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Abstract
Purpose  We aimed to determine the position and size of the sphenoid sinus (SS) in our study and compare the results of the 
measurements relative to age, gender, and the presence of pituitary adenoma using multidetector computerized tomography 
(MDCT).
Methods  We retrospectively evaluated the paranasal sinus computerized tomography (CT) images of 200 individuals (age 
range of all the individuals 4–84 years; 101 females, 99 males; age range of individuals with pituitary adenoma 15–63 years; 
15 females, 9 males) with 24 pituitary adenomas. The shape of SS were identified and classified, volume were measured by 
MDCT also for individuals with pituitary adenoma.
Results  It was determined that the volume averages were significantly affected by the type of SS. Among all the individu-
als studied, the sellar type of SS was most frequently observed (41.5%), followed by the postsellar type (38.5%), and the 
least observed was the presellar type (9%). The volume of the SS is bigger in males than females although the volume is not 
affected by the presence of pituitary adenomas. The development of the SS continues until the age of nine.
Conclusion  The morphology and morphometry of the SS show individual differences. These anatomic variations are impor-
tant for decision making and application for surgical interventions (especially transsphenoidal surgery).
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Introduction

The development of the sphenoid sinus (SS) commences 
at the 8th week of intrauterine life with bilateral invagina-
tions of the posterior nasal capsule to the os sphenoidale 
[1]. The non-pneumatic SS is usually present at birth [2]. 
Pneumatization of the SS has been reported to begin at age 
2–3 years, although the reported age at onset differs in vari-
ous studies [3, 4]. Jang and Kim [5] reported that the degree 
of pneumatization can be determined between the 8th week 
of gestation and 3 years of age in axial section and between 
the ages of 4 months and 6 years in sagittal section. Pneu-
matization was found to develop from the age of 1 year [6], 
1–2 years [7], and 6 years [8]. The development period of 
pneumatization was reported as 3–5 years [1] and 6–10 years 
[6]. After its onset, pneumatization progresses in the inferior 
posterolateral direction [4]. The back edge of the SS extends 
to the anterior wall of the sella turcica at 7 years of age [1].

Several studies report a wide age range, between 10 and 
18 years, for pneumatization to reach adult size [2–4, 6, 9], 
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while Yonetsu et al. [7] reported that the expansion of the SS 
continuous until the end of the third decade of life.

Pituitary adenomas constitute the most common pituitary 
problems. Clinically diagnosed pituitary adenomas consti-
tute 10–15% intracranial tumors [10]. The anatomical loca-
tion of the SS is significant to neurosurgeons, because the SS 
is a way most accessible in approach to the pituitary gland 
[11]. Due to the close proximity of the SS to the pituitary 
gland its variability in shape, position and size is impor-
tant in deciding and implementing surgery of the pituitary 
gland and its surroundings, in particular the transsphenoidal 
approach. To date, few articles have been published on the 
measurement of the volume of the sphenoid sinus in differ-
ent populations [7, 12] and methods used were different as 
well as classifications [13–16].

Therefore, the aim of this study was to examine the devel-
opment of the SS, to evaluate the shape and volume accord-
ing to, age, gender and the presence of pituitary adenoma.

Materials and methods

This single-center retrospective study was approved by the 
local institutional review board with a waiver of the require-
ment for written, informed consent.

Scans were performed with a 256-slice multidetector 
computed tomographic scanner (Siemens Somatom Flash, 
Erlangen, Germany). Imaging parameters were as fol-
lows: kV = 120; mA = 160; rotation time = 0.5 s; collima-
tion = 64 × 0.625; FOV = 220 mm. Images that included the 
paranasal sinus were analyzed retrospectively on a worksta-
tion (Snygo Via, Siemens, Germany). A total of 200 indi-
viduals (101 female, 99 male) who underwent measurements 
of the SS were studied in 8 different age groups according to 
gender, development of anatomical structures and the pres-
ence of pituitary adenoma. They were also grouped accord-
ing to accepted age classification i.e. prepubertal, before 
15 years; postpubertal, after 15 years and geriatric after 
60 years [17, 18]. This grouping is based on the age limits 
reported in different studies [1–4, 6] for the development of 
the SS ranging from 4–9 years, 10–14 years, 15–19 years, 
20–29 years, 30–39 years, 40–49 years, 50–59 years and 
60 years and over (Table 1).

Shape of the sphenoid sinus

While examining the shape of the SS, the relationship 
between the anterior and posterior wall of the sella turcica 
with the posterior wall of the SS was evaluated. The shape 
of the SS was examined in four groups including conchal, 
presellar, sellar and postsellar which were previously deter-
mined by different authors [11, 16].

Conchal type: the SS was as a small space in front of the 
anterior wall of the sella turcica (Fig. 1a, e).

Presellar type: the SS was found in front of the sella tur-
cica but not moving to the rear. The posterior wall of the SS 
is located in front of the anterior wall of the sella turcica 
[16] (Fig. 1b, f).

Sellar type: the posterior wall of the SS is between the 
anterior and posterior wall of the sella turcica [16] (Fig. 1c, 
g).

Postsellar type: the posterior wall of the SS is located 
behind the posterior wall of the sella turcica [16] (Fig. 1d, h).

Volume of the sphenoid sinus

The boundaries of the sinus were drawn by evaluating each 
axial section in the area of the SS. The drawings in these 
sections were automatically saved in the computer memory. 
This process was repeated separately for each side. All sec-
tions were automatically evaluated by the computer program 
and the volume of the SS was calculated.

Volume measurements of the SS in the different shapes 
(conchal, presellar, sellar, postsellar) obtained were calcu-
lated separately (Figs. 2, 3).

Statistical analysis

In this study, SPSS version 22.0 for Windows (SPSS, Chi-
cago, IL, USA) package program was used for statistical 
analysis of data. To compare possible differences between 
SS shape and volume averages according to gender, age 
group, presence of pituitary adenoma, the assumption of 
normality and homogeneity of variances was checked from 
the parametric test assumptions before applying the one way 
ANOVA. One way ANOVA was performed to determine any 
difference between the mean of the groups according to age 
and the volume of the SS.

Table 1   Distribution of 
individuals according to age and 
gender

Age groups

4–9 10–14 15–19 20–29 30–39 40–49 50–59 60 years 
and over

Total

Female 10 11 13 13 13 15 13 13 101
Male 10 10 13 12 15 15 12 12 99
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According to the analysis results, the difference in vol-
ume of the SS between the age groups was found to be 
statistically significant (p < 0.05). The Bonferroni multiple 
comparison statistical test was applied to determine the 
difference between age groups.

Results

In our study, according to the degree of pneumatization, the 
shape of the SS was examined in four types including con-
chal, presellar, sellar and postsellar.

Fig. 1   Conchal, presellar, sellar, postsellar types; schematic diagram showing, respectively (a–d) [11] [Kayalioglu et  al. [11] study has been 
modified.]; midsagittal MDCT images, respectively (e–h)
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The most observed was the sellar type (41.5%), followed 
by the postsellar type (38.5%), the conchal type (11%) and 
the presellar type (9%) in all individuals. Similarly, when 
evaluated the SS types in individuals with pituitary adeno-
mas the most type was the sellar type (58.3%), followed by 
the postsellar type (16.7%), concal type (12.5%) and pre-
sellar type (12.5%). Statistically, it was determined that the 
presence of adenoma did not affect the sinus shape.

The most SS type in females was the sellar type 
(39.6%), followed by the postsellar type (36.6%), concal 

type (12.9%) and presellar type (10.9%). The most SS type 
in males was the sellar type (43.4%), followed by the post-
sellar type (40.4%) concal type (9.1%) and the presellar 
type sinus (7.1%).

Statistical analysis results showed that the volume aver-
age of the SS changed according to shape (Table 2). It was 
found that the volume of the SS was statistically greater in 
males than females (p < 0.05).

There was a statistically significant difference in 
the volume of the SS between the youngest age group, 

Fig. 2   Volume of conchal type (a) and presellar type (b) (purple)
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4–9 years (p < 0.05) and the other groups. Differences 
between the measurement of volumes in the six other age 
groups was not statistically significant (p > 0.05).

There was no statistically significant difference in the 
volume of the SS between healthy individuals and indi-
viduals with pituitary adenomas (p > 0.05).

Discussion

The SS is quite an interesting structure for researchers. 
Different reports in the literature have defined the volume, 
anatomical variations and development of the SS in differ-
ent populations. Some of the published reports are studies 
on cadavers [13], while others have studied radiological 
images (cone-beam computed tomography images, com-
puted tomography images, magnetic resonance images, 

Fig. 3   Volume of sellar type (a) (green) and presellar type (b) (purple)

Table 2   Volume according to type of sphenoid sinus (SS) (cm3)

SD standard deviation

Shape of SS Minimum Maximum Mean ± SD

Conchal type 0.43 9.18 3.27 ± 2.08
Presellar type 3.2 13.58 6.52 ± 2.68
Sellar type 3.04 23.85 10.39 ± 3.39
Postsellar type 3.58 23.13 13.02 ± 4.09
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X-ray images and helical computed tomography images) 
of living humans [12, 15, 16, 19, 20]. In addition, such 
studies compared computed tomography and magnetic 
resonance images [14], cadaver and computed tomography 
images [21]. We aimed to determine the shape, volume and 
anatomic variations of the SS and compare the results of 
the measurements relative to age, gender, and the presence 
of pituitary adenoma using MDCT.

The types of SS in different populations have been 
investigated, using different methods and classification 
types, summarized in Table 3. Some of these studies clas-
sify the three types as conchal, presellar and sellar [13, 
21, 22], while others use a four type classification, adding 
the postsellar type to the other [11, 14, 16]. In our study, 
the SS was classified into four types and the most fre-
quent respectively sellar type (41.5%) and postsellar type 
(38.5%) were observed. Although all the studies about SS 
classifying have changed rates, it is observed that the most 
common type was sellar type (Table 3). In addition, the 
incidence of the presellar type was third common in these 
studies, whereas the conchal type was third in our study.

The pneumatization of SS continues with age [1, 3, 4], 
so we think that the age of the examined individuals will 
affect the incidence and volume of SS types. Banna and 
Olutolu [13] examined adult cadavers, while other studies 
[14–16, 19, 21] examined individuals over the age of 18. 
In our study, we wanted to evaluate development of the SS, 
in subjects over a wide age range.

Güldner et al. [16] and Sheikh and Zahran [15] reported 
that the incidence of SS types were not affected by gender. 
In our study, the most common type of SS was the sellar 
type in males and females (respectively 43.4%, 39.6%), and 
the least common type was the presellar type (respectively 
7%, 10.9%) (Table 3). Lu et al. [21], examined CT images of 
200 (individuals over 18 years) and 18 cadavers, evaluated 
the types of SS separately. The most common type was the 

sellar type, while the least common was the conchal type 
in both groups. Hamid et al. [14], report that a total of 296 
individuals over 18 years with SS type with adenomas were 
examined. The least common type in the Hamid et al. [14] 
study was the conchal type, while it was the presellar type in 
our study. This difference may be caused by the inclusion of 
individuals under the age of 18 years in our study.

The standard approach in the surgery of pituitary ade-
noma is the transsphenoidal approach. The variant ways 
to the sella turcica; transethmoidal, transnasal, transseptal, 
whether microscopic or endoscopic, finally pass through the 
SS to reach the sella turcica. Therefore, the anatomical vari-
ations of the SS have an important bearing on the surgical 
operation and the probability of complications [14]. Iden-
tification of the degree of pneumatization in the SS plays 
an important role for the surgeon because the various types 
of sinus pneumatization determine the surgical technique 
of the transsphenoidal approach. The thickness of the ante-
rior wall of the sella turcica, an important measurement in 
transsphenoidal surgery, has been reported as 0.3–1.5 mm 
(mean 0.7 mm) in the presellar type and 0.1–0.7 mm (mean 
0.4 mm) in the sellar type [23]. The conchal type SS was 
conceived as contraindication for the transsphenoidal 
approach to the sella turcica, but surgical advances and 
different devices have made this approach practical in the 
conchal type [14, 24]. High pneumatization disrupts the ana-
tomical structure of the SS possibly leading to a thinning of 
the lateral wall, which may put pressure on the optic nerve 
and internal carotid artery. In addition, the relevant walls of 
the middle cranial fossa may also thin and be easily damaged 
during the operation [14].

The studies in which the volume of SS is evaluated in dif-
ferent populations using different methods are summarized 
in Table 4.

Yonetsu et al. [7] examined volume of the SS in nine dif-
ferent age groups between 1 and 80 years and reported that 

Table 3   A comparison of the types of SS among various studies (%)

CT computerized tomography, MDCT multidetector computerized tomography, MRI magnetic resonance imaging, F female, M male

Method Population Conchal Presellar Sellar Postsellar

CADAVER Banna and Olutola [13] Unspecified 2.8 11.4 85.7 –
BONES/CADAVERS/MR Kayalioglu et al. [11] Turkish 1.9 9 52.9 36.2
CT/CADAVER Lu et al. [21] Chinese CT 6 28.5 65.5 –

Cadaver 16 27 55
CT/MRI Hamid et al. [14] Egyptian 2 21 54.7 22.3
CONE-BEAM CT Güldner et al. [16] German 0.3 6.6 57.2 35.8
X-ray Sheikh and Zahran [15] Arabian – 37 63 –
MDCT Gibelli et al. [19] Italian – 10 74 16

Present study Turkish 11 9 41.5 38.5
M F M F M F M F
9.1 12.9 7 10.9 43.4 39.6 40.4 36.6



2893European Archives of Oto-Rhino-Laryngology (2019) 276:2887–2894	

1 3

the volume increased until third decade then it decreases. 
Yonetsu et al. [7] reported that there was no statistically 
significant difference in terms of age groups between male 
and female. The volume and shape of the SS are important 
because this structure must be examined when performing 
hypophyseal surgery. SS pneumatization is difficult to evalu-
ate; thus, even a little information on its morphology might 
be useful [7].

Adibelli et al. [12] calculated manually the volume of the 
SS in subjects with an age range 0–18 years, while we calcu-
lated the volume of the SS automatically in a computer pro-
gram. The mean volume of the SS was found to be smaller 
than in our results. The reason for this may be because we 
examined children and adult individuals in our study.

Cohen et al. [20] examined individuals 25 years of age 
and over, individuals classified as before and after 65 years 
of age group, the volume of the SS of the group before 
65 years of age was reported to be significantly larger. Also, 
the volume of the SS was significantly greater in males than 
females.

Gibelli et al. [19] reported that the volume of the SS was 
significantly greater in males than females in all types of SS 
(conchal, presellar, sellar, postsellar). Differences of volume 
according to the type of SS were statistically significant.

In our study, there was a statistically significant difference 
between the age groups in terms of volume group averages, 
only in the 4–9 years age group (p < 0.05); the difference 
between the volumes of the SS in the other age groups was 
not statistically significant (p > 0.05). This result shows that 
the development of SS continues until the age of nine, and is 
reached to adult size at ten years. Scuderi et al. [4] reported 
that the SS reaches adult size at the age 14 years.

Spaeth et al. [9], reported that up to the age of 5–6 years, 
sinus volume is greater in girls than in boys of same age 

and then the situation tends to reverse. Understanding these 
changes in the volume of the SS will also be useful in inter-
preting radiological images and evaluating normal SS devel-
opment [4].

In addition, the difference in volume of the SS between 
healthy individuals and individuals with pituitary adenoma 
was not statistically significant (p > 0.05). This result shows 
that the volume of the SS is not affected by the presence of 
pituitary adenomas.

Barotrauma of the SS may cause headaches, blindness 
and pressure to the internal carotid artery, therefore, the vol-
ume of the SS is particularly important in divers [25], and 
for individuals associated with this sport because the volume 
of the SS may be considered as criteria for safe diving.

SS mucocele may cause serious complications such as 
permanent blindness due to pressure on the optic nerve [26]. 
The degree of pneumatization of the SS may cause defects 
in the wall of the sinus and due to its proximity the sinus 
can protrude into the internal carotid artery. For example, in 
the postsellar type SS clivus may get thinner and, therefore, 
might be damaged in basillar plexus operations [27]. Pos-
terior or lateral enlargement of the SS may cause compres-
sion to the parasellar and paraclival sections of the internal 
carotid artery [22].

Posterior ethmoidal cells may sometimes become Onodi 
cells which may protrude into the lateral and/or superior 
areas of the SS. The optic nerve may lie within this sphe-
noethmoid cell, as well as in the lateral wall of the SS. It 
is important for surgeons to understand the location of the 
Onodi cells because of proximity to the optic nerve, the 
internal carotid artery and the pituitary gland. Onodi cells 
are frequently confused with SS often causing complications 
in sphenoidotomy [28]. Therefore, it is important to deter-
mine the shape and normal volume of the SS according to 
age and gender for successful diagnosis and surgery.

In conclusion, this study provides information about the 
development of sphenoid sinus and the close relationship 
between its volume and shape. The development of the SS con-
tinues until the age of nine, reaching adult sizes from the age of 
ten years. The volume of the SS is bigger in males than females. 
Additionally, the presence of pituitary adenoma does not affect 
the volume of the SS. Therefore, in pituitary adenomas that fill 
the sella turcica and extend to the suprasellar area, or in cases 
such as pituitary apoplexy, the pressure effect moves up and/or 
sideways may affect the important soft structures in the proxim-
ity (optic chiasm, cavernous sinus and inside the cranial nerves, 
the internal carotid artery and branches).
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Table 4   A comparison of volume of the SS among various studies 
(cm3)

CT computerized tomography, MDCT multidetector computerized 
tomography, MRI magnetic resonance imaging, F female, M male

Methods Authors Population

HELICAL 
CT

Yonetsu 
et al. [7]

Japanese 8.2

MRI Adibelli 
et al. [12]

Turkish 8.65

CT Cohen 
et al. [20]

Israeli M
4.74

F
3.55

MDCT Gibelli 
et al. [19]

Italian 8.96
M
10.0

F
7.92

MDCT Present 
study

Turkish 10.26
M
11.23 ± 5.14

F
9.32 ± 3.97
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