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ABSTRACT
Background: Ethmoidal foramina on the medial orbital wall show a higher incidence of variation.
Surgeons performing endonasal, anterior cranial fossa and medial orbital wall surgeries must be
aware of these variations as they are a source of hemorrhage and also serve as landmark in proximity
to the orbital apex.
Aim: To determine the distances of the ethmoidal foramina from the midpoint of anterior lacrimal
crest and optic canal.
Methods: The study was done on 200 adult dry human south Indian skulls. The distance of
ethmoidal foramina from anterior lacrimal crest to optic canal was measured with the help of Vernier
caliper, probe and magnifying glass.
Results: The study shows that the distances from Anterior Lacrimal Crest (ALC) to Optic Canal
(OC) (4.71±0.04 & 4.43±0.04), ALC to Anterior Ethmoidal Foramen (AEF) (2.85±0.03 &
2.59±0.04), OC to Posterior Ethmoidal Foramen (PEF) (1.61±0.03& 1.35±0.03) were almost within
the same range on both the sides. Some accessory middle ethmoidal foramina were also reported in
between the AEF and PEF on both the sides in some of the dry human skulls.
Conclusion: The results of the study may help the surgeons to ensure the safe and precise
performance of medial orbital wall surgeries to avoid injuries to ethmoidal nerves and hemorrhage
of ethmoidal arteries.
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INTRODUCTION

T

he ethmoid bone is situated in the anterior
part of the base of the cranium between the
orbits; it forms the medial wall of the orbit.
The medial orbital wall is surgically important as it
is very thin and as it separates the contents of the
[1]
orbit from the ethmoidal air sinus.
Study of
ethmoidal foramina is important in orbital surgeries
which includes surgery of anterior cranial fossa and
endonasal microsurgeries of ethmoidal region. On
the medial orbital wall, the anterior and the
posterior ethmoidal foramina are located along the

frontoethmoidal suture and more anteriorly to the
optic canal. The anterior ethmoidal foramen
situated about the middle lateral margin of
olfactory groove, transmits the anterior ethmoidal
vessels and nerve. The posterior ethmoidal foramen
opens posteriorly in the medial wall of the orbit
anterior to optic canal and it transmits the posterior
ethmoidal vessels and nerve. Both supply the
anterosuperior quadrant of the lateral wall of nose
and the nasal septum.
The anterior and posterior ethmoidal
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arteries are branches of ophthalmic artery which
enters the ethmoidal foramina in the medial wall of
the orbit to supply the ethmoidal air sinuses and
then enters the anterior cranial fossa through the
respective ethmoidal canal; the terminal part of the
arteries enters the nose and supplies it. The anterior
and posterior ethmoidal nerves are branches of
nasociliary nerve which enters through respective
ethmoidal foramina and appears in the anterior
cranial fossa and then descends into the nose gives
off internal and external nasal nerve to supply the
mucosa and skin of the lower half of nose. The
distances between the medial margin of the orbit to
the anterior ethmoidal foramen (AEF), from it to
posterior ethmoidal foramen and from it to the optic
[2]
canal are 24mm, 12mm & 6mm respectively.
Some studies showed the presence of accessory
foramina. Accessory foramina upto 6 in number, in
an orbit was also cited. [2, 3] These studies were made
[4]
on dry skulls or from imaging. This study of
foramina can guide the surgeons to expose and
ligate the vessels during haemorrhages or
preventing the anterior ethmoidal nerve syndrome
[4]
and in cases of optic nerve decompression. The
present study was undertaken as not much literature
is available on the study of the ethmoidal foramina,
particularly in the Indian population.

sides. The most anterior and the most prominent
posterior ethmoidal foramina were identified as the
anterior and posterior ethmoidal foramina and all
others as the accessory foramina. [ 1 ] The
measurements were taken with the help of a scale,
Vernier caliper and magnifying glass. The distance
between the midpoint of anterior lacrimal crest
(ALC) to optic canal (OC) was measured followed
by the distance between the midpoint of anterior
lacrimal crest (ALC) to the anterior ethmoidal
foramen (AEF) and from optic canal (OC) to the
posterior ethmoidal foramen (PEF). The accessory
middle ethmoidal foramen was traced out on both
the sides carefully using the magnifying glass, if
found the distance between ALC to middle
ethmoidal foramen (MEF) as well as OC to MEF
[5]
was measured
(Figure 1). The measurements
were tabulated and Mean, SEM, SD were
calculated and statistical analysis was done using
SPSS software.

AIM
To determine the distances of the ethmoidal
foramina from the midpoint of anterior lacrimal
crest and optic canal.To trace out the accessory
ethmoidal foramina in the medial wall of orbit and
its distance from anterior lacrimal crest and optic
canal.
MATERIALS AND METHODS
This study was carried out on 200 South Indian dry
human skulls which were collected from the
Department of Anatomy, VMKV Medical College
and Penang International Dental College, Salem.
The study was approved by Institutional ethical
committee of VMKV Medical College
(VMKVMC/IEC/13/04). The location, number,
presence or absence of the ethmoidal foramina and
also the optic canal were observed on both the
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Figure 1 : Orbit Showing Ethmoidal Foramina
ALC- Anterior Lacrimal crest, OC- Optic canal, AEC
Anterior ethmoidal foramen, PEC- Posterior ethmoidal
foramen, MEC- Middle ethmoidal foramen

RESULTS
The measurements between the ALC, AEF,
PEF, OC and accessory middle ethmoidal foramen
are tabulated (Table 1 & 2) from which both sides
were compared. The gross symmetry between the
right and left ethmoidal foramen were also
observed from the table.
Table 1: Morphometry of anterior and
posterior ethmoidal foramina
Side
Right side

Left side

Measurements
ALC to OC

4.71 ± 0.04*

SD
0.285

Range
0.28

P value
0.01

ALC to AEF

2.85 ± 0.03*

0.303

0.26

0.01

OC to PEF

1.61 ± 0.03*

0.035

0.26

0.01

ALC to OC

4.43 ± 0.04

0.277

ALC to AEF

2.59 ± 0.04

0.304

OC to PEF

1.35 ± 0.03

0.259

Mean ± SEM (cm)

SEM- Standard error mean, SD- Standard Deviation, ALC Anterior lacrimal crest, OC - optic canal, AEF- Anterior
ethmoidal foramen, PEF- Posterior ethmoidal foramen,
Statistical analysis - Unpaired t test * - Statistical significance
P value 0.01.

Table 2: Morphometry of middle ethmoidal
foramina
Side
Right

Left

Skull
1
2
3
4
5
Mean
SD
Range
Percentage
1
2
3
4
Mean
SD
Range
Percentage

ALC to MEF (cm)
3.7
3.5
3.0
3.3
3.1
3.32
0.28
0.70
10%
3.4
3.3
3.4
3.2
3.34
0.09
0.19
8%

OC to MEF (cm)
2.1
1.6
2.1
1.4
1.9
1.82
0.31
0.70
2.4
2.5
1.7
2.9
2.4
0.49
1.2

SD- Standard Deviation, ALC- Anterior lacrimal crest, OCoptic canal, MEF- Middle ethmoidal foramen
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DISCUSSION
The anterior and posterior ethmoidal nerves
are the branches of nasociliary nerve that pass
through the respective foramen and supply the
mucosa of the nasal cavity. The anterior and
posterior ethmoidal arteries are the branches of
ophthalmic artery and supply the anterior, middle
and posterior sinuses along the lateral wall of nose
and nasal septum.[1] In a study done on 62 orbits of
the male skull, the midpoint of the anterior lacrimal
crest was taken as the reference point. From this
point, the distance was measured to the AEF, the
PEF, the midpoint of the optic canal and the
posterior lacrimal crest, which were 23.9-3.3mm,
35.6-2.3mm, 41.7-3.1 mm and 6.9-1.5 mm
[6]
respectively. A study was carried out on 20 dry
human skulls and it was observed that all the skulls
had AEF and that in 2% of the skulls, the AEF was
present on only one side. The PEF was present
bilaterally in all the skulls and in 19% of the skulls,
[7]
the PEF was multiple. In a study conducted in
Thai subjects, the mean distances from the anterior
lacrimal crest to the optic canal, anterior, and
posterior ethmoidal foramina were 42.2, 23.5, and
36 mm for both sides and genders, respectively. [8] In
another study the distance between the AEF to PEF
ranged from 3-18mm and the distance between
PEF to optic canal ranged between 2-18 mm. [1] A
study was done on 47 orbits and analyzed that the
average distances from the anterior lacrimal crest to
AEF, PEF and OC were 25.61 mm, 36.09 mm, and
43.77 mm. The average distance between the AEF
to first PEF, last PEF, and optic canal were
13.88mm, 16.60 mm and 21.65 mm respectively.
The average distances from the first and last PEF to
the optic canal were 11.63mm and 7.25 mm
respectively. They found that the distance between
the PEF to the OC is more than double the distance
quoted in the surgical literature. [9]
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The study on the orbits showed 38.67% of
accessory ethmoidal foramina were present on
right side and 48.38% were on the left side.
Accessory foramina were less in number in males
than in females. [10] In a study done on 54 orbits the
mean distances from anterior lacrimal crest to
anterior and posterior ethmoidal foramina and the
optic canal were 19.6 mm, 33.5mm, and 41.9 mm
respectively. [8] In another study among 84 orbits, he
found accessory ethmoidal foramina in 32 orbits,
one accessory foramen was identified in 30 orbits,
and 2 foramina in 2 orbits. [11] In a study of 249 orbits
in dry human skulls, the distances between ALC to
AEF, AEF to PEF, and PEF to OC in Greek
population was 23-10-4 mm. A variation in the
number of ethmoidal foramina was found, ranging
from 1 to 6. A significant gender difference was
observed for ALC-AEF in males (20.67-26.39)
versus females (18.79- 26.23). [6]
In the present study the ALC to OC, ALC to
AEF and PEF to OC were within the same range on
both the sides only with a slight variation. The
average distance from the anterior lacrimal crest
(ALC) to optic canal (OC) was (4.71±0.04 &
4.43±0.04) on right and left side, ALC to anterior
ethmoidal foramen (AEF) distance (2.85±0.03 &
2.59±0.04) on right and left side, OC to posterior
ethmoidal foramen (PEF) distance (1.61±0.03 &
1.35±0.03) on right and left side (Table 1). Some
accessory middle foramina were also found
inbetween the AEF and PEF in 5 skulls on right side
orbit (n = 200) (10%) whereas on left side orbit only
4 skulls showed accessory middle ethmoidal
foarmen (n = 200) (8%) (Table 2). The mean
average distance from ALC to Middle ethmoidal
foramen (MEF) was 3.32cm and 1.82 cm from OC
to MEF on right side whereas 3.2cm from ALC to
MEF and 2.4cm from OC to MEF on left side
(Table 2).
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CONCLUSION
The distance between the posterior
ethmoidal foramen and optic canal is more than
double the distance quoted in the surgical literature.
This is due to a high incidence of ethmoidal
foramina variation. Surgeons operating on the
medial orbital wall must be aware of these
variations as they are a source of haemorrhage and
act as landmarks of proximity to the optic canal.
The results of the study may help the surgeons to
ensure the safe and precise performance of medial
orbital wall surgeries to avoid injuries to ethmoidal
nerves and hemorrhage of ethmoidal arteries. The
presence of middle ethmoidal foramen must be also
taken into consideration at the time of orbital
surgeries.
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