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ABSTRACT
Objectives: The aim of this retrospective study was to evaluate the relation of the infraorbital canal course with the maxillary
sinus using cone-beam computed tomography.
Material and Methods: A total of 1000 infraorbital canals (IOC) were examined from 500 cone-beam computed tomography
scans. IOCs were classified into three types based on the degree of protrusion into the sinus. The presence of Haller cells and
mucosal thickening in the sinus were evaluated. The length of bony septum from the canal to the sinus wall (D1), the distance
at which protrusion begins posterior to the inferior orbital rim (D2), the vertical distance from the canal to the sinus roof (D3),
and the vertical distance from the canal to the sinus floor (D4) were measured.
Results: The prevalence of IOC protrusion into the sinus was 8.8%. There was a significant difference in the prevalence of
Haller cells between IOC types (P < 0.01). However, no significant correlation was found between IOC types and the presence
of mucosal thickening (P > 0.05). There was no significant difference in the mean D1, D2, and D3 between the genders
(P > 0.05). The mean D4 was significantly higher in males than in females (P < 0.05).
Conclusions: The protrusion of infraorbital canals into the sinus is a common variation that must be considered to prevent
accidental injury. Our findings suggest that the risk of injury to the descending canals is very low during routine dentoalveolar
procedures because the protruded canal is not close to the sinus floor.
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INTRODUCTION
The infraorbital nerve (ION) is the terminal and
largest branch of the maxillary nerve which originates
as the second division of the trigeminal nerve. The
maxillary nerve exits the middle cranial fossa through
the foramen rotundum and enters the pterygopalatine
fossa. After giving off nasal and palatine branches it
enters the orbit via the inferior orbital fissure and
it terminates as the ION. The ION then enters the
infraorbital canal (IOC) through the infraorbital
groove and exits normally from the infraorbital
foramen of the maxillary bone [1,2]. It is responsible
for the sensory innervation of the skin of the lower
eyelid, conjunctiva, upper lip, and lateral surface of
the nose [3].
Damage to the ION and the infraorbital artery is
rare in routine endoscopic surgery of the maxillary
sinus since the ION and the infraorbital artery are
protected by the IOC. However, the protrusion of the
ION renders them prone to accidental injury during
medical and dental procedures such as CaldwellLuc surgery, rhinoplasty, endoscopic sinus surgery,
maxillary resections, and tumor removal from the
maxilla and maxillary sinus [1,4].
Preoperative radiological assessment of the IOC
is essential to prevent accidental injuries during
surgical procedures involving the maxillary sinus [5].
Computerized tomography (CT) is widely accepted
to be the best imaging method in the radiologic
investigation of the paranasal sinuses and other
neighboring structures [6]. Cone-beam computed
tomography (CBCT) is a relatively new technology
in the field of oral and maxillofacial radiology. CBCT
is accepted as a fast and efficient alternative to CT
in paranasal sinus imaging due to higher spatial
resolution, lower patient dose, and lower cost [7,8].
The course of IOC is widely regarded as being
important when considering surgical procedures
involving the maxillary sinus, but only a few studies
have investigated the relationship of IOC with
the sinus. The aim of this retrospective study was
to evaluate the relation of the infraorbital canals
course with the maxillary sinus and to estimate the
prevalence of infraorbital canals protrusion into the
sinus using cone-beam computed tomography.
MATERIAL AND METHODS
This retrospective study was approved by the Izmir
Katip Celebi University Non-Interventional Clinical
Studies Institutional Review Board (No. 2020/990).
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All of the patients in our department’s CBCT archive
have provided written consent regarding the use of
their radiologic data for scientific research. The data
of 500 randomly selected patients who had undergone
CBCT imaging between October, 2012 and May,
2020 at the Izmir Katip Çelebi University, Faculty
of Dentistry were evaluated. The CBCT scans had
been prescribed for various reasons such as implant
planning, third molar extraction, orthodontic treatment,
etc. All CBCT scans were obtained using NewTom™
5G (QR Verona, s.r.l.; Verona, Italy). Voxel size and
slice thickness were 0.2 mm and 1 mm, respectively.
One hundred ten kVp, 1 - 20 mA, 15 × 12 mm FOV
were the imaging parameters. The images were
examined using NNT viewer software ver. 9.1 (QR
Verona, s.r.l.; Verona, Italy) on a medical monitor
Radiforce MX270W (Eizo Co.; Ishikawa, Japan)
in a dark room. Images with poor quality due to
artefacts, patients with abnormalities in the sinus wall
morphology due to trauma or pathological conditions,
patients who had undergone sinus surgery or have
grafting history, and dental implants in the maxillary
premolar-molar region were excluded from the study.
Images of 1000 IOCs were reviewed in consensus by
two maxillofacial radiologists (FK and EA) with 8 and
11 years of experience in CBCT imaging. Before the
evaluation, each image was oriented in such a way
that the hard palate was parallel to the floor, while
the sagittal plane was perpendicular to the floor.
IOCs were classified into three types according to the
degree of protrusion of the canal from the maxillary
roof into the sinus as described by Ference et al. [1]:
• Type 1 - IOC is totally contained within the
maxillary sinus roof.
• Type 2 - IOC is located below the sinus roof but
remaining juxtaposed to it.
• Type 3 - IOC descends into the sinus lumen,
suspended from the sinus roof within a septa or the
lamella of an infraorbital ethmoid cell (Figure 1).
The presence of the Haller cell and mucosal
thickening in the maxillary sinus was also inspected
on the coronal images. When mucosal thickness
exceeded ≥ 3 mm in the sinus it was considered as
mucosal thickening [9].
Four different distances were measured for Type 3 IOC
by FK. The maximum length of the bony septum from
the canal to the wall of the maxillary sinus (D1) was
measured on axial images (Figure 2). On the parasagittal
images, the distance from the inferior orbital rim
where the infraorbital canal begins to protrude into the
maxillary sinus (D2) was measured (Figure 3). On the
coronal images, the maximum vertical distances from
the canal to the sinus roof (D3) and from the canal to the
sinus floor (D4) were measured (Figure 4).
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Figure 1. Axial, coronal and parasagittal examples of infraorbital canals types based on the protrusion degree of the canal from
the maxillary roof into the sinus.

Figure 2. D1 = maximum length of the bony septum from
the canal to the wall of the maxillary sinus.
http://www.ejomr.org/JOMR/archives/2020/4/e5/v11n4e5ht.htm

Figure 3. D2 = distance from the inferior orbital rim where
the infraorbital canal begins to protrude into the maxillary sinus.
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RESULTS
Two hundred and fifty-one (50.2%) of the 500 patients
(1,000 sides) whose maxillary sinus CBCT images
were evaluated were males and 249 (49.8%) were
females. The ages of the patients ranged between
18 and 87, with a mean age of 45.37 (15.39) years.
The coefficient of reliability was above 0.95 for all
measurements. The results of the paired samples t-test
revealed no significant difference between the two
sets of readings, confirming that all the measurements
were free of systemic error (P > 0.05).
Five hundred and fifty-two (55.2%) of the IOCs
were categorized as Type 1, 360 (36%) as Type 2,
and 88 (8.8%) of the IOCs as Type 3. No significant
difference was found in the prevalence of IOC types
either when comparing the right and left sides or
males and females (P > 0.05) (Table 1). The Haller
cell was present in 10.7% of all images, with similar
rates on the right and left sides. However, there was
a significant difference in the prevalence of Haller
cells between IOC types (P < 0.01). The prevalence
of Haller cells was found to be significantly higher
in Types 2 and 3 than in Type 1. On the other hand,
there was no significant difference in the prevalence
of Haller cells when comparing Types 2 and 3 (Table
2). Moreover, the prevalence of Type 3 increased from
8.2% in cases without an ipsilateral Haller cell to 14%
when a Haller cell was present, but the difference was
not significant (P > 0.05). The mucosal thickening
was present in 27.1% of all images, with similar rates
on the right and left sides. No statistically significant
correlation was found between specific IOC types
and the presence of mucosal thickening. There was
no significant difference in the prevalence of Type 3
between cases with mucosal thickening and cases
without mucosal thickening (P > 0.05) (Table 2).
The mean D1, D2, D3, and D4 were found to
be 3.75 (1.76) mm (range 1.3 to 10.1 mm), 9.51
(2.03) mm (range 5.9 to 14.8 mm), 6.76 (1.78) mm

Figure 4. D3 = vertical distance from the canal to the sinus roof.
D4 = vertical distance from the canal to the sinus floor.

Statistical analysis
The statistical analyses were performed using the
IBM SPSS Statistics 22.0 (IBM Corp., Armonk, New
York, USA) statistical package program. Descriptive
analysis was performed by summarizing categorical
variables through counts and proportions (%), and
continuous variables by their mean and standard
deviation (M [SD]). The type and frequency of the
IOC according to gender, presence of Haller cells, and
the presence of mucosal thickening were evaluated by
utilizing the Chi-square test. An independent samples
t-test was used to compare the gender differences of
the mean linear measurements. Differences at the
level of P < 0.05 were accepted to be statistically
significant. For reliability testing, approximately
30% of Type 3 IOC images were randomly selected
for repeated measurements at 3 weeks after the
first examination by the same investigator (FK).
The intraclass correlation coefficient was used
to determine the reliability of the measurements.
Moreover, a paired samples t-test was used to assess
the systemic error in the differences between the 2
readings.

Table 1. The prevalence of infraorbital canal types according to gender and side
Canal
type

Female

Male

N (%)

N (%)

Type 1

285 (57.2)

267 (53.2)

Type 2

168 (33.7)

P-value

192 (38.2)

0.33

a

Right
side

Left
side

N (%)

N (%)

274 (54.8)

278 (55.6)

181 (36.2)

179 (35.8)

Type 3

45 (9.1)

43 (8.6)

45 (9)

43 (8.6)

Total

498 (100)

502 (100)

500 (100)

500 (100)

P-value

0.958a

Not significant, Chi-square test (significance level P < 0.05).
N = number.
a
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Table 2. Distribution of the infraorbital canal types according to
absence and presence of Haller cells and mucosal thickening
Type 1

Type 2

Type 3

N (%)

N (%)

N (%)

Table 3. Comparisons of the distances (mm) between males and
females

61 (16.9)

15 (17)

521 (94.4) 299 (83.1)

73 (83)

Present

157 (28.4) 93 (25.8)

21 (23.9)

Absent

395 (71.6) 267 (74.2) 67 (76.1)

Absent

31 (5.6)

0.000

a

Mucosal thickening
0.532b

Significant, Chi-square test (significance level P < 0.05).
Not significant, Chi-square test (significance level P < 0.05).

a

b

(range 3.3 to 10.7 mm), and 25.44 (4.69) mm
(range 14.2 to 36.4 mm), respectively. There was no
significant difference in the mean D1, D2, and D3
between males and females (P > 0.05). The mean
D4 was significantly higher in males than in females
(P < 0.05) (Table 3).
DISCUSSION
Different imaging techniques may be used in order to
assess the anatomic variants and pathologies of the
paranasal sinuses. The gold standard in evaluation of
paranasal sinus anatomy and inflammatory paranasal
sinus pathologies is widely accepted to be computed
tomography (CT) due to its capability of detailed
imaging of both bony and soft tissue structures [10].
Magnetic resonance imaging (MRI) provides an
excellent soft tissue contrast resolution, but possesses
the limitation of poor spatial resolution and lack of
bony details [11]. CBCT is an exciting technology
in the field of oral and maxillofacial radiology but is
generally accepted as one of the pioneering imaging
techniques for paranasal sinus evaluation by dentists,
maxillofacial radiologists, and otolaryngologists
[12,13]. CBCT image evaluation for the nasal cavity
and paranasal sinuses provide many advantages,
such as low radiation doses when compared with
CT and low cost when compared with MRI [13].
An isotropic voxel of a very small size in CBCT
imaging contributes to a high spatial resolution
and imaging quality for bone tissues, but results in
poor soft tissue resolution as a consequence [14].
Although CT is considered as the gold standard of
imaging techniques for evaluating the sinuses, CBCT
is a fast and effective alternative to CT in identifying
sinus disease and as a guide for surgical intervention,
with considerable radiation dose reduction over
CT [7].
http://www.ejomr.org/JOMR/archives/2020/4/e5/v11n4e5ht.htm

Males

Females

All cases

Mean (SD)

Mean (SD)

Mean (SD)

D1

3.81 (1.51)

3.68 (1.98)

3.75 (1.76)

0.736b

D2

9.36 (1.85)

9.65 (2.2)

9.51 (2.03)

0.505b

D3

6.7 (1.69)

6.82 (1.87)

6.76 (1.78)

0.745b

D4

26.52 (5.24)

24.41 (3.88)

25.44 (4.69)

0.034a

Distance

P-value

Haller cell
Present

Kalabalık et al.

P-value

Significant, independent samples t-test (significance level P < 0.05).
Not significant, independent samples t-test (significance level
P < 0.05).
D1 = maximum length of the bony septum from the canal to the wall
of the maxillary sinus; D2 = distance from the inferior orbital rim
where the infraorbital canal begins to protrude into the maxillary
sinus; D3 = maximum vertical distances from the canal to the sinus
roof; D4 = maximum vertical distances from the canal to the sinus
floor; SD = standard deviation.
a

b

Functional endoscopic sinus surgery (FESS) is
considered as the standard surgical treatment for
chronic inflammatory and allergic synonasal disease
[5]. FESS technique is based on the theory that the
opening of the blocked pathway of osteomeatal
drainage complexes reestablishes the normal
ventilation of the paranasal sinuses in cases of chronic
sinusitis. Despite the advent of FESS, an external
approach to the maxillary sinus using the CaldwellLuc operation is still one of the preferred methods
in various situations such as chronic rhinosinusitis,
paranasal papilloma and foreign body removal [15].
The protrusion of the IOC makes the ION vulnerable
to iatrogenic injury during both FESS and CaldwellLuc surgery [5,16]. Preoperative identification of this
variant offers a good road map for the surgeons to
prevent iatrogenic injuries during surgery [17].
In the present study, 1000 IOCs of 500 patients were
evaluated using CBCT images. The prevalence of
descended into the maxillary sinus was found to be
at 8.8%. This prevalence rate was found to be lower
than in the previous studies reported by Ference
et al. [1] at 12.5%, by Yenigun et al. [6] at 12.3%,
by Lantos et al. [2] at 10.8%, Gautam et al. [17] at
11.4%, and Haghnegahdar et al. [4] at 23.2%. In
our study, IOCs were also classified into three types
according to the degree of protrusion of the canal
from the maxillary roof into the sinus. The prevalence
of the IOC types were identified as Type 1, 55.2%;
Type 2, 36%; Type 3, 8.8%. The most common type
observed in our study group was Type 1 (55.2 %).
Haghnegahdar et al. [4], Yenigun et al. [6], and
Ference et al. [1] classified the configuration of the
IOC into three types. The most common IOC types
were reported as Type 2 (50.3%) by Haghnegahdar
et al. [4], Type 2 (51.2%) by Yenigun et al. [6],
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and Type 1 (60.5%) by Ference et al. [1]. Acar et al.
[18] considered an additional type (lateroantral type)
named IOC Type 4 and they indicated that the most
common type was Type 1 (55.3%). The variability in
the prevalence rates of IOC protrusion and IOC types
may be attributed to racial differences in the observed
populations, the differences in patient age groups, and
resolution of the assessed images.
Haller’s cells or infraorbital ethmoid cells are
extensions of the anterior ethmoid sinus into the floor
of the orbit and superior aspect of the maxillary sinus.
Although Haller’s cells are anatomical variations
in the development of the nose and paranasal
sinuses, they have been associated with various
disease processes and symptoms, including sinusitis,
headaches, and mucoceles [19]. In the present study,
the prevalence of Haller cells were found to be
significantly higher in Types 2 and 3 than in Type 1.
On the other hand, there was no significant difference
in the prevalence of Haller cells when comparing
between Types 2 and 3. Moreover, the prevalence
of Type 3 increased from 8.2% in cases without an
ipsilateral Haller cell to 14% when a Haller cell
was present, but the difference was not significant.
Haghnegahdar et al. [18] reported that the prevalence
of Haller cells was significantly higher in Type 2 and
3 than Type 1. They also reported that the prevalence
of Type 3 significantly increased from 14.8% in cases
without an ipsilateral Haller cell to 29.1% when
a Haller cell was present. Ference et al. [1] found
that protrusion of the IOC into the maxillary sinus
increased from 7.8% in cases without an ipsilateral
infraorbital ethmoid cell to 27.7% when a cell was
present. In other studies, Yenigun et al. [6] and Acar
et al. [18] found no statistically significant correlation
between specific IOC types and the presence of the
Haller cell. The different findings in the relationships
between the Haller cell and IOC types in the studies
can be explained by the difference in the frequency of
anatomical variations in different populations.
Certain anatomic variations are considered as
predisposing factors for the development of sinonasal
disease [20]. In our study, no significant difference
was found in the prevalence of IOC protrusion
between cases with mucosal thickening and cases
without mucosal thickening. Moreover, no statistically
significant correlation was found between specific IOC
types and the presence of mucosal thickening. Ozturk
et al. [21] considered the presence of diffuse mucosal
thickening with ≥ 5 mm as sinonasal inflammatory
mucosal disease in the frontal, maxillary, and sphenoid
sinuses. They found no significant relationship
between IOC protrusion and sinonasal inflammatory
mucosal disease, consistent with our study.
http://www.ejomr.org/JOMR/archives/2020/4/e5/v11n4e5ht.htm
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In our study, four different measurements were
performed for Type 3 IOC. The first measurement
which included the length of the bony septum from
the canal to the sinus wall (D1), was found to be 3.75
(1.76) mm (range 1.3 to 10.1 mm). In the previous
studies, the mean septum length was reported as 4.9
mm (range 0.9 to 8.9 mm) by Gautam et al. [17] and
4 mm (range 1 to 11 mm) by Lantos et al. [2]. The
second measurement which was the distance at which
protrusion begins posterior to the inferior orbital rim
(D2), was found to be 9.51 (2.03) mm (range 5.9 to
14.8 mm) in our study. However, this distance was
found to be 11 mm (range 5 to 24 mm) by Lantos et
al. [2]. The third measurement, the vertical distance
from the canal to the sinus roof (D3) was found
to be 6.76 (1.78) mm (range 3.3 to 10.7 mm) in the
present study. This distance was reported to be 8.58
(2.85) mm by Ference et al. [1] and 11.61 (2.55)
mm by Haghnegahdar et al. [4]. Lastly, the fourth
measurement being the vertical distance from the
canal to the sinus floor (D4), was found to be 25.44
(4.69) mm (range 14.2 to 36.4 mm) in the present
study. To the best of our knowledge, no previous
studies have investigated the distance from the canal
to the sinus floor. Based on this result, we suggest that
the risk of iatrogenic injury to the descending canals
is very low during routine dentoalveolar procedures
such as tooth extraction, implant placement, etc.
in view of the fact that the canal is not close to the
sinus floor. However, the protruded ION is at risk for
iatrogenic injury during surgical procedures involving
the maxillary sinus such as Caldwell-Luc surgery,
maxillary resections, tumour removal from the
maxillary sinus, and endoscopic sinus surgery.
In this study, the measurements (D1, D2, D3, and
D4) were compared between genders. There was
no significant difference in the mean D1, D2, and
D3 between males and females. However, the mean
vertical distance from the canal to the sinus floor (D4)
was significantly higher in males than in females.
The difference in this distance between genders
can probably be attributed to the fact that males are
generally physically larger than females in most
dimensions.
CONCLUSIONS
Awareness of the potential anatomical changes in
infraorbital canals morphology is essential for a
successful surgical procedure performed in this area.
The protrusion of infraorbital canals into the maxillary
sinus is a common variation that must be considered
in the surgical procedures to prevent accidental injury.
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Our findings suggest that the risk of iatrogenic injury
to the descending canals is very low during routine
dentoalveolar procedures because the protruded
canal is not close to the sinus floor. However, the
protruded nerve is at risk for iatrogenic injury during
extended surgical procedures involving the maxillary
sinus. Preoperative radiological assessment of the
infraorbital canals can prevent iatrogenic injuries and
surgical complications.
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