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Abstract

S Dağıstan, Ö Miloğlu, O Altun1, EK Umar2

Objective: The aim of our study is to examine the morphometric characteristics
of the infraorbital foramen (IOF) and its anatomic localization by using conebeam computerized tomography (CBCT). Materials and Methods: In our study,
the anatomic characteristics of the IOF were identified by studying retrospectively
the CBCT images of one hundred twenty-five (125) patients. These characteristics
were assessed statistically in terms of age, gender, and right-left side. Results: In
our study, 42% of them had IOF in circular form and 58% in oval form. Of them
66.90% of those in oval form were in oblique direction, 28.30% of them were
in vertical direction, and 4.80% of them were in horizontal direction. The mean
vertical diameter of the IOF was found as 3.71 ± 0.61 mm and its mean horizontal
diameter was found as 3.17 ± 0.56 mm. The mean distance of IOF to midline were
measured as 25.10 ± 2.17 mm, distance to upper edge of the orbita was measured
as 41.91 ± 2.77 mm, distance to infraorbital edge was measured as 5.63 ± 1.77 mm,
distance to the lateral nasal wall was measured as 9.32 ± 2.68 mm, distance to
spina nasalis anterior was measured as 17.97 ± 3.99 mm, thickness of the soft
tissue on the foramen was measured as 11.52 ± 2.40 mm, and distance between
the right and the left IOF was measured as 50.20 ± 3.90 mm. Accessory foramen
was found in 56.60% ratio. Conclusion: This study reveals that CBCT may guide
for local anesthesia applications and for other invasive procedures in order to
prevent the damage of the neurovascular structures during maxillofacial surgery
by identifying the distances of anatomic points such as IOF having surgically
importance.
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Introduction

I

nfraorbital nerve is a branch of the maxillar nerve in the
second portion of the trigeminal nerve. After it passes
through foramen rotundum, maxillar nerve enters into the
pterygopalatine fossa and from there it is oriented to the
posterior teeth by giving its palatin and nasal branches.
Then, it enters into the orbita from inferior orbital fissure
and it is referred as infraorbital nerve. Infraorbital nerve
passes through infraorbital sulcus and infraorbital canal and
extended to the skull via the infraorbital foramen (IOF).[1]
Infraorbital nerve block is used in regional anesthesia
technique during the oral and dental surgery and
also in nasal surgery to ensure the intraoperative and
postoperative analgesia.[2] Infraorbital nerve injuries
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might occur in the anterior and superior walls during the
surgical treatments such as rhinoplasty, Caldwell-Luc
surgical procedures, tumor surgery, orbita basis reduction
(blow-out), malar region fractures, and Le Fort type-I
osteotomy.[3] Therefore, knowing the localization of IOF
and its distances to the anatomic formations is extremely
important for any surgical intervention performed in this
region, which increases the chance of success of the
regional block.[4]
Address for correspondence: Dr. Ö Miloğlu,
Department of Oral and Dentomaxillofacial Radiology, Faculty of
Dentistry, Ataturk University, Erzurum, Turkey.
E-mail: omiloglu@hotmail.com
This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak,
and build upon the work non-commercially, as long as the author is credited and the new
creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com

DOI: 10.4103/1119-3077.217247

PMID: *******

How to cite this article: Daǧistan S, Miloǧlu Ö, Altun O, Umar EK.
Retrospective morphometric analysis of the infraorbital foramen with
cone beam computed tomography. Niger J Clin Pract 2017;20:1053-64.

© 2017 Nigerian Journal of Clinical Practice | Published by Wolters Kluwer ‑ Medknow

1053

[Downloaded free from http://www.njcponline.com on Thursday, October 26, 2017, IP: 165.255.142.217]
Dağıstan, et al.: Retrospective morphometric analysis of the infraorbital foramen

Cone-beam computerized tomography (CBCT) is
a low-dose section technique for imaging the bone
structures in the head and neck region.[5] CBCT
has a characteristic of diagnostic instrument which
is noninvasive for dental applications. There are
several studies demonstrating that linear and angular
measurements done with CBCT provides precise and
correct results for studying the maxillofacial region and
the measurements of this region.[6-9]
The aim of this study is the assessment of the anatomic
localization of the IOF by using CBCT.

Patients

and

Methods

In our study, the CBCT data were collected in the
convenient position during the assessment of the patients
refered to the Department of Oral and Maxillofacial
Radiology of the Faculty of Dentistry of İnönü
University between 2013 and 2014 before the dental
implant, assessment of the impacted tooth surgery, that of
orthognathic surgery and that of paranasal sinus, planning
of orthodontics were retrospectively studied. The patients
who were less than 18 years old, those having history
of trauma in head and neck region, the patients having
syndrome or congenital anomalies with signs in the head
and neck region were not included. The patients who
have pathologic formation and fracture in the relevant
region were excluded from the study. The study was
conducted in 125 patients, 65 females and 60 males,
whose ages varied between 18 and 75 years. CBCT
of the patients who were included in the study were
done by means of the CBCT instrument (NewTom 5G,
Quantitative Radiology, Verona, Italy) located in the
Department of Oral and Maxillofacial Radiology of the
Faculty of Dentistry of İnönü University.

Imaging Procedure
The patient was positioned in supine position in a fashion
that the hard palate will be parallel to the gantry and
perpendicular to ground in an instrument with a constant
gantry angle which is perpendicular to ground. The study
was conducted by using axial sections acquired in this
position. In this instrument, the study was performed in
16 × 18-cm FOV area with cone beam technique
in 110 kVp and with maximum 20 mA as standard.
Guidance images were obtained at the initial stage of
the image acquisition process. The instrument had also
a system (AEC, automatic exposure control system)
which makes automatic dose setting with respect to the
anatomic density of the head. Image acquisition was
completed by ensuring that the patient to stay without
moving until scanning was finished. Following scanning,
the images were assessed with the reconstructions on the
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axial sections by using NNT software by after obtained
the sections in other planes.

Evaluated Parameters

in the

Analysis

Evaluations done for the localization of infraorbital
foramen
The shape of infraorbital foramen and its direction
with respect to the midline

Foramens and their images in coronal section were
assessed and classified as oval or circle, and those in
semicircular shape were included in circle class. In
addition, IOFs with oval shape were classified as oblique,
vertical, and horizontal after studied its direction with
respect to midline.
Diameter of Infraorbital Foramen

Vertical diameter: Lower-upper diameter of IOF in
sagittal section was measured [Figure 1].
Horizontal diameter: Medio-lateral diameter of IOF was
measured in coronal section [Figure 1].
Accessory foramen

The incidence of accessory IOF was studied from axial
sections [Figure 2].
Distances of infraorbital
anatomic points
Distance to midline

foramen

to

several

In coronal section, the distance between the midline in
which maxillar bones form joint and IOF was measured
[Figure 3].
Distance of the orbita to its upper edge (supraorbital
edge/margin) (SOM)

In coronal section, the distance between the IOF and the
upper edge of the orbita was measured [Figure 3].
Distance to infraorbital edge (margin) (IOM)

In coronal section, the distance between the IOF and the
lower edge of the orbita was measured [Figure 3].
Distance to lateral nasal wall (LNW)

In coronal section, the distance between IOF and the
lateral nasal wall was measured [Figure 3].
Distance to spina nasalis anterior (ANS)

Cephalometric image was formed by taking sections in
complete thickness being perpendicular to MPR image
and the distance between IOF and spina nasalis anterior
was measured in this section [Figure 4].
Soft tissue thickness

Soft tissue thickness on the IOF was measured in sagittal
section [Figure 5].
The distance between two infraorbital sections was
measured in coronal section [Figure 6].
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Reproducibility
Whole of the parameters were evaluated by a research
assistant (Fourth author of the article: E.K.U.) doing
doctorate in the Department of Oral Diagnosis and
Radiology. To ensure diagnostic reproducibility of
the intraobserver reliability of the investigator, 10%
of the evaluated images were selected randomly and
evaluated by the same researcher twice for 6 weeks.
Intra-examiner reproducibility was found to be 100%. In
addition, the cases in which the researcher had problems
in the evaluation were consulted by a second researcher
(Third author of the article: O. A.). The cases in which
consensus was ensured were included in the study and
those were not were excluded (n = 1).

Figure 1: The diameter of infraorbital foramen: (a) sagittal section,
vertical diameter; (b) coronal section, horizontal diameter

Statistical analysis

In the evaluation of the study data, SPSS 17.0 software
was used. Arithmetic mean (x) ± standard deviation (SD)
was used in the definition of the quantitative variables.
It was detected that the data of quantitative variables
indicate normal distribution by means of Shapiro-Wilk
normality test (P > 0.05). In the assessment of the
variables in terms of gender and side, independent
sample t-test was used and, in assessment of age groups,
one-way variance analysis test was used in the dependent
groups. The evaluation of the shape of the IOF in terms
of genders was done by means of Pearson Chi squared
test. The level of significance in statistical analysis was
taken as P < 0.05.

Figure 2: (a) One (1) accessory foramen, (b) Three (3) accessory foramen

Results
In our study, CBCT images of 125 patients whose ages
varied between 20 and 72 (mean age: 43.1) were studied.
Shape of IOF: In our study, 42% of IOFs were found
in circular shape and 58% of them were found in oval
shape; 66.90% of those in oval shape were in oblique
direction, 28.30% of them were in vertical direction,
and 4.80% of them were in horizontal direction.
IOFs in circular shape were found commonly in the
age range of 30-39 and those in oval shape were
found commonly in the age range of 20-29. Either
circle- or oval-shaped IOF were found more in females
compared to males for both sides. Apart from this
difference there is no statistically significant difference
(P > 0.05) [Tables 1 and 2].
Diameter of IOF: The mean vertical diameter of IOF
was found as 3.71 ± 0.61 mm and the mean horizontal
diameter of IOF was found as 3.17 ± 0.56 mm.
Either the vertical diameter of IOF or the horizontal
diameter of IOF was found greater in the age range
between 40 and 49 years. However, when the diameter
of IOF was assessed with respect to age groups,

Figure 3: The distances of infraorbital foramen to several anatomic
points (a) to midline, (b) to infraorbital edge, (c) to infraorbital margin
and (d) to lateral nasal wall

no statistically significant difference was found
(P > 0.05). When the distribution of the diameter of
IOF was studied with respect to gender, no statistically
significant difference was found between males and
females for either vertical diameter or horizontal
diameter (P < 0.05). The diameter of IOF is greater and
more considerable in males [Tables 3,4 and 7].
The incidence of accessory foramen: The presence of a
second foramen has been detected in 56.40%-ratio. The
majority of these (53.20%) has two foramens. Only in
one patient IOF formation with four foramens (0.40%)
was detected. The distribution of the accessory foramen
with respect to either age groups or gender demonstrates
similarities [Tables 5 and 6].
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Table 1: The distribution of infraorbital foramen shape according to the age groups
Circular

R

n
%
n
%
n
%
n
%
n
%
n
%

L
Oval

R
L

Total

R
L

20-29

30-39

40-49

50-59

>60

Total

12
42.90
11
39.30
16
57.10
17
60.70
28
100
28
100

12
44.40
15
5.60
15
5.60
12
4.40
26
100
26
100

11
42.30
13
50.00
15
57.70
13
00
27
100
27
100

7
31.80
7
31.80
15
68.20
15
8.20
22
100
22
100

9
40.90
8
36.40
13
59.10
14
63.60
22
100
22
100

51
40.80
54
43.20
74
59.20
71
56.80
125
100
125
100

Table 2: The distribution of infraorbital foramen shape according to the sex
R
Circular

n
%
n
%
n
%

Oval
Total

L

Female

Male

Total

Female

27
41.50
38
58.50
65
100

24
40.00
36
60.00
60
100

51
40.80
74
59.20
125
100

28
43.10
37
56.90
65
100

Total

Male

Total

26
43.30
34
56.70
60
100

54
43.20
71
56.80
125
100

105
42.00
145
58.00
250
100

p = 0.861 p = 0.977

Table 3: The distribution of infraorbital foramen diameter according to the ages
20-29
x ± SD
28

30-39
x ± SD
27

40-49
x ± SD
26

50-59
x ± SD
22

>60
x ± SD

R
L
R

3.50 ± 0.49
3.64 ± 0.53
3.26 ± 0.71

3.71 ± 0.67
3.67 ± 0.73
3.07 ± 0.67

3.83 ± 0.54
3.74 ± 0.64
3.39 ± 0.42

3.64 ± 0.62
3.61 ± 0.62
3.01 ± 0.46

3.84 ±0.65
4.00 ± 0.58
3.12 ± 0.62

L

3.15 ± 0.54

3.05 ± 0.55

3.23 ± 0.56

3.21 ± 0.46

2.11± 0.56

N
Vertical (mm)
Horizontal(mm)

p

22
0.23
0.242

0.168
0.579

Table 4: The distribution of infraorbital foramen diameter according to the sex
Sex
N
Vertical (mm)
Horizontal (mm)

R
L
R
L

Female
x ± SD
65
3.54 ± 0.56
3.55 ± 0.60
3.03 ± 0.56
2.95 ± 0.50

The mean distances of the IOF to anatomic points: The
mean distance of IOF to midline were measured as
25.10 ± 2.17 mm, mean distance to upper edge of the
orbita was measured as 41.91 ±2.77 mm, mean distance
to infraorbital edge was measured as 5.63 ± 1.77 mm,
mean distance to the lateral nasal wall was measured
as 9.32 ± 2.68 mm, mean distance to spina nasalis
1056

Male
x ± SD
60
3.87 ±0.60
3.92 ± 0.59
3.34 ± 0.60
3.40 ± 0.46

Total
x ± SD
125
3.70 ± 0.60
3.73 ± 0.62
3.17 ± 0.60
3.16 ± 053

p

0.001
0.003
0.001
0.001

anterior was measured as 17.97 ± 3.99 mm, and mean
thickness of the soft tissue on the foramen was measured
as 11.52 ± 2.40 mm. When the distances of the IOF are
assessed, there is no statistically significant difference
between female and male in all age groups (P > 0.05).
When the right and left side were compared statistically
significant difference was seen in the distance of
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Table 5: The distribution of accessory foreman incidence according to sex
R
Single
2 for.
3 for.
4 for.
Total

L

Total

N

Female
31

Male
23

Total
54

Female
28

Male
27

Total
55

109

%
N
%
N
%
N
%
N
%

47.70
33
50.80
1
1.50
0
0.00
65
100

38.30
36
60.00
1
1.70
0
0.00
60
100

43.20
69
55.20
2
1.60
0
0.00
125
100

43.10
34
52.30
3
4.60
0
0.00
65
100

45.00
30
50.00
2
3.30
1
1.70
60
100

4.00
64
1.20
5
4.00
1
0.80
125
100

3.60
133
53.20
7
2.80
1
0.40
250
100

Table 6: The distribution of accessory foreman incidence according to age groups
Single
for.

R
L

2 for.

R
L
R

3 for.
L
R
4 for.

Total

L
R
L
R
L

N
%
N
%
N
%
N
%
N
%
N
%
N
%
N
%
N
%
N
%

20-29
15
53.60
12
42.90
12
42.80
14
50.00
1
3.60
2
7.10
0
0.00
0
0.00
28
100
28
100

30-39
12
44.40
14
1.90
15
55.60
12
44.40
0
0.00
1
3.70
0
0.00
0
0.00
27
100
27
100

40-49
8
30.80
9
34.60
18
69.20
15
57.70
0
0.00
1
3.85
0
0.00
1
3.85
26
100
26
100

50-59
10
45.50
11
50.00
11
50.00
10
45.45
1
4.50
1
4.55
0
0.00
0
0.00
22
100
22
100

Table 7: The average of the measurements without laterality
Vertical (mm)
Horizontal (mm)
Midline (mm)
SOM (mm)
IOM (mm)
LNW (mm)
ANS (mm)
Soft tissue (mm)
IOF-IOF (mm)

N
250
250
250
250
250
250
250
250
125

Minimum
2,10
1,80
19,80
35,10
2,00
3,60
8,30
4,60
40,20

IOF to lateral nasal wall (LNW) (P < 0.05). In other
measurements, no significant difference was seen
between right and left side (P > 0.05) [Tables 7-10].

Maximum
5,20
5,00
30,80
52,00
11,50
21,30
42,40
18,50
60,10

>60 üstü
9
40.90
9
40.90
13
59.10
13
59.10
0
0.00
0
0.00
0
0.00
0
0.00
22
100
22
100

Total
54
43.20
55
44.00
69
55.20
64
51.20
2
1.60
5
4.00
0
0.00
1
0.80
125
100
125
100

x ± SD
3.71 ± 0.61
3.17 ± 0.56
25.10 ± 2.17
41.91 ± 2.77
5.63 ± 1.77
9.32 ± 2.68
17.97 ± 3.99
11.52 ± 2.40
50.20 ± 3.90

Distance between two IOF: The mean distance between
the right and the IOF was measured as 50.20 ± 3.90
mm. There is no statistically significant difference
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Table 8: The evaluation of the measurements in terms of laterality
Vertical (mm)

R
L

N
125
125

Minimum
2.3
2.1

Maximum
5.2
5.1

x ± SD
3.70 ± 0.60
3.73 ± 0.63

0.688

Horizontal (mm)

R
L

125
125

1.8
1.8

5
4.8

3.17 ± 0.60
3.16 ± 0.53

0.858

Midline

R
L

125
125

20.2
19.8

30.8
30.5

25.14 ± 2.21
25.06 ± 2.13

0.760

R
L

125
125

35.8
35.1

48
52

41.98 ± 2.75
41.84 ± 2.80

0.704

R
L

125
125

2.00
2.00

10.50
11.50

5.64 ± 1.78
5.63 ± 1.76

0.954

R
L

125
125

4.3
3.6

21.3
15.3

8.95 ± 2.54
9.01 ± 2.46

0.038

R
L

125
124

8.3
9.8

28.2
42.4

17.95 ± 3.66
17.99 ± 4.32

0.927

R
L

125
125

4.6
7.2

18.5
17.5

11.50 ± 2.48
11.53 ± 2.34

0.915

(mm)
SOM
(mm)
IOM
(mm)
LNW
(mm)
ANS
(mm)
Soft tissue (mm)

p

Table 9: The distances of infraorbital foramen to several anatomic points according to age groups
Age
N
Midline
(mm)
SOM
(mm)
IOM
(mm)
LNW
(mm)
ANS
(mm)
Soft tissue

R
L
R
L
R
L
R
L
R
L
R
L

(mm)

30-39
x ± SD
27
25.68 ± 2.46
25.38 ± 2.56
41.59 ± 2.24
41.95 ± 2.82
5.43 ± 1.29
5.48 ± 1.56
9.78 ± 2.71
9.23 ± 2.93
17.05 ± 3.32
17.25 ± 3.07
11.89 ± 2.17
11.75 ± 2.24

40-49
x ± SD
26
25.08 ± 2.01
25.03 ± 2.13
42.06 ± 2.87
40.86 ± 3.75
5.50 ± 1.93
5.39 ± 1.92
8.79 ± 2.41
8.20 ± 2.06
17.65 ± 3.33
17.90 ± 3.32
11.01 ± 2.70
11.15 ± 2.14

50-59
x ± SD
22
24.03 ± 2.18
24.69 ± 1.58
41.67 ± 2.75
41.67 ± 3.75
6.05 ± 2.00
6.43 ± 2.10
991 ± 3.39
8.01 ± 2.19
18.29 ± 2.95
18.41 ± 6.04
11.15 ± 2.36
11.02 ± 2.51

60 üstü
x ± SD
22
25.98 ± 2.24
25.30 ± 2.06
42.15 ± 2.67
42.37 ± 2.42
5.62 ± 1.81
5.30 ± 1.29
10.45 ± 3.12
9.00 ± 2.05
18.19 ± 4.36
17.82 ± 4.45
12.22 ± 3.17
12.5 ± 2.76

Table 10: The distances of infraorbital foramen to several anatomic points according to sex

Sex
N
Midline (mm)
SOM (mm)
IOM (mm)
LND (mm)
ANS (mm)

Soft tissue (mm)

1058

20-29
x ± SD
28
24.61 ± 1.98
24.87 ± 2.19
42.30 ± 2.43
42.37 ± 2.50
5.67 ± 1.92
5.62 ± 1.71
9.71 ± 2.19
10.10 ± 2.80
18.64 ± 4.17
18.62 ± 4.60
11.28 ± 1.97
11.31 ± 2.04

R
L
R
L
R
L
R
L
R
L
R
L

p
125
0.062
0.777
0.809
0.279
0.974
0.201
0.330
0.125
0.553
0.806
0.378
0.201

Female

Male

Total

p

x ± SD
65
25.00 ± 2.11
24.83 ± 2.08
41.46 ± 2.63
41.50 ± 2.76
5.87 ± 1.78
5.88 ± 1.84
9.77 ± 2.22
9.11 ± 2.60
17.37 ± 3.87
17.29 ± 3.73
11.48 ± 2.45
  11.57±2.47

x ± SD
60
25.30 ± 2.32
25.30 ± 2.18
42.55 ± 2.80
42.23 ± 2.81
5.40 ± 1.77
5.34 ± 1.62
9.62 ± 3.27
8.78 ± 2.50
18.58 ± 3.23
18.78 ± 4.79
11.52 ± 2.52
11.50±2.21

x ± SD
125
25.14 ± 2.21
25.06 ± 2.13
41.98 ± 2.75
41.84 ± 2.80
5.64 ± 1.78
5.63 ± 1.76
9.70 ± 2.76
8.95 ± 2.54
17.95 ± 3.66
17.99 ± 4.32
11.50 ± 2.48
11.53±2.34

0.463
0.217
0.082
0.141
0.130
0.086
0.772
0.475
0.065
0.056
0.929
0.872
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Table 11: The distance between two infraorbital foramen according to age groups
Age

20-29

30-39

40-49

50-59

60

N

x ± SD
28

x ± SD
27

x ± SD
26

x ± SD
22

x ± SD
22

49.48 ±3.76

51.06 ±4.65

50.10 ±3.67

49.08 ±3.18

51.27 ±3.82

IOF-IOF (mm)

p

0.218

Table 12: The distance between two infraorbital foramen
according to sex

Sex
N

Female

Male

Total

x ± SD

x ± SD

x ± SD

65

60

125

p

IOF-IOF (mm) 49.83 ± 3.73 50.59 ± 4.06 50.20 ± 3.90 0.276

Figure 5: Soft tissue thickness

between the age groups and the genders in terms of
the distance between the right and left IOF (P > 0.005)
[Tables 11 and 12].

Discussion

Figure 4: The distance between the infraorbital foramen and spina nasalis
anterior in cephalometric section

Figure 6: The distance between two infraorbital foramen

During the surgical procedures in the facial region,
the importance of the anatomical characteristics
of the foramens in the face is being increased.
Knowing the localization of IOF is very useful for
either medical dentists or surgeons of head and neck
region for diagnosis and surgical procedures.[10]
The morphometry of the IOF plays an important
role during the application of the regional anesthesia
techniques of the infraorbital nerve.[11] For the
complete blockade, knowing the localization of the
IOF and the direction of the infraorbital canal is
very important.[12] The content of the IOF may be
damaged during the surgical procedures and as a
result of this paresthesia or anesthesia may occur.[13]
The localization of IOF determines the direction of
the acupuncture point used in the treatment of the
trigeminal neuralgia.[14] The information related with the
dimensions and the symmetries of the foramens located
in the facial region gain increasingly importance with
the developments in the radiologic techniques such as
magnetic resonance imaging (MRI) and computerized
tomography (CT). These methods facilitate the difficult
diagnoses of the pathological situations in the skull
foramens.[15] Recently, studies made with CBCT provide
advantages compared to direct measurements achieved
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by using skulls and cadavers. It is be possible to observe
the craniofacial bones from different angles with CT and
to calculate the lengths and angles of various structures
through some software. Furthermore, the occasion of
having definite information about the gender and age of
the patients makes more reliable study.[16] The reliability
and the accuracy of this method have been shown in the
previous studies.[17,18]
The view of IOF in various shapes has been reported
in different studies. Ilayperuma et al.[19] found oval
foramen in 57.41% ratio, circular foramen in 31.48%
ratio, and semicircular in 11.11% ratio as a result
of IOF studies that they conducted on 108 skulls
from 38 females and 70 males. The ratio of those
which were oblique was found as 85.20% and the ratio
of those which were vertical was found as 14.80%.
Singh[20] made morphometric analysis of IOF on 55
skulls. He identified the shape of IOF as circle in 29%
ratio, as oval in vertical direction in 42.7% ratio, as
oval in horizontal direction in 28.1% ratio. Apinhasmit
et al.[21] found the shape of IOF as oval in 50% ratio, as
semicircle in 29.2% ratio, and as circle in 20.8% ratio
in 106 skulls of 67 males and 39 females. In our study,
foramen with oval shape and in oblique direction was
found.
Boopathi et al.[13] investigated the vertical and
transverse (horizontal) diameter of the IOF in a study
conducted on 80 skulls. The horizontal diameter was
measured as 2.73 ± 0.73 mm at the right side and as
3.00 ± 0.81 mm at the left side and the mean was
measured as 2.82 ± 0.79 mm and, the vertical diameter
was measured as 2.79 ± 0.79 mm at the right side and the
mean was measured as 2.87 ± 0.78 mm. No statistically
significant difference was found between right and left.
Kara et al.[22] the mean of the horizontal diameter of IOF
and that of the vertical diameter of IOF between genders.
The diameter of IOF was found as 1.41 ± 0.30 mm at
the right side and 1.58 ± 0.55 mm at the left side and
the mean was found as 1.51 ± 0.49 mm in females and
it was found as 2.31 ± 0.83 mm at the right side and as
2.00 ± 0.66 mm at the left side and the mean was found
as 2.13 ± 0.75 mm in males. Statistically significant
difference was found between genders but no statistically
significant difference was found between right side and
the left side. In the study conducted by Ongeti et al.[23]
on 104 skulls related with the foramens in the face the
diameter of IOF was measured as 4.24 ± 0.88 mm at
the right side and it was measured as 4.39 ± 0.78 mm
at the left side in females where as it was measured as
4.89 ± 1.25 mm at the right side and as 4.43 ± 1.13 mm at
the right side in males. Statistically significant difference
was found between genders. Takahashi et al.[24]
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conducted a study about IOF on 28 cadavers. They
measured the transverse (horizontal) diameter of IOF as
5.1 mm in females and as 5.7 mm in males and the mean
diameter as 5.5 mm. Although statistically significant
difference was found between genders, no statistically
significant. In our study, we measured the vertical and
the horizontal diameters of the IOF. In our study, we
found that the vertical diameter at the right side as
3.54 ± 0.56 mm in females and as 3.87 ± 0.60 mm in
males and the mean as 3.70 ± 0.60 mm without the
distinction between genders and, we measured it at the
left side as 3.55 ± 0.60 mm and as 3.92 ± 0.59 mm
in males and the mean as 3.73 ± 0.62 mm without the
distinction between genders. In our study, we found the
vertical diameter at the right side as 3.03 ± 0.56 mm in
females and as 3.34 ± 0.60 mm in males and the mean as
3.17 ± 0.60 mm without the distinction between genders
and, we measured it at the left side as 2.95 ± 0.50 mm in
females and as 3.40 ± 0.46 mm in males and the mean as
3.16 ± 0.53 mm without the distinction between genders.
We found significant differences in vertical and horizontal
diameters between males and females. To see differences
in diameter between genders is due to the difference in
skull dimensions with respect to genders, so, we may
add the dimensions of other bone structures of the face
at the same time.[25] As a result of the comparison of the
obtained results from previous studies, the variations
in the anatomic characteristics of IOF may be from the
variety of parameters. Moreover, the discrepancy of the
population on which the study was conducted and the
number of cases studied may be among the causes of this
changes.[26] The hypothesis stating that the diameter of
infraorbital reflects the climatic discrepancies and that the
face of the populations living in colder climate has larger
infraorbital arteries in order to heat the face and thus,
their IOFs are larger than those of living in equatorial
regions. These hypotheses are based on the assumption
that the diameter of the IOF is closely related with area
of infraorbital nerve or with that of infraorbital artery.[27]
Since it is difficult to localize the IOF, the risk that will
be confronted increases more in cases with accessory
foramen. Therefore, many studies in which accessory
foramen has been investigated has been conducted. In
the study conducted by Kazkayasi et al.[4] on cadavers,
they detected single foramen in 90% of the cases, double
foramens in 5% of the cases, and three foramens in
5% of the cases; and they detected single foramen in
94.3% of the cases, double foramens in 5.7% of the
cases in another study conducted on skulls.[28] Ongeti
et al.[23] detected single foramen in 95.2% ratio at right
side and in 93.3% ratio at left side, double foramens in
2.9% ratio at the right and in 4.8% ratio at the left, and
three foramens in 1.9% ratio at either right or left. In a
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study conducted by Rai et al.[29] concerning accessory
infraorbital foramen on 45 skulls and on 20 maxillas, they
found accessory IOF in 13.6% ratio. 73.3% of them were
found at right side, 6.6% of them were found at left side,
and 20.0% of them were found bilaterally. In a study that
we conducted, there was single foramen at right side in
54 (43.20%) cases and at left side in 55 (44.00%) cases.
There were double foramen in 69 (55.20%) cases and
three foramens in 2 (1.60%) cases at right side. We found
double foramen in 64 (51.20%) cases and three foramens
in five 5 (4%) cases, and four foramens in 1 case
(0.80%) at right side. When we compare our study with
the literature the probability of observing double foramen
that is, single accessory foramen was found higher in our
study. But, observing more than one accessory foramen
is an occasional situation and this is consistent with the
literature.
In a study conducted by Chrcanovic et al.[30] on totally
80 skulls consisting of 54 females and 26 males,
the distance of IOF to the midline was measured as
24.29 ± 2.63 mm in females and as 26.03 ± 2.67 mm
in males and the mean distance as 24.86 ± 2.75 mm at
the right side. At the left side, these were measured as
25.06 ± 2.12 mm in females, as 26.93 ± 2.46 mm in males
and the mean value was 25.66 ± 2.39 mm. Statistically
significant difference was found between the right and
left side of the two genders. In the study conducted
by Gupta[31] in which foramens in the facial region on
79 skulls were studied, the distance of IOF to the midline
was 28.0 ± 2.8 mm at right and as 28.7 ± 2.5 mm at left
and the mean was 28.5 ± 2.6 mm. In a study conducted
by Hwang et al.[16] conducted on the three-dimensional
reconstruction of the CT image, the distance of the
IOF was found as 26.1 ± 1.8 mm in females and as
26.9 ± 1.9 mm in males and the mean was found as
26.5 ± 1.9 mm. Statistically significant difference was
detected between genders. In our study, we measured
the distance of IOF to the midline at the right side as
25.00 ± 2.11 mm in females and as 25.30 ± 2.32 mm in
males, and the mean was 25.14 ± 2.21 mm without the
distinction between genders; we measured the distance of
IOF to the midline at the left side as 24.83 ± 2.08 mm in
females and as 25.30 ± 2.18 mm in males, and the mean
was 25.06 ± 2.13 mm without the distinction between
genders. No statistically significant difference was found
between genders.
In a study conducted by Ülker[32] on 13 skulls and 8
cadavers, they measured the distance between IOF and
superior orbital edge in skulls as 43.00 ± 3.05 mm
at right and as 42.69 ± 3.42 mm at left. In cadavers,
these were found as 43.37 ± 3.70 mm at right and as
41.62 ± 2.77 mm at left. In our study, we measured the

distance of IOF to the superior orbital edge at the right
side as 41.46 ± 2.63 mm in females and as 42.55 ± 2.80
mm in males and the mean was 41.98 ± 2.75 mm without
the distinction between genders; and we measured the
distance of IOF to the superior orbital edge at the left side
as 41.50 ± 2.76 mm in females and as 42.23 ± 2.81 mm
in males and the mean was 41.84 ± 2.80 mm without the
distinction between genders. No statistically significant
difference was found between genders.
In the study by Lopes et al.[26] the distance between IOF
and the lower edge of the orbita was measured at the right
side as 6.36 ± 1.55 mm in females, as 6.64 ± 1.75 mm
in males and the mean was 6.57 ± 1.70 mm. At the
left side, this was found as 6.46 ± 1.61 mm in females
and as 6.87 ± 1.64 mm in females and the mean was
6.76 ± 1.64 mm. In a study conducted by Macedo et al.[33]
in which 295 skulls were studied, the distance between IOF
and the infraorbital edge was measured as 6.28 ± 1.79 mm
at the right side and as 6.45 ± 1.76 mm in at the left
side and the mean was measured as 6.37 ± 1.69 mm. No
statistically significant difference was found between the
right and left side. Xu et al.[34] was found the distance
between infraorbital edge and infraorbital midline at
right as 9.23 ± 1.90 mm and 9.30 ± 1.55 mm at left
from the CT image and the length at the left was found
as 8.81 ± 1.76 mm in females and as 9.21±1.33 mm in
males. No difference was found between the left side
and right side and between genders. In our study, we
measured the distance between the IOF and the lower
edges of the orbita at the right side as 5.87 ± 1.78 mm
in females, as 5.40 ± 1.77 mm in males, and the mean
was 5.64 ± 1.78 mm without the distinction between
genders; at the left side as 5.88 ± 1.84 mm in females,
as 5.34 ± 1.62 mm in males, and the mean was
5.63 ± 1.76 mm without the distinction between genders.
No statistically significant difference was found between
the left and right side and between genders.
In our study, we also measured the distance between the
IOF and the lateral nasal wall and we found the right side
as 9.77 ± 2.22 mm in females and as 9.62 ± 3.27 mm in
males, and the mean was 9.70 ± 2.76 mm without the
distinction between genders. At the left side, we measured
as 9.11 ± 2.60 mm in females and as 8.78 ± 2.50 mm
in males and we measured the mean as 8.95 ± 2.54 mm
without the distinction between genders. No statistically
significant difference was found between genders but a
statistically significant difference was found between the
left and right sides (P = 0.038). In the previous studies
related with the localization of the IOF, although the
distances of foramen to anatomic structures are closer to
each other, they demonstrate difference between them.
This might be due to the different population. At the
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same time, the fact that the used method and the number
of cases are different may influential the situation. In
our study, the distances of the IOF to the midline, to the
lower edge of the orbita and to the upper edge of the
orbita are consistent with the literature.
In the study conducted by Shaik et al.[35] the distance
between the IOF and anterior nasal spine (ANS)
was found as 33.97 ± 5.80 mm at the right and as
34.73 ± 4.70 mm at the left and the mean was found as
34.35 ± 5.25 mm. In the study conducted by Ülker[32]
on skull, the distance between the IOF and anterior
nasal spine (ANS) was found as 32.92 ± 2.43 mm at the
right and as 32.61 ± 2.29 mm at the left. In the study
conducted by Hwang et al.[16] the distance between
the IOF and anterior nasal spine (ANS) was found as
34.0 ± 2.3 mm in females and as 36.9 ± 2.2 mm in males
and the mean was found as 35.0 ± 2.6 mm. Statistically
significant difference was detected between genders. In
our study, we also measured the distance between the
IOF and the anterior nasal spine (ANS) at the right side
as 17.37 ± 3.87 mm in females and as 18.58 ± 3.23 mm
in males and the mean was 17.95 ± .66 mm without
the distinction between genders and, at the left side,
we measured as 17.29 ± 3.73 mm in females and as
18.78 ± 4.79 mm in males and we measured the mean as
17.99 ± 4.32 mm without the distinction between genders.
No statistically significant difference between genders and
the sides was found. The cause why we obtained different
results from other studies is the fact that the methods and
the parameters used are different. The studies apart from
that of Hwang et al.[16] are based on skull. Hwang et al.[16]
has used CT three-dimensional images. We utilized
cephalometric images in which we have obtained
on the complete thickness section that we took the
distance of the IOF to the anterior nasal spinalis (ANS)
perpendicularly to Multi Planar Reconstruction image.
Imaging the craniofacial bones with CT from various
angles and sections and measuring is possible and in
recent times the studies in this respect is being increased.
With this characteristic CT provides superiority compared
to the direct measurements done by using skull or
cadaver. In the CT image of Hwang et al.[16] the soft tissue
thickness on the IOF in the sagittal plane was found as
11.4 ± 1.8 mm in females and as 11.5 ± 1.9 mm in males
and the mean value was found as 11.4 ± 1.9 mm. No
statistically significant difference was detected between
genders. We measured the thickness of the soft tissue on
the IOF again in the sagittal plane and we obtained similar
results. We found at the right side as 11.48 ± 2.45 mm in
females and as 11.52 ± 2.52 mm in males and the mean
as 11.50 ± 2.48 mm without the distinction of gender.
No statistically significant difference was found between
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genders and the sides. Gupta[31] was measured the distance
between the right IOF and the left IOF as 53.2 ± 4.3 mm,
Song et al.[36] was measured the distance between the right
IOF and the left IOF as 54.9 ± 3.4 mm, Tezer et al.[37]
was measured the distance between the right IOF and
the left IOF as 56.85 ± 3.89 mm, Kazkayasi et al.[4] was
measured the distance between the right IOF and the left
IOF as 64.44 ± 5.40 mm and Caspersen et al.[38] was
measured the distance between the IOF and the left IOF
as 51.79 ± 4.13 mm. We found the distance between two
IOF in CBCT images as 49.83 ± 3.73 mm in females and
as 50.59 ± 4.06 mm in males and we found the mean as
50.20 ± 3.90 mm without the distinction of gender. The
results that we have obtained in our study are consistent
with the literature.
We evaluated the measurements that we made in our
study in terms of age groups. No statistically significant
difference was detected between age groups. It is known
that the fastest growth rate occurs in the prenatal period.
After the delivery, the growth rate reduces abruptly.
The growth rate which declined to the minimum value
rises to maximum value in adolescence. Then, this
maximum growth rate ceases by gradually reducing
at mean 17 years old in females and at 19 years
old in males. The growth of maxilla also ceases.[39]
Suresh et al.[40] demonstrated that the distance of IOF
increase as the age proceeds in a study that he conducted
in the images of 48 children with 9.7-year-old-mean age.
This result is proportional with the growth rate. In our
study, the cause that there is no statistically significant
difference between age groups can be explained by the
fact that the ages in our study are greater or equal to 20
years old.
In conclusion, knowing the anatomical characteristics
and the neighborhood of the infraorbital nerve and the
structures that it passes through reduces the complication
risks that may occur during the surgical procedures and
it ensures easiness for local anesthesia. When the studies
available in the literature related with the anatomy of the
region are compared, the discrepancies related with the
morphometric characteristics of the IOF may be yielded
from the racial discrepancies also in addition to the
variability of the used method.
The information which is available in the literature related
with the IOF has been usually obtained from the studies
conducted on the skulls and on the cadaver. Since images
possessing lower section thickness and lower section
intervals with higher resolution can be acquired through
CBCT technique, it ensures the occasion of examination
with more details. Therefore, it gives successful results
in identifying the anatomic characteristics of the IOF.
Moreover, CBCT has advantages such as emitting less
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radiation and having less cost and the easiness of use
compared to CT. When the discrepancies depending
on the population are considered, our study reveals the
anatomic characteristics of the IOF in the Turkish people
by utilizing the advantages of CBCT.
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