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ABSTRACT

A cervical spine model built by means of the finite element method was used to
determine the risk of postoperative cervical instability in relation to the type of
discectomy, in cervical disc herniation. Furthermore, this model was employed to
check whether, at the adjacent levels of the fusion discectomy, the intervertebral
translation during cervical movements will maintain the normal amplitude [normal
ROM] or its amplitude will decrease.

The intervertebral displacement and the tension arising from motion and weight
in the cervical vertebral structure were thus determined through computer modelling
using the above-mentioned method and the software Abaqus. It resulted in a cervical
spine model consisting of 739666 finite elements interacting through 210530 nodes,
with biomechanical properties following the vertebral anatomical structures
modelled.

Two movement situations were studied to determine the behaviour of this
model. Firstly, the moment of force for flexion and extension of 1 Nm. Secondly, we
aimed to establish the maximum flexion and extension for a normal cervical spine
model in order to determine the momentum value of moving forces for each of them.

It was showed that both anterior cervical microdiscectomy without fusion and
cervical discectomy with cage fusion (used for the surgical treatment of cervical disc
herniation at one level), ensure postoperative vertebral stability when performed
properly. Both types of surgery reduce the mobility of the cervical spine, although
more in the case of fusion discectomy. The intradiscal tension increases in movement
in both models, with a higher intensification in the fusion discectomy model.

The practical conclusion is that microdiscectomy without fusion is preferable in
the case of a single-level cervical disc herniation occurred to a cervical spine without
instability.

INTRODUCTION

Cervical spine stability after discectomy is evaluated biomechanically by
determining the intervertebral displacement, tensions and stresses in
the cervical spine. The finite element method is based on dividing
complex structures into smaller ones, called finite elements, with simple
geometric forms and easily to be included within the simulation of the
process to be studied while tracking their parameters in situations close
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to real conditions. These finite elements are
interconnected with each other at points called
nodes, which define the requests as unknown
parameters, respectively the movement or
displacement and the load or stresses. We used a
cervical spine model built through this method to
determine the risk of postoperative cervical
instability in relation to the type of discectomy.

MATERIALS AND METHODS

We worked with computer programs for image
processing, for modelling finite elements of the
cervical spine and simulating cervical motion and
load. More precisely, we used the MIMICS software,
which creates 3D models from 2D DICOM images.
Thus, theimages in DICOM format obtained from the
CT scan of a normal cervical spine were introduced
in MIMICS, transformed into points with 3D spatial
coordinates, then exported to a special format (.stl).
MIMICS software transposes images scanned by CT
into a point cloud with spatial coordinates, creating a
3D model. Moreover, it can recreate the model of
bone structures. The vertebrae model was obtained
this way, whilst the other tissues, the intervertebral
disc and ligaments were added manually.

The cervical vertebral model made in MIMICS in
the form of coarse discretization was further
processed to be used through the finite element
analysis model. The vertebrae were imported into
Abaqus CAE and the cervical spine model was
recreated.

To build a model of the cervical spine with finite
elements as closest to the real one, we assigned to
each modelled structure the specific biomechanical
properties of the column (elasticity, rigidity
/deformability, resistance  to deformation
represented by Young's module, and Poisson’s
coefficient) for each finite element corresponding to
the modelled anatomical structures (Table 1).

TasLE 1. Characteristics in terms of elasticity and strength
attributed to the corresponding finite element of the modelled
anatomical structures.

Finite Modulus
Anatomical of Coefficient
element .. .
structure B elasticity | of Poisson
yp (MPa)
First-order
Vertebra - the tetrahedral 10.000 0.29
bony cortex element:4
nodes

e | Fre
cancellous 100 0.29
element:4
bone
nodes
Anterior .
longitudinal Barwith2 | 5, 03
. nodes
ligament
Posterior .
longitudinal Barwith2 | 0.3
) nodes
ligament
2nd order
C1-C2 joint tetrahedral 77 0.39
capsule element:10
nodes
c1-c2 ) Bar with 2
supraspinous 10 0.3
; nodes
ligament
Yellow ligament | Bar with 2
c1-C2 nodes 10 03
2nd order
. tetrahedral
;Z-(S:ilj:mt element, 10 0.3
P hybrid:10
nodes
2nd order
tetrahedral
'(fi);](t:i;e\glz element, 20 0.3
J P hybrid:10
nodes
Yellow ligament | Bar with 2 15 03
levels C2-C7 nodes ' ’
Interspinous,
s.uprasplnous Bar with 2 15 0.3
ligament, levels | nodes
C2-C7

Thus, a cervical spine model consisting of 739666
finite elements that interact through 210,530 nodes
resulted, with biomechanical properties according to
the modelled vertebral anatomical structures (Figure
1).

Once this model with finite elements was settled,
we were able to determine its behaviour at load and
movement. In this purpose, we appreciated that the
head weighs approximately 4.5 - 5.5 Kg and exerts an
average force of 50 N applied to the vertebra C1, in
the vertical direction lower oriented. Movements in
the cervical spine are complex, but instability is
evident especially in those of flexion and extension.



Andrei St lencean, Stefan C. Castravete, lon Poeata

i

S
AR
9,

e
3

FIGURE 1. Cervical spine model obtained using the finite element method.

To study cervical instability during the flexion-extension movement, we considered the C7 vertebra as a fixed
point. Then, we applied a force of displacement to the upper extremity of the cervical spine, respectively at the
level of the C1 vertebra.

FIGURE 2. Cervical spine model obtained using the finite element method

Three models of the cervical spine were studied using this method:
e anormal cervical spine,
e acervical spine with microdiscectomy without fusionat the level C6-C7
e acervical spine with discectomy and cage stabilization at the level C6-C7
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FIGURE 3. Cervical spine model built by using the finite elements method (a), with the moment of the displacement force for the
flexion (b) and extension movements (c).

For each model, movements of flexion and extension were simulated starting from the cervical intermediate
position by applying a displacement force for flexion and extension, respectively by considering a moment of
force applied to the movement.

A B A. B

FIGURE 4. Flexion movement by applying the force of 1 Nm FIGURE 5. Extension movement by applying the force of 1 Nm
a. the model with microdiscectomy C6-C7 a. the model with C6-C7 microdiscectomy
b. the model with discectomy and cage C6-C7 b. the model with discectomy and C6-C7 cage

Two movement situations were studied to determine the behaviour of these three models, as follows:
- the moment of force for flexion and extension of 1 Nm,
- establishing the maximum flexion and extension for the normal cervical spine model and determining the
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value of the momentum of the movement force for these movements.

These values are: the moment of force for maximum flexion is 7.3 Nm and the moment of force for the

maximum extension is 2 Nm.

U, Magnitude

U, Magnitude

U, Magnitude

FIGURE 6. Flexion movement for the moment of force of 7.3 Nm, with cervical displacement at a. normal column, b. C6-C7

microdiscectomy and c. C6-C7 discectomy and cage model.

U, Magnitude

FIGURE 7. Extension movement by applying the force of 2 Nm, in the three models:

U, Magnitude

U, Magnitude

a- normal column, b- model with microdiscectomy C6-C7 and c- model with discectomy and cage C6-C7.
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FIGURE 8. Cervical models with discectomy and cage fixation at the C6-C7 level, at which mobility is studied: a. extension, compared

with b. intermediate position and c. flexion

Movement Model 1 Model 2 Model 3

mm mm % of Model 1 mm % of Model 1
Extension 12.37 11.91 3.72% 11.12 10.11%
Flexion 11.65 10.63 8.76% 8.57 26.44%

TABLE 2. Cervical mobility in the sagittal plane when applying a moment of force of 1 Nm

RESULTS

We obtained the following results based on the finite
element model with movement in flexion and
extension by applying a moment of force of 1 Nm
(Table 2).

U, Magnitude

FIGURE 9. Cervical
spine model with
the extension of
vertebrae

In the cervical spine model operated for C6-C7 disc
herniation by microdiscectomy without fusion, it was
found that the height of the C6-C7 disc space
decreased to 50% off the initial disc height although
it still allows a
degree of
intervertebral
mobility
without the
occurrence of
vertebral
instability.

Max: 10.92

U, Magnitude
10.92
10.01
9.10
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1.82
0.91
0.00

Max: 10.92
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In the cervical spine model operated by discectomy
and fusion using C6-C7 intervertebral cage, the
operated disc space is blocked, there is no instability
and the cervical movements of flexion and extension
are performed by moving the upper vertebrae of the
C6 vertebra. The C6 and C7 vertebrae form a fixed
block and vertebral mobility is missing. It was found
that surgery reduces the mobility of the flexion
movement and blocks the C6-C7 disc space with a
cage that reduces mobility with 26% in flexion. In the
case of microdiscectomy without fusion, the overall
cervical mobility decreases by 8.76% compared to
the unoperated model.

When applying the moment of force
corresponding to the maximum movement to the
model of not operated cervical spine, respectively
the moment of the force for flexion of 7.3 Nm and
the moment of the force for extension of 2 Nm on
the other two models, we obtained the results
presented in Table 3.

The flexion and extension movement for all three
models is much wider and the differences of mobility
per the ensemble movement are 7.63% for
microdiscectomy without fusion and 16.05% for
discectomy with fusion.

TasLE 3. Cervical mobility at the moment of application of 7.3
Nm in flexion and 2 Nm in extension

Model 1 Model 2 Model 3
Movement

mm mm % of Model 1 mm % of Model 1 % of Model 2
Extension 18.9 17 10.05% 15.08 20.21% 11.29%
Flexion 43.23 39.93 7.63% 36.29 16.05% 9.12%

U, Magnitude
U, Magnitude
A B

FIGURE 10. Flexion movement for the same model of the cervical spine with finite elements under the action of different moments
of force: a. moderate flexion at the moment of force of 1 Nm and b. maximum flexion at the moment of force of 7.3 Nm.

DIScUSSIONS

Cervical disc herniation is a common degenerative
pathology of the cervical spine and surgical
treatment is the optimal solution in cases with
surgery indication. A cervical discectomy removes
from the anterior column an important component
for resistance and the axial transmission of
movement and weight and, consequently, may affect

the stability of the cervical spine. The prospect of
postoperative cervical instability has led us to this
study, aiming to bring improvements to the
operative techniques used so far or replace some of
them in order to prevent or correct it.

We intended to determine the conditions in
which post cervical discectomy instability may occur
in relation to the surgical procedure used and to
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show which technique is appropriate to prevent it.

After  microdiscectomy  without  fusion,
postoperative healing is based on the formation of
an intradiscal fibrous scar to ensures the stability of
the cervical spine at the level operated. The
postoperative intradiscal scar allows a minimum
degree of mobility without overloading the adjacent
levels.

In the case of discectomy with fusion, a block is
formed between the vertebrae adjacent to the
operated disc, with the advantage of keeping the
normal foramina, but with the loss of the
intervertebral mobility at the level operated.

We used the normal cervical spine model, not
operate, to apply a moment of force of 1T Nm in
flexion, respectively extension, from the middle
position. It determined a small amplitude
displacement, namely of 11.65 mm in flexion and
12.37 mm in extension compared to the initial
position. The simulation of maximum flexion and
extension on this model allowed us to determine the
maximum value of the moment of force of
displacement for the maximum amplitude of these
movements, respectively for 7.3 Nm - maximum
flexion and 2 Nm - maximum extension. The
maximum values of displacement in flexion and
extension for the normal model were 43.23 mm -
flexion, and 18.9 mm - extension, starting from the
initial intermediate position.

The cervical model of microdiscectomy without
fusion at the level C6 - C7 had the following values of
amplitude for the moment of force of 1 Nm applied
on flexion and extension in movement: 10.63 mm in
flexion and 11.91 mm in extension. This means a
decrease in the amplitude of the cervical movement
of 8.76% in flexion and 3.72% in extension. These
values are not significantly lower compared to the
amplitude of the normal movement in ordinary
situations.

A moment of force of maximum amplitude
resulted in 39.93 mm in flexion and 17 mm in
extension. In this case, the decrease with respect to
the amplitude of the normal maximum movement
was of 7.63% in flexion and 10.05% in extension. It
was found that the decrease in flexion in the patient
operated for disc herniation at the C6 - C7 level by
fusion without microdiscectomy is between 7.63%
and 8.76% for maximum flexion, respectively for
current flexion. In contrast to flexion, the extension
movement decreased slightly, only with 3.72% for

the current extension, but the amplitude of the
extension decreases by 10%, determined by the
moment of maximum force compared to these
movements in the case of the cervical_spine.

In the third model, discectomy with fusion
performed at the level C6 - C7, 1 Nm force produced
a stronger decrease in the amplitude of movement:
8.57 mm in flexion, which means a decrease of
26.44% off the value of normal flexion,and 11.12 mm
in extension, so with 10.11% less than the normal
value. This decrease in amplitude of both
movements of flexion and extension is significant
and it is explained by the obstruction of the C6 - C7
disc space due to the fusion. Practically, the
movement is produced by having as a fixed point the
C6 vertebra. When a moment of force of maximum
amplitude is applied on this model, it produces a
flexion movement with the amplitude of 36.29 mm
(meaning a decrease of 16.05% off the normal
movement) and an extension of 15.08 mm,i.e. a
decrease of 20.21% off the normal extension.

The simulation of flexion-extension movements
on this third model established the marked decrease
in cervical mobility as a whole, both for the current
movement performed at a moderate request
(moment of force = 1 Nm) and for the maximum
movement, namely for a moment of force of 7.3 Nm
in flexion and 2 Nm in extension. This decrease in
amplitude in both flexion and extension is explained
by the diminished length of the vertebral segment
that executes the movement.

The study thus showed that limiting the
moderate amplitude of the cervical movements is
more important in the case of cage fusion
discectomy compared to non-fusion
microdiscectomy. The ration of amplitude decrease
in movement between these two models is 3:1.

For a maximum movement, respectively for
applying a moment of force of 7.3 Nm in flexion and
2 Nm in extension, the comparison between the
biomechanical behaviour of the two cervical models
showed that the decrease in the amplitude of
movement is double in the case of discectomy with
fusion than in the non-fusion model, both related to
the normal, unoperated, cervical model.

CONCLUSIONS

The cervical spine model obtained through the finite
element method (739666 finite elements and 210530
nodes), in which the vertebral mobility was simulated
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for usual and maximum movements, showed that
both models of cervical spine operated ensure
postoperative stability at the level of the operated
intervertebral disc. Both types of surgery reduce the
mobility of the cervical spine, most notably the
model with fusion discectomy.

The practical conclusion is that microdiscectomy
without fusion is preferable in the case of a single-
level cervical disc herniation in a cervical spine
without instability because, by comparing the two
operative models, it appeared that microdiscectomy
without fusion at one level does not significantly
decrease the mobility of the cervical spine, nor does
it tensile the overload intervertebral discs adjacent to
the operated disc level.

REFERENCES

1. Aarabi B, Walters BC, Dhall SSet al. Subaxial cervical spine
injury classification systems.Neurosurgery. 2013; 72 Suppl
2:170-86.

2. Abrishamkar S, Karimi Y, Safavi M, Tavakoli P. Single level
cervical disc herniation: A questionnaire-based study on
current surgical practices. Indian Journal of Orthopaedics.
2009;43(3):240-244.

3. Adam, C. Pearcy, M. McCombe, P. Stress analysis of
interbody fusion - Finite element modeling of

intervertebral implant and vertebral body. Clinical
Biomechanics 2003;18, 265-272.
4. Anderst W In Vivo Cervical Spine Kinematics,

Arthrokinematics and Disc Loading in Asymptomatic
Control Subjects and Anterior Fusion Patients. Doctoral
Dissertation, University of Pittsburgh, 2014.

5. Anderst WJ, Donaldson WF 3rd, Lee JY, Kang JD. Cervical
motion segment contributions to head motion during
flexion\extension, lateral bending and axial rotation. Spine
J.2015: 15(12): 2538-43.

6. Angevine PD, Arons RR, McCormick PC. National and
regional rates and variation of cervical discectomy with and
without anterior fusion, 1990-1999.Spine (Phila Pa
1976).2003;28(9): 931-9.

7. AydinY, Kaya RA, Can SM et al. Minimally invasive anterior
contralateral approach for the treatment of cervical disc

10.

"

12.

13.

14.

15.

16.

17.

18.

19.

herniation. Surg Neurol. 2005;63(3):210-8.

Bailey RW, Badgley CE: Stabilization of the cervical spine by
anterior fusion. ] Bone Joint Surg 1960; 42-A (4): 565- 94.
Barlocher CB, Barth A, Krauss JK et al. Comparative
evaluation of microdiscectomy only, autograft fusion,
polymethylmethacrylate interposition, and threaded
titanium cage fusion for treatment of single-level cervical
disc disease: a prospective randomized study in 125
patients. Neurosurg Focus. 2002 15;12(1): E4.

Barsa P, Suchomel P. Factors affecting sagittal
malalignment due to cage subsidence Tn standalone cage
assisted anterior cervical fusion. Eur Spine |.
2007;16(9):1395-400.

. Bertalanffy H, Eggert HR Complications of anterior cervical

discectomy without fusion Tn 450 consecutive patients.
Acta Neurochir (Wien). 1989; 99(1-2):41-50.

Bible JE, Biswas D, Miller CP et al. Normal functional range
of motion of the cervical spine during 15 activities of daily
living. ) Spinal Dis Tech.2010;23(1): 15-21.

lencean A St. The cervical spine postoperative stability.
Comparative study of the different surgical techniques.
PhD Thesis, GrT Popa UMF lasi, 2018

Kumaresan, S., Yoganandan, N., Pintarh, F. A. Finite
element analysis of the cervical spine: a material property
sensitivity study. Cl Biomech, 1999, 14, 41-53.

Lee M), Dettori JR, Standaert CJ et al. Indication for spinal
fusion and the risk of adjacent segment pathology: does
reason for fusion affect risk? A systematic review. Spine
(Phila Pa 1976). 2012; 37(22 Suppl): S40-51.

Skovrlj B, Qureshi SA. Minimally invasive cervical spine
surgery. ) Neurosurg Sci. 2017; 61(3):325-334.

Wang Y, Wang L, Du C, Mo Z, Fan Y.A comparative study on
dynamic stiffness in typical finite element model and multi-
body model of C6-C7 cervical spine segment, Int. J. Numer.
Meth. Biomed. Engng. 2016; e02750: 1-13.

Zafarparandeh |, Erbuiut D, Lazoglu |, Ozer AF.
Development of a Finite Element Model of the Human
Cervical Spine, Turk Neurosurg 2014; 24:3,312-318.
Vleggeert-Lankamp C.L.AA, Janssen T.M.H., van Zwet E.,
Goedmakers C.M.W., Bosscher L., Peul W., Arts M.P. The
NECK trial: Effectiveness of anterior cervical discectomy
with or without interbody fusion and arthroplasty in the
treatment of cervical disc herniation; a double-blinded
randomized controlled trial. Spine Journal, 2019; 19 (6), pp.
965-975.



