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The location of the infraorbital foramen
in human skulls, to be used as new
anthropometric landmarks as a useful
method for maxillofacial surgery
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Background: The aim of the study was to determine the localisation of the infraor-
bital foramen in relation to chosen anthropometric landmarks as novel reference
points: nasion, rhinion, and frontomalare orbitale, and to verify their symmetry.
Material and methods: Sixty-four sides of thirty-two human skulls were inves-
tigated. The distances between the infraorbital foramina and nasion, rhinion,
and frontomalare orbitale, and the distances between two contralateral in-
fraorbital foramens were measured. The symmetry was analysed and statistical
analysis was performed.

Results: The mean distance and standard deviation (mean + SD) between the
right infraorbital foramen and the nasion, rhinion, and right frontomalare or-
bitale were 45.23 += 3.20 mm, 39.84 = 1.72 mm, and 36.28 = 1.50 mm,
respectively, and between the left infraorbital foramen and the nasion, rhinion,
and left frontomalare orbitale were 44.38 = 2.76 mm, 38.88 = 2.01 mm, and
36.31 = 2.19 mm, respectively.

Conclusions: The results presented in this study may be particularly helpful for
surgery in patients with oedema of the infraorbital region when the other land-

marks are difficult to localise. (Folia Morphol 2012; 71, 3: 198-204)

Key words: human, morphometry, infraorbital foramen, nasion,
rhinion, frontomalare orbitale

INTRODUCTION

The infraorbital foramen (IOF) is located in the
maxilla under the infraorbital rim (IOR); however, its
position varies among different populations with re-
spect to gender and side [1, 3]. The infraorbital artery,
vein, and nerve pass by the IOF. The branches of the
human infraorbital nerve supply the skin of the upper
cheek, the skin and conjunctiva of the inferior eyelid,
part of the nose, the skin of the upper lip, the mucosa
of the upper lip, the mucosa of the maxillary sinus, the
maxillary incisor, canine, premolar teeth, and adjacent

upper gingivae [11]. The IOF and infraorbital neurovas-
cular bundles are important structures that need to
be considered in surgical and anaesthetic procedures
on the oral and maxillofacial areas: closure of post-
traumatic facial wounds, biopsies, revisions of scars,
cosmetic cutaneous procedures, endoscopic proce-
dures, orbital procedures, and anaesthesia during
rhinoplasty. Localisation of the IOF is crucial to avoid
clinical complications such as entrapment neuropa-
thies, neuralgias, bleeding, and loss of sensation in
corresponding regions if the face [8, 11, 12, 30].

Address for correspondence: M. Polguj, Department of Angiology, Chair of Anatomy, Medical University of Lodz, ul. Narutowicza 60,
90-136 £odz, Poland, tel: +48 42 630 49 49, e-mail: michal.polguj@umed.lodz.pl



A. Przygocka et al., The location of the infraorbital foramen in human skulls

Several studies show the importance of the prop-
er localisation of the IOF [15, 19, 20, 23, 29, 32]. It
seems that locating and preserving the infraorbital neu-
rovascular bundle may be difficult in fractures involv-
ing the IOR with significant oedema [12, 15, 35].

Large variations in measurements have been re-
ported in the literature with regard to the distance
between the IOF and the IOR and the facial mid-
line. Several hard-tissue and soft-tissue landmarks
(nasal spine, maxillary teeth, supraorbital foramen
or notch, the lateral margin of nasal aperture, or
ala nasi) are also used to determine the localisa-
tion of the IOF [1, 3, 7, 11, 14-17, 19, 20, 25, 29,
30, 32, 33].

The aim of this study was to analyse the topo-
graphical anatomy and the symmetry of the IOF in
human skulls using the nasion, rhinion, and fron-
tomalare orbitale (FMO) as novel reference points.
Our method, based on palpable points, can be used
even in the case of oedema in the infraorbital area.

MATERIAL AND METHODS

Measurements were made on 64 sides of 32 hu-
man dry skulls from the Chair of Anatomy of the
Medical University of Lodz, Poland. The samples were
from the Polish population. The variables of age and
gender were not considered.

The foramen with the largest dimensions was
considered to be the primary foramen and was in-
cluded in the data. The accessory infraorbital fo-
ramina (AIOF) were excluded from the study. All
measurements were calculated twice by two inde-
pendent observers and the mean values were not-
ed. The osteometric measurements were carried out
according to standard definitions and using pro-
cedures, precision, and equipment as described in
various studies [5, 26-28, 31]. The distances were
measured bilaterally, and the symmetry was docu-
mented.

The following morphometric measurements were
collected (Fig. 1):

IOF-FMO — distance between the infraorbital
foramen and frontomalare orbitale;

IOF-N — distance between the infraorbital fora-
men and nasion;

IOF-RHI — distance between the infraorbital fo-
ramen and rhinion;

IOF-IOF — distance between the collateral in-
fraorbital foramens;

N-RHI — distance between nasion and rhinion.
All measurements were tabulated and separat-
ed by side.
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Figure 1. The human skull. Osteometric points: IOF — infra-
orbital foramen; FMO — frontomalare orbitale; N — nasion;

RHI — rhinion. Osteometric measurements: I0F-FMO — distance
between the infraorbital foramen and the frontomalare orbitale;
I0F-N — distance between the infraorbital foramen and the nasion;
IOF-RHI — distance between the infraorbital foramen and the
rhinion; IOF-IOF — distance between two contralateral infraorbit-
al foramens; N-RHI — distance between the nasion and rhinion.

Statistical analysis

The Shapiro-Wilk test was used to determine
whether the parameters were normally distributed
and the Brown-Forsythe test was employed for test-
ing the equality of group variations. The dependent
t-test for paired samples and the Wilcoxon singled-
-rank test were used to compare the distances be-
tween craniometrical points on the left and the right
side, the Krushal-Wallis one-way analysis of variance
and the multiple sample contrast test were per-
formed to evaluate differences in the asymmetry of
the analysed parameters, while the Mann-Whitney
U test was used to evaluate the dominance of right
or left side asymmetry. P < 0.05 was taken to be
significant.

RESULTS

Thirty-two adult human skulls (64 sides) were
studied. All the skulls studied displayed an IOF on
both sides. The mean distance between two con-
tralateral IOFs of the same skull was 53.98 mm with
a standard deviation (SD) of 3.78 mm. The maximal
and minimal IOF-I0F distances were 47.50 and
59.50 mm, respectively.

The average IOF-N value on the right side was
45.22 + 3.20 mm and 44.38 = 2.76 mm for the left
side. The mean values for the right IOF-RHI and left
IOF-RHI were 39.84 = 1.72 mm and 38.88 =+
+ 2.01 mm, respectively. The average IOF-FMO
values on the right and left sides were 36.28 +
+ 1.51T mm and 36.31 + 2.19 mm, respectively (Table 1).
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Table 1. Anthropometric measurements of human skulls collected in the current study

Distances No. Min [mm] Max [mm] Mean + SD [mm] Median Modal
I0F-FMO Right 32 33.0 40.0 36.28 = 1.51 36.00 36.00
Left 32 32.0 41.0 36.31 £ 2.19 36.00 36.00
I0F-N Right 32 40.0 53.0 45.22 =3.20 45.00 47.00
Left 32 39.0 49.0 44375 + 2.76 45.00 46.00
I0F-RHI Right 32 37.0 45.0 39.84 = 1.72 40.00 40.00
Left 32 34.0 42.0 38.875 + 2.01 39.00 39.00
I0F-I0F 32 415 59.5 53.98 + 3.78 55.00 55.00
N-RHI 32 15.0 31.0 20.03 + 4.67 19.00 19.00
Abbreviations as in Figure 1
Table 2. Symmetry/asymmetry of anthropometric measurements
Asymmetry
Distances 0 mm 1 mm 2 mm 3 mm 4 mm 5 mm and more
I0F-FMO Right 10 (31.250%) 8(25.0%) 4(12.5%) - - -
Left 6 (18.75%) 2 (6.25%) 1(3.125%) 1(3.125%) -
I0F-N Right 5(15.625%) 3(9.375%) 5(15.625%) 6 (18.75%) 3(9.375%) 1(3.125%)
Left 3(9.375%) 4(12.5%) - 1(3.125%) 1(3.125%)
I0F-RHI Right 8 (25.0%) 11(34.375%) 4 (12.5%) 2 (6.25%) 2 (6.25%) 1(3.125%)
Left 3(9.375%) - 1(3.125%) - -
Abbreviations as in Figure 1
No IOF-FMO asymmetry was observed in 31.3% of DISCUSSION

the samples, no IOF-N asymmetry in 15.6% of the
samples, and no IOF-RHI asymmetry in 25% of the
samples.

An asymmetry of 1-2 mm was found in 37.5%
for the right IOF-FNO and in 25.0% for the left
IOF-FMO; in 25.0% for the right IOF-N distances and
in 12.5% for the left IOF-N distances; in 65.625%
for the right I0F-RHI distances and in 9.4% for the
left IOF-RHI distances.

An asymmetry of 3-4 mm was found in 6.3% of
samples for the left IOF-FMO, in 28.1% for the right
IOF-N; in 3.1% for the left IOF-N, in 12.5% for the
right IOF-RHI; and in 3.1% for the left IOF-RHI, but
not for the right IOF-FMO values.

An asymmetry of 5 mm or more was found for
the right and left IOF-N in 3.1% for each distance for
the right IOF-RHI. No difference was found for either
the right and left IOF-FMO nor for the left IOF-RHI
values. The complete analysis of the symmetry of the
position of the IOF is summarised in Table 2. The dis-
tance between the rhinion and IOF was significantly
greater on the left side. However, no statistically sig-
nificant differences were found in other measure-
ments when comparing right and left sides.
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The topography of the IOF is very important in
clinical practice especially in head and neck surgery,
plastic surgery, otorhinolaryngology, ophthalmolo-
gy, and dental surgery [2, 3, 6, 8, 12]. To the best of
our knowledge, our study is the first to look speci-
fically at relationships between the nasion, rhinion,
and frontomalare orbitale, which can be used to-
gether to localise the I0OF. These novel landmarks
were chosen as easily identifiable reference points
even when a fracture or oedema of the maxillofacial
region exists [35].

The observation made in the present study that
the IOF is present in all skulls is consistent with oth-
er studies [2, 17]. The IOF can itself be used as
alandmark [18, 34]. The average distance to the IOF
from the contralateral IOF was 53.98 + 3.78 mm in
our study and was similar to results described by
Song et al. [32]. In their study, the average distance
between two contralateral IOFs was 54.9 = 3.4 mm.

There is a large variation in the results in mea-
surements related to the IOF reported in the litera-
ture, as the position of the IOF is characterised by
great anatomical variation [4, 6]. Differences relat-
ed to the gender and side are described in the litera-
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Table 3. Comparative mean distances with standard deviations (mean + SD) between the infraorbital foramen and the
infraorbital rim (IOF-I0R) or infraorbital margin (IOF-IOM) where it is crossed by the zygomaticomaxillary suture (ZMS);
between the infraorbital foramen and facial midline (IOF-FM) in different populations

Name of the first Country No. of Distance to the Distance to the FIV or the
author of the study of origin samples I0R/IOM (ZMS) [mm] maxillary midline [mm)]
Agthong et al. [1] Thailand 110 7.8 = 0.2right; 8.0 + 0.2 left 24.4 = 0.3 right; 25.1 = 0.4 left
Apinhasmit et al. [2] Thailand 106 2843229
Azizetal. [3] USA 47 8.5 = 2.2 males; 7.8 = 1.6 females 27.7 + 4.3 males; 26.2 + 3.2 females
Boopathi et al. [6] India 80 6.57 +1.28 -
Bressan et al. [9] ltaly 1064 10.9 males; 8.3 females -
Chrcanovic et al. [11] Brazil 80 6.63 = 1.75 males; 6.35 + 1.67 females 25

(6.64 = 1.89 males; 6.49 + 1.58 females)
Cutright et al. [12] USA 80 (6.4) 21
Gupta [15] India 19 (7.0) 285
Hindy and Abdel-Raouf [16] Egypt 30 6.1=24 -
llayperuma et al. [17] Sri Lanka 108 10.56 = 1.74 males; 9.02 + 1.58 females -
Karakas et al. [18] Turkey 31 6.7+19 -
Kazkayasi et al. [20] Turkey 35 7.16 = 1.39 -
Kumar et al. [22] India 15 5.6 21
Macedo et al. [25] Brazil 295 6.37 + 1.69; -

6.28 = 1.79right; 6.45 = 1.76 left

Rahman et al. [29] USA " 8.0 26
Singh [30] India 55 6.12 right; 6.19 left -
Wilhelmi et al. [35] USA 14 98+10 -

ture and they differ based on the type of popula-
tion [1, 2]. Differences within the data can be also
caused by inconsistencies in the chosen landmarks
and methods of measurements. The chosen land-
marks and mean distances described in previous
studies are shown in Tables 3-5.

A common way of finding the IOF is its localisa-
tion in relation to the IOR. The mean distances of
2.47 = 1.56 mm for males and 1.76 = 1.48 mm for
females were shown [17]. The mean distances be-
tween the IOF and IOR were generally comparable
in different studies, but huge differences can be
found; a minimal distance of 2 mm and a maximal
of 11.5 mm have been described [4, 30].

Some authors use the zygomaticomaxillary su-
ture as a reference point at the IOR [2, 11, 12, 15, 17].
It is unclear if the same point was chosen or the
shortest distance to the IOR was measured in other
studies [4, 29, 30]. These distances are easy to mea-
sure in normal conditions but not when a fracture
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of the IOR and oedema of soft tissues exists. The
high range of measurements may also cause prob-
lems in practice.

The mean distance between the IOF and the fa-
cial midline ranged between 24.4 mm and 28.5 mm
in previous studies [1-3, 11, 12, 15, 22]. The de-
scribed mean distance between the IOF and the na-
sal spine in males was 32.8 + 0.3 mm on the right
and 33.1 = 0.3 mm on the left, and in females it
was 34.8 = 0.3 mm on the right and 35.0 = 0.3 mm
on the left [1].

The supraorbital foramen (SOF) or supraorbital
notch (SON) was chosen as a reference point in some
cases. The mean distance of the IOF from the SOF/
/SON was found to be 40.9-43.3 mm [3, 11, 15]. How-
ever, the measurements can be different depending
on whether the centre of the SOF or the margin of
the SON is chosen as a landmark. The mean distance
between the IOF and the piriform aperture was
15.31 mm on the right and 15.80 mm on the left [30].
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Table 4. Reference points used to localise the infraorbital foramen (IOF)

Reference point

First author of the
study and country of origin

Distance between IOF
and the reference point [mm]

Nasal spine Agthong et al. [1]

Lateral edge of the
anterior nasal aperture

Macedo et al. [25]

Rahman et al. [29]
Singh [30]

Ala nasi Bosenberg and Kimble [7]
Song et al. [32]
Takahasi et al. [33]
Nasion Bosenberg and Kimble [7]

Aziz et al. [3]
Chrcanovic et al. [11]

Supraorbital foramen

Gupta [15]

The lateral process Kazkayasi et al. [20]
of the canine tooth

in vertical direction

The lateral nasal border
in horizontal direction

Hindy and Abdel-Raouf [16]
Kazkayasi et al. [20]

The line drawn from
the angle of the mouth
to the midpoint

of the palpebral fissure

Bosenberg and Kimble [7]

Nasal notch Ghaus and Farugi [14]

Thailand Males: 32.8 + 0.3 right and 33.1 + 0.3 left;
females: 34.8 = 0.3 right and 35.0 = 0.3 left
Brazil 17.67 = 1.95;
17.75 + 2.10right and 17.60 = 2.04 left
USA
India 15.31 right and 15.8 left
South Africa Neonates
Korea 1.6 = 2.7 lateral and 14.1 + 2.8 superior
Japan 4.9; males: 5,2; females: 4.4
Turkey Neonate
USA Males: 43.3 + 3.1 and females: 42.2 + 2.4
Brazil 4292 + 3.11;
males: 43.43 = 3.24 and females: 42.67 + 3.03
India 40.9 + 4.1right and 42.4 + 3.2 left
Turkey 33.94+3.15
Egypt 147+ 27
Turkey 17.23 = 2.64
South Africa Neonates
India Foetuses

Table 5. Frequency of location of infraorbital foramen in relation to the maxillary teeth shown in previous studies

Localisation
Opposite Opposite Between Between
the 2 the 15t the 15t and 2 the 2" premolar
Study premolar premolar premolar and 15t molar
Agthong et al. [1] Thailand 53.8% - 31.6% 12.7%
Hindy et al. [16] Egypt 50% 15% 15% -
llayperuma et al. [17] Sri Lanka 55.56% - 29.63% 11.11%

A particularly useful way of identifying the IOF is
its position in reference to the maxillary teeth
(Table 5). The IOF is described as situated opposite the
2™ premolar tooth in 50-55.56% of cases, and be-
tween the 1°' and the 2™ premolar tooth in 15-31.6%
of cases [1, 15, 16]. The average distance from the
first premolar tooth alveolus top to the IOF was
33.4 = 5.2 mm [8].

Also the ala nasi are used as soft tissue land-
marks [7, 32, 33]. The vertical vector of the infraor-
bital nerves from the canthus along the horizontal
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vector of the orbit can be used [35]. A line drawn
from the angle of the mouth to the midpoint of the
palpebral fissure has also been suggested [7]. The
IOF was described as being located 1.6 = 2.7 mm
laterally and 14.1 = 2.8 mm superiorly to the ala
nasi, and the distance between the ala of the nose
and the IOF was measured as 15.9 = 2.8 mm [32].
The total horizontal distances from the vertical line
through the lateral margin of the ala nasi to the
medial margin of the IOF were 4.9 mm and 4.4 mm
in male and female subjects, respectively [33].
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There are several descriptions of accessory in-
fraorbital foramina in the scientific literature [1-4,
6,9, 10, 13, 20, 21, 24, 34]. Although the frequen-
cy of multiple IOF ranges from 2.2% to 18.2% [1, 6,
16, 20], the presence of supernumerary IOF may
cause post-operative complications such as sensory
deficit and partial nerve blockade [3]; therefore, the
possibility of accessory infraorbital foramina being
present should be taken into consideration. The high-
est frequency of multiple foramina IOF, as high as
18.2%, was noted in Mexican males [6].

In our opinion, when taken together, measure-
ments of three parameters or more will help to lo-
cate the IOF more accurately. Both hard-tissue and
soft-tissue landmarks can be used together [1, 32],
which is valuable not only in surgical manipulations
in this region but also for the performance of local
anaesthesia.

The results of this and previous studies indicate
that parameters used to locate the I0OF should be
applied with great caution when evaluating patients
from different populations. A comparison of the re-
sults of studies originating from Europe, Asia, Afri-
ca, and North and South Americas (Tables 3, 4) is
difficult or even impossible in some situations as the
measurements were often taken in different ways.

The risk associated with manipulations in the
maxillofacial region may be reduced if anatomic
morphometry is taken into consideration; this will
allow the surgeon to avoid injuring the neurovascu-
lar bundles, and it will make invasive procedures in
this region safer by identifying the dangerous zone.
This new method of localising the IOF shown in our
study should be considered in clinical practice.

CONCLUSIONS
1. The anthropometric points: FMO, nasion, rhin-
ion, or the contralateral IOF can be used as points
of reference in localisation of the IOF.
The mean distances with SD to the IOF from the
nasion, rhinion, and FMO in the Polish popula-
tion were 45.23 + 3.20 mm, 39.84 = 1.72 mm,
and 36.28 = 1.5 mm on the right and 44.38
+ 2.76 mm, 38.88 = 2.01 mm, and 36.31
+ 2.19 mm on the left, respectively.
. The distance between the IOF and rhinion was
significantly higher on the left side, but no sta-
tistically significant differences were found in
other measurements when comparing the right
and left sides.
The method described in the present study can
be used as a single method if there is oedema of

+
=+
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10.

11.

12.

13.

14.

the infraorbital region or as an additional me-
thod to verify the localisation when using other
reference points.
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