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Background: To investigate the anatomical imaging characteristics of supraseptal 
posterior ethmoid cells (SPEC).
Materials and methods: Paranasal sinus computed tomography scans of 153 
inpatients from February 2019 to September 2021 were reviewed, and the ana-
tomical characteristics of SPEC in the scans were collected.
Results: Supraseptal posterior ethmoid cells are posterior ethmoid (PE) cells 
extending medially and superiorly to the posterior superior of the nasal septum 
and into the sphenoid body but not close to the optic canal. The SPEC, Onodi 
cell, and sphenoidal sinus (SS) may appear in the posterior superior of the nasal 
septum, but the occurrence rate of the SPEC (5.88%; 9/153 cases) was significantly 
lower than that of the SS (22.88%) and Onodi cell (21.57%). The anterior SPEC 
is adjacent to the cribriform plate, the perpendicular plate of the ethmoid bone 
and the posterior ethmoidal artery (PEA). The posterior SPEC is adjacent to the 
SS and PE (6/9 cases), the SS and Onodi cell (2/9 cases) or the PE only (1/9 cases).
Conclusions: The SPEC is a rare pneumatization that occurs in the posterior su-
perior area of the nasal septum. Care should be taken to protect the skull base, 
cribriform plate and PEA when opening the SPEC during endoscopic sinus surgery. 
(Folia Morphol 2023; 82, 3: 696–703)
Key words: ethmoid sinus, posterior ethmoid cell, sphenoid sinus, 
anatomic variation, endoscopic sinus surgery, tomography, X-ray 
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INTRODUCTION
Pneumatization of the nasal septum has aroused 

great interest from scholars in recent years [4, 12, 
13, 16]. Pneumatization of the anterior nasal septum 
mainly originates from the frontal recess and crista 

galli, then extending to the perpendicular plate of 
the ethmoid bone (PPE), which is known as the 
sinus septi nasi [13]. Furthermore, ethmoid cells 
can expand to the posterior superior of the nasal 
septum [4, 16].
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The cell in the posterior nasal septum has been 
reported and focused on because of the pneumati-
zation observed in the computed tomography (CT) 
coronal plane that occurs in the superior or middle 
area of the posterior nasal septum [12, 13]. In fact, 
the so-called air cell in the middle of the posterior 
nasal septum is essentially pneumatization of the 
sphenoid rostrum; it is found on the coronal plane 
and is not an independent air cell [13]. A similar situa-
tion can also occur above the posterior nasal septum, 
with the sphenoid sinus (SS) extending anteriorly and 
superiorly on one side; it appears in the coronal plane 
rather than as an independent air cell. In addition, 
posterior ethmoid (PE) cells extend to the SS to form 
the superolateral type (Onodi cell), inferolateral type 
(Jinfeng cell) and whole lateral type of sphenoethmoi-
dal cells [7, 9]. Some sphenoethmoidal cells can also 
expand anteriorly and medially, being displayed in 
the coronal plane [16]. Hence, there are many orig-
inations of the cell in the posterior superior of the 
nasal septum, which need to be carefully identified.

In the present study, the cell we focused on and 
described is an independent air cell that is formed 
by pneumatization expansion of the PE cells to the 
posterior superior of the nasal septum but is not ad-
jacent to the optic canal, which is called a suprasep-
tal posterior ethmoid cell (SPEC). This retrospective 
analysis of the anatomical features of the SPEC in 
CT scans is intended to help surgeons open it safely 
during endoscopic sinus surgery (ESS) because of its 
important anatomical location [16].

MATERIALS AND METHODS
Study design

We conducted a retrospective analysis of para-
nasal sinus CT scans obtained from adult inpatients 
seen in our hospital from February 2019 to Septem-
ber 2021. All of these patients underwent a routine 
paranasal sinus CT scan because of sinus disease or 
nasal septum deviation and to confirm the clinical 
symptoms or determine diagnosis. CT scans were 
also intended to obtain accurate anatomy before 
ESS [15].

Each CT scan was performed in the Radiological 
Department, Beijing Chaoyang Hospital, Capital Med-
ical University. A total of 153 patients were included, 
and their CT images were reviewed and analysed. 
Some of these CT data have been used in a previous 
study [8]. The collection of these CT data was ap-
proved by the Ethics Committee of Capital Medical 

University affiliated with Beijing Chaoyang Hospital. 
The study was also conducted in accordance with the 
Helsinki Declaration.

The enrolment criteria were as follows: 1) no his-
tory of head or sinus injury; 2) no history of sinonasal 
surgery or septoplasty; 3) clear PE, nasal septum and 
SS anatomical structures; and 4) age older than 18 
years. Cases were excluded if CT findings of sinona-
sal disease (e.g., neoplasm, fungal sinusitis, osteofi-
broma, fibrous dysplasia or chronic rhinosinusitis) 
involving the PE or SS occurred [9].

CT examination and analysis

The CT scanning range spanned from the superior 
margin of the frontal sinuses to the inferior margin 
of the maxillary alveolar process. A GE Lightspeed 
64-slice spiral CT (USA) system was used with a bone 
imaging algorithm. CT scans were obtained at a sec-
tion thickness of 0.625 mm and an interval of 0.5 mm. 
The following parameters of acquisition were used: 
120 kV, 320 mA, collimation 40 × 0.6 mm, tube ro-
tation 1 s, matrix size 512 × 512, and reconstruction 
thickness 3 mm [7, 9].

The GE system was used to obtain multiplanar 
reconstructions using three anatomical planes. The 
standard plane of coronal reconstruction requires be-
ing perpendicular to the hard palate to minimise the 
effect of the reconstruction plane on the observations 
(Fig. 1). An indicator line of reconstruction is shown 
in Figure 1, and this reconstruction was designed to 
avoid the excessive forward or backward inclination 
of the reconstruction plane to affect the appearance 
of the cell on the coronal plane.

GE Centricity Enterprise Web 3 software (GE Med-
ical Systems) was used for viewing and measuring. 
Continuous observation was performed by sliding 
the computer mouse. The posterior nasal septum 
and its adjacent SS and PE were the main structures 
that were observed.

Identification of the SPEC

Definition of the SPEC. Below the sphenoid pla-
num, the PE was expanded above the posterior nasal 
septum but was not adjacent to the optic nerve. We 
referred to this cell as the SPEC (Figs. 2–4).

Determination of the SPEC. On the midsagittal 
plane, the posterior edge of the hard palate serves 
as the posterior boundary of the nasal septum. Be-
fore the posterior edge, if the PE could be seen at 
the top of the posterior nasal septum in the coronal 
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plane, this PE was identified as an SPEC (Figs. 2–4). As 
observed on consecutive sections in all three planes 
(axial, coronal and sagittal), if the posterior superior 
cell of the nasal septum was an Onodi cell or/and the 
SS, it was identified and excluded (Figs. 5–7). SPEC 
identification was performed by one otolaryngolo-

gist (L.J.), and cases of SPEC were confirmed by two 
otolaryngologists working together (L.J. and W.Y.).

Determination of the Onodi cell

The Onodi cell is the most posterior ethmoid air 
cell that pneumatizes superolateral, superior, or lat-

Figure 1. The location line of the coronal reconstruction of the computed tomography scan (the indication line in the midsagittal plane); A. The 
area a is the sphenoid bone under the sphenoid planum, which is a potential area for the pneumatization and expansion of the air cell. Line ‘b’ 
indicates the range of the anterior extension of the sphenoidal sinus (SS); B. The asterisk refers to the supraseptal posterior ethmoid cells displayed 
in the midsagittal plane, and this pneumatization position is area ‘a’ of panel A (panel B were obtained from the patient presented in Figure 2).

A B

Figure 2. The location of the supraseptal posterior ethmoid cells (SPEC) in the coronal and axial plane of the computed tomography (CT) images. 
A series of coronal CT scans (A–C) showing that a cell (indicated by the arrow) lies to the posterior superior area of the nasal septum. An axial 
CT scan of the top-down series (D–F) showing the SPEC (indicated by the star) located between the two sphenoidal sinus (SS) and the per-
pendicular plate of the ethmoid bone. The SPEC is connected to the left posterior ethmoid and drains into it; PEA — posterior ethmoidal artery.

A B C

FED
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eral to the SS and surrounds the optic canal; it pene-
trates into the anterior clinoid process (Fig. 5) [9, 11].

Statistical analysis

Data regarding patient age are presented as the 
mean ± standard deviation. Descriptive statistics 

were determined using SPSS (version 17.0, SPSS, 
Inc., USA). Incidence rates of the SPEC were calcu-
lated to two decimal places. The difference in inci-
dence for the posterior superior cells of the nasal 
septum (SPEC, Onodi cell and SS) was calculated 
and evaluated by the chi-squared test. Differenc-

Figure 3. The axial plane of computed tomography scan shows the adjacent structure of the supraseptal posterior ethmoid cells (SPEC) (in-
dicated by the solid triangle). Panel A shows the posterior portion of the SPEC adjacent to the posterior ethmoid (PE), panels B–D show that 
the posterior portion of the SPEC is adjacent to the sphenoidal sinus (SS). In addition, the SPEC can be adjacent to the PE or Onodi cell on both 
sides (B, C) or on one side (D).

A B

C D

Figure 4. Axial, coronal and sagittal planes (A–C) show isolated opacities within the supraseptal posterior ethmoid cells (indicated by the arrow); 
SS — sphenoidal sinus; ON — optic nerve.

A B C
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Figure 6. Anterior superior expansion of the sphenoidal sinus (SS). The SS extends anteriorly and superiorly (indicated by the arrow in panels 
A and B), filling the entire sphenoid planum (B). It looks like a supraseptal posterior ethmoid cells appears in the coronal plane (indicated by the 
arrow) (A); PEA — posterior ethmoidal artery.

A B

es with a p < 0.05 were accepted as statistically 
significant.

RESULTS
General characteristics of the SPEC

The paranasal sinus CT images of 153 patients 
ranging in age from 18 to 80 years (mean 42.53 ± 
± 13.51 years) were reviewed and analysed. Of them, 
102 were males and 51 females. If the origination of 
air cells was not distinguished, the air cells could be 
seen in the posterior superior of the nasal septum in 
50.33% of the patients (77/153 cases) on the coronal 
plane CT scan. However, most of the posterior supe-

rior cells of the nasal septum that were displayed on 
the coronal plane originated from the anterior and 
superior pneumatization of the Onodi cell (21.57%; 
33/153 cases) and the SS (22.88%; 35/153 cases) 
under the sphenoid planum. The occurrence rates 
of the SS and Onodi cell were significantly higher 
than those of the SPEC (5.88%, 9/153 cases) (χ2 = 
= 15.896; p = 0.000; χ2 = 17.944; p = 0.000) (Table 1). 
The SPEC observed originated from the left PE 
(Figs. 2–4). The incidence of the SPEC in females was 
7.84% (4/51 cases), slightly higher than that in males 
(4.90%, 5/102 cases), though the difference was not 
significant (χ2 = 0.133; p = 0.716).

Figure 5. Anterior expansion of the left Onodi cell; panel A shows the anterior expansion of the left Onodi cell between the posterior-superior nasal 
septum and the sphenoid planum. It looks like a supraseptal posterior ethmoid cells in the coronal plane (indicated by the arrow in panels B and C). 
The white lines in panels A and C indicate the reconstruction position in the coronal plane (B). In the sagittal plane (C), the Onodi cell occupies the 
entire region under the sphenoid planum at the midline position; PEA — posterior ethmoidal artery; SS — sphenoidal sinus; ON — optic nerve.

A B C
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Figure 7. Anterior expansion of the Onodi cell and sphenoidal sinus (SS) simultaneously. A series of coronal computed tomography scans show 
that a rare variant, the Onodi cell (A–C), is above the SS (indicated by star); both cells extend to the posterior-superior nasal septum simulta-
neously (D, E). Two cells from two different sources appear in the coronal plane and look like supraseptal posterior ethmoid cells (C). The two 
lines in panel D indicate the section reconstruction position in the coronal plane (B, C); EMS — ethmomaxillary sinus; MS — maxillary sinus; 
PEA — posterior ethmoidal artery.

A B C

ED

Table 1. Characteristics of the supraseptal posterior ethmoid cells (SPEC) and differences from the Onodi cell and sphenoidal sinus (SS)

Type Characteristics Incidence

N Right Left Total sides (%)

SPEC The cell is limited to the central position under the sphenoid planum and is 
not close to the optic canal

153 0 9 9 (5.88%)

Onodi cell The cell extends superolateral to the SS and is attached to the optic canal 153 16 17 33 (21.57%)

SS The cell is connected to the SS 153 18 17 35 (22.88%)

Imaging anatomy of the SPEC

The SPEC is defined when the PE extends medially 
and superiorly to the posterior superior of the nasal 
septum but does not further extend to the SS. There-
fore, the SPEC only forms an air cell in the centre of 
the sphenoid planum (Figs. 2–4). The SPEC is located 
below the sphenoid planum and is the highest cell 
at the anterior skull base, slightly higher than the 
cribriform plate.

The midsagittal plane shows that the SPEC is 
not pneumatization of the PPE but is due to expan-
sion of the PE in the sphenoid body (Figs. 1B, 2, 4). 
Therefore, the SPEC is not limited by the nasal sep-
tum, and it reaches and crosses the midline (Fig. 2). 
 However, the anterior SPEC is adjacent to the cribri-

form plate and the upper part of the PPE, and the 
anterior expansion of the SPEC is limited by the PPE. 
Inferior expansion of the SPEC is also limited by the 
sphenoid bone.

Cells on the posterior and surrounding regions of 
the SPEC show large variation. The SPEC can be adja-
cent to the SS and PE (6/9 cases), the SS and Onodi 
cell (2/9 cases) or the PE only (1/9 cases) (Figs. 2–4). 
The SPEC is not close to the optic canal and can be 
distinguished from the Onodi cell (Fig. 3).

The SPEC is relatively small. In the midsagittal 
position, the range of the anterior posterior diameter 
was between 3.59–14.62 mm (8.60 ± 3.15 mm), and 
the height was between 2.72–14.36 mm (6.44 ± 
± 3.53 mm).
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Differences among the SPEC, Onodi cell and SS

The Onodi cell extends to one side of the SS and 
close to the ipsilateral optic canal. When the Onodi 
cell extends anteriorly, it will be displayed on the 
coronal plane, similar to the SPEC (Fig. 5). The SS can 
extend anteriorly and superiorly, which is also similar 
to the SPEC (Fig. 6), but it is easy to distinguish from 
the SPEC (Table 1). Interestingly, in a few cases, the 
Onodi cell and SS extended to the middle line to-
gether, with stacking of the cells at the middle line. 
In such cases, the Onodi cell was above, and the SS 
was below (Fig. 7).

The relationship between the SPEC 
and the posterior ethmoidal artery

The anterior SPEC is adjacent to the posterior 
ethmoidal artery (PEA) on both sides (Fig. 2). Even 
when the Onodi cell or SS extended forward and 
was displayed in the posterior superior of the nasal 
septum on the coronal plane, the anterior of the cell 
was also adjacent to the PEA (Figs. 5–7).

DISCUSSION
At present, the cell is described and named SPEC 

because it is a medially and superiorly extended PE 
that is located the posterior superior of the nasal 
septum between the SS/PE and the PPE. This air cell 
is also called the supraseptal ethmoid sinus cell, sphe-
noseptal cell or ethmoidal origin of nasal roof pneu-
matization [4, 14, 16]. Nevertheless, the meaning of 
“supraseptal ethmoid sinus cell” and “sphenoseptal 
cell” does not accurately describe the fact that this 
cell originates from the PE [4, 16]. Therefore, the 
present study adopts the name supraseptal posterior 
ethmoid cell — SPEC.

Initially, the SPEC was a focus owing to the pneu-
matization seen in the posterior superior of the nasal 
septum on the coronal plane [5, 13]. In fact, identi-
fication of the SPEC must be made using combined 
imaging from the sagittal and axial planes; indeed, 
there would be many erroneous judgments if the SPEC 
was confirmed based only on coronal plane observa-
tions [14]. Anterior-superior expansion of the SS and 
sphenoethmoidal cell can also appear in the posterior 
superior of the nasal septum on the coronal plane (Figs. 
5–7). The present results show that anterior expansion 
of the Onodi cell (21.57%) and the SS (22.88%) is 
significantly more common than the SPEC (5.88%) 
(p < 0.05). Therefore, we should pay attention to distin-
guishing the SPEC from the Onodi cell and SS (Table 1).

Based on the present observation, the nature of 
the SPEC is that the PE extends medially and supe-
riorly along the sphenoid planum to the posterior 
superior of the nasal septum. The SPEC is still in the 
sphenoid bone, but it does not further pneumatize 
to the SS and is not close to the optic canal, which 
is different from the Onodi cell [9, 11]. The SPEC, as 
a type of outward expansion of the PE, reflects the 
extreme variation characteristics of the PE [3, 9, 10]. 
Similar to previous reports, the PE extends from the 
superior, superolateral, lateral, inferolateral areas of 
the SS into the sphenoid bone to form the Onodi 
cell, Jinfeng cell and central Onodi cell [1, 7, 9]. In 
addition, as the PE extends to the orbital roof and 
maxillary sinus [6, 18], it is not surprising that PE ex-
tends to the posterior superior of the nasal septum. 
Sex differences in the morphology of the craniofacial 
bone and paranasal sinus have also been reported 
[2, 17]. However, according to the present results, 
the SPEC incidence in females (7.84%) was slightly 
higher than that in males (4.90%), even though the 
difference was not significant [16].

The SPEC is located outside of the conventional 
area of ethmoidal cells, which is easy to ignore during 
ESS. Therefore, we should recognize the possibility 
of isolated PE appearance in the central area under 
the sphenoid planum (5.88%) when reviewing CT 
before ESS. Furthermore, the presence of the SPEC 
may increase ESS difficulty and surgical risk [4, 14]. 
The SPEC shows a small space and narrow drainage 
channels, and the anterior and superior regions of the 
SPEC are adjacent to the skull base, cribriform plate 
and PPE. In the event that an SPEC appears and there 
are lesions or opacities in it (Fig. 4), the SPEC should 
be opened inferiorly and posteriorly to avoid injury 
to the skull base and to allow adequate opening, 
which can also avoid residual lesions or poor drainage 
during ESS [4, 14].

Moreover, the SPEC and Onodi cell can appear 
simultaneously (2/9 cases), which should be carefully 
identified to avoid a missed SPEC and insufficient 
surgery [16]. The SPEC is the highest ethmoidal cell 
and is close to the skull base. The roof of the SPEC is 
the sphenoid planum and can be used as a marker 
of the skull base. Overall, precise identification and 
localization of the SPEC during surgery is very impor-
tant. Moreover, our observations show that the SPEC 
is located behind the PEA; thus, when opening the 
SPEC during ESS, we should pay attention to avoid 
damage to the PEA. Even when the Onodi cell or the 
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SS extends forward and is displayed in the posterior 
superior of the nasal septum on the coronal plane, 
the anterior area of the cell is adjacent to the PEA 
(Figs. 4, 5).

CONCLUSIONS
The SPEC is a rare variation; it is the PE cells extend-

ing medially and superiorly to the posterior superior 
nasal septum and into the sphenoid body but not 
close to the optic canal. The anterior SPEC is adjacent 
to the cribriform plate, PPE and PEA. Care should be 
taken to protect the skull base, cribriform plate and 
PEA when opening the SPEC during ESS.
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