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Abstract: P u r pose: Th e purpose of this research is to defi ne the total number of septa and the total 
number of antra in the sphenoid sinuses (created as a result of the presence of additional septa), as well as 
the relation between the number of the septa and their location in the adult population.
M at er i a l s  a nd  Me t ho d s: Th e study was conducted as a  retrospective analysis of the computed 
tomography (CT) scans of the paranasal sinuses of 296 patients (147 females and 149 males), who did not 
present any pathology in the sphenoid sinuses. Th e CT scans of the paranasal sinuses were done with the 
spiral CT scanner (Siemens Somatom Sensation 16) by using a standard procedure, in the option Siemens 
CARE Dose 4D, without using any contrast medium. Aft er obtaining the transverse planes, the frontal and 
sagittal planes were created using secondary reconstruction tool (multiplans reconstruction — MPR).
Re su lt s: Th e analysis of the obtained images in the transverse plane and secondary CT reconstructions 
has shown the presence of only one sphenoid septum (main septum — MS) in 21.96% of the patients, 
which divided the sphenoid sinus into two sphenoid antra. In 78.04% of the patients, there were more 
than one sphenoid septa present in the posterior part of the sphenoid sinuses, hence there were additional 
septa (AS) present. One AS was present in 22.97% of the patients. Th e most common variant — two 
AS — was found in 32.09% of the cases. Th e presence of more than two AS was found in the following 
number of patients: three AS in 9.8%, four AS in 7.09%, fi ve AS in 1.69%, six AS in 3.04% and seven AS 
in 1.01%. Th e rarest variant was the presence of more than seven AS: eight AS in 0.34% and nine AS 
also in 0.34%. Th ere were no sphenoid sinuses that would have more than nine AS in the researched 
material.
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C onclu s ions: Due to the high incidence of the anatomical variants of the paranasal sinuses, a CT scan 
is recommended in all patients before a planned surgery in order to avoid the potential complications that 
might arise as a result of the complicated structure of the paranasal sinuses.

Key words: main septum, additional septum, sphenoid sinus, FESS.

Introduction

Sphenoid sinuses are pneumatic spaces lined with mucous membrane, located in the 
diaphysis of the sphenoid bone. Th e sphenoid sinuses begin to develop around the 
3rd–4th month of the foetal life [1, 2], as a result of a bilateral concavity of the mucous 
membrane of the nasal cavity posteriorly, towards the sphenoid bone. Th e concavity 
of the mucous membrane in the foetus have the form of recesses (sphenoethmoidal) 
and correspond to the ostia of the subsequent, fully-developed sinuses. Th e sphenoid 
sinuses are present as early as in the newborns, but they are not yet air-fi lled, and 
they do not exceed past the total size of 2 mm [3] — at this stage they are little antra 
(the size of a  pea grain), being the extension of the sphenoethmoidal recesses. Th e 
fi lling in with air begins in the postnatal life [4], around the 3rd–4th year of life, and 
lasts until the puberty — the moment of reaching the full, defi nitive fi lling in with air 
is not precise and lies in the range of 12–16 years of age.

Th e morphology of the sinuses is characterised by a vast diversity. Th ey vary in 
size, shape and number of the septa present (MS — main septum, AS — additional 
septum), as well as the degree of fi lling with the air.

Th e sphenoid sinuses adjoin important anatomical structures through their walls, 
both nervous and vascular — their neighbourhood, in addition to the anatomical ar-
rangement of the sphenoid sinuses, is of great importance in the surgical procedures 
done in this region. Th e proper analysis of the anatomical parameters of the sphe-
noid sinuses is crucial before conducting a surgical procedure (including endoscopy) 
in order to diminish the surgical risk and avoid potential complications during the 
procedure [5–15].

The computed tomography (CT) is one of the most precise methods for the 
imaging of the paranasal sinuses. Th is method enables to distinguish the variations in 
the anatomical structures of the paranasal sinuses, due to the clear-cut representation 
of the osseous structures.

In the recent years, one can observe the dynamic development of the functional 
endoscopic sinus surgery (FESS) [16, 17]. The use of the minimally invasive 
endoscopic procedures decreases the number of the classical extensive surgeries 
of the paranasal sinuses. Since the beginning of the 1990s, the FESS method is 
commonly regarded as the method of choice in the surgical treatment of the chronic 
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infl ammation of the paranasal sinuses. Th e endoscopic techniques allow for a  good 
insight into the diffi  cult to access regions, lower traumatisation and shorter period of 
recovery in comparison to the classical procedures [6, 18].

Materials and Methods

A retrospective analysis of the CT scans of the paranasal sinuses of 296 patients 
(147 females and 149 males) referred to the Department of Medical Imaging of 
the University Hospital in Kraków, Poland was carried out in this study. Patients 
over 18  years of age, who did not present any pathological changes in the sphenoid 
sinuses, qualifi ed for the analysis presented in this work. Th e exclusion criteria for the 
researched group consisted also of: a  head trauma, nasal or orbital cavity or cranial 
basis surgeries undergone in the past.

A spiral CT scanner (Siemens Somatom Sensation 16) was used to obtain the CT 
scans used in this study. In order to receive them, standard procedure was applied 
(in Siemens CARE Dose 4D option). Furthermore, no contrast medium was used. 
Secondary reconstruction tool (multiplans reconstruction — MPR) was used aft er 
obtaining the transverse planes, in furtherance of creating the frontal and sagittal 
planes. For the analysis of the graphic data, diagnostic station Siemens Volume 
Wizard was used. 

The analysis of the obtained images involved the total number of septa and 
antra — the septum stretching from the anterior wall of the sphenoid sinuses to 
the posterior wall of the sinuses was regarded as the MS; the remaining septa were 
considered as the AS.

Results

Th e analysis of the obtained images in the transverse plane and the secondary CT 
reconstructions showed the presence of only one sphenoid septum in 65 patients 
(32  females, 33 males), that divided the sphenoid sinus into two sphenoid antra. In 
231  patients, more than one sphenoid septum was found in the posterior part of the 
sphenoid sinuses, hence AS were present. One AS was found in 68 patients (33 females, 
35 males). Th e most common variant — in 94 patients — was two AS (51  females, 
43  males). Th e presence of more than two AS was noticed in the following number 
of patients: three AS in 29 patients (14 females, 15 males), four AS in 21 patients 
(13  females, 8 males), fi ve AS in 5 patients (3 females, 2 males), six AS in 9 patients 
(0  females, 9 males), seven AS in 3 patients (1 female, 2 males). Th e  rarest variant 
was the presence of more than seven AS: eight AS in 1 patient and nine AS also in 
1  patient (in both cases it was a  male). Th ere were no sphenoid sinuses that would 
have more than nine AS in the researched material (Table 1, Fig. 1).
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Table 1. Th e number of the additional septa present. 

AS F F% M M % F + M F + M%
 0 32 21.78 33 22.15 65 21.96
1 33 22.45 35 23.49 68 22.97
2 51 34.69 43 28.86 94 32.09
3 14  9.52 15 10.07 29  9.80
4 13  8.84  8  5.37 21  7.09
5  3  2.04  2  1.34  5  1.69
6  0  0.00  9  6.04  9  3.04
7  1  0.68  2  1.34  3  1.01
8  0  0.00  1  0.67  1  0.34
9  0  0.00  1  0.67  1  0.34

AS — additional septa, F — the total number of the AS in females, M — the total number of the AS in males, 
F% — the percentage of the AS in females, M% — the percentage of the AS in males.

1 — 0 AS (21.96 %); 2 — 1 AS (22.97%); 3 — 2 AS (32.09%); 4 — 3 AS (9.8%); 5 — 4 AS (7.09 %); 6 — 5 AS (1.69%); 
7 — 6 AS (3.04%); 8 — 7 AS (1.01 %); 9 — 8 AS (0.34%); 10 — 9 AS (0.34%).

Fig. 1. Th e frequency prevalence of the additional septa (AS) in the total number of the patients. 

Fig. 2. Th e percentage distribution of the additional septa (AS) in females and males. 
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Th e distribution of the AS does not diff er signifi cantly amongst the females and 
males (p = 0.683, Manna-Whitney’s test). Henceforth, we can assume that more or 
less the same number of females and males have only 1 septum, the same number of 
females and males have 2 septa, etc. (Fig. 2)

At the following stage, the total number of all septa (MS and AS) were counted, as 
well as the number of all the antra that were present in the posterior part of the sphenoid 
sinuses. In the majority of patients (241), there were more than two antra present in 
the posterior part of the sphenoid sinuses and within this group the most common 
(94 patients) were three septa and four antra. Th e presence of only one AS, hence in total 
two septa and three antra, was also very frequent (68 patients). In 65 cases there were no 
AS, hence there was only one septum present — the MS — and two antra (one in the 
anterior and one in the posterior part of the sinuses). Defi nitely, the least prevalent group 
of variants, consisted of patients with four septa in total and fi ve antra (29 patients) or 
fi ve septa and six antra (21 patients). Th e presence of a greater number of the septa and 
antra was sporadic and were as frequent as follows: six septa and seven antra — 5 patients, 
seven septa and eight antra — 9 patients, eight septa and nine antra — 3 patients, nine 
septa and ten antra — 1 patient, ten septa and eleven antra — 1 patient (Table 2, Fig. 3).

Th e distribution of the total number of the septa and antra does not diff er signifi -
cantly amongst the females and males (p = 0.683, Manna-Whitney’s test). Henceforth, we 
can assume that more or less the same number of females and males has only 1  sep-
tum/2  antra, the same number of females and males 2 septa/3 antra, etc. (Fig. 4–14)

Table 2. Th e total number of septa and antra.

Septa/Antra F F% M M% F + M F% + M%

1/2 32 21.78 33 22.15 65 21.96

2/3 33 22.45 35 23.49 68 22.97

3/4 51 34.69 43 28.86 94 32.09

4/5 14  9.52 15 10.07 29  9.80

5/6 13  8.84  8  5.37 21  7.09

6/7  3  2.04  2  1.34  5  1.69

7/8  0  0.00  9  6.04  9  3.04

8/9  1  0.68  2  1.34  3  1.01

9/10  0  0.00  1  0.67  1  0.34

10/11  0  0.00  1  0.67  1  0.34

1/2 — one septum/two antra, 2/3 — two septa/three antra, 3/4 — three septa/four antra, 4/5 — four septa/fi ve 
antra, 5/6 — fi ve septa/six antra, 6/7 — six septa/seven antra, 7/8 — seven septa/eight antra, 8/9 — eight septa/nine 
antra, 9/10 — nine septa/ten antra, 10/11 — ten septa/eleven antra, F — females, M — males, F% — the percentage 
of females, M% — the percentage of males.
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1 — 1/2 (21.96%), 2 — 2/3 (22.97%), 3 — 3/4 (32.09%), 4 — 4/5 (9.8%), 5 — 5/6 (7.09%), 6 — 6/7 (1.69%), 7 — 7/8 
(3.04%), 8 — 8/9 (1.01%), 9 — 9/10 (0.34%), 10 — 10/11 (0.34%).

Fig. 3. Th e frequency of the presence of the total number of septa and antra in the total number of 
the patients.

Fig. 4. Th e percentage distribution of the total number of septa and antra in females and males.

Fig. 5. CT scan of the paranasal sinuses, frontal 
plane. Total number of septa — 1, total number of 
antra in the sphenoid sinuses — 2 (1/2). 

Fig. 6. CT scan of the paranasal sinuses, transverse 
plane. Total number of septa — 1, total number of 
antra in the sphenoid sinuses — 2 (1/2).
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Fig. 7. CT scan of the paranasal sinuses, frontal 
plane. Total number of septa — 2, total number of 
antra in the sphenoid sinuses — 3 (2/3).

Fig. 8. CT scan of the paranasal sinuses, trans-
verse plane. Total number of septa — 2, total 
number of antra in the sphenoid sinuses — 3 (2/3).

Fig. 9. CT scan of the paranasal sinuses, frontal 
plane. Total number of septa — 3, total number of 
antra in the sphenoid sinuses — 4 (3/4).

Fig. 10. CT scan of the paranasal sinuses, trans-
verse plane. Total number of septa — 3, total 
number of antra in the sphenoid sinuses — 4 (3/4).

Fig. 11. CT scan of the paranasal sinuses, frontal 
plane. Total number of septa — 4, total number of 
antra in the sphenoid sinuses — 5 (4/5).

Fig. 12. CT scan of the paranasal sinuses, trans-
verse plane. Total number of septa — 4, total 
number of antra in the sphenoid sinuses — 5 (4/5).
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Fig. 13. CT scan of the paranasal sinuses, frontal 
plane. Total number of septa — 5, total number 
of antra in the sphenoid sinuses — 6 (5/6).

Fig. 14. CT scan of the paranasal sinuses, transverse 
plane. Total number of septa — 6, total number of 
antra in the sphenoid sinuses — 7 (6/7).

Discussion

At least one septum in the sphenoid sinuses was present in 296 patients (98.67%). 
21.96% had only one septum (the MS), that divided the sphenoid sinus into two 
sphenoid antra. More than one sphenoid septum in the posterior part of the sphenoid 
sinuses was found in 231 patients (78.04%), which means that the AS were present. 
Th e most common were two AS 32.09% (altogether, three septa that divided the 
sinus into four antra). One AS was also very prevalent (22.97%, altogether two septa 
dividing the sinus into three antra). Th e presence of more than two AS was found 
with the following frequency: three AS in 9.8% of cases (altogether four septa dividing 
the sinus into fi ve antra), four AS in 7.09% of cases (altogether, fi ve septa dividing the 
sinus into six antra), fi ve AS in 1.69% of cases (altogether, six septa dividing the sinus 
into seven antra), six AS in 3.04% (altogether, seven septa dividing the sinus into 
eight antra) and seven AS in 1.01% (altogether, eight septa dividing the sinus into 
nine antra). Th e least common variation was the presence of eight and nine AS, which 
were both prevalent in 0.34% of cases (respectively: altogether, nine septa dividing 
the sinus into ten antra and ten septa dividing the sinus into eleven antra). In the 
researched material, there were not any sphenoid sinuses identifi ed that would have 
more than nine AS (altogether, more than ten septa dividing the sinus into more than 
eleven antra).

Abdullah et al. present a  similar frequency of finding two septa — 25.71% 
of patients (18/70), three septa — 30% of patients (21/70), five septa — 5.71% 
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of patients  (4/70) and six septa — 1.43% of patients (1/70) in the frontal planes. 
However, their remaining results are diff erent: in their research, one septum was 
present in 14.29% of cases (10/70), and four septa in 24.29% of cases (17/70); they 
did not fi nd sphenoid sinuses with more than six septa [5]. Th e single septum was 
present in 20% of patients in Sareen et al. (a cadaveric study). Th ey also noticed 
that 80% of the patients had a greater number of the septa, but they did not specify 
the exact amount of the  AS  [14]. Th ese results are similar to the others obtained 
previously, in which multiple septa were reported as follows: 76% of patients [1], 
68% of patients [19] and 69.56% of patients [12]. Th e obtained results are also akin 
to the ones of other scientists who have analysed the presence of the septa on CT 
scans: the presence of a  single septum in 28.1% of cases (18/64) and more than 
one septum in 71.9% of cases (46/64) [20]. Similar results were obtained by Tan 
and Ong in anatomical and endoscopic research carried out on 48 cadavers: single 
septum in 29.2% cases, one AS (altogether two septa) in 65.6% of cases and two AS 
(altogether three septa) in 5.2% of cases. Th e aforementioned researchers did not fi nd 
more than two AS in their research material, which may relate to the small number 
of sinuses studied, the method of interpretation (cadaver endoscopy) and ethnic 
group (Asian) [21].

A greater frequency of the single septum was found by Awadalla et al., whom 
provided results for two research groups: group A — anatomical study of 25 skulls 
(a single MS in 32% of cases) and group B — radiological study (CT and/or MRI) of 
364 patients (a single MS in 35% of cases). At the same time, these researches present 
the following frequencies of the AS: for the group A — a  single AS was present in 
12% of cases and multiple septa were found in 28% of cases. As for the group B 
— a  single AS was present in 7% of cases and multiple septa in 5.4% of cases  [22]. 
Diff erences in the results may come from the fact that the study was carried on 
a diff erent ethnic group (the Egyptians), methods with which the septa were assessed 
(MRI) or the chosen criteria of the presence of the AS (which is not stated in 
the work).

Dissimilar results are given by Haetinger et al., whom mention that 27% of patients 
have the AS in the sphenoid sinuses [7]. Such discrepancy between the results may 
have its explanation in the inclusion criteria set by the authors — Haetinger et al. state 
the number of the septa only for the patients with the pneumatisation of the sphenoid 
sinuses behind the sella turcica. Moreover, Kinnman presents a  lower frequency for 
the presence of the AS (without stating their numbers): 18.75% of cases (15/80). Th e 
dichotomy in the data may result from the imaging method (conventional RTG) and 
the method of choosing patients (the ones suff ering from acromegaly) [23]. Similar 
discrepancy in the number of the septa in the sinuses was noticed by Hamid et al., 
whom found a single septum (MS) in 71.6% of cases (212/296), presence of one AS 
in 10.8% of cases (32/296) and multiple septa in 6.8% of cases (20/296). It may be 
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associated with the study inclusion criteria (all the patients had pituitary adenoma) 
and the researched ethnic group (all patients were Egyptians) [24]. A lower frequency 
of AS was also noted in Serbian population (one septum 72%, two septa 17%, 
three septa 7%, four septa 4%) [25], in Korean — 52% (52/100) [26] and Romanian 
— 42% [27]. 

In the research carried out on 54 cases (27 patients in CTA imaging and 27 
cadavers in endoscopic and CT imaging), Fernandez-Miranda et al. state twofold 
higher frequency of the presence of a  single septum (MS) — 48.2%, twofold higher 
frequency of the presence of two septa (MS and one AS) — 40.7% and threefold 
lower frequency of the presence of three septa (MS and two AS) — 11.1%. Th ese 
researchers did not fi nd more than three septa in the sinuses — probably due to the 
scarce number of cadavers studied [28]. Similar results were obtained by the Turkish 
researchers, whom in the researched material (48 skulls), noticed the presence of 
only one septum in 46% of cases (22/48) and two AS in 52% of cases (25/48) [29]. 
Furthermore, Nitinavakarn et al. also presents the prevalence of a  single septum in 
47.7% of cases in the Taiwanese population [30].

Battal et al. state the presence of a single septum in 64.3%, two septa in 20.1% and 
greater numbers of septa in 14% (without stating the exact number of the AS)  [31]. 
Similar results were given by ElKammash et al.: a  single septum — 59.89%, two 
septa — 7.14%, multiple septa — 5.49% [32]. Th e researchers were studying 182 CT 
and MRI scans in a group of Egyptian patients. Similarly, Anusha et al. describe the 
prevalence of a single septum as 53.7% and multiple septa as 46.3% (using a head CT 
scan of 300 Malaysian patients) [33]. Furthermore, Idowu et al. state the presence of 
multiple septa in 48.33% of cases [34]. Stokovic et al. provide the prevalence of AS as 
27.5% of cases (one AS in 17.6%, two AS in 7.84%, four AS in 1.96%). Th e study was 
carried out on 51 skulls with the cone beam CT (CBCT) [35].

Th e highest frequency of a  single septum is given by Dundar et al. — 90.7% 
(198/218). Th ese scientists noticed the presence of two septa in 6.8% of cases (15/218), 
dividing this group into two smaller subgroups: with two complete septa — 4.1% 
(9/218) and one complete and one incomplete septum — 2.7% (6/218). However, 
they did not fi nd any greater number of AS [36]. Such big discrepancies may be 
a product of the ethnic group used in the study (the Turks) or the inclusion criteria 
of the presence of AS (not stated in the work). Shokri et al. found the frequency of 
the presence of septa in the sphenoid sinuses to be 74% of cases (74/100), but in their 
study they do not distinguish between the MS and AS [37]. Th e presence of AS was 
also found by Hammer and Radberg, whom say that they can run medially, frontally, 
sagittally or laterally (but they do not give the exact amount and frequency of their 
prevalence — they only say the lateral septa were present in 44% of cases)  [38]. 
Sethi et al. present the AS in 30% of cases [39], whereas Tomovic et al. in 43.5% of 
cases [40] (Table 3).
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In this study, the AS (single or multiple) were located in each case in the 
posterior part of the sphenoid sinuses. It remains in accordance with other scientifi c 
reports [2, 28, 36].

Conclusions

1. Th e majority of patients have more than one septum in the sphenoid sinuses 
(most commonly two AS).

2. Th e majority of patients have more than two antra in the sphenoid sinuses (most 
commonly three antra).

3. Th e paranasal sinuses are greatly varied anatomically, hence conducting a  CT 
scan is advisable in all patients requiring a  surgical intervention, in furtherance 
to avoid potential complications that may arise due to the high prevalence of 
anatomical variations in the aforementioned sinuses.
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