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Background: Biomechanical deterioration and low bone mineral density (BMD) are two primary triggers for adjacent vertebral
fracture (AVF) after percutaneous vertebroplasty (PVP) operation. Sandwich vertebral body (SVB) refers to a vertebral body situated
between two osteoporotic vertebral compressive fractures (OVCF) segments. There exists a contradiction regarding whether the SVB
are at a heightened risk of AVF, and the underlying mechanism has yet to be elucidated.

Methods: Clinical data of PVP treated OVCF patients were included in this study. Patients were divided into two groups: those with
single-level OVCF and those with SVB resulting from non-contiguous two-level OVCEF. Statistical comparisons and logistic regression
analyses were performed to investigate whether patients with two-level non-contiguous OVCFs constitute a risk factor for AVF.
Furthermore, PVP procedures involving single-level and non-contiguous two-level OVCFs were simulated in models with identical
bony density. Biomechanical indicators associated with AVF were computed under physiological loading conditions.

Results: This study enrolled 173 patients with PVP-treated OVCEF, including 134 with single-segment fractures and 39 with non-
contiguous two-level fractures. Among these patients, the overall incidence of AVF was 22.39% (30/134) in the single-segment group
and 38.46% (15/39) in the non-contiguous two-level group. The incidence of AVF was significantly higher in patients with non-
contiguous two-level OVCF (P = 0.044). Correspondingly, HU values were significantly lower in those with two-level OVCEF.
However, only a lower HU value was judged to be an independent risk factor for AVF. Furthermore, the maximum difference between
the two models with identical BMD was found to be less than 5%. The only exception observed was the cortical stress value in the L3
vertebral body under extension loading conditions. In this case, the stress value of the SVB increased by 10.41% compared to the
control group (i.e. single-level OVCF at L2), and the difference in stress between groups was not influenced by the presence or
absence of compressive load.

Conclusion: Patients with two-level non-contiguous OVCF experiences a higher incidence of AVF primarily due to poor BMD,
rather than the exacerbation of stress concentration caused by two adjacent segmental cement augmentations.

Keywords: adjacent vertebral fracture, percutaneous vertebroplasty, sandwich vertebral, osteoporosis progression, biomechanical
environment

Introduction

Osteoporosis is a prevalent metabolic disorder in elderly patients. Its main characteristic is a reduction in bone strength.’
Consequently, osteoporosis serves as the pathological basis for fragility fractures that occur under low-energy trauma.”
The osteoporotic vertebral compression fracture (OVCF) is a typical example of such low-energy fractures, and cement
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augmentation has proven to be an effective surgical technique in the treatment of OVCE.? Percutaneous vertebroplasty
(PVP) has been widely adopted in OVCF treatment, and there has been a stepwise increase in the incidence of
postoperative complications.* Among these, adjacent vertebral fractures (AVF) are frequently observed complications
that lead to recurrence of clinical symptoms in patients.’ The sandwich vertebral body (SVB) is defined as a vertebral
body that is adjacent to both cranial and caudal OVCF segments.® There exists a contradiction in the literature regarding
whether SVBs experience a higher incidence of AVF. Some studies have reported an increased incidence of AVF in SVB
compared to normal adjacent vertebral bodies,*’ while others have indicated comparable rates of AVF.*? Furthermore,
studies that documented a higher incidence of AVF did not elucidate the underlying mechanisms contributing to this
phenomenon.

The progression of osteoporosis and postoperative stress concentration on adjacent vertebral bodies are two primary
factors contributing to an increased incidence of AVFE.'™!'! Specifically, the advancement of osteoporosis can further
diminish patients’ bone strength,'> making them more susceptible to fractures.' From a different perspective, the
fundamental mechanism of fracture can be understood as the stress on bony structures exceeding their yield
strength.'® Consequently, localized stress concentration on vertebral bodies adjacent to the PVP segment may also
elevate the risk of AVF."® Therefore, the potential mechanisms underlying any risk factors associated with AVF can be
elucidated from these two perspectives. Theoretically, patients with multi-segmental OVCFs may exhibit more severe
osteoporosis, which could explain the heightened risk associated with SVBs. Additionally, it has been observed that the
stiffness of bone cement significantly exceeds that of osteoporotic cancellous bone. This increased stiffness in augmented
vertebral bodies may result in stress concentration within adjacent segments. Augmentation on both cranial and caudal
sides may exacerbate this tendency and induce greater stress concentration on the SVB. However, whether these two
factors lead to a high incidence of AVF in SVB patients and which factor plays a dominant role have yet to be identified.
A clinical evidence-based biomechanical study was conducted to address this issue, to enhance awareness of the

mechanism of AVF in SVB patients.

Materials and Methods

Clinical Review

Patient Data Collection, Inclusion and Exclusion Criteria

Patient data collection was conducted with approval from the ethics committees of the Second Affliated Hospital of
Xuzhou Medical University. In accordance with similar studies, informed consent was waived as patient data were
retrospectively collected without any additional intervention. Patients who underwent bilateral transpedicular PVP
operation for OVCF between April 2020 and December 2022 were included in this study, with an average clinical
follow-up period of approximately two years. Demographic data, including age, sex, body mass index, and smoking
history, were recorded based on medical records. According to the number of OVCEF, patients were categorized into two
groups: those with single-level OVCF and those with two-level non-contiguous OVCF.

Patient inclusion and exclusion criteria are outlined as follows, based on published studies and similar research: PVP-
treated patients were required to have experienced severe back pain due to an acute OVCF (less than 2 weeks in
duration). The diagnostic criteria for acute OVCF are as follows: patients experience severe pain in the thoracic or
lumbar back after acute trauma (such as a fall), and MRI examination indicates high signal intensity on T2-weighted
imaging of a specific vertebra along with morphological changes. Eligible participants must have undergone compre-
hensive imaging examinations at our hospital’s imaging department and completed clinical follow-up for approximately
two years. Exclusion criteria included injuries to the middle column (such as burst fractures rather than compressive
fractures); the need for nerve decompression due to bony compression; pathological vertebral fractures resulting from
tumors or any type of infection (including tuberculosis or non-specific bacterial infections); loss of follow-up or death
during the follow-up period; remote segmental fractures involving more than one SVBs (eg., patients with simultaneous
L3 and T10 OVCFs); and two-level contiguous OVCF (Figure 1).
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Figure | (A) Schematic for patients inclusion and exclusion criteria; (B) Schematic for the measurement of HU values and two different fracture types (i.e., single-level
OVCF and two level non-contiguous OVCF). The blue circles in the figure denote the ROI for HU measurement.

Radiographic Data Measurement

The measurement of imaging-based parameters was conducted by a senior spine surgeon on our research team. Patients
were diagnosed with AVF and enrolled in this group if they presented with recurrent low back pain after a low-energy
injury, accompanied by typical imaging findings (such as high intensity on T2-weighted MRI and vertebral collapse) in
adjacent vertebral bodies. Since the overall incidence of AVF was being compared across fracture types, patients with
AVF on either the cranial or caudal side were enrolled in a single AVF group. All other patients were assigned to the non-
AVF control group. The Hounsfield unit (HU) value, rather than the T-score from DXA, was measured using thoracic CT
scans to assess the BMD in the current patient series.'* The tube voltage was set at 120 kV during this process, consistent
with published studies.'"> When measuring HU values for patients, the region of interest (ROI) was expanded to
encompass the largest area within the cancellous bone. Meanwhile, cortical bone, bony endplates (BEP), any type of
osteophytes, and venous plexuses were excluded from the ROL'® In accordance with similar studies, HU values were
obtained from four different planes: including those adjacent to superior and inferior to BEPs, as well as central
transverse and sagittal planes. The average HU value across these four planes was designated as representative for
each patient.'” Furthermore, for patients presenting with L1 OVCF, the HU value of the T12 vertebral body was
measured to represent their BMD accurately (Figure 1)."

Statistical Analyses

Statistical analyses were performed using IBM SPSS version 26.0 software. Continuous variables are presented as the
mean + standard deviation, while categorical variables are expressed as percentages. To evaluate interobserver and
intraobserver repeatability in measuring HU values, a random selection of 20 patients was made.'® One week after the
initial assessment of imaging data, both a spine surgeon and an experienced radiologist re-evaluated the imaging data for
these selected patients. The (ICC) was calculated to assess the repeatability of HU values.'® To assess the rationality of
the existing sample size, we conducted a comprehensive evaluation through effect size analysis, post hoc power analysis,
and Bootstrap resampling analysis.”® Cohen’s h was used to evaluate the effect size of the inter-group differences in the
2x2 contingency table, and statistical power was calculated to determine the ability of the current sample size to detect
the effect.”' Based on the binomial logistic regression model, 1000 and 5000 Bootstrap resampling procedures were
performed.?

Significant differences were compared between patient series with and without AVF, and between those with different
fracture types (ie., single-level and two-level non-contiguous fractures).”> Moreover, logistic regression analysis was
employed to identify independent risk factors associated with AVF. Univariate analyses were performed for each
demographic and imaging parameter, and only those with a significance level of p < 0.1 were included in subsequent
multivariate analyses (a more liberal entry criterion is recommended in univariate regression analysis to avoid omitting
potentially important predictors, and this threshold is widely adopted in similar studies).'*?* Variables yielding P < 0.05
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in multivariate analysis were considered independent risk factors for AVF. Finally, receiver operating characteristic
(ROC) curve analyses were executed to evaluate the predictive value of HU measured by different methods, with the area

under the curve (AUC) computed as an indicator for assessing the predictive performance of parameters.*

Biomechanical Research

Construction of the Intact Model

We have constructed, calibrated, and validated a lumbar numerical model (encompassing the L.1-L4 motion segments) to
identify differences in the biomechanical environment between single-level and two-level non-contiguous OVCEF treated
with PVP operation.'* Although OVCF most frequently occur at the thoracolumbar junction, the scarcity of biomecha-
nical experimental data for this specific region makes it difficult to properly calibrate and validate a computational model.
In contrast, the lumbar spine benefits from more established experimental data and methodologies. This available data
enables rigorous multi-directional model calibration and validation against multiple indicators, which is a critical
prerequisite for ensuring the reliability of the computational results.® In constructing the bony structures, cortical
bone, cancellous bone, and BEPs for different segments were developed separately. The cortical thickness was
established at 0.8 mm. BEP models with varying thicknesses, concave depths, and concave angles of segmental BEPs
were created based on published anatomical and imaging studies.”” When constructing intervertebral disc (IVD) models,
the annulus, nucleus, and cartilage endplates (CEPs) were each developed separately. Based on published studies, the
average radius of the IVD was established at 95.5% of the vertebral body size, with a ratio of 1.62 between the anterior
and posterior annulus dimensions set in the central sagittal plane to define the relative position of the nucleus.”®?° The
outline of the nucleus was made identical to that of the annulus, and CEPs cover the nucleus and the inner half of
annulus. Additionally, both sides’ articular processes maintained consistent outlines and facet orientations.*”

Material Property Definition and Muti-Indicators Model Validation

In the characterization of material properties, bony structures were defined as having osteoporotic material properties,'
with cortical and cancellous bone classified as anisotropic materials, while other components were designated as isotropic
materials.'" The annulus was modeled as a hypoelastic material, with stiffness parameters defined separately for various
layers and regions.?’ The nucleus was treated as a semi-fluid incompressible material.>® Ligaments and capsules were
represented by cable elements that exhibited distinct load-deformation curves.*® To ensure computational credibility, the
computed disc compression (DC), and range of motions (ROM) under different directional loading conditions with
varying sizes of load and moment were analyzed.” Given that the differences between computed values and average
tested values were less than one standard deviation, the calibrated model effectively represents the local biomechanical
environment and is suitable for surgical simulation across diverse operative scenarios (Figure 2).

PVP Simulation in Models with Single and and Two-Level Non-Contiguous OVCF

The simulation of OVCF was conducted on the L2 and L4 vertebral bodies. The surgical simulation methods employed
were entirely consistent across these two segments. In the model representing a single-level OVCEF, only the L2 OVCF
and PVP operation were simulated. Additionally, models for PVP in both the L2 and L4 segments were constructed to
simulate two non-contiguous levels of OVCF and corresponding PVP operations. To replicate the fracture and vertebral
collapse associated with OVCF pathology, we reduced the anterior vertebral height by 10%. A cleft measuring 20 mm in
depth and 2 mm in height was created within the vertebral body, oriented vertically relative to its axis.”* During the
simulation of OVCF, PMMA bone cement was utilized to completely fill the anterior two-thirds of the PVP augmented
vertebral body; concurrently, we replaced the material properties of cancellous bone in that region with PMMA. BMD
remained identical across both postoperative models (Figure 2).>

Boundary and Loading Conditions

When it comes to mesh generation, different sizes of tetrahedral and hexahedral elements were selected for various
components of the models. To eliminate the confounding effects caused by mesh size on computational results, the intact
model underwent a mesh convergence test in published studies.*® During this process, intradiscal pressure (IDP) values
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Single level OVCF and PVP operation Two level non-contiguous OVCF and PVP operation

Figure 2 (A) Schematic for different directional moments and vertical compressive load during the stress value computational process; The black arrow indicates the
loading direction. The blue asterisk (*) denotes the origin of the three-dimensional coordinate system. The blue arrow schematically depict the spatial orientation of the
model. (B) Multi-indicators model validation of the calibrated intact model; (C) Schematic for single level and two level non-contiguous PVP operation simulations.

with varying mesh sizes were recalculated through a stepwise reduction in mesh size until changes in computed IDP
values were less than 3%. By employing this mesh generation strategy, the average mesh size was maintained at over 0.8,
effectively ensuring the credibility of the computed values.?’ Six freedom degrees were fixed under inferior surfaces of
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L4. Different directional moments and 800N vertical compressive load were applied on superior surfaces of L1."" As
above mentioned, bilateral facet orientation were keep identical. Correspondingly, current numerical models were
symmetrical along the central sagittal plane.”® And only unilateral bending and rotation loading conditions were applied
to optimize the computational efficiency (Figure 2).

Results

Clinical Review

Patient Data Collection and Imaging Measurement Repeatability

This study enrolled a total of 173 patients, comprising 139 females and 34 males, with a clinical follow-up period of
approximately two years. The series included 134 patients with single-segment OVCF and 39 patients with non-
contiguous two-level OVCEF, resulting in a total of 212 fracture levels. Consistent with previous studies of a similar
nature, the thoracolumbar junction was the most prevalent site for OVCFs. The inter- and intra-observer ICC values for
measuring the HU values of the patients were found to be 0.897 and 0.901, respectively, indicating excellent repeatability
based on these ICC values. Moreover, based on the effect size analysis and post hoc power analysis, the incidence rates
of the two groups were 77.61% and 61.54%, respectively, with a corresponding effect size (Cohen’s h) of 0.3522,
indicating a moderate difference between the groups. Two Bootstrap resampling analyses were conducted with 1000 and
5000 repeated samplings, respectively, yielding ORs of approximately 2.15 and 2.18, with the effect direction being
largely consistent. These results suggest that under the current sample size conditions, the effect value has a certain
magnitude and directional stability.

Significant Difference Computation and Independent Risk Factors Judgement

The overall incidence of AVF in the cohort was 26.01% (45/173). When analyzed by fracture type, the incidence was
22.39% (30/134) in patients with single-segment OVCF and 38.46% (15/39) in those with non-contiguous two-level
OVCEF, a difference that was statistically significant (P = 0.044) (Table 1). Of the patients with single-segment OVCEF,
AVF occurred in 21 cranial and 9 caudal vertebral bodies. Among patients with non-contiguous two-level OVCF, AVF
involved the SVB in 8 patients and the cranial vertebral body in 6 patients, with only one patient exhibiting AVF in both
locations concurrently. Furthermore, patients with non-contiguous two-level OVCF exhibited significantly lower HU
values compared to those with single-level OVCF (Table 2). Furthermore, in the comparison between the two fracture
types, patients with non-contiguous two-level fractures were significantly older and had lower HU values than those with
single-level fractures (Table 3).

In identifying independent risk factors for AVF, univariate analyses revealed that the P-values for non-contiguous
two-level fractures, older age, and reduced HU values were less than 0.1; however, only the P-value associated with
lower HU values fell below 0.05 in multivariate analysis, and thus it can be judged as an independent risk factor for AVF
(OR: 0.986; 95% CI: 0.975, 0.997). Consequently, non-contiguous two-level OVCF does not qualify as an independent
risk factor for AVF (OR: 1.716; 95% CI: 0.77, 3.824) (Table 4). Finally, based on ROC curve analysis, AUC values for
non-contiguous two-level OVCF were determined to be 0.573 and 0.652 respectively (Table 4 and Figure 3).

Table | Significant Differences for Covariates Between Patients with and without AVF

With AVF | Without AVF | P value
Fracture type (single/ two non-contiguous OVCF) 30/15 104/24 0.044*
Age 77.09+10.24 73.55%12 0.089
Sex (Male/Female) 11/34 23/105 0.347
BMI 23.92+3.58 23.87+4.54 0.949
Smoking history (With/Without Smoking history) 7/38 17/111 0.704
HU value of the L1 52.41+30.03 68.42+32.49 0.005**

Notes: *Statistical significance in the multivariate regression analysis (P<0.05). **Statistical significance in the multivariate
regression analysis (P<0.01).
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Table 2 Significant Differences for Covariates Between Patients with Two Different Fracture Types

Single-Level OVCF | Non-Contiguous P value
Two-Level OVCF
Clinical outcome (With AVF/Without AVF) 30/104 15/24 0.044*
Age 73.38%11.47 78.56%11.44 0.014*
Sex (Male/Female) 24/110 10/29 0.285
BMI 23.92+4.39 23.76+4.05 0.837
Smoking history (With/Without Smoking history) 18/116 6/33 0.756
HU value of the LI 66.92+32.07 55.09£33.99 0.047*
Notes: *Statistical significance in the multivariate regression analysis (P<0.05).
Table 3 Logistic Regression Analysis of AVF
OR 95% ClI P value
Uni-variable analyses
Fracture type (single/ two non-contiguous OVCF) 2.167 1011 4.644 0.047%
Age 1.026 0.966 1.057 0.09%
Sex (Male / Female) 0.677 0.299 1.531 0.349
BMI 1.003 0.926 1.085 0.949
Smoking history 1.203 0.463 3.123 0.704
HU value of the LI 0.985 0.974 0.995 0.006"
Multi-variable analysis
Fracture type (single/ two non-contiguous OVCF) 1.716 0.77 3.824 0.187
Age 1.02 0.989 1.052 0.209
HU value of the LI 0.986 0.975 0.997 0.013*

Notes: “Variables that achieved a significance level of p < 0. in the univariate analysis. *Statistical significance (P<0.05).

Table 4 The AUC and Corresponding P value for AVF Prediction

AUC Sensitivity | Specificity | Cut-Off value
Fracture type (single/ two non-contiguous OVCF) 0.573 0.333 0812 1.5
HU value of the LI 0.652 0.531 0.622 66.325

Numerical Mechanical Simulations

Multi-Indicators Validation

The computed ROM, and DC across different motion segments were analyzed under varying sizes and directional
moments. The discrepancies between the computed values and the average tested values were found to be less than one
standard deviation from the mechanical tests. Consequently, we assert that the currently selected intact model accurately
represents the local biomechanical environment, encompassing local stress and motility characteristics. This model can
effectively assess the biomechanical effects associated with two distinct fracture types: single-level OVCF and non-
contiguous two-level OVCEF, along with their corresponding PVP operations (Figure 2).

Biomechanical Differences in Models with Single and Non-Contiguous Two Level PVP
Operation

Maximum stress values for both cortical (including BEPs) and cancellous bone were calculated separately in models
subjected to flexion, extension, bending, and rotation loading conditions with and without an 800N vertical compressive
load. No significant differences in stress values were observed between the two models across all loading conditions. The
maximum difference between the two models was found to be less than 5% in these two models with identical bony
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Average HU of the L1 vertebral body = 33.46

A typical case with ideal BMD and without AVF in the SVB

Average HU of the L1 vertebral body = 89.47 There was no occurrence of AVF in SVB throughout the follow-up period

Figure 3 (A) Significant difference computation in patients with and without AVF; (B) ROC curves for AVF prediction of lower HU values and two level non-contiguous
OVCF and PVP operation; (C) Typical cases for patients with AVF: Changes in BMD can affect the incidence of AVF of SVB. The blue circles in the figure denote the ROI for
HU measurement.

density. The only exception observed was the cortical stress value in the L3 vertebral body under extension loading
conditions. In this case, the stress value of the SVB increased by 10.41% compared to the control group (ie., single-level
OVCEF at L2). Moreover, bone structures exhibited higher stress under vertical compressive load conditions; however, the
difference in stress between groups was not influenced by the presence or absence of compressive load (Figure 4).

Discussion

As a distinct type of vertebral segment situated adjacent to both cranial and caudal PVP-augmented segments, there
remains an ongoing debate regarding whether the incidence of AVF is elevated in SVB compared to normal adjacent
vertebral bodies.” Furthermore, the underlying mechanisms associated with this contradiction have yet to be elucidated.
To address these topics, this study conducts a clinical evidence-based biomechanical investigation. The mutual corro-
boration between clinical and biomechanical research can enhance the credibility of research conclusions, particularly
when exploring mechanisms related to topics with contradictory conclusions in previously published literature.® The
clinical review indicates that although patients with two non-contiguous vertebral fractures exhibit a significantly higher
incidence of AVF, lower HU values, rather than the fracture type itself, emerge as an independent risk factor for AVF
progression. The computational results could corroborate the clinically observed phenomenon: when comparing models
with identical osteoporotic BMD, those featuring only L2 segmental cement augmentation exhibited stress values that
were generally comparable to those in models incorporating both L2 and L4 segmental cement augmentations.
Consequently, patients with two-level non-contiguous OVCF experience a higher incidence of AVF primarily related
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Figure 4 (A) Computational result on BEP and cancellous bone in models with single or two non-contiguous OVCF and PVP operations under different directional
moments with and without 800N compressive load; (B) Nephograms for stress distribution on cancellous bone of SVB under the flexion loading condition with and without
800N compressive load.

to poor bone mineral density (BMD), rather than the exacerbation of stress concentration caused by two adjacent
segmental cement augmentations.

The discrepancy between our expectations and the computed results warrants detailed discussion. Specifically, it is widely
accepted that an increase in segmental stiffness resulting from various interventions (such as pedicle screw fixation, interbody
fusion, or cement augmentation) within a specific motion segment can lead to compensatory stress concentration and
increased range of motion in adjacent segments.*® These alterations may precipitate several biomechanical complications
related to deterioration (for instance, adjacent segment disease (ASD) following lumbar interbody fusion with pedicle screw
fixation).*® Consequently, strategies aimed at reducing the stiffness of the surgical segment, through methods such as selecting
low-stiffness internal fixation devices and using appropriate bone cements, have been demonstrated to effectively mitigate
compensatory stress concentration in adjacent segments.*' Therefore, considering that the stiffness of PMMA cement
significantly exceeds that of cancellous bone,** we infer that additional segmental cement augmentation could elevate local
stiffness levels and exacerbate compensatory stress concentration in adjacent segments.

However, contrary to our expectations, according to our computed mechanical results, comparable stress values were
observed in the L2 vertebral body in models with single-level and non-contiguous two-level OVCF. Consequently, the
compensatory stress concentration in the vertebral body adjacent to the PVP segments was minimal under most
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directional physiological loading conditions. We hypothesize that this compensatory stress concentration is effectively
counteracted by the IVD’s ability to achieve uniform distribution of local load during load transmission. This perspective
is supported by the fact that one of the most crucial biomechanical functions of the IVD is its ability to distribute stress
uniformly;** thus, the effectiveness of compensatory stress concentration resulting from additional segmental cement
augmentation may be mitigated by the normal biomechanical function of the IVD. Another study supports this
perspective, indicating that direct contact between leaked cement and adjacent vertebral bodies can lead to a higher
incidence of AVF by compromising the local biomechanical environment.'®

From the methodological perspective, following advantages and limitations should be clarified. Firstly, the incidence
of single-segmental OVCF was significantly higher than that of non-contiguous OVCE.® Consequently, in a retrospective
study from a single center, the sample size of the single-segmental OVCF group was larger than that of the non-
contiguous OVCF group. Thus, the sample size of the non-contiguous two-level group is relatively small, which may
reduce the ability to detect weak effects, and the confidence interval of the regression analysis may be relatively wide.
Further validation with an expanded sample size is needed in future studies.

Besides, computational mechanical analysis from numerical models with only one difference allows for the dis-
cretization of key biomechanical variables by adjusting entry parameters accordingly.** This biomechanical change
corroborates the findings from clinical observations. However, according to our computational results, when the
difference in computed stress values of bony structures is within 5%, we usually consider this difference to be
minor.*> Given that the stress difference in cortical bone between the two groups of models exceeded 10% under
extension loading conditions, there might be a certain degree of cumulative damage risk under this condition, and this
topic should still be validated in future fatigue mechanical testing with cyclic loading.*® Finally, the biomechanical
effects of paraspinal muscles have not been considered in this study. Considering the definite clinical and biomechanical
value of paraspinal muscles, the biomechanical interaction between fracture type changes and paraspinal muscle
degeneration also needs to be further verified in subsequent work.

Conclusion

By conducting a clinical evidence based biomechanical research, this study presents that patients with two-level
non-contiguous OVCF (with SVB) experience a higher incidence of AVF primarily related to poor BMD, rather than
the exacerbation of stress concentration caused by two adjacent segmental cement augmentations. Therefore, it is

advisable to recommend regular anti-osteoporosis treatment, particularly for patients with multiple OVCEF, to mitigate
the risk of AVF.
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