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ABSTRACT
Objectives: The knowledge of the location of the infraorbital foramen (IOF) is crucial in the management of maxillofacial surgeries. The morphology of 
this foramen is variable in different populations. The purpose of this study is to locate the IOF and to determine the frequency and location of accessory 
IOF (AIOF) in the Indian population.

Materials and Methods: The study was conducted after getting ethical approval from the institutional review board. It was done on the 60 hemi faces of 
formalin embalmed heads of 30 cadavers. A modified Weber–Fergusson’s incision was made to expose the anterior surface of the maxilla and the distance 
of IOF from the root of PM2 teeth and the infraorbital rim (IOR) was measured. The occurrence of AIOF was noted and the neurovascular structures 
passing through were traced. The distance of the AIOF from the IOF was measured and the statistical analysis was done.

Results: The mean distance of the IOF to the IOR on the right side was 6.96 ± 1.79 mm and on the left side was 7.24 ± 1.84 mm. The mean distance of 
the IOF from the upper PM2 on the right side was 27.11 ± 5.16 mm and on the left side was 26.71 ± 5 mm. The AIOF was present in 10 % of the cadavers 
dissected and supero-medial in position. It may be single or double, transmitting blood vessels and nerves. The mean distance between the IOF to the 
AIOF was 9.92 mm on the right and 5.87 mm on the left.

Conclusion: Until now, no studies have been conducted on human cadavers to determine if any neurovascular structures pass through AIOF in Indian 
populations. This human cadaveric study will give additional information to the clinicians that a considerable number of patients may have AIOF and they 
may transmit neurovascular structures, the knowledge of this is needed to avoid unexpected complications during surgical procedures and nerve block.
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INTRODUCTION
Recognition of the infraorbital foramen (IOF) is central in 
the treatment of injuries related to the maxillofacial region as 
well as in facial plastic surgery, and providing anesthesia in the 
orofacial region, or any repair during Le Fort’s osteotomies. 
The location of the IOF, as per the description of the traditional 
textbooks, is on the anterior surface of the maxilla, and it 
constantly transmits the infraorbital vessels and nerves. The 
ION continues downward and emerges on the facial region 
and it supplies the skin of the region surrounding it, that is, 
lower eyelid, conjunctiva, lateral surface of nose, and upper 
lip.[1] The morphology and the morphometry of the infraorbital 
foramen has been extensively studied by a lot of authors in 
different ethnic races in human skeletons using different bony  
(predominantly) as well as soft tissue landmarks.[2-9] This 
nerve is commonly blocked at the foramen to induce local 

anesthesia. The infraorbital vessels and nerve undergo division 
anywhere from the level of the inferior orbital fissure to the 
area of emergence from the IOF.[10] The morphometry of the 
IOF and the occurrence of accessory IOF (AIOF) has been 
reported in the literature using human skeletons.[2,9-12] Hu et al., 
in 2016, described the branching pattern of infraorbital nerves 
in relation to the infraorbital artery in human cadavers in the 
Korean population.[11] There are no previous reports on the 
details of the neurovascular structure traversing the foramen 
in the Indian population. Thus, essential topographical 
knowledge of IOF and the structures passing through is needed 
to avoid injuries to the neurovascular bundle and reduce post-
operative complications. Hence, this cadaveric study aimed 
to find the location of IOF and to verify the frequency and 
location of AIOF and the structures passing through it in the 
South Indian population.
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MATERIALS AND METHODS
The authors embarked on this research project with the 
approval of the institutional review board (IRB Min. 
No.  12085 dated 26-06-2019) and the study was conducted 
over 2  years. The specimens needed for this study were 
obtained from human cadavers who were donated to 
the department through the institution’s body donation 
program after fulfilling the requisite ethical guidelines. These 
cadavers were obtained after getting informed consent from 
the relatives while donating, to be used for the purpose of 
teaching and research.

Before starting the main study, a pilot study was done in 
twenty hemifaces to determine the frequency of the location 
of the IOF with respect to the premolar tooth. This was 
done to determine which premolar tooth is related to the 
IOF, as studies have mentioned different reference points. 
Once the reference point was obtained from the pilot study, 
the main study was started on the 60 hemifaces of formalin 
embalmed heads of 30 cadavers with no visible external 
abnormalities such as edentulous teeth or any fractures of the 
facial skeleton. The age of the cadavers was between 25 and 
95 years.

Bilateral Weber–Fergusson’s incision (Dieffenbach’s 
modification) was made on each side of the face to expose the 
anterior surface of the maxilla from the inferior orbital rim 
to the alveolar ridge and then to the zygoma [Figure 1a].[13,14] 
The skin and the superficial fascia were reflected in the area 
between the orbital rim and the labiogingival sulcus vertically 
and the ala of the nose to the zygomatic arch horizontally. 

The orbital fibers of the orbicularis oculi superiorly, nasalis 
medially, and the zygomaticus minor infero-laterally form 
the triangular space where the IOF is found [Figure 1b]. The 
muscles near the IOF were reflected and the IOF was seen 
below the infraorbital rim (IOR) by reflecting the levator labii 
superioris muscle originating from the IOR. The periosteum 
of the IOR was lifted and resected. The IOF was seen, and the 
contents were dissected. The infraorbital nerves and vessels 
passing out through the foramen were carefully traced. The 
presence of AIOF and the presence of any structures in the 
AIOF were noted.

As the IOF is commonly found in a vertical line from the 
second premolar teeth (right – 85% and left – 90%), the root 
of the second premolar teeth was marked after reflecting a 
few fibers of orbicularis oris. This finding was on par with 
the findings by Aggarwal et al., wherein more than half of the 
specimens, the IOF was laid aligned with the upper second 
maxillary premolar tooth.[15] Hence, we sought to measure 
the distance of IOF from the root of the second premolar 
teeth using an Vernier caliper with an accuracy of 0.001 mm. 
The distance of the infraorbital margin to the IOF was also 
measured. The distance of AIOF from the IOF was measured 
if it was present and the structures passing through it, was 
also noted [Figure 1c].

All the measurements were made to the nearest millimeter, 
and tabulated, and the quantitative data were analyzed using 
SPSS software. The comparison of distances related to IOF 
and AIOF between the right and left sides was done using a 
paired t-test. The mean, standard deviation, and the P-value 
of each were calculated.

Figure 1: (a) The Dieffenbach’s modification of Weber–Fergusson’s incision made on the side of the 
face from the inferior orbital rim to the alveolar ridge and then to the zygoma to expose the anterior 
surface of maxilla. (b) The triangular space bounded by the orbital fibers of the orbicularis oculi 
superiorly, nasalis medially and the zygomaticus minor infero-laterally where the infraorbital foramen 
is located. (c) The right hemiface of a cadaver shows the morphometric measurements. a-distance of 
the infraorbital foramen from the infraorbital rim, b-distance between the infraorbital foramen and the 
second premolar tooth, and c-distance between the infraorbital foramen and the accessory infraorbital 
foramen. (I1: Incisor 1, I2: Incisior 2, C: Canine, PM1: Premolar tooth 1, PM2: Premolar tooth 2).

a b c
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RESULTS
In the current study, the main trunk of the infraorbital vessels 
and nerves was not seen emerging from the foramen, as it 
would have divided before reaching the IOF, and the divisions 
of those were found to emerge from the foramen. A few of the 
branches were found emerging through the AIOF. In contrast 
to our prior knowledge and the traditional description of the 
branching pattern given in textbooks, the branches of the ION 
were intertwined with the branches of infraorbital vessels 
[Figure 2] and the branching system could not be made out.

Morphometric measurements of the IOF from the IOR and the 
second premolar tooth were taken. The mean distance of the 
IOF to the IOR on the right side was 6.96 ± 1.79 mm (Range: 
3.73 mm–9.66 mm). Similarly, on the left side, it was 7.24 ± 
1.84 mm (Range: 4.03 mm–10.71 mm). The mean distance of 
the IOF from the upper second premolar tooth on the right 
side was 27.11 ± 5.16  mm and it ranged from 16.70  mm to 
36.19 mm. Similarly, on the left side, it was 26.71 ± 5 mm and 
it ranged from 16.83 mm to 34.34 mm. There was no statistical 
difference between the right and left sides [Table 1a].

In a total of the 30 cadavers (60 hemifaces) studied, AIOF 
was observed in 10% (6/60), of which there was no significant 
difference between the sides. They were positioned infero-
lateral in 3.3% (2/60) [Figure  3a] and supero-medial in 
5.5% (4/60) with respect to the IOF [Figure 3b]. The average 

distance from the IOF to the AIOF was 9.92  mm on the 
right and 5.87  mm on the left [Table  1b]. The number of 
AIOF varied from single to double. In the present study, a 
single AIOF was reported in 5.5% (4/60) [Figure 4a], while 
double AIOF were seen in 3.3% (2/60) [Figure 4b]. The AIOF 
foramina are occasionally transmitted to nerves, arteries, or 
veins. In one of the cadavers with double AIOF, one of the 
AIOF transmitted a vein, and the other transmitted a nerve 
[Figure 4b]. In another hemiface, two accessory infraorbital 
arteries and two accessory infraorbital nerves were appearing 
from the AIOF [Figure 4c].

DISCUSSION
The IOF present inferior to the infraorbital margin in 
the maxilla shows a lot of variability between different 
ethnicities. These differences may be due to racial changes.[10] 
The infraorbital nerve and vessels transmitting through this 
foramen, after externalizing out, the infraorbital nerve 
terminates in 5–11 terminal branches[16] and provides 
sensory innervation to a part of the facial region close to it.[17]

IOF is an essential marker to enable anesthetic and surgical 
interventions of the midface region.[18] An infraorbital nerve 
block is needed for techniques involving the region between 
the lower eyelid and upper lip and for dental procedures. It 
is carried out by injecting an anesthetic medicine around the 

Figure 2: Dissected face of a cadaver showing the branches of the infraorbital nerves jumbled with 
the branches of infraorbital vessels emerging out from the infraorbital foramen. (Inset showing the 
larger version of the structures emerging out from each infraorbital foramen, red arrowheads denote 
the branches of the infraorbital vessels, and the yellow arrowheads denote the branches of infraorbital 
nerves).

Table 1a: The comparison of the morphometry of the infraorbital foramen on both sides (right and left). The distances are measured in 
millimeters.

Distances (mm) Right (n=30) Left (n=30) P value
Mean+SD (in mm) Range (in mm) Mean+SD (in mm) Range (in mm)

IOF to PM2 27.11±5.16 36.19‑16.7 26.71+5 16.83‑34.34 0.23
IOF to IOR 6.96±1.79 3.73‑9.66 7.24+1.84 4.03‑10.71 0.14
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IOF. This can be done either by an extraoral or an intraoral 
approach. The intraoral approach is done by injecting an 
anesthetic medium into the buccal mucosa opposite the upper 
second premolar tooth, approximately 0.5 cm from the buccal 
surface.[12] The extraoral approach involves injecting the drug 
into the tissues surrounding the IOF.[19] For both approaches, 
the surgeon must know the exact location of IOF in relation 
to IOR and the upper second premolar tooth. Hence, in this 
study, measurements of the IOF were taken from the IOR and 
the second premolar tooth, as both intraoral and extraoral 
approaches need these skeletal landmarks.

The comparison of the morphometric measurements of IOF 
between various ethnic groups was tabulated [Table 2a]. This 
study showed the vertical distance between the IOF and the 
PM2 as 27.11  mm and 26.71  mm on the right and left sides, 
respectively. The bony tooth landmarks differ in different ethnic 
races, that is, in the majority of the American population, the 
IOF lies in line with PM1, and in the Asian population, it lies 
commonly opposite to PM2. The Indian researchers have just 

reported how many percentages of cadavers with the IOF lying 
in line with the PM2, but not measured the distance of IOF from 
the second premolar.[20,21] As, in most of the Indian population, 
the IOF is in line with the PM2,[20,21] we sought to measure the 
distance of IOF to the PM2. There are no Indian studies to 
compare the distance of IOF to the PM2 described in the present 
study, except an American study by Masabni and Ahmad,[22] 
which has shown similarity to the present study as they have 
measured the distance of the IOF from the second premolar 
tooth. The study done by Masabni and Ahmad described 
the mean distance between IOF to the PM2 as 29.07 mm and 
29.39 mm on the right and left sides, respectively.[22]

Furthermore, the present study showed the distance between the 
IOF and the IOR as 6.96 mm, and 7.24 mm on the right and left 
sides, respectively. An Indian study done on skulls by Tewari et 
al. described the mean distance of IOF to the IOR to be 7.09 mm 
and 6.95 mm on the right and left sides, respectively.[20] and this 
distance is comparable to different population such as Americans, 
Indians, Poland, Turkey, and Lebanese, as cited in [Table  2a]. 
The mean distance of IOF to IOR is 6.37 mm and 6.28 mm on 
the right and left sides, respectively, in the Indian population,[15] 
6.46 mm and 6.74 mm on the right and left sides, respectively, in 
the American population,[22] and 7.94 mm and 8.03 mm on the 
right and left sides, respectively, in the Lebanese population.[10] 
This measurement, that is, IOF to the IOR seems to be a reliable 
measurement to find the IOF. The distance of IOF from the upper 
second premolar tooth as well as the IOR between the right and 
left sides were not statistically significant in the present study.

A large deviation in the presence of AIOF among different 
populations has been reported.[3,9,23-26] A single IOF is 
exceptional to humans, and animals such as gorilla, pan, 
and pongo generally have 2–3 infraorbital foramina.[24] As 
reported by Leo et al., the earliest account of the presence of 
multiple AIOF was quoted by Gruber in 1875.[3] It was present 
frequently superomedial to the main IOF.[3,9] The knowledge 
about the accessory infraorbital foramen is essential as there 
is a constant rise in the popularity in the field of esthetic 
medicine especially, midface augmentation surgeries as well 
as the routine surgeries involving the external access of the 
maxillary air sinus in Caldwell Luc surgeries.[27-29] Canan et 
al. performed research on dry skulls and noted the presence 
of AIOF in 23.1%, Rai et al. recorded the presence of AIOF in 
27.3% of dry skulls and Ali et al. reported the AIOF in 29% 
by cone-beam computed tomography (CT) scans.[11,12,30] The 
frequency of AIOF varied according to different demographic 
areas and found significant differences.[12] In this study, single 
or two AIOF were noted in 20% of hemifaces dissected, and 
they were predominantly supero-medial to the IOF. The 
mean distance between the IOF and the AIOF is 9.92  mm 
and 5.87 mm on the right and left side, respectively, with a 
range of 2.67–15.57 mm, which is comparable with the other 
Indian study by Ali et al., who had reported the distance 

Figure 3: (a) The right hemiface of a cadaver showing the accessory 
infraorbital foramen positioned inferolateral (depicted in a black 
arrow) with respect to the infraorbital foramen. (b) The left 
hemiface of a cadaver showing the accessory infraorbital foramen 
positioned superomedial (depicted in a black arrow) with respect to 
the infraorbital foramen.

ba

Table 1b: The occurrence of infraorbital foramen and its position 
in the Indian population.

Variable Number of 
skulls with 
AIOF (6)

Position of the 
AIOF in relation 

to IOF

Distance 
between the IOF 

and AIOF  
(mean in mm)Supero‑ 

medial
Infero‑ 
lateral

Right 10 (%) 7.5% 2.5% 9.92
Left 10 (%) 7.5% 2.5% 5.87
AIOF: Accessory infraorbital foramen, IOF: Infraorbital foramen. All 
measurements are in millimeters. 
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Figure 4: (a) The right hemiface of a cadaver shows the presence of a single accessory infraorbital 
foramen (depicted in a black arrow). (b) The right hemiface of a cadaver shows the presence of double 
accessory infraorbital foramen, one of which transmits a vein (represented by a blue arrowhead) and 
the other transmits a nerve (represented by a yellow arrowhead). (c) The left hemiface of a cadaver 
shows the presence of accessory infraorbital foramen (represented by a black arrow), one of which 
transmits two accessory infraorbital arteries (outlined in red color) and two accessory infraorbital 
nerves (outlined in yellow color).

to be 9.60  mm and 9.98  mm on the right and left sides, 
respectively,[12] and Rai et al., who reported this distance in 65 
skulls as 9.6 mm and 10 mm on right and left, respectively.[11] 
Nevertheless, it varied with different ethnic groups. Bressan 
et al., in the Italian population, reported the distance of IOF 

to AIOF to be in a vast range of 2–15  mm.[31] Canon et al. 
described the distance of IOF and the AIOF to be in a range 
of 1–12 mm with a mean of 7 mm.[30] The comparison of the 
mean distance between the AIOF and the IOF with the other 
population was tabulated [Table 2b].

a b c

Table 2a: The comparison of the distance between the AIOF and the IOF in different ethnic groups. 

Population Author IOF to the PM2 (mm) IOF to the IOR (mm)
Right Left Right Left

Current study 27.11 (36.19‑16.7) 26.71 (16.83‑34.34) 6.96 (3.73‑9.66) 7.24 (4.03‑10.71)
Indian Aggarwal et al., 2015[15] 6.37 (3.14‑12.93) 6.28 (3.14‑12.93)
American Masabni and Ahmad, 2017[22] 29.07 (20.5‑36.5) 29.39 (21‑36) 6.46 (4‑11) 6.74 (3‑12)
American Aziz et al., 2000[18] 8.3 (2.5‑15) 8.1 (2.5‑15)
American Raschke et al., 2013[29] 41.81 in males and 37.33 in females 8.61 in males and 8.25 in females
Turkey Canon et al., 1999[30] 7.0‑9.7 6.8‑9.8
Poland Przygocka et al., 2012[3] 2.47±1.56 (males)

1.76±1.48 (females)
Indian Potu et al., 2019[21) 5.49 (3.29‑7.59) 5.85 (4.51‑8.56)
Lebanese Sokhn et al., 2019[10] 7.94 (3.40‑10.80) 8.03 (4.50‑11.20)
AIOF: Accessory infraorbital foramen, IOF: Infraorbital foramen. All measurements are in millimeters.

Table 2b: The comparison of the distance between the AIOF and the IOF in different ethnic groups.

Population Author Number of skulls AIOF‑IOF (mm)
Right Left

Current study 30 9.92 (3.52‑10.96) 5.87 (2.67‑15.57)
Indian Ali et al., 2017[12] 200 9.60 (1.16‑13.73) 9.98 (6.19‑12.06)
Turkey Canon et al., 1999[30] 348 7 (1‑12)
Italy Bressan et al., 2004[31] 1068 2‑15
Indian Rai et al., 2013[11] 65 9.6 (1.2‑13.7) 10 (6.2‑12.1)
Switzerland Polo et al., 2019[9] 30 11.47 (2.69‑19.59) 12.06 (3.76‑18.69)
AIOF: Accessory infraorbital foramen, IOF: Infraorbital foramen. All measurements are in millimeters.
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