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Morphometric analysis of cervical pediclesin a Mexican population
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ABSTRACT. Background: Knowledge of the
mor phometric anatomy of cervical pediclesis
essential for the safe and accurate placement of
pedicle screws during instrumentation of the cer-
vical spine. Screw placement in the lumbar and
thoracic vertebrae is considered as a safe prac-
tice, unlike the cervical vertebrae dueto therisks
involved. There arefew reportson thistechnique.
The little available information comes from pop-
ulations different from the M exican population.
Knowing the measurements of each cervical ver-
tebra will provide proper screw orientation and
selection at thetime of screw placement. Methods:
Prospective, cross-sectional, descriptive study
in subjects who presented at the outpatient and
emergency services. Patient’s in whom a CAT
scan of the cervical spine was ordered as part of
the wor k-up protocol, from April 1st 2010 to Oc-
tober 31st 2010, were included. A morphometric
anatomic study was undertaken using the CAT
software. In a saggital view: a) Saggital angle, b)
Saggital diameter. In an axial view: a) Work dis-
tance, b) Cross-sectional angle and c¢) Cross-sec-
tional diameter. Results: The following measur e-
ments wer e obtained for each segment from C2 to
C7: mean, standard deviation, range and minimal
and maximal values. Conclusions and clinical rel-
evance: Appropriate preoperative planning prior
to cervical transpedicular instrumentation is es-
sential to achieve greater accuracy during screw

RESUMEN. Antecedentes: El conocimiento
de la anatomia morfométrica de los pediculos
cervicales es esencial para una colocacion segu-
ray precisa de tornillos transpediculares en la
instrumentacion de la columna cervical. Se ha
considerado una practica segura la colocacién de
tornillosen lasvértebraslumbaresy toréacicas, no
asi en las cervicales por los riesgos que conlleva.
Existen pocos reportes de esta técnica. L a escasa
informacion disponible esta dada en poblaciones
disimiles a la mexicana. Conocer las mediciones
de cada vértebra cervical nos permitirala adecua-
daorientacion y seleccion detornillos al momento
de su colocacion. Métodos: Estudio prospectivo,
transversal, descriptivo, en sujetos que acudieron
a consulta externa y urgencias. Se incluyeron a
quienes fue solicitada TAC de columna cervical
como parte del protocolo de estudio, entre Abril
1 de 2010 a Octubre 31 de 2010. Serealiz6 un es-
tudio anatémico mor fométrico, obteniéndose me-
diante el softwaredel TAC. En un corte sagital: a)
Angulo sagital y b) Diametro sagital. En un corte
axial: a) Distancia de trabajo, b) Angulo trans-
verso y c) Diametro transverso. Resultados: Se
obtuvieron cifras de media, desviacion estandar
y rango y valores minimos y maximos para cada
segmento de C2 a C7. Conclusiones e importancia
clinica: Es primordial una planificacion preope-
ratoria adecuada antes de una instrumentacion
transpedicular cervical para lograr mayor pre-
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placement. The information obtained allows
performing the procedure. As a result of this, a
report based on out center’s experience may be
disseminated thus sharing our technique with the
medical community.

Key words: anatomy, vertebra, morphology,
population, Mexico.

I ntroduction

Knowledge of the morphometric anatomy of cervical
pediclesis essential for the safe and accurate placement of
pedicle screws when instrumenting the cervical spine.

Pedicle screw placement in the lumbar and thoracic ver-
tebrae is considered as a safe practice, unlike the cervical
vertebrae.

Pedicle fixation is considered biomechanically superior
than instrumentation with wire, lateral mass screws and con-
figurations with rods and hooks. An optimum knowledge of
the anatomy and morphometry of cervical pediclesis neces-
sary for the appropriate placement of cervica pedicle screws.!

Clinical results have shown that cervical pedicle screw
fixation results in better stabilization, but due to the higher
risk of neurovascular injury during screw insertion, there are
only afew clinical reports of this technique.?

The greater stability offered by the placement of screws
in the cervical spine may be explained by the greater screw-
bone interface resulting from the longer tract inside the ped-
icle and the vertebral body.®

The clinical application of pediclefixation in the cervical
spine is technically demanding and has a limited use. Criti-
cal structures are found nearby and there is an important
variation in the morphometry of cervical pedicles.*

Rampersaud et al. report that in the case of the subaxial
cervical spine, the cervicothoracic junction, and the upper
thoracic spine there is a maximum permissible translational
error <1 mm and arotational error < 5°.

When screws are used, pedicle perforation rates, includ-
ing critical and non-critical ones, range between 25 and
87.5% depending on the series.®

Karaikovic et a. found 17% of pedicle perforations with
the funnel technique; Kasegawa et al. found complications
in 17.2% of patients doing decompression followed by
screws, and Ludwig et al. reported a 24% failure rate with a
navigation assisted technique.®

It is difficult to define the critical width at which the
wrong screw positioning rate becomes unacceptably high.
Critical perforations have been reported in pedicles of up to
6 mm in diameter.”

The reported pedicle perforation incidence is lowest in C2
and highest in C4; the next highest oneis observed in C7.
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cisién al momento de la colocacion de tornillos.
Con base en la informacion obtenida se puede lle-
var alapréactica el procedimiento, lo que permita
difundir un reporte basado en la experiencia de
nuestro centro, compartiendo con la comunidad
médica nuestra técnica.

Palabras clave: anatomia, vértebra, morfologia,
poblacién, M éxico.

The vertebral artery does not occupy the entire transverse
foramen area, so the pedicle screws perforating laterally will
not necessarily injure that structure.

The reported neurovascular complication rate due to
screw insertion in cervical pediclesis 1.7% of patients and
0.4% of the screws inserted in a different series. Complica-
tions may be reduced with sufficient preoperative images of
pedicles.®

Material and methods

This is a prospective, cross-sectional and descriptive
study conducted in patients over 18 years of age, who pre-
sented at the outpatient service and the emergency room.

The sample was determined out of convenience. All pa-
tientsin whom a cervical spine CAT scan was requested as
part of their work-up were included, from April 1% to Octo-
ber 319, 2010.

An anatomic-morphometric study was done with axial
and saggital views, with a PHILPS BRILLIANCE 16-slice
computed axial tomography equipment. The following mea-
surements were obtained from C2 to C7 with the equipment
software:

In asaggital view:

e Saggital angle. Angulation of the pedicle saggital angle
and the upper border of the vertebral body.®

» Saggital diameter (pedicle height). Superoinferior diameter
of the narrowest portion of the pedicleisthmus (Figure 1).

In an axial view:

e Work distance. Distance from the pedicle point of entry to
the anterior vertebral cortex.

e Cross-sectional angle. Angulation of the pedicle axiswith
respect to the saggital midline.

e Cross-sectional diameter (pedicle width). Mid-lateral
diameter of the narrowest portion of the pedicle isthmus
(Figure 2).

M easurements were made by staff of the Radiology De-
partment at the hospital, using the MxLite View DICOM
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Figure 1. Measurements in the saggital view.

Viewer by Philips, version 1.24.0, an image visualization
system. The interpretation of the images was done by the
Head of the Radiology Service. All data were recorded in a
Spreadsheet.

Inclusion criteria

I

. Patients of any sex.

. Patients over 18 years of age.

3. Patients presenting at the Imaging Diagnosis Department
for a cervical spine CAT scan as part of their diagnostic
protocol due to atraumatic or non-traumatic condition.

N

Exclusion criteria

1. Patientswith ahistory of cervical spine pathology regard-
less of the etiology.
2. Patients with contraindications for a CAT scan.

Elimination criteria

1. Patientswithout a history of vertebral pathology in whom
anatomical abnormalities of cervical pedicles are found.

2. Patients without appropriate imaging and measurements.

3. Patients without complete images of the cervical spine
from C2to C7.

4. Patients with any kind of fracture from C2 to C7.

All the data collected were entered into a spreadsheet and
statistical software was used. Figures were obtained for the
following: mean standard deviation and range, as well as
minimum and maximum values for each vertebral segment
from C2 to C7.

Results

CAT scan images were obtained in 34 patients who pre-
sented at the outpatient and emergency services with vari-
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Figure 2. Measurementsin the axial view.

ous presumed diagnoses and in whom bone pathology was
ruled out. Only the imaging studies having complete images
of the entire cervical spine, with appropriate sections, were
recorded. A total of 204 vertebrae were studied.

Two patients were excluded: one with important arthrot-
ic changes preventing proper visualization of the structures
and, therefore, measurements; and a patient with hypoplas-
tic pediclesin C2, without history of any malformation or
added pathology.

Mean and standard deviation values were obtained for
the cross-sectional angle, which was 43.96° (x 2.35°) for
C2, with aminimum value of 40 and a maximum of 49, with
arange of 9°. For C3 it was 42.11° (+ 2.46°), with amini-
mum of 38 and a maximum of 47.3, and arange of 9.3°. For
C4 it was 44.79° (x 2.63°), with a minimum of 41.2 and a
maximum of 50.6, and arange of 9.4°. For C5 it was 44.77°
(= 1.87°), with aminimum of 42.1 and a maximum of 48.7,
and arange of 6.6°. For C6 it was 42.40° (= 1.89°), with a
minimum of 38.8 and a maximum of 45.6, and a range of
6.8°. For C7 it was 38.02° (£ 2.46°), with a minimum of 32
and a maximum of 40.9, and arange of 8.9°.

The measurement of the work distance yielded mean and
standard deviation values: For C2 it was 29.13 mm (+ 1.03
mm), with a minimum of 27.1 and a maximum of 30.9, and
arange of 3.8 mm. For C3 it was 32.05 mm (£ 2.2 mm),
with aminimum of 28.8 and maximum of 37.4, and arange
of 8.6 mm. For C4 it was 31.39 mm (+ 1.39 mm), with a
minimum of 29 and a maximum of 34, and arange of 5 mm.
For C5 it was 32.55 mm (£ 1.71 mm), with a minimum of
28.7 and a maximum of 36.7, and a range of 8 mm. For C6
it was 33.19 mm (x 1.52 mm), with a minimum of 30.1 and
amaximum of 37.3, and arange of 7.2 mm. For C7 it was
35.12 mm ( 2.2 mm), with aminimum of 29.1 and a maxi-
mum of 38, and arange of 8.9 mm (Chart 2).

The mean and standard deviation values for the cross-
sectional diameter were: For C2 4.9 mm (£ 0.41 mm), with
aminimum of 4 and a maximum of 5.9, and arange of 1.9
mm. For C3 4.27 mm (£ 0.49 mm), with a minimum of 3.3
and amaximum of 5.1, and arange of 1.8 mm. For C4 4.33
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mm (x 0.37 mm), with aminimum of 3.6 and a maximum of
5.1, and arange of 1.4 mm. For C5 5.03 mm (zx 0.49 mm),
with aminimum of 4.1 and a maximum of 5.9, and arange
of 1.8 mm. For C6 5.42 mm (x 0.38 mm), with a minimum
of 4.6 and amaximum of 6.2, and arange of 1.6 mm. For C7
it was 6.27 mm (= 0.54 mm), with aminimum of 5.1 and a
maximum of 7.1, and arange of 2 mm (Chart 3).

Mean and standard deviation values were obtained for
the saggital angle, which was 22.25° (£ 1.74°) for C2,
with a minimum value of 18.9 and a maximum of 25.1,
with arange of 6.2°. For C3 it was 11.87° (x 0.96°), with
a minimum of 10.2 and a maximum of 13.9, and a range
of 3.5°. For C4 it was 12.12° (x 1.04°), with a minimum
of 10.1 and a maximum of 13.9, and a range of 3.8°. For
C5it was 11.03° (+ 1.38°), with a minimum of 8.5 and a
maximum of 14, and arange of 5.5°. For C6 it was 10.38°
(x 1.37°), with a minimum of 7 and a maximum of 12.4,
and arange of 5.4°. For C7 it was 13.08° (= 1.15°), with a
minimum of 11.3 and a maximum of 15.4, and a range of
4.1° (Chart 4).

Mean and standard deviation values for the saggital di-
ameter were for C2 9.26 mm (£ 1.08 mm), with aminimum
value of 6.2 and a maximum of 11, and a range of 4.8 mm.
For C3 it was 6.33 mm (x 0.65 mm), with a minimum of
5.7 and a maximum of 7.8, and arange of 2.1 mm. For C4
it was 6.8 mm (x 0.69 mm), with aminimum of 5.9 and a
maximum of 8.1, and arange of 2.2 mm. For C5 it was 5.58
mm (= 0.36 mm), with aminimum of 4.9 and a maximum of

6.2, and arange of 1.2 mm. For C6 it was 6.11 mm (+ 0.34
mm), with a minimum of 5.5 and a maximum of 6.7, and a
range of 1.2 mm. For C7 it was 6.19 mm (x 0.7 mm), with a
minimum of 4.9 and a maximum of 7.3, and arange of 2.4
mm (Chart 5).

Discussion

Thirty-four patients were included and 204 vertebrae
were measured, which resulted in a sample larger than the
reports by Karaikovic et al. (10 cadavers, 60 vertebrae),’
Pai et al. (30 cadavers, thoracic vertebrae),’® Ebraheim
et al. (160 vertebrae from 40 cadavers),! Bozbuga et al.
(29 cadavers, 145 vertebrae),™* Datir et al. (18 cadavers,
thoracic vertebrae),’> McLain et a. (18 cadavers, thoracic
vertebrae),® Ludwig et al. (14 cadavers),* Kim et al. (10
cadavers),’® and Sakamoto et al. (30 patients, 150 verte-
brae).’® The largest study found is another one by Karai-
kovic et al., which measured 53 cadavers.

Based on the values obtained for all the vertebrae studied
in the measurements performed, we observed that in order
to place pedicle screws in the cervical segments there needs
to be convergence of screws in the saggital plane with re-
spect to the midline, of amean of 43.9° for C2, 42.1° for C3,
44.7° for C4, 44.7° for C5, 42.4° for C6, and 38° for C7. Itis
necessary to tilt the screw cranially or caudally, in the axial
or cross-sectional plane, 22.2° for C2, 11.8° for C3, 12.1°
for C4, 11° for C5, 10.3° for C6, and 13° for C7.
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Chart 4. Mean of the saggital angle values.
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Concerning the screws that may be safely placed in the
cervical spine, their maximum length in C2 isamean of 29.1
mm, 32 mm for C3, 31.3 mm for C4, 32.5 mm for C5, 33.1
mm for C6, and 35.1 mm for C7. The mean maximum diam-
eter that may be used for C2 is 4.9 mm, for C3 4.2 mm, for
C4 4.3 mm, for C55 mm, for C6 5.4 mm, and for C7 6.2 mm.

The knowledge of the anatomy of the cervical pedicles
in aliving and healthy population in our country gives us a
close idea of the needs regarding the material to use and the
difficulties to be encountered at the time of posterior trans-
pedicular cervical instrumentation.

The sample obtained in this study exceeds the ones used
in most of the reports of similar studies, therefore, the valid-
ity of the data obtained is reliable.

Preoperative planning with appropriate images is essen-
tial before attempting transpedicular instrumentation of the
cervical spine. The reduced margin of error that character-
ized such instrumentation resultsin the need for the greatest
possible precision to avoid harming the sensitive and vital
structures located near the pedicles.

The diameter of the screws used in the cervical spine
ranges from 3.5 to 4.5 mm, which would allow us to place
4.0 mm screws for C3 and C4, and, for the remaining seg-
ments, 4.5 mm screws in general.

The placement of either transface or transpedicular
screws is done freehand, relying on the surgeon’s skill and
precision, unless computer navigation equipment is avail-
able. However, the latter is quite expensive and unlikely to
be used in our setting. Due to this, an extensive knowledge
of the surgical anatomy of the cervical vertebrae and ample
experience in screw placement in this region with any of
the previously described techniques are recommended. It is
therefore necessary to design screw placement instruments
that allow for greater precision in this area. The results of
this study may contribute to this.
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The information obtained allows performing the proce-
dure addressed herein. As aresult of this, areport of cases
based on our center’s experience may be disseminated thus
sharing our technique with the medical community.
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