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Abstract

Purpose The sphenoid sinus is the most inaccessible part
of the face, being inside the sphenoid bone and closely
related to numerous vital neural and vascular structures.
The objective of this study was to analyze and evaluate the
variation of anatomy and the volume of the sphenoid sinus
using helical computed tomography and medical imaging
software.

Materials and methods A total of 47 helical CT scans of
sinuses of male and female individuals aged 18-86 years
were selected. The images were formatted using ITK-
SNAP software, consisting of three steps: (1) segmenta-
tion; (2) volumetric analysis and (3) 3D reconstruction. The
sphenoid sinuses were also classified according to Ham-
mer, i.e., in conchal, pre-sellar, sellar and post-sellar types.
A single investigator, who is specialist in dental radiology
and was trained and calibrated, performed the volume and
image analysis. After 15 days, the segmentations were
repeated.

Results The Dunn’s multiple comparison test revealed
significant differences in the volume rankings between the
right and left sides (P = 0.0002), with the post-sellar type
presenting the greatest volume on the right side compared
to pre-sellar and sellar types. In the left sphenoid sinuses,
the post-sellar type showed the greatest volume. The Lin’s
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correlation coefficient showed excellent reproducibility
values.

Conclusions According to the applied methodology, it
was found that the volume of the sphenoid sinus was
influenced by neither age nor gender (P > 0.005).
There was difference in the volumes of sphenoid sinus
on the right and left sides and in the anatomical
classification.

Keywords Sphenoid sinus - Anatomy - Computed
tomography

Introduction

The sphenoid sinus is enclosed within the sphenoid body
involving a number of different structures, which makes it
difficult to approach it due to its deep anatomical loca-
tion. They vary in shape and size and are usually asym-
metric. They are surrounded by neurovascular structures
such as pituitary gland, internal carotid artery, optic
nerve, maxillary nerve and pterygoid nerve. Therefore,
the knowledge of the anatomical variations of these noble
structures is fundamental to avoid careless manipulation,
which can result in very serious complications with poor
prognosis.

The sphenoid sinus has the peculiarity to reflect its
anatomical relationships in its walls. The surrounded
structures record a mark on its internal walls when the
sinus is pneumatized and expanded, increase its contacts
with these structures [1, 17]. This intimate relationship
contributes to the unquestionable clinical and surgical
importance of the sphenoid sinus. The frequency at which
such structures protrude into the sphenoid sinus is high,
being increasingly necessary to stress the importance of a
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precise anatomical knowledge in the surgical and clinical
practice [1, 14, 17, 23, 25, 30].

The sphenoid sinuses can be classified into apneumatized,
conchal, pre-sellar, post-sellar and sellar. For pneumatiza-
tion of the sphenoid sinus, the extension of pneumatization
and the degree of exposure of the sella turcica should be
taken into account (Hammer and Radberg classification [12],
adapted by Dias et al. [9]) as follows: (1) apneumatized, i.e.,
sinus agenesis; (2) conchal, i.e., slightly pneumatized small
sinus not related to the sella turcica; (3) pre-sellar, i.e.,
pneumatization does not extend beyond the vertical plane of
the sellar tubercle; (4) sellar, i.e., pneumatization of the
sphenoid sinus reaches the vertical plane of the posterior
clinoid process, involving both anterior wall and floor of the
sella turcica; and (5) post-sellar, i.e., pneumatization of the
sphenoid sinus extends beyond the sella turcica, reaching the
basilar part of the occipital process.

The advent of functional endoscopic sinus surgery
(FESS) and modern imaging techniques has allowed the
sinus to be more frequently accessed not only for treatment
of diseases, but also as a path towards the pituitary gland.
With regard to minimally invasive surgical approaches and
advances in endoscopic techniques, the sphenoid sinus can
be used as a way to reach tumors involving the anterior
skull base, peri-sellar region, clivus, petroclival region and
cavernous sinus [2-4].

Understanding the anatomy of the sinus area and its
variations in each patient should be carefully evaluated so
that the surgeon can achieve a better surgical result, thus
maximizing the patient’s safety as anatomical variations of
sphenoid sinus and sella turcica can complicate the surgical
proceedings [13, 16, 26].

Computed tomography (CT) is currently the imaging
modality of choice for assessment of paranasal sinuses and
adjacent structures. It has been increasingly used for
evaluation of anatomical variations by identifying them
accurately and with high details [2, 9, 19, 26].

The type of sinus and its basic dimensions (height, width
and length) can help predict the risk of accidental injury
[25]. Few studies have been conducted considering all age
groups. The practical importance of the results is to classify
the sphenoid sinus according to its position in the sella
turcica. Understanding the normal volume of the sinus
based on CT techniques will help the professional deter-
mine the pathological development of structures in an
appropriate clinical context [4, 21, 28]. Since it has been
reported that the 3D reconstruction of anatomical structures
allows good-quality views of the components, thus being a
useful method for further studies [8, 10, 27]. The aim of
this study was to analyze and evaluate the anatomical
variations and the volume of the sphenoid sinus by using
helical CT.
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Materials and methods

This study was conducted in accordance with the univer-
sally accepted rules and precepts for research involving
human subjects, being approved by the local research
ethics committee of the City of Sao Paulo University
according to Protocol Number 999206.

All helical CT scans were provided from a private diag-
nostic center database and were originally taken as part of
previous research about paranasal sinuses performed
between March 2012 and December 2012. No patient had
previous sinus surgery, craniofacial trauma or pathological
conditions in maxillofacial area. The total number of original
scans was 89. Of these, 42 scans did not have a good image
quality and/or no showed our area of interest and were
excluded from the study. The images were taken with a CT
scanner (Somatom AR Star/Siemens) operating at 83 mA
and 110 kV. The protocol used was characterized by 2-mm
axial thickness, 5-mm coronal increments, 3-mm thickness,
and 3-mm increments. The slices were acquired with the
patient in supine position, without introduction of contrast
medium or use of decongestant medication. Coronal sections
of the external frontal bone were taken perpendicularly to the
bony palate, including the posterior wall of the sphenoid
bone on the axial plane, limiting at the soft tissue boundary.

A total of 47 CT helical scans of 27 female and 20 male
patients aged between 18 and 86 years old were selected. All
scans were analyzed with the ITK/SNAP software (http://
www.itksnap.org/download/snap/) [32], an open source med-
ical image computing platform for biomedical research and
which enables visualization (coronal, sagittal and horizontal
orientations) and manipulation of the images as it can optimize
them through reconstruction plans [29]. This software allows
manual and semi-automatic segmentation and the choice of
different colors for the structures outlined. In the segmentation,
the similarity in gray levels between tissues of same density
allows the localization of image edges and, consequently, the
total mapping of the structure studied. Volumes of labeled
structures are analyzed automatically by the software. Regions
of interest can be edited manually and semiautomatically by
thresholding the image. The program also allows 3D surface
rendering and interactive manipulation [5, 6, 8, 29].

A single investigator, who is a dentomaxillofacial radiol-
ogist, trained and calibrated, performed the image segmen-
tation by measuring the volume and shape of the sphenoid
sinus. Points were selected to produce a visually appropriate
layout of the surface of the sinus contour following carefully
its anatomical borders. For visualization and delineation, the
axial section was selected (Fig. 1) and complemented sagit-
tally and coronally. After complete segmentation of the sinus,
ITK/SNAP software was used to calculate the total volume of
the structure in mm®. Additionally, we reconstructed the sinus
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Fig. 1 Series a—d of images exemplifying the segmentation for each image slice in the axial section (ITK/SNAP)

Fig. 2 Series a, b of images
exemplifying the 3D
reconstruction of the sinus
(ITK/SNAP)

three-dimensional (3D), which allowed to compare the
anatomical classification to that of the literature (Fig. 2). After
a period of 15 days, the same procedures were repeated for
analysis of the intra-rater agreement. The sphenoid sinuses
were classified according to Hammer and Radberg [12]
adapted by Dias et al. [9], in nonpneumatized, conchal, pre-
sellar, sellar and post-sellar.

Statistical analysis

All the information obtained was analyzed by using the
SAS 9.4 and Minitab 16 statistical software. The Lin’s
concordance correlation coefficient and limit-of-agreement
(Bland and Altman) were used to assess the agreement
between the repetitions. Both volume comparison between
genders and classification were performed using the Mann—
Whitney test. The correlation between volume and age was
assessed using the Spearman’s coefficient. The confidence
level used in the analysis was 95 %.

Results

Table 1 shows that both right and left sides of the first
measurement were slightly smaller than those of the
second measurement, with a significant difference
between both sides. However, the Lin’s correlation

coefficient (CC) is very close to 1, indicating an almost
perfect agreement between the two measurements. This
high correlation can also be seen in the left graph of
Figs. 3 and 4. In the right graph, one can observe that both
measurements are similar, since the observations do not
follow any pattern and a few points (less than expected)
are out of the bounds. As the magnitude of the bias is
close to the magnitude of the measurements, it can be
inferred that this difference is not significant in the
practice, despite being statistically significant. Given the
high correlation between the two measurements, the fol-
lowing analysis was used to find the average of both
measurements for the volume (Fig. 5).

Table 2 shows that significant differences were found
between the volume rankings on the right side
(P value = 0.0002). The Dunn’s multiple comparison test
showed that post-sellar category had a higher volume than
the pre-sellar and sellar categories.

Table 3 shows that significant differences were found
between the volume rankings on the left side
(P value = 0.0002). The nonpneumatized, or sinus agen-
esis, was not seen in our study. Post-sellar category showed
a higher volume than the sellar category. In Table 4, it is
noted that there is no linear correlation between volume
and age. No meaningful correlations were identified
between age, gender and volume sphenoid sinus according
to the Spearman correlation analysis.
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Table 1 Analysis agreement

Side First measure Second measure Bias P value IC bias CC
between the measurements
Average +SD Average SD
Right 6031.98 3488.65 6157.37 349540 —12539 <0.001 (—174.91; —75.88) 0.998
Left 7178.68  3571.28 7256.87  3588.35 —78.19 0.011  (—482.66; 326.28)  0.998
Volumes (mm3)
SD standard deviation
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Fig. 5 Scatter plot to the volume of the right and left sides by sex
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Table 2 Meast}res position and Sex Variables N Average +SD Minimum  Median Maximum P value
volume dispersion by sex and
result of the comparison F Right volume 27  6096.12  3637.49 929.75 5376.00  11,992.50  0.9229
between groups (Mann—
Whitney) Left volume 27  7068.28 3726.61 1268.00 6945.00  11,455.50 0.6131

M Right volume 20  6092.73 3376.34  1235.50 5125.00  11,327.00

Left volume 20 7419.60 345292 2286.00 8170.75 11,471.50

Volumes (mm3)

SD standard deviation
Table 3 Position and . Right N %o Average  £SD Minimum  Median Maximum P value*
dispersion measures of the right
volume for classification and Conchal 1 212 92975 - 929.75 929.75 92975 0.0002
result of the comparison
between groups (Kruskal— Pre-sellar 6 12.76 ~ 2403.42 1119.52 1235.50 2229.00 4009.50
Wallis) Post-sellar 29  61.70  7768.24 3095.91 1072.50 7851.00  11,992.50

Sellar 11 2340  4165.50 2353.28 1060.00 3781.50 8343.00

Volumes (mm3)

SD standard deviation

* P value disregarding conchal categories
Table 4 Position and Left N %o Average  +SD Minimum  Median Maximum P value*
dispersion measures left for
classification and result of the Conchal 1 212 126800 126800  1268.00 1268.00 1268.00  0.0002
comparison between groups
(Mann—Whitney) Pre-sellar 2 425  3798.75 1456.99  2768.50 3798.75 4829.00

Post-sellar 31 6595  8750.06  3146.39  2697.00 11,004.00  11,471.50

Sellar 13 27.65 454754  2339.04 2178.50 4191.50 9664.50

Volumes (mm3)

SD standard deviation

* P value disregarding conchal and pre-sellar categories

Discussion

It is important to understand the internal anatomy of the
sphenoid sinus due to its unique localization at the center of the
skull, with surrounding structures of indisputable importance,
and find out these anatomical relationships in its internal walls.
Its asymmetry is due to the fact that the septum separating the
right from the left side is curved and irregular. In our results, the
sinus on the left side was slightly voluminous than the one on
the right side. Some studies showed that sinuses have, on
average, a volume of 9375 mm” until the first year of age,
reaching 7820 mm? in adults [1-4]. In this study, approximate
measurements were found, with volumes of the sphenoid
sinuses reaching 6000 mm® on the right side and 7000 mm® on
the left side in adults.

The sphenoid is considered the most inaccessible part of
the face, being enclosed within the sphenoid bone and
closely related to numerous vital neural and vascular

structures. This inner localization can be a complicating
factor for the success of the surgery [3]. The advent of
functional endoscopic surgery and modern imaging tech-
niques has allowed the sinus to be more frequently acces-
sed not only for treatment of diseases, but also as a path
towards the pituitary gland. Therefore, studies in the lit-
erature have confirmed the importance of knowing the
anatomy of the sphenoid sinus. With the past developments
in endoscopic surgery, the knowledge about the anatomy of
paranasal sinuses has become crucial for the surgeons. This
technique proved to be safe and effective for the treatment
of pituitary adenomas, despite the complications related to
internal carotid artery [2, 3, 7]. The variations in the
paranasal sinuses should be carefully evaluated in each
patient. The data obtained in the present study can prevent
complications that rhinologists may face during endoscopic
surgical procedures. One of our objectives was to raise the
importance of anatomical knowledge to achieve greater
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security in procedures involving paranasal sinuses and
major related structures. Because the anatomical diversity
of vital structures adjacent to the sphenoid sinus may
complicate the functional endoscopic surgery, the knowl-
edge of both size and extent of pneumatization of the
sphenoid sinus is an important condition for performing a
surgical treatment accordingly [13, 14, 16]. Therefore, a
method helping this classification would be important in
the diagnosis, since categorization often becomes difficult
by only using the CT technique because of the shades of
gray in the image.

In our methodology, we present a 3D model with color
using manual segmentations in CT scans. Manual segmen-
tation provides higher precision, but requirements more user
interaction, due to strictly manual interaction [22]. The user
has to go through around the images, slice by slice, to extract
the outlines of the target structure and can make editing, but
soft tissues are more difficult to segment due to no-homo-
geneous contrast [22], becoming the segmentation difficult
and sometimes even impossible. So far, we chose not to
include the surrounding structures in this work.

The software allows a 3D multi-orientation view and
can capture the anatomical features of sinus accurately.
Calculated volume can be shown separately. The applica-
tion of 3D planning enables the surgeon has an accurate
design of the anatomic fragment. A pathological variation
of sinus anatomy, which could affect the volume, shape, or
wall thickness, can be taken into account by the geometry
of the 3D model [5, 10, 21, 28, 29]. 3D dimensionality
improved hand-eye coordination, better tissue under-
standing and decreased learning curves [8]. For precise
medical applications, manual segmentation will give the
best results. However, a 3D model from airway cavity
segmentation tended to have more inner fusion structures
due to its nature (air, bone and mucosa) [15] and the sep-
tum edge definition tends to be poor.

Oliveira et al. [20] studied 25 men and 25 women
examined by CT with 3D reconstruction and computer
graphic applications. It was observed that men have appar-
ently greater variation in both area and volume than women,
on average. The significant difference found between the
mean values of male and female groups made it possible to
state that the method might be used for evaluation of sexual
dimorphism, although our results showed no significant
differences between gender and volume of the sinuses.
Yonetsu et al. [31] reported that there were no difference in
volume aeration between men and women, which is in
agreement with our results. Anusha et al. [2] reported the
prevalence of types of sinuses in a study with 279 patients,
with sella being the most frequent type (93 %), followed by
6.7 % of pre-sellar and 0.3 % of conchal. In the present
study, we found more post-sellar types, followed by sellar.
Dias et al. [9] found sellar, post-sellar and pre-sella types in
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54.45, 39.11 and 6.44 % of the cases, a finding diverging
from our results. Mamatha et al. [18] found pneumatization
in the majority of the patients with sellar type (55 %),
whereas 5 patients had pre-sellar and 4 had post-sellar types.
Seddighi et al. [24] studied the degree of pneumatization in a
sample with 64 adult patients diagnosed with pituitary
adenomas, in which 34 cases of sellar type (59.4 %), 10
cases of pre-sellar type (15.6 %) and 16 cases of conchal
type (25 %) were observed. Tomovic et al. [26] found 1.8 %
cases of conchal type, 7.3 % of pre-sellar type, 47.6 % of
sellar type and 43.3 % of post-sellar type. Again, this higher
incidence of sellar type in the majority of the cases does not
agree with the results obtained in our study, in which the
post-sellar type prevailed. The frequency rates of the types
vary between several studies, which may be a result of
diverse study techniques, the type of classification used and
study sample size. A surgical implication of the post-sellar
pneumatization of the sphenoid sinus is a possible penetra-
tion of the posterior wall of the sphenoid, with resultant
cerebrospinal fluid leak [11].

The volume of the cavity in the paranasal sinuses is not
only the simplest, but also the most important index for
paranasal sinus evaluation [21]. We evaluated volume and
anatomy shape (type of pneumatization of the sphenoid
sinus) since identical shapes can present different volumes.
Our study found statistically significant differences
between the volume on the right and left sides of the same
sinus (Figs. 6, 7).

Park et al. [21] reported that paranasal sinuses continue
to expand in all directions as the development of the nasal
cavity and other facial structures occurs between 1 and
7 years old. The pneumatization of the paranasal sinuses is
almost complete between 12 and 14 years old, when the
individual reached the growth proportions. Yonetsu et al.
[31] found that the aeration of the sphenoid sinus is com-
pleted in 93 % of the population evaluated until the third
decade of life. After the fourth decade of life, the aeration
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volume of the sphenoid sinus begins to decline until
reaching two-third of its maximum level in the seventh
decade of life. In the present study, however, there was no
correlation between volume of the sinuses and age group.
Stokovic et al. [25] warned that the tomographic and
radiographic techniques may not be able to show all the
required elements to cause an iatrogenic injury. The
authors suggest that factors such as type of sinus and its
basic dimensions (i.e. height, width and length) can help
predict the risk of accidental injury. In this study, it was
possible to facilitate the classification of the sphenoid sinus
using 3D images to estimate precisely the volume of the
entire structure.

Conclusions

The post-sellar type was found to be more prevalent, fol-
lowed by the sellar type. According to the methodology
used, it can be concluded that 3D reconstruction proved to
be a good method for categorizing the sphenoid sinus,
improving its anatomical knowledge. The volume of the
sphenoid sinus was influenced by neither gender nor age
(P > 0.005). There are differences in the volumes of the
sphenoid sinuses in the right and left sides, including their
anatomical classification. We believe that it is important to
carry out complementary studies into this field to prove the
relationship of sinus volume with gender and age and
underscore the significance of replicating our findings on
larger samples.
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