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ABSTRACT
Precise localization of the orbital
bony anatomy is very important for
successful operative results in orbital
and maxillofacial surgeries. This study
was constructed to decrease the risks
in operation in this region.

Orbits of both sides of seventy-six
skulls of both sexes were subjected to
different measurements using Vernier
calipers. On the lateral wall, the mean
distances between the frontozygomat-
ic suture and the midpoint of lacrimal
groove, lateral margin of optic fora-
men, inferior orbital fissure, midpoint
of fossa for lacrimal gland and fronto-
maxillary suture were 41.1 mm, 50.4
mm, 34.6 mm, 16.1 mm and 39.5 mm
respectively. On the medial wall, the
mean distances between the midpoint
of anterior lacrimal crest and the ante-
rior ethmoidal foramen, posterior eth-
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moidal foramen, midpoint of optic fo-
ramen and posterior lacrimal crest
were 25.5 mm, 37.4 mm, 47 mm and
8.5 mm respectively. On the same
wall, the distance between plane of
anterior-posterior ethmoidal foramina
to the ethmoido-maxillary suture was
14.2 mm. The mean distances be-
tween each of the posterior and ante-
rior ethmoidal foramina and posterior
end of optic canal were 16.4 mm and
29.2 mm respectively. In 25.6% of or-
bits, a third foramen was found be-
tween the anterior and posterior eth-
moidal foramina On the superior wall,
the distances between the supraorbi-
tal notch/foramen and the midpoint of
Superior orbital fissure, midpoint of
lacrimal groove, superior margin of
optic foramen, midpoint between su-
perior orbital fissure and posterior eth-
moidal foramen, midpoint of fossa for
lacrimal gland, midline and nasion
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were 49 mm, 29.8 mm, 47.5 mm, 43.4
mm, 24.5 mm, 24 mm, and 23.8 mm
respectively. On the inferior orbital
wall, the distances between the infra-
orbital foramen and inferior end of lac-
rimal groove, inferior orbital rim, mid-
point of superior orbital fissure,
anterior nasal spine, midline, lateral
end of fossa for lacrimal gland, fronto-
zygomatic suture, inferior margin of
optic foramen and inferior orbital fis-
sure (at the end of infraorbital groove)
were 14.4 mm, 7.2 mm, 43.5 mm,
35.3 mm, 27.4 mm, 39.3 mm, 31.9
mm, 52.4 mm and 29.6 mm respec-
tively. The length of the infraorbital
groove was 11.4 mm. The distance
between the lateral margin of optic
canal and junction of middle and later-
al one-third of infraorbital rim was
52.6 mm.

The distribution of supraorbital
notch/foramen and frontal notch/
foramen were determined. The shape
of infraorbital foramen, presence of
accessory foramina and the relation
to the supraorbital notch/foramen and
maxillary teeth were discussed.

INTRODUCTION
The bony orbits, which contain the
eyeballs with their muscles, vessels
and nerves, are situated between the
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cranial and facial regions of the skull
(Williams et al 1995). The bony orbit
is frequently involved in fractures of
the upper facial skeleton as Le Fort
type Il and lll fractures that variously
cross the maxilla, nasal, Lacrimal,
ethmoid bones and medial wall of the
orbit (Dixon 1986). Fractures of the in-
ternal orbit are frequently approached
with a great deal trepidation. The rea-
son is usually a concern that the sur-
gery will iatrogenically cause blind-
ness because of injury to the optic
nerve (Converse et al 1967, Leder-
man 1981). When operating in or
around the orbit, the key to successful
result is precise anatomical localiza-
tion of vital orbital structures from reli-
able periorbital bony anatomy (Hwang
& Baik 1999). The rim of each orbit is
subcutaneous (Dixon 1986).
Anatomic measurements from fixed
points on the orbital rim were de-
scribed in some populations: in Indian
skulls (Rontal et al 1979), in Korean
skulls (Hwang & Baik 1999) and in
Caucasian skulls (Karakas et al
2002).

The infraorbital foramen is an im-
portant anatomic landmark for the oral
and maxillofacial surgeons for both
surgical and local anesthetic perspec-
tive (Aziz et al 2000). The injection of
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infraorbital nerve in the infraorbital ca-
nal gives full anesthesia to the anteri-
or superior dental nerve for major op-
erations of the anterior part of the
upper jaw (Triandafilidi et al 1990).
Previous works described the ana-
tomic characteristics of the infraorbital
foramen in various populations (Hindy
& Abdel-Raouf 1993, Aziz et al 2000
and Kazkayasi et al 2001). The loca-
tional relationship of the supraorbital
notch/foramen and infraorbital fora-
men was described in Koreans and
Americans (Chung et al 1995, Aziz et
al 2000).

The aim of this work is to deter-
mine the morphometric variations in
the bony orbit of Egyptian skulls to
decrease risks in orbital and maxillo-
facial surgeries.

MATERIALA AND METHODS

A. Materials :

Seventy-six human dry skulls from
the Anatomy department, Faculty of
Medicine, Mansoura University were
used in this study. With the exception
of two skulls younger than 25 years,
the other 74 skulls showed completely
ossified sphenooccipital suture. The
skulls were classified into two groups
according to sex (36 males and 40 fe-
males). The sex was determined de-

pending on the superciliary arch, emi-
nence of glabella, concavity of nasal
bones and size of mastoid process
(9,10,17).

B. Methods :

According to Rontal et al (1979)
and Karakas et al (2002), four easily
identified and readily accessible con-
stant structures on the rim were used
as reference points. From these refer-
ence points, the distances to different
intraorbital bony landmarks were
measured in mm using Vernier calip-
er. The measurements were consid-
ered to belong to one of the four walls
of the orbit according to the reference
point. The right and left orbits of each
skull were subjected to the following
measurements:

On the lateral wall of the orbit (Fig.
1)

The reference point was the fron-
tozygomatic suture at the orbital rim,
from which the distances were meas-
ured to:

A) Lacrimal groove mid point.

B) Lateral margin of optic foramen.

C) Inferior orbital fissure opposite the
end of the infraorbital groove.

D) Fossa for lacrimal gland mid point.

E) Frontomaxillary suture at the orbi-
tal rim.
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On the medial wall of the orbit
(Fig. 2) :

The reference point was the mid-
point of anterior lacrimal crest, from
which distances were measured to:

A) Anterior ethmoidal foramen.
B) Posterior ethmoidal foramen.
C) Optic foramen midpoint.

D) Posterior lacrimal crest.

On the same wall, the following
distances were also measured:

E) The distance between plane of an-
terior to posterior ethmoidal fora-
mina and ethmoido-maxillary su-
ture.

F) The distance between posterior
ethmoidal foramen and posterior
end of optic canal.

G) The distance between anterior eth-
moidal foramen and posterior end
of optic canal (Fig.1).

The distance between anterior and
posterior ethmoidal foramina and the
distance between posterior ethmoidal
foramen and midpoint of opening of
optic canal were calculated.

Some skulls had three ethmoidal
foramina, so we also measured the
distance of the middle one to the an-
terior lacrimal crest and to the posteri-
or end of optic canal.
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On the superior wall of the orbit
(Fig. 3) :

The reference point was the su-
praorbital notch/foramen, from which
the distances were measured to:

A) Superior orbital fissure mid point.

B) Lacrimal groove (midpoint).

C) Superior margin of optic foramen.

D) Mid point between superior orbital
fissure and posterior ethmoidal fo-
ramen.

E) Fossa for lacrimal gland (mid
point).

F) Midline (The perpendicular dis-
tance to a vertical line passing
through the nasion and anterior
nasal spine).

G) Nasion.

When a frontal notch/foramen was

present, the distance between it and
the nasion was measured.

The presence of supraorbital and
frontal notches and/or foramina on
both sides was determined (Fig.6-11
and tables 5,6).

On the inferior wall of the orbit
(Fig. 4) :

The reference point was the infra-
orbital foramen, from which the dis-
tances were measured to :

A) Lacrimal groove inferior end.
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B) Inferior orbital rim (vertical dis-
tance).

C) Supra-orbital foramen.

D) Anterior nasal spine.

E) Midline (The perpendicular dis-
tance to a vertical line passing
through the nasion and anterior
nasal spine).

F) Lateral end of fossa for lacrimal
gland.

G) frontozygomatic suture.

H) Inferior margin of optic foramen.

). Inferior orbital fissure at the infraor-
bital groove (infraorbital canal +
groove).

Other measurements :

The length of infraorbital groove
was measured and the length of the
infraorbital canal was calculated.

The distance between the lateral
margin of optic foramen and junction
of the middle and lateral one third of
inferior orbital rim was also measured.

The infraorbital foramen :

The foramen was examined for its
shape, presence of accessory forami-
na and its relation to the maxillary
teeth.

C. Statistical analysis:
For all the measurements, the
mean, standard deviation (SD) and

range were calculated using Microsoft
Excel. The student-t test for paired
variable was applied to detect any
statistically significant difference be-
tween males and females and right
and left orbits.

RESULTS

Measurements obtained from the
orbits of 76 skulls are shown in
Tables 1-8. The student t-test re-
vealed that, in most cases, there was
no statistically significant difference
between male and female orbits.
However, a statistically significant dif-
ference between males and females
was noticed in the distance between
supraorbital notch/foramen and su-
perior orbital fissure (P = .000 on the
right, P = .046 on the left). Also, the
distance of the inferior orbital foramen
to the midline and to the anterior na-
sal spine showed statistically signifi-
cant difference between males and
females (P = .004 and .001 on the
right, P = .004 and .002 on the left re-
spectively). There was no statistical-
ly significant difference between right
and left side.

The measurements of the lateral
wall are listed in Table 1. The average
distance from the frontozygomatic
suture to the lateral aspect of optic
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foramen was 50.4 mm with a range
of 40.2 - 58.3 mm. The distances
between both the Frontomaxillary
suture, the midpoint of lacrimal
groove and frontozygomatic suture
were very close.

The measurements of the medial
wall are presented in tables 2 and 3.
A middle ethmoidal foramen was
present in 28% of male skulls (23.5%
on the right side and 32.4% on the
left side) and 22.7% of female skulls
(18.6% on the right side and 26.8%
on the left side). The average position
of the posterior ethmoidal foramen
in relation to the anterior lacrimal
crest and optic canal was the same
whether the skull had two or three
faramina. The posterior ethmoidal
foramen was absent on one side of
two skulls (1.3%). The mean distance
between anterior and posterior eth-
moidal foramina was 12 mm #2.9
(3.8-20.3 mm) on the right side and
11.4 mm %3.1 (5.5-18.8 mm) on the
left side. The distance between poste-
rior ethmoidal foramen and midpoint
of optic canal was 9.8 mm +2.1 (5.8-
15.9) on the right side and 10.1 mm
+2.7 (3.3-16.3 mm) on the left side.
The optic canal was about 6.2 mm
long (right side) and 6.6 mm long
(left side).
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The superior wall measurements are

shown in table 4. The mean distances
between supraorbital notch/foramen
and the superior aspect of the optic
foramen (47.5 mm), and midpoint of
superior orbital fissure (49.1 mm)
were very close to each other. On the
same wall, the mean distances be-
tween the supraorbital notch/foramen
and the midline (23.9 mm), nasion
(23.7 mm) and mid point of fossa for
lacrimal gland (24.5 mm) were also
very approximate.

The inferior wall measurements
are seen in table 7. The inferior
aspect of the optic foramen was 52.4
mm (range 44-58.5 mm). The
distances between the four main
reference points (anterior lacrimal
crest, frontozygomatic suture, supo-
raorbital notch/foramen and infraor-
bital foramen) and the optic canal
were very close. The infraorbital
groove was seen in all orbits, but was
as short as 4 mm in 4 skulls. A
complete roof of the infraorbital
canal was always present although
deficient in the middle sometimes.
The proportional length of the canal
and groove varied widely among
orbits. The infraorbital foramen was
on average 7.2 mm caudal to the
inferior orbital rim, and 27.4 mm ~
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lateral to the midline. The mean dis-
tance between the lateral margin of
optic canal and the junction of the
middle and lateral one-third of inferior
orbital rim was 52.6 mm.

Supraorbital notch/foramen and
frontal notch/foramen :

Frontal notch/foramen could not
be identified in some skulls (72
sides) and only one supraorbital notch
(Fig.1) or foramen (Fig.10) could be
seen. The supraorbital notch was
very shallow in some instances. In
17.1% (right side) and 18.4% (left
side) of all skulls, the transverse
diameter of the supraorbital notches
was more than 5mm and we de-
scribed them as wide notches (Fig.6).
In° about 16.7%-17.5% the supraor-
bital and frontal notches were so
close and appeared as two fused
notches separated by bony projection
cr faint ridge (Fig.7). The incidence of
supraorbital foramen ranged from
22.2%-25% according to the side and
gender. The incidence of frontal notch
was 51.3% of all orbits. While that of
the frontal foramen did not exceed
2.8% (in males) with an average of
2% of all orbits. The distribution of
symmetrical notches and/or foramina
in orbits of both sides of skull is
shown in Table 6.

Infraorbital foramen (IOF) :

Examination of the 152 sides of
the 76 skulls revealed that the IOF
was single in 139 sides and double
(Fig.17) in eight sides (5.3%) but the
accessory foramen was usually small.
Two skulls (3%) had double foramina
on both sides. One skull had three
foramina (Fig.18) on the right side
(0.7%) with two of them were small. In
some skulls, one or more small fora-
mina were found on the frontal pro-
cess of maxilla. The shape of the fo-
ramen was oval in 95 sides (62.5%)
(7 horizontally oval, 15 vertically oval
and the rest were oblique) (Fig.12-
14). It was round in 50 (32.9%)
(Fig.15), and in 7 sides (4.6%) a small
bony projection from its superolateral
margin was noticed (Fig.16) or it ap-
peared pear-shaped as if a smaller fo-
ramen has fused with the principal
one. It had a sharp superolateral mar-
gin and a sloping inferomedial margin
in most cases. In some cases the
sharp margin was superiorly or later-
ally only.

Relation of the infraorbital foramen
to the maxillary teeth :

The foramen was on the same
vertical plane of the second premolar
tooth in 74, between the first and sec-
ond premolar in 15, opposite the first
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premolar in 8 and just behind the sec-
ond premolar in 9 sides. Thirty per
cent of the skulls were edentulous
with smooth alveolar margin and the
relation to the premolar teeth could
not be determined.

Relation of the infraorbital foramen
and supraorbital notch/ foramen :

The centers of the supraorbital
notch/foramen and infraorbital fora-
men were located in the same vertical
plane in 16.5% (19.7% right side and
13.2% left side) of all skulls. The infra-

MORPHOMETRIC MEASUREMENTS OF THE BONY etc.

orbital foramen was lateral to the su-
praorbital notch/foramen in 73.6%
(69.7% right side and 77.6% left side).
In 27.6% of cases the vertical plane
through the infraorbital foramen was
less than 4 mm lateral to the supraor-
bital notch/foramen. In 46% of cases
it was more than 4 mm laterally. The
lateral displacement reached 19.2
mm in one skull. In 9.9% (10.6% on
the right and 9.2% on the left) the in-
fraorbital foramen was medial to the
supraorbital notch/foramen. The larg-
est medial displacement was 7.2 mm.

Table l Measurements of the lateral wall of the orbit

Right Left
3 3 3Q 3 2 L
A Mean + SD 41.5£1.6 40.7+2.1 41.1£1.9 41.6+2.2 40.5£3.2 41.1£2.8
nge 3845.2 36.2-45.5 36.2-45.5 37.4-485 35.7-50.6 357-506
B Mean £ SD 50.5£2.6 50.1x3 50.3x2.3 50.62.4 50.3%£3.4 50.5%2.9
Range 46-56.5 44.3-575 443-575 453-55 40.2-583 40.2-583
G Mean £ SD 35.6£2.7 349430 35.2229 34.7+4.1 33.5+4.2 34+4.2
Range 29.5-42 29.8-45.2 29.5-455, 27.6-30 24.4-454 244-30
D Mean £ SD 16.9:1.8 16.0+2.1 16.4+2 16.5£2.6 15.3x1.9 15.8+2.4
Range 12.3-20 10.1-19.8 10.1-20 10.2-23.5 12-19.5 10.2-23.5
E Mean = SD 40.3£2.6 39.1x2.1 39.622.4 39.9+£2.3 39+£25 39.4+2.4
Range 342-453 33.9-438 33.9-453 342-45 33.9-48 33.9-48

Measurements in mm of the distances between frontozygomatic suture and:

A. Lacrimal groove mid point.
B. Lateral margin of optic foramen.

C. Inferior orbital fissure (opposite the end of the infraorbital groove).

D. Fossa for lacrimal gland mid point.
E. Frontomaxillary suture.
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Table 2. Measurements of the medial wall of the orbit

Right Let
é Q 3+Q 3 2+0Q
A MoanzSD 255336 25283 54829 261522 256627
Range 20.7-33.6  19.2-329 19.2-33.6 21.4-30.6 14.7-31.5
B Mean:SD  388:3.1 36483 373434 37.9:22 36.742.8
Range 32.1-48 30.842 30.8-48 31.242 29.242
C MeanSD 478512 466423 471425  47.426 469428
Range 42553 42-507 42-53  413-538 37.2-53.8
D Men£SD 86523  80:12 85412  9+12 85413
Range TAtil A3m smma nn 5-12
E  MeanSD 145337 139421 141422 157424 14.952.5
Range 112-20.1 10-182  10-20.1  11.5-21 421
F  Mean:SD 15632 162426 1628 158434 16.743.3
Range 105224 11222 10522 11222 11-23.9
G MeanSD  29.9:36 285534 291435  29.8:40 293434
Range 244-387 203-338 203-387 21.6-422 216-42.2

Measurements in mm of the distances between:

moOwy

suture.’

oOm

. Anterior lacrimal crest and anterior ethmoidal foramen.
. Anterior lacrimal crest and posterior ethmoidal foramen.
- Anterior lacrimal crest and optic foramen midpoint.

. Anterior lacrimal crest and posterior lacrimal crest.

- Plane of anterior to posterior ethmoidal foramina and ethmoido-maxillary

- Posterior ethmoidal foramen and posterior end of optic canal.
- Anterior ethmoidal foramen and posterior end of optic canal.

Table 3. Measurements of the medial wall of orbits with three ethmoidal

foramina

Right Left

3 9 &2, ¢ E 39
Mean = SD 34.0+2.2  33.4224  33.7+2.1  34.123.8  333.7 33.6£3.7
Range 31.4-37.8 3138 31-38 27.6-39.8 2337 23-39.8
Mean + SD 392427  37.6£2.0 38323  39.5x28  37.6¢1.6  38.6:2.5
Range 383+23  34.640.6 34.645 35.3-44.8 35240 35.244.8
Mean + SD 20.9£1.7  19.233  19.4%26  21.7+29  19.642.2  20.7+2.8
Range 17.5-23 14.8-24 14.8-24 16.1-26 16.5-24.1  16.1-26
Mean = SD 15+1.9 156434 151228 16225 151228 15.5£2.6
Range 12.2-16.7  10.8-22 10.8-22 10.8-19.2  10.4-20 10.4-20

Measurements in mm of the distances between:

A.

B.
c.
D.

Anterior lacrimal crest and the middle ethmoidal foramen.
Anfterior lacrimal crest and the posterior ethmoidal foramen.
Middle ethmoidal foramen and posterior end of optic canal, -
Posterior ethmoidal foramen and posterior end of optic canal.
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Table 4. Measurements of the superior wall of the orbit

Right Left
) ¥ 3+Q é 2 d+2
A Mean = SD $0.7+2.5 48323 49.4£3.0 49.4£3.3 48.0£26  43.7=30
Range 44.9-56.1 41.6-56.2 41.6-562 41.8-56.7 41.5-352.8 J1.5-36.7
B Mean £ SD 30.5£2.8 29.1:2.9 29.8429  30.433. 29.3£29  2938:30
Range 24.6-36.4 21.9-35 21.9-364 22.,6-37 23.2-37 22.6-37
C Mean = 5D 48.5¢3.5 46.7£3.8  47.6x3.7  48.0:29 46.9+3.0 47423.0
Range 42-58 38-55.6 38- 58 41.5-548 4145235 41.4-548
D Mean = SD 45.1£3.0 436238 44.3x35  43.8229 413428 42.5:3.1
Range 39.6- 50.6 34.3-52.7 34.8-52.7 38-493 34- 46.6 34-498
E Mean = SD 24.622.9 243234 24.543.2 24.4222 24.3£2.7 244223
‘Range 17.6-30.8 14.9-33 14.9-33 20.7-28.3 159-303 15.9-303
F Mean = SD 24.7£3.7 23.7£28 24.2+33 23946 23.2£3.1 23.523.1
Range 18.2-33.8 186-31.4 182-338 189-31.7 183-293 183-3L7
G Mean = SD 245538 234233 239536 246246 2 22.7%29  23.623.9
Range 20.3-35.7 17.5-31.6 17.5-35.7 13.8-38.4 17.7-32 17.7-38.4
H Mean = SD 17.5+3.3 1723 17.282.8 | 18.13.8 16.7£2.6 17.4£3.3
Range 12.7-24 11.3-21.2  11.3-24 12.8-27.3 12.1-21.8 121273

Measurements in mm of the distances between supraorbital notch/foramen and:
A. Superior orbital fissure mid point.
B. Lacrimal groove (midpoint).
C. Superior margin of optic foramen.
D. Mid point between superior orbital fissure and posterior ethmoidal foramen.
E. Fossa for Lacrimal gland (mid point).

F. Midline.
G. Nasion.

Note: H. Distance between frontal notch/foramen and nasion.

Table 5. Distribution of supraorbital and frontal notches (N) or foramina (F) in
76 human skulls and their percentages

Right Left

z 2 He— 3 2 ERE

Skull (%)  Skull (%)  Skull (%) Skull(%)  Skull (%)  Skull (%)
A 8 (222%) 1l (27.3%) 19 (25%) 5 (139%) 13 (32.5%) 18 (23.7%
B 3 (222%) S5 (125%) 13 (17.1%) 8 (222%) 6 (15%) 14 (18.4%)
C 6 (16.7%) 7 (17.3%) 13 (17.1%) 6 (16.7%) 7 (17.5%) 13 (17.1%
D 6 (167%) 7 (17.5%) 13 (17.1%) 8 (222%) 35 (12.3%) 13 (17.1%)
E 3‘ (8.3%) 1 (2.5%) 4 (5.3%) 3 (8.3%) 1 (2.5%) 4 (55%)
F 1 (2.8%) 1 (2.5%) 2 (2.6%) 1 (2.8%) (0%) 1 (1.3%)
G 4 ¢11.1%) 3 (20%) 12 (159%) 5 (139%) 3§ (20%) 13 (17.1%)

A. Single supraorbital notch.
B. Single wide supraorbital notch.
C. Two fused supraorbital and frontal notches.
D. Single supraorbital and single frontal notch.

E. Single supraorbital foramen.

F. Single supraorbital and single frontal foramina.
G. Single supraorbital foramen and single frontal notch.
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Table 6. Distribution of symmetrical
supraorbital and frontal notches
or foramina on both sides

3 ? 3+2
Skull (%) Skull (%) Skull (%)

A 3 (83%) 6 (15%) 9 (11.8%)
B 8 (222%) 3 (735%) 11 (14.5%)
c 1 (27%) 4 (10%) 5 (6.6%)
D 2 (56%) 2 (3%) 4 (5.3%)
E 1 27%) - (0%) 1 (1.3%)
F 1 (2.7%) - (0%) 1 (1.3%)
G 2 (5.6%) 5 (125%) 7 (9.2%)
A. Single supraorbital notch.
B. Single wide supraorbital notch.
C. Two fused supraorbital and frontal notches.
D. Single supraorbital and single frontal notch. |
E. Single supraorbital foramen. :
F. Single supraorbital and single frontal foramina.
G. Single supraorbital foramen and single frontal notch.
Table 7. Measarements of the inferior wall of the orbit
Right Left
& z ot E z g+
A Mean = SD 14.943.0 14.2226 14.522.8 146225 13.9£2.6 142226
Range 8.7-234 87-183 &7-234 9% 19.6 72-193 72-19.6
B .Man:5D 13622 Tizl3 73218 T5=z1.3 6.9x1.6 Li=l.7?
Range 33137 494 1137 4105 33113 105-113
C  Mean=SD 43436 2629 43403) 284 43508 43538
Range 382-53.7 38511 383537 313-574 386544 386 44
D MemsSD 370526 35202 36125 IT7635  3535a27  36s5a3s
Range ISR BTN BT 6496 02413 302-495
E MansSD 279824 264822 270524 286252 267825 T.6m3
Range 4339 631 D639 44386 2SITE 215386
F Mean = SD 399431 339522  39.4427 3194227 390226 227
Range 3448 M- 455 3448 345-45 354-481 343-131
G Mean £ SD 3825 369216  37.5222 379220 311207 315219
Range 306423 34404 30.6-2.3 332413 331406 331913
H Mean £ SD 52921 514226 513224 53214 51.522.6 52.5=25
Range 48.3-57 45.3-56.5 53224 48-58.3 44361 -85
[ Mem=SD  j02s36 292027 297832 297435 29426 295510
Range 246371 2839 . 2439 2838 252336 2338
I Mean = SD 10.9£3.7 10.9¢4.7 1092422 12224 11.824.6 118246
Range 4478 523 a3 45132 e 424
Maa=SD S350 518:25  S26e)  S50x30  S1is23  S2ean
45.7-60.3  46.3-53 45.7-60.3 476-626 47-578 47-62.6
Measurements in mm of the di berween infraorbital fos and:
A. Lacrimal groove inferior end.
B. Inferior orbital rim.
C. Supra-orbital notchv/foramen.
D. Anterior nasal spine.
E. Midlige.
F. Lateral end of fossa for lacrimal gland.
G. Frontozygomatic suture.
H. Inferior margin of optic foramen.
I Inferior orbital fissure (infraorbital canal ~ groove).

Note: J. Length of infraorbital groove.
K. Dmebawmlmﬂwofmwbmmwmnardn
middle and lateral one third of inferior orbital rim.
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Table 8. Comparison of vertical planes between infraorbital and supraorbital foramina

Right Left

g z 3+3 3 2 S+%

Skuil (%) Skull (%) Skull (%) Skull (%) Skull (%) Skull (%)
A 8 (22.2%) 7 (17.5%) 13 (19.7%) 1 (2.8%) 9 (22.5%) 10 (13.2%)
B 9 (25%) 12 (30%) 21 (27.6%) 14 (38.9%) 7 (17.5%) 21 (27.6%)
c 16 (44.4%) 16 (40%) 32 (42.1%) 18 (50%) 20 (50%) 38 (50%)
D 0 (0%) 4 (10%) 4 (53%) 3 (83%) 1 (2.5%) 4 (5.3%)
E 3 (8.3%) 1 (2.5%) 4 (53%) 0 (0%) 3 (7.5%) 3 (3.9%)

A. The centers of the infraorbital foramen and supraorbital notch/foramen
were in the same vertical plane.

B. The infraorbital foramen was < 4 mm lateral to the vertical plane through
the center of supraorbital notch/foramen.

C. The infraorbital foramen was > 4 mm lateral to the vertical plane through
the center of supraorbital notch/foramen.

D. The infraorbital foramen was < 4 mm medial to the vertical plane through
the center of supraorbital notch/foramen.

E. The infraorbital foramen was > 4 mm medial to the vertical plane through
the center of supraorbital notch/foramen.

Fig (1) : A photomicrograph (a) and a diagram (b) of the orbit showing the dis-
tances (represented by lines) measured on the lateral wall between
frontozygomatic suture (diamond arrow) and :

A) Lacrimal groove mid point.

B) Lateral margin of optic foramen.

C) Inferior orbital fissure opposite the infraorbital groove.

D) Fossa for lacrimal gland mid point.

E) Fronto-maxillary suture (arrow).
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Fig (2) : A photomicrograph (a) and a diagram (b,c) of the orbit showing the dis-
tances measured on the medial wall between :

A)Anterior lacrimal crest and anterior ethmoidal forament.

B) Anterior lacrimal crest and posterior ethmoidal foramen.

C) Anterior lacrimal crest and optic foramen midpoint.

D) Anterior lacrimal crest and posterior lacrimal crest.

E) Plane of anterior to posterior ethmoidal foramina and Ethmoido-maxillary
suture.

F) Posterior ethmoidal foramen and posterior end of optic canal.

G) Anterior ethmoidal foramen and posterior end of optic canal.
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Fig (3) : A photomicrograph (a) and a diagram (b) of the orbit showing the dis-
tances measured on the superiorl wall (roof) between supraorbital
notch and :

A) Superior orbital fissure mid point.

B) Lacrimal groove (midpoint).

C) Superior margin of optic foramen.

D) Midpoint between superior orbital fissure and posterior ethmoidai foramen
(arrow) .

E) Fossa for lacrimal giand (mid point).

F) Midline.

@) Nasion.

Vol. 35, No. 3 & 4 July., & Oct, 2004



Mona Elshahat et al .... 63

Fig (4) : A photomicrograph (a) and a diagram (b,c) of the orbit showing the dis-
tances measured on the inferior wall (floor) between infraorbital fora-
men and :

A) Lacrimal groove inferior end.

B) Inferior orbital rim.

C) Supra-orbital notch.

D) Anterior nasal spine .

E) Midline.

F) Lateral end of fossa for lacrimal gland.

G) Frontozygomatic suture.

H) Inferior aspect of optis foramen.

I) Note : Inferior orbital fissure at the infraorbital groove.

J) Distance between lateral margin of optic canal and junction of the middie and

lateral one third of inferior orbital rim.
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Fig (5) : A photomicrograph of a magnified medial orbital wall showing three eth-
moidal foramiina. Note arrow pointing to middle ethmoidal foramen .

Fig (6) : A photomicrograph of the superior orbital margin showing a single wide
supraorbital notch (arrowhead).

Fig (7) : A photomicrograph of the superior orbital margin showing fused su-
praorbital & frontal notches (arrowheads).

Fig (8) : A photomicrograph of the superior orbital margin showing supraorbital
(arrowhead) and frontal notches (arrow).

Fig (9) : A photomicrograph of the superior orbital margin showing single su-
praorbital foramen (arrowheads).
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Fig (10) : A photomicrograph of the superior orbital margin showing a supraorbi-
tal foramen (arrowhead) and a frontal notch (arrow) .

Fig (11) : A photomicrograph of the superior orbital margin showing supraorbital
(arrowhead) and frontal (arrow) foramina.

Fig (12) : A photomicrograph of the inferior orbital margin showing an oval infra-
orbital foramen with a vertical long axis (arrowhead) .

Fig (13) : A photomicrograph of the inferior orbital margin showing an oval infra-
orbital foramen with a horizontal long axis (arrowhead).

Fig (14) : A photomicrograph of the inferior orbital margin showing an oval infra-
orbital foramen with an oblique long axis (arrowhead).
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Fig (15) : A photomicrograph of the inferior orbital margin showing a round infra-
orbital foramen (arrowhead) .

Fig (16) : A photomicrograph of the inferior margin showing an infraorbital fora-
men with a bony projection on the upper margins (arrowhead) .

Fig (17) : A photomicrograph of the inferior orbital margin showing an one small
accessory infraorbital foramen (arrowhead) .

Fig (18) : A photomicrograph of the inferior orbital margin showing two small
accessory infraorbital foramina (arrowheads) close to the large round
main foramen (arrowhead).
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DISCUSSION

The skull is probably the second
best region of the skeleton to deter-
mine the sex (Bass 1971). Krogman
and iscan (1986) stated that determi-
nation of sex, age and race, with lev-
els of reliability of 92% was possible
when using the skull alone. Some in-
dicators such as superciliary arch,
size of mastoid process, shape of su-
praorbital margin and nuchal cresting
were used to define sex (Konigsberg
& Hens 1998). Funayama et al (1986)
stated that in males the eminence of
the glabella and nasal concavity de-
velop much more markedly than in fe-
males, presenting a clear skeletal dif-
ference between both sexes. De
Paiva and Segre (2003) showed that
the triangle area measurement de-
marcated through the xerographic
projection of craniometrical points re-
lated to the mastoid process is useful
in the sexing of skulls with the total
surface area of male more than that
of largest female .For sex determina-
tion, the present study used the su-
perciliary arch, the eminence of gla-
bella, nasal concavity and mastoid
process to classify the skulls into
male and female ones.

Internal orbital surgery requires
precise knowledge of anatomical lo-

calization of orbital structures. It has
been reported that direct intraopera-
tive iatrogenic optic nerve damage is
possible (Stankiewicz 1989). To trau-
matize the optic nerve during dissec-
tion, the clinician must first encounter
and disrupt the contents of the inferior
or superior orbital fissures, the origin
of levator palpebrae superioris or su-
perior oblique muscles, and the tendi-
nosus annulosus of Zinn (Danko &
Haug 1998). Numerous studies have
attempted to identify safe distances
from anatomic landmarks to serve as
clinical guidelines (Rontal et al 1979,
Mcqueen 1995, Danko & Haug 1998).

The anatomy of the medial wall is
important for successful results of
some orbital procedures such as eth-
moidal vessel ligation, medial wall
fractures, orbital decompression, eth-
moid sinus exenteration, transeth-
moidal sphenoidotomy and transeth-
moidal sphenoidal hypophysectomy
(Rontal et al 1979). The mean dis-
tances in 152 orbits between the mid-
point of anterior lacrimal crest and an-
terior ethmoidal foramen, posterior
ethmoidal foramen, optic canal mid-
point and posterior lacrimal crest in
the present results were 25.5 mm, 37
mm, 47 mm and 8.5 mm. Karakas et
al (2002) performed a similar study on
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62 orbits (31 male Caucasian skulls)
and found these distances as follows:
23.9 mm, 35.6 mm, 41.7 mm and
6.9mm. Rontal et al (1979) studied 48
orbits in 24 Indian skulls and arrived
at these mean values: 24mm, 36mm,
41mm and 7mm. Our results resem-
bles both studies except for the dis-
tance between anterior lacrimal crest
and midpoint of optic canal which is
slightly longer in the present study.
Also the mean value of the distance
between anterior and posterior eth-
moidal foramina was 12.5 mm while
that of Karakas et al (2002) was 9.8
mm. Hwang and Baik (1999) meas-
ured the distance between anterior
lacrimal crest and posterior ethmoidal
foramen in 82 orbits obtained from 41
Korean skulls. It was 31.7 mm, which
is slightly smaller than the present re-
sults and both Rontal et al (1979) and
Karakas et al (2002). Like Rontal et al
(1979) we found that the distance be-
tween posterior ethmoidal foramen
and optic nerve was not less than 3
mm. Thus surgical approach to this
artery must be done with great cau-
tion.

In 25.6% of all orbits, a third fora-
men was found between the anterior
and posterior ethmoidal foramina, but
the incidence on the left side (average

Vol. 35, No. 3 & 4 July., & Oct, 2004

29.6%) was greater than the right side
(average 21.5%) in both male and fe-
male skulls. This foramen was called
middle ethmoidal foramen (Williams
et al 1995) and was reported to occur
in 28% of skulls (Downie 1995). The
posterior ethmoidal foramen was ab-
sent in two orbits, which accounts for
nearly 1.3% of all orbits. The inci-
dence of its absence differed among
various population samples with the
highest incidence in the Mexican
sample (7.7% & , 16.7% % ) (Berry
1975).

The lateral wall of the orbit is the
site of lateral orbitotomy, which is
used for the removal of orbital tumors
and for orbital decompression. The
optic canal was located at about 50
mm from the frontozygomatic suture.
This is somewhat larger (5-8 mm)
than that reported by Rontal et al
(1979) and Karakas et al (2002). The
distance between the suture and in-
ferior orbital fissure was similar to that
of Karakas et al (2002) but larger than
that reported by Rontal et al (1979).

On the superior orbital wall, the
measurements from the supraorbital
notch/foramen to the superior orbital
fissure, superior aspect of optic canal
and midpoint of fossa for lacrimal
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gland were: 50.5 mm, 48.3 mm and
24.5 mm in males and 48.2 mm, 46.8
mm and 24.3 mm in females. Rontal
et al (1979) reported these measure-
ments to be 40 mm, 45mm and 32
mm in Indians, while Karakas et al
(2002) found them equal to 45.7 mm,
45.3 mm and 26.0 mm in Caucasians.
Using Korean adult skulls, Hwang and
Baik (1999) determined the distance
between supraorbital notch and su-
perior orbital fissure to be 40 mm.
This difference may be related to ra-
cial factors.

On the orbital floor, the distance
between infraorbital foramen and
inferior orbital fissure (length of the
infraorbital groove and canal) was
29.6 mm, which is similar to that
reported in previous studies (Hindy &
Abdel-Raouf 1993, Kaskayasi et al
2001, Karakas 2002), but slightly
different from the results of Hwang
and Baik (1999) and Rontal et al
(1979) who found it equal to 26.4 mm
and 24 mm respectively. Like Kas-
kayasi et al (2001), the present study
found variability in length of the canal
to groove. The optic canal was 52.4
mm from the infraorbital foramen,
which is slightly beyond what
found in Indian skulls (Rontal et al
1979).

In retrobulbar anesthesia, the needle
is directed towards the lateral margin
of optic canal from a point at the junc-
tion of the middle and lateral one-third
of inferior orbital rim. We found this
distance to be 52.6 mm on average
with a range of 45.7-62.6 mm. It is
slightly longer than that of Karampata-
kis et al (1998), which was 49.6 mm
with a range of 44-57 mm. Shallow or
deep orbits exist in both males and fe-
males but individuals with shallow or-
bits are obviously more susceptible to
optic nerve injury by retrobulbar
needle (Karampatakis et al 1998).

The supraorbital notch or foramen
lies at the junction of the rounded me-
dial one-third and the sharper lateral
two-thirds of the superior orbital rim
(Williams et al 1995). An additional,
more medial, notch or foramen has
been described in varying percentag-
es of skulls. It has been given the
name frontal notch or foramen
(Williams et al 1995). Webster et al
(1986) labeled the neural and vascu-
lar structures that emerge near the
roof of the nose as supratrochlear ar-
teries and nerves and the notches or
foramina (when present) through
which these pass as the supratroch-
lear notches or foramina. Previous
studies on the supraorbital notch/
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foramen showed that the incidence of
a notch ranged from 61.6%-78%,
while that of a foramen was 22%-
38.4% (Webster et al 1986, Chung et
al 1995, Aziz et al 2000, Saylam et al
2003). The present study showed
very close results. The presence of
frontal foramen was limited to 2% of
orbits which is similar to that reported
by Webster et al (1986) and Saylam
et al (2003). Berry (1975) listed the in-
cidence of frontal foramen in different
world regions and gave very different
results ranging from 15.5%-78%.

In exposing facial fractures for re-
duction and fixation with coronal, sub-
ciliary, subtarsal, and upper buccal
sulcus approaches, the supraorbital
and infraorbital nerves are susceptible
to injury. The location of the supraor-
bital and infraorbital nerves can be
predicted by palpating for the supraor-
bital notch. Significant edema as seen
with facial fractures can make these
prominent bony landmarks difficult to
palpate (Wilhemi et al 2003). So pre-
diction of the position of supra-orbital
notch/foramen and infraorbital fora-
men is of great importance. In this
study, the supraorbital notch or fora-
men was 23.9 mm from the midline,
aind almost the same from the nasion.
This is in agree with Cutright et al
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(2003), Chung et al (1995) and Say-
lam et al (2003) who found the dis-
tance to be: 25 mm, 22.7 mm and
25.2 mm respectively, but slightly
smaller than those of Beer et al
(1998) (31 mm) and Webster et al
(1986) (32 mm). The mean distance
of the frontal notch/foramen from the
nasion (17.3 mm) was less than that
reported by Beer et al (1998) which
was 25 mm. It was more close to the
average distance between the frontal
notch/foramen and midline found by
Saylam et al (2003) that was 20.2
mm. The supratrochlear notch/
foramen described by Webster et al
(1986) was 22.5 mm from the midline.

This study found that the average
distance between the infraorbital fora-
men and midline was 27.4 mm. There
was small but significant difference in
the foramen location between males
and females. This is similar to what
reported in other studies (Chung et al
1995, Aziz et al 2000, Cutright et al
2003) although Chung et al (1995) did
not find variation according to sex.
The average distance between infra-
orbital foramen and supraorbital
notch/foramen was 43.4 mm. Aziz et
al (2000) gave very close measure-
ments (42.6 mm) while that of Chung
et al (1995) gave slightly larger (45.6
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mm). The infraorbital foramen was lo-
cated lateral to the center of the su-
praorbital notch/ foramen in 73.6% of
cases, although the lateral deviation
was less than 4 mm in 27.6%. Chung
et al (1995) reported also predomi-
nance of lateral position of infraorbital
foramen (63.6%) but did not find any
case in which the infraorbital foramen
was medial to the supraorbital notch/
foramen. They attributed that to the
lateral extension of the zygomatic
arch in Korean people. Aziz et al
(2000) stated that the location of infra-
orbital foramen on the same vertical
plane as the supraorbital notch/
foramen accounted for 50% of the ca-
davers they studied.

The present study like that Hindy
and Abdel-raouf (1993); found that in
the majority of the skulls, the infraorbi-
tal foramen was in the same vertical
plane as the second premolar tooth.
Aziz et al (2000) said that the tooth
most commonly found in the same
vertical plane as the infraorbital fora-
men was the first premolar.

A wide range of values for the lo-
cation of infraorbital foramen in rela-
tion to the inferior orbital rim (2.5-15
mm) with an average of 6.1-9 mm has
been listed in literatures (Hindy &

Abdel-raouf 1993, Chung et al 1995,
Aziz et al 2000, Kaskayasi et al 2001,
Cutright et al 2003). This is also evi-
dent in our study.

The closest estimation of the
location of the infraorbital foramen
should be used when designing
access incisions to the orbital floor
and rim and planning regional nerve
blockade (Aziz et al 2000). Several
techniques have been suggested to
define this location: a) by a line
passing through the supraorbital
notch, the pupil of the eye, the infra-
orbital foramen and second bicuspid
tooth (Molliex et al 1996), b) by drop-
ping a vertical line from the palpable
supraorbital notch to about 10-15 mm
below the inferior orbital rim (Kleier et
al 1983, Scott 1989), c) by a point
medial to the upper nasolabial
groove, a few millimeters lateral to the
alar groove and 4-7 mm below the
inferior orbital rim (Zide & Swift 1998),
d) by a point in the same vertical
plane as the first premolar tooth, 24-
29 mm lateral to the facial midline and
about 8 mm below the infraorbital rim
(Aziz et al 2000). According to our
results, it will be more effective if
the first premolar is replaced by the
second premolar in the majority of
cases in which the infraorbital
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foramen is lateral to the supraorbital
notch/foramen.

On estimating the location of infra-
orbital foramen, accessory foramina
have to be taken in consideration.
Multiple ipsilateral infraorbital forami-
na were found in 6%, which is consis-
tent with Kaskayasi et al (2001).
Hindy and Abdel-Raof (1993) found
double foramina in 10% of the Egyp-
tian skulls. Berry (1975) noted inci-
dence of multiple foramina in 2-18%
of various world populations. It may
be astute for surgeons to recall that
multiple supernumerary foramina may
exist in a minority of patients, and in-
jury to any branch can result in a sen-
sory deficit (Aziz et al 2000).
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