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ABSTRACT

Purpose: The aim of this study was to evaluate the prevalence of clinically relevant anatomical variations of the
ethmoid sinuses and their potential association with ethmoid and maxillary sinus pathologies on cone-beam computed
tomography (CBCT) scans. Additionally, potential associations with different sides and demographic factors, including
age and sex, were evaluated.

Materials and Methods: In total, 273 CBCT scans with complete ethmoid and maxillary sinuses were analyzed to
determine the prevalence of Agger nasi cell, supraorbital ethmoid cell, Haller cell, Onodi cell, and ethmomaxillary
sinus. In addition, the health or pathology of the ethmoid and maxillary sinuses was also recorded to assess correlations
with the aforementioned variations.

Results: The prevalence of Agger nasi cell was found to be the highest (95.6%) in this study, followed by Onodi cell
(60.4%), Haller cell (29.3%), and supraorbital ethmoid cell (19.4%). Ethmomaxillary sinus was the least common
finding (16.5%). Males and persons above 61 years of age had a significantly higher frequency of supraorbital ethmoid
cell and Onodi cell, respectively. However, no significant relationships were noted between anatomical variations of
the ethmoid sinus and pathologies of the ethmoid or maxillary sinus.

Conclusion: There was a high prevalence of ethmoid sinus variations in this Southern Chinese population. The
prevalence of Agger nasi cell and Onodi cell was higher than that of other anatomical variations of the ethmoid sinuses.
Anatomical variations of the ethmoid sinuses were not associated with ethmoid or maxillary sinus pathologies in this

patient cohort. (Imaging Sci Dent 2022; 52: 109-15)
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Introduction

The ethmoid bone is an unpaired intricate and delicate
bone, which is centrally located in the skull. It comprises
the cribriform plate, a median perpendicular plate, and 2
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ethmoidal labyrinths." Within these labyrinths are 2 groups
of air cells (anterior and posterior) that are generally known
as ethmoid sinuses or ethmoidal air cells. These are essen-
tial for warming and humidifying the air flow, adjusting
speech resonance, and can also influence drainage path-
ways of the paranasal sinuses.'”

The ethmoid sinuses are already present at birth, and
continue to develop up to the age of 12 years.” The number
of air cells varies considerably, with an average of 9 (rang-
ing from 4 to 17) in each ethmoidal labyrinth.* Anatomical
variations of the ethmoid sinuses may occur when pneu-
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matization of the ethmoid sinuses extends to the proximate
paranasal sinuses, such as the frontal, maxillary, and sphe-
noid sinuses, or when the first ethmoturbinal of the nose
remains.' The most relevant anatomical variations for daily
clinical practice are Agger nasi cell (ANC), supraorbital
ethmoid cell (SOEC), Haller cell, Onodi cell, and ethmo-
maxillary sinus (EMS). Some of these variations may affect
the drainage of the ostiomeatal complex and consequently
could cause pathological changes of the maxillary sinuses.’
For dental surgeons, the maxillary sinus status should be
thoroughly assessed prior to sinus-related surgery, such
as sinus floor elevation procedures.6 Moreover, with the
advent of functional endoscopic surgery (FESS), otolaryn-
gologists who do not detect anatomical variations of the eth-
moid sinuses beforehand risk damaging adjacent structures
like the internal carotid artery, optic nerve, brain tissue,
and orbits, potentially leading to carotid artery-cavernous
sinus fistula, orbital hematoma, and even death.” Hence, it
is of the utmost importance to fully understand the anatomy
of the ethmoid sinuses, as well as their anatomical varia-
tions, and assess potential pathologies before sinus-related
surgery or FESS.

Cone-beam computed tomography (CBCT) provides
3-dimensional (3D) images with high spatial resolution
and relatively low radiation dose compared to traditional
computed tomography (CT) in the craniofacial region.® In

the literature, anatomical variations of the ethmoid sinuses

39,10 .
as well as their

have been frequently reported on CT,
correlation with pathologies of the paranasal sinuses."
However, to the best of our knowledge, no previous res-
earch has comprehensively described anatomical variations
of the ethmoid sinuses and their associations with ethmoid
and maxillary sinus pathologies using CBCT in a Southern
Chinese population. Therefore, this study aimed to exam-
ine the prevalence of clinically relevant anatomical varia-
tions of the ethmoid sinuses and evaluate their potential
correlation with ethmoid and maxillary sinus pathologies on
CBCT scans. Additionally, potential associations with differ-
ent sides and demographic factors, including age and sex,
were evaluated.

Materials and Methods

This study was conducted in full accordance with the
Declaration of Helsinki 2013 (www.wma.net). The study

protocol was submitted to and approved by the Institutio-
nal Review Board of the University of Hong Kong/Hospi-
tal Authority Hong Kong West Cluster (approval number:
UW 20-549).

CBCT scans with a large field of view (20 cm X 17 cm)
obtained between February 2016 and June 2020 at Oral and
Maxillofacial Radiology of Dentistry, the University of

Fig. 1. Agger nasi cells (arrows) are shown on both the left and right sides on coronal (A), left-side sagittal (B), and right-side sagittal (C)

cone-beam computed tomography views.

Fig. 2. A supraorbital ethmoid cell
(arrows) is noted on the right side
on coronal (A) and axial (B) CBCT
views.
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Hong Kong were screened. These scans were all obtained
using a CBCT device (ProMax 3D Mid; Planmeca Oy,
Helsinki, Finland). Indications for the scans varied from
orthognathic pre-surgical planning and obstructive sleep
apnea syndrome airway assessment to the analysis of tem-
poromandibular joint-related pathology.

Only scans exhibiting a complete view of the ethmoid
and maxillary sinuses were included. As the adult appear-
ance of the ethmoid sinus becomes apparent on CBCT
scans at about 12 years old, any scans obtained from indi-
viduals 12 years and above were included.” CBCT scans
were excluded in this study if severe motion and/or metal
artifacts were noticed or if patients had a known history of
surgical intervention/trauma in the ethmoid and maxillary
sinus region.

The variations of the ethmoid sinuses assessed include
ANC (Fig. 1), SOEC (Fig. 2), Haller cell (Fig. 3), Onodi
cell (Fig. 4), and EMS (Fig. 5). In CBCT images, ANC is
the most anterior ethmoidal cell with the frontal sinus and

frontal recess superiorly, SOEC is an anterior ethmoidal
cell that invades the supraorbital plate of the frontal bone,
Haller cell is the inferolateral continuity of the ethmoid
bulla superior to the roof of the maxilla, Onodi cell is the
most posterior ethmoidal cell that extends laterally and/or

Fig. 3. Coronal view of Haller cells (arrows) are shown on both the
left and right sides.
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superiorly to the sphenoid sinus, and EMS is the pneumati-
zation of the posterior ethmoidal cell, which extends super-
iorly to the maxillary sinus and drains directly into the su-
perior meatus (Table 1).

The health status of the ethmoid and maxillary sinuses
was assessed according to the radiographic mucosal mor-
phology."*"> Only CBCT scans presenting criterion 1) in
the following list were considered healthy: 1) inconspicu-
ous or up to 2 mm thickening of the sinus membrane, 2) flat
mucosal thickening more than 2 mm, 3) semispheric thick-
ening of the membrane (suspected mucous retention cyst),
4) complete opacification of the sinus, 5) mixed flat and
semispherical thickenings, 6) others (e.g., cyst, suspected
neoplasia).

The presence (yes or no) and type of the anatomical varia-
tions of the ethmoid sinuses, as well as the ethmoid and
maxillary sinus status, were assessed on the selected CBCT
scans. The frequency of anatomical variations of the eth-
moid sinuses was further calculated. To evaluate the poten-
tial association between these anatomical variations and
ethmoid or maxillary sinus pathologies, the selected CBCT
scans were divided into 2 groups according to the presence
or absence of ethmoid or maxillary sinus pathologies (yes or
no). Regarding age, CBCT scans were divided into adole-
scent (12-18 years), adult (19-60 years) and elderly (61
years and above) groups.

Prior to the assessment, 2 authors (LH and KFH) were
calibrated by reviewing CBCT scans not pertinent to the
study. All CBCT scans were then assessed by 2 calibrated
observers. LH evaluated the scans twice with a wash-out pe-
riod of 2 weeks, and KFH analyzed the same scans once to
determine inter- and intra-rater reliability (repeatability and
reproducibility). Disagreements encountered in the evalua-
tion of a scan were resolved via consensus between both
observers.

The CBCT readings were done on a Philips 223 V LED
monitor (Philips, Amsterdam, Netherlands) with a resolu-
tion of 1,920 X 1,080 pixels. The smallest slice thickness of
0.4 mm was recommended based on the 0.4-mm voxel size

Fig. 4. An onodi cell (arrows) is noted
on the right side on coronal (A) and
sagittal (B) cone-beam computed
tomography views.
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used for the scans. Both observers were allowed to employ
the available tools to adjust image brightness, contrast, and
zoom mode using the software included in the device (Ro-
mexis, Planmeca Oy, Helsinki, Finland).

All collected data were initially analyzed descriptively.
For inter- and intra-rater reliability, the Cohen’s kappa (k)
coefficient was calculated. The Chi-square test was used
to detect associations between the presence of ethmoid si-
nus variations and different sides, ethmoid or maxillary si-
nus pathologies (at the sinus level), and age and sex (at the

Fig. 5. Coronal view of ethmomaxillary sinuses are shown on both
the left and right sides (arrows).

patient level). The Fisher exact test was used when more
than 20% of cells had expected frequencies less than 5 or
the subgroup sample size was small.

All statistical analyses were performed using SPSS ver-
sion 26.0 (IBM Corp., Armonk, NY, USA) at a confidence
level of 95%. A P value of <0.05 was considered to indi-
cate statistical significance.

Results

A total of 273 CBCT scans were selected for the final
analysis exhibiting complete ethmoid and maxillary sinus-
es. Intra-rater agreement was excellent (k values ranging
from 0.85 to 0.98) for all anatomical variations and the
status (health or pathology) of the ethmoid or maxillary
sinus (Table 2). Inter-rater agreement for the detection of
the anatomical variations of ANC, SOEC, and Haller cell
was substantial (k=0.78,k=0.74,k=0.78, respectively),
while the agreement values for the remaining anatomical
variations and ethmoid or maxillary sinus status were ex-
cellent.

In the 273 CBCT scans (546 sides), the overall preva-
lence of ethmoid sinus anatomical variations was 99.3%
at the patient level (271 out of 273 patients) and 96.2% at
the side level (525 out of 546 sides; Table 3). The preva-
lence of ANC was found to be the highest (95.6%, n =261

Table 1. Details and summary of the anatomical variations of the ethmoid sinuses that were assessed

Variations

Description

Agger nasi cell

¢ The most anterior ethmoidal cell

* The frontal sinus and frontal recess superiorly, uncinate process inferiorly, frontal process of the
maxilla anteriorly, and the ethmoid infundibulum posteriorly*

* Well seen on sagittal and coronal sections

Supraorbital ethmoid cell

* An anterior ethmoidal cell that invades the supraorbital plate of the frontal bone*

* The anterior ethmoidal artery may be found on the posterior margin of the supraorbital ethmoid cell

* Well seen on coronal and axial sections

Haller cell

* An ethmoidal air cell of any size that is the inferolateral continuity of the ethmoid bulla

* Inferior to the orbital floor and superior to the roof of the maxilla

¢ Well seen on coronal sections

Onodi cell

* The most posterior ethmoidal cell extends laterally and/or superiorly to the sphenoid sinus’

» The optic nerve and the internal carotid artery lie superolateral and lateral to the sphenoid sinus,

. . . 23
with occasional dehiscence

* Well seen on coronal and sagittal sections

Ethmomaxillary sinus * Pneumatization of the posterior ethmoidal cell, extends superiorly to the maxillary sinus and drains

directly into the superior meatus
* Superior to the maxillary sinus
* Well seen on coronal sections
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patients; 87.5%, n=478 sides), followed by Onodi cell
(60.4%, n=165 patients; 42.1%, n=230 sides), Haller
cell (29.3%, n=80 patients; 20.3%, n=111 sides), and
SOEC (19.4%, n=153 patient; 12.5%, n=68 sides), while
EMS was seen with the lowest frequency (16.5%, n=45
patients; 10.6%, n=58 sides).

Of all 3 potential influencing factors that were assessed,
sex exhibited a significant association with the presence
of SOEC (P =0.044; Table 3), which was significantly
more frequent in males. Likewise, patient age presented
a significant association with the presence of Onodi cell
(P=0.011), with the age group of over 61 years exhib-
iting the highest prevalence. No significant differences
were shown for any of the anatomical variations accord-
ing to different sides. There were also no statistically sig-
nificant differences between the ethmoid sinus anatomical
variations and ethmoid or maxillary sinus pathologies (all
P>0.05; Table 4).

Table 2. Inter- and intra-rater agreement assessed by the Cohen’s
kappa coefficient for anatomical variations of the ethmoid sinuses
and ethmoid or maxillary sinus status

Inter-rater Intra-rater

Variations

agreement agreement
Agger nasi cell 0.78 0.85
Supraorbital ethmoid cell 0.74 0.89
Haller cell 0.78 0.90
Onodi cell 0.85 0.94
Ethmomaxillary sinus 0.85 0.96
Ethmoid sinus status 0.87 0.95
Maxillary sinus status 0.88 0.98
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Discussion

The nasoethmoidal region represents one of the most
intricate anatomical areas in the head and neck. Identify-
ing and characterizing anatomical variations in this region
(especially for the paranasal sinuses) is imperative for
making sound radiographic diagnoses, reducing the fre-
quency of pathological misdiagnoses, and improving the
success of surgical procedures performed by otorhino-
laryngologists or oral and maxillofacial surgeons.' Since
CBCT is considered a precise imaging modality in the
preoperative assessment of bony structures,® this study
examined the prevalence of clinically relevant ethmoid
sinus variations, as well as their relationship with demo-
graphic characteristics, locations, and occurrence of eth-
moid or maxillary sinus pathologies using this imaging
modality.

This study of 273 CBCT scans found a high prevalence
of ethmoid sinus variations at both the subject and loca-
tion level (left versus right side). While variations such as
ANC and Onodi cell occurred commonly, others includ-
ing Haller cell, SOEC, and EMS had a subject-level prev-
alence of less than 30%. Generally, anatomical variations
are usually classified as frequent (10-100%), infrequent
(1-10%), rare (< 1%), and sporadic (< 100 reported cas-
es) in nature.'® Based on the findings of this study, all
ethmoid sinus anatomical variations may be considered
as frequent findings among the Hong Kong or Southern
Chinese population, with ANC being extremely frequent.
This finding is clinically relevant in this population, espe-
cially for surgical procedures such as FESS, as inadequate
removal of an ethmoid sinus variation such as ANC may

Table 3. Demographic and analytical data regarding anatomical variations of the ethmoid sinuses, and their association with sex, age, and

different sides (number and percentage)

Totgl Agger Supra(?rbital Haller cell Onodi cell Ethmomaxillary
variations nasi cell ethmoid cell sinus

Sex Male 111 (40.7%) 109 (98.2%) 105 (94.6%) 28 (25.2%) 36 (32.4%) 67 (60.4%) 18 (16.2%)

Female 162 (59.3%) 162 (100%) 156 (96.3%) 25(15.4%)* 44 (27 .2%) 98 (60.5%) 27 (16.7%)
Age 12-18 12 (4.4%) 12 (100%) 12 (100%) 1(8.3%) 2(16.7%) 6 (50%) 1(8.3%)

19-60 236 (86.4%) 234(99.2%) 224.(94.9%) 45(19.1%) 73 (30.9%) 137 (58.1%) 40 (16.9%)

>61 25(9.2%) 25 (100%) 25 (100%) 7 (28%) 5(20%) 22 (88%)* 4(16%)

Total 273 271(99.3%) 261(95.6%) 53(19.4%) 80(29.3%) 165 (60.4%) 45 (16.5%)
Side Right 273 (50%) 260 (95.2%) 235 (86.1%) 27(9.9%) 52(19.0%) 109 (39.9%) 31(11.4%)

Left 273 (50%) 265(97.1%) 243 (89.0%) 41(15.0%) 59 (21.6%) 121 (44.3%) 27(9.9%)

Total 546 525(96.2%) 478 (87.5%) 68 (12.5%) 111 (20.3%) 230(42.1%) 58 (10.6%)
* P<0.05
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Table 4. The association between the anatomical variations of ethmoid sinuses and the ethmoid or maxillary sinus pathologies (Chi-square test)

Ethmoid sinus pathologies

Maxillary sinus pathologies

Variations
Yes n (%) No n (%) P-value Yes n (%) No n (%) P-value

Agger nasi cell Present 150 (31.4%) 328 (68.6%) 0.517 236 (49.4%) 242 (50.6%) 0.092
Absent 24 (35.3%) 44 (64.7%) 41 (60.3%) 27 (39.7%)

Supraorbital ethmoid cell Present 26 (36.6%) 45(63.4%) 0.357 39 (54.9%) 32(45.1%) 0.448
Absent 148 (31.2%) 327 (68.8%) 238 (50.1%) 237 (49.9%)

Haller cell Present 26 (24.1%) 82 (75.9%) 0.052 50 (46.3%) 58 (53.7%) 0.303
Absent 148 (33.8%) 290 (66.2%) 227 (51.8%) 211 (48.2%)

Onodi cell Present 69 (30.3%) 159 (69.7%) 0.496 115 (50.4%) 113 (49.6%) 0.907
Absent 105 (33.0%) 213 (67.0%) 162 (50.9%) 156 (49.1%)

Ethmomaxillary sinus Present 23 (40.4%) 34(59.6%) 0.146 33(57.9%) 24 (42.1%) 0.253
Absent 151 (30.9%) 338 (69.1%) 244 (49.9%) 245 (50.1%)

result in iatrogenic chronic frontal sinusitis.'”

Comparing the prevalence of anatomical variations of
the ethmoid sinuses with previous CT or CBCT analy-
ses, the present study displayed marked differences in
comparison to other populations.”'*'*'"* Nonetheless, the
present study corroborates the high prevalence of ANC
when compared to other anatomical variations of the eth-
moid sinuses detected in Australian, Turkish, and Iranian
populations utilizing similar definition criteria.”'®" Pre-
vious studies have reported the prevalence of ANC (6.4-
98.5%), SOEC (2.6-64.6%), Haller cell (4.6-60.0%), Ono-
di cell (8.0-65.3%), and EMS (0.7-8.2%), with substantial
variation in different populations.'®*’ A comparison of the
prevalence of variations in the present cohort showed that
the prevalence of ANS, SOEC, Haller cell, and Onodi cell
was well within the reported limits of occurrence. Addi-
tionally, the prevalence of SOEC (19.4%) corroborates
previous findings that SOEC is less frequently detected in
East Asians than in Caucasians.”’*® However, this study
identified a higher prevalence of EMS (16.5%) than has
been previously reported.”” This finding may be due to
population differences among studies. Thus, future studies
in similar Southern Chinese cohorts are now needed to
confirm this observation.

An analysis of the associations between the frequency of
ethmoid sinus variations and demographic characteristics
yielded significant findings, with a higher prevalence of
SOEC among males and a higher prevalence of Onodi cell
among elderly patients. Based on these findings, it can be
hypothesized that the higher prevalence of Onodi cell in
the elderly may represent an age-related variation. How-
ever, this issue remains to be evaluated further in future

reports. With regard to these findings, this study did not
corroborate the findings of Shokri and colleagues'® from
Iran, who found no difference in the prevalence of SOEC
or Onodi cell when stratified by sex and age, respectively.
However, differences in the statistical methods employed
in the 2 studies may account for this disparity. Moreover,
elderly patients were not included in the previous study.
Other studies also found no association between demogra-
phic characteristics and the prevalence of ANC or Haller
cell.*! Although some anatomical variations may be con-
sidered as predisposing factors of sinusitis, this possibility
remains a controversial and disputed point.”* The present
study found no significant association between the pre-
sence of an ethmoid sinus variation and ethmoid or maxil-
lary sinus pathologies.

While this study is unique in its objectives and main find-
ings, it is not without limitations. The retrospective nature
of the study, and a lack of assessment of the patients’ clini-
cal history may lead to an overestimation or underestima-
tion of the associations between anatomical variations and
associated pathologies. Thus, the findings of this study
should be interpreted with caution and need to be validated
in future prospective studies.

Based on the findings of the present study, there is a high
prevalence of ethmoid sinus variations in a Southern Chi-
nese population. The prevalence of ANC and Onodi cell
was higher than that of other anatomical variations of the
ethmoid sinuses. SOEC and Onodi cells were more com-
mon among males and elderly persons, respectively. Ana-
tomical variations of the ethmoid sinuses were not assoc-
iated with ethmoid or maxillary sinus pathologies in this
patient cohort.
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