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Abstract

Purpose To analyze morphological characteristics and dimensions of the infraorbital canal-groove complex using cone beam
computed tomography (CBCT), and to evaluate its relationship with adjacent anatomical structures.

Methods This retrospective study included CBCT scans of 100 patients taken between January and May 2014. Linear meas-
urements of the infraorbital canal (IOC), the infraorbital groove (IOG) and the infraorbital canal-groove complex (I0C/G)
were performed. Morphological variants of the IOC related to the maxillary sinus were classified into three types depending
on the extent of protrusion of the canal into the sinus. Angles between the IOC and specific landmarks were measured to
determine the direction of the IOC relative to the axial (A-ant) and sagittal (A-horiz) planes.

Results A total of 127 IOCs were analyzed. The mean length of the IOC/G was 29 + 3.0 mm. This value comprised the mean
distances of the IOC (24.4 +2.9 mm) and the IOG (4.6 & 1.7 mm). For the different types of IOC morphology, Type 1 (I0C
embedded in maxillary sinus roof) was the most common (n= 387, 68.5%). The mean angles of A-ant and A-horiz measured
48.9°+7.5° and 20.3° +7.9°, respectively.

Conclusion Knowledge of the IOC/G morphology and its variants is important for the prevention of infraorbital nerve injury
due to anesthesia or surgical interventions in this area. The presented data of anatomical characteristics of the IOC/G could
be helpful for the planning of surgeries in the maxillary region by means of CBCT imaging.

Keywords Infraorbital canal - Infraorbital groove - Infraorbital canal-groove complex - Maxillary bone - Cone beam
computed tomography
Introduction

The infraorbital canal (IOC) is located in the orbital floor.
It terminates at the infraorbital foramen (IOF) below the
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orbital rim. The posterior part of the IOC is the infraorbital
groove (I0G), which originates from the inferior orbital fis-
sure (Fig. 1). The term infraorbital canal-groove complex
(IOC/G) was first described by Scarfe et al. (1998) distin-
guishing three distinct structures: canal only, groove only
and combination of groove and canal [13, 14].

The infraorbital nerve (ION) and infraorbital vessels run
through the IOC, and their terminal branches exit via the
IOF [5]. The ION is a branch of the maxillary nerve, which
represents one of the three major trigeminal divisions [18].
The ION provides sensory innervation to the skin of the
upper cheek, the lateral part of the nose, the skin and con-
junctiva of the inferior eyelid, the skin and mucosa of the
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Fig.1 The infraorbital canal-groove complex (IOC/G) is located
in the maxillary bone (1). Originating from the inferior orbital fis-
sure (2), the infraorbital groove (I0OG) (3) is the posterior part of the
I0C/G. 1t is followed by the infraorbital canal (IOC) (4), which is
covered by the orbital floor and terminates at the infraorbital foramen
(IOF) (5). Adjacent anatomical structures include the zygomatic bone
(6), the superior orbital fissure (7), and the greater wing of the sphe-
noid bone (8)

upper lip, the mucosa of the maxillary sinus, the maxillary
incisor, canine and premolar teeth and adjacent gingiva [9].

The ION requires anesthesia for interventions in dentistry,
maxillofacial surgery, oto-rhino-laryngology and ophthal-
mology [9, 17]. To apply an infraorbital nerve block, to per-
form surgeries and to avoid intraoperative complications,
the surgeon must be aware of the location of the IOF as well
as of the morphology and course of the IOC/G. Different
studies have described the morphology and the anatomical
relations of the IOC/G using human skulls, cephalometric
analysis or three-dimensional models based on CT scans
[1, 4-6, 9, 12-15, 19]. However, there is only limited data
available in the literature with regard to the anatomy of the
IOC/G using cone beam computed tomography (CBCT)
[12].

The aim of this study was to analyze the morphological
characteristics of the IOC/G using CBCT imaging and to
compare the results with available clinical and radiographic
data in the literature. The primary objective of this study was
to measure the dimensions of the IOC/G in CBCT images.
Secondary aims included the morphological variants and the
course of the IOC/G as well as its relationship to adjacent
anatomical structures.
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Materials and methods
Study design and population

This retrospective study included patients who had under-
gone CBCT scanning from January to May 2014 at the
Department of Oral Surgery and Stomatology, University
of Bern, Switzerland. The analysis was approved by the
ethical committee of the State of Bern (approval num-
ber KEK-BE 252/2015). The study was conducted in full
accordance with the Declaration of Helsinki 2013 (http://
www.wma.net). The primary outcomes included the length
and diameter of the IOC/G. The secondary outcomes
were focused on age and gender of the patients, the angle
between the IOC and specific landmarks, the IOC type,
the frequency of maxillary sinus septa in relation to the
IOC, and the branching location of the canalis sinuosus
from the IOC.

Radiographic image analysis

CBCT scans (3D Accuitomo 170; Morita, Kyoto, Japan)
were taken with voxel sizes ranging from 0.125 to 0.25 mm
and exposure settings of 5.0-7.0 mA/80 kV. The cylindri-
cal CBCT volumes (fields of view) measured 60 x 60 mm,
80 x 80 mm, 100 x 100 mm or 140 X 100 mm. All images
were examined using a dedicated software (i-Dixel,
Morita, Kyoto, Japan).

Inclusion criteria of CBCT scans were: patients had to
be older than 18 years; the whole course of the IOC and
the orbital floor were visible either on one side or bilat-
erally. Scans with traumatic, neoplastic or inflammatory
lesions that might influence the anatomy of the IOC were
excluded. The analysis was performed by one calibrated
observer (MF). To assess intraobserver agreement, sec-
ond measurements of a randomly (http://www.random.org)
selected group of 20 patients with a total of 22 sites were
performed after an interval of at least two months.

To obtain a reproducible position of the IOC, the images
were adjusted according to specific landmarks (e.g., nasal
septum, nasal floor) before measurement taking. The sagittal
plane was positioned by moving the plane from the anterior
nasal spine/nasal septum to a level at which the whole course
of the IOC could be determined. The coronal plane was cho-
sen at the level where the IOC was protruding the most into
the maxillary sinus. The axial plane was positioned parallel
to the nasal floor/hard palate and passed through the IOC.

The measurements of the IOC/G dimensions were per-
formed using sagittal CBCT views (Fig. 2). The length
of the IOC/G was determined using the methodology
described by Przygocka et al. [13]:
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Fig.2 Linear measurements of the IOC/G (IOF-C-S) were taken in
sagittal CBCT planes: schematic overview of the measurements taken
(a), representative sagittal scan of the linear measurements taken
using the dedicated software (b), detailed schematic view of the lin-
ear measurements (c). The length of the infraorbital canal (IOF-C,
green), the length of the infraorbital groove (C-S, yellow), the diam-
eter of the IOC at the IOF (Djq, red) and at the posterior margin of

e JOF-C (IOC) The distance (mm) between the lower-
anterior margin of the infraorbital foramen (IOF) and
the posterior margin of the IOC (C) covered by the
bone of the orbital floor on a segmented curve (green
line).

e (C-S(I0G) The distance (mm) between the anterior (C)
and the posterior (S) margins of the IOG on a seg-
mented curve (yellow line). The position of the poste-
rior margin (S) was defined as the site of the IOC oppo-
site the orbital face of the greater wing of the sphenoid
bone.

the IOC (D, red), the direct distance between IOF and S (B, white),
and the distance at the midpoint of B (m, light blue) were measured.
The perpendicular distances from the canal roof to B at its midpoint
(M, blue), and the point where the perpendicular distance to B (H,
orange) was highest, were also analyzed. Furthermore, the distance
from line H to IOF (h, light orange) was measured. (Colour figure
online)

e JOF-C-S (I0C/G) The total length (mm) of the IOC/G
was defined as the IOF-C plus C-S distance on a seg-
mented curve.

The diameter of the IOC was measured perpendicularly
at the IOF (D;op) and at the posterior margin (D) of the
I0C (C) (red lines). Additional distances were measured as
follows (Fig. 2):

o Line B The direct distance between the IOF and S (white
line, straight).
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e Line M The perpendicular distance between the roof of
the IOC (being the orbital floor) and line B at its mid-
point (blue line).

e Line H Highest distance from line B to the roof of the
I0C (being the orbital floor) (orange line).

e Distance m The distance from the midpoint of line B to
S (light blue).

e Distance h The distance from line H to the IOF (light
orange).

Angles between the IOC and specific landmarks were
evaluated to determine the direction of the IOC in relation
to adjacent anatomical structures (Figs. 3, 4).

e Anterior angle (A-ant) (Fig. 3) The angle between the
anterior part of the IOC (green line) and the axial plane
being parallel to the nasal floor/the hard palate (white
line).

Fig.3 The schematic illustration (a) and a representative CBCT
image (b) show the angles measured between the IOC/G and the
nasal floor/hard palate in sagittal CBCT planes. The white lines are
reference lines parallel to the nasal floor/hard palate in reformatted

sections: the anterior angle A-ant (green line) represents the angle
between the IOC and the nasal floor; the posterior angle A-post (blue
line) the angle between the IOG and the nasal floor. (Colour figure
online)

Fig.4 A schematic illustration (a) and a representative CBCT image (b) depicting the horizontal angle A-horiz (red line) between the anterior
part of the IOC and the sagittal plane being parallel to the nasal septum (white lines). (Colour figure online)
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e Posterior angle (A-post) (Fig. 3) The angle between the
IOG (blue line) and the axial plane being parallel to the
nasal floor/the hard palate (white line).

e Horizontal angle (A-horiz) (Fig. 4) The angle between
the anterior part of the IOC (red line) and the sagittal
plane being parallel to the nasal septum (white line).

To classify the course of the IOC related to the maxil-
lary sinus, a similar classification as proposed by Ference
et al. [4] was applied. The categorization into three types
is based on the amount of canal protrusion into the sinus.
For this evaluation, the IOC morphology was analyzed
using coronal CBCT planes at the level where the IOC
could be best determined (Fig. 5):

e Type 1 The I0C is totally embedded in the maxillary
bone of the orbital floor or is bulging less than half of its
diameter into the maxillary sinus.

e Type 2 The IOC is located below the roof of the maxillary
sinus and is partially protruding (more than half) into the
maxillary sinus.

e Type 3 The 10C is entirely protruding into the maxillary
sinus.

Furthermore, the presence or absence of maxillary septa
related to the IOC was analyzed (yes/no). Finally, the site
where the canalis sinuosus (CSIN) branched off from the
IOC was determined by dividing the IOC into three sections
(Fig. 6):

e CSIN,yr Branching of the CSIN within the IOF.

e CSIN,, Branching of the CSIN within the anterior third
of the IOC.

e (SIN,,; Branching of the CSIN within the middle third

of the IOC.
Statistical analysis

All data were first analyzed using descriptive statistics.
Age was divided by a median split yielding two age groups
for further statistical analysis. The effects of the binary
independent variables (gender, side and age) on the linear
measurements and angular measurements were separately
evaluated with a two-sample 7 test. The effects of binary
independent variables (gender, side and age) on IOC mor-
phology type were evaluated with Pearson’s Chi-squared
test. Intra-observer repeatability for the linear measurements
and angular measurements were assessed using interclass

Fig.5 Classification of IOC morphology related to the maxillary
sinus depicted in a coronal plane in illustrations (a—c) and representa-
tive CBCT images (d—f). Type 1 (a, d) shows the IOC totally embed-

ded in the maxillary sinus roof; type 2 (b, e) depicts the IOC par-
tially protruding into the maxillary sinus; type 3 (c, f) shows the IOC
entirely protruding into the maxillary sinus
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Fig.6 The site of the canalis sinuosus (CSIN) branching off from the IOC was determined by dividing the IOC into three sections: the region of

the IOF (CSIN;qp, a), the anterior third of the IOC (CSIN,

correlation (ICC) coefficients (single-rating, absolute-agree-
ment, 2-way mixed-effect model) from duplicate measure-
ments of 22 randomly selected samples.

The significance level chosen for all statistical tests was
p <0.05. Statistical procedures were carried out in SPSS
(version 24.0, IBM, NY, USA).

Results

This study initially evaluated 976 CBCT scans of 914
patients taken during the time period from January until May
2014. In total 100 patients, 49 females and 51 males, with
127 I0Cs met the inclusion criteria. The age of the patients
ranged from 19 to 89 years with a mean of 58 years (median
of 61 years). Out of the total of 127 IOCs evaluated, 68 were
located on the right and 59 on the left side. In 27 CBCT
scans, IOCs were captured bilaterally.

Intra-observer reliability of the data from the 22 randomly
selected samples exhibited good to excellent agreement for
the linear measurements with ICC coefficient values ranging
from 0.66 to 0.98, and ICC coefficient values ranging from
0.89 to 0.98 for the angular measurements. For all linear
measurements, there was a mean deviation between the two
readings of 0.1 mm (range — 1.3 to 7.8 mm), and for the
angular measurements of 0.1° (range —5.0° to 10.5°).

The descriptive data of the linear measurements (mm)
and angles of the IOC are summarized in Table 1. The
mean total length of the IOC/G (IOF-C-S) was 29.0 mm.
This value is composed of the mean distances of the IOF-C
(24.4 mm) and the C-S (4.6 mm). The mean diameter of
the IOC at the IOF (D;gp) was 3.0 mm and 1.9 mm at the
posterior margin (D). The mean direct distance between
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o D), the middle third of the IOC (CSIN, 4, €)

IOF and S (line B) was 27.4 mm. The mean perpendicu-
lar distance (line M) at the midpoint of line B measured
5.2 mm, and the mean length of the highest perpendicular
distance (line H) was 5.9 mm. The line H was generally
located more anteriorly and closer to the IOF than line
M at the midpoint (mean distance to IOF h=6.6 mm,
m=13.7 mm, respectively). The mean angle A-ant meas-
ured 48.9°, the mean A-post was 12.0°, and the mean
A-horiz 20.3° (Table 1).

With regard to the gender of the patients, the lengths
of the IOF-C (p=0.003), IOF-C-S (p=0.001), the diam-
eter Diop (p=0.020), the line B (p=0.002), the line H
(p=0.012), and line m (p =0.002) were significantly greater
in males than in females (Table 2). There were no significant
differences when comparing the data between the right and
left sides. The age group older than 61 years (median split)
showed significantly higher values for the measurements of
the diameter D;gg (p =0.034), the diameter D¢ (p=0.003),
the line B (p=0.029), and the line m (p =0.028). The angles
A-ant and A-horiz showed no significant differences with
regard to gender, age or side of the face (Table 3). For
A-post, male patients exhibited significantly larger values
than females (p =0.014).

With regard to the course of the IOC in relation to the
maxillary sinus, Type 1 IOC was the most frequently diag-
nosed (n =387, 68.5%; Table 4). No significant differences
for the IOC types were seen with regard to gender, age or
side. A septum in the maxillary sinus related to the IOC
was present in 20 sites (15.7%). The branching site of the
CSIN from the IOC could be detected in all observed IOCs
(n=127). The majority of the CSINs were branching off
within the anterior third of the IOC (CSIN,,,; n=80, 63.0%).
In 26.8% of the cases, the CSIN branched within the IOF
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Table 1 Descriptive data of the linear measurements (mm) and angles (°) performed using CBCT scans

Distances Mean +SD Median Range (min—max)
IOF-C 24.4 +2.9 24.5 (16.9-32.8)

C-S 4.6 +1.7 4.5 (0.3-10.9)
IOF-C-S 29 +3.0 28.7 (22.1-36.5)

Dior 3.0 +0.6 3.1 (1.844)

D¢ 1.9 +0.5 1.9 (0.7-3.2)

B 27.4 +2.9 27.3 (21.4-34.7)

h 6.6 +2.7 6.1 (2.1-15.8)

H 5.9 +1.0 5.9 (3.7-9.5)

m 13.7 +1.4 13.7 (10.8-17.4)

M 5.2 +1.0 52 (2.1-8.3)

Angle Mean +SD Median Range (min—max)
A-ant 48.9 49.5 (26.0-64.9)
A-post 12.0 + 10.5 (0.6-42.8)
A-horiz 20.3 + 19.3 (4.1-44.0)

Abbreviations of the linear measurements: /OF-C length of the infraorbital canal IOC, C-S length of the infraorbital groove I0G, IOF-C-S
IOF/G complex, Do diameter of the IOC at the IOF, D diameter of the IOC at the posterior margin, B direct distance between IOF and S, H
highest perpendicular distance to B, / distance from H to the IOF, M perpendicular distance at the midpoint of B, m distance from M to S

Abbreviations of the angular measurements: A-ant anterior angle, A-post posterior angle, A-horiz horizontal angle

(CSIN;gg; n=34), and in 10.2% within the middle third of
the IOC (CSIN _..; n=13).

mid>

Discussion

This study evaluated the dimensions, morphology and ana-
tomical relations to adjacent structures of the IOC/G by
means of CBCT scans. To the best of our knowledge, only
Orhan et al. [12] have published a study analyzing the mor-
phology of the IOC/G using CBCT imaging. CBCT has an
important role in the diagnosis and treatment planning of
craniofacial disorders [12]. This imaging technique is rou-
tinely used for presurgical evaluation in medical disciplines
such as oto-rhino-laryngology or maxillofacial surgery [12].
It is an adequate imaging method to evaluate the paranasal
sinuses and contiguous structures [16], and it has been rec-
ommended as a dose-sparing technique, compared to stand-
ard medical CT scans [10].

Zygomaticomaxillary bone fractures such as blow-out
fractures can cause trauma to the ION by compression of
the nerve, which may result in permanent paresthesia [6,
11]. The management of these fractures as well as other
types of operations such as tumor surgeries, Caldwell-Luc
procedures, and Le-fort-type osteotomies can also result in
iatrogenic damage to the ION [6]. During these interventions
and also due to trauma, the infraorbital nerve is stretched
and exposed by orbital floor displacement, and thus is at a
great risk for injury [8]. Furthermore, to perform an infraor-
bital nerve block, the surgeon must be aware of the IOC’s

angulation and length to avoid damage to orbital structures
[9, 12]. Therefore, detailed knowledge of the anatomy and
location of the IOC within the facial bony structures is ben-
eficial and should be mandatory to guarantee safe surgical
and anesthetic procedures.

In this study, the mean length of the IOC/G (IOF-C-S)
was 29 mm—comprising the IOC with 24.4 mm and the
IOG with a mean value of 4.6 mm. Przygocka et al. [13]
reported similar measurements for the IOC/G in 35 human
dry skulls: 27.7 mm on the right side and 28.1 mm on the
left side, respectively. Although the present study used the
same definition of the IOC and the IOG, Przygocka’s results
exhibited a shorter IOC (14.2 mm on the right and 13.7 mm
on the left side) but a longer IOG (13.5 mm on the right
and 14.1 mm on left side) compared to the data in the pre-
sent study. Kazakayasi et al. [6] analyzed 35 adult skulls
using cephalometric (2-dimensional) analysis. They reported
on average an IOC length of 23 mm and an IOG length of
6 mm. Hwang and co-workers [5] used a three-dimensional
reconstruction of segmented CT scans to perform measure-
ments. In their analysis, the length of the IOC was 11.7 mm
and the IOG was 16.7 mm. These marked differences com-
pared to the values of the present study may be explained by
Hwang’s definition of these anatomic entities: “The IOC and
I0G were discriminated by the change in direction, where
the upward and lateral course of the IOC was changed to
be parallel to the orbital floor, instead of the coverage of
the orbital floor bone” [5]. This definition was also used
by Orhan and co-workers [12] in their analysis of the IOC
using CBCT. The canal was defined as the distance from the
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Table 3 Ir}ﬂuence of gender, Angles (°) A-ant A-post A-horiz
age, and side of the IOC angles
(°) measured on CBCT scans Mean +SD Mean +SD Mean +SD
Male (n=62) 48.3 +74 13.7 +9.0 19.3
Female (n=65) 49.5 +7.7 10.3 +6.0 21.2 +
p value of two-sample ¢ test 0.377 0.014 0.161
Right (n=68) 49.0 +8.3 11.4 + 19.8 +7.
Left (n=59) 48.8 +6.6 12.6 + 20.8 +8.2
p value of two-sample ¢ test 0.910 0.393 0.445
Age<61 (n=64) 49.7 +7.1 12.6 + 19.8 +
Age>61 (n=63) 48.1 +79 11.4 + 20.8 +
p value of two-sample ¢ test 0.248 0.381 0.480
Total (n=127) 48.9 +7.5 12 +7.7 20.3 +7.9

Bold = statistically significant (p <0.05)

Abbreviations of the angular measurements: A-ant anterior angle, A-post posterior angle, A-horizhorizontal

angle
Table 4 Distribution and Morphology Type 1 Type 2 Type 3 D value*
frequency of the IOC -
morphology with regard to n % n % n %
gender, age, and side
Male (n=062) 44 71.0 11 17.7 7 11.3 0.159
Female (n=65) 43 66.2 19 29.2 3 4.6
Right (n=68) 45 66.2 17 25.0 6 8.8 0.818
Left (n=59) 42 71.2 13 22.0 4 6.8
Age<61 (n=64) 41 64.1 17 26.6 6 9.4 0.545
Age>61 (n=63) 46 73.0 13 20.6 4 6.3
Total (n=127) 87 68.5 30 23.6 10 79

Statistically significant (p <0.05)

Definitions of the type of IOC morphology: Type 110C totally embedded in the maxillary sinus roof, Type
210C partially protruding into the maxillary sinus, Type 310C entirely protruding into the maxillary sinus

*Chi-squared test

center of the IOF to the portion where the axis of the IOC
changed. In contrast, the length of the IOG was defined as
the sum of the IOG not covered by bone and the portion that
was parallel to the orbital floor but covered by bone. How-
ever, their findings for the IOC length were longer than in
the present study (28.3 mm on the right and 27.5 mm on left
side), whereas the values for the IOG were similar (3.5 mm
on the right and the left side).

Comparing the measurements of the male and female
patients, significantly greater values could be found in males
for IOC, IOC/G, Djgp, B and H (Table 2). Orhan et al. [12]
have shown significantly larger measurements for the IOC
and IOG in male patients as well. These findings were cor-
roborated by Hwang et al. [5] who found the length of the
I0G in males to be significantly larger.

Looking at differences related to the right and the left
side of the measured sites, there were no significant differ-
ences in the linear measurements found in the present study.
With regard to the age, patients older than 61 years showed

significantly larger measurements for the D;gp, the D, the
distance B, and the distance m. In contrast, Orhan et al. [12]
did not find a significant difference comparing the lengths
of the IOC and the IOG in three age groups.

To perform an ION block, the surgeon must insert the
needle upward and laterally and advance it within the IOC
[9]. Advancement into the IOG has been reported to poten-
tially result in damage of the orbital structures [5]. Neverthe-
less, with accurate knowledge of the direction of the IOC,
the surgeon can establish a good angle of the needle entry
and easily advance the needle into the IOC. Hwang et al.
[5] used a three-dimensional reconstruction after segmen-
tation of CT scans and identified anatomic landmarks and
planes associated with the IOF. The measurements respec-
tive angles were performed on these three-dimensional
models [5]. In this study, a similar approach was used to
assess angle measurements. To identify the axis of the IOC,
vertical and horizontal reference planes were determined.
The angle A-ant, between IOC and the horizontal plane
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being parallel to the nasal floor, was 48.9°. This was a very
similar value compared to Hwang’s result for the same type
of measurement (46.7°). The angle A-horiz, between I0OC
and the vertical plane being parallel to the nasal septum,
was 20.3°. Hwang et al. measured a smaller angle of 13.2°.
In the present study, the angles A-ant and A-horiz showed
no significant differences with regard to gender, age or side
of the face. In contrast, Hwang and co-workers reported a
significantly greater angle of the IOC axis in relation to the
horizontal plane in females [5].

The awareness of the exact IOC location and relation to
the maxillary sinus is important for surgery of the maxillary
sinus, indicated for the management of chronic inflammatory
diseases, resection of neoplasms, or repair of the orbital floor
[2]. All these procedures may cause nerve injury [3, 7, 16].
Such nerve injuries may be prevented or anticipated when
identifying a descended IOC, thus instrumentation along the
roof of the sinus can be planned [4].

Ference at al [4]. stated in a study using CT imaging, that
the protrusion of the ION within the maxillary sinus (Type
3) is a common anatomic variant seen in 12.5% of the cases.
The authors note as well that the foramen of Type 3 canals
is on average 2.9 mm inferiorly located compared to Types
1 and 2 canals. Furthermore, descended canals are located
on average 8.6 mm below the maxillary sinus roof within
the sinus [4]. In the present study, only 7.9% of the canals
showed a descending variation of the IOC into the sinus
lumen (Type 3), 23.6% of the IOCs were partly protrud-
ing into the sinus (Type 2), and the largest group of 68.5%
showed an IOC embedded in the maxillary floor (Type 1).
Yenigun et al. [19] classified three types of IOCs and their
frequencies in axial CT accordingly: IOC protruding into the
maxillary sinus with 12.3% (Typel); IOC at the floor of the
maxillary sinus or partially protruding into the sinus with
51.2% (Type 2) being the most common and IOC totally
embedded in the maxillary bone with 36.4% (Type 3). Since
the classification in the present study was based on coronal
CBCT planes, a direct comparison of the frequencies of IOC
types according to Yenigun’s study [19] is not possible.

Regarding gender, side or age, significant differences
could not be found for a specific IOC type in the present
study. These findings were corroborated by Ference et al.
[4].

Regarding the findings of the present study, some limita-
tions have to be taken into consideration. It is noted that our
study population comprises a limited sample size with 127
I0Cs in 100 patients. Therefore, the correlation of age and
the linear/angular measurements was evaluated using two
age groups divided by median split (61 years) only. These
results have certainly to be interpreted with some caution,
especially when comparing them to multiple age groups.
Furthermore, the choice of the reproducible positions of the
planes and reference landmarks has its limitations due to

@ Springer

the relatively small field of views of the CBCTs compared
to CT scans. On CTs, the sella turcica or the nasion can be
used as stable reference structures [20]. A further limitation
of this study was that the measurements were performed by
one observer only.

Conclusions

Prevention of infraorbital nerve injuries and complications
during surgery or anesthesia may be accomplished by iden-
tifying the characteristics and variants of the IOC/G. These
include the length of the IOC/G complex, the angulations
of the IOC axis relative to the axial (A-ant) and the sagittal
planes (A-horiz), and the IOC morphology (Type 1-3). The
presented data contributes to the knowledge of the IOC/G
anatomy for preoperative treatment planning by means of
CBCT imaging, which may help to estimate the risk of ION
trauma during surgical interventions.
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