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SUMMARY The aim of the study was to determine the heights of the anterior skull base and the dis-
tances between the anterior nasal spine and the skull base at three levels by means of coro-
nal and reformatted sagittal images of computed tomography. The present study was per-
formed on coronal and reformatted sagittal CT scans of 30 patients with sinonasal com-
plaints. On the coronal view, the heights of the cribriform plate, the roof of ethmoid, and lat-
eral lamella and the medial take-off angle between the ethmoid roof and cribriform plate
were measured at different levels. On the reformatted sagittal images the distances from the
nasal spine to the anterior cranial base at three different levels were measured. Then, the
side-to-side variability of these measurements was statistically compared. The variations with
normal distribution and abnormal distribution were analysed by paired t test and Wilcoxon
paired-signed rank test, respectively. A statistically significant difference was detected only
between the right and left sides in the height of the lateral lamella at the crista galli level
(1<0.05). The lateral lamella at the crista galli level on the left side was higher than on the
right side. No statistically significant differences between the left and the right sides were
noted in the heights and the distances of other data (p>0.05). The normal anatomy of the
anterior skull base has been described in detail on coronal and reconstructed sagittal com-
puted tomography. These measurements may be helpful in the presurgical evaluation of
patients undergoing endoscopic sinus surgery to optimize surgical safety.
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INTRODUCTION

The ethmoid bone consists of four parts: the perpendicular
plate, the cribriform plates (horizontal laminas), and two
labyrinths. The cribriform plates form two linear depressions
in the inferior portion of the anterior cranial fossa. Laterally,
the cribriform plate articulates with the ethmoidal process of
the frontal bone, which forms the roof of the ethmoid. The
medial aspect of the ethmoid roof articulates with the thin
bone of the lateral lamella of the cribriform plate. It is impor-
tant to remember that the morphometric anatomy of the eth-
moid roof can vary widely [1, 2].

Intranasal surgery of the paranasal sinus has gained significant
improvements as a result of the introduction of endoscopes.
Although great progress has been achieved in endoscopic sinus
surgery (ESS), many surgeons remain hesitant to perform a
complete ethmoidectomy. Because the bones adjacent to the
anterior skull base are as thin as the septa in the ethmoid
sinus, surgeons tend to lose their orientation in this area, espe-
cially in nasal polyposis and in revisions [3]. Inadvertent viola-
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tion of the cribriform plate or ethmoid roof may result in
intracranial injury, cerebrospinal fluid rhinorrhea and a conse-
quent increased risk of developing meningitis [4]. To avoid
these complications, a detailed knowledge of the anterior skull
base anatomy of the patient is crucial. Because of the varia-
tions and complexity of the paranasal sinus anatomy, this has
to be assessed on a patient to patient basis [5]. This is usually
determined using preoperative computed tomographic (CT)
imaging of the paranasal sinuses. CT is of special interest to
the endoscopic sinus surgeon for planning surgery as it allows
detailed imaging of the nasal passages, paranasal sinuses, and
the adjacent structures.

In previous studies, using CT, heights of the cribriform plate
and the ethmoid roof were only measured at one level [6-8].
Since the skull base has a decline as the sections proceed pos-
teriorly, it seems logical to perform these measurements at
more than one level. Thus, we conducted a prospective review
of coronal CT scans, performed on patients with sinonasal
symptoms, to measure the heights of the cribriform plate and
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the ethmoid roof at three levels. In addition, the distance from
the nasal spine to the anterior cranial base, the plane of surgi-
cal approach, was measured at three levels by the use of recon-
structed sagittal computed tomography images.

MATERIALS AND METHODS

Patients

Forty-two consecutive patients who presented with complaints
related to the nose and paranasal sinuses were prospectively
evaluated by CT at our institution from January 2003 through
December 2003. Patients’ age, sex, and working diagnosis at
the time of the imaging were recorded. The primary reasons
for obtaining a CT scan in these subjects were recurrent acute
sinusitis, chronic sinusitis, nasal polyposis or the ‘sinus-type’
headaches or facial pain. Only adults over 18 years of age were
included. Previous paranasal sinus surgery, malignant disease
involving the anterior cranial fossa, mucocele, or nasal polyps
that obscured analysis of the subtle anatomic features were
excluded from the study. Consequently, 30 scans that met our
criteria constituted the basis for our trial. All scans were inter-
preted by the same radiologist (BU) and otolaryngologist
(OKA) with consensus.

CT scan

Routine CT examination was performed on the coronal plane
with 3-mm slice thickness and no interslice gap, at 120kV and
85 mAs, starting from the anterior border of the frontal sinus
to the anterior clinoid process (Elscint, SeleCT, Israel). From
these images, 1 mm thickness coronal (exactly perpendicular
to the hard palate), and 0.5-mm thickness sagittal oblique
reconstructions were obtained. Sagittal oblique images were
created as slices, passing medially from the inferior contour of
the bony nasal septum and laterally from the ethmoid bulla
with approximately 10° craniocaudal angulation from the mid-
sagittal line, on the right and the left sides separately (Figure
1). All the measurements were performed bilaterally on the
screen of the CT console. On coronal reconstruction images, a
horizontal line from the most inferior contour of nasal fossa
was drawn. Perpendicular lines from the ethmoid roof to this
horizontal line, at the midlevel between the midsagittal line
and lamina papyracea, and also from the cribriform plate to the
same horizontal line were drawn (Figure 2). The heights of the
ethmoid roof and the cribriform plate were measured at 3 dif-
ferent coronal planes, passing from crista galli, ethmoid bulla,
and sphenoethmoid junction. The height of the lateral lamella
between the medial aspect of ethmoid roof and cribriform
plate was also measured at the level of crista galli and bulla
ethmoidalis (Figure 3). Again on reconstructed coronal images,
the take-off angle of the ethmoid roof from the horizontal was
measured at the level of crista galli (Figure 4). On reconstruct-
ed sagittal images, the anterior nasal spine was set as focus
point and lines connecting this point with anterior cranial base
at the levels of nasofrontal recess, ethmoid bulla, and the sphe-
noethmoid junction were drawn (Figure 5). On these lines the
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Figure 1. A coronal computed tomography scan through the bulla eth-

moidalis. The white line represents the plane that we obtained through
sagittal reconstruction.

distances between the focus point and anterior cranial base
were measured and recorded.

Statistical Analysis

We statistically compared the side-to-side variability of these
measurements. The Shapiro Wilk test was performed to deter-
mine whether the variables were normally distributed or not.
The abnormally distributed variables which were the distances
from hard palate to cribriform plate at the bulla ethmoidalis
and the junction of sphenoethmoid levels were analyzed by
the Wilcoxon paired-signed rank test. Since the other data had
parametric distributional properties, a paired t test was per-
formed.

All statistical analyses were performed through SPSS (For
Windows, version 11.0, Chicago, IL, USA). Differences were
considered significant when the p-value was less than 0.05.

RESULTS

The ages of the patients ranged from 18 to 64 years, with an
average age of 37.5 years. Sixteen of the patients were female
and 14 were male.

Irrespective of the sides, the measurements were as follows: 1)
the height of cribriform plate relative to the hard palate (mean
+ SD) at crista galli, bulla ethmoidalis and the junction of
sphenoethmoid levels were 46.95 & 3.36, 46.04 £ 4.24 and 48.66
+ 4.35 mm respectively, 2) the distance between the ethmoid
roof and hard palate (mean + SD) at crista galli, bulla eth-
moidalis and the junction of sphenoethmoid levels were 53.11
+ 4.65, 51.58 £ 5.39 and 49.05 £ 4.44 mm respectively, 3) the
distance from the nasal spine to the skull base (mean £ SD) at
nasofrontal recess, bulla ethmoidalis and the junction of sphe-
noethmoid levels were 64.76 £ 9.17, 59.78 £ 5.73 and 64.16 =



The anterior skull base by CT

Figure 2. The measurements of the cribriform plate and the roof of
ethmoid on coronal computed tomography.

Figure 4. The measurement of the take-off angle of the ethmoid roof
from the horizontal on coronal computed tomography.

5.75 mm respectively, and 4) the take-off angle (mean + SD)
was 33.86° + 8.10°. The results of the measurements have been
presented in Table 1.

A statistically significant difference was found between the right
and left sides in the height of the lateral lamella at the
nasofrontal recess level (p<0.05). The lateral lamella at the crista
galli level on the left side was higher than on the right side. No
statistically significant differences between the left and the right
sides were demonstrated in the heights and the distances of
other data. The statistical comparison of right- and left-sided
measurements have been summarized in Tables 2 and 3.
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Figure 3. The measurement of the lateral lamella on coronal computed
tomography.

Figure 5. The measurements between the anterior nasal spine and

skull base on reformatted sagittal images.

DISCUSSION

The shape of the anterior cranial base greatly varies among
individuals. In this trial, the measurements of the anterior cra-
nial base were obtained from two different perspectives: coro-
nal and sagittal. To our knowledge, no study describing the
anterior cranial base as defined in this study has been conduct-
ed to date.

A great number of studies have analyzed the ethmoid roof [6-9].
The height of the nasal cavity in different parts was investigat-
ed both in dried bone and, when covered by mucosa, on
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Table 1. The results of the measurements.

Level Mean SD Median Minimum Maximum
Crista Galli 53.11 4.65 53.55 44.10 62.65
HP—ER (mm) Bulla ethmoidalis 51.58 5.39 51.38 40.45 65.95
Sphenoethmoid junction 49.05 4.44 48.25 40.80 59.75
Crista galli 46.95 3.36 46.98 40.15 56.55
HP— CP (mm) Bulla ethmoidalis 46.04 424 46.23 38.45 57.80
Sphenoethmoid junction 48.66 435 48.05 40.80 59.75
Height of LL (mm) Crista Galli 3,60 1,09 3,68 1,05 6,95
Bulla ethmoidalis 2,92 1,07 3,05 1,15 4,70
Nasofrontal recess 64,76 9,17 65,93 49,10 85,00
ANS —ASB(mm) Bulla ethmoidalis 59,78 5,73 59,83 49,25 77,90
Sphenoethoid junction 64,16 5,75 65,38 52,55 76,10
Take-off Angle (*) Crista galli 33,86 8,10 32,50 12,50 47,00

HP— ER: The distance from hard palate to ethmoid roof

HP— CP: The distance from hard palate to cribriform plate

ANS — ASB: The distance between anterior nasal spine and anterior skull base
LL: Lateral lamella

SD: Standard deviation

Table 2. Statistical evaluation of normally distributed variables.

Level Right Left
Mean SD Mean SD t P

Crista Galli 53.16 493 53.06 4.54 0.268 0.791
HP — ER (mm) Bulla ethmoidalis 51.30 5.56 51.85 5.42 -1.405 0.171

Sphenoethmoid junction 48.92 4.40 49.18 4.59 -0.976 0.337
HP — CP (mm) Crista galli 46.93 3.73 46.97 3.33 1.475 0.151
Height of LL (mm) Crista galli 3.41 1.13 3.77 1.20 -2.298 0.029

Bulla ethmoidalis 3.11 1.33 2.73 1.05 1.894 0.068

Nasofrontal recess 63.86 9.92 65.65 9.28 -1.712 0.098
ANS —ASB(mm) Bulla ethmoidalis 59.24 5.56 60.32 6.48 -1.554 0.131

Sphenoethmoid junction 64.08 6.08 64.23 6.31 -0.178 0.860
Take-off Angle () Crista Galli 3432 7.89 33.39 10.17 0.592 0.559

HP — ER: The distance from hard palate to ethmoid roof

HP — CP: The distance from hard palate to cribriform plate

ANS — ASB The distance between anterior nasal spine and anterior skull base
LL: Lateral lamella

SD: Standard deviation

Table 3. Statistical evaluation of abnormally distributed variables.

Level Right Left
Median Min-Max Median Min-Max z 1]
HP— CP (mm) Bulla ethmoidalis 46.45 38.4-58.7 45.88 38.5-56.9 1.35 0.176
Anterior wall of sphenoid sinus 48.31 39.4-60.4 49.00 42.2-59.9 1.23 0.216

HP— CP: The distance from hard palate to cribriform plate



The anterior skull base by CT

human adult skulls [9,10]. The distance measured between the
floor of the nasal cavity without a mucosal covering and the
cribriform plate at the level of crista galli and bulla ethmoidalis
was 49.11 (38-56) and 45.73 mm (38-52), respectively [9]. In our
study, the median value of these lengths were 46.98 (40-57)
and 46.23 (38-58) mm, respectively. Despite being based on
CT, the measurements of this study were compatible with the
results of Lang and Baumeister’s report [9], with a few excep-
tions. Lebowitz et al. [7] retrospectively examined the coronal
paranasal CT of 200 patients with suspected sinus disease for
the height of the ethmoid roof. They found an asymmetry in
19 patients (9.5%). However, this difference between the left
and right sides was not statistically significant. Similarly, Jones
et al. [8] did not find any statistical differences between the
right and left sides for the heights of the cribriform plate and
ethmoid roof and also for the take-off angle of the ethmoid
roof. Except the statistical difference for the height of the later-
al lamella at the crista galli level between the sides, our results
were consistent with two former studies. Although no statisti-
cally significant difference between left and right sides was
demonstrable for the heights of anterior cranial base, intrasub-
ject variation between the sides should be kept in mind.

The endocranial side of the cribriform plate forms the base of
the fossa olfactoria, where the olfactory bulb is lodged.
Therefore, the cribriform plate is at a lower level than the eth-
moid roof, which flanks it [5]. The anterior part of the ethmoid
roof lies more superior than the posterior part does, since the
anterior cranial base descends 15 degrees from a horizontal
plane as it passes posteriorly [11]. The reciprocal arrangement
between the cribriform plate and the roof of ethmoid sinus
was investigated by Keros [12] who distinguished different
types based on the different levels: type 1 with 1-3 mm differ-
ence; type 2 with 4-7 mm difference; and type 3 in which the
cribriform plate is located 8-16 mm below the ethmoid roof.
These variations are taken into account when planning or per-
forming surgery, because the greater the difference, the
stronger the relationship between the ethmoidal cells and the
endocranium [13]. The distance between the ethmoid roof and
cribriform plate can be evaluated easily on coronal scans. The
heights measured between the cribriform plate and the highest
point of the ethmoid roof were 6.9 (2-18) mm in the anterior
third, and 5.8 (2-18) mm in the posterior third [14]. In our
study, the differences in height between these two structures at
the crista galli, bulla ethmoidalis, and the junction of sphe-
noethmoid levels were 6.16, 5.54, and 0.39 mm, respectively. It
was noticed that the difference in distance between the eth-
moid roof and cribriform plate sharply decreased from the
level of the crista galli to the sphenoid sinus. Moreover, the
two halves of the cribriform plate are positioned at distinctly
different heights in 80% of the cases [14]; the mean height of
the right half at the level of the crista galli and sphenoethmoid
junction in our study were lower than on the left by 0.04 and
0.69 mm, respectively. In contrast, the cribriform plate at the
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bulla ethmoidalis level on the right side was higher than on the
left by 0.32 mm. Prior to sinus surgery, surgeons need to be
aware of a declining level of the skull base and different
heights of the cribriform plate between the sides.

Common structures of the lateral nasal wall can be easily iden-
tified on sagittal views [15]. In particular, the important antero-
posterior course of the skull base can be sufficiently demon-
strated. Sagittal CT scans allow measurements of the distances
from the nasal spine to the anterior skull base. These measure-
ments, which may improve the precision and safety of FESS,
become critical during endonasal sinus surgery.

May et al. [16] reported that the distance and the angles from
the anterior nasal spine to the middle of the roof of the eth-
moid sinus, ethmoid-sphneoid sinus junction and the anterior
face of the sphenoid sinus can be measured with great accura-
cy on lateral plain roentgenographs. The averages of values for
the distances from the nasal spine to the skull base at the level
of midfovea and sphenoethmoid junction were 6.2 and 6.9 cm,
respectively [17]. Due to superimposition, it is not possible to
distinguish between the sides on plain radiographic images.
Unlike May’s study, we used reformatted sagittal CT that
could provide more details than plain radiography. On refor-
matted sagittal images, the mean distances from the nasal
spine to the skull base at the nasofrontal recess, bulla eth-
moidalis and the junction of sphenoethmoid levels were 64.76,
59.78 and 64.16 mm, respectively. On sagittal scans, the dis-
tances between the nasal spine and the cranial base were
greater on the left than on the right. However, it was found
that the difference for each of the levels between the left and
right sides was not statistically significant.

This study aimed to provide surgeons with a detailed analysis
of anterior cranial base based on coronal and reconstructed
sagittal CT, which can help improve surgical results and reduce
complication rates.
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