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ABSTRACT

Introduction: knowledge of anatomy and anatomical variations of the ethmoid bone, particularly the cribriform plate, is of
great importance for otolaryngologists and neurosurgeons, as one of the complications that can occur during surgery of the
nasal cavity or anterior cranial fossa is cerebrospinal fluid (CSF) fistula or nasal liquorrhea, resulting from perforation of the
cribriform plate. We aimed to analyze the anatomical variations of the cribriform plate using computed tomography images
of the skull.

Materials and Methods: one hundred and Twenty-five exam images were analyzed, of which 50 were from men and 75 from
women. The evaluated parameters were the symmetry of the cribriform plate and the horizontal, oblique, or vertical layout of
the lamellae.

Results: the cribriform plate was shown to be asymmetrical in 82% of men and 20% of women (p<0.0001). Regarding the
asymmetry of the cribriform plate, 98% of men had a higher left lamina, while 73% of women had this same pattern (p=0.02).
The vertical positioning of the lamella was the most frequent finding in both men and women (48% and 44%, respectively).
Conclusions: Women have a more symmetrical arrangement of the cribriform plate. When there is asymmetry, the left portion

is higher in both genders. The vertical arrangement of the lamellae is the most common finding between both genders.
Keywords: Anatomical variations, Cribriform plate, Computed tomography, Cerebrospinal fluid rhinorrhea.

Introduction

Statistical and physiological criteria are used to
define anatomical normality: normal is the most
frequent structure and best adapted for good
performance. Anatomical variations are small normal
morphological deviations from normal, which do not
disturb function.!

The ethmoid is a light and spongy bone, located in
the anterior part of the skull base, between the two
orbital cavities. It has four parts: a horizontal one,
called a cribriform plate, which forms part of the base
of the skull; a perpendicular plate that contributes
to the formation of the nasal septum; and two lateral
masses or labyrinths.?® The upper wall of the nasal
cavity is formed mainly by the cribriform plate.” The
foramina of the cribriform plate are perforations that
give passage to the olfactory nerve filaments which are
surrounded by dura mater and arachnoid-sheaths. It
belongs to the olfactory region of the nasal cavities and
it is where the olfactory bulb lays on inside the cranial
cavity.*>’ The lateral lamella of the cribriform plate
is a part of thin bone located between the cribriform
plate and the ethmoidal fovea. At the junction of the
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ethmoidal fovea with this lamella is the canal for the
anterior ethmoidal artery, that is at risk of injury
in endoscopic sinus surgery.® The ethmoid bone is
prone to develop morphological variations in its bone
structures during its development and pneumatization
process®!®. Ethmoidal cells are present at birth and
continue to grow until puberty.®'® Also,the nasal cavity
is shown to continue to increase with age."!?

Knowledge of anatomy and anatomical variations
of the ethmoid bone, particularly the -cribriform
plate, is of great importance for otolaryngologists and
neurosurgeons, as one of the complications that can
occur during surgery of the nasal cavity or anterior
cranial fossa is cerebrospinal fluid (CSF) fistula or
nasal liquorrhea, resulting from perforation of the
cribriform plate. Despite the literature presenting
several computed tomography investigations of the
nasal cavity anatomical variations,*" investigations
of the cribriform plate variations are still scanty. We
aimed to analyze the presence of anatomical variations
of the cribriform plate using images of computed
tomography of the skull and their frequency between
genders.
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Materials and Methods

A retrospective evaluation of sinuses examinations,
obtained with computed tomography (CT) scan file,
carried out in a period of 3 years (2005 - 2008), at
the Radiology Service of the Hospital Universitario
Pedro Ernesto (HUPE), of the State University of Rio
de Janeiro, was carried out. Only exams of patients
without known ear, nose, or throat disease, were used
in this study. Also, we foccused exclusevely on aspects
of the normal bone anatomy of the images in the
archive files. This study was authorized by the head
of the radiology department and by the head of the
computed tomography sector at HUPE.

In total, 125 CT exam images were evaluated,
50 of which from male and 75 female patients. The
examinations were performed on a GE HiSpeed helical
tomography equipment (General Electric, New Jersey,
USA), with 2 mm thick cuts in the coronal plane. All
analyzes were performed on coronal images, taking
the level of the ostium-meatus complexes as an
anatomical reference point.

The analysis of the morphological aspects of
the cribriform plate and the lamellae in computed
tomography images were performed under the
guidance of two radiologists. For the study, the
cribriform plate seen in the coronal sections was
divided into two portions, one at the right (R) and
the other to the left (L). The ethmoidal crest was
used as the boundary of these portions (Figure 1).

Ethmoidal

.

Right = Ler
ndrtion: | pordion

|

Cribrifarm gl ate

Figure 1. Computed tomography image of the ethmoidal sinus in a coronal
section showing the position of the ethmoidal crest, the right and left lamellae
and the cribriform plate divided into right and left portions.

The positions of the right and left portions were
classified as symmetrical (when they were arranged in
the same horizontal plane) or asymmetrical (portions
positioned in different horizontal planes) (Figure 2).
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When an asymmetric disposition was present, we
indicated which side was positioned at a higher level
concerning the other (L>R, upper left side higher; R>L,
upper right side higher).
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Figure 2. (A) Computed tomography image of the ethmoidal sinus in a coronal
section showing the symmetrical positioning of the portions of the cribriform
plates. (B) Computed tomography image of the sinuses in coronal section
showing the asymmetric positioning of the portions of the cribriform plates. In
this example, we have the R>L situation.

The lamellae were classified into three categories,
based on their angle with the axis of the cribriform
plate, in the coronal plane. The angle increases as the
lamella approach, superiorly, the axis of the ethmoidal
crest. Thus, we consider three types of lamellae:
horizontal (angle between 0 and 20°), oblique (angle



Cribriform Plate Anatomical Variations: A Computed Tomography Study

between 20° and 70°), or vertical (angle between 70°
and 90°) lamellae (Figure 3).

For the statistical analysis, age is presented as
mean + standard error of the mean. The other data
are presented in the form of frequency (% of total).
For the analysis of the difference between genders,
the parameters referring to the cribriform plate
(symmetry/asymmetry and upper asymmetric side)
the Fisher's exact test (contingency table 2x2) was
used, while data regarding the angle of the lamella
were analyzed by the Chi-square test (3x2 contingency
table). A p<0.05 was considered statistically significant.
Statistical analysis was performed using the GraphPad
Prism 4.0 software (CA, USA).

Results

The mean age of the patients analyzed was 32 + 3 for
men and 43 + 2 for women.

The cribriform plate presented asymmetry in 82%
of men (Figure 4). The opposite was seen in women:
80% presented symmetry, with the proportion of
symmetry/asymmetry being different between

genders (p<0.0001) (Figure 4). In relation to patients
with asymmetry of the cribriform plate, 98% of men
presented a higher left portion (L>R), while only 73%
of women presented this same pattern (Figure 5).
The proportion between parameters L>R and R>L
was different between genders (p<0.02) (Figure 5).
The vertical positioning of the lamella was the most
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frequent finding in both men and women (48% and
44%, respectively) (Figure 6). Oblique lamellae were
also frequent among men (40%), however in women, the
obliquely or horizontally arranged lamellae presented
a similar frequency (29% and 27%, respectively) (Figure
6). The Chi-square test confirms this difference in the
proportion of types of lamella angulation between
genders (p<0.04).

Discussion

Perforation of the cribriform plate during surgeries
of the nasal cavity or anterior cranial fossa is
characterized by the presence of cerebrospinal fluid
(CSF) in the nasal cavity and occurs due to a bony
and dural opening, alowing the subarachnoid space
and upper airways to communicate.® The etiology
of CSF fistula can be due to traumatic and non-
traumatic conditions," with the latter presenting a
low incidence.® Most iatrogenic fistulas occur due
to accidental trauma of the cribriform plate.® It is
present in about 30% of skull-base surgeries.” The
areas of greatest risk for causing CSF leak are the
ethmoid cribriform plate and the ethmoid fovea.’®2°

The distance between the ethmoidal fovea and the
cribriform plate varies between 4 and 16 mm and, in
most cases, between 4 and 7 mm. The knowledge of
this distance is of great importance during endonasal
micro-surgeries, since the relationship between the
ethmoidal cells and the anterior cranial fossa will be

Figure 3. Computed tomography images of the ethmoidal sinus in coronal sections demonstrating the classification of the lamellae according to the angle concerning
the axis of the ethmoidal crest. Horizontal lamella (A), Oblique lamella (B) and Vertical lamella (C).
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Figure 4. Percentage of symmetric and asymmetric positioning of the portions of the cribriform plates, according to gender.
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Figure 5. Percentage of asymmetric cribriform plates, considering upper right side blade (R>L) or upper left side blade (L>R), according to gender.
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Figure 6. Percentage of cribriform lamellae according to the classification into
horizontal, oblique, or vertical, in both genders.
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bigger as the distance between the ethmoidal fovea
and the cribriform plate increases.?

The distance between the highest level of the
ethmoidal labyrinth and the cribriform plate varies
between 0.6 and 11.7 mm, and the distance between the
floor of the nasal cavity and the cribriform plate, varies
between 38 and 52 mm. These anatomical variations
are also important to be noticed during surgeries, as
they can increase the risk of complications.?

When analyzing Figure 4, we observe that the
asymmetry of the cribriform plate occurs in a greater
proportion in men compared to women. This finding
suggests that the determination of the positioning
of the portions of the cribriform plate would be
influenced by gender, where women have a more
regular, symmetrical pattern in the arrangement of
portions of the cribriform plate when compared to
men. However, we suggest that these differences may
be due to sexual dimorphism in the skull.
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Cranial weight and capacity are greater in men
than in women.?2* The female skull is characterized
by less developed structures, being anatomical
accidents smaller and smoother.??* Differentiated
craniofacial growth between genders are verified
in childhood, puberty and adulthood, due to the
growth of facial soft tissues.??3

Regarding the asymmetric positioning of the
portions of the cribriform plate, we also observed
that, whenever there was an asymmetric pattern,
the higher left portion (L>R) was the most frequent
finding in both men and women. We can infer that
this is an important finding for surgical access
planning.

The analysisofthelamellaebased onthe angulation
with the axis of the cribriform plate in the coronal
plane showed that the verticalized lamella is the most
frequent finding in both genders. The low position of
the ethmoidal fovea, the cribriform lamina and its
lateral lamella is a dangerous anatomical variation,
which can be easily accidentaly perforated by the
surgeon when not aware of the possibility.3"19-%
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Conclusion

This investigation showed that women presented a
more symmetrical arrangement of the portions of the
cribriform plate while men presented an asymmetrical
pattern. Whenever asymmetry occurred, the left
portion was higher in both genders. The vertical
arrangement of the lamellae was also the most common
finding among the genders.

Variations in the anatomical pattern of the
cribriform plate are very common and are well
observed by computed tomography images of the
skull. However, it is not possible to attribute with
certainty the dominant influence of gender on the
changes. Further investigations are needed to assess
and correlate anatomical findings and genders with
studies of anthropometric measurements of the skull.
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