = half of the lower disc, HUD = half of the upper disc, LAR = left axial rotation, LD = lower disc, LLB = left lateral bending, NS = neutral
standing, RAR = right axial rotation, RLB = right lateral bending, UD =upper disc.

*Welch’s test.

The FE results in the convex and concave sides of the T11-L1 thoracolumbar spine of DLS subjected to different
loads.

LLB RLB NS LAR RAR
Concave side 0.0002 = 0.0002 —0.0002 + 0.0002 0.0011 = 0.0009 0.0003 = 0.0007  —0.0003 + 0.0006
Convex side —0.00001 = 0.0002 0.0001 + 0.0003 —0.0005 + 0.0008 0.0003 = 0.0011 —0.0002 + 0.0009
t 2.351 —2.455 5.597 0.203 —0.251
pvalue 0.033 0.027 0.000 0.841 0.805

A paired t test was performed; significance was set at p < 0.05.
DLS = degenerative lumbar scoliosis, FE = finite element, LAR = left axial rotation, LLB = left lateral bending, NS = neutral standing, RAR = right axial rotation, RLB = right lateral bending.

Table 4
The FE results in the convex and concave sides of the T11-12 thoracic spine of DLS subjected to different loads.
Upper disc Half of the upper disc
Convex side Concave side p value Convex side Concave side p value

LLB 0.000007 (0.0002) 0.0003 (0.0002) 0.156 —0.00002 (0.0002) 0.0003 (0.00003) 0.065
RLB 0.0001 (0.0004) —0.0003 (0.0002) 0.223 0.00003 (0.0002) —0.0003 (0.00003) 0.055
LAR 0.0011 (0.0021) 0.0005 (0.0009) 0.695 —0.0005 (0.0004) 0.0001 (0.0001) 0.023
RAR —0.0008 (0.0016) —0.0005 (0.0009) 0.785 0.0005 (0.0004) —0.0002 (0.0001) 0.019
NS -0.0011 (0.0006) 0.0018 (0.0013) 0.006 —0.0007 (0.0005) 0.0014 (0.0010) 0.009

A paired t test was performed, significant if p < 0.05.
DLS = degenerative lumbar scoliosis, FE = finite element, LAR = left axial rotation, LLB = left lateral bending, NS = neutral standing, RAR = right axial rotation, RLB = right lateral bending.

The FE results in the convex and concave sides of the T12-L1 thoracolumbar spine of DLS subjected to different
loads.

Lower disc Half of the lower disc
Convex side Concave side p value Convex side Concave side p value
LLB —0.00007 (0.0004) 0.0001 (0.00006) 0.364 0.00004 (0.0002) —0.00003 (0.0001) 0.552
RLB 0.0002 (0.0005) —0.0002 (0.0002) 0.262 —0.00001 (0.0002) 0.00005 (0.0001) 0.646
LAR 0.0003 (0.0001) 0.0006 (0.0011) 0.708 0.0002 (0.0002) 0.00006 (0.0002) 0.627
RAR —0.0003 (0.00008) —0.0004 (0.0008) 0.883 —0.0002 (0.0002) —0.00003 (0.0002) 0.485
NS 0.0004 (0.0003) 0.0005 (0.0003) 0.700 —0.0008 (0.0007) 0.0009 (0.0003) 0.003

A paired t test was performed, significant if p < 0.05.
DLS = degenerative lumbar scoliosis, FE = finite element, LAR = left axial rotation, LLB = left lateral bending, NS = neutral standing, RAR = right axial rotation, RLB = right lateral bending.

simulated spine deformities progressing by < 5° over 2 biomechanical effects of the FCRV on adjacent discs are
years of treatment. These studies support our conclu-  significantly different, which has direct clinical guiding
sion. Our results provide compelling evidence that the implications.
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However, some limitations are worth noting: Although
our hypotheses were supported statistically, the sample
was not reassessed once the program was over. The FE
model of the test is the thoracolumbar spine, which
mainly does not combine the cervical and lumbar seg-
ments to analyze the effect of the spine load. The test
model only analyzes the stress in the intervertebral discs
but does not consider the condition of muscle load, and
ligaments were modeled as a 1-dimensional nonlinear
spring element. Therefore, the model was only able to
reflect trends in the response of the FCRV under differ-
ent loads and could not fully represent actual values.
However, this study will be beneficial in our under-
standing of the stress characteristics of DLS, and it lays
a foundation for further physical therapy and surgical
concerns about posture correction. Future research
should attempt to measure these variables using experi-
mental methods and apply them to the validation of the
FE model.

5. Conclusions

FCRV represents the transitional point of the mechani-
cal load on the coronal plane, which caused the LD to
take on greater stress magnitudes, notably under the NS.
The stress demonstrated local concentration, particularly
on the concave side of the scoliosis. These findings could
contribute to further treatment planning for the patient
by providing computer-aided assessments to aid physi-
cians’ management decision-making.
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