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SUMMARY 
 
The present study aimed to measure the bony 

orbit in adult Egyptian skulls and to assess side 
and sex differences. 52 dry skulls (30 males and 
22 females) were used. The measurements includ-
ed orbital height, orbital breadth, orbital index, or-
bital rim perimeter, orbital opening area, orbital 
bony volume and the distances between the de-
fined landmarks and the fissures and foramina in 
the 4 orbital walls. Also, different shapes and loca-
tions of the inferior orbital fissure were assessed. 
The mean orbital height was 35.57 mm in males 
and 35.12 mm in females. The mean orbital 
breadth was 43.25 mm in males and 42.37 mm in 
females. The mean orbital index was 82.27 in 
males and 82.5 in females. The mean orbital rim 
perimeter was 12.60 cm in males and 12.28 cm in 
females. The mean orbital opening area was 12.08 
cm² in males and 11.71 cm² in females and the 
mean orbital volume was 28.75 ml in males and 
25.68 ml in females. In the superior wall, the mean 
distances from the supraorbital foramen to the su-
perior orbital fissure and to the optic canal were 
46.23 mm and 49.64 mm respectively in males 
and 45.26 mm and 48.16 mm in females. In the 
medial wall, the mean distances from the anterior 
lacrimal crest to the anterior ethmoidal foramen, to 
the posterior ethmoidal foramen, and to the optic 
canal were 26.76 mm, 35.39 mm, 47.25 mm re-
spectively in males and 26.17 mm, 35.26 mm, 
46.21 mm in females. In the inferior wall, the mean 
distances from the inferior orbital rim above the 
inferior orbital foramen to the inferior orbital fis-

sure, to the posterior margin of the inferior orbital 
canal, and to the optic canal were 24.62 mm, 
29.16 mm, 51.76 mm respectively in males and 
23.60 mm, 27.98 mm, 50.53 mm in females. In the 
lateral wall, the mean distances from the frontozy-
gomatic suture to the superior orbital fissure, to the 
inferior orbital fissure and to the optic canal were 
39.94 mm, 29.08 mm, 44.25 mm respectively in 
males and 39.12 mm, 27.32 mm, 43.58 mm in fe-
males. The inferior orbital fissure was located in 
the inferolateral quadrant of the orbit, and 5 differ-
ent types were observed in which the wide type 
was most frequent. Statistically significant side and 
sex differences were found. 

 
Key words: Morphometry – Orbit – Surgical anat-
omy 
 
 
INTRODUCTION 
 

The orbital cavity contains the visual apparatus 
(Williams et al., 1999), including the eye ball and 
associated muscles, vessels, nerves, lacrimal ap-
paratus, and fascial strata. The orbit is a craniofa-
cial structure that can be affected by a large num-
ber of congenital, traumatic, neoplastic, vascular 
and endocrine disorders. In these cases, the 
measurements of bony orbital volume (BOV) and a 
description of the orbital shape may have crucial 
clinical applications for estimating craniofacial 
asymmetry, the severity of the injury, and possible 
complications in preoperative planning and in post-
operative evaluation (Ji et al., 2010). The orbit may 
be exposed to many surgeries, such as orbital de-
compression, enucleation, exenteration, optic 
nerve decompression and vascular ligation. To 
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avoid injuries to the important structures in the or-
bit, mainly neurovascular bundles passing through 
various foramina and fissures, precise knowledge 
of the anatomy of these openings is very im-
portant. The existing data suggest that the loca-
tions of various foramina in the orbit vary in differ-
ent ancestral populations (Rontal et al., 1979; 
McQueen et al., 1995; Hwang and Baik, 1999; 
Karakas et al., 2002; Huanmanop et al., 2007). As 
no published data are currently available for Egyp-
tian populations, it is necessary to study the mor-
phometry of the orbit in these populations.  

The orbital approaches in orbital surgeries may 
be extra-orbital surgical approaches for orbital tu-
mors or trans-orbital surgical approaches (Matei 
and Stanila, 2012). Regarding the extra-orbital ap-
proaches, the cranio-orbitozygomatic approach 
gives an opportunity to access a wide range of 
pathologies involving the skull base and the hidden 
areas under the brain. An important anatomical 
landmark in these surgeries is the inferior orbital 
fissure into which some of the skull base osteoto-
mies extend. The inferior orbital fissure needs to 
be identified (Shimizu et al., 2005). Maxillectomy is 

potentially complicated by injuries to the orbital 
contents, lacrimal apparatus, optic nerve, and eth-
moidal arteries. A sound understanding of 3-
dimensional anatomy of the surrounding structures 
is therefore essential (Fagan, 2014). Transcranial 
approach can be used for removal of the cranio-
orbital tumors completely (Liu et al., 2012). The 
trans-orbital surgical approaches include: the lat-
eral approach, which can expose the lateral com-
partment of the orbit; the superior approach, which 
provides a good access to the superior part of the 
orbit, and is the only route which can explore all 
parts of the optic nerve even the optic canal. The 
superolateral approach has advantages over the 
two preceding routes, as it gives access to the su-
perior and lateral parts of the orbit (Hayek et al., 
2006). The present study aimed to measure the 
bony orbit in detail in Egyptian dry adult skulls and 
also to study side and sex differences. 

 
MATERIALS AND METHODS 

 
Fifty-two adult dry skulls (104 orbits), 30 males 

and 22 females of Egyptian origin were used in 
this study. The skulls were obtained from the skel-
etal collection stored at the Department of Anato-
my, Faculty of Medicine, Zagazig University, 
Egypt. The ages at death of the individuals were 
estimated using dental eruption, tooth wear 
(Vodanovic et al., 2011; D’incaua et al., 2012), and 
cranial suture closure (Meindle and Lovejoy, 
1985). Table 1 shows the age distribution of the 
sample.  

Sex was determined using standard criteria in 
forensic medicine, including robusticity of the su-
praorbital, occipital and mastoid regions (Buikstra 
and Ubelaker, 1994; Pickering and Bachman, 
1997), and characteristics of the mid sagittal curve 
of the neurocranium (Bigoni et al., 2012; Figs. 1 & 
2). The skulls with damage, malformations or any 
other pathologies were excluded. 

The linear parameters were measured using a 
divider with two fine tip ends and then carried to a 
ruler. Also, a flexible wire and ruler were used for 
the orbital rim perimeter. The morphometric analy-
sis of the orbit was designed for 3 categories: 

 
A) Parameters regarding the general morphology 

and the shape of the orbit. Following Ji et al. 
(2010), 4 fixed points on the orbital opening were 
used: 
1. Maxillofrontale point (MF): the junction between 

Fig. 1. Female skull.         

Fig. 2. Male skull.         

Table 1.  Age distribution of examined skulls 

Age category (year) 
Number of skulls 
Males Females 

30-39 3 2 
40-49 4 2 
50-59 13 7 
Above 60 10 11 
Total number 30 22 
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the frontomaxillary suture and the medial orbital 
rim. 

2. Ectoconchion point (EC): the junction between 
the lateral orbital rim and the horizontal line that 
divides the orbital opening into two equal parts.  

3. Supraorbital point (SO): the superior junction 
between the superior orbital rim and the per-
pendicular bisector line of line MF- EC. 

4. Infraorbital point (IO): the inferior junction be-
tween the inferior orbital rim and the perpendic-
ular bisector line of line MF- EC.  

The parameters studied were: 
a. Orbital height: between MF-EC (Fig. 3). 
b. Orbital breadth: between SO-IO (Fig. 4). 
c. Orbital index (OI) = height of orbit / orbital 

breadth × 100. 
d. Orbital rim perimeter (Fig. 5). 
e. Orbital opening area = 22/7 × AB where A and 

B are the halves of orbital height and breadth 
respectively (Sarma, 2006). 

f.Bony orbital volume (BOV): the water-filling meth-
od was used to assess the bony orbital volume. 
Briefly, three-dimensional models were made for 
the bony orbits. Each model was immersed in 
graduated cylinder filled witth distilled water. The 

displaced water was measured and represented 
the volume in ml (Acer et al., 2009), (Fig. 6). 

 
B) Parameters regarding the distances between 

easily palpable points (landmarks) on the 4 orbital 
margins and the different foramina and fissures in 
the orbital walls. These points according to Huan-

Fig. 3. Measuring orbital height.  Fig. 4. Measuring orbital breadth. 

 Fig. 5. Measuring orbital rim perimeter. 

Fig. 6. Measuring bony orbital volume by the water filling method (Acer et al., 2009). 
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manop et al. (2007) are: supraorbital notch or fora-
men (SF), the middle of the anterior lacrimal crest 
(ALC), the orbital rim above the inferior orbital fo-
ramen (IF), and the fronto-zygomatic suture (FZ). 
1. The measured distances in the superior wall: 

the distances from supraorbital foramen (SF) to 
the closest margin of the superior orbital fis-
sure (SOF) and to the superior border of the 
optic canal (OC) were determined (Fig. 7). 

2. The measured distances in the medial wall: the 
distances from the middle of the anterior lacri-
mal crest (ALC) to the anterior ethmoidal fora-
men (AEF), the posterior ethmoidal foramen 
(PEF), and to the medial border of the optic 
canal (OC) were determined (Fig. 8). 

3. The measured distances in the inferior wall: the 
distances from the orbital rim above the inferior 
orbital foramen (IF) to the closest margin of the 
inferior orbital fissure (IOF), to the inferior bor-
der of the optic canal (OC) and to the posterior 
margin of the infraorbital canal (PM) were de-
termined (Fig. 9). 

4. The measured distances in the lateral wall: the 
distances from the fronto-zygomatic suture 
(FZ) to the closest margin of the superior or-
bital fissure (SOF), to the closest margin of the 
inferior orbital fissure (SOF) and to the lateral 
border of the optic canal (OC) were determined 
(Fig. 10).  

 
C) Location and the shape of the inferior orbital 

fissure (IOF). The orbits were divided into 4 quad-
rants by 2 perpendicular bisecting lines into super-
omedial, superolateral, inferomedial, and inferol-
ateral quadrants (Fig. 11). The precise location of 
the inferior orbital fissure was determined. Also 
the different shapes of IOF were assessed. All 
measurements were taken by the two researchers 
separately, then a comparison was made and the 
mean of data was obtained. All measurements 
were taken bilaterally and the data were com-
pared between the male and female skulls and the 
right and left sides. Statistical analysis was carried 
out using the SPSS statistical analysis software to 
detect the mean, standard deviation, ranges (in 
right and left and total in both right and left) and 
the paired samples t-test between the right and 
left in both males and females. Also, sex differ-

Fig. 7. Distances in the superior orbital wall. Fig. 8. Distances in the medial orbital wall. 

Fig. 9. Distances in the inferior orbital wall 

Fig. 10. Distances in the lateral orbital wall.           
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ences in the total means (in each individual and 
for each variable, the mean between right and left 
side was calculated) between the males and fe-
males for all the parameters. Differences were 
considered statistically significant when p<0.05. 

 
RESULTS 
 

The data measured regarding general parame-
ters for the right and left orbits in male skulls are 
shown in Table 2. The mean orbital height was 
35.83 mm in right and 35.27 mm in left with a total 
range from 32-38.5 mm in both sides. The mean 
orbital breadth was 43.62 mm in right and 42.60 
mm in left with a total range from 40.5-45 mm. 
The mean orbital index was 82.20 in right and 
82.81 in left with a total range from 74.41-87.65. 
The mean orbital rim perimeter was 12.67 cm in 
right and 12.54 cm in left with a total range from 
12.2-13 cm. The mean orbital opening area was 

12.28 cm² in right and 11.8 cm² in left with a total 
range 10.81-13.46 cm². The mean bony orbital 
volume was 29.07 ml in right and 28.15 ml in left 
with a total range from 26-33 ml. All the parame-
ters were greater in the right than in the left side 
with statistically significant differences (p<0.05) 
except in the orbital index, where the difference 
was insignificant (p>0.05) 

The data measured regarding general parame-
ters for the right and left orbits in female skulls are 
shown in Table 3. The mean orbital height was 
35.53 mm in right and 34.71 mm in left with a total 
range from 34-38 mm in both sides. The mean 
orbital breadth was 42.75 mm in right and 42.0 
mm in left with a total range from 39-44.5 mm. 
The mean orbital index was 84.13 in right and 
82.88 in left with a total range from 78.82-90. The 
mean orbital rim perimeter was 12.36 cm in right 
and 12.21 cm in left with a total range from 11.45-
12.95 cm. The mean orbital opening area was 
11.95 cm² in right and 11.47 cm² in left with a total 
range from 10.55-13.11 cm². The mean bony or-
bital volume was 26.16 ml in right and 25.21 ml in 
left with a total range from 24-28 ml. All the pa-
rameters were greater in the right than in the left 
with statistically significant difference (p<0.05) 
except in the orbital index, where the difference 
was insignificant (p>0.05). 

Table 4 compares the total means (right and left) 
of the general parameters between males and 
females. The parameters of breadth, perimeter, 
opening area, and the volume were greater in 
males than females with statistically significant 
difference (p<0.05) while in height and the orbital 
index, the differences were insignificant (p>0.05). 

The data regarding the measured distances be-
tween the defined landmarks and fissures and 

Fig. 11. The four quadrants of the orbit. 

Table 2. Mean, standard deviation and range of the parameters of general morphology in right and left male orbits and 
t-test significance between the right and left. 

Parameters of the general 
morphology 

Male (right orbits) Male (left orbits) 
Total range 

t-test 
Mean ±SD Range Mean ±SD Range T  P 

Orbital height (mm) 35.83±1.23 33.5 -38.5 35.27±1.35 32 - 38 32 - 38.5 4.35 0.000 
Orbital breadth (mm) 43.62±1.13 40.5 - 45 42.6±0.94 40.5 - 44 40.5 - 45 5.49 0.000 
Orbital index 82.20±2.97 76.13-87.65 82.81±3.02 74.41-87.35 74.41-87.65 ̵ 1.4 0.173 
Orbital rim perimeter (cm) 12.67±0.16 12.3 - 3 12.54±0.18 12.2 - 12.9 12.2 - 3 7.25 0.000 
Orbital opening area (cm²) 12.28±0.60 11.29-13.46 11.80±0.60 10.31-12.89 10.81-13.46 4.60 0.000 
Bony orbital volume (ml) 29.07±1.64 26  - 33 28.15±1.32 26  - 31 26 - 33 2.81 0.011 
SD=Standard deviation  

SD=Standard deviation  

Parameters of the general 
morphology 

Female (right orbits) Female (left orbits) 
Total range 

t-test 
Mean ±SD Range Mean ±SD    Range T P 

Orbital height (mm) 35.53±0.95 34 - 37.5 34.71±1.12 33.5 - 38 33.5 - 38 4.10 0.001 
Orbital breadth (mm) 42.75±1.35 4o - 44.5 42.0±1.37 39 - 43.5 39-  44.5 4.36 0.001 
Orbital index 84.13±3.76 79.31-  90 82.88±3.31 78.82-89.74 78.82- 90 1.45 0.170 
Orbital rim perimeter (cm) 12.36±0.34 11.65- 12.9 12.21±0.34 11.45-12.95 11.45-12.95 5.50 0.000 
Orbital opening area (cm²) 11.95±0.49 11.31-13.11 11.47±0.59 10.55-12.98 10.55-13.11 5.25 0.000 
Bony orbital volume (ml) 26.16±1.23 24.5 - 28 25.21±1.03 24 - 27 24 - 28 7.72 0.000 

Table 3. Mean, standard deviation and range of the parameters of general morphology in right and left female orbits 
and t-test significance between the right and left. 
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foramina of the orbit for the right and left sides in 
males are shown in Table 5. In the superior wall, 
the mean distance between SF and SOF was 
46.12 mm in right and 47.20 mm in left with a total 
range from 42-51 mm. The mean distance be-
tween SF and OC was 49.92 mm in right and 
50.55 mm in left with a total range from 46.5-53.5 
mm. 

In the medial wall, the mean distance between 
ALC and AEF was 27.37 mm in right and 27.57 
mm in left with a total range from 23-32 mm. The 
mean distance between ALC and PEF was 36.07 

mm in right and 36.27 mm in left with a range 
from 31-40 mm. The mean distance between ALC 
and OC was 47.82 mm in right and 48.12 mm in 
left with a total range from 43-52mm. 

In the inferior wall, the mean distance between 
IF and IOF was 25.05 mm in right and 25.52 mm 
in left with a total range from 21.5-29 mm. The 
mean distance between IF and PM was 29.47 
mm in right and 28.97 mm in left with a total 
range from 26-32.5 mm. The mean distance be-
tween IF and OC was 51.9 mm in right and 52.35 
mm in left with a total range from 48-55 mm. 

SD=Standard deviation  

Table 4. Sex differences between the total means of parameters of the general morphology of orbit and t- test signifi-
cance between males and females. 

Parameters of the general 
morphology 

Male orbits Female orbits t-test 
Total mean SD Total  mean SD T P 

Orbital height (mm) 35.57 1.37 35.12 1.10 1.23 0.229 
Orbital breadth (mm) 43.25 1.25 42.37 1.39 2.84 0.008 
Orbital index (mm) 82.27 3.18 83.50 3.53 -1.39 0.175 
Orbital rim perimeter (cm) 12.60 0.202 12.28 0.35 4.33 0.000 
Orbital opening area (cm²) 12.08 0.681 11.71 0.58 2.18 0.037 
Bony orbital volume (ml) 28.75 1.57 25.68 1.21 8.06 0.000 

SF=Supraorbital foramen, SOF=Supraorbital fissure, OC=Optic canal, ALC=Anterior lacrimal crest, AEF=Anterior ethmoidal foramen, PEF=Posterior 
ethmoidal foramen, IF=Orbital rim above the infraorbital foramen, PM=Posterior margin of roof of infraorbital canal, IOF=Inferior orbital fissure, 
FZ=Frontozygomatic suture 

Table 5. Mean, standard deviation and range of the measured distances between the landmarks and nearby foramina 
and fissures in right and left male orbits and t-test significance between right and left. 

Walls of 
the orbit 

Measured 
distances (mm) 

Male (right orbits) Male (left orbits) Total 
range 

t-test 
Mean ±SD Range Mean ±SD Range T P 

Superior 
wall 

SF -  SOF 46.12±1.99 42 - 50 47.20±1.95 45 - 51 42 - 51 -2.70 0.014 
SF-  OC 49.92±2.18 46.5 -53.5 50.55±2.53 47-53.5 46.5-53.5 -1.44 0.164 

Medial wall 
ALC - AEF 27.37±1.92 24 - 31 27.57±2.44 23 - 32 23 - 32 -0.59 0.560 
ALC- PEF 36.07±1.85 32 - 40 36.27±2.84 31-39.5 31 - 40 -0.42 0.676 
ALC- OC 47.82±1.80 44.5 -50.5 48.12±2.64 43 - 52 43 - 52 -0.94 0.359 

Inferior 

wall 

IF -  IOF 25.05±1.72 21.5 - 28 25.52±2.35 22 - 29 21.5 - 29 -0.49 0.625 
IF - OC 51.90±1.83 48 - 55 52.35±1.68 49 - 55 48 - 55 -1.28 0.214 
IF -  PM 29.47±1.68 26.5 -32.5 28.97±1.61 26 - 32 26 - 32.5 1.05 0.304 

Lateral 
wall 

FZ -  SOF 40.27±2.16 37- 44 39.42±2.09 36.5-44 36.5 - 44 1.88 0.075 
FZ -  IOF 29.45±1.40 27-32 28.97±2.11 25 - 33 25 - 33 1.07 0.296 
FZ -  OC 45.05±1.88 42- 48 45.17±3.17 39.5-50 39.5 - 50 -0.29 0.771 

Table 6. Mean, standard deviation and range of the measured distances between the landmarks and nearby 
foramina and fissures in right and left female orbits and t-test significance between right and left. 

Walls of 
the orbit 

Measured dis-
tances (mm) 

Female (right orbits) Female (left orbits) Total 
range 

t-test 
Mean ±SD Range Mean ±SD Range T  P 

Superior 
wall 

SF-  SOF 45.10±1.63 42.5 - 48 45.42±1.92 43 - 48.5 42.5-28.5 -0.91 0.375 
SF- OC 48.10±2.61 44.5 - 52.5 48.21±2.67 45 - 52,5 44.5-52.5 -0.41 0.684 

Medial wall 
ALC- AEF 26.39±1.66 23 - 29.5 25.96±2.04 23 - 29 23 - 29.5 1.74 0.104 
ALC- PEF 35.71±2.20 31 - 40.5 34.82±2.56 31.5 - 39 31 - 40.5 2.09 0.056 
ALC - OC 46.17±2.63 42.5 - 51 46.25±3.22 42.5 - 51 42.5 - 51 -0.15 0.882 

Inferior 
wall 

IF -  IOF 23.53±1.49 21 - 26 23.67±1.35 21.5 - 26.5 21 -26.5 -0.56 0.583 
IF - OC 50.46±1.71 48 - 53 50.60±1.84 48 - 54 48 - 54 -0.44 0.667 
IF -  PM 28.14±1.26 26 - 31 27.82±1.60 25  - 31 25 - 31 1.35 0.200 

Lateral 
wall 

SOF -FZ  39.64±1.78 37 - 43 38.60±1.53 36 - 41.5 36 - 43 6.10 0.000 
FZ -  IOF 27.35±1.63 25 - 30 27.28±1.87 24 - 30 24 - 30 0.32 0.752 
FZ -  OC 43.46±2.76 39.5 - 48 43.71±3.53 39.5 - 49 39.5- 49 -0.90 0.382 

SF=Supraorbital foramen, SOF=Supraorbital fissure, OC=Optic canal, ALC=Anterior lacrimal crest, AEF=Anterior ethmoidal foramen, PEF=Posterior 
ethmoidal foramen, IF=Orbital rim above the infraorbital foramen, PM=Posterior margin of roof of infraorbital canal, IOF=Inferior orbital fissure, 
FZ=Frontozygomatic suture 
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In the lateral wall, the mean distance between 
FZ and SOF was 40.27 mm in the right and 39.42 
mm in left with a total range from 36.4-44 mm. 
The mean distance between FZ and IOF was 
29.45 mm in the right and 28.97 mm in the left 
with a total range from 25-33 mm. The mean dis-
tance between FZ and OC was 45.05 mm in right 
and 45.17 mm in left with a total range from 39.5-
50 mm. There were no significant differences in 
measured parameters between the right and left 
(p>0.05) except the SF-SOF distance where the 
difference was statistically significant (p<0.05). 

The data regarding the measured distances be-
tween the defined landmarks and fissures and 
foramina of the orbit for the right and left sides in 
females are shown in Table 6. In the superior 
wall, the mean distance between SF and SOF 
was 45.10 mm in right and 45.42 mm in left with a 
total range from 42.5-48.5 mm. The mean dis-
tance between SF and OC was 48.10 mm in right 
and 48.21 mm in left with a total range from 44.5-
52.5 mm. 

In the medial wall, the mean distance between 
ALC and AEF was 26.39 mm in right and 25.96 
mm in left with a total range of 23-29.5 mm. The 
mean distance between ALC and PEF was 35.71 
mm in right and 34.82 mm in left with a range 
from 31-40.5 mm. The mean distance between 
ALC and OC was 46.17 mm in right and 46.25 
mm in left with a total range from 42.5-51 mm. 

In the inferior wall, the mean distance between 
IF and IOF was 23.53 mm in right and 23.67 mm 
in left with a total range from 21-26.5 mm. The 

mean distance between IF and PM was 28.14 
mm in right and 27.82 mm in left with a total 
range from 25-31 mm. The mean distance be-
tween IF and OC was 50.46 mm in right and 
50.60 mm in left with a total range from 48-54 
mm. 

In the lateral wall, the mean distance between 
FZ and SOF was 39.64 mm in the right and 38.60 
mm in left with a total range from 36-43 mm. The 
mean distance between FZ and IOF was 27.35 
mm in right and 27.28 mm in left with a total 
range from 25-30 mm. The mean distance be-
tween FZ and OC was 43.46 mm in right and 
43.71 mm in left with a total range from 39.5-49 
mm. There were no significant differences be-
tween the right and left measured parameters 
(p>0.05) except the FZ-SOF distance, where the 
difference was statistically significant (p<0.05). 

Table 7 compares the total means of the meas-
ured distances between males and females. The 
total means of the measured distances were 
greater in males than that of female but the differ-
ences were statistically significant (p<0.05) only 
in the measured distances of the superior wall, 
the inferior wall and FZ-IOF distance in the lateral 
wall. 

Regarding the shape of the inferior orbital fis-
sure, 5 different types were observed in both 
males and females. These types can be de-
scribed as follows: type 1 appeared the widest 
with a concave lateral border, type 2 appeared as 
narrow slit, type 3 appeared as rectangular, type 
4 appeared as triangular, type 5 appeared as V 

Table 7. Sex differences between the total means of the distances between the landmarks and nearby foramina and 
fissures and t-test significance between males and females. 

Walls of the 
orbit 

Measured distances 
(mm) 

Male orbits Female orbits t-test 
Total mean SD Total mean   SD T P 

Superior wall 
SF- SOF 46.23 2.04 45.26 1.75 2.31 0.029 
SF -  OC 49.64 2.16 48.16 2.59 2.70 0.012 

  

Medial wall 

ALC- AEF 26.76 2.06 26.17 1.84 1.182 0.248 
ALC- PEF 35.39 2.03 35.26 2.39 0.226 0.823 
ALC- OC 47.25 2.11 46.21 2.88 1.56 0.130 

  

Inferior wall 

IF-  IOF 24.62 1.71 23.60 1.40 2.80 0.009 
IF - OC 51.76 1.82 50.53 1.74 2.89 0.007 
IF -  PM 29.16 1.65 27.98 1.42 3.007 0.006 

  

Lateral wall 

FZ -  SOF 39.94 2.11 39.12 1.71 1.714 0.098 
FZ-  IOF 29.08 1.49 27.32 1.72 4.28 0.000 
FZ - OC 44.25 2.31 43.58 3.12 0.892 0.380 

SF= Supraorbital foramen, SOF=Supraorbital fissure, OC=Optic canal, ALC=Anterior lacrimal crest, AEF=Anterior ethmoidal foramen, PEF=Posterior 
ethmoidal foramen, IF=Orbital rim above the infraorbital foramen, PM=Posterior margin of roof of infraorbital canal, IOF=Inferior orbital fissure, FZ= 
Frontozygomatic suture 

Table 8.  Frequency of the different shapes of inferior orbital fissure in males and females.   

Type of inferior 
orbital fissure 

Males Females 
Right N ( % ) Left N ( % ) Total N ( % ) Right N ( % ) Left N ( % ) Total N ( % ) 

Type 1 23 (76.6%) 21(70%) 44 (73.3%) 18 (81.8 %) 17(77.2%) 35 (79.5%) 
Type 2 2 (6.6%) 3 (10%) 5 (8.4%) 1   (4.5%) 1   (4.5%) 2  (4.5%) 
Type 3 2 (6.6%) 3 (10%) 5 (8.4%) 1   (4.5%) 2   (9%) 3 (6.8%) 
Type 4 2 (6.6%) 2 (6.6%) 4 (6.6%) 1   (4.5%) 1   (4.5%) 2  (4.5%) 
Type 5 1 (3.3) 1 (3.3) 2 (3.3%) 1   (4.5%) 1   (4.5%) 2  (4.5%) 
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shaped (Figs. 12-16). Type 1 is the most frequent 
in males and females as shown in Table 8. The 
location of the inferior orbital fissure was in the 
inferolateral compartment in all male and female 
skulls examined. 
 

DISCUSSION 
 

Table 9 compares the measured distances in the 
4 orbital walls with that of other populations. The 
total mean of measured height of the orbit was 
35.57 mm in males and 35.12 mm in females. 
These values are greater than that measured by 
Ukoha et al. (2011) in Nigerian (31.9 mm in males 
and 31.45 mm in females), and by Ji et al. (2010) 
in Chinese (33.35 mm in males and 33.22 mm in 
females). The total mean of the orbital breadth in 
the present study was 43.25 mm in males and 
42.37 mm in females. These values were also 
greater than that measured by Ukoha et al. (2011) 
in Nigerian (36.03 mm in males and 34.98 mm in 
females), and that measured by Ji et al. (2010) in 
Chinese (40.02 mm in males and 38 mm in fe-
males). The orbital index gives an idea about the 
shape of the orbit. In the present study, the mean 
orbital index was 82.27 in males and 83.5 in fe-
males. These values were less than that measured 
by Igbigbi and Ebite (2010) in Malawian skulls 
(94.35 in males and 96.03 in females), and by 

Fig. 12. Type 1 inferior orbital fissure.                   Fig. 13. Type 2 inferior orbital fissure. 

Fig. 14.  Type 3 inferior orbital fissure. Fig. 15.  Type 4 inferior orbital fissure. 

Fig. 16.  Type 5 inferior orbital fissure. 
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Ukoha et al. (2011) in Nigerian (89.21). The orbital 
index in the present study was near to that meas-
ured by Jeremiah et al. (2013) in Kenyan (82.57 in 
males and 83.48 in females). Using the orbital in-
dex according to Tripathi and Webb (2007), three 
classes of orbits are recognized: megaseme (OI > 
89), mesoseme (OI between 89 and 83) and mi-
croseme (OI ≤ 83). In the present study, the orbits 
were mostly found in the microseme category. Mi-
croseme orbits were recorded in Kenyan popula-
tion (Jeremiah et al., 2013), megaseme type in 
Nigerian and Malawian (Ukoha et al., 2011; Igbigbi 
and Ebite, 2010), and mesoseme orbits in Cauca-
sians (Tripathi and Webb, 2007). The orbital rim, 
as the margin of the orbital opening is a superficial 
structure that determines the orbitofacial appear-
ance (Ji et al., 2010). In the present study, the or-
bital rim perimeter was 12.6 cm in males and 
12.28 cm in females and these values are approxi-
mate to that measured by Ji et al. (2010) in Chi-
nese (12.08 cm in males and 12.20 cm in fe-
males). The total mean of the orbital area in the 
present study was 12.08 cm² in males and 11.71 
cm² in females. These values are approximate to 
that found in Chinese (11.8 cm² in males and 
11.10 cm² in females; Ji et al., 2010). The bony 
orbital volume (BOV) is a common parameter used 
to estimate the orbital changes or abnormalities (Ji 
et al., 2010). In the present study, the total mean 
of BOV was 28.75 ml in males and 25.68 ml in 
females. These values are approximate to that 
measured by Deveci et al. (2000) and Regensburg 
et al. (2008) in Caucasian (28.41 ml and 25.17 ml 
respectively), but greater than that measured in 
Hongkong Chinese (22.2 ml in males and 19.81 ml 
in females) (Chau et al., 2004), in Chinese (26.02 
ml in males and 23.32 ml in females) (Ji et al., 
2010), in Korean (23.94 ml) (Ye et al., 2006), in 
Japanese (23.6 ml in males and 20.9 ml in fe-
males) (Furuta, 2001), and in Turkish (17.8ml) 
(Acer et al., 2009). All these variations in the BOV 

reflect ethnic factors and different measurement 
methods. Orbital volume measurement may help 
the surgeon to predict the volume to be restored 
and to avoid probable complications (Deveci et al., 
2000). These parameters of the present study 
were greater in the right side than in the left in both 
males and females with significant differences, 
except the orbital index, which was insignificant. 
This is in accordance with Seiji et al. (2009), who 
observed skull asymmetry in dry skulls in the 4 
parameters (height, breadth, perimeter and orbital 
opening area) and assumed that this asymmetry is 
a normal anatomical pattern. On the other hand, 
Forbes et al. (1985) reported minimal difference in 
orbital volume between the right and left. The dif-
ference between the right and left may be attribut-
ed to the differential growth of the two sides of the 
brain and in this case the right side has shown 
dominance (Teul et al., 2002). Other important fac-
tors include customs prevalent in a given popula-
tion which may significantly change the morpholo-
gy of the skeleton. For the skull, the practice of 
using a pillow or any other object to support the 
head while sleeping is also important (Teul et al., 
2002; Rossi et al., 2003). In the present study the 
values of the measured parameters were greater 
in males than in females, which were statistically 
significant in breadth, perimeter, area and volume, 
while insignificant in height and index. This is in 
agreement with Ji et al. (2010), who found that the 
average measured values in Chinese male are 
greater than those of female for all parameters, 
especially the volume, perimeter, breadth and 
there is no significant difference in height.  

In the superior orbital wall, the superior orbital 
approach is involved in several procedures, includ-
ing orbital decompression, exploration for fracture, 
and excision of cranio-orbital tumours (Hayek et 
al., 2006; Goldberg et al., 2000). The mean meas-
ured distances from SF to SOF and to OC were 
46.23 mm and 49.64 mm respectively in males 

Table 9. Comparison of the orbital distances between different nations. 

Measured 
distances 

Rontal et 
al. (1979) 

 

Indian 

McQueen 
et al. 
(1995) 

  

 USA 

Hwang 
et al. 
(1999)  

 

Kore-
an 

Karakas 
et al.  
(2002) 

  

Male 
Turkish 

Abed 
et al. 
(2011) 

  

Cauca-
sian 

Abed et 
al. (2012) 

  

British 
Cauca-
sian 

Huan-
manop 
et al . 
(2007) 

  

Thai 

Manguti et al.  
(2012) 

  

Kenyan 

Present study 

  

 Egyptian 

Male Female Male Female 

SF - SOF 40 44.34 40       40     46.23 45.26 
SF -  OC 45 48.65 44.9 45.3     44.7 53.25 51.93 49.64 48.16 
ALC- AEF 24 21.96 21 23.9   25.61 23.5     26.76 26.17 
ALC- PEF 36 33.36 31.7 35.6   36.09 36     35.39 35.26 
ALC- OC 42 43.29 40.5 41.7   43.77 42.2     47.25 46.21 
IF -  IOF 24 37.43 21.6   25.4   21.7 23.56 22.28 24.62 23.6 
IF - OC 48 49.73 45.5   43.23   46.2 55.18 53.63 51.76 50.53 
IF -  PM 14 17.08         12.3     29.16 27.98 
FZ - SOF 35 36.59 34.3       34.5     39.94 39.12 
FZ -  IOF 25 40.92 24.8       24     29.08 27.32 
FZ - OC 43 47.10 47.4 44.9     46.9     44.25 43.58 
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and 45.26 mm and 48.64 mm respectively in fe-
males. These are approximate to those found by 
McQueen et al. (1995) in U.S. (44.34 mm and 
48.65) and greater than those found in Indian (40 
mm and 45 mm; Rontal et al., 1979), in Korean (40 
mm and 44.9 mm; Hwang and Baik, 1999), in 
Turkish (45.3 mm for SF– OC distance; Karakas el 
al., 2002), and in Thai (40 mm and 44.7 mm; 
Huanmanop et al., 2007), but less than measured 
in Kenyan for SF–OC distance (53.25 mm in males 
and 51.93 mm in females; Munguti et al., 2012). 
The SF–OC distance represents the superior or-
bital depth, and in the present study posterior dis-
section may be extended up to 49 mm. Also, the 
wide total range from 46.5-53.5 mm in male and 
44.5-52.5 mm in females for SF-OC distance 
should be considered in the transcranial approach 
which targets the intraorbital lesions through the 
roof of the orbit and ideally suited for apical lesions 
and superior orbital fissure lesions. The amount of 
bone removal depends on the location of the le-
sion (Bejjani et al., 2001). Also, Cockerham et al. 
(2001) described the sub-brow approach in superi-
or orbitomy for superior orbital lesions and men-
tioned that a horizontal extension should be gener-
ous (at least 3 cm). So, the amount of bone remov-
al or the extension needed can be guided by the 
measured distances in the present study (SF-SOF 
and SF-OC distances). No significant side differ-
ences were detected except in SF-SOF distance in 
males. On the other hand, statistically significant 
differences were detected between males and fe-
males which may be due to the larger glabello-
maximal length of the male cranium relative to that 
of females (Oladipo et al., 2009). This is in agree-
ment with Hwang et al. (1999) who reported signifi-
cant sex differences. During superior orbital ap-
proaches, it should be noted that female structures 
are closer than males. 

Regarding the medial wall of the orbit, the medial 
orbital approach is involved in several procedures, 
including ethmoidal vessel ligation, orbital decom-
pression and exploration for fractures (Takahashi 
et al., 2013; Asamura et al., 2009). The mean 
measured distances between ALC to AEF, ALC to 
PEF, and ALC to OC were 26.76 mm, 35.39 mm, 
and 47.25 mm respectively in males and 26.17 
mm, 35.26 mm, and 46.21 mm, respectively, in 
females. As shown in Table 9, the distances from 
ALC to AEF are approximately equal to those 
measured in British Caucasian individuals (25.61 
mm), and greater than those measured in Indian 
(24 mm), U.S. (21.96 mm), Korean (21 mm), Turk-
ish (23.9 mm) and Thai (23.5 mm). The distances 
from ALC to PEF are approximate to those meas-
ured in British Caucasian (36.09 mm), Thai (36 
mm), Turkish (35.6 mm) and Indian individuals (36 
mm), but greater than those measured in U.S. 
(33.36 mm) and Korean (31.7 mm). The distances 
from ALC to OC are greater than that of other pop-
ulation group (Table 9) which may permit for more 

wide dissection with attention to its wide range (43-
52 mm in males and 42.5-51 mm in females). This 
helps in more generous extension in the medial 
orbitomy which is effective in the management of 
medial orbital tumors, such as cavernous heman-
giomas, schwannomas, and isolated neurofibro-
mas (Cockerham et al., 2001). Also, in transnasal 
endoscopic orbital decompression, the entire me-
dial orbital wall and the medial portion of the orbital 
floor is removed (Metson and Pletcher, 2006)). 
There were no significant differences found be-
tween the right and left or between males and fe-
males. 

In the inferior orbital wall, the inferior orbital ap-
proach is involved in several procedures, including 
exploration for fracture, decompression, and maxil-
lectomy (Kwon et al., 2008; Takahashi et al., 2013; 
Fagan, 2014). The mean measured distances of IF 
to IOF, IF to PM, and IF to OC were 24.62 mm, 
29.16 mm and 51.67 mm, respectively, in males, 
and 23.6 mm, 27.98 mm, and 50.53 mm, respec-
tively, in females. The values of IF-IOF distance 
are comparable to those found in Caucasian (25.4 
mm), Kenyan (23.65 mm in males and 22.28 mm 
in females) and Indian individuals (24 mm) but 
greater than those found in Korean (21.6 mm) and 
Thai (21.7 mm). On the other hand McQueen et al. 
(1995) in U.S. individuals observed much higher 
value (37.43 mm). These variations should be not-
ed in dealing with the neurovascular bundle of IOF 
in subciliary and subtarsal approaches in inferior 
orbitomy to reach the orbital floor and orbital rim 
(Bahr et al., 1992) and in the endoscopic transna-
sal repair of orbital floor fractures (Ducic and Ver-
ret, 2009). The distance from IF to PM measures 
the length of the roof plate covering the anterior 
part of the infra-orbital groove to form the infra-
orbital canal, which contains the infra-orbital nerve 
and vessels. The values of the present study were 
greater than those measured in Indian (14 mm), in 
U.S. (17.08 mm), Thai (12.3 mm) and Polish indi-
viduals (14.23 mm in right and 13.71 mm in left; 
Przygocka et al., 2013). The distance from IF to 
OC was approximate to that measured in U.S. indi-
viduals (49.73 mm), but greater than that meas-
ured in Indian (48 mm), Korean (45.5 mm), British 
Caucasian (43.23mm ) and Thai (46.2 mm ), and 
less than that measured in Kenyan (55.18 mm in 
males and 53.63 mm in females). Thus, the Egyp-
tian individuals can be considered to have deeper 
inferior orbital walls compared to Thai, Caucasian, 
Korean, and Indian populations, but shallower infe-
rior orbital walls compared to Kenyans. This could 
be attributed to the lower cranial index recorded 
among Africans due to their larger glabello-
maximal length relative to the cranial vault height 
(Oladipo et al., 2009). These variations in the 
depth of inferior orbital wall should be considered 
in endoscopic sinus surgery to reach the orbital 
apex transnasally for tissue biopsy or decompres-
sion of the orbit or optic nerve (Al-Mujaini et al., 
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2009). Statistically significant differences were ob-
served between males and females. 

In the lateral orbital wall, the lateral surgical ap-
proach involves several procedures, including ex-
ploration for fractures, decompression, excision of 
the lacrimal gland, and orbitozygomtic craniotomy 
(Shimizu et al., 2005; Takahashi et al., 2013; Lee 
et al., 2013; Fagan, 2014). The mean measured 
distances from FZ to SOF, FZ to IOF, and FZ to 
OC were 39.94 mm, 29.08 mm, 44.25 mm, re-
spectively, in males, and 39.12 mm, 27.32 mm, 
43.58 mm, respectively, in females. The values of 
FZ ̶ SOF distance as shown in Table 9 are greater 
than those measured in Indian (35 mm), in U.S. 
(36.59 mm), Korean (34.3 mm), and Thai individu-
als (34.3 mm). Also, the distance from FZ-IOF is 
greater than that measured in Indian (25 mm), Ko-
rean (24.8 mm) and Thai individuals (24 mm) but 
less than that of U.S. (40.92 mm). Surgeons 
should be aware of these population variations 
when conducting lateral surgical approach. The 
lateral surgical approach provides enough expo-
sure to remove lesions completely without major 
complications. The extent of bone removal consid-
ers the distances to superior orbital fissure superi-
orly and inferior orbital fissure inferiorly 
(Kaptanoğlu et al., 2002). The distance from FZ-
OC is comparable in the Egyptian individuals to 
that of Indian (43 mm) and Turkish (44.9 mm), but 
less than that measured in U.S. (47.1 mm), Kore-
an (47.4 mm) and Thai (46.9 mm). Knowing these 
variations in FZ-OC distance helps in lateral orbito-
my in retrobulbar lesions and more posterior le-
sions. The exposure can be extended posteriorly 
all the way to the orbital apex (Arai et al., 1996). 
Statistically significant differences were observed 
between the right and left sides in FZ-SOF dis-
tance in females. Also, statistically significant sex 
differences were observed in FZ-IOF distance. 
This is in agreement with Huanmanop et al. (2007) 

who found significant sex difference in FZ-IOF dis-
tance in Thai individuals. 

Regarding the shape and location of the IOF, it 
was located inferolaterally in all specimens exam-
ined in both males and females. This is in agree-
ment with Ozer et al. (2009), who found that the 
IOF is most frequently situated in the inferior quad-
rant and surgical access is easier when IOF is in 
the inferolateral quadrant. When the lateral aspect 
of the IOF is found, dissection can then proceed 
either superomedially or inferomedially to allow a 
detailed inspection of the orbital contents. In the 
present study, the IOF showed 5 different types. 
Type 1 (widest, with a concave lateral border) was 
the most frequent in both male and females. Types 
2 through 5 were seen less frequently. This is in 
agreement with Ozer et al. (2009), who recorded 6 
types of IOF, from which the widest type is the 
most frequent. These authors found that removal 
of the lateral wall of the orbit should be started in-

feriorly just lateral to the IOF and then extended 
superolaterally as the anterolateral end of the IOF 
was usually wider. 

Conclusion: It can be concluded that the general 
morphometric parameters and the distances 
measured in the orbit of the Egyptian skulls exam-
ined showed values which differed when com-
pared with other population groups. Also, side and 
sex differences have been confirmed. These find-
ings can be considered as a guide for the orbital 
surgeon in Egypt, to aid in planning operations and 
minimizing complications. 
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