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Abstract \
Aim: This study aims to analyze infraorbital canal (I0C) types in patients with cone beam computed tomography
(CBCT) scans and to investigate the potential relationship between the I0C types and mucosal thickening, as

well as adjacent structure variations such as Haller cells, sinus septa, middle turbinate pneumatization (MTP)

and 10C types.

Methods: Bilateral evaluation of 197 CBCT records was conducted to assess mucosal thickening, Haller cells, sinus
septa, middle turbinate pneumatization (MTP), and I0C types. IOC types were categorized into three classes based
on their extent of protrusion into the maxillary sinus: type 1, entirely within the sinus roof; type 2, located below
and adjacent to the sinus roof; and type 3, suspended from the sinus roof and descending into the sinus cavity.
Results: The distribution of IOC types was as follows: 67.5% for type 1, 22.6% for type 2, and 9.9% for type 3. No
significant correlation was observed between IOC types and MTP, mucosal thickening, or the presence of Haller
cells. However, a significant relationship was noted between Type 3 I0OC and the presence of septa. The occurrence
of septa in the maxillary sinus was 8.3% for type 1 10Cs, 13.5% for type 2 I0Cs, and 43.6% for type 3 I0Cs.
(p<0.001)

Conclusions: The protrusion of the IOC into the maxillary sinus is relatively uncommon but should not be over-
looked. A significant relationship was detected between the presence of septa and the type 3 I0C. Examination of
existing CBCT scans may offer valuable insights about 10C.
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The infraorbital canal (I0C) is located in the maxillary bone, ante-
rior to the orbital floor. The I0C begins posteriorly as a continuation
of the infraorbital groove and terminates at the infraorbital fora-
men. It includes the infraorbital branch of the maxillary nerve, the
trigeminal nerve's second branch. Additionally, it includes the infra-
orbital artery and vein. The infraorbital nerve (ION) provides sen-
sory innervation to the skin of the malar area between the lower
eyelid and the upper lip, as well as to the upper incisor, canine, and
associated gingiva via its superior alveolar brancht2.

Anesthesia of the ION may be required in various fields of study,
including dentistry, otorhinolaryngology, and ophthalmologys3.
Additionally, during procedures such as rhinoplasty, endoscopic
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sinus surgery, Caldwell-Luc surgery, and tumor removal surgeries
involving the nasal cavity and maxillary sinus, the position of the I0C
could be quite crucial. It could also be significant due to traumatic
events such as orbital floor fractures and zygomaticomaxillary com-
plex (ZMC) fractures. latrogenic ION damage could occur during the
procedures or fractures mentioned above, regarding the anatomical
position of the [0CL45.

Cone beam computed tomography (CBCT) gained popularity in
dentistry since the early 2000s. While CBCT scans offer a lower ra-
diation dose compared to traditional computed tomography scans,
they also provide superior spatial resolutioné. Common applications
include dental implant procedures, orthognathic surgeries, and
pathological lesions affecting the maxilla and mandible. CBCT scans
taken for these purposes provide clear visualization of the paranasal
sinus region and neighboring structures and are considered ade-
quate for their evaluation”8. There are studies in the literature in
which mucosal thickening and variations such as the presence of
septa, the presence of Haller cells, and middle turbinate pneumati-
zation (MTP) were successfully detected by CBCT910.

It is crucial for clinicians performing ION anesthesia or surgical
interventions in the area containing the I0C to possess knowledge
about its anatomy, particularly its protrusion degree into the
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maxillary sinus. This knowledge plays a pivotal role in preventing
nerve damage, as nerves protruding into the maxillary sinus are
more prone to injury.

The classifications suggested to determine the degree of protru-
sion of the IOC divide the I0C morphology into three categories;
completely within the orbital floor, inferior to the orbital floor, or
completely within the maxillary sinus!. Studies in the literature have
shown that the frequency of the I0C protruding into the maxillary
sinus is not negligible and should not be overlooked!4511-14, Some
studies found significant relationships between maxillary sinus var-
iations, such as the presence of Haller cells or septa, and 10C protru-
sion, but the relationship between sinus variations and protrusion
has not been sufficiently elucidated+11-13,

The aim of this study is to analyze I0C protrusion types in patients
with CBCT scans for dental reasons and to investigate the possible
relationship between I0C protrusion and mucosal thickening of the
macxillary sinus as well as sinonasal variations including Haller cells,
sinus septa, and MTP.

This retrospective study was conducted by analyzing the medical
and radiological records from the oral and maxillofacial radiology
department of the faculty of dentistry. Ethics committee approval
was obtained (number:2023/573) from the local ethics committee
and the study was conducted in compliance with the Declaration of
Helsinki.

The records have been scanned backward, thus 197 patients with
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CBCT scans encompassing the bilateral areas of the maxillary sinus,
nasal cavity, and I0C in their field of view (FOV), and taken for vari-
ous dental reasons between the years 2021 and 2022, were included
in the study. The exclusion criteria are as follows: CBCT scans of in-
sufficient diagnostic quality, lack of inclusion of the region of inter-
est, patient age less than 20, having a history of maxillofacial trauma
or surgery and presence of an odontologic or sinus-related patho-
logical lesion in the region of interest.

All the included CBCT scans were obtained with the NewTom 5G
CBCT machine (QR, Verona, Italy). All the scans were recorded at
110 kV and 3-5 mA, with a 0.16-mm voxel size, 18x16 field of view,
and a typical exposure time of 5.4 s. The slice thickness of all the
scans was 0.25 mm. Assessments were conducted using the built-in
software (NNT) on a Dell Precision T5400 workstation (Dell, TX,
USA), with a 32-inch Dell LCD screen having a resolution of
1280x1024 pixels, situated in a darkroom. Two researchers inde-
pendently conducted the examinations, and in case of disagreement,
a consensus was reached through discussion.

Classification of the IOC protrusion degree was made according to
the study conducted by Ference et all. According to their study, [OCs
were categorized into three types based on the ION's course.

Type 1: The ION is situated entirely within the confines of the sinus
roof, without extending beyond its boundaries.

Type 2: The ION is positioned below the sinus roof, yet maintains
proximity to it, without penetrating the sinus cavity.

Type 3: The ION descends into the sinus cavity, suspended from the
sinus roof within a septation or the lamella of the Haller cell. (Figure
1-2)

The coronal CBCT scans displaying the 10C protrusion types. A. Type 1. B. Type 2. C. Type 3,

The coronal CBCT scans displaying the variations. A. Presence of septa in the maxillary sinus. B. Mucosal thickening. C. Presence of MTP

and Haller cell
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Additionally, CBCT scans were examined by two researchers for
the presence of Haller cells, MTP, maxillary sinus septa, and mucosal
thickening. The investigated variations were determined based on
comparison features in the literature, taking into account the stud-
ies conducted-13, Considering the studies in the literature, mucosal
thickening was noted as present when the size of mucosal thicken-
ing was 3 mm or morel1.12,

Data analysis was performed using SPSS 24.0 software (IBM Corp.,
New York, NY; formerly SPSS Inc., Chicago, IL). The number and per-
centage distributions of categorical variables were calculated. The
chi-square test was used to evaluate categorical variables, such as
the distribution of variations in terms of infraorbital canal protru-
sion types and the distribution of infraorbital canal protrusion types
and variations in terms of gender. The significance level was taken
as p<0.05.

394 10Cs and maxillary sinuses of 197 individuals (101 women
(51.3%), 96 men (48.7%)) included in the study were examined.
The mean age of the participants was 44.23+14.3 (20-68). The dis-
tribution of all examined 10C according to protrusion types was as
follows: Type 1 (n=266) 67.5%, Type 2 (n=89) 22.6%, Type 3
(n=39) 9.9%. Mucosal thickening was observed in 48.2% of all indi-
viduals (n=190), MTP in 25.6% (n=101), sinus septa in 12.9%
(n=51), and Haller cells in 6% (n=24). (Table 1)

Distribution of descriptive parameters among participants.

n percent

Gender

Male 192 48.7%

Female 202 51.3%
I0C Protrusion Type

. 1 266 67.5%

2 89 22.6%

3 39 9.9%
Mucosal thickening

Present 190 48.2%

Absent 204 51.8%
Middle turbinate pneumatization

Present 101 25.6%

Absent 293 74.4%
Sinus Septa

Present 51 12.9%

Absent 343 87.1%
Haller Cell

Present 24 6%

Absent 370 94%

For the relationship between I0C protrusion types and variations,
no significant correlation was found regarding mucosal thickening,
MTP, or the presence of Haller cells. However, a significant correla-
tion was observed between type 3 10Cs and the presence of septa.
Specifically, the presence of septa in the maxillary sinus was 8.3%
with type 1 I0Cs, 13.5% with type 2 I0Cs, and 43.6% with type 3
10Cs. (p<0.001) (Table 2)

No significant relationship was found between gender and the 10C
types. (Table 3)

The presence of mucosal thickening was significantly more common
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in men than in women, whereas MTP was significantly more com-
mon in women than in men. (p<0.001 and p<0.001, respectively)
(Table 4)

Distribution of the relationship between I0C protrusion and muco-
sal thickening of the maxillary sinus as well as sinonasal variations.

I0C Protrusion Type
p-value
n (%) 1 (n=266) 2 (n=89) 3 (n=39)
Mucosal thickening 132 (49.6%)  41(46.1%) 17 (43.5%) 0.701
Middle turbinate o o 0
pneumatization 62 (23.3%) 26(29.2%)  13(33.3%) 0.277
Sinus Septa 22 (8.3%) 12 (13.5%) 17 (43.6%) <0.001
Haller Cell 17 (6.4%) 6 (6.7%) 1(2.6%) 0.62
Distribution of 10C types between genders
IOC Protrusion Type
Gender value
n (%) P
1 2 3
Male (n=192) 134 (69.8%)  40(20.8%)  18(9.4%)
0.637
Female (n=202) 132 (65.3%) 49 (24.3%) 21(10.4%)
Distribution of variations between genders
Gender
p-value
n (%) Male (n=192)  Female (n=202)
Mucosal thickening 112 (58.3%) 78 (38.6%)  <0.001
Middle turbinate pneumatization 34 (17.7%) 67 (33.2%)  <0.001
Sinus Septa 32 (16.6%) 19 (9.4%) 0.032
Haller Cell 16 (8.3%) 8 (4%) 0.07

The infraorbital region is of paramount importance for anesthesia
procedures, pain management, and surgical interventions, encom-
passing fields such as dentistry, otorhinolaryngology, neurology,
and ophthalmology.

ZMC fractures are the second most frequently occurring facial
fractures, following nasal fractures!s. These fractures have the
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potential to cause trauma to the ION through nerve compression,
resulting in complications such as permanent paresthesia, sensory
neuropathy, and hypoesthesial6-18, According to a study by Sa-
kavicius et al.19, sensory disorders of ION were detected in approxi-
mately 64% of patients with ZMC fractures, and authors reported
that this rate increased up to 79.9% in displaced ZMC fractures.
Apart from traumatic causes, iatrogenic damage to the ION can oc-
cur during tumor surgeries in the infraorbital area, orbital decom-
pression surgeries, endoscopic interventions, Caldwell-Luc proce-
dures, and Le Fort-type osteotomies. During these interventions, the
ION can be stretched and exposed due to displacement of the orbital
floor, thus facing the risk of injury16:20.21, In the literature, it has also
been noted that the clinician who will perform an ION nerve block
must have a comprehensive understanding of the position and anat-
omy of the IOC to avoid damaging the orbital structures and to ad-
minister anesthesia safely3.

According to our findings, type 1 was the most common, while

type 3 was the least common, with a rate of 9.9%. It can be inferred
that although type 3, which protrudes completely into the maxillary
sinus, is less common, its occurrence rate is notable. Similar rates
have been reported in the literature. Among studies using CT scans,
Ference etal.! emphasized that type 1 was the most prevalent, with
atype 3 rate of 12.5%. Yenigiin et al.13 classified the type protruding
completely into the maxillary sinus as type 1, reporting a rate of
12.3%. Acar et al.5 identified a type 3 rate of 9.5%, although they
utilized a different methodology by examining IOCs in four groups,
including Type 4, located at the outer limit of the zygomatic recess.
Only Haghnegahdar et al.* reported a relatively higher type 3 rate of
23.2%. Studies conducted with CBCT reported type 3 rates of 8.8%,
8%, and 7.9%, consistent with our findings!1.12.14,
According to our findings, there was no difference in 10C-type dis-
tribution between genders. Similarly, in the literature, the majority
of studies did not find any difference in terms of IOC types between
genders!11214, but Haghnegahdar et al.* stated that the prevalence
of type 1 was higher in females while the prevalence of type 2 was
higher in males.

It was found that 43.6% of type 3 10C types had septa in the max-
illary sinus, and this relationship was statistically significant. Serin-
dere et al.12 also reported significant relationships between the
presence of septa and IOC type for both the right and left sides; how-
ever, contrary to our findings, they noted an increase in the pres-
ence of septa in cases of type 1 10C. Nevertheless, in agreement with
our results, Yenigiin et al.13 identified a significant relationship be-
tween type 1, which completely protrudes into the maxillary sinus,
and the presence of sinus septa. Their findings indicated that while
the rate of type 1 was 9.8% in cases without maxillary sinus septa,
this rate increased to 25% when maxillary sinus septa were present.
One of the variations frequently associated with 10C types in the lit-
erature is the presence of Haller cells. Serindere et al.12 reported a
higher prevalence of Haller cell variation in individuals with type 1
10C, while Haghnegahdar al. 4 and Kalabalik et al.l! found it to be
more common in type 2 and type 3 10C. Ference et al.1 noted a sig-
nificant increase in the rate of I0C passing through the sinus in the
presence of Haller cells. In contrast, Yenigiin et al.13 did not find a
significant relationship between the presence of Haller cells and I0C
types, consistent with our findings.

Only a few studies have assessed the relationship between 10C
types and mucosal thickening. One study found a significant associ-
ation between mucosal thickening and type 1 IOC on the left side
only, while another study did not find any relationship, consistent
with the findings of the present study!%12. The presence of numer-
ous local and environmental factors that can cause mucosal thicken-
ing distinguishes it from other anatomical variations and makes its
evaluation more challenging.
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Similarly to mucosal thickening, MTP has also been addressed by

a small number of studies, and consistent with our findings, the
abovementioned studies have not detected a significant relationship
between MTP and I0C types!213. Inconsistencies in findings may be
due to age and ethnic factors of the studied groups or due to differ-
ences in methodology.
In the individuals included in the study, mucosal thickening was ob-
served in 48.2%, MTP in 25.6%, the presence of septa in 12.5%, and
the presence of Haller cells in 6%. Mucosal thickness rates reported
in the literature vary between 27.1% and 57.1%11.122223, It is im-
portant to consider that mucosal thickening can be influenced by
various environmental factors. MTP rates range from 18.2% to
76.4% according to a review?3, with the rate most similar to our
study being 21.5%, as reported by Yenigiin et al.13 Similarly, the rate
of septa presence varies between 5.3% and 36.9%, while the pres-
ence of Haller cells has been reported in ranges from 3.5% to
61.5%.122324 Yenigiin et al.13 also detected Haller cells at a rate of
4.9%, similar to our study's findings.

The limitations of our study include small sample size, the absence
of separate evaluations for the right and left sides, and the lack of
assessment of other sinonasal variations. As another limitation,
there are certainly numerous factors that can contribute to mucosal
thickening. Therefore, to accurately determine whether there is a
true relationship between different types of I0C and mucosal thick-
ening, it would be more appropriate to establish an isolated study
group by excluding various conditions. Future studies should aim to
include larger sample sizes, perform bilateral evaluations, and in-
vestigate a wider range of sinonasal variations to provide a more
comprehensive understanding.

CBCT is becoming increasingly common in dentistry, particularly
for cases involving maxillary pathology, missing teeth, or orthodon-
tic concerns. As CBCT scans typically encompass the contents of the
maxillary sinus and the 10C, oral radiologists must identify and re-
port any variations in the maxillary sinus. This responsibility falls
within their scope of practice’. When planning surgical interven-
tions or ION anesthesia in the I0C area, it is advisable to review the
patient's radiological records. If available, CBCT scans should be uti-
lized as they are considered sufficient for evaluating the I0C.

Although the protrusion of the 10C into the maxillary sinus is rel-
atively uncommon, it should not be overlooked. Additionally, a sig-
nificant relationship was observed between sinus septa and the type
of IOC protruding into the maxillary sinus. It is advisable to have a
thorough understanding of its anatomy and degree of protrusion be-
fore undertaking procedures in the relevant area. CBCT scans offer
valuable information in this regard.
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