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ABSTRACT

Objective: To evaluate the morphometric parameters of the C2 (axis) lamina related to the intralaminar fixation technique and compare
the dimensions between sexes. Methods: Descriptive anatomical study of 59 C2 vertebrae from cadavers (30 male and 29 female). Seven
morphometric parameters were bilaterally measured by four independent examiners using a standard analog caliper. Statistical analysis
included normality tests, t-Student, Mann-Whitney, and Kruskal-Wallis. Results: Morphometric measurements showed significant differ-
ences between sexes, with greater values in males (p<0.05). Lamina thickness was less than 4 mm in 25.20% of cases, more frequently
in females. Conclusions: Intralaminar fixation of the axis must account for anatomical variations, particularly in females. Lamina thickness
below 4 mm limits the safe use of 3.5 mm screws, emphasizing the need for detailed preoperative assessment. Level of Evidence IV;
Descriptive Anatomical Observational Study.
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RESUMO

Objetivo: Avaliar os parametros morfométricos da lémina da vértebra C2 (axis) relacionados a técnica de fixagao intralaminar e comparar as
dimensées entre 0s sexos. Métodos: Estudo anatémico descritivo realizado com 59 vértebras C2 provenientes de cadaveres (30 masculinos
e 29 femininos). Sete parametros morfométricos foram mensurados bilateralmente por quatro avaliadores utilizando paquimetro analdgico.
Analises estatisticas incluiram testes de normalidade, t-Student, Mann-Whitney e Kruskal-Wallis. Resultados: As medidas morfométricas
apresentaram variagdes significativas entre os sexos, sendo maiores no sexo masculino (p<0,05). A espessura da lamina foi inferior a 4
mm em 25,20% dos casos, sendo mais frequente em mulheres. Conclusbes: A técnica de fixagdo intralaminar do axis deve considerar as
variagbes anatémicas, especialmente em mulheres. A espessura inferior a 4 mm limita o uso seguro de parafusos de 3,5 mm, reforcando
a necessidade de avaliagéo pré-operatdria detalhada. Nivel de Evidéncia IV; Estudo Observacional Descritivo Anatémico.

Descritores: Anatomia; Vértebra Cervical Axis; Fixagao Ossea; Coluna Vertebral: Antropometria.

RESUMEN

Objetivo: Evaluar los parametros morfométricos de la lamina de la vértebra C2 (axis) relacionados con la técnica de fijacion intralaminar
y comparar las dimensiones entre sexos. Métodos: Estudio anatdmico descriptivo con 59 vértebras C2 de cadaveres (30 masculinas y
29 femeninas). Siete parametros morfométricos fueron medidos bilateralmente por cuatro evaluadores utilizando calibrador analégico. Se
aplicaron pruebas de normalidad, t-Student, Mann-Whitney y Kruskal-Wallis. Resultados: Las medidas morfomeétricas mostraron diferencias
significativas entre sexos, siendo mayores en los hombres (p<0,05). El grosor de la lamina fue inferior a 4 mm en el 25,20% de los casos,
con mayor frecuencia en mujeres. Conclusiones: La fijacion intralaminar del axis debe considerar variaciones anatémicas, especialmente en
mujeres. Un grosor inferior a 4 mm limita el uso seguro de tornillos de 3,5 mm, destacando la importancia de la evaluacion preoperatoria.
Nivel de Evidencia IV; Estudio Observacional Anatémico Descriptivo.

Descriptores: Anatomia; Vértebra Cervical Axis; Fijacion de Fractura; Columna Vertebral; Antropometria.

INTRODUCTION

The instability of the atlantoaxial complex caused by different
etiologies (trauma, tumor, degenerative, infectious, congenital, failed
previous surgery) requires the surgical stabilization of this segment
of the spine, which can be obtained through arthrodesis.! The ar-
throdesis is performed, associated with the fixation of the atlantoaxial
segment for the maintenance of correction and facilitation of the

consolidation of arthrodesis. The fixation of the atlantoaxial segment
was initially carried out by circling with metallic wires (technique by
Gallie, Brooks)." The fixation with metallic wires presents biomecha-
nical limitations, requires external immobilization in the postoperative
period, and reduces the index of consolidation of the arthrodesis.?3
Fixation techniques that provide greater biomechanical stability
were developed (transarticular fixation C1-C2- lateral mass C1-pars
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articular, pedicle C2, or lamina of C2). The axis (C2) presents diffe-
rent options for the anchoring of the implants (transarticular fixation,
pedicular fixation, lateral mass, and lamina), and its intralaminar
portion represents one of the options for implant placement.’ The
intralaminar fixation technique of the axis was described by Wright
(2004), and recommended the placement of bilateral screws inside
the laminas of the axis (Figure 1). This technique was developed
to avoid the risk of injury to the vertebral artery, related to the other
techniques of axis fixation.® Despite the simplicity of the technique
described by Wright in relation to the other techniques, the rupture
of the inner part of the lamina was observed with the implementa-
tion of this technique and motivated some technical modifications
of this procedure, but retaining the intra-laminar placement of the
implants.* Although the morphometric characteristics of the axis
related to the technique of intralaminar fixation have been described
in the literature.>8

The aim of the study was to evaluate the morphometric charac-
teristics of the axis related to the technique of intralaminar fixation
and to compare their dimensions in male and female sex.

Source: Author.

Figure 1. Figure of fixation of C2 lamina.

MATERIALS AND METHODS

59 C2 vertebrae (axis) from the Laboratory of Anatomy of the
Faculty of Medicine of Ribeirao Preto - USP were used in the study.
Thirty vertebrae were found in male and 29 in female bodies. The
Term of Free and Informed Consent was not applied, as the study
was conducted on anatomical pieces donated to the Department of
Orthopaedia and Anesthesiology of the Faculty of Medicine of Ribei-
rao Preto - USP. All vertebrae were in a good state of preservation
and with their anatomical characteristics preserved. This study was
submitted for review and approved by the Ethics Committee (CAAE)
number 81159324.7.0000.5440.

The anatomical parameters selected for the study were the di-
mensions of the lamina of the second cervical vertebra (axis) related
to the technique of intralaminar fixation of this vertebra (Figure 2):
* Height of the pineal process (A.E.) - distance between the most
cranial and caudal point of the pineal process.

* Lamina length (C. L) - distance between the base of the axis
thinning process and the lamina junction with the lower joint facet.
* Lamina height (A. L.) - vertical distance from the upper and lower
edge of the axis lamina. X

* Angle between the laminas (A) - angle formed by the lines of the
superior surfaces of the laminae at the spinolaminar junction.

* Cranial thickness of the lamina (E.L.) - thickness of the lamina in
the upper third of its middle part.

* Average lamina thickness - lamina thickness in the middle third
of its middle part.

* Flow lamina thickness - lamina thickness in the lower third of the
middle part of the lamina.

The measurements were carried out bilaterally by four

Source: Author.

Figure 2. Figure of the study parameters.

independent evaluators using a universal analogue paquimeter
150mm/6”- 0.05mm/6”.

The statistical study was conducted using descriptive statistics
for continuous variables, the Shapiro-Wilk test to determine sample
normality, the t-test, and the Kruskal-Wallis test for comparing pa-
rameters. The significance level was established at 5% (p<0.05).

RESULTS

The values of the lamina angle ranged from 34 to 56 degrees
(average 43.96 = 4.54) on the right side and from 34 to 56 degrees
(average 44.08 = 4.78) on the left side. In females, it varied from 34
to 56 degrees (average 43.60 = 4.70) on the right side, and from 36
to 56 degrees (average 43.67 = 5.05) on the left side. In the male
sex, it varied from 34 to 56 degrees on both sides, with an average of
44.30 = 4.36 degrees on the right side and 44.48 = 4.48 degrees on
the left side. No statistical difference in lamina angle was observed
between males and females. (Figure 3)

The distance from the spine process to half the lateral mass ran-
ged from 20 to 34 mm (average 25.90 + 2.56) on the right side and
from 18-32 mm (average 25.79 + 2.46) on the left side. In the female
sex it varied from 20 to 30 mm (average 24.54 = 2.09) on the right
side and from 18 to 30 mm (average 24.59 = 2.17) on the left side.
In the male sex it varied from 20 to 30 mm (average 24.54 = 2.09)
on the right side, and from 18 to 30 mm (average 24.59 + 2.17)
on the left side. A statistical difference was observed between male
and female (Kruskal-Wallis test — p<0.05). (Figure 4)

The height of the pine process ranged from 7 to 21 mm (average
12.73 = 2.32). In females it varied from 6 to 14 mm (average 10.25
+ 1.37), and from 10 to 21 mm (average 13.78 = 2.36) in males.
Statistical difference was observed between male and female values
(Mann-Whitney test-p<0,0001). (Figure 5)

The height of the lamina on the right side ranged from 7 to 26 mm
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Figure 3. Graph illustrating the variation and average of the values of the
lamina angle across the group, in both female and male sides.
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Figure 4. Graph illustrating the distance from the spinal process to the center
of the lateral mass in the entire group, in male and female. The asterisk (*)
indicates Mann-Whitney test statistical difference — p<0.0001.

Figure 6. Graph illustrating the height of the lamina in the entire group, male
and female. The asterisk (*) indicates statistical difference-(Kruskal-Wallis
test- p<0,0001).
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Figure 5. Graph illustrating the height of the spinal process in the entire
group, in male and female sex. The asterisk (*) indicates Mann-Whitney test
statistical difference — p<0.0001.

(average 11.09 = 1.83), and from 6 to 26 mm (average 11.11 = 1.85)
on the left side. In females it varied from 7 to 13 mm (average 10.29 =
1.12) on the right side, and from 6 to 14 mm (average 10.25 + 1.37)
on the left side. In the male sex it varied from 8 to 26 mm (average
11.86 = 2.05) on the right side, and from 8 to 26 mm (average 11.95
+ 1.87) on the left side. A statistical difference was observed between
male and female values. (Kruskal-Wallis-p<0.0001). (Figure 6)

The cranial thickness of the lamina ranged from 1 to 5 mm (ave-
rage 2.66 = 1.02) on the left side, and from 1 to 6 mm (average
2.73 = 1.03) on the left side. In the female sex it varied from 1 to
4 mm (average 2.38 + 0.99) on the right side, and from 1 to 4 mm
(average 2.48 = 0.99) on the left side. In the male sex it varied
from 1 to 5 mm (average 2.98 = 0.94) on the right side, on the left
side it varied from 1 to 6 mm (average 2.98 + 1.02). A statistical
difference was observed between male and female. (Kruskal-Wallis
test — p<0.0001). (Figure 7)

The middle thickness of the lamina ranged from 1 to 8 mm
(average 4.36 = 1.37) on the right side, and from 2 to 9 mm (average
4.46 = 1.34) on the left side. In females it varied from 1 to 6 mm
(average 3.81 = 1.19) on the right side, and from 2 to 8 mm (average
4.08 = 1.26) on the left side. In the male sex it varied from 2 to
8 mm (4.90 = 1.33) on the right side, and from 2 to 9 mm (average
4.83 = 1.32) on the left side. Statistical difference between the sexes
was observed (Kruskal-Wallis-p<0.0001). (Figure 8)

The thickness of the flow lamina ranged from 2 to 9 mm (average
4.48 = 1.34) on the right side, and from 1 to 8 mm (average 4.60 + 1.43)
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Figure 7. Graph illustrating the thickness of the cranial lamina (Kruskal-Wallis
test- p<0.0001).
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Figure 8. Graph illustrating the middle thickness of the lamina (Kruskal-Wallis
test- p<0.0001).

on the left side. In females it varied from 2 to 7 mm (average 4.07 =
1.05) on the right side, and from 1 to 8 mm (average 4.25 + 1.28) on
the left side. Statistical differences between the sexes were observed
(Kruskal-Wallis-p<0,0001). (Figure 9)
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The thickness (diameter) of the lamina is of great importance
for placing the implants inside it, and the diameter of 4mm has
been considered the limit for placing screws of 3.5mm diameter.
Among all the measurements performed, the diameter of the axis
lamina was less than 4mm in 25.20% of the subjects (3mm-18.43%;
2mm-6.35% and 1mm-6.42%) (Figure 10). On the right side the
lamina had a thickness of less than 4mm in 25.41% of the measu-
rements and in 24.90% on the left side. In females the thickness
of the lamina was less than 4mm in 39.26% of the measurements
and in 12.5% in males.

200+
2

S 150+
£
g

2 100+
©
(]
£

8 504
£
=]
=z

0~

1 2 3 4 5 6 7 8 9
Blade thickness (mm)

Figure 9. Graph illustrating the flow lamina thickness (Kruskal-Wallis test-
p<0.0001).
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Figure 10. Frequency of axis lamina thickness in all group measurements.

DISCUSSION

The values of the parameters evaluated for the second cervical
vertebra (axis) and related to the technique of intralaminar fixation
showed variation of their values in the studied sample. No difference
was observed in the values of the parameters studied between
the right and left side in the total sample and considering gender.
However, statistical differences were observed between male and
female values in all evaluated parameters. The values of all param-
eters were statistically higher in males.

The technique of intralaminar axis fixation has been useful
in patients who present smaller dimensions or morphological
anomalies of the pedicle, axis joint pars and trajectory of the
vertebral artery.>"" However, the poor positioning of the screw in
the axis lamina can break the internal cortical and cause injury of
the dura mater or spinal cord.® The evaluation of the dimensions of
the axis related to intralaminar fixation should be performed more
frequently during the planning of the surgical procedure consider-
ing the variation in the dimensions of the parameters related to this
fixation modality.’® In patients with basilar invagination the reduced
dimensions of the pedicles and isthmus and their association with
changes in the trajectory of the vertebral artery have contributed
to the more secure achievement of the axis. However, in patients
with basilar invagination, the dimensions of the lamina allow the
technique to be performed in a smaller percentage of patients.®
Patients with basilar invagination have the narrower and smaller
axis lamina, and the possibility of intralaminar fixation is less than
in the general population.®

The morphology of the axis lamina presents variations as
observed in our series and described in the literature.’™ A small
percentage of individuals have a small blade diameter for screw
placement of 3.5mm."'> The diameter of the axis blade is a
critical parameter for the implementation of the intralaminar
fixation technique due to the diameter of the implant placed
inside it. The axis morphometric studies have shown that 5%
of the subjects presented a bilateral axis lamina thickness of
less than 4 mm and 9.2% unilateral.®® The placement of intra-
laminar screws of 3.5mm would be possible in 80.3% of the
subjects according to the Chan morphometric study.® We ob-
served a certain percentage of laminas with a thickness of less
than 4mm in the tested vertebra sample, mainly in females.
This observation reinforces the need for the preoperative evalu-
ation of the thickness of the axis lamina, as in some patients its
thickness does not allow the placement of implants with 3.5mm
diameter in its interior.

Criteria have been developed for the safety and accuracy of
translaminar axle fixation.®8'3 In unilateral fixation 4,5mm is minimum
lamina thickness and axle height for the placement of screws of
3.5mm diameter with the error margin of 0.5mm.®

Although the intralaminar axis fixation is a safe technique and
of great use in patients with small axis pedicles or alteration of the
trajectory of the vertebral artery, some disadvantages have been
reported. In thin patients, the protrusion of the screw head dorsally to
the spinal process can make it prominent and palpable on the skin.'®
The placement of the implants provides less bed for the placement
of the bone graft, and the higher rate of pseudoarthrosis in patients
over 65 years old and with odontoid fracture.'>!”

The anatomical axis parameters related to the intralaminar tech-
nique presented differences in the study sample, and were smaller
in the female sex. The thickness of the lamina below 4mm was
observed in part of the study sample, and this parameter should be
considered in the preoperative evaluation for the safe implementa-
tion of the technique.
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