


and the percentage of contact in the facet joint were obtained.
Special attention was given to the calculation of the translation and
rotation of each vertebra. The vertebral body is assumed to be quasi
rigid and movement of each point is governed by

y=R-x+d
where y is the position of the point after rotation, x is the original
position of the point, R is the rotation matrix and d is the displacement.
The position and displacement of four points in each vertebra were
obtained and then used to compute R and d, following the algorithm
proposed by Soederqvist [4]. From the rotation matrix the Euler angles
where obtained. The previous method gave the rotation matrix in the
fixed coordinate system, but since this matrix was known for each
vertebra, the rotation of each vertebra with respect to the one directly
beneath was also calculated.
RESULTS
The validation was done by comparison of the kinematical behavior of
the model under several loads, with the kinematical results obtained
from in vitro test [1] and finite element models [5,6,7]. Table 1 shows
this comparison. In most of the cases the model response is in good
agreement with the literature, specially the model presented by Voo [].
The only case, in which the model provides different values with
respect to the in vivo test, is for the case of lateral bending. Several
reasons justify this difference. In the in vivo test, only the angle of the
fixture attached to the endplate was recorded; while the present study
takes in account the rotation of the vertebra as a whole, computing an
averaged rotation/translation that best fit the observed displacement. It
is also been shown that small changes in the material properties, as
well as in the geometrical parametrical parameters, can lead to
significant changes in the response of the spine [8]. In a side analysis
done by the authors, the principal response in bending can be doubled
by doubling the inter facet gap distance, which corroborates the
variability of the results.
The whole cervical segment was validated using the results presented
by Panjabi et al [3]. A good fit is observed, and the same
aforementioned comments apply for these results. Figure 1 shows
these results for the principal motions.
More importantly the model developed presents some interesting
insight into the behavior of the disc fibers during loading. A common
observation in spine studies is its non-linear behavior [3,6,7,9] as is the
case shown in (Figure 2). Observe how the number of fibers in tension
displacement (strain) rapidly increases for small loads, then levels off
when it reaches 2.5 Ib. This is behavior is common to all the loading
cases tested. This effect might be responsible for the effect known as
neutral zone, which is an area of load stiffness that appears at small
loads [9 ].
Furthermore, Figure 2 shows how the percentage of contact area in the
facets computed as function of the number of nodes in contact,
increases. This can be explained by: a) the increase in the stiffness of
the segment depicted in the load-displacements curves, b) the stress-
load curves change the slope when the load increases. Some of the
parts of the structure increase the slope; others decrease, depending in
whether an increase in facet contact is elevated due to the increase in
load share. This is shown to be true for all load cases except the
flexion where there is no contact and still changes in slope of stress-
load curves occur. Therefore, some of these effects have to be related
to the fibers or to the non-linearity behavior of the ligaments. These
changes can also be seen in the whole spine results. The effects of
preload seam to be small on the kinematics of the cervical spine yet
can be significant in the case of stresses, fibers in tension or facet
contact.

CONCLUSION

A mathematical parametric cervical spine model was developed, using
a limited number of design parameters. These parameters are
identified and selected based on their critical function and their role in
the anatomical condition of the cervical spine. A total number of 212
loads were applied for this study. The present study focuses in
deterministic responses of the cervical spine, and does not quantify for
the effects of uncertainties in the responses derived from material
properties and geometry variability. Several other related responses
where analyzed and related to further understand the biomechanics of
the cervical spine.

Flexion Extension
9 ca-ca cacs C5-C6 ce-c7
8 T - o
7 1
6 2
'Y & Panjabi 2001 2
4 m Current Study 2, @ Panjabi (2001)|
H &7 o I B Curent Stugy
2 i +
B s
o M T
cace cacs cscs cocr s
Bending Torsion

o Panjabi (2001)|
m Curent Study

05

caca cacs c5co ce-c7 caca cacs csco cec7

Figure 1 Validation of cervical spine with experimental data from

Pamijabi [3]
Annulus c5
I i — »
150 v/'/ 25 o
7 1400 L 8 2 —
£ 1200 -t —s—Disc 56 Preload ON z o
' 1000 e Disc 56 Preload SON | | 2 15 |
H ] - Disc 56 Preoad 100N| | B 1
@ R4 | 05
 Vadl | | o
i [ | 0 05 1 15 2 25 3 35
0 05 1 15 2 25 3 35 Load (Nm)
Load (Nm) [—o—BelaON _—=—BeaSN ___Bela 100N ]
Fibers Contact
J ‘ 0.08 ‘ ‘ ‘

I i |
=007
§005 | —— Disc 56 Preload ON
| —— Disc 56 preload ON E 005 / Disc 56 Preload 50N
Disc 56 Preload 50N E 004 | —=— Disc 56 Preload 100N

| = Disc 56 Preload 100N| | 3
‘ ‘ Son
I | 001

1 15 2 25 3 35 0 05 1 15 2 25 3 35

Load (Nm) Load (Nm)

Figure 2 Results of a C5-C6 Functional Unit in torsion
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