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Abstract

Objective The aim of this study was to investigate the anatomical imaging characteristics of posterior ethmoid cells (PEs)
expanding towards the inferolateral region of the sphenoid sinus (SS).

Methods This study included a total of 278 inpatients (556 sides) whose paranasal sinus computed tomography (CT) scans
were reviewed and collected from May 2018 to February 2019. The anatomical imaging characteristics of PEs expanding
towards the inferolateral region of the SS were observed.

Results PEs expanding towards the inferolateral region of the SS formed an inferolateral spheno-ethmoid cell (ISEC). ISECs
were observed on three sides (0.54%; 3/556) in three cases (1.08%; 3/278). All of the ISECs were present unilaterally on the
right side of the SS. The ISECs originated from the most posterior ethmoid cell; they were first located at the medial aspect
of the orbital apex, pneumatized continually backward to the inferomedial wall of the orbital apex, and then extended into
the lateral region of the SS. The ISECs further extended laterally, inferiorly and posteriorly beyond the sphenoid body into
the greater wing and/or pterygoid process.

Conclusion An ISEC is a rare variation of ethmoid air cells. Preoperative recognition of ISECs is essential to achieve safe
and effective endoscopic sinus surgery because of the important anatomical location.
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Abbreviations Introduction

EMS  Ethmoid maxillary sinus

ESS Endoscopic sinus surgery The ethmoid sinus is not a true nasal sinus in evo-devo
ICA Internal carotid artery theory and is considered part of the skull-base bones [8,
ISEC Inferolateral spheno-ethmoid cell 9] unlike the maxillary, frontal and sphenoidal sinuses that
LRS Lateral recess of the sphenoid sinus result from bone cavitation following red marrow degen-
MS Maxillary sinus eration. Significant anatomical variations without regularity
OA Orbital apex exist in the ethmoid sinus, which is also considerably dif-
PE Posterior ethmoid cell ferent from the other three groups of paranasal sinuses [4,
RMPE Retromaxillary posterior ethmoid cell 10-13] and is probably due to its evolution.
SS Sphenoid sinus Currently, expansion of the ethmoid sinus can be divided
SOEC  Supraorbital ethmoid cell into the following groups: (1) the anterior group of cells in
the frontal sinus ostium, including the agger nasi cell, supra
59 Tinfeng Liu agger cell and supra agger frontal cell; (2) the posterior
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group of cells in the frontal sinus ostium, including the supra
bulla cell, supra bulla frontal cell and supraorbital ethmoid
cell (SOEQC) [17]; (3) the infraorbital ethmoid cells (IOECs)
that surround the maxillary sinus ostium, including the ante-
rior ethmoid cells that extend into the maxillary sinus and
are localized in the infraorbital region (Haller’s cells) [3]
and the posterior ethmoid cells (PEs) that extend towards
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and the retromaxillary posterior ethmoid cells (RMPEs) [7,
11, 12]; and (4) the most posterior ethmoid cell that also
pneumatizes superior and lateral to the sphenoid sinus (SS)
and forms the Onodi cell [14, 15], which is a significant ana-
tomical variant closely related to the optic nerve. However,
no reports on PEs that pneumatize lateral and inferior to the
SS are available.

In the present study, we describe a rare anatomical vari-
ation of PE pneumatization entering the inferolateral region
of the SS and the pterygoid process. We describe this vari-
ation as an inferolateral spheno-ethmoid cell (ISEC). The
ISECs reported here also provide further evidence of the
uncertainty associated with ethmoid variations. Further-
more, ISECs are easily confused with variations of the SS
and Onodi cells on computed tomography (CT) because
of similar CT characteristics. Therefore, the differences
between ISECs and anterior extension of the SS, smaller
SSs, lateral recess of the sphenoid sinus (LRS) [16] and
Onodi cells based on the drainage channels, location and
bony septum of ISECs are detailed in “Discussion”.

Study design

We conducted a retrospective analysis of paranasal sinus CT
scans obtained from adult inpatients encountered in our hos-
pital from May 2018 to February 2019. CT was performed
in the Radiological Department, Beijing Chaoyang Hospi-
tal, Capital Medical University. We included a total of 278
patients (556 sides) whose paranasal sinus CT scans were
reviewed and analysed.

The enrolment criteria were as follows: (1) no history of
head or sinus injury; (2) no history of sinonasal surgery; (3)
clear PE and SS anatomical structures; and (4) age older
than 18 years. The exclusion criteria were as follows: (1) a
history of sinus surgery or sinus trauma; (2) CT findings of
sinonasal disease (e.g. neoplasm, fungal sinusitis, osteofi-
broma, fibrous dysplasia or chronic rhinosinusitis) involv-
ing the PEs or SS; and (3) CT findings of a craniofacial
abnormality (e.g. craniofacial cleft, orbital hypertelorism,
or craniostenosis) [11].

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 section thickness of 0.625 mm, an interval
of 0.5 mm. The following parameters of acquisition were
employed: kV: 120, mAs: 320, collimation: 40 X 0.6 mm,
tube rotation: 1 s, matrix size: 512 X 512; reconstruction
thickness: 3 mm.
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The GE system was used to obtain multiplanar recon-
structions (MPRs) in the three anatomical planes. GE Cen-
tricity Enterprise Web 3 software (GE Medical Systems) was
used for viewing and measuring. Continuous observation
was performed by sliding the computer mouse. Collection
of the CT scans was approved by the Ethics Committee of
Capital Medical University affiliated with Beijing Chaoyang
Hospital. The study also adhered to the guidelines of the
Declaration of Helsinki.

Determination of ISECs

The diagnosis of an ISEC was determined when PE pneu-
matization entering the inferolateral region of the SS (the
greater wing or the pterygoid process of the SS), which
drains directly into the most posterior ethmoid cell, was
observed on the lateral side of the superior turbinate (Figs. 1,
2,3,4,5 and 6). ISEC identification was performed by one
otolaryngologist (LJ), and ISECs were confirmed by two
otolaryngologists together (LJ and WN).

Determination of Onodi cells

The Onodi cell is the most posterior ethmoidal air cell that
pneumatizes superolateral, superior or lateral to the SS, and
surrounds the optic channel (Figs. 2, 4 and 6) [14].

Determination of the LRS

The line connecting the medial edge of the anterior opening
of the vidian canal (V) and the extracranial end of the fora-
men rotundum (the VR line) is the demarcation between the
sphenoid body and lateral parts of the sphenoid bone. The
LRS is defined as the lateral cavity of the SS extending from
the main sphenoid cavity beyond the VR line into the greater
wing and/or pterygoid process (Figs. 2 and 4) [16].

Determination of the anterior recess of the SS

An anterior recess of the SS originating from the lateral
portion of the anterior wall of the SS was identified when
the recess extended anteriorly beyond a horizontal line along
the sinus side of the sphenoid crest on axial CT (Fig. 7) [16].

Statistical analysis

Data regarding patient age are presented in the form of the
mean =+ standard deviation (SD). The descriptive statistics
were determined using SPSS (version 16.0, SPSS, Inc.,
USA). The incidence rates of ISECs were calculated with
preservation of two decimal places.



Surgical and Radiologic Anatomy (2019) 41:1011-1018 1013

Fig. 1 An axial CT scan of
the bottom-up series showing
the ISEC (indicated by yellow
asterisks) in case 1. The ISEC
is the result of the pneumatiza- 5 RO M)\
tion of the greater wing of the /
sphenoid bone and the ptery-
goid process, which is separated
from the main cavity of the SS
by bone. a, b Both sides of the
SS have independent drain-

age channels (indicated by red
arrows) to the sphenoethmoidal
recess. c—f The ISEC drains into
the PEs. The drainage chan-

nel of the ISEC is located on
the lateral side of the superior
turbinate (indicated by yellow
arrows) (colour figure online)
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Fig.2 A series of coronal CT scans showing that the PEs expand into significantly lower than the Onodi cell (b—e). The Onodi cell is close
the SS to form an ISEC (a—f) posteriorly and laterally in case 1. The to the optic canal. The ISEC is close to the orbital apex, maxillary
yellow asterisks in b and ¢ indicate the ostium of the ISEC. The yel- nerve and cavernous sinus (d—f). The left SS extends laterally and
low asterisks in d—f indicate the ISEC. The ISEC extends towards the forms the LRS, which is connected with the main cavity of the SS (e,
inferolateral region of the SS and away from the optic canal and is f) (colour figure online)
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Fig.3 a-f Axial CT scans of the bottom-up series showing the ISEC cated by red arrows) connected to the sphenoethmoidal recess (f).
(indicated by yellow asterisks) in case 2. The Onodi cell (indicated a—d The posterior end of the septum between the ISEC and the SS is
by solid yellow triangles in d—f) is located superomedial to the ISEC. attached to the protrusion of the ICA. The posterior part of the ISEC
The ISEC looks similar to a dumbbell and drains into the PEs (indi- is adjacent to the ICA (colour figure online)

cated by yellow arrows) (b). The drainage channels of the SS (indi-
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Fig.4 A series of coronal CT scans distinguishing the ISEC from rolateral region of the SS, where the ISEC is present (indicated by
the Onodi cell and LRS in case 2. a The PEs extend towards the SS. yellow asterisks). All of the Onodi cell is above the ISEC. The left
b, ¢ The PEs extend towards the superolateral region of the SS; the SS extends laterally and forms the LRS, which is connected with the
Onodi cell is present on both sides of the SS and surrounds the optic main cavity of the SS (colour figure online)

channel. At the same time, the right PEs expand towards the infe-
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Fig.5 A series of sagittal CT scans from right to left showing dif-
ferences between the ISEC and Onodi cell in case 2. a The ISEC
(indicated by yellow asterisks) is shaped similar to a dumbbell and
passes above the sphenopalatine foramen. b—d The posterior region
of the ISEC is adjacent to the ICA. The Onodi cell (indicated by solid

Fig. 6 The relationships among
the ISEC, Onodi cell and SS in
case 3. a—c Axial CT scans of
the bottom-up series showing
the ISEC (indicated by yellow
asterisks) and the SS. The drain-
age channels of the right SS are
indicated by the red arrow in

c. d—f A series of coronal CT
scans from front to back show-
ing isolated inflammation in the
Onodi cell. The pneumatiza-
tion of the right PEs expands
towards the SS and forms

both the ISEC and the Onodi
cell. The Onodi cell is located
superomedial to the ISEC and
superolateral to the SS (colour
figure online)

Results
ISEC morphology and anatomy

The paranasal sinus CT images of 278 patients (556
sides) ranging in age from 18 to 73 years (mean,
42.32 +13.70 years) were reviewed and analysed. Based
on the present observations, PE pneumatization enter-
ing the inferolateral region of the SS is a rare variant that

yellow triangles) is located above the ISEC and SS. a-h The gradual
change in the bilateral Onodi cells and SSs from right to left. The
drainage channels of the right SS are indicated by the red arrow in f
(colour figure online)

only appeared on three sides (0.54%; 3/556) in three cases
(1.08%; 3/278). Case 1 is a 33-year-old male patient with
nasal obstruction and posterior nasal drip (Figs. 1 and 2).
Case 2 is a 56-year-old male patient with adenoid cystic
carcinoma of the maxillary sinus (Figs. 3, 4 and 5). Case 3
is a 38-year-old female patient with chronic rhinosinusitis
(CRS) (Fig. 6). All ISECs were unilateral and present on
the right side of the SS (Figs. 1,2, 3, 4,5, 6 and 7).

The ISECs originated from the most posterior ethmoid
cells and were first located at the medial level of the orbital
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Fig.7 Anterior extension of the SS. a The left SS extending anteri-
orly and laterally beyond the sphenoid crest. The drainage channels of
the SS are indicated by the red arrows in b. The anterior recess of the
SS is indicated by a solid red triangle in a and c. The sagittal CT scan

apex (Fig. 2b, c¢). Then the pneumatization continued back-
ward to the inferomedial wall of the orbital apex, extended
into the lateral region of the SS, and further extended later-
ally, inferiorly and posteriorly beyond the sphenoid body
into the greater wing and/or pterygoid process (Figs. 1, 2,
3,4, 5 and 6).

In general, the ISECs can be divided into two parts,
including one part in the sphenoid bone and another in the
PE. The point where the ISEC pneumatizes into the SS is
narrower because the lateral and inferior parts of the ISEC at
this site are restricted by the orbital apex and sphenopalatine
foramen, respectively, which also causes the ISEC to assume
a shape similar to that of a dumbbell on axial and sagittal
CT (Figs. 1 and 5). To facilitate correspondence with the SS
ostium, the narrower point of the ISEC is described as the
ISEC ostium, which is located superior to the sphenopalatine
foramen (Figs. 2b and 5a).

Structures adjacent to the ISEC

The structures adjacent to the ISEC in the PE were mainly
the orbit, orbital apex, and sphenoid bone, similar to the
LRS. In the sphenoid bone part of the ISEC, the anterosu-
perior wall was adjacent to the superior orbital fissure and
passed through the structure (Figs. 2 and 4), and the pos-
terosuperior wall was adjacent to the maxillary nerve and
cavernous sinus (Figs. 2d—f and 4b, c¢). The maxillary nerve
was often protruding into this part of the ISEC (2/3 cases)
(Figs. 2e and 4b). The medial side of the ISEC was safe,
adjacent only to the main cavity of the SS and completely
separated from the SS by the osseous septum. This osse-
ous septum was attached to the front of the internal carotid
artery (ICA) protrusion and could be adjacent to the ICA
(1/3 cases) (Fig. 3). The posterior boundary of the ISEC
could reach the anterior part of the foramina ovale and the
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in ¢ shows that the anterior extension of the SS is shaped similar to a
dumbbell and passes above the sphenopalatine foramen (spf) (colour
figure online)

carotid canal (Figs. 3 and 5). The bottom of the ISEC was
the root of the pterygoid and its subsidiary structures.

Discussion

PE pneumatization extending to the inferolateral region of
the SS and into the great wing of the sphenoid bone and the
pterygoid process is a rare variant and only appeared on
three sides (0.54%; 3/556) in three cases (1.08%; 3/278) in
the present study. We describe this variation as an inferolat-
eral spheno-ethmoid cell (ISEC). Additionally, no related
reports of this variant are available in the literature. PE pneu-
matization expanded upward and around across the pterygo-
palatine fossa, into the anterior region of the SS, and further
into the greater wing of the sphenoid bone and the pterygoid
process laterally and inferiorly (Figs. 1 and 4).

ISECs are not the accessory sphnoid sinus, but are orig-
inate from the PEs and expand to the inferolateral region
of the sphenoid sinus, based on the theory of paranasal
sinus evolution, embryonic development and the morpho-
logical characteristics of ISECs. From an embryologi-
cal point of view and the evo-devo concept of paranasal
sinus development, the ethmoid is different from all the
other sinuses [8, 9]. The ethmoid bone originates from the
cartilaginous nasal capsule or paleosinus (endochondral
bone), whereas the other paranasal sinuses are extensions
from the ethmoid into membranous bone via epithelial
diverticula extensions [13]. The endochondral bony ori-
gin of the ethmoid sinuses leads to remarkably thin bony
contours with irregular and morphologically unique bor-
ders, making them substantially different from the other
paranasal sinuses [13]. Compared with ISECs (Figs. 1, 2,
3 and 5) and the anterior extension of the SS (Fig. 7), the
medial wall and anterior structure of the ISEC appeared as
thin bony contours, while the anterior structure of anterior
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extension of the SS was thicker. This finding is consist-
ent with the origin of ISECs from the ethmoid sinus.
Furthermore, the ethmoid sinus is easy to pneumatize
beyond where it should be and extends to other sinuses,
affecting the drainage of other sinuses [13]. Based on the
characteristics of pneumatization and development of the
ethmoid sinus, similar to other extended types of ethmoid
sinuses (agger cells, Haller’s cells, SOEC, EMS, RMPEs
and Onodi cells) widely reported in the literature [3, 7,
10-15, 17], we also think that ISECs originate from the
ethmoid sinus. Finally, the drainage channel of the ISECs
also supports the origin of the ISECs from PEs, rather than
the accessory sphenoid sinus. The SS ostium has been con-
sidered one of the most constant and reliable landmarks.
It always appears in the anterior wall of the SS and drains
into the sphenoethmoidal recess [6] and is always located
at the media side of the superior turbinate [5]. In contrast,
in the present study, the ISEC drainage channel opens into
PEs on the lateral side of the superior turbinate, which is
not in line with the drainage characteristics of the sphenoid
sinus. However, similar to our cognitive dilemma about
Haller’s cell [3], we cannot completely rule out the pos-
sibility of an inaccurate understanding of the origin of
the ISEC.

PEs can extend towards the infraorbital region along
the LP and localize between the orbital floor and the
maxillary sinus (MS). PEs extend towards the infraorbi-
tal region and enter the MS through the maxillary hiatus
of the ethmomaxillary sinus (EMS), and RMPEs spread
from outside the MS [7, 11, 12]. Both ISECs and RMPEs
are PEs located behind the MS. However, RMPEs were
located under the orbit without expanding into the sphe-
noid bone unlike the ISECs in this study. The variations
in PEs expanding towards the inferolateral wall of the SS
observed in this work are also different from the Onodi
cell. Both types of cells are formed by PEs expanding
backward to the SS, but a significant difference exists
between the two cells. The Onodi cell is formed from
pneumatized PEs located lateral and superior to the SS
[14, 15]. However, an ISEC is formed from PEs expand-
ing inferolateral to the SS, including pneumatization of
the greater wing of the sphenoid bone and the pterygoid
process, which is below the orbital apex and optic canal,
and then distally away from the optic canal when it extends
into the SS. The Onodi cell is often encountered in clinical
practice and was present in 50.8% of the sides studied by
Wada et al. [15]. The optic nerve is often exposed to Onodi
cells [14, 15]. In contrast, an ISEC is similar to an LRS in
that the pterygoid and maxillary nerves may be exposed
to the ISEC. In addition, Onodi cells appeared in all three
cases of ISEC, suggesting excessive PE pneumatization.
However, distinguishing an ISEC from an Onodi cell is
easier when the ISEC and Onodi cell appear on the same

side (2/3 cases). The Onodi cells were located superome-
dial to the ISECs in this study (Figs. 4, 5 and 6).

Many variations exist in the pneumatization of the SS [1,
2, 6], which is easily confused an ISEC on CT. In particular,
LRSs (Figs. 2 and 4), anterior extensions of the SS (Fig. 7)
and smaller SSs show characteristics on CT similar to those
of ISECs. However, these entities can be distinguished based
on the drainage channels, location and relationship with the
SS cavity. First, obvious differences exist between an ISEC
and LRS. An ISEC is completely separated from the main
cavity of the SS by a thicker bone plate. The ISEC drain-
age channel opens in PEs on the lateral side of the superior
turbinate [5]. In contrast, an LRS is only a lateral expansion
of the SS cavity that opens into the sphenoethmoidal recess.
Second, in some patients, both sides of the SS develop
extremely asymmetrically, with one side fully pneumatized
and almost filling the whole sphenoid body and the other
side only as large as a pea and may be easily confused with
an ISEC. However, a clear difference exists between the
drainage channels of the two groups of cells. The SS ostium
has been considered one of the most constant and reliable
landmarks for endoscopic sinus surgery (ESS) [1, 2, 6]. It
always appears in the anterior wall of the SS and drains into
the sphenoethmoidal recess, even in smaller SSs. Based on
the present observations, the ISECs drained directly into the
most posterior ethmoid cell, which was obviously different
from the drainage of smaller SSs. Finally, anterior exten-
sion of the SS also has a similar dumbbell shape and runs
through the ethmoid and sphenoid regions superiorly across
the sphenopalatine foramen, which is similar to the ISECs
on coronal and sagittal CT (Fig. 7). However, anterior exten-
sion of the SS is only pneumatization of the SS extending
forward and beyond the normal anatomical scope of the SS
anterior wall. The normal SS ostium still drains directly into
the sphenoethmoidal recess (Fig. 7), which is different from
ISEC drainage. Moreover, in the patients with an ISEC, the
SS was located medial to the ISEC (Figs. 1, 2, 3, 4 and 5).

ISECs may be similar to other anatomical variations in
the sinus and are not associated with sinusitis, but they still
must be considered in ESS. Important structures near the
ethmoid sinus are usually in danger during surgery due to
extreme variability [10, 14, 15]. ISECs must also be identi-
fied before ESS because of their important anatomical loca-
tion. The adjacent structures superior and lateral to ISECs
include the orbital apex, maxillary nerve, and cavernous
sinus. Moreover, the roof of the ISEC is lower than the roof
of the SS. The roof of the SS is used as the upper boundary
of the ethmoid sinus when applying the Wigand strategy
from back to front in ESS. If the ISEC cannot be accu-
rately identified before the operation, the structures passing
through the orbital apex may be injured.

PE inflammation may involve the ISEC because of pneu-
matization of the ISEC from the PEs. In the treatment of
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CRS involving PEs, the ISEC ostium should also be enlarged
during ESS to facilitate the clearance of lesions within.
However, based on the present observations, although the
ISEC ostium may be larger than the SS ostium, opening
and expansion of the ISEC ostium during ESS is also dif-
ficult and risky. The ISEC ostium should not be extended
outward, upward or downward because of the important
adjacent structures. The medial side of the ISEC is safe as a
thicker osseous septum separates it from the SS. Therefore,
to expand the ISEC ostium inward, this osseous septum may
need to be removed after resection of PEs to establish a com-
mon drainage channel with the SS. In addition, similar to
the accessory septum of the SS, this osseous septum likely
emerges from the channel of the ICA (Fig. 3). Therefore, we
must be aware of the presence of the ICA behind the ISEC
and avoid injuring it while removing the osseous septum
during ESS.

Conclusions

ISECs are formed from PEs that pneumatize and enter the
inferolateral side of the SS. This variation of PEs provides
further evidence for the uncertainty associated with ethmoid
variations. At the same time, preoperative recognition of
ISECs is essential to achieve safe and effective ESS.
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