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Background: The purpose of this study is to evaluate the anatomy, morphometry,
and variations of infraorbital groove (I0G), infraorbital canal (I0C) and infraorbital
foramen (IOF) on the cone-beam computed tomography (CBCT) images and to
investigate their relations with surrounding structures.

Methods: 10G, I0C and IOF were evaluated retrospectively in CBCT images of
75 female (F) and 75 male (M) cases with a range of 18-65 years (F. 37.62 +
+ 13.55, M: 37.53 + 15.87) by Planmeca Romexis programme. 10G, 10C and
IOF were examined bilaterally (300 sides) in the cases. The 13 parameters were
measured on these images in axial, sagittal and coronal planes.

Results: There was a very weak positive correlation between the age and the
angle between I0C and I0G (p = 0.015, r = 0.198), there was a weak positive
correlation between the age and skin thickness (p = 0.001, r = 0.281), and there
was no correlation between the age and other parameters. A total of 21 (7%) 10Cs
were detected in maxillary sinus, bilaterally in 6 cases and unilaterally in 9 cases
(5 on the left, 4 on the right). In 1 case, bilaterally, IOC was separated 2 canals while
running anteriorly in the maxillary sinus. The larger one was directed to IOF in its
normal course and the smaller one was directed to lateral wall of nasal cavity and
opened to the inferior nasal meatus in front of the opening of nasolacrimal duct.
Conclusions: We suggest that the parameters found in the present study may
facilitate prediction of the location of the infraorbital nerve. Knowledge of this
exact position in relation to easily measurable parameters may decrease the risk
of infraorbital nerve injury during surgical approaches directed to this region
and might serve as a quide during local anaesthetic interventions for dentistry,
ophthalmology, plastic surgery, rhinology, neurosurgery and dermatology. (Folia
Morphol 2019; 78, 2: 331-343)
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INTRODUCTION

Infraorbital groove (I0G), located on the inferior
wall of the orbit and at the orbital surface of the
body of maxilla, begin from the inferior orbital fissure
posteriorly and continues as infraorbital canal (10C)
anteriorly and 10C opens to the middle of the face
through the infraorbital foramen (IOF). Infraorbital
nerve (ION) and vessels pass through I0G, 10C and
spread from IOF [70, 74]. ION is responsible for the
sensory innervation of upper cheek skin, maxillary
sinus mucosa, maxillary incisor, canine and premolar
teeth, occasionally mesiobuccal root of first molar
tooth and adjacent buccolabial gingiva and perios-
tium, the skin and conjunctiva of the inferior eyelid,
part of the nose, and the skin and mucosa of the
upper lip [52].

Anaesthesia of the ION may be performed on
interventions such as surgical procedure of the facial
region involving nose soft tissues, cheek, lower eyelid
and maxillary premolar, canine and incisive teeth,
orbital floor fracture treatment, nasal bone fracture
reduction, scar revisions, cosmetic cutaneous proce-
dures and polypectomy [51, 55, 74]. ION blockage
may be performed for trigeminal neuralgia and post-
operative pain [2, 27]. It is known that ION paraes-
thesia may occur after surgical interventions [4, 54].
Bilateral ION blockage is a preferred local method for
early repair of cleft lip, facial lacerations, rhinoplasty
repair and endoscopic endonasal maxillary sinus sur-
geries [13, 31, 35, 48, 56]. It is important to know
the IOF neighbourhood for reducing complications in
placement of malar, submalar, or paranasal implants
[61]. The risk of ION's injury is high because it is dif-
ficult to determine the localisation and the course of
the ION [4]. Although I0C is important, it is not clearly
defined [79]. The pathway of ION is important for
dentistry, ophthalmology, plastic surgery, rhinology,
neurosurgery and dermatology. For this reason, it is
substantial to know the morphometric properties of
10G, 10C, and IOF and their relations with surround-
ing structures.

The purpose of this study is to evaluate the anat-
omy, morphometry, and variations of 10G, I0C and
IOF on the cone-beam computed tomography (CBCT)
images and to investigate their relations with sur-
rounding structures.

MATERIALS AND METHODS

Before the study, permission was received from
the Clinical Trials Ethics Committee. A total of 150
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CBCT images with no pathology of 75 female and
75 male subjects aged 18-65 years were selected
randomly. The images of patients who were admitted
to Gaziantep University Faculty of Dentistry for any
reason were evaluated retrospectively by Planmeca
Romexis (Planmeca, Helsinki, Finland) programme.
On the images with artefact that prevents detection
and measurement of reference points; maxillary sinus
pathologies that may affect maxilla, 10G, I0C and
IOF size; cases with developmental, metabolic or
inflammatory jaw disease were not included in the
study. 10G, 10C and IOF were examined bilaterally
(300 sides) in the cases. The following 13 parameters
were measured on these images in axial, sagittal and
coronal planes (Fig. 1).

Axial:

— 1: The angle between the I0C and the sagittal
plane (Fig. 1A)

Sagittal:

— 2: The angle between the IOC and the axial plane

(Fig. 1B)

3: The angle between 10C and 10G (Fig. 1C)

4:10C length (Fig. 1C)

5:10G length (Fig. 1C)

6: Vertical diameter of I0F (VD-IOF) (Fig. 1C)

7: The distance between |OF and infraorbital mar-

gin (IOF-IOM) (Fig. 1D)

8: Skin thickness over IOF (skin thickness) (ST)

(Fig. 1D)

Coronal:

9: Transverse diameter of IOF (TD-IOF) (Fig. 1E)

10: The distance between IOF and the mid-sagittal

plane (IOF-ML) (Fig. 1E)

11: The distance between IOF and the lateral wall

of the nasal cavity (IOF-LNW) (Fig. 1F)

12: The distance between IOF and the occlusal

plane of the second premolar tooth (IOF-PM).

The distance between the transverse axis passing

through the second premolar tooth level and the

IOF was measured in the images where the IOF

and the second premolar tooth were not in the

same section (Fig. 1F)

13: The distance between IOF and vertical axis of

lateral rim of frontozygomatic suture (IOF-FZS)

(Fig. 1G, H)

Statistical analysis

The data were evaluated statistically. The normality
of data distribution was tested by the Shapiro-Wilk test.
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Figure 1. Thirteen parameters (abbreviations — see text) were measured on cone-beam computed tomography images in axial (A), sagittal
(B, C, D) and coronal (E, F, G, H) planes.

Student t test was used for comparison of variables with
normal distribution in two independent groups, and
paired t test was used for comparison of two depend-
ent measures. The Pearson correlation coefficient was
used when the relations between numerical variables
were tested. The SPSS 22.0 software package was used
in the analyses and p < 0.05 was accepted significant.

RESULTS

In this study, I0G, IOC and IOF were evaluated bilat-
erally in CBCT images of 75 female (F) and 75 male (M)
cases with a range of 18-65 years (F: 37.62 + 13.55,
M: 37.53 = 15.87). No significant mean age differ-
ence existed between genders (p > 0.956). Thirteen
parameters were evaluated (Table 1). The parameters
were compared by gender; significant differences were
found in the I0C length (right [R]: p = 0.029, left [L]:
p = 0.021), in the IOF-IOM (R: p = 0.005, L: p = 0.012)
and in the VD-IOF (R: p = 0.001, L: p = 0.002).

There was a very weak positive correlation be-
tween the age and the angle between 10C and I0G
(p = 0.015, r = 0.198), there was also a weak posi-
tive correlation between the age and ST (p = 0.001,
r = 0.281), and there was no correlation between the
age and other parameters.

A total of 21 (7%) 10Cs were detected in maxillary
sinus, bilaterally in 6 cases, and unilaterally in 9 cases
(5 on the left, 4 on the right) (Fig. 2).

In 1 case, bilaterally, IOC was divided into 2 canals
while running anteriorly in the maxillary sinus. The
larger one was directed to IOF in its normal course
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and the smaller one was directed to lateral wall of
nasal cavity and opened to the inferior nasal meatus
in front of the opening of nasolacrimal duct (Fig. 3).

DISCUSSION

There are many bone [2, 12, 18, 20, 38, 45, 53, 57,
58, 60, 66, 68] and cadaver [6, 14, 25, 39, 44, 59, 66,
71] studies in which the relationship between morpho-
metry of 10G, 10C, and IOF and their relations to the
surrounding structures have been examined. Kazkayasi
et al. [38] evaluated 35 dry skulls both in bones and
cephalometric radiography. Lee et al. [43] evaluated the
computed tomography (CT) of the 42 dry skulls. In the
literature, there are publications in which I0G, 10C or
IOF are assessed with CT in the living person [34, 36, 42,
61, 67,72,78, 79]. There are few publications in which
these three structures have been evaluated like in this
study [34]. CT can show localisation and morphometry
of the structures in three dimensions. Hwang et al.
[34] stated that CT mediated measurements were as
effective as dry skull and cadaver measurements. The
most important advantage of CT measurements in the
living person compared to dry skull and cadaver is that
the gender and age of the cases are known precisely.
In recent years, the use of CBCT with cheap cost and
low radiation doses has increased for dentomaxillofacial
diagnosis and treatment [7, 30].

Eppley [24] stated that at the ION injury may result
in dysesthesia. Vriens et al. [77] stated long term sen-
sory disturbances vary between 24% and 50% after
orbitozygomatic complex traumas. ION localisation



Folia Morphol., 2018, Vol. 78, No. 2

Table 1. The measurements of 13 parameters about infraorbital groove (I0G), infraorbital canal (I0C) and infraorbital foramen (IOF)

Parameter Gender Right Left P

F 3538 = 71.77 35.42 + 8.49 0.839

1. The angle between the I0C and the sagittal plane [°] M 34.23 + 8.60 33.44 +9.07 0.154
Total 34.81 = 8.19 34.44 + 8.81 0.215

F 46.81 =+ 6.82 46.41 + 7.54 0.580

2. The angle between the I0C and the axial plane [°] M 47,58 + 7.34 47.22 = 1.1 0.665
Total 47.20 + 7.07 46.81 + 7.61 0.489

F 14477 +17.29 144.82 +7.93 0.961

3. The angle between I0C and 10G [] M 143.40 = 6.41 143.22 + 6.88 0.856
Total 144.08 = 6.41 144.02 + 7.44 0.925

F 8.20 + 1.60 8.45 +1.94 0.244

4.10C length [mm] M 8.37 +1.78 8.45 + 1.80 0.654
Total 8.28 + 1.69 8.45 + 1.87 0.233
F 21.90 = 3.57 20.49 + 3.49 0.001*
5.10G length [mm] M 23.28 + 4.07 21.97 = 4.29 0.004*
Total 22.59 + 3.88 21.23 +3.97 0.001*

F 3.21 + 045 3.11 +0.55 0.194
6. Vertical diameter of I0F (VD-IOF) [mm] M 377+1.30 3.46 = 0.80 0.034*
Total 349 +1.01 329 +0.71 0.013*

F 715 +1.22 7.10 +1.30 0.714

7. The distance between IOF and infraorbital margin (IOF-I0OM) [mm] M 779 +149 167 +1.47 0.368
Total 747 =1.40 7.39 £ 1.41 0.384

F 9.99 + 2.48 10.17 + 2.38 0.303

8. Skin thickness over IOF (skin thickness) (ST) [mm] M 9.31 = 1.64 9.45 +1.95 0.454
Total 9.65 + 2.13 9.81 +2.19 0.208
F 3.32 + 047 3.15 +0.45 0.001*

9. Transvers diameter of IOF (TD-IOF) [mm] M 3.42 + 0.56 3.29 + 0.66 0.147
Total 3.37 +£0.52 3.22 + 057 0.004*

F 22.65 + 2.17 22,67 + 2.39 0.922

10. The distance between IOF and the mid-sagittal plane (IOF-IVIL) [mm] M 24.39 + 2.00 2419 +2.15 0.466
Total 23.52 + 2.26 2343 +2.39 0.640
. ) F 9.24 +2.34 8.77 £ 2.19 0.026*

(1|2).FT|r_]IS| \(,1\|/?t[amn:::,] between |OF and the lateral wall of the nasal cavity M 089 < 247 990 < 241 0.966
Total 957 +=2.39 9.34 + 2.36 0.154

' F 38.04 +1.75 37.94 + 1.96 0.122
:]rzérl]gfafltztgtr;]c?lg:m;;a?nl](x]and the occlusal plane of the second M 3933 = 2.99 29.94 = 3.06 0.110
Total 38.68 + 2.53 38.94 + 2.75 0.102

13. The distance between I0F and vertical axis of lateral rim of F 2468 = 145 2450 + 138 0.161
frontozygomatic suture (IOF-FZS) [mm] M 2440 £ 1.22 2041 2137 0612
Total 24,54 + 1,34 2453 +1.34 0.829

*Significant difference; F — female; M — male

Figure 2. Infraorbital canal was detected in the maxillary sinus; A. Axial plane; B. Coronal plane; C. Sagittal plane.
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Figure 3. Infraorbital canal (I0C) was divided into two canals while running from posterior to anterior in the maxillary sinus (red arrow: the

larger one, yellow arrow: the smaller one).

should be kept in mind in maxilla, zygoma, or deep
cheek injury procedures [33]. A common descrip-
tion of the radiofrequency neurotomy procedure
for ION is not available. The angle between the I0C
and the sagittal plane, the angle between the 10C
and the axial plane, IOF-ML and IOF-IOM distances
should be known for targeting the needle to IOF
and 10C applying the radiofrequency neurotomy
[59]. ST is also important during the intervention.
In addition, advancing the needle behind the 10C
may damage structures in the orbital cavity or the
pterygopalatine fossa [34]. Saeedi et al. [65] and
Chan et al. [15] reported cases of blunt eye injury
as a complication of ION blockade. The shorter
and steeper the I0C is, the more likely it is that the
eyeball will be injured. Therefore, it is important to
know morphometry of 10G, 10C and IOF that the
ION passes through.

The angle between the 10C and the sagittal
plane. In the studies performed [2, 34, 43, 59, 78],
results were found in a wide range between 12°
and 69° and in our study this angle was found as R:
34.81°, L: 34.44° (Table 2).
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The angle between the I0C and the axial plane.
It has been noted that in studies evaluating CT images
[34, 78] this angle gives higher values than dry skull
[2, 3, 43] and cadaver studies [59] (Table 2). Hwang
et al. [34] stated that this angle was statistically sig-
nificantly different between the genders (p = 0.038).
In our study, there was no statistically significant dif-
ference between the genders (Table 2).

The angle between I0C and I0G. Only Hwang et
al. [34] reported measuring this angle in the literature.
Similar result was found in our study (Table 2).

I0C and 10G lengths. Frequently examined in dry
skull [32, 38, 58, 63] and cadaver studies [49, 59],
and less frequently in CT images [34, 78]. In studies
evaluating CT images including the present study,
I0C length was shorter than in dry skull and cadaver
studies and 10G length was longer. The bony part
which forms the upper wall of the back of the I0C
is so thin that cannot be clearly detected in the CT
images, which may be the possible reason of these
differences. Present study and Hwang et al. [34] found
a significant difference in 10G length between the
genders (p = 0.001, p = 0.012, respectively) (Table 3).
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Table 2. Comparison of the angle between infraorbital canal (I0C) and the sagittal plane, I0C and the axial plane, 10C and infraorbital

groove (I0G) with the literature

Study Specimen Side  The angle between the 10C The angle between the 10C The angle between 10C
and the sagittal plane [] and the axial plane [°] and 10G []
F M Total F M Total F M Total
Aggarwaletal. [2] Dryskul R 21.48 = 1041 21.14 + 31.43 £7.97 31.79 +
L 2081 +9.92 10.10 3210 + 7.43 1.68
Rahmanetal. [59]  Cadaver R
—_— 22 30
L
Lee etal. [43] Dry skull R
T 1265 4 +179
Agthongetal.[3]  Dryskul R 244+07 254+05 25.1=04
L 263+06 270+06 26804
Hwangetal. [34] ~ HRCT R 130+ 135+ 132+  476= 453+ 467+ 1448+ 1468+ 1455+
L 6.5 6.3 6.4 16*% 14*% 16*% 9.0 14 8.5
Xuetal. [78] CT R 6796+ 6922+ 65.72 = 68.25 +
10.01 8.52 6.82 6.97
L 6730 6871 66.19 = 68.22 +
10.08 9.19 6.28 715
Present study CBCT R 3538+ 3423+ 3481+ 4681z 4158 £ 4720 = 14477 14340 144.08
.17 8.60 8.19 6.82 1.34 1.07 +729 =641 =641
L 3542+ 3344+ 3444 4641 % 41.22 = 46.81 = 14482 14322 144.02
8.49 9.07 8.81 1.54 mm 161 +793 +688 =744

*Significant difference; L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; CT — computed tomography; HRCT — high resolution computed tomography

VD-IOF and TD-IOF. These are measured in a num-
ber of publications in the literature [2, 5, 6, 10, 12,
18-20, 36, 40, 68, 69, 71-73]. Kara et al. [36] found
the mean diameter of the IOF and found a signifi-
cant difference between the genders (p = 0.001).
Cisneiros de Oliveira et al. [20] reported a significant
difference in left VD-IOF, right TD-IOF and left TD-IOF
measurements between the genders, as well as VD-
IOF measurements between the both sides. In our
study, there was a significant difference in VD-IOF
and TD-IOF measurements between the both sides
(p = 0.013, p = 0.004, respectively) (Table 4).

Distance between IOF-IOM. The most meas-
ured distance [1-3, 5, 6, 12, 18, 20-22, 25, 28, 29,
34, 37, 38, 42, 45, 46, 50, 59, 61, 62, 66, 68, 72,
73,75, 78]. This distance is used for the detection of
IOF localisation in extraoral ION blockade approach
and radiofrequency neurotomy. CT measurements
show relatively higher values than dry skull meas-
urements. Kazkayasi et al. [38] measured 7.19 =
+ 1.39 mm in the dry skull, and 7.45 = 0.95 mm
in the X-ray graph. By a cadaveric study, Cutright
etal.[21] found 5.80 = 0.30 mm in white females,
7.10 £ 0.30 mm in white males, 5.70 £ 0.20 mm in
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black females and 6.90 = 0.30 mm in black males.
Apinhasmit et al. [5] reported the significant dif-
ference in IOF-IOM distance between the genders.
Elias et al. [22] and Macedo et al. [46] reported
there was a significant difference in IOF-IOM dis-
tance between the both sides. In this study, it was
observed that the distance between IOF-IOM was
similar to other studies and there was no significant
difference between the sides and genders (Table 5).

ST length. Hwang et al. [34] determined the ST
length as 11.4 mm. In this study, length was de-
termined as R: 9.65 mm and L: 9.81 mm (Table 6).
ST length is important in extraoral ION blockade
approach and radiofrequency neurotomy. For
this reason, it is appropriate to move the needle
9-11 mm from the skin surface to reach the IOF.

The distance between IOF-ML. It is determined
between 25.20-30.30 mm [2, 5, 18, 25, 29, 34, 59,
72, 78] (Table 5). In our study, the measurement was
relatively shorter when compared to the literature
(R: 23.52 mm, L: 23.43 mm) (Table 5).

Distance between IOF-LNW or IOF-piriform ap-
erture (IOF-PA). The distance between the IOF-PA
examined on spiral CT images [61], skull [2, 18, 22, 38,
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Table 3. Comparison of infraorbital canal (I0C), infraorbital groove (I0G) and I0C + 10G lengths with the literature

Study Specimen  Side 10C length [mm] 10G length [mm)] 10C + 10G length [mm]
F M Total F M Total Total
Hwang et al. HRCT R N
134] 0 1M7£19 16.7 + 2.4
Kazkayasietal. ~ Dry skull R
e 22.95 +5.43 5.95 = 4.90
[38] L
Pryzgockaetal.  Dryskul R 14.23 + 4.68 13.49 = 3.87 21.71 + 354
[58] L 1371 + 462 1414436 28.11+322
Huanmanopetal.  Dry skull R 13244 113+36 123=4.1
(32] L 125+35 123+34 124+34
McQueenetal.  Cadaver L 1708 364
[49] L Lo =
Rontal et al. Dry skull R
[63] I 14 (8-28)
Xu et al. CT R 952+300 1029+257 9.98=+275
(78] L 948271 1018 =231 0.92+247
Rahman et al. Cadaver R ” 13
[59] L
Berge and Dryskul R
Bergman [10] L 21.10
Karakas et al. Dry skull R
Abed et al. Cadaver R
E— 254 +27
(1 L
Present study CBCT R 8.20 + 837+ 8.28 + 2190+ 2328 + 2259 +
1.60 1.18 1.69 3.57* 4.07* 3.88*
L 8.45 = 8.45 = 8.45 = 20.49 = 21.97 = 2123 =
1.94 1.80 1.87 3.49* 4.29* 3.97*

*Significant difference; L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; CT — computed tomography; HRCT — high resolution computed tomography

45, 46, 68, 75] and cadaver [59]. IOF-LNW examined
on cephalometric radiographs [38], MD-CT images
[72]. This is the first study, in which the distance
between IOF-LNW was evaluated with CBCT. Elias et
al. [22] pointed out that the distance between IOF-PA
was statistically significant between the both sides. In
the present study, the IOF-LNW distance was relatively
shorter (R: 9.57 = 2.39 mm, L: 9.34 + 2.36 mm) than
reported in the previous studies (Table 7).

Distance between IOF-PM. Taspinar [72] meas-
ured the distance between the root of second inci-
sive tooth and IOF (R: 29.97 = 3.10 mm, L: 30.20 +
+ 3.33 mm), Kara et al. [36] measured the distance be-
tween the IOF and the lateral process of canine tooth
(F: 37.10 = 5.30 mm, M: 34.50 + 4.60 mm). Kaz-
kayasi et al. [38] stated IOF to the lateral process of
the canine tooth in the vertical direction was 33.94 +
+ 3.15 mm. Ukoha et al. [75] and Gour et al. [28]
stated IOF was detected most frequently at the level

337

of the second premolar teeth (46%, 43%, respec-
tively). For this reason, IOF-PM distance in the coronal
plane was measured in this study. Raschke et al. [61]
determined the IOF-PM distance 41.81 = 1.07 mm
in males and 37.23 + 1.58. in females. In the present
study, similar measurements were found with Raschke
et al. [61], 38.68 = 2.53 mm on the right side and
38.94 + 2.75 mm on the left side (Table 6).
Distance between IOF-FZS. Raschke et al. [61]
assessed the distance between the lateral orbital rim
and IOF (Table 7). In this study, the distance between
IOF and vertical axis of lateral rim of frontozygomatic
suture was measured, because it was more precisely
detected than the lateral orbital rim on the CBCT im-
ages. The results obtained in both studies are similar
to each other (24-25 mm) (Table 6). This distance will
be clinically useful for identifying IOF localisation.
There is little in literature about variation related
to I0C. Chandra and Kennedy [16], Elnil et al. [23]
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Table 4. Comparison of diameters of infraorbital foramen (IOF) with the literature

Study Specimen  Side Vertical diameter of I0F Transvers diameter of IOF Average diameter of IOF The largest di-
(VD-IOF) [mm] (TD-I0F) [mm] ameter of I0F
F M Total F M Total F M Total Total
Kara et al. CT R 151+ 213+
[36] L 049*  075*
Berge and Dry skull R
Bergman [10] L 342 x 240
Lang [40] Dry skull R 4.57(1.9-2.5)
L 4,56 (7.5-2.6)
Song etal. Cadaver R
[69] L 5+ 1
Tezer [73] Dry skull R 410 = 0.87
L 433+ 094
Tagpinar [72] MDBT R 1.70 = 0.43 171+ 1.89 = 0.44 188+ 044
L 1.72 =040 0.42 1.88 = 0.44
Chung et al. Dry skull R 4511 4915
[19] L 5014 49+15
Apinhasmitetal.  Dry skull R
5] T 3.35 + 0.62
Boopathi et al. Dry skull R 279079 282 273 £0.73 287 + 078
(1] L 2.85 = 0.80 0.79 3.00 £ 0.1
Azizetal. Cadaver R 4410 4810
(6] L 45510 4612
Cisneiros de Dry skull R 40 45 40 4.0 40 4.0(3.5-4.5)
Oliveira et al. (40-50) (40-50) (40-50* (3.0-4.0)* (35-45)*
[20] L 4.0 40 40 35 40 40(3.5-4.5)
(35-  (4.0- (35 (30 (35
412 5.0)* 45)* 40)* 45)*
Takahashietal.  Cadaver R
71 T 5.10 5.70 5.50
Chrcanovicetal.  Dry skull R .20 + 31 +
18] A T 30.:1 3;81 323 +0.81
Singh [68] Dry skull R 3.39 £ 0.96 357+ 319+1.18
335+13
L 375 +1.07 1.0 352 +1.35
Aggarwaletal.  Dry skull R 350+ 1.16 354 + 2.65 +0.93
(2 L 358 = 1.07 1.1 2.80 = 0.98 272=0%
Sinanoglu et al. CBCT R 185+ 283+ 382+ 483 +
[67] 0.2 0.1 0.2 0.1
L 183+ 263+ 397+ 474 +
0.2 0.2 0.2 0.3
+ + + + +
G s s e W e
L 311+ 346 329 + 315+ 329 +
055 080* o7 o045t o5 220

*Significant difference; L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; CT — computed tomography; VD-IOF — vertical diameter of infraorbital

foramen; TD-IOF — transvers diameter of infraorbital foramen

and Mailleux et al. [47] reported cases of IOC pass-
ing through in the maxillary sinus. Ference et al. [26]
reported this variation in 12.5% of 200 cases, Lantos
et al. [41] reported it in 10.8% of 500 cases and Yeni-
gun et al. [79] reported in 12.3% of 750 cases. In the
present study, this variation was found to be 7% of
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150 cases (Fig. 2). Functional endoscopic sinus surgery
(FESS) is the standard surgical treatment for chronic
inflammatory and allergic synonasal disease [23]. FESS
procedure is based on the theory that the opening of
the obstructed pathway of osteomeatal drainage com-
plexes will restore the normal ventilation of the sinuses
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Table 5. Comparison of IOF-I0M and I0F-ML with the literature

Study Specimen Side 10F-I0M [mm)] 10F-ML [mm]
F M Total F M Total
Aggarwal et al. [2] Dry skull R 6.37 = 1.52 2563 =227
L 6.28 = 1.25 633139 2514 + 250 2569 =231
Kazkayasi et al. [38] Dry skull T 719 = 1.39
Kazkayasi et al. [38] X-ray T 745 + 0.95
Hwang et al. [34] HRCT E 94+16 97£17 9617 20118  269=19 265=19
Cutright et al. [21] Cadaver (white) E 58+ 03 71403 205 + 0.3* 274+ 05
Cutright et al. [21] Cadaver (black) ﬁ 57402 69+ 03 264 + 0.4% 295 + 05
Raschke et al. [61] Spiral CT E 825+ 050 861+ 0.6
Ercikti et al. [25] Cadaver R 718=1.0 9612 215+ 217 320+ 20
L 70:08  08x09 810 THviar  aseag 0327
Lokanayaki [25] Dry skull R 6.12 + 1.43
L 6.53 + 1.53
Saylam et al. [66] Cadaver and R 83 109
dry skull L
Rahman et al. [59] Cadaver T 8 %
Aziz et al. [6] Cadaver R 81+16 85+ 21 255+ 36 219+49
L 716+16 85+23 269 + 2.7 215 +317
Apinhasmit etal. 5] Dry skl f 871+ 151% 053+223* 0232203 27.29+212% 2010+213% 2843 =229
Boopathi et al. [12] Dry skull R 6.49 + 1.26
L 6.65 < 130 6.57 +1.28
Cisneiros de Oliveira Dry skull R 8.0(7.0-9.0)  8.0(7.0-9.0)
etal. [20] L 8.0(7.0-9.0) 8.0(6.5-9.0)
Chrcanovic et al. 18] Dry skul E 635167 663175 641+169 2467241 2648+258 2526+ 260
Singh [68] Dry skull R 6.12 +1.79
L 6.19 = 1.81 616+18
Tagpinar [72] MDCT R 144 + 134 21.16 + 3.80*
L 755137 750 = 1.36 2647 = 2.40° 26.81 = 3.19
Tezer [73] Dry skull R 6.98 + 1.68 28.27 + 2.38
L 6.98 + 1.75 28.67 + 2.59
Karakas et al. [37] Dry skull T 67419
Elias et al. [22] Dry skull R 6.71 = 1.70*
L 6.83 + 1.83*
Agthong et al. [3] Dry skull R 15+03 80+03 78+02
L 718+02 82+03 8.0+02
Gupta [29] Dry skull R 6.8 = 1.6 280+ 28
L T0=17 7016 28725 28526
Macedo et al. [46] Dry skull R 6.28 + 1.79*
L 6.45 = 176" 6.37+1.69
Ukoha et al. [75] Dry skull R 6.94 + 257
L 783 < 1.86 738 +2.28
Gour etal. 28] Dry skul FE 620+ 1850 655+ 1667 650+ 1.744
Xuetal. [78] CT R 923+190 930+155 926+168 2603+194 2721+225 26.75 + 2.20
L 881+176 921+133 9.04+152 2619+184 2697 +228 26.69 + 2.15
Robinson and Wormald [62] Cadaver R 68
L \
Abed et al. [1] Cadaver FE 8.95 + 153
Lee etal. [42] CT R 833+150 849 +150 8.42
L 834+180 850+ 1.60 8.42
Michalek et al. [50] Cadaver R 760 = 1.30
(ultrasound) L
Michalek et al. [50] Cadaver (Direk R 6.70 + 0.90
measurement) L
Present study CBCT R 115+122 7.79+149 747+140 2265+217 2439+200 2352 +2.26
L 710+130 767147 739+141 2267+239 2419+215 2343 +239

*Significant difference; L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; CT — computed tomography; HRCT — high resolution computed tomography;
MDCT — multiple detector computed tomography; IOF-I0M — the distance between I0F and infraorbital margin; IOF-ML — the distance between IOF and the mid-sagittal plane
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Table 6. Comparison of IOF-PM, I0F-LOR, I0F-FZS and ST with the literature

Study Specimen  Side I0F-PM I0F-LOR ST [mm]
F M Total F M Total F M Total
Raschkeetal. ~ SpiralCT R 3723+ 4181+ 2421+ 2593+
(61] L 158 1.07 1.68 159
Hwang et al. CT R
[34] - MN4+14 N5+19 1M4+19
I0F-FZS

Presentstudy  CBCT R 3804+ 3933+ 3868+ 2468+ 2440+ 2454+ 999+ 9.31 % 9.65 +
1.75 299 253 1.45 1.22 1.34 248 1.64 213

L 3794+ 3994+ 3894x 2459+ 2447+ 2453+ 1017+ 945+ 9.81
1.96 3.06 2.75 1.38 1.37 1.34 2.38 1.95 219

L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; CT — computed tomography; IOF-PM — the distance between IOF and the occlusal plane of
the second premolar tooth; IOF-LOR — the distance between IOF and lateral orbital rim; IOF-FZS — the distance between IOF and vertical axis of lateral rim of frontozygomatic suture;
ST — skin thickness over IOF (skin thickness)

Table 7. Comparison of IOF-LNW and IOF-PA with the literature

Study Specimen  Side I0F-LNW [mm] I0F-PA [mm]
F M Total F M Total
Aggarwal et al. [2 Dry skull R 15.51 + 1.63
% 12 A 15.19 + 1.70
L 14.87 + 1.73
Kazkayasi et al. [38 Dry skull R
y 138 A 17.23 + 2.64
L
Kazkayasi et al. [38 Xra R
yasietal [38] Y 1431 + 1.96
L
Raschke et al. [61] Spiral CT R
1 1569 +0.76 1743 +1.19
Lokanayaki [45] Dry skull R 16.58 + 2.37
L 16.38 £ 2.25
Rahman et al. [59] Cadaver R -
L
Chrcanovic et al. [18] Dry skull R
1 1437 +204 1544179 1472 =202
Singh [68 Dry skull R 15.31 + 1.77
on [68] i 15.56 + 2.6
L 15.80 + 2.86
Tagpnar [72] MDCT R 16.58 + 1.85
16.63 + 1.81
L 16.68 + 1.77
Elias et al. [22] Dry skull R 13.28 = 2.17*
L 13.31 + 2.19%
Macedo et al. [46] Dry skull R 17.75 = 210
17.67 = 1.95
L 17.60 = 2.04
Ukoha et al. [75] Dry skull R 19.36 + 3.54
18.82 +3.29
L 18.27 +2.94
Present study CBCT R 924 +234 989+242 957+239

L 877219 990241 934+236

*Significant difference; L — left; R — right; F — female; M — male; CBCT — cone-beam computed tomography; MDCT — multidetector computed tomography; IOF-LNW — the distance
between infraorbital foramen and the lateral wall of the nasal cavity; IOF-PA — the distance between infraorbital foramen and preform aperture
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in cases of chronic sinusitis [17]. Prior to FESS, Mailleux
et al. [47] and Elnil et al. [23] proposed CT imaging
as a preoperative procedure to reduce complications.
Lantos et al. [41] reported a high risk of ION injury in
maxillary sinus with chronic inflammation, neoplasms,
and patients with these variations in resection of an in-
verted papilloma require an antral punch to introduce
a balloon dilation catheter to approach the maxillary
infundibulum. A window is opened through the gin-
givobuccal sulcus in the anterior wall of the maxilla to
reach maxillary sinus in Caldwell Luc operation, which
is one of the preferred methods in various situations
such as chronic rhinosinusitis, paranasal papilloma and
foreign body removal [8, 9, 11, 56]. For these reasons,
the variations of I0C in the maxillary sinus should be
considered in the surgical procedures. Although for the
cases that 10C in maxillary sinus is less likely to have
infraorbital neurovascular bundle injury in orbital floor
fractures as they move away from the orbital floor.

Leo et al. [44] identified two separate I0C with
ION that opened to the anterior surface of maxilla
in a cadaver. Von Arx et al. [76] defined canalis sin-
uosus, as a tortuous bone channel originating from
the 10C slightly posterior to the IOF and coursing in
an anteromedial direction to the anterior wall of the
nasal antrum below the orbital margin. Rusu et al.
[64] identified a case in which the I0C was absent
and the lateroantral duct was present. In this study
a very rare case was detected; 10C was divided into
two canals in the maxillary sinus and the smaller one
was directed to the lateral wall of the nasal cavity and
opened to the inferior nasal meatus in front of the
opening of the nasolacrimal duct (Fig. 3).

CONCLUSIONS

In conclusion, we suggest that the parameters
found in the present study may facilitate prediction
of the location of the ION. Knowledge of this exact
position in relation to easily measurable parameters
may decrease the risk of ION injury during surgical
approaches directed to this region and might serve
as a guide during local anaesthetic interventions for
dentistry, ophthalmology, plastic surgery, rhinology,
neurosurgery and dermatology.
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