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ABSTRACT

Introduction: the posterior cranial fossa (PCF) is a part of the cranial cavity that contains important neurovascular structures.
The anatomical knowledge of the foramen magnum (FM) and occipital condyle (OC) is essential to avoid damage to the PCF
during lateral surgical approaches.

Purpose: to conduct a clinical and anatomical analysis of the FM and OC and its importance with the transcondylar approach.
Methods: 98 human skulls of individuals from Northeast Brazil were studied. Sexual dimorphism was evaluated according to
the characteristics of Vanrell (2002). The longitudinal and transverse diameters of the FM and OC were measured with the help
of a vernier caliper. The distance between the retrocondylar point (RP) and the basion was also measured. Student’s t-test was
applied to evaluate statistical difference between sexes on each side, using GraphPad Prism® for Windows version 6.0. Values
of p<0.05 were considered significant.

Results: the transverse diameter of the FM is larger in men (p=0.007). Regarding the OC, the transverse diameter on the left
side is statistically larger in men (p=0.023). The distance between the RP and the basion in men and women, was statistically
insignificant (p>0.05). When comparing men and women, the longitudinal and transverse diameters of left OC were statistically
larger in men (p=0.004 and p=0.009, respectively). The distance from the RP to the basion is statistically insignificant between
sexes.

Conclusion: we present unprecedented insights regarding the anatomy of the FM and OC in individuals from northeastern

Brazil as well as its importance in the planning of lateral transcondylar approaches.
Keywords: Anatomy; Posterior cranial Fossa; Foramen magnum; Occipital condyle.

Introduction

The posterior cranial fossa (PCF) is a part of the
cranial cavity that contains several neurovascular
structures, which enter and exit the neurocranium
through the foramen magnum (FM), the hypoglossal
canal (HC), the jugular foramen (JF) and the internal
auditory canal (IAC)\. Various neural structures are in
close vicinity to this area, such as the IX to XII cranial
nerves, Cl and C2 spinal nerves, the caudal aspect of
the medulla oblongata, the rostral aspect of the spinal
cord, the inferior vermis, and the cerebellar tonsil.
In addition, vascular structures such as vertebral,
cerebellar, and meningeal arteries, as well as dural and
venous sinuses, and also the internal jugular vein are
also closely associated with this area'™.

Anatomical and morphometric knowledge is
essential to prevent damage to the PCF during
lateral surgical approaches, which are used to treat
pathologies that affect this region, as important
neurovascular structures that are essential for life
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maintenance pass through this area* Additionally,
understanding the morphology of structures within
the PCF is crucial in craniovertebral surgeries, aiding
in determining surgical zones and neurovascular
boundaries, as errors in this region can result in high
morbidity and mortality®.

The application of morphometric analysis of the
FM is clinically relevant in the pathogenesis of various
disorders that occur in the structures present in the
PCF. For instance, the cervicomedullary junction may
be compressed as a result of marked FM stenosis,
resulting in neurologic manifestations®’.

The occipital condyle (OC) represents the cranial
portion of the craniovertebral junction. The OC is
related to the HC laterally and slightly forward, the
JEF and IAC are lateral to each OC! Craniovertebral
surgeries require special attention about the
morphology and morphometry of the OC and the
structures surrounding it. Surgical mistakes in PCF
may damage neurovascular structures, increasing
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morbidity and mortality®. Further, anatomic
knowledge of the morphometry of this area can
provide important benefits in determining safe
surgical zones during surgical procedures®®.

Although there are many studies determining the
morphometry of the FM and OC!®, there are only
very few reports available regarding the clinical and
anatomical importance of these structures in the
perspective of the surgical transcondylar approach.

The objective of this study was to conduct a
clinical and anatomical analysis of the FM and
OC addressing their relation to the transcondylar
approach.

Material and Methods

A total of ninety-eight human skulls (60 males
and 38 females) of individuals from northeastern
Brazil, belonging to the Anatomy Department
of the Federal University of Ceard (UFC) and the
Nova Esperanca Medical School (FAMENE) were
analyzed. The skulls that were damaged or affected
by pathological processes were excluded from the
study. Sexual dimorphism was evaluated according
to the characteristics shown in Vanrell's study™.

Linear measurements of FM and OC, i.e.,
longitudinal and transverse diameters (Figure 1),
were taken with the help of a vernier caliper with

Figure 1. Inferior view of skull.

Legend: 1- longitudinal diameter of the FM; 2- transverse diameter of the FM;
3- longitudinal diameter of the OC; 4- transverse diameter of the OC; 5- distance
of the RP and basion.

a minimum counting of 0.01 mm. The distance
between the retrocondylar point (RP) and the basion
was also measured.

For data analysis, the 2016 version of Word and
Excel® were used to record the measurements and
descriptions. Shapiro-Wilk test was used to verify the
normal distribution of the data. The Student’s t-test
was applied to evaluate the existence of statistical
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difference between the arithmetic mean on the right
and left sides of the skulls. Also, it was analyzed the
presence of gender differences in the cranium. It was
used GraphPad Prism version 6.00 for Windows,
La Jolla California USA. Values of p<0.05 were
considered as statistically different.

The present study was elaborated in accordance
with the Brazilian Federal Law 8.501 (November 30,
1992).

Results

The mean longitudinal diameter of FM was found
to be 36.63+2.51 mm and 35.70+2.07 mm in males
and females, respectively, and the difference of
the arithmetic mean was statistically insignificant
(p>0.05). The obtained mean transverse diameter
of FM was 31.83+2.79 mm and 30.30+2.46 mm in
males and females, respectively, and in this case,
difference of the arithmetic mean was statistically
significant (p=0.007).

The mean longitudinal diameter of OC in males
was 21.99+2.84 mm and 22.18+2.91 mm on the right
and left sides, respectively, and the arithmetic mean
difference was statistically insignificant (p>0.05).
The mean transverse diameter of OC in males was
11.5041.24 mm and 12.12+1.71 mm on the right and
left sides, respectively, and the arithmetic mean
difference was statistically significant (p=0.023). In
female skulls, none of the OC measurements were
statistically significant (p>0.05).

The mean distance between the RP and the basion
in males was 23.87+2.31 mm and 23.54+2.30 mm
on the right and left sides, respectively, and mean
difference was statistically insignificant (p>0.05).
In female skulls, this measure was also statistically
insignificant (p>0.05).

In this study, none of the measures analyzed
in the right OC between males and females were
statistically different. In the left OC, the mean
longitudinal and transverse diameter were
statistically different between males and females,
p=0.004 and p=0.009, respectively.

The mean distance from the RP to the basion
between males and females was found to be
statistically insignificant (p>0.05).

Table 1. Foramen magnum (FM) dimensions in skulls in relation to gender.
(Number: Male= 60; Female= 38)

Dimensions Male Female P value
(mean £SD) | (mean  SD)
Longitudinal 36.63+2.51 35.702.07
. p>0.05
diameter of FM (29.0-42.0) (32.0-41.0)
Transverse diameter | 31.83%+2.79 30.30+2.46
p=0.007
of FM (25.50-38.0) (25.50-38.0)

Legend: FM- Foramen magnum.



A Morphometric Analysis of the Foramen Magnum and Occipital Condyle as it Relates to the Transcondylar Approach

Sarmento JP et al.

Table 2. Occipital condyle (OC) and retrocondylar point (RP) dimensions in skulls in relation to gender. (Number: Male= 60; Female= 38)

Male Female
Dimensions (mean + SD) (mean + SD) Pvalue
Right Left Right Left
Lo 21.99+2.84 2218£2.91 20.85:2.66 20.55:2.20 .

Longitudinal diameter of OC (14.15-27.0) (12.72-29.37) (14.98-28.50) (14.48-25.0) 0.004
Transverse diameter of OC 11.5041.24% 122241.71%1 11.041.46 112241451 *0.023;
(8.79-14.0) (8.0-15.43) (8.0-15.0) (8.0-14.0) 0.009
=P and basion 23.87:2.31 23.54+2.30 23114240 22.95+2.94 2005

(18.0-28.87) (20.0-29.0) (20.0-29.77) (13.0-29.40) p>5-

Legend: OC- occipital condyle; RP- retrocondylar point.
*- Statistically significant difference intragroup.
*- Statistically significant difference between groups.

Discussion

The knowledge of morphometry of the posterior
cranial fossa is a prerequisite for surgical interventions
in this region, especially with a transcondylar
approach®.

The anteroposterior and transverse lengths of
the FM are clinically important for calculating the
surgical area. In this study, only the transverse
diameter of the FM is statically different between
men and women (p=0.007). This information differs
from a previous study performed by our study group,
where the anteroposterior and transverse diameters
were found to be statically different between sexes!.

The transverse diameter was 31.83+2.79 mm in men
and 30.30+2.46 mm in women. In other studies, the
mean transverse diameter was reported differently,
from 29.5 mm to 31.6 mm in men and from 27.1 to 29.4
in women; the reported diameters are larger in men
than in women'>26,

Due to deep locations of some tumors anterior to
the brainstem, a detailed anatomy analysis of this
region is important before any surgery, to aid in the
proper planning of the management. Variations in
the morphology of FM should be considered during
radiological diagnostic procedures and surgical
approaches in the area. Previous studies have shown
that this variability may be due to sexual dimorphism,
differences in population types, and ethnic groups?*#.

In this study, none of the measures analyzed in the
right OC between men and women were statistically
different (p>0.05). Concerning the left OC, the mean
longitudinal and transverse diameters were found to
be statistically larger in men (p=0.004 and p=0.009,
respectively). This result differs from another study
performed by our research group®, which showed
that upon comparing the genders, the longitudinal
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