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Experimental investigation of the lumbar spine
– influence of destabilization
on the stiffness characteristic
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The lumbar spine region is most often affected by disorders. These disorders lead to instability in the
motion segments. Many surgical procedures have been undertaken to reduce instability and restore the
function of the spine. Spinal fusion is most commonly used to stabilise unstable motion segments.
Consequently, immediate stability is provided by instrumentation just after surgery. The segment is being
kept aligned until the fusion process is completed.

This study was undertaken to evaluate the influence of posterior instrumentation on the stabilisation
of lumbar motion segment. The author measured and compared the stiffness of human lumbar spine
destabilized in two ways and stabilised with two posterior stabilisers.

1. Introduction

The injury in a spinal region in most cases requires the stability improvement by
technical means (implants). As in any field of surgery, the choice of a proper surgical
treatment in spinal surgery is of vital importance because of the role of the spine in
the proper functioning of the human organism [1].

The evolution of stabilizing systems has been determined by the changes in the
views on corrective procedures and the extent of stabilization for different surgical
approaches (the anterior approach through the abdominal cavity and the chest or the
classical posterior approach) and by the needs of experienced surgeons who use
implants in the surgical treatment of the spine.

The best experimental method available today is post-mortem experimental
investigation of human preparations being anatomically and physiologically normal.
Such investigations should be carried out under biomechanical conditions, being the
best possible representation of the natural physiological conditions. For this reason,
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post-mortem preparations with their ligament structure intact and possibly largest
spinal segments should be investigated. Due to the complexity of the biomechanical
and physiological processes and the anatomic conditions, it is best to carry out such
experimental investigations on human post-mortem preparations [5], [7].

This paper presents the author’s experimental investigations carried out on post-
mortem preparations of the human lumbar spine. Their aim was to examine the
influence of a stabilizing system on the improvement in the functional mobility of a
damaged motion segment of the spine. This influence was studied for different kinds
of injury to the spinal segment examined.

2. Material and methods of investigation

Eleven post-mortem preparations of the human lumbar spine were investigated.
All these preparations came from male donors at the age of 18–62 (table).
Anatomically and physiologically normal segments, each with four healthy
vertebrae and three undamaged intervertebral spaces, i.e., anatomically normal
intervertebral discs, were taken for the investigations (figure 1). The test
preparations were marked with the symbols shown in the table. The stabilizing
systems used were marked with the following by symbols: S1 – stabilizing system
no. 1 and S2 – stabilizing system no. 2. The preparations were divided into two
experimental groups: one made up of the preparations destabilized by cutting the
longitudinal ligament and the other consisting of the preparations destabilized by
cutting the supra- and interspinous ligaments (figures 2 and 3). Each time the
damage to ligaments was done in one spinal motion segment L2–L3.

Fig. 1. Lumbar spine preparation L1–L4 taken and cleaned
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Table. The characteristics of the specimens examined

No. Preparation
(symbol)

Age Height Weight

1 L 4 61 174 62
2 L 5 22 172 80
3 L 6 30 194 91
4 L 7 18 174 72
5 L 8 62 159 61
6 L 9 18 164 71
7 L 11 42 166 70
8 L 12 20 164 56
9 L 13 30 168 70

10 L 14 20 175 74
11 L 15 58 163 69

The experiment was carried out under axial compression and functional loading.
A physiologically intact preparation, a destabilized preparation and a preparation
subjected to the influence of two stabilizing systems (successively implanted in the region
of the damaged motion segment) were investigated.

Fig. 2. Preparation destabilized by cutting supra- and interspinous ligaments
at segment L2–L3 level

Fig. 3. Preparation destabilized by cutting anterior longitudinal ligament
at segment L2–L3 level
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3. Results

The test results were analysed taking into account the kind of loading and the
destabilization method.

extensometr

displacement markers

BA

Fig. 4. MTS-Bionix testing machine module with test preparation inside:
A – axial test loading system, B – bend/hyperextension test loading system,

C – preparation after destabilization with mounted extensometers and displacement markers

3.1. Axial compression test results

In the axial compression test, the kind of destabilization did not greatly affect the
force value in the test cycles in which the stabilizers S1 and S2 were used. After the
stabilizing systems (stabilizer S1 and stabilizer S2) were mounted, we obtained the
following test results: the test with stabilizer S1 – 63% of the preparations tested were
characterized by a higher stiffness than that of the physiologically normal
preparations. Moreover, none of the preparations tested showed stiffness below 80%
of that of the physiologically intact preparation, which from the biomechanician’s
viewpoint can be regarded as an implantation success and the fulfilment of the
expectations associated with the stabilizer.

In the test with stabilizer S2, 45% of the preparations tested were characterized by
a higher stiffness than that of the physiologically normal preparations. Three preparations
stabilized by stabilizer S2 had greater flexibility (below 80%) than that of the
physiologically intact preparations.

130



Experimental investigation of the lumbar spine

100

300

500

700

900

1100

1300

-
1

0 1 2 3

displacemnet[mm]

lo
ad

[N
]

physiologically
destabilised
stabiliser1
stabiliser 2

Fig. 5. Comparison of typical deformation curves for one preparation subjected to axial loading
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Fig. 6. Comparison of typical deformation curves for preparation L6 for different loading cases

3.2. Test results for bend forcing load

In this experiment, the following results were obtained: all the preparations were
characterized by much greater flexibility than that of the intact physiological
preparations tested. The flexibility was below 80% of that of the physiologically
normal preparation. Hence, it can be concluded that it is absolutely imperative that a
system restoring the mechanical stability of the spinal segment tested should be
introduced in this case.
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In the bending test of the spine system equipped with stabilizer S1, 82% of the
preparations were characterized by a greater stiffness than that of the physiologically
intact preparations. The other preparations showed a slight reduction in stiffness, i.e.,
by 3% and 20% below the stiffness of the physiologically normal preparation.

In the bending test with stabilizer S2, a greater stiffness of the system was
observed in 73% of the cases of which 45% showed considerable overstiffness in
comparison with the physiologically normal preparations. A significant difference in
the force values obtained between the group with stabilizer S1 and the one with
stabilizer S2 was observed, depending on the kind of stabilization, i.e., stabilization of
the anterior or posterior spinal column. For either stabilizer the preparations
destabilized by damaging the posterior spinal column became more flexible than the
preparations destabilized by damaging the anterior spinal column.

3.3. Test results for hyperextension forcing load

In this test, all the preparations destabilized showed a considerable increase in the
flexibility in comparison with the physiological preparation. The flexibility in the
hyperextension test was much greater than that in the bending test irrespective of the
destabilization method (damage to the anterior or posterior spinal column).
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Fig. 7. Force versus global displacement in the system simulating bend–hyperextension displacement,
where: SN – neutral zone, –ZR – maximum range of motion in bending, +ZR – maximum range

of motion in hyperextension, S – beginning of test cycle series, K – end of each cycle

Similar results were obtained for the preparations stabilized by stabilizer S1 and
the ones stabilized by stabilizer S2. In both cases, 54% of the preparations showed
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smaller stiffness than the one characterizing the physiologically intact preparations,
but the smaller stiffness did not significantly weaken the function of the implants. The
preparations destabilized by damage to the posterior spinal column showed a greater
stiffness than that of the group of preparations destabilized in the anterior spinal
column. The above comparison applies to the group of preparations re-stabilized by
means of stabilizers S1 and S2.

4. Conclusion

The investigations showed marked changes in the stiffness of lumbar spine as a
result of the changes in its stability. In almost each case, excessive hyperextension of
the spinal system caused by the introduction of a stabilizer was recorded. An increase
in the system stiffness was observed regardless of the stabilizer implanted. The
investigations have demonstrated the clinical importance of the results obtained in the
treatment of spinal pathologies such as: scoliosis, degenerative changes or post-
accident damage. According to hospital statistics, lumbar spine vertebrae from L1 to
L3 are most often damaged as a result of accidents. From the clinician’s viewpoint,
the investigations have demonstrated the great importance of the choice of an implant
and a stabilization method appropriate for the patient’s age (for the structural
condition of the bone tissue) and for the pathological state.
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