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Abstract
Study design: Finite element simulation study.

Objective: To compare the biomechanical effects of percutaneous vertebral augmentation (PVA) and
percutaneous cement discoplasty (PCD) in patients with symptomatic Schmorl’s node combined with
Modic change.

Methods: CT data from a single patient was assembled into �nite element models, from which we
constructed four distinct surgical models, including PVA-ideal, PVA-nonideal, PCD-ideal, and PCD-
nonideal, to compare the stress and strain differences of parapodular tissues.

Results: The validity of our model was con�rmed. PVA-ideal model showed a moderate reduction in the
stress peak of the Schmorl’s node (0.48 vs. 0.81–0.89 Mpa) in the erect position. In the PCD-ideal model,
the stress peak of the Schmorl’s node increased signi�cantly when the spine was moved toward the
lesion (3.99Mpa). Both PVA-ideal and PCD-ideal models showed global strain inhibition at the Schmorl’s
node and BMEZ, which was attenuated in the non-ideal models. The PCD-ideal model signi�cantly
reduced segmental ROM (-76.8% to -59.3%) and signi�cantly increases endplate stress (up to 220.8%),
with no such effects seen in the PVA-ideal model.

Conclusions: Both PVA-ideal and PCD-ideal models facilitated a more stable parapodular biomechanical
microenvironment. The PVA-ideal model yielded minimal stress disturbance on the augmented or
adjacent vertebral endplate but offered no improvement to segment stability. The PCD-ideal model
provides adequate segment stability, but also carries a greater risk for adjacent vertebral fracture. As
nonideal implementations of both surgeries can result in poor biomechanical outcomes, the surgical
indications of PVA or PCD need to be carefully selected.

Introduction
Chronic discogenic lower back pain (DLBP) is a common a�iction of the middle-aged and elderly, arising
as a result of age-related degeneration of the human spine. Degeneration of �brocartilage plays an
important role in the development of DLBP. Atresia of the subchondral microvascular may arise due to
either this chronic degeneration or traumatic injury, which in turn leads to a loss of nutrition of the
vertebral endplate [1]. Left untreated, this gradual degradation can result in endplate rupture and
subchondral osteonecrosis causing the nucleus to herniate into the vertebral body under pressure,
forming a Schmorl’s node. Although most patients with Schmorl’s nodes exhibit no obvious symptoms
and are diagnosed by chance, signi�cant correlations have been observed between abnormal MRI signals
in the bone marrow (i.e., Modic type I or type II changes) around Schmorl’s nodes and lower back pain
[2,3]. Modic type I and type II changes indicate the existence of bone marrow edema and steatosis,
respectively, but not progression into the stable type III stage. Thus, the treatment of symptomatic
Schmorl’s nodes combined with Modic type I or type II changes remains challenging, as this type of lesion
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is usually accompanied by consistent and severe axial pain and has poor response to drugs and physical
therapy [2,3].

Various therapies have been proposed for treating symptomatic Schmorl’s nodes combined with Modic
changes. Non-surgical treatments such as steroid injection, anti TNFα antibody therapy, antibiotics, and
bisphosphonate treatment have all been shown to improve short-term outcomes, although evidence of
long-term bene�ts remains limited [4]. Alternative therapies, such as radiofrequency ablation, are a
popular treatment for DLBP, although evidence of their e�cacy remains mixed [5]. Among the available
treatments, lumbar fusion surgery has been shown to offer good long-term results [6]; however, the
resulting loss of motion and potential risks to adjacent segments are signi�cant concerns. Thus,
alternative minimally invasive treatments have been explored.

In 2006, Masala et al. �rst reported the use of percutaneous vertebroplasty (PVP) for treating
symptomatic Schmorl’s nodes [7]. Soon thereafter, several researchers began experimenting with
percutaneous vertebral augmentation (PVA), including PVP and percutaneous kyphoplasty (PKP), to treat
this disease. PVA surgery is able to provide rapid pain relief and signi�cant capacity improvement, which
is well maintained in long-term follow-up [8–11]. In 2015, an alternative surgical approach referred to as
either percutaneous cement discoplasty (PCD) or percutaneous disc cementoplasty (PDC) was �rst
reported by Varga et al. [12]. This procedure was initially used to treat the disc vacuum phenomenon
caused by severe degeneration of the disc, as well as vertical instability syndromes such as secondary
foramen stenosis. More recently, this approach has been used to treat refractory DLBP combined with
Schmorl’s node or Modic changes, with satisfactory results [13–15]. These two minimally invasive
methods represent signi�cant improvements in the way we treat refractory DLBP. However, their
development has been based on case series reports, with few reports of surgical-related complications.
High-quality evidence regarding the safety and e�cacy of these methods are therefore lacking due to the
small sample sizes and high risk for conclusion bias associated with this type of research. To the best of
our knowledge, no controlled studies have investigated the use of either method to date.

In this study, we compared the biomechanical effects of PVA and PCD on the human spine, assessed the
effects of local stability, and identi�ed warning signs indicative of possible surgery-related complications.
This paper provides theoretical support for future research as well. Considering the uncontrollability and
heterogeneity of the bone cement distribution seen in in vitro modeling, a �nite element method is used to
simulate the PVA/PCD procedure.

Materials And Methods
Data acquisition and reverse reconstruction

Ethical approval (KY20191103) was obtained from the ethics committee of ***************************,
with written informed consent provided by the study volunteer.
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CT data were collected from a 42-year-old male who was diagnosed with symptomatic Schmorl’s node
combined with Modic type I change in L1 caudal endplate. Obvious spinal deformity, tumor, and infection
were excluded. The CT parameters were 320 row dynamic volume CT (Aquilion one TSX 301A, Toshiba,
JPN), tube voltage 135 KV, tube current 580 mA, slice thickness 0.5 mm, and interval 0.5 mm. Output
images were saved in DCIM format. Two-dimensional images were imported into Mimics research 19.0
(Materialise, BEL) to generate 3D geometries of the affected segment (L1) and adjacent segment (L2),
after which Geomagic Studio 2015 (Geomagic, USA) was used to perform smoothing process and solid
transformation of models. The L1 − 2 disc was generated according to a CT image reference. Models of
individual vertebrae were divided into cortical bone (1 mm thick) and cancellous bone. The disc model
was divided into endplates (0.5 mm thick), annulus �brosus and nucleus. In the cavity of the Schmorl’s
node, we observed a defect of the bone tissue, which had been �lled with herniated nucleus tissue. The
area of cancellous bone surrounding the Schmorl’s node was de�ned as the bone marrow edema zone
(BMEZ), which exhibited the same range of bone edema (~ 10 mm thick) as that seen in the MRI STIR
image (Fig. 1). The mesh procedure was performed using Hypermesh 14.0 software (Altair Company,
USA), in which the ligament and annulus �ber layers were meshed using 1D spring elements, the annulus
ground and nucleus were meshed using an IsoMesh Hex8 element, and other structures were meshed by
TetMesh Tet4 element.

Surgical simulation and model grouping

We set the reverse reconstruction model as the control model, as this region contained a lesion and had
not yet received any treatment. For surgical models, we generated polymethyl methacrylate (PMMA) bone
cement models in the vertebral body and disc to simulate PVA and PCD respectively. The composite
structure of cancellous bone and PMMA was used as the reference compound due to its unique material
properties.

Ideally, in PVA, the bone cement should be bowl-shaped around the Schmorl`s node and completely �ll
the BMEZ [7,9]. On the other hand, the intervertebral space should be �lled with bone cement and
expanded appropriately in PCD [12,15]. Thus, we de�ned the PVA-ideal and PCD-ideal models according
to the above principles: PMMA completely �lled in the BMEZ surrounding the node in the PVA-ideal
model, and PMMA completely replacing the nucleus with the exception of the internal node space in the
PCD-ideal. However, due to the uncontrollability of bone cement semi�uids, nonideal distributions are
commonly seen in clinical practice. We therefore developed both PVA-nonideal and PCD-nonideal models
to represent these alternative distributions. In the PVA-nonideal model, similar to the common distribution
of PVA, bone cement was distributed in the center of vertebrae in a dumbbell shape, while in the PCD-
nonideal model, the volume of PMMA in the disc was reduced due to the residual nucleus, and the
thickness of the PMMA spacer was set at 50% of the discal height. The morphological characteristics of
all models are shown in Fig. 2.

Attribute assignment and load settings
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Using MSC.Patran2012 software (NASA, USA), the cortical bone, cancellous bone, posterior elements,
BMEZ, PMMA, PMMA-cancellous bone complex, facet cartilage, annulus �bers layers, annulus ground,
and nucleus were endowed with properties as shown in Table 1 [16–20]. The anterior longitudinal
ligament, posterior longitudinal ligament, ligamentum �avum, intertransverse ligament, articular capsule,
interspinal ligaments, and supraspinal ligament were all simulated using 1D spring elements, all of which
were reconstructed according to the normal anatomical distribution. All ligaments were set as one-way
springs that were only under tension and not under pressure, with the corresponding material properties
shown in Table 2 [16].

Table 1
Material parameters of each anatomical component of the models.

Materials Elastic modulus(MPa) Poisson's ratio

Cortical bone 12000 0.3

Cancellous bone 100 0.2

Endplate 1000 0.4

Posterior elements 3500 0.25

BMEZ 47 0.2

PMMA-cancellous complex 972 0.2

PMMA 2280 0.3

Nucleus Hyperelastic C1 = 0.12,C2 = 0.03

Annulus ground 8 0.45

Annulus �bers layers 500/485/420/360 (layers: 1–2/3–4/5–6/7–8)

Facet cartilage 10 0.4

 



Page 6/20

Table 2
Material parameters of ligaments of the models.

Ligaments Strain

(%)

Stiffness

(N/mm)

Strain

(%)

Stiffness

(N/mm)

Strain

(%)

Stiffness

(N/mm)

Anterior longitudinal
ligament

(0,12.2) 347 (12.2,20.3) 787 (20.3,+∞) 1864

Posterior longitudinal
ligament

(0,11.1) 29.5 (11.1,23) 61.7 (23,+∞) 236

Articular capsule (0,25) 36.0 (25,30) 159 (30,+∞) 384

Intertransverse ligament (0,18.2) 0.3 (18.2,23.3) 1.8 (23.3,+∞) 10.7

Ligamentum �avum (0,5.9) 7.7 (5.9,49) 9.6 (49,+∞) 58.2

Supraspinal ligament (0,20) 2.5 (20,25) 5.3 (25,+∞) 34.0

Interspinal ligaments (0,20) 1.4 (13.9,20) 1.5 (20,+∞) 14.7

Note: ligament is to generate 1D linear element structure based on the corresponding grid nodes on
the mesh model. The material parameters are assigned according to the nonlinear spring element
corresponding to the literature. When the strain is less than 0, its stiffness is 0, which means that it is
a nonlinear structure with tension and no compression.

 

With the cranial endplate of L1 set as the loading surface, we applied a preload of 300N as a simulation
of body weight above L1 and muscle strength. To avoid shear force and intervertebral rotation, the
preload`s direction was set to vertically pass through the instantaneous centers of both segments [21].
The caudal end plate of L2 was set as a �xed support, and its movement in all directions was not
allowed. Six lumbar spine movements were analyzed in all models: erect, �exion, extension, left bending,
right bending, left rotation, and right rotation. For all models, preload was only applied in the erect
condition, with other motion conditions receiving an additional 10 N·m moment applied on the loading
surface in the same direction as the motion [22].

Validation

All �nite element calculations were performed using Nastran2012 software (NASA). To verify whether the
spine model reconstructed in this study conformed to the mechanical properties of the real human spine,
a 10 N·m bending moment was applied to the L1 cephalic endplate of the control model. The range of
motion (ROM) results of �exion-extension, left-right bending, and left-right rotation were compared to the
results of previous studies [22,23].

Calculations
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For all six loading conditions, the Von-Mises stress and strain nephogram of the structure around the
affected intervertebral space were analyzed, including the endplate, bone, bone cement, and Schmorl’s
node area. We also recorded any changes in stress peak and its distribution in the endplate. The ROM of
the L1 − 2 segment was recorded to evaluate the segment stability of each model under each motion
condition.

Results
Validation

Under the 10 N·m moment in the direction of spinal motion, the ROM of �exion-extension was 10.01°, the
ROM of left-right bending was 9.64°, and the ROM of left-right rotation was 4.95°. In comparison, the
equivalent ROM movements from the Yamamoto and Xiao studies were 10.4 ± 1.45°, 10.2 ± 1.5°, and 4 ± 
1.7°, and 10.29°, 9.78°, and 4.02°, respectively (Fig. 3). Results of this �nite element model were similar to
those seen using in vitro specimens in terms of biomechanical characteristics and numerical values,
further supporting the accuracy and e�cacy of this model. Therefore, this model can be used for
simulation analyses of PVA and PCD surgery in the next step.

Stress and strain at the Schmorl’s node

In the erect condition, the node stress peak of the PVA-ideal model was lower than that seen in other
models (0.48 vs. 0.81–0.89 Mpa), while the node stress peaks of other models were comparable. As the
nodes in our models were located at the posterior of the endplate, the node stress peak signi�cantly
increased during extension in the PCD-ideal model (3.99 Mpa). In terms of strain peak at the node, the
PVA-ideal and PVA-nonideal models were similar to the control. However, the nodule strain of the PVA-
ideal model was primarily concentrated at the base, which makes the strain at the top of the nodules
signi�cantly smaller than that of the control model. Due to the stress shielding effect, the PCD-ideal
model can signi�cantly reduce node strain peak to 0.003, compared to 0.089 in the PCD-nonideal model,
and even higher in other models. This trend was also seen when comparing the PCD-ideal and PCD-
nonideal models across other spinal movement conditions (Figs. 4–6).

Stress and strain of BMEZ

In the erect condition, the BMEZ stress peaks of all models were similar; however, for other spinal
movements, the BMEZ stress peak increased signi�cantly in the PCD-ideal model, with the strongest
effect seen in extension (8.72 vs. 2.34–3.09 Mpa), with an increase of 272.6%. Interestingly, both the PVA-
ideal (0.003 Mpa) and PCD-ideal (0.003 Mpa) were shown to signi�cantly reduce the strain peak of
BMEZ. By contrast, the PCD-nonideal model signi�cantly increased the strain peak of BMEZ, with the
strongest differences seen for left/right bending (Figs. 4–6).

Stress of endplates
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Stress peak increments of the L1 caudal and L2 cephalic endplates were 24.6–129.7% and 6.8–220.8%,
respectively, for the PCD-ideal model, relative to controls. In comparison, the stress increments seen in
other groups were all between 21.7% and 28.5%, respectively. Thus, the PCD-ideal model exhibits more
extreme variation in stress under various motion conditions, particularly in regard to extension movement
((Figs. 4 and 7).

Segmental stability

The ROM values of the L1 − 2 segment of all models ranged from 0.63° to 5.66° under six motion
conditions, among which the ROM of �exion, extension, left bending, right bending, left rotation, and right
rotation were 2.06–5.66°, 1.77–4.59°, 1.14–4.85°, 1.12–5.58°, 0.63–2.56°, and 0.72–2.49°, respectively.
The ROM of the PCD-ideal model signi�cantly decreased (-76.8% to -59.3%), indicating more signi�cant
improvements in segmental stability relative to other groups (Table 3).

Table 3
Comparison of L1 − 2 segment ROM (°) and ROM increment relative to control(%)

Motion Control

(°)

PVA-ideal

(°)(%)

PVA-nonideal

(°)(%)

PCD-ideal

(°)(%)

PCD-nonideal

(°)(%)

Flexion 5.66 5.53 (-2.3) 5.26 (-7.1) 2.06 (-63.6) 5.30 (-6.4)

Extension 4.35 4.31 (-0.9) 4.59 (5.5) 1.77 (-59.3) 4.48 (3.0)

Left bending 4.81 4.76 (-1.0) 4.85 (0.8) 1.14 (-76.3) 4.47 (-7.1)

Right bending 4.83 4.79 (-0.8) 5.58 (15.5) 1.12 (-76.8) 5.21 (7.9)

Left rotation 2.46 2.40 (-2.4) 2.56 (4.1) 0.63 (-74.4) 2.55 (3.7)

Right rotation 2.49 2.42 (-2.8) 2.25 (-9.6) 0.72 (-71.1) 2.22 (-10.8)

Discussion
Previous studies that have examined the use of PVA and PCD in DLBP with Schmorl’s node or Modic
change have consistently demonstrated superior results, relative to other methods. He et al. followed 11
patients with a symptomatic Schmorl’s node treated by PVP for an average of 58 months, and reported
satisfactory long-term pain relief with no evidence of surgery-related complications [8]. Zhi-Yong et al.
reported 32 patients treated with PKP for whom VAS, ODI, and SF-36 scores exhibited signi�cant
improvements after surgery and were well maintained over a 5-year follow-up period [10]. Of these
patients, only 3 cases (6.98%) of cement disc leakage and 2 cases (4.65%) of adjacent vertebral fracture
(AVF) were observed. In addition, Tian et al. reported that PCD treatment for patients with DBLP with
Modic changes provided satisfactory outcomes, with no obvious surgical-related complications [13,14].
Based on these observations, the promise of these two minimally invasive surgical treatments have been
proven. However, the evidence each of these therapies is based on a small number of case series reports,
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with no randomized controlled trials used to validate these outcomes. Due to the lack of high-level
evidence, theoretical demonstration of these two kinds of therapies is still necessary.

The mechanism underlying DLBP pathology includes a combination of disc pressure [24], instability [25],
nerve �ber ingrowth [25,26], and release of cytokines [25,27,28]. The mechanism of pain relief achieved
by PVA is thought to be mediated by a combination of strengthening and stabilization of the edema area
of subchondral bone marrow, along with suspension of the processes underlying trabecular injury, and
potential thermal effects [29]. On the other hand, PCD is usually used in combination with percutaneous
lumbar discectomy (PLD) [13,14] in which as much of the nucleus as possible needs to be removed,
which allows PCD to achieve satisfactory intervertebral stabilization and expansion. Furthermore, with
the removal of the nucleus, the release of the intradiscal cytokines such as IL-1, IL-6, IL-8, PGE-2, NO, and
phospholipid A2 was also resolved.

Regardless of the method used, achieving any of the pain relief described above requires an ideal
distribution of bone cement. Both the PVA-ideal and PCD-ideal models facilitate a more stable
parapodular biomechanical microenvironment; however, achieving this degree of bone cement diffusion
is almost impossible achieve on in practice. Of the many factors that can affect bone cement distribution,
the only controllable factors are injection speed and injection direction. Therefore, we also developed both
PVA-nonideal and PCD-nonideal models as a means of simulating the suboptimal distribution that is
more likely to occur during a PVA or PCD procedure.

In this study, a control model was used to simulate the biomechanical characteristics of the human spine
under pathological conditions. Under load, the increased intradiscal pressure forces the nucleus to move
toward any defect in the endplate or cortical bone. The centrifugal stress and strain in the edematous
bone marrow around the Schmorl`s node in the control model is used to describe the instability of the
local microstructure and the diffusion of pain causing factors. In the PVA-ideal model, this centrifugal
stress and strain is blocked by the strengthened PMMA-cancellous bone complex which has a much
higher elastic modulus than the edematous bone marrow. On other hand, in the PCD-ideal model, we also
observed that centrifugal stress and strain were signi�cantly diminished due to the stress-shielding
effects of the PMMA in the intervertebral space, suggesting that the an elimination of the intradiscal
pressure could be attributed to a combination of stress-shielding and the removal of the nucleus. The
elimination of centrifugal stress and strain in the perinodal structure means that the stimulation of
intradiscal cytokines to bone marrow is reduced, and the trabecular microinjury of cancellous bone is
resolved. However, in the PVA-nonideal and PCD-nonideal models, the above effects are weakened.
Obviously, it is impractical to expect an ideal distribution of bone cement in every surgical practice.
Therefore, orthopedists need to weigh the potential risks of reduced e�cacy caused by unsatisfactory
distribution before the PVA/PCD surgery.

For segmental stability, the PCD-ideal model showed superior intervertebral stability, with signi�cantly
reduced ROM in all �ve motion directions relative to other models. By contrast, the PCD-nonideal model
exhibited signi�cantly lower stability improvement due to the incomplete �lling of the intervertebral
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space. Neither the PVA-ideal or PVA-nonideal models showed signi�cant improvements in intervertebral
stability relative to the control. Therefore, we consider PCD to be an effective treatment for DLBP patients
with severe disc degeneration or vertical instability, consistent with previous studies [12–15].

For the stress distribution of the endplates, PVA surgery did not signi�cantly affect either the affected
endplate or the adjacent vertebral endplate. In both the PVA-ideal and PVA-nonideal models, we found
only a mild effects of bone cement on endplate stress, consistent with a previous study [30]. However, the
biomechanical mechanism of PCD has not been reported. In our simulation, when the high elastic
modulus PMMA material completely �lls the intervertebral space, the annulus �brosus is no longer the
main structure to transmit stress, which means the vast majority of stress is directly transferred to the
adjacent vertebral endplate through the PMMA, resulting in signi�cant stress-shielding. By contrast, we
observed a sharp increase in endplate stress in the PCD-ideal model. As is widely known, signi�cant
intradiscal cement leakage can lead to the disc degeneration [31] and increase the risk for AVF [32,33]
and should therefore be avoided. When PCD was �rst reported, it immediately attracted attention, and
triggered extensive discussion regarding the merits of this technique. One of the core concerns is the
boundary of PCD for patients with osteoporosis or spinal deformity [34,35]. The exact boundary of
contraindications for PCD remains unclear. Generally, T-scores ≤ − 2.5 DS in the hip, or a history of
fragility fracture of the hip, wrist, or vertebrae, were considered contraindications for PCD. Moreover,
despite PCD-mediated improvements in scoliotic curves, it is not recommended for severe spinal
deformity [35]. Our results support the above views, with the stress of the adjacent vertebral endplate
having increased 40.5% after PCD. When an additional 10 N·m bending moment is applied, the stress
increase in the motion direction will reach 220.8%. This sharp increase is expected to signi�cantly
enhance the “direct pillar effect” [36] of bone cement, leading to the induction or exacerbation of AVF
symptoms. Although the stress seen in the PCD-nonideal model is not as large as that seen in the PCD-
ideal model, the uneven stiffness of the intervertebral disc forces the adjacent endplates to undergo
uneven strain (Fig. 5), which also increases the risk for endplate collapse. Therefore, we suggest that the
potential risk for PCD should be carefully considered prior to use in patients with osteoporosis.

Limitations

Our research had the following limitations. Due to the limitations of computer modeling, the cancellous
bone, edema zone, PMMA, and compound were all considered homogeneous linear materials, thus the
process of Schmorl’s node content entering cancellous bone under pressure could not be fully recreated
in the macro model. The changes in stress and strain around Schmorl’s nodes represent the trends in
cytokines release in various models. In addition, the scope of modeling was limited, with ROM results
described in terms of changes in segment stability, which means this model could not be used to predict
the effects on global spinal stability. We speculate that limited treatment would have only minor effects
on the stability of other uninvolved segments. Finally, it was a purely theoretical study, which will require
validation in clinical studies.

Conclusions
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The contents of a Schmorl’s node tend to herniate into the vertebral body under pressure, which can be
restrained by PVA and PCD surgery. PVA conferred minimal stress disturbance on the augmented or
adjacent vertebral endplates with no obvious effects on the stability of the local segments. The PCD-ideal
model was shown to provide su�cient intervertebral stability, resulting in improved stress shielding of the
affected disc, while stress on the adjacent vertebral endplates increased sharply. The nonideal
distribution of both surgeries provided poor biomechanical improvement, which may negatively impact
both the e�cacy and probability of complications associated with this procedure. Surgeons must
therefore consider the potential risk of bone cement not reaching the desired distribution before using
these procedures. While these methods hold signi�cant promise, the data presented here highlight the
need for careful consideration of all surgical indications and risks of PVA or PCD prior to treatment.
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Figure 1

Imaging data of volunteer. (a) Sagittal CT of spine showed existence of Schmorl's node in L1 caudal
endplate. (b) MRI STIR image showed the range of Modic type  changes. (c) The range of the yellow
circle mark is set as BMEZ.
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Figure 2

Reconstruction model of volunteer spine. (a) Back view and side view. (b) Section view. (c) Control
model(without any therapy). (d) PVA-ideal model, PMMA completely �lled in the BMEZ. (e) PVA-nonideal
model, PMMA distributed in the center of vertebral as a dumbbell shape. (f) PCD-ideal model, PMMA
completely replaced the nucleus. (g) PCD-nonideal model, PMMA partly replaced the nucleus.
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Figure 3

The mechanical veri�cation of the control model in this study shows that it has good biomechanical
simulation.
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Figure 4

Stress nephogram of perinodular tissue. (a) Stress nephogram of BMEZ, Schmorl's node, L1 caudal
endplate and L2 cephalic endplate in control model. (b) Stress nephogram of BMEZ, Schmorl's node, L1
caudal endplate and L2 cephalic endplate in PVA-ideal model. (c) Stress nephogram of BMEZ, Schmorl's
node, L1 caudal endplate and L2 cephalic endplate in PVA-nonideal model. (d) Stress nephogram of
BMEZ, Schmorl's node, L1 caudal endplate and L2 cephalic endplate in PCD-ideal model. (e) Stress
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nephogram of BMEZ, Schmorl's node, L1 caudal endplate and L2 cephalic endplate in PCD-nonideal
model.

Figure 5

Strain nephogram of perinodular tissue. (a) Strain nephogram of BMEZ, Schmorl's node, L1 caudal
endplate and L2 cephalic endplate in control model. (b) Strain nephogram of BMEZ, Schmorl's node, L1
caudal endplate and L2 cephalic endplate in PVA-ideal model. (c) Strain nephogram of BMEZ, Schmorl's
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node, L1 caudal endplate and L2 cephalic endplate in PVA-nonideal model. (d) Strain nephogram of
BMEZ, Schmorl's node, L1 caudal endplate and L2 cephalic endplate in PCD-ideal model. (e) Strain
nephogram of BMEZ, Schmorl's node, L1 caudal endplate and L2 cephalic endplate in PCD-nonideal
model.

Figure 6

Stress and strain of Schmorl`s node and BMEZ.
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Figure 7

Stress of affected endplate.


