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Insufficient exploration of the  dependence between diseases of degenerative bones and the  range of motion 
(ROM) during torsion, flexion and lateral bending limits further understanding about the  lumbar biomechanics 
and treating of the lumbar related dysfunction. The objective of this study was to determine the effect of vertebral 
degradation on the  instability of spine 2 motion L2–L4 segments during torsion, flexion and lateral bending by 
the finite element method (FEM). Three different 3D FE models comprising the healthy state and the degradation of 
trabecular bone and cortical bone were developed. Nonlinear numerical analyses of lumbar spine stability discovered 
that osteoporotic degradation can lead to critical segmental ROM and intervertebral shearing values, which results in 
the loss of spine stability for the case of flexion loading. Instability is caused by microscopic changes in the thickness 
of cortical shell. This analysis of the intervertebral shearing and ROM may be further used to diagnose such transla-
tion abnormalities like hypomobility or hypermobility.
Keywords: osteoporosis, lumbar, FEM, instability
PACS: 87.10.Kn, 87.15.A, 87.19.rm, 87.19.xr, 46.70.-p

1. Introduction

The key element of the human body is the spine 
that provides the  main support for mechanical 
behaviour of the  body, allowing it to keep func-
tionality during the  entire life period [1]. From 
a  mechanical point of view, the  spine may be 
considered as a  column-like structure consisting 
of relatively stiff structural bodies, i.e. vertebrae, 
connected by flexible intervertebral discs (IVD). 
The  structure, especially flexible IVD, is very 
sensitive to deformation. Even small changes of 
the geometry of elements may lead to remarkable 
changes of a  column-like shape and, as a  conse-
quence, to the global instability.

Stability criteria are characterized by the thresh-
old of values of deformed shape parameters. 
The bio mechanical instability of the spine is related 
to the change of spine-specific geometric shape pa-
rameters like spinal motion [2]. The spinal motion 
is measured in degrees of the range of motion, or 
ROM. Finite deformations of the  spine geometry 
lead to redistribution of forces. Because of interver-
tebral shear the axial load induces eccentric forces. 
These effects increase the shearing of the vertebrae. 
Changes of the shape are induced not only by short-
term life loads but also by long-term phenomena. 
With ageing, progressively increasing degradation 
of biological tissues affects all spinal units. Instabil-
ity of the spine is an intensely controversial subject.
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We are interested in changes related to osteoporo-
tic degradation. The newest statistical data shows that 
people with severe osteoporosis had severe degenera-
tive changes [3]. Research of osteoporotic degrada-
tion demonstrates a  decrease of mechanical prop-
erties of the  lumbar bone [4, 5]. New results [6, 7] 
demonstrate a decrease of bone density and, as a con-
sequence, degradation of elasticity properties. These 
effects lead to a visible deformation of the vertebral 
body, which in turn leads to a deformation of the IVD 
[8–10]. It can be argued that osteoporosis increases 
the likelihood of losing the stability of the spine and 
its diagnosis, especially in the aging, is difficult. How-
ever, the  influence of lumbar vertebra degeneration 
on spinal stability has not been documented.

Different types of physiological load act on 
the spine, such as compression, flexion/extension, 
torsion and lateral bending [11]. These types of 
loading may essentially contribute to the  behav-
iour of the  degraded lumbar. However, little is 
known about the increased risk of instability.

Spinal instability is the result of deformations 
of all the bony and soft spinal components, there-
fore, application of mechanical methods and nu-
merical modelling yield important information on 
deformation of the spine, which is hardly obtained 
by other applied methods. The numerical model-
ling technique of spine mechanical deformation, 
especially the finite element method (FEM) com-
bined with tomography measurements, is now 
a  quite usual research methodology. The  model-
ling-based data is widely used to predict mechani-
cal behaviour including instabilities.

Despite a  remarkable progress in evaluating 
the lumbar bone tissue [9], understanding of os-
teoporotic changes in functionality is still not sat-
isfactory.

Thereby, the  most loaded spinal fragment is 
the  lumbar spine, i.e. the  spine fragment com-
posed of L1–L5 vertebrae, which has to bear 
the  essential part of the  human’s induced load 
compared to the  other spinal parts [12]. In our 
study, we considered the  lumbar spine 2 motion 
segments L2–L4 under the influence of compres-
sion, torsion, flexion and lateral bending loads.

The aim of this study was to evaluate the me-
chanical effects of osteoporotic degradation of 
lumbar bone tissues and their contribution to 
the secondary deformation of a weaker interver-
tebral disc and finely to instability of the spine.

2. Modelling methods and basic data

2.1. Problem description

Lumbar spine 2 motion segments comprised of 
three L2, L3, L4 vertebra connected by IVD are 
considered (Fig. 1(a)). The model of the vertebral 
body consists of two main constituents  – a  corti-
cal shell and a cancellous core. Spinous process ele-
ments are added to reflect stiffening of the verte-
bra’s back part. Two bony endplates are added to 
close a trabecular domain.

IVD is composed of nucleus pulposus, annulus 
fibrosus and annulus ground substance. The  disc 
model usually discriminates between the nucleus, 
the annulus ground substance and annulus fibres. 
In the  lumbar spine part, the  width of nucleus is 
mostly between 30–50% of the  whole IVD cross-
section width [13–15].

Three examples of material data for the lumbar 
spine of 54-year-old and 69-year-old females will 
be considered. Here a 26-year-old woman present-
ed healthy spine properties.

Each of spine models are subjected to four load-
ing cases which reflect compression load, torsion, 
flexion and lateral bending. While compression 
forces generally stiffen the  spine, all other loads 
may be relevant with regard to spinal instability. 
A summary of 12 combinations of vertebra proper-
ties of loading is given in the study.

A  characterization of the  mechanical state of 
lumbar vertebrae under osteoporotic degeneration 
of bone tissues is performed by structural analysis, 
thereby applying the FEM. The choice of develop-
ment of the present investigation may be motivated 
by the following arguments.

• New results may be obtained by exploring 
the  already known two-phase continuum model. 
This two-phase – cortical shell and trabecular vol-
ume – model is mechanically reasonable and fre-
quently explored in numerical modelling [16–20]. 
From a  mechanical point of view, essential prop-
erties of the vertebral body can be retained when 
regarding it in a macroscopic scale. It was observed 
that osteoporotic degeneration yields macroscopic 
changes due to the loss of bone mass.

• Cortical bone may be modified by the  so-
called intracortical bone layer, where having pores 
increases a transition zone [21]. This implies reduc-
tion of the thickness of the cortical layer. Moreover, 
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the concentrated reduction of the degraded cortical 
shell thickness may be considered as an imperfec-
tion and one of potential instability factors.

The internal geometry of the vertebral body is 
constructed to reflect both healthy state and osteo-
porotic degeneration. Degeneration degree is char-
acterized by the decrease in trabecular bone den-
sity and reduction of the  cortical bone thickness 
layer tcor, dependent on the severity of osteoporosis.

2.2. Problem geometry

The lumbar spine 2 motion segment of an anatomic 
shape shown in Fig. 1 is considered. The lumbar body 
is described in Cartesian coordinates. The coordinate 
plane xOz is a symmetry plane of the body. The tra-
becular volume is considered as a three-dimensional 
continuum while the dense cortical layer is consid-
ered as a thin shell. The geometry and dimensions of 
the model were obtained from high-resolution CT 
images. The images were reconstructed with 0.3 mm 
slice thickness and exported as DICOM files. Clas-
sification of a  particular subvolume to the  cortical 
or trabecular phase was done according to porosity 
(density) values [22].

Vertebral body geometry is controlled by 
three basic parameters. The  height of the  lum-
bar vertebral body model is approximately equal 

to h  =  30  mm. The  cross-sectional size is ap-
proximately equal to b = 40 mm (Fig. 1(b)). For 
the healthy vertebra, the layer is tcor, max = 0.5 mm 
[23]. Various values of the  minimal degener-
ated thickness were pointed out in accessible re-
ferences [24–27], where the  minimal value was 
tcor, min = 0.2 mm. The thickness of the endplate is 
about tpl = 0.5 mm. The spinous process is behind 
the vertebral body.

IVD was modelled to be of hd = 10 mm height 
and was divided into the  nucleus and the  annulus 
(Fig. 1(c)).

All major ligaments (anterior longitudinal 
(ALL), posterior longitudinal (PLL), capsular 
(CL), ligamentum flavum (LF), intertransver-
si (ITL), interspinuous (ISL) and supraspinous 
(SSL)) were represented (Fig. 1(a)).

2.3. Mechanical properties

The cortical phase is modelled as an isotropic 
elastic continuum. The  trabecular phase is mod-
elled as an elastic orthotropic continuum. There-
by, the  transverse elastic modulus is assumed 
to be the  fraction of the  longitudinal modulus. 
The  spinous process, superior articular process, 
transverse process and endplates are described as 
linear elastic isotropic material.

Fig. 1. A view of the models: (a) lumbar spine model of two spinal motion segments (L2–L4); (b) L3 
vertebra’s cross-section FE model; (c) IVD cross-section FE model.
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Material physical properties of the  vertebral 
bones are seen in Table 1.

The nucleus pulposus (NP) disc is an element 
that assures spinal stability. Its hydrostatical com-
pression guarantees the  stability of the whole disc 
and spine segment. NP describes linear elastic 
isotropic incompressible material properties. NP 
Young modulus is ENP = 1 MPa with the Poisson ratio 
νNP = 0.4999 [38–40]. Annulus is a typical composite 
material consisting of annulus ground substance and 
annulus fibres. The isotropic neo-Hookean material 
relationship was assigned to the  annulus ground 
substance model. Coefficients of neo-Hookean ma-
terial are c10 = 0.25, D1 = 0.86 with the Poisson ratio 
νA = 0.4 [17, 41, 42]. Young modulus of the external 
fibre is EEF = 500 MPa and the Young modulus of 
the internal fibre is EIF = 300 MPa with the Poisson 
ratio νF = 0.3 [43, 44].

Ligaments were modelled by tensile-only uni-
axial spring elements. The mechanical properties k 
were taken from [38]. The Young modulus of liga-

ments is EALL = 20 MPa, EPLL = 20 MPa, ECL = 33 MPa, 
ELF  =  19  MPa, EISS  =  12  MPa and ESSL  =  12  MPa. 
The Poisson ratio of ligaments is νL = 0.3.

The osteoporotic ageing degeneration process 
is investigated by three FEM models of different 
grade. The  Grade  1 model indicates the  healthy 
case. Osteoporotic vertebrae degradation is char-
acterized by decrease in porous bone density 
(Grade 2), also the reduction of the cortical bone 
thickness layer (Grade  3). The  minimal value of 
cortical wall tcor, min = 0.2 mm (Grade 3) was chosen 
from accessible references [24–27].

The essential characteristics of grades are seen 
in Table 2.

2.4. Boundary conditions and loads

The static boundary conditions are specified to im-
pose the  external loading. Each of the  three mod-
els were considered under the action of purely 
axial, combined axial-torsion, axial-flexion and 

Table 1. Material properties of the components.
Bone Young modulus (MPa) Poisson ratio

Cortical bone [28–30] Ecor = 8000 νcor = 0.3

Cancellous bone Ecan, xx = 33.3/3.5 νcan, xy = 0.3

(healthy [31, 32]/osteoporotic [33]) Ecan, yy = 33.3/3.5 νcan, yz = 0.2

Ecan, zz = 100/35 νcan, xz = 0.2

Gcan, xy = 12.8/1.3

Gcan, yz = 19.2/2.2

Gcan, xz = 19.2/2.3

Vertebral bony endplate [34, 35] Epl = 25 νpl = 0.4

Spinous process [34, 36, 37] Epb = 3500 νpb = 0.25

Table 2. Characterization of age-related degeneration models.
Grades of age-related degeneration* Vertebra Grade 1 Grade 2 Grade 3

Properties of cancellous bone L2 healthy osteoporotic osteoporotic

L3 healthy osteoporotic osteoporotic

L4 healthy osteoporotic osteoporotic

Thickness of cortical bone [mm] L2 tcor, max = 0.5 tcor, max = 0.5 tcor, max = 0.5

L3 tcor, max = 0.5 tcor, max = 0.5 tcor, min = 0.2

L4 tcor, max = 0.5 tcor, max = 0.5 tcor, max = 0.5

* Properties of bones are seen in Table 1.
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axial-lateral bending monotonic loadings, respec-
tively. The zero motion is specified on the bottom, 
while static, proportionally increasing loading is 
imposed by the  vertical motion of the  rigid upper 
surface of the  endplate. The  axial loading is con-
trolled by the  specified, monotonically increasing 
force F = 720 kN, while the torque is controlled by 
rotational moment T = 2.4 Nm, the flexion is con-
trolled by flexion moment My = 4.8 Nm and the lat-
eral bending is Mx = 3.6 Nm. The load is transmitted 
to the trabecular and cortical bones through an end-
plate as described in [45].

2.5. Finite element model

Development of the  FE model comprises a  math-
ematical description of the  lumbar spine and gen-
eration FE assembly. The  time-dependent state of 
the spine 2 motion segment is obtained by formulat-
ing the nonlinear analysis problem. The behaviour 
of the FE model is governed by kinematic boundary 
conditions.

In summary, the nonlinear loading-path-depend-
ent equilibrium is characterized by a set of nonlinear 
algebraic equations. The incremental formulation of 
this model is defined at time instant t as follows:

KG(u(t)) u(t) = ΔF(t). (1)

Here KG is the  global nonlinear stiffness matrix 
comprising the contribution of finite displacements 
and depending on the  current values of displace-
ment vector u(t), while Δu and ΔF are increments 
of displacement and external load vectors, respec-
tively. Stresses are obtained for the known values of 
displacements of each element separately.

Loading of the FE model is governed by static 
boundary conditions. Discretization of the  bod-
ies is performed by applying the preprocessor of 
the ANSYS code [46].

The thin-walled domain of cortical bone was 
discretized by shell FE. The shell element applied 
is a 4-node element with six degrees of freedom 
at each node. Such an element is associated with 
plasticity and larger strain and describes struc-
ture buckling. It is suitable for analysing thin to 
moderately thick shell structures. The FE mesh of 
cortical shell contains 9,669 nodes and 9,367 shell 
elements.

Cancellous bone, endplates, spinous process, 
nucleus pulposus and annulus ground substance 
models were meshed with volumetric FE. This type 
of a  solid element is a  higher-order 3D 20-node 
solid element that allows quadratic displacement 
approximation. The  element supports plasticity, 
large deflection and large strain capabilities. Final-
ly, the solid phase was described by a 3D mesh con-
taining 710,751 nodes and 188,100 solid elements.

IVD and NP are covered by a  fibre reinforced 
membrane. The  thickness of the  membrane is 
1.5  mm. The  membrane is composed of four lay-
ers of fibre laminate which are stacked by +30° and 
–30° plies. This study used composite 4-node shell 
elements to simulate the  annulus fibrosus. Here, 
bending stiffness is neglected and only in-plane be-
haviour is taken into account. The FE mesh of fibre 
laminate contains 358 nodes and 416 shell elements. 
The meshed model is presented in Fig. 1(b) and (c).

Ligaments were modelled with 3-D 2-node 
truss elements and assigned nonlinear hypoelastic 
material properties.

3. Results and discussion

3.1. General comments

To evaluate the  contribution of osteoporotic deg-
radation, a  series of numerical experiments using 
the  above-discussed FE model equation (1) was 
considered.

The physical nature of different models is 
qualitatively illustrated by deformed shapes in 
Fig. 2, where the body Oxz and Oxy projections of 
the body are shown. The deformed shape is consid-
ered relative to the main axes shown in Fig. 1(а).

In Fig. 2, a comparison of the deformed shapes 
for different movements is presented. In the simu-
lated osteoporotic spine, there is a higher mobility 
compared with healthy states for all types of loads. 
The  first column illustrates the  healthy vertebra 
(Grade 1), while the next subfigures illustrate de-
generate vertebras. The  second column reflects 
the results limited to the degradation of trabecular 
tissue (Grade  2), while the  third column in-
cludes additionally the degradation of cortical shell 
(Grade  3). Generally, the  deformed shapes reflect 
the deformation mode of a  column-like structure 
where bending or torsion essentially reduces load-
bearing capacity.
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The main simulation results are presented be-
low. A detailed analysis of the deformed shape gives 
understanding of the instability problem.

3.2. Deformed shape

It is obvious that deformation of the spine increas-
es upon application of load. Axial, torsion, flexion 

and lateral bending loads are the most important 
load cases yielding various deformation modes 
characterized by kinematic parameters. Full char-
acterization of the  deformed shape by various 
parameters occurring due to different loading is 
a  difficult and time-consuming task. The  defor-
mation limited by ROM and intervertebral shear-
ing is considered below.

Fig. 2. The view of deformed shapes of the L2–L4 lumbar spine: a healthy model and models with os-
teoporotic degeneration.



O. Chabarova et al. / Lith. J. Phys. 60, 132–143 (2020)138

The aim of this study is to investigate the motion 
of lumbar spine segments as measured by ROM 
(degree). This type of deformation is due to in-
plane bending. The deformed shape of the central 
axis is transformed to a segmented line with a large 
offset on the top.

Graphs illustrating the  ROM values of L2, L3 
and L4 vertebral bodies for different load cases are 
shown in Fig.  3. Each graph has 4 curves: experi-
ment, Grade 1, Grade 2 and Grade 3. The ROM val-
ues for the healthy spine (Grade 1) were compared 
with the experimental data [45] obtained by torsion, 
flexion and lateral bending. The results of FEM var-
ied from 0.2 to 7% and fell within one standard de-
viation of the experimental results [45] at all levels.

In the  simulated osteoporotic degradation, 
a higher mobility is detected at every lumbar ver-
tebral level as compared with that of healthy condi-
tions. Motion predicted by the finite element model 
compares well with the experimental results [45] at 
all levels.

For any grade of vertebral degeneration, un-
der axial load, the measured segmental ROM was 
small with an average value of <2° (Fig.  3(a)). In 
the torsion of the osteoporotic spine, the segmen-
tal ROM increases slightly, up to 5°, but does not 
reach the limit of instability (Fig. 3(b)). Under flex-
ion (Fig. 3(c)) and lateral bending (Fig. 3(d)) loads, 
the osteoporotic lumbar spine (Grade 3) loses sta-
bility, since the ROM of segments exceeds a stabil-
ity limit of 15° [47].

Finally, Fig. 4 shows the mobility differences be-
tween the healthy and osteoporotic L2–L4 lumbar 
spine.

While compressing the  healthy lumbar spine 
(Grade 1), L2–L4 ROM is small – 1°. With Grade 2 
and 3 compressed lumbar, ROM increases slightly, 
respectively, to 1.1 and 1.8°.

Under torsion loading (Grade 1), L2–L4 ROM 
slightly increased to 3.1°, which corresponds to 
the  results in  vitro [45]. For osteoporotic lumbar 
(Grade 2 and 3), ROM increased to 4.8 and 7.6°.

Fig. 3. ROM values of L2, L3 and L4 vertebral bodies for different load cases: (a) compression, (b) torsion, 
(c) flexion and (d) lateral bending.
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In the case of lateral bending (Grade 1), ROM 
greatly increased to 21.6°. For osteoporotic lumbar 
spine (Grade 3), L2–L4 ROM increased to 26.9°.

In the case of flexion, the L2–L4 ROM increases 
significantly in all grades. The  Grade  3 ROM in-
creased to 31.4°.

As seen from Fig.  4, the  L2–L4 total segmental 
motion increases if a person bends down, so long-
term walking with heavyweight behind the back is 
not recommended for people who have osteoporotic 
lesions as they may increase the risk of stability loss.

3.3. Transversal shift of spine axis and instability

Increase of osteoporotic degradation leads to 
the nonlinear varying compression of IVD. As a re-
sult, IVD is transformed into a trapezia shape and 
shearing forces occur. The shearing effect is char-
acterized by the sheared displacement of the weak-
est element IVD. The values of shearing displace-
ment of IVD are significantly large as compared 
with those of shearing of the vertebra. In summary, 
the  shearing deformations result in the  in-plane 
shift of vertebra.

The body is more sensitive to out-of-plane 
deformations. The  shearing is characterized by 
shearing displacement. The values of shearing dis-
placement are given in Fig.  5. The  figure shows 
an insignificant contribution of osteoporosis for 
the case of pure axial load. For the healthy lumbar 
spine (Grade  1), the  L2–L3 shearing is 0.36 mm 
(Fig.  5(a)) and the  L3–L4 shearing is 0.002  mm 
(Fig.  5(b)). Considering the  osteoporotic degen-

erated lumbar (Grades 2 and 3), the main point is 
switched to displacement-based (shearing) criteria. 
The L2–L3 shearing (Grade 2) increased to 0.37 mm 
and the  L3–L4 shearing increased to 0.30  mm. 
When the  shell thickness was reduced to 0.2  mm 
(Grade 3), the L2–L3 shearing increased to 0.46 mm 
and the L3–L4 shearing increased to 0.37 mm.

Regarding torsion, flexion and lateral bending 
loading, the behaviour of lumbar is different.

Acting torsional load does not significantly in-
crease intervertebral shearing. The  L2–L3 shear-
ing (Grade 1) increased to 0.44 mm (Fig. 5(a)) and 
the L3–L4 shearing to 0.25 mm (Fig. 5(b)). The L2–
L3 shearing (Grade  2) increased to 0.45  mm 
(Fig.  5(a)) and the  L3–L4 shearing to 0.62  mm 
(Fig. 5(b)). When the shell thickness was reduced to 
0.2 mm (Grade 3), the L2–L3 and L3–L4 interver-
tebral shearings increase, respectively, to 0.71 mm 
(Fig. 5(a)) and to 0.70 mm (Fig. 5(b)).

Acting eccentric load, such as flexion and lateral 
bending, greatly increases intervertebral shearing.

Under lateral bending loading (Grade  1), 
the L2–L3 shearing increased to 1.07 mm (Fig. 5(a)) 
and the L3–L4 shearing to 0.82 mm (Fig. 5(b)). For 
the  osteoporotic spine (Grade  2), L2–L3 shearing 
increased to 1.39  mm (Fig.  5(a)) and the  L3–L4 
shearing to 0.73  mm (Fig.  5(b)). When the  shell 
thickness was reduced to 0.2 mm (Grade 3), the L2–
L3 shearing increased to 1.43 mm (Fig. 5(a)) and 
the L3–L4 shearing to 0.89 mm (Fig. 5(b)).

In the case of flexion loading (Grade 1), the L2–
L3 shearing increased to 1.41 mm (Fig. 5(a)) and 
the  L3–L4 shearing to 0.92  mm (Fig.  5(b)). For 

Fig. 4. Results of L2–L4 total segmental motion.
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the  osteoporotic spine (Grade  2), intervertebral 
shearing increased even more: the L2–L3 shearing 
to 1.55 mm (Fig. 5(a)) and the L3–L4 shearing to 
0.93 mm (Fig. 5(b)). When the shell thickness was 
reduced to 0.2 mm (Grade 3), the L2–L3 shearing 
tremendously increased to 1.61  mm (Fig.  5(a)) 
and the  L3–L4 shearing increased to 1.26  mm 
(Fig. 5(b)).

The low trabecular bone mass density had a sig-
nificant negative effect on intervertebral shearing and 
reducing the  thickness of the cortical bone further 
increased the  vertebrae shear. The  vertebrae shear 
increases as well as ROM if a person bends down, 
which is confirmed by the numerical results. As a re-
sult, flexion and lateral bending have the greatest in-
fluence on the displacement of the vertebrae.

The numerical lumbar spine stability analy-
ses of the  considered lumbar spine 2 motion 
segments discovered that the  presence of osteo-
porotic degradation, and especially a decrease in 
the thickness of the cortical bone, may yield cata-
strophic consequences in the  mechanical behav-
iour of lumbar spine, such as increased segmental 
ROM and intervertebral shearing, which results in 
the loss of spine stability.

4. Conclusions

The performed FE study of lumbar spine L2–L4 
subjected to four characteristic loadings discov-
ered how osteoporotic degradation contributes 
to the  deformation of IVD. Instability risk was 
evaluated by estimating ROM and shearing dis-
placement. Osteoporotic degradation in the  case 
of flexion and lateral bending loading increases 
ROM from 9 up to 15°, by reaching the  critical 

segmental instability value. These results show an 
additional potential risk which may occur because 
of osteoporotic degradation. The  results of this 
study provide important information for under-
standing the mechanism of loss of spinal stability 
in the result of degenerative changes in the bone 
material. Although the  lumbar spine model of 
2 motion segments cannot be considered as fully 
validated, the results obtained indicate the devel-
opmental potential of the spine affected by degen-
erative changes in predicting the development of 
clinical spinal instability. In order to obtain more 
accurate results, future researches should assess 
the  influence of degenerative changes in discs, 
ligaments and muscles on the  process of loss of 
spinal stability.
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SLANKSTELIŲ DEGENERACIJOS ĮTAKA STUBURO NESTABILUMUI

O. Chabarova a, R. Kačianauskas a, V. Alekna b

a Vilniaus Gedimino technikos universiteto Taikomosios mechanikos katedra, Vilnius, Lietuva
b Vilniaus universiteto Medicinos fakultetas, Vilnius, Lietuva

Santrauka
Degeneracinių kaulų ligų ir judesio amplitudės 

(ROM) priklausomybės veikiant sukimo, lenkimo ir 
šoninio lenkimo apkrovoms tyrimų trūkumas nelei-
džia pakankamai tiksliai suprasti stuburo juosmens 
biomechanikos ir taikyti efektyvesnių juosmens dis-
funkcijos gydymo metodų. Šio tyrimo tikslas  –  baig-
tinių elementų metodu (BEM) nustatyti slankstelių 
degradacijos įtaką stuburo dviejų judamųjų segmen-
tų L2–L4 nestabilumui veikiant sukimo, lenkimo ir 
šoninio lenkimo apkrovoms. Buvo sukurti trys skir-
tingi 3D BE modeliai, apimantys sveiką slankstelį, 

trabekulinio kaulo ir kortikalinio kaulo degradaciją. 
Atlikta stuburo juosmens dalies netiesinė skaitmeninė 
stabilumo analizė parodė, kad osteoporotinė degra-
dacija, vei kiant lenkimo apkrovai, gali lemti kritines 
segmentinio ROM ir tarpslankstelinės šlyties vertes ir 
dėl to gali būti prarastas stuburo stabilumas. Nestabi-
lumą lemia mikroskopiniai kortikalinio kevalo storio 
pokyčiai. Ši tarpslankstelinės šlyties ir ROM analizė 
gali būti naudojama diagnozuojant slankstelių mobi-
lumo, tokio kaip hipomobilumas ar hipermobilumas, 
anomalijas.
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