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ABSTRACT

Background: Effective pain control in dentistry may be achieved by local anaesthetic techniques; so thorough
knowledge of the possible anatomical and morphometric variations of the infra orbital foramen and accessory
foramen is important for safe and successful regional anesthesia and for avoiding nerve injuries during surgery.

Materials and Methods: The study was conducted in 105 adult dry skulls. The distance from infraorbital foramen
to infra orbital margin, lateral margin of the pyriform aperture, anterior nasal spine, zygomatic maxillary
suture, supra orbital foramen/ notch, and the maxillary tooth were measured. Measurements were done bilaterally
by using digital Vernier calliper. The size, shape, direction of the Infra Orbital Foramen (IOF) on both sides & the
prevalence of accessory IOF were observed and analysed in the skulls. Observations thus made were compiled
and tabulated followed by comparison using appropriate statistical tests.

Results: Mean distance of infraorbital foramen from infraorbital margin was 7.0+ 1.64 mm, the mean distance
between the infraorbital foramen and the piriform aperture was 17.5 +2.84mm. Mean distance of infra orbital
foramen from Anterior Nasal Spine and Zygomatic maxillary suture was 33.07+ 3.43mm and 16.48+ 2.80 mm
respectively. Mean distance from supraorbital foramen/notch was 42.32 £ 2.51mm. The most common occurrence
was semilunar shape (37%) followed by oval shape (29%),round shape (22%)and slit shape(12%).The mean
vertical diameter of infra orbital foramen was 3.78 £ 1.03mm and transverse diameter was 3.87+1.52mm.The
most common position of infra orbital foramen on right side was in line of long axis in between 1%tand 2" upper
premolar(26%) and on left side at 2" upper premolar (32%).The prevalence of accessory infraorbital foramen
was 24.28%, while bilateral occurrence was only 9.5% and 14.76 % it was unilateral.

Conclusion: The findings of the present study can be helpful for clinicians when utilizing the infraorbital nerve
block for various procedures in localizing the infraorbital foramen.
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INTRODUCTION

Infra orbital foramen (IOF), which transmits the
infra orbital vessels and nerve lies about 1cm
below the infra orbital margin [1]. Itis present
on the anterior surface of the maxilla, its
location is essential in various clinical and
surgical procedures such as maxillofacial
surgeries, infra orbital nerve block etc. Infra or-
bital nerve block is used to anesthetize the lower
eyelid, upper teeth and related gingivae, upper
lip and lateral nose. Infra orbital nerve contin-
ues inferiorly over the anterior wall of the
maxilla and appears on the face through the IOF,
where it produces the palpebral, nasal and
labial branches to supply the skin of the lower
eyelid, conjunctiva, the lateral surface of the
external nose and the upper lip, including the
skin, mucous membrane and gum [2-4].Several
authors have conducted studies on the morpho-
metric assessment of the IOF [5-13].In these
studies there are wide variation in the preva-
lence of accessory infra orbital foramens [5,
13-15].

The position of the infraorbital foramen helps
tolocate the infraorbital plexus region whichwe
believe is a risk zone during plastic surgery [16].
Location of this foramen is also helpful to
decrease risk during orbital surgery [17]. The aim
of this study was to find out the incidence of
variations in location, shape, dimensions and
distance of the infraorbital foramen from
various bony landmarks on both sides of the
same skull and the incidence of accessory
foramen. The findings of this study was also
compared with the findings of other authors. This
study, based on palpable points, can be used
even in the case of oedema in the infraorbital
area.

MATERIALS AND METHODS

One hundred and five dry adult human skulls of
unknown age and sex were selected from the
Departments of Anatomy and Forensic Medicine,
and from the students of Dhanalakshmi
Srinivasan Medical College and Hospital
Perambalur, Tamilnadu. This study was approved
by the Institutional Research and Ethics
Committee (Human study) of Dhanalakshmi
Srinivasan Medical College and Hospital,
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Perambalur, Tamilnadu .(IRCHS,No.DSMCH/
IRCHS/42, date 25™ July 2016). A criteria of
exclusion was adopted in any skulls that showed
signs of damage to orbital margin, as well as
skulls where the I0F was found to be damaged
unilaterally or bilaterally. In all the samples the
presence of a complete maxillary bone was
taken to be mandatory. Total sides studied were
210. The following measurements were made
after aligning the skull in Frankfurt horizontal
plane, by using digital Vernier calliper with least
count of 0.01mm, rulers, double tipped compass
and tape by direct vision method to evaluate the
location of IOF on both sides of all skulls, the
measurements were taken by two different per-
sons and observations were recorded in the data
collection form.

The following parameters were observed

1. Distance from the centre of IOF to Infraor-
bital margin along sagittal plane. (Figure-1 &
Table-1)

2. Distance from the centre of IOF to Pyriform
aperture (PA) along transverse plane. (Fig-1 &
Table-1)

3. Position of IOF in relation to zygomatico max-
illary suture along with horizontal plane. (Fig-1
& Table-1)

4. Distance from centre of IOF to anterior nasal
spine. (Fig-1 & Table-1)

5. Size of infraorbital foramen (IOF).Vertical di-
ameters (VD) and transverse diameters (TD) of
IOF. (Fig-1&Table-1)

6. Shape of IOF (round, oval, semilunar and slit
like). (Fig-2 & Table-2), direction of the foramen
(infero medial, vertical, medial). (Fig-3 & Tab-3)

7 Position of IOF in relation to supraorbital fora-
men / notch (medial, lateral or central).

8. Position of IOF in relation to upper maxillary
tooth.

9. Incidence of Accessory infra orbital foramen
(one, two or multiple) on both sides noticed.
(Fig-4 & Table-5)

The collected data was statically analysed with
SPSS version 16.0 software. Observations thus
made were compiled and tabulated. All the read-
ings were expressed in mean and standard
deviation in mm and were compared between
right and left sides of skulls using Paired t’ test.
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RESULTS
Table 1: Descriptive of the bilateral measurements of the infraorbital foramen.
Right side Left side Combined
Parameters| Meanin Min Max Mean in Min Max Mean in Min Max
mmzSD (mm) (mm) mmzSD (mm) (mm) mmzSD (mm) (mm
IOF-IOR 7.22+1.64 5 13 6.78+1.64 4 11 7+1.64 5 12
IOF-PA 17.842.94 13 23 17.2+2.75 11 23 17.5+2.84 12 23
IOF-ZMS 15'1312'6 10 21 |178+294] 13 23 16'4?2'8 11 22
IOF-ANS 32.6;13.4 26 40 33.5513.3 27 38 33.0;13.4 26 39
. . 42.32+2.
or-sor |* 73i2 3 36 53 |429+264| 37 53 3 - o 55
VD 3.88+1.17 2 8 3.68+0.89 2 6 3.7841.03 2 7
D 3.82+1.58 2 10 3.92+1.46 10 3.87+1.52 10

IOF-Infraorbital foramen, IOR-Infraorbital rim, PA-Piriform aperture, ZMS-Zygomatico maxillary Suture, ANS- Anterior
nasal spine, SOF- Supraorbital foramen / notch, VD- Vertical diameters, TD- Transverse diameters.

Fig. 1: Frontal view human skull showing the various
morphometric measurements taken.

a : the measurement of the distance between the centre
of the infraorbital foramen (IOF) and the infraorbital
rim (IOR); b: the measurement of the distance between
the centre of the infraorbital foramen (IOF) and the
pyriform aperture( PA); c: the measurement of the
distance between the centre of the infraorbital foramen
(IOF) and the anterior nasal spine (ANS); d: the
measurement of the distance between the centre of the
infraorbital foramen (IOF) and the zygomatico maxillary
suture; e: the measurement of the transverse distance
between the medial and lateral margins of the IOF; f: the
measurement of the vertical distance between the
superior and inferior margins of the IOF.

The infraorbital foramen (IOF) was present in

all skulls and all the foramens were analysed.

Location and size of infraorbital foramen: The
mean distance of the infraorbital foramen from
the infraorbital rim, pyriform aperture, zygomatic
maxillary suture, anterior nasal spine and
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supraorbital notch/ foramen on the right and left
sides is tabulated in table 1. The mean vertical
and transverse diameters on both sides is also
tabulated in Table 1.

Table 2: Shape of the infra orbital foramen.

Right side | Leftside | combined
Shape

No % [No| % No %

Round 30 28 | 17| 16 23 22
Oval 36 3 25| 24 30 29
Slit like 6 6 19| 18 13 12
semilunar | 33 32 | 44 42 39 37
Total 105 | 100 | 105] 100 | 105 | 100

Fig. 2: Photographs (frontal view) of dry adult human
skulls of unknown age show (2a) a oval shaped IOF
(arrow); (2b) a semilunar-shaped IOF (arrow); (2c) an
slitlike-shaped IOF (arrow); and (2d) a round-shaped
IOF (arrow).

Shape of the infraorbital foramen: Oval
shaped infraorbital foramen was commonly
observed on the right side 34% and semilunar

shaped infraorbital foramen was commonly
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observed on the left side 42% (Table-2&Fig-2).
In 37 % of the specimens semilunar shape was
observed bilaterally. There was statistically
significant difference in all the shapes of infraor-
bital foramen observed on the right and left
sides- p < 0.05

Direction of IOF & position of IOF with the
SOF: The IOF was most commonly directed in
the inferomedial direction on both sides. The
relative position of the infraorbital foramen in
relation to the supraorbital foramen was
evaluated (Table-3&Figure-3). The most common
position for the infraorbital foramen was lateral
to the supraorbital foramen in 58% of the
specimens on the right side and 72% of the
specimens on the left side (Table 3). There was
no statistically significant difference in the
direction of IOF and position of IOF in relation
to SOF on the right and left sides- p>0.05.

Table 3: Direction of IOF & position of IOF with the SOF.

Direction Rightside | Leftside Relalt(i)gn " Rightside | Leftside
No [ % [No| %] SOF [no| w [nof

Medial 11 2041 17 |16.19] Medial | 13 ) 1211 13 ] 12
Infero medial] 69 |65.71] 71 |67.71] Centre | 31 | 30 | 17 | 16
vertical 25 | 238| 17 |16.19| Lateral | 61 | 58 | 75 | 72
Total 105 | 100 | 105 ] 100 | Total ] 105 100 | 105 | 100

Fig. 3: Photographs (frontal view) of the dry adult human
skulls of unknown age show (a) a medially directed
(arrow); (b) a inferomedially directed (arrow); and (c)
an vertically directed (arrow) intraorbital foramen.

|

Frequency of location of infraorbital foramen
in relation to the upper teeth: The IOF was
most frequently located between the first and
the second upper premolars (26%) on the right
side and at 2" premolar on left side (32%). Fol-
lowed by the next frequency occurrence was on
right side at 2" premolar (22%) and on left side
between 1% and 2" premolar (26%.) (Table 4).
There was no statistically significant difference
in the position of IOF on the right and left sides
—P>0.05.
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Table 4: Frequency of location of infraorbital foramen
in relation to the upper teeth.

Location of IOF Rt % Lt %

At canine 6 6

B/W Canine & 1 Premolar 8 8
At 1* premolar 10 14
B/W 1°& 2™ premolar 26 26
At 2™ premolar 22 32

nd st
B/W 2™ premolar & 1 14 12
Molar
At 1 Molar 12 2
B/W 1% & 2™ Molar 2 _

Accessory infraorbital foramen: Out of 105
skulls, in 51 skulls accessory foramen was
present. One accessory foramen was presentin
skulls unilaterally on right side in 10 (9.5%)skulls
and on left side in 12(11.4%) skulls, occurrence
on bilaterally was 6 (5.71%) skulls. Two
accessory foramen was present unilaterally on
right side in 4 (3.80%) and on left side in 2
(1.90%)skulls ,occurrence on bilaterally was 4
(3.80%) skulls.Three accessory foramen was
present unilaterally on right side in 2 (1.90%)
skulls and on left side in 1 (0.95%)skull , and
there was no bilateral occurrence. (Table-5 &
Fig-4)
Table 5: Accessory infraorbital foramen.

. Frequency of accessory
RIgsoTskull infraorbital foramen in 105 crania
Number 1 2 3
ng_ht side 10 4 5
(Unilateral)
percentage 9.5 3.8 1.9
Left side
. 12 2
(Unilateral) 1
percentage 11.4 1.9 0.95
Bilateral 6 4
percentage 5.71 3.8 B

Fig.4: Photographs (frontal view) of dry adult human
skulls of unknown age show the 4a:one accessory
foramen in the arrow;4b:two accessory foramens; 4c;
three accessory foramens.
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Presence of Supraorbital foramen: In supra
orbital margin at the junction of medial 1/3rd
and lateral 2/3rd Supra-orbital notch/foramen
is present. Supraorbital nerve and vessels pass
through the foramen. Swimmers wearing
goggles have also seen to have symptom of
headache and neuralgia which is often more in
persons having supraorbital notch rather than
foramen because the nerve is more exposed in
supraorbital foramen [18]. The supraorbital
foramen was observed in 27 specimens on the
right side and 25 specimens on the left side in
our study. The supraorbital nerve is clinically
important as it causes neuralgia especially,
‘swimmers neuralgia’.

DISCUSSION

Infraorbital foramen is located near important
anatomical structures like orbit, nose and oral
cavity. The location of the infraorbital foramen
assumes great importance because an
infraorbital nerve block is essential during
surgical procedures around the orbit, nose and
buccal regions. The most common position of
infraorbital foramen is in line of long axis of the
second upper premolar. According to Hindy et al
[19] 50% of infraorbital foramen was opposite
the 2nd maxillary premolar. Varshney et al [20]
has reported 64% of infraorbital foramen was
opposite the 2nd maxillary premolar. In Tilak
Raj et al [21] study, the location of IOF was found
in line of second premolar in 81.4% of skulls
which was higher than what mentioned by Hindy
[19] and Varshney [20]. In our study the IOF was
most frequently located between the 1% and the
2" upper premolars (26%) on the right side and
at the level of 2" premolar on left side
(32%).(Table 4).

The distances between the infraorbital foramen
and the midpoint of the infraorbital margin vary
from 4 to 12 mm in several studies [13, 14, 19]
but the same distance ranged from 2 to 11.5
mm in Rajani Singh study.[22] In our study the
distance ranged from 5-12 mm.The range of
these distances was wider on lower side among
Indians which is an alert to surgeons treating
Indians anywhere in the world.

The mean distance between the infraorbital
foramen and the infraorbital marginwas 7.0 mm
in current study which was very close to that of
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Boopathi S who has reported the distance
between infraorbital foramen and the infraor-
bital margin to be 6.57 mm.[28]

Table 6: Comparison of mean distance from infra orbital
rim (IOR) between present study and the previous
studies.

No.of Mean IOR Mean IOR
Study salls on right side On left tside
(Mean in mm +SD) | (Mean in mm £ SD)
Aziz et al. 2000 [13] a 8.3:1.9 8.111.9
Elias et al. 2004 [24] 210 6.71+ 1.7 6.83+1.83
Agthong et al. 2005 [23] | 110 7.8+0.2 8.0:0.2
Macedo etal. 2009 [25] | 295 6.28+1.79 6.451.76
Lopes et al. 2009 [26] 9 6.5711.70 6.76+ 1.64
Boopathi et al. 2010 [28] 80 6.4911.26 6.65:1.30
Gour et al. 2010 [27] 100 6.5241.79 6.4241.70
Singh S, 2011 [29] 55 6.1241.79 6.1941.81
Lokanayaki, 2013 [30] 100 6.12+1.43 6.53t1.53
Present study 105 7.22+1.64 6.78+1.64

On comparison of mean distance from IOF to
IOR between the present and previous studies
it was observed that the mean distance was
higher than all the other studies, but coincides
with Agthong et al [23] and Azis et al [13]
studies on the right side. But on the left side
our study was coincides with others and lower
than the Agthong et al [23], Azis et al [13]
studies. The data listed in the table.6 are done
in different regions and populations, like Brazil,
India, Thailand, Egypt and different ethnic
groups in New York. The studies done on Thai
skulls [25] and different ethnic groups in New
York [13] shows higher value than rest of the
others. Our value is comparable with all the
studies done in the region of Brazil and India.

Table 7: Comparison of distance between (b/w) IOF and
Piriform aperture with other studies.

Distance b/w IOF to

Study PA (mean+SD in mm)
Right Left
Hindy 1993 [19]
(30 skull and 15 14.7+27 114727
cadavers
Singh 2011 [29]
(55 skull) 15.31 15.8
Bharti 2013 [32]
(100 skull) 16.01 16.01

Tilak Raj 2014 [21]

15.794£1.76]16.14+1.72
(70 skulls) 579 6|16

Ukoha ukoha
ukoha2014 [33]
(130 skulls)

19.36+3.54]18.27+£2.94
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A major factor that inhibits dentists from using
the infraorbital nerve block is the fear of injury
to the patient’s eye. [31] Thus, knowledge of
the distance between the IOF and IOR may be
useful in identifying the location of the danger
zone during dissection of the fracture of the
anterior maxillary wall or infraorbital wall, as
well as during other surgical procedures.

The present work revealed that the mean
distance of infraorbital foramen from the
piriform aperture was 17.5mm. Table 7 compares
the results with those of other authors. Thiswas
higher than the result obtained from measuring
the same parameter by Hindy[19],Singh [29]
,Bharti [32 ],Tilak raj [21] and lower than the
result of Ukoha ukoha ukoha 2014 [33]. Such
differences could be attributed to racial
differences and ethnicity.

The present study reported the distance of in-
fraorbital foramen in relation to anterior nasal
spine (ANS) to be 33.07 mm.This result was lower
than those obtained by Lopes et al [26] and
Agthong et al.[23]and higher than the Ukoha
ukoha ukoha 2014 [33]. It goes to say that data
from one population cannot be transposed to
another population, because they are popula-
tion-specific.

The mean distance of infraorbital foramen in
relation to zygomatic maxillary suture in the
present study was 15.16 mm on right side and
17.8 mm on left side.This result was higher than
the Tilak raj et al [21 ](Right side 14.71,Left side
14.83),Priya roy et al[34] (Right side 12.4 ,Left
side 12.0), Cutright observed that IOF was 3mm
medial to the Zygomatico maxillary suture[35],

Table 8: Comparison of vertical and transverse diameter
of I0F found in this study from finding of different
studies.

Horizontal
diameter(mm)

Right Left

. Vertical diameter(mm)
Studies

Right Left

Singh 2011[29]
(n=55)
Bharti 2013 [32]
(n=100)

Tilak raj 2014 [21]
(n=70)
Rajani singh 2011
[22] (n=55)
Boopathi et al 2010
[28] (n=80)
Present study 2016
(n=105)

3.75 3.39 3.52 3.19

3.23+0.98 | 3.25+1.03 | 3%0.76 | 3.28+0.99

2.93+0.78 | 3.08+0.85 | 3.05+0.79 | 3.27+0.85

3.39+0.96 | 3.75+1.07 | 3.19+1.18 | 3.52+1.35

2.79+0.79]2.85+0.80]2.73 £ 0.73]3.00 £ 0.81

3.88+1.17 | 3.68+0.89 | 3.82+1.58 | 3.92+1.46
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Apinhasmit stated 2.15 mm medial to
Zygomatico maxillary suture suture[36]. Blanton
and Jeske et al found the IOF 5mm below
Zygomatico maxillary suture suture[37].
Sivavadivel swaminathan et al observed 2.8mm
from Zygomatico Maxillary suture[38 ]Jstudies .In
present study ,the distance between SOF —IOF
was right side 41.74+2.39 mm and left side
42.9+2.64 mm. This is higher than the study of
Priya roy et al (Right side 36.1+14.3 mm , Left
side 37.6+£13.3 mm )[34] Studies.

In present study the mean and standard devia-
tion of vertical diameter(mm) onrightside was
3.88+1.17 and on left side was 3.68+0.89 and
Horizontal diameter(mm) on right side
3.82+1.58, left side 3.92+1.46.The study of ver-
tical measurement was coincides with the study
of Singh[29], Bharti[32], Rajani Singh[22] and
higher than the Tilak raj[21],Boopathi et al[ 28]
and the study of horizontal measurement coin-
cides with the Singh [29],Bharti[32], Tilak raj[21]
,Rajani singh[22] and the right side higher than
the Boopathi et al [28] studies.(Table 8)

Most common shape of infraorbital foramen
mentioned in the literaturesis oval type. Oliveira
etal [39]in 2012 and Hindy [19 ]1993 (65%)
and Tilak raj[21]2014 (71.4%) found that
infraorbital foramen was predominantly of oval
shape in the skulls on both sides, followed by
round shape. In present study semilunar shape
was observed to be most common type the
percentage was 37%.

Most of the IOF were directed downwards and
medially as revealed by Elias[24] and
Apihasmit[36].10F in 13.78% of skulls was
directed medially and vertically downwards in
6.12% skulls . I0F found by K K Gaur [27]
directed downwards medially in 66.6%,
downwards vertically in 24.2%, downwards
anteriorly in 1.2%, medially in 8%..Boopathi et
al, identified medially directed IOF in 5% of the
skulls [28]. In the present study IOF mostly
directed infero medially on right side 65.71%,
left side side 67.71 %. The infraorbital nerve and
its vessels run along the direction of the IOF
while passing the needle to block the nerve, the
groove may play an important role in succeed-
ing the anaesthesia. The standard Anatomy
texts describe the location of supraorbital and
infraorbital foramina on the same sagittal plane
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(Williams et al[3]; Sinnatamby[40], 1999). Such
diversity in the location of infraorbital foramen
may be attributed to race, age dentition and
dietary factors (Chung et al[11]; Cutright et
al[35]; Ongeti et al [41]. According to the
results of llayperuma et al [42] majority of
infraorbital foramina (68.52%) were located
lateral to the supraorbital foramen and only
24.07% of the study subjects displayed both
foramina in the same sagittal plane. In our study
the majority of IOF was located lateral to the
supra orbital foramen (SOF) it was on right side
58% and on left side 72%.

Berry et al [15] reported the frequency of
accessory infraorbital foramen as 4.7% in
Egyptians, 6.4% in Nigerian, 6.4% in Modern
Palestinian, 6.7% in Indians (Punjabi), 6% in
North Americans and7.5% in Burmese. Aziz et al
[13] and Hindy et al[19] reported frequency of
accessory infraorbital foramen to be 10% in adult
Egyptians while Elias et al [24] reported
frequency of accessory infraorbital foramen to
be 14% in adult Brazilian population. Apinhasmit
et al [36] observed frequency of accessory
infraorbital foramen to be 3.6% in Thai adult
population. Alok Kumar Singh et al [43] observed
over all prevalence of accessory infraorbital
foramen is 7.81%, while bilateral prevalence of
accessory infraorbital foramen is only 1.56 %,
however unilaterally accessory infraorbital
foramen s present in 6.25% (2.34 % on right side
and 3.9 % on left side).In the present study the
incidence of over all accessory infraorbital
foramens was 24.28% of skull , it was bilater-
ally present in 14.76% skulls and unilaterally
present in 14.76% skulls.

The importance of the incidence and lateraliza-
tion of the Infra orbital foramen is also evident
in facial surgical procedures. The recognition of
the presence of double or triple foramens is
essential when the appropriate amount of
anesthesia is applied, or it can be inadequate.
The study of the Infra orbital foramen is also
basic to prevent the potential risk for iatrogenic
injury during facial surgeries due to the
presence of additional branches of the infra
orbital nerve.

CONCLUSION
The knowledge of the distances from surgically
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encountered anatomical landmarks in the
present study may assist surgeons to localize
the important maxillofacial openings, avoid
injury to the neurovascular bundles and
facilitate surgical, local anaesthetic and other
invasive procedures. The data are of direct
relevance to clinical practice and teaching.
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