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Abstract. The existing biomechanical models of the lumbo-sacral spine
do not explain the role of the dorsal extensor muscle and fascia. The study
attempts to explain the action of paraspinal muscles based on the
mechanism of contraction and “hydro skeleton”. It was assumed that the
muscle contracting produces hydrostatic pressure and in this way is able to
resist and transfer loads. In this mechanism, inside ventricular pressure can
modify the load transfer through the spine. To confirm the hypothesis
discussed above, a simplified simulation model of the lumbar spine was
built. For this purpose, scientific software named ABAQUS, using finite
element methods was used. The model of the spine was mainly a kinematic
model aimed at reflecting the impact of the spinal muscle function on
lumbar lordosis.
Keywords: lumbar spine, model of lumbar spine, lumbar lordosis,
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1 Introduction
The causes of degenerative spine conditions are not fully recognized and the treatment
approach is symptomatic. The evaluation of spine compensation determines the treatment
approach for persons with degenerative spine conditions. The sagittal vertical axis
compensation (SVA) accounts for anthropometric measurements of the position of the
pelvis (pelvic incidence and pelvic inclination, sacral slope). However, the dimensions of
the spinal curves do not affect the presence of degenerative changes in the lumbar section
of the spine, and in the advanced stage thereof, there is a decrease lumbar lordosis [1, 2].
The changes usually begins in the area of the intervertebral disc and consequently leads to
the reduction of the intervertebral space which leads to a higher stress at the posterior spinal
column [3]. Such biomechanics lead to altering the length of the spinal columns – a relative
lengthening of the posterior spinal columns [4]. The degenerative changes and a decrease of
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the lordosis cause the biomechanical stability of the lumbar section of the spine to be
affected to a greater degree by the supporting functions of the anterior column.
The compensation analysis of the spinal region should not only account for the elements
subject to radiological imaging, but also the spatial arrangement and the muscles stabilizing
the spinal column together with the ligaments and fascia. The proper configuration of the
lordosis curvature lends itself to interpreting the biomechanics of the lumbar section of the
spine as similar to a suspension bridge, this would account for the high flexibility of the
entire system when transferring significant loads [5].

2 Functions of muscles in the spine
It was demonstrated that the tension of the abdominal muscles and increased pressure in the
abdomen causes reduced load in the lumbar section of the spine (in particular the mobile
spinal units in the middle) [6]. This attests to the additional support function of the muscles
– not only the stabilizing function. A similar function may be exhibited by the spinal
erector encased in the space limited by the spinous processes as well as the lamina of the
thoracolumbar fascia. According to the pneumatic principle of muscle contraction, this
leads to its shortening at the same time increasing the diameter and increasing the pressure
(within the limited volume of the fascial and osseous enclosure) and generating the
supporting forces [5].
Together with the degenerative changes in the spine, we observe the atrophy of the
spinal erector in the lower section lumbar spine. This may be related to muscle atrophy
caused by unused or damaged medial branches innervating the muscle [7]. The decrease in
lumbar lordosis as well as the shortening of both spinal columns in the course of the
progression of degenerative changes in the spine may disturb its function by drawing closer
the appendices and limiting the motion range (decrease of shrink ability). The consequence
of the above is the atrophy of muscle tissue and the loss of its stabilizing function as well
as, supposedly, the supporting function [5].

3 The simulation model to confirm the formulated hypothesis
In order to confirm the hypothesis as discussed above, a simplified simulation model of the
lumbar section of the spine was built. To this end, a commercial scientific software
ABAQUS was utilized, using finite element method. The spine model was primarily
kinematic in order to reflect the influence of the spinal muscle function on the correct
curvature of lumbar lordosis.
Fig. 1 presents a general view of the lumbar section model of the spine with indication
of its components. The simplified model consists of five vertebrae corresponding
anatomically to the lumbar vertebrae L1 to L5 (Fig. 1). Each vertebra is geometrically
identical. The spatial placement maintains the geometric parameters characterizing the
lumbar section of the spine [8]. The intervertebral joints were represented as connecting
arcs characterized by the degrees of freedom of motion identical to actual joints (Fig. 1).
The components joining the muscle with the vertebrae are rigid beams, these may be
considered as a certain method of connecting the muscle at boundary points (viewed along
the longer horizontal edge of the vertebra, the axis z as on Fig. 1), in the upper, medium and
lower part of the vertebra (viewed along the vertical edge of the vertebra corresponding to
the longer axis of the human body, the axis y as on Fig. 1).
The ligament connecting the vertebra from the side of the thoracic cage is represented as
springs with set rigidity (Fig. 1). This is to represent its stabilizing function. The
intervertebral discs are represented by springs with set rigidity (Fig. 1). The load assigned
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to the upper surface of the vertebra L1 is represented by point-applied force with value
approx. F = 370 N = ~37 kg [8]. The pressure increasing the muscle volume is p = 150 kPa
(Fig. 1). Such value was assumed based on the deformation characteristic of the material
used to model the muscle. The aim was to obtain visible deformation.
The parameterized model consists of 290162 finite elements, including 289190 linear
components type Hexa C3D8R and 972 non-linear components type S4R. The material
representing the vertebra has the following parameters: Young’s modulus E = 12 GPa,
density ρ = 2000 kg/m3 [9-13].
The muscle was modeled using a material with characteristic of an elastomer where:
assumed Young’s modulus value is E = 0.1 GPa, density ϱ = 1300 kg/m3, side thickness of
the muscle model g = 1 mm [14]. The intervertebral joints were modeled using a material
with characteristics of the ABS (Acrylonitrile butadiene styrene) polymer: Young’s
modulus E = 1.1 GPa, density ρ = 1200 kg/m3, side thickness of the joint model g = 1.3 mm
[14].

Fig. 1. General view of the simulation model of the lumbar section of the spine – view from the side
of the vertebrae

Fig. 2 shows a general view of the lumbar section of the spine model viewed from the
side of the muscle in order to present its transverse cross-section.
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Fig. 2. General view of the simulation model of the lumbar section of the spine – view from the side
of the muscle

The assumed boundary conditions include limiting the range of motion freedom from the
lower and upper side of the spinal muscle in form of a translational motion along the axis z,
rotational motion along axes x and y, as well as removal of all degrees of freedom of the
lateral, concave side of the spinal muscle (the area indicated with an ellipsis on Fig. 2),
removal of all degrees of freedom of motion of the lower part of the vertebra L5 (Fig. 1) as
translational motion along axes y and z, as well as rotational motion along axes x and y.
Furthermore, for vertebra L1 to L4 the freedom of motion was removed to prevent
translational motion along axis z as well as rotational motion along axes x and y. Load was
assigned to the upper surface of the vertebra L1 in form of a point applied force with value
equal to F = 370 N, which is to represent the weight load of the upper human body (Fig. 1)
[8]. The result of the increase of muscle volume was represented by acting on its internal
sides with pressure (indicated by arrows, Fig. 2) with value equal to p = 150 kPa, which is
sufficient value to achieve an increase in the volume of the spinal muscle for the assumed
material characteristics of the elastomer employed in the simulation. The effect of the
decrease of volume of the spinal muscle (muscle atrophy) was achieved by applying
a negative pressure to its internal sides with value p = -150 kPa (as in the previous case, this
is the sufficient value to achieve a decrease in the volume of spinal muscle for the assumed
material characteristics of the elastomer employed in the simulation).
The simulation consists of three steps occurring in a sequence. Each step takes place in
the course of one second. First step load equal to the force of gravity is applied, the second
step adds point applied force at the upper surface of the vertebra L1, F = 370 N and in the
third step, the pressure (negative pressure) is applied to increase (decrease) the volume of
the muscle (Figs. 4 and 5). Fig. 3 indicates the displacement of the selected L3 vertebra
along the axis x, which occurs during every step of the simulation as described above.
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Fig. 3. Displacement of vertebra L3 along axis x w during each temporal step of the simulation

According to Fig. 3, the application of gravity in step one affects the displacement of
the vertebra. In step two, the displacement is affected simultaneously by gravity and load
applied to vertebra L1 (Fig.1). The displacement further increases in the last step, caused by
the functioning of the muscle caused by the increase in its volume. Negative displacement
value denotes the motion of the vertebra in the direction opposite to the direction of axis x.
One needs to point out that the order of magnitude of the displacement is not relevant,
because it is affected by e.g. the value of pressure acting on the inside of the muscle model
and the rigidity of springs modeling the front fixture or intervertebral discs. The aim of the
simulation is to determine the effect of the function of the spinal muscles on the curvature
of the lumbar lordosis.
Fig. 4 shows the results of the simulation of the proper functioning of the spinal muscle
which helps to achieve the correct lumbar lordosis curvature.

Fig. 4. Visualization of the acting of the spinal muscle on the vertebra as a result of the increase of its
volume (correct function of the muscle): a and b, two views before increasing the muscle volume, c
and d, two views after increasing the muscle volume
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The two views shown at Fig. 4a and 4b represent the state of the model before starting
the simulation. The subsequent views on Fig. 4c and 4d represent the end result of the
simulation.
According to the above, the increase in volume of the spinal muscle is visible, causing
the vertebrae to be pushed away in the direction opposite to the direction of axis x (fig. 4a
and 4b), which means that proper curvature of lumbar lordosis can be maintained. Viewed
from along the axis y, the distance between them is increased. Fig. 5 shows the results of
simulating incorrect functioning of the spinal muscle (muscular atrophy), which contributes
to the diminishing of the lordosis curvature.

Fig. 5.
Visualization of the simulated action of the spinal muscle on the vertebra
resulting from the decrease of its volume (muscular atrophy): a and b, two views representing the
stages before the decrease of the muscle volume, c and d are two views after the decrease in muscle
volume

Two views provided on Fig. 5a and 5b represent the state of the model before the
beginning of the simulation. The subsequent views on Fig. 5c and 5d represent the final
result of the simulation.
According to the above, there is a noticeable decrease in spinal muscle volume
(muscular atrophy – improper functioning), which causes a retraction of the vertebrae
(withdrawing) in the direction corresponding to the direction of the axis x (Fig. 5). This
causes proper spinal lordosis curvature to disappear. When viewed from the axis y, we see a
decrease of the distance between the vertebrae.
As a result of the carried out simulations (Figs. 4 and 5), the characteristics for the
function of value of the reaction force in time (Fig. 6) were obtained, the force acting on
vertebra L5 as an effect of propagation of the load on vertebra L1 (Fig. 1). The determined
value constitutes a component of the reaction force acting along the axis y (Fig. 1), which
affects the intervertebral discs.
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Fig. 6. Function of reaction force value acting along axis y for vertebra L5

The characteristic indicated with the blue line (solid line) (Fig. 6) indicates correct
functioning of the spinal muscle, which in reality and in the simulated environment
corresponds to the increase of its volume (in reality: the growth of a healthy muscle tissue
which is functioning properly). The correct functioning of the muscle causes a decrease in
the reaction force acting along axis y (Fig. 1) to the value F ≈ 180 N ≈ 18 kg, in reference to
the load value affected on vertebra L1, F = 370 N ≈ 37 kg. With muscular atrophy, the
constituent reaction force acting along the axis y increases rapidly (the characteristic
indicated with the red line – broken line, Fig. 6). This may indicate excessive load on the
intravascular discs causing pathological changes in them as well as for the entire system of
the lumbar spine [15].
The conducted analyses are the basis for confirming the hypothesis formulated earlier,
regarding the additional support function of the spinal muscles. The further course of study
is to perform a series of numerical simulations on a more sophisticated model of the spinal
column. The results obtained to date confirm that the hypothesis is true and give grounds to
carry out further research in this direction.

4 Summary
The study presents the results of the numerical simulation performed in the ABAQUS
system regarding the impact of the action of the spinal muscle on the vertebra located on
the lumbar section of the spinal column. The results obtained allow for the preliminary
confirmation of the hypothesis. Two cases were simulated: correct functioning of the
muscle and its atrophy. In the first scenario, the beneficial effect of the muscle functioning
on the lumbar curvature of the spine was determined. The distance between the vertebrae is
increased which serves to reduce the negative action of the loads affecting the intervertebral
disc. With muscular atrophy, the lumbar lordosis decreases and supports the development
of the degenerative disease.
The obtained results allow to make a decision regarding further course of study in this
direction which entails building another, more sophisticated simulation model. The
subsequent results that confirm the correctness of the hypothesis allow to formulate a new
approach in treating the conditions of the lumbar spine.
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