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Anterior Skull Base Analysis from Coronal and Reconstructed 
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ABSTRACT
Endoscopic sinus and skull base Surgery has gained significant improvement widely all over 
the world. A computerized tomography (CT) scan provides a detailed anatomy of the skull base 
especially the bone framework. This study aims to analyze the fixed anatomical bony landmarks 
of the anterior skull base through coronal and reconstructed CT in the context of the Nepalese 
population and guide the surgeon to perform endoscopic sinus and skull base surgery safely.
This Prospective study includes 70 Computerized Tomography scans of Paranasal sinuses. The 
different measurement from nasal floor to skull base was taken in coronal and reformatted 
sagittal CT scan. Mean, standard deviation, minimum and maximum values were analyzed using 
descriptive statistics. Student T-test was applied to compare between right and left side.This 
study includes 75 patients between 18 to 77 years. The measurement from nasal floor to the 
cribriform plate and ethmoidal roof in right and left side were, mean± SD (47± 4.1, 45.3±4.3, 
47.9±5.1, and 49±8.5 mm) respectively. Mean Take off angle at the cribriform plate was 43.9 
±10.9°on right side and 43 ± 9.4° on the left side. The distance from the nasal spine to the skull 
base (mean ± SD) at nasofrontal recess, bulla ethmoidalis, and the junction of sphenoethmoid 
levels at right sides were 51.5 ± 4.7, 52.9 ± 4.1, and 61.2 ±4.7 little higher at left side. This study 
provides a detailed analysis of the anterior skull base in coronal and sagittal CT scans which 
helps to reduces complications.
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INTRODUCTION
Endoscopic resection of skull base surgery had 
gained signifi cant improvement widely all over 
the world.1 After the development of Hopkin 
rod endoscopic high-defi nition cameras, such 
surgery has become more feasible and accurate. 
A computerized tomography scan is a helpful 
tool in detecting important anatomical bony 
landmarks and helps in further planning and 
navigating the surgery accurately to minimize 
complications.2 It also provides important 
information about location and extension of 
lesions to allow better surgical planning and 
patient management. As the bones adjacent 
to the anterior skull base are small and thin 
which can be damaged easily during surgery 
further leading to disorientation in primary 
and revision surgery.3

Fixed anatomical bony landmarks allow safe 
dissection and complete disease removal. 
The nasal fl oor, choane, maxillary sinus roof, 
cribriform plate, skull base, Plannum, and 
orbital wall are the fi xed anatomic features that 
we have to seek during endoscopic surgery. It is 
important to remember that the morphometric 
anatomy of the ethmoid roof can vary widely 
among the population.4 Most of the studies were 
performed in western countries, it is important 
to fi nd out measurement among different fi xed 
landmark in our population.

The main purpose of our study is to analyze 
the fi xed anatomical landmarks of the anterior 
skull base through coronal and reconstructed 
CT in the context of the Nepalese population 
and guide the surgeon to perform endoscopic 
sinus and skull base surgery safely.

MATERIALS AND METHODS

This Prospective study was conducted in 
the Manipal College of Medical Sciences and 
Teaching Hospital, Pokhara, Nepal from 
September 2020 to May 2021. Data was collected 
from the Department of Radiodiagnosis and 
Imaging with informed consent from the 
patient. Total 70 CT scans of paranasal sinus 
both coronal, and reconstructed sagittal images 
were analyzed. Sampling was performed 
by probability method. Sample size (n) was 
calculated by formula n=Zα2σ2/e2 Where α2 

=95% level of signifi cance, where   Z = 1.96 
(z=the value of the standard variate at a 
given confi dence level and it is 1.96 for a 95% 
confi dence level), e=1-3 (absolute error), σ = 
4.24 (standard deviation). The total sample 

Fig. 1: A Coronal CT scan showing distance 
from nasal fl oor to cribriform plate and 

ethmoid roof

Fig. 2: CT scan paranasal sinuses coronal view 
showing left Foveal height.

size calculated was 70. CT of paranasal sinus 
above age 18 years performed for chronic 
rhinosinusitis, nasal polyp, benign tumor, sinus 
type headache, facial pain, and head and spine 
related disease and injury cases who needed 
Paranasal sinus CT without distorted anatomy 
were included. Patients who had undergone 
surgery for paranasal sinus, and malignant 
disease involving anterior skull base or nasal 
polyps that obscured anatomical features were 
excluded from the study.

Routine CT examination was performed on the 
coronal plane with 3-mm slice thickness and 
no interslice gap was analyzed starting from 
the anterior border of the frontal sinus to the 
clivus. 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 
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with approximately 10-degree Craniocaudal 
angulation from the midsagittal line, on the 
right and the left sides separately. 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 the nasal fossa 
was drawn. Perpendicular lines from the 

ethmoid roof to this horizontal line, at the mid-
level between the midsagittal line and lamina 
papyracea, and also from the cribriform plate 
to the same horizontal line was drawn. The 
heights of the ethmoid roof and the cribriform 
plate were measured at crista galli level at 
the coronal plane on both right and left sides. 
(Fig.1) The height of lateral lamella between 
the medial aspect of the ethmoid roof and the 
cribriform plate was measured at the level of 
crista Galli and bulla ethmoidalis (Fig. 2). The 
Take-off-angle of an ethmoid roof from the 
horizontal cribriform plate was measured at 
the level of crista galli. (Fig. 3).

On reconstructed sagittal images, the anterior 
nasal spine was set as the fi xed point, and lines 
connecting this point with the anterior cranial 
base at the levels of nasofrontal recess, ethmoid 
bulla, and the sphenoethmoid junction were 
drawn5 (Fig. 4). On these lines, the distances 
between the focus point and anterior cranial 
base were measured and recorded.

In the coronal view, the maxillary roof line 
parallel to the nasal fl oor at the maximum height 
to the maxillary sinus was drawn. Distance 
from the maxillary roof line to plannum at the 
anterior wall of sphenoid sinus was measured. 
Such measurements were performed on both 
sides (Fig. 5).

Data was recorded in Preformed proforma. 
All the data were analyzed by SPSS version 
26.0. Mean, standard deviation, minimum 

Fig. 5: CT scan Coronal view showing height 
of plannum from maxillary roof line at 

spehnoethmoid junction.

Fig. 3: Take-off angle of the ethmoid roof from 
horizontal plane of CT  scan paranasal sinuses 

coronal view.

Fig. 4: The measurement between the anterior 
nasal spine and skull base at the level of 

Nasofrontal angle, Bullae ethmoidalis and 
Sphenoethmoid junction on reformatted 

sagittal image of Paranasal sinuses
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and maximum values were analyzed using 
Descriptive statistics. The shapiro wilk test was 
performed to determine the distribution of 
variables in normal or abnormal patterns.  As 
all our data had a normal distribution pattern, 
the student paired T-test was applied. When 
the p-value was less than 0.05, the difference 
was considered significant. 

RESULTS 
This study includes 75 patients, an age range 
from 18 to 77 years with a mean age of 
average of 39.8 ±14.4 years. Out of 75 patients, 
40(53.5%) were male and 35(46.7%) were 
female. The measurement from the nasal 
spine to the cribriform plate and ethmoidal 

Table 2: Statistical evaluation of normally distributed variables
Side Mean SD T value P-value

Nasal floor to cribriform plate (medial 
Lamella) 

Right 47.1 4.1
4.75 0.00

Left 45.4 4.3
Nasal floor to ethmoidal roof ( lateral lamella 
of cribriform. Plate) 

Right 47.9 5.1
-1.28 0.20

Left 49.1 8.5

Foveal height
Right 4.7 1.5

-2.03 0.04
Left 5.1 1.7

Take off angle of Cribriform plate
Right 43.9 10.9

0.82 0.41
Left 43.1 9.4

Height of plannum from maxillary roof line 
Right 16.34 3.4

-0.79 0.42
left 16.1 3.1

ANS to skull 
base 

frontonasal angle 
Right 51.6 4.7

1.89
0.06

left 51.1 4.2

Bulla ethmoidalis 
Right 52.9 4.1

1.32 0.19
left 52.4 4.3

sphenoethmoid junction
Right 61.2 4.7

1.08 0.28
left 61.8 5.2

Table 1:  Summary of the relationship between nasal floor, anterior skull base a and take of 
the angle of the cribriform plate 

Side No of patients Mean SD Min Max

Nasal floor to cribriform plate (medial 
Lamella )

Right 75 47.1 4.1 39.3 57.0

Left 75 45.4 4.3 37.0 56.3

Nasal floor to the ethmoidal roof ( lateral 
lamella of cr. plate )

Right 75 47.9 5.1 37.0 60.9

Left 75 50.1 8.5 40 59.7

Foveal height
Right 75 4.7 1.5 1.4 9.7

Left 75 5.1 1.7 1.4 10.3

Take off the angle of 
Cribriform  plate

Right 75 43.9 10.9 29.3 72.0

Left 75 43.1 9.4 30.7 66.3

Height of plannum from the maxillary 
roof line 

Right 75 16.34 3.4 9.8 22.7

Left 75 16.1 3.1 11 22.5

ANS to skull 
base 

ANS to Frontonasal angle 
Right 75 51.6 4.7 37.1 61.8

Left 75 51.1 4.2 40 63

ANS to Bulla ethmoidalis 
Right 75 52.9 4.1 41.2 60

Left 75 52.4 4.3 42.8 62.3

ANS to sphenoethmoid 
junction

Right 75 61.2 4.7 48.9 70.1

Left 75 61.8 5.2 49.1 72.6
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roof at the coronal plane on right and left side 
were mean± SD (47± 4.1, 45.3±4.3, 47.9±5.1, 
and 49±8.5 mm) respectively.  Mean Take off 
angle at the cribriform plate was 43.9 ±10.9° 
on the right side and 43 ± 9.4 ° on the left side. 
The plannum was found to be 16.3±3.4 right 
side and 16±3.1mm on the left side from the 
maxillary roof line. The distance from the 
nasal spine to the skull base (mean ± SD) at 
nasofrontal recess, bulla ethmoidalis, and the 
junction of sphenoethmoid levels at right sides 
were 51.5 ± 4.7, 52.9 ± 4.1 and 61.2 ±4.7 whereas 
51±4.2,52.4±4.3, 61.8±5.2 mm were on left side 
respectively (Table 1).

A statistically significant difference was 
found between right and left-sided height 
from the nasal spine to cribriform plate, 
ethmoid roof, and foveal height (p<0.05). The 
statistical comparison of right- and left-sided 
measurements have been summarized in 
Tables 2.

DISCUSSION
The nasal floor is an important landmark for 
endoscopic sinus surgery. It’s paramount to 
know different landmarks and distances from 
nasal floor to skull base to allow safe surgery. 
The different structure includes uncinate 
process, cribriform plate. Basal lamella, 
lamella papyracea, and superior turbinate are 
the important structure that can focus while 
doing endoscopic sinus surgery.6 However, it 
is difficult to predict complications after vast 
knowledge of such structure as soft tissue 
landmarks may vary. The shape of the anterior 
cranial base greatly varies among individuals.7  
Fixed point bony landmarks like the nasal floor, 
skull base, and maxillary sinus roof should be 
taken as crucial landmarks while doing the 
endonasal procedure.

The distance between the nasal floor to the 
medial lamella of the cribriform plate was 47.1± 
4.1mm on the right side and slightly lower on 
the left side. The study by Akiran et al 5 found 
that such height was 53.11±4.65 mm which is 
higher than our mean value. This shows great 
variability even among the population. 

Ethmoid cells reach higher levels than medial 
lamella of the cribriform plate. Keros classifies 
the depth of olfactory fossae into three 
groups and increasing depth is more prone to 
iatrogenic skull base injuries during endoscopic 
sinus surgeries.8 We have found that the left 

ethmoid roof and olfactory fossae depth were 
significantly higher than the right side. The 
mean olfactory fossae depth was 4. 7± 1.5mm 
and 5.1±1.7 mm right and left side respectively. 
The study from south India by Babu et al9 
found that the depth of olfactory fossae 
was 5.26±1.69mm which is not statistically 
significant between right and left sides. Take-
off-angle is an angle made by lateral lamella 
of the cribriform plate and a horizontal line 
passing through CP. We found that the take-off 
angle was 43.9 ± 10.9 ° (Range 29.3-72°) on the 
right side. It was higher 70.1±13.1° (range (28–
88°) in the study by Abdulla et al.10

The height of plannum from the maxillary roof 
line was 16.3±3.4 mm, almost equal on both 
sides in our study which is slightly higher than 
the study by John et al, who found the mean 
vertical height of the posterior ethmoid skull 
base was 14.08±3.03 mm.11 It was concluded 
that,  as we reach the posterior skull base, it 
becomes equal height on both sides of the skull 
base.  But the trajectory to the surgical line to 
the skull base is lower.12 So surgeons should 
be aware of its variation. It was in the range 
of 9.8mm to 22.5mm in our study.  Large well 
developed maxillary sinuses will increase the 
height of posterior ethmoids. We have to keep a 
safe margin in between skull base and surgical 
trajectory while doing sphenoid sinus surgery 
to prevent potential skull base injury.  

Sagittal image shows the common important 
structure in lateral nasal wall and cranial base. 
The anterior-posterior course of the skull base 
is sufficiently demonstrated in the sagittal view.  
Measurement of the nasal spine to frontonasal 
angle is 51.6±4.7mm on the right side and 
slightly lower on the left side. The measurement 
from the anterior nasal spine (ANS) to bulla 
ethmoidalis increases slightly compared to the 
frontonasal angle but it steeply raises from 
bulla ethmoid to sphenoethmoid junction. 
All our measurement is lower than Study by 
Akiran et al.5 The precision and safety of FESS 
and skull base surgery have been improved as 
a result of this measurement’s knowledge.

This study provides a detailed analysis of the 
anterior skull base, allowing the endoscopic 
surgeon to navigate the surgical plan utilizing 
Coronal and Sagittal CT scan images, minimizing 
intraorbital and intracranial complications.
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