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The orbit is very frequently damaged by traumas which result in not only bone
deficits, but also functional deformities if reconstruction is not appropriate.
Anatomical exposure of the bony orbit is of importance for both anatomists and
surgeons who perform operation on this area. The current study evaluated the
group of morphometrical parameters on 74 adult West Anatolian dry skulls and
stereological surface area on the dry skull orbits while describing the clinical im-
portance. Surface areas on the orbital base of the skulls were also evaluated using
stereological method, bilaterally. Anthropological assessment of orbital base (in
terms of width and height) revealed no significant difference between right and
left sides. Both width and height of the optic foramen were significantly higher
on the right side compared to left. The distances between the margins (medial,
lateral, superior, inferior) of the orbital base and the optic foramen were longer on
the right side compared to left, except the distances between the lateral margins.
There was no significant difference among the subjects between right and left
sides with respect to the orbital base in terms of stereological area calculation.
The results are significant because there are no recorded anatomical data on West
Anatolian skulls at previous researches. (Folia Morphol 2018; 77, 1: 105-109)
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INTRODUCTION

The orbit carries main value in terms of the ocu-
lar bulb, skeletal and nervous system, the brain and
also as the sensory organ. Multidisciplinary surger-
ies, such as plastic and reconstructive surgery, oph-
thalmology, neurosurgery etc., deal with the orbital
area. Therefore, anatomical features of the orbit are
of importance for these disciplines. Classically, the
orbit is formed by a roof, a floor, medial and lateral
walls, a base (an orbital opening) and apex. The
upper wall is a thin, frontal plate which is situated
largely between the orbital content and the brain

contained in the anterior cranial fossa. The orbital
shape is like a cone in which the apex is defined as
the optic foramen. The optic canal floor, in which
the optic nerve transmits, lies on at the junction
of orbital roof and medial wall. The medial wall is
composed by the lacrimal, the orbital part of the
frontal and the orbital plate of the ethmoid bones.
The lower wall is thin and largely roofs the maxillary
sinus. The lateral wall is formed by the orbital face
of the greater wing of the sphenoid and ventrally
by frontal process of the zygomatic bone [19, 26].
The anatomy of orbital bones may be affected by
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several developmental or acquired pathologies. In
literature, there is restricted data about a pattern
for bone orbit asymmetry in dry bones. The asym-
metry of the skull facial portion may be easily evalu-
ated through a frontal view [28]. Several techniques
have been described to evaluate face asymmetry as
area or volume measurements were used via many
methods such as planimetric method, thresholding,
tracing, 3-dimensional method, software analysis
systems and stereology. The point counting and
planimetry are two methods for estimating the
volume based on the Cavalieri principle which is
known as stereology [1, 4, 15, 22, 27]. The stereo-
logical methods are believed to be more reliable,
cheap, unbiased and effective when compared to
the nonstereological methods used in the analysis
of biological structures [31, 32].

Thus, we aimed to obtain morphometrical re-
sults of the orbital base and optic foramen and
also stereological assessment of bilateral surface
area on the orbital base to present anatomical and
asymmetrical evaluation.

MATERIALS AND METHODS

The materials for the study consisted of 74 adult
human dry skulls obtained from West Anatolian
region which were collected randomly from the
Anatomy Laboratories of Dokuz Eylul and Pamuk-
kale Universities of Medicine Faculties. 148 of orbits
were measured that belonged to West Anatolians
with unknown gender and age. None of the material
indicated signs of prior skull surgery, bony malforma-
tion or trauma. All bones were accepted as adults,
regarding tooth eruption of the crania. Crania with
orbital bone deformity were excluded. The orbit
lengths were measured with the Vernier calliper as
millimetres. All measurements were taken by two
researchers. Anthropometric measurements on the
orbits were performed using sliding callipers as cen-
timetres with two decimals. Following parameters
were investigated using metric system: At anterior
aspect of the orbit following measurements were
performed bilaterally: orbital base and optic foramen
measurements: (1) orbital base width — the distance
between the zygomaticofrontal suture and fronto-
nasal suture; (2) orbital base height — obtained as
a vertical line from the zygomaticomaxillary suture
reaching the superior orbital margin; (3) optic fo-
ramen width — the widest distance between the
lateral and medial margins of the foramen; (4) optic
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foramen height — the widest distance between
the superior and inferior margins of the foramen;
orbital depth measurements: (5) distance between
the orbital base where frontal, lacrimal and maxil-
lary bones jointed each other and the medial edge
of the optic foramen (medial to medial); (6) distance
between the orbital base — at junction of lateral
margin of the orbit with zygomaticofrontal suture
— and the lateral edge of the optic foramen (lateral
to lateral); (7) distance between the orbital base —
at the level of supraorbital notch/foramen — and
the upper edge of the optic foramen (superior to
superior); (8) distance between the orbital base —
at the level of zygomaticomaxillary suture — and
the lower edge of and optic foramen (inferior to
inferior); (9) index for orbital base asymmetry; and
(10) stereological assessment of the orbital base area
in cm? (Figs. 1, 2).

Orbital base measurements as width and height
were converted into a percentage asymmetry in-
dex according to the following formula [25, 28]:
Asymmetry index = right side — left side / right
side x 100.

The right-side value was used as a reference,
negative measurement values accepted as the left
side bigger than the right side. The minus value
was not considered for the statistical analysis [25].

Using stereological method, an optimal plan is
taken as the smallest diameter of anisotropic struc-
tures like orbital base that may be measured [14,
18]. A uniform point-grid with a point associated
area of 0.25 cm? was randomly superimposed on
each orbital base of dry skull, bilaterally. To obtain
surface area of orbital base using stereological tech-

nique, the point counts are converted into section
areas by multiplying the total number of counted
points by the square of the sequential two points
distance [2, 6, 16].

Statistical analysis

Results have been expressed as number of ob-
servations (n) and mean * standard deviation (SD).
All statistical analyses were performed with the
SPSS software (Statistical Package for the Social
Sciences, version 15.0, SSPS Inc., Chicago, IL, USA).
Kolmogorov-Smirnov test was used for testing the
normality of the distribution. A p value less than
0.05 was considered as statistically significant. The
Paired Samples T test was used to compare right
and left sides for data with normal distribution.
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Figure 1. A representative image showing the distances (orbital
depth) (superior to superior, medial to medial, inferior to inferior
and lateral to lateral) between orbital opening and optic foramen;
OF — optic foramen; SOF — supraorbital foramen; FMS —
frontomaxillary suture; FLS — frontolacrimal suture; LMS —
lacrimomaxillary suture; ZMS — zygomaticomaxillary suture;
ZFS — zygomaticofrontal suture; *the point where frontal,
lacrimal and maxillary bones jointed each other.

Figure 2. A representative image showing the stereological assess-
ment of the orbital opening which is measured by using a point grid.

RESULTS
All results are presented in Table 1. Asymme-
try index of the data on orbital base width and
height were between (mean = SD) 2.59 = 2.41%
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and 3.58 + 2.87%, respectively. All parameters
of the orbits were higher on the right side than
on the left. According to statistical analysis, there
were no significant differences among the subjects
with respect to the orbital base width and height
measurements (p > 0.05 for both). On the other
hand, both width and height of the optic foramen
were higher on the right side and analysis revealed
statistically significant differences (p < 0.05 for
both). The distances between the medial, lateral,
superior, inferior margins of the orbital base and
the optic foramen were longer on the right side
than left. Statistical analysis revealed significant
differences between the right and left sides (p < 0.05
for all), except the distance between lateral borders
of the orbital base and the optic foramen (lateral
to lateral; p > 0.05).

DISCUSSION

Evaluation of the orbit is of value in many
clinical specialties including ophthalmology, op-
tometry, oculoplastic surgery, and traumatology.
Primary orbital bone tumours were reported to
comprise 0.6% to 2.0% of all orbital tumours [29].
Karabekir et al. [19] also investigated 588 cranio-
orbital fractures following blunt trauma and evalu-
ated with regard to aetiology, the anatomical
aspect and surgical therapy. They advised that
the treatment of orbit injuries required consulta-
tion with ophthalmologic, neurosurgical, plastic
and maxillofacial surgeons [19]. Several authors
claimed that fractures of the orbit should be ap-
proached with caution because of its complex
bone organisation and also content. The orbit has
critical value for clinicians during trauma and or
tumour surgery [10, 19].

Morphometrical analysis of the orbit includes
a large range of measurements including numbers,
length, surface area, volume, angles, and curvature.
The skull asymmetries may be defined as differences
in the size or shape of each bone, as well as the
positional differences of one or more bones [9, 23,
28, 30]. Sieji et al. [28] and Rossi et al. [25] claimed
that, in order to evaluate the asymmetries refer-
ring to different sizes of the analysed craniofacial
bones, the results were converted and expressed
as percentage rate. According to Seiji et al. [28],
asymmetrical differences between the orbits ex-
pressed in percentage as metric differences were
around 2% to 4%, which was assumed as a normal
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Table 1. Comparison of orbital measurements between the two sides

Parameters Right (mean + SD) Left (mean = SD) p
N=174 N=74

Orbital base width [cm] 3711+035 3.70+0.34 > 0.05
Orbital base height [cm] 344 +0.23 341+022 > 0.05
Optic foramen width* [cm] 0.52 = 0.06 0.49 +0.05 0.000
Optic foramen height* [cm] 0.61 +0.05 0.59 + 0.07 0.005
Medial to medial* [cm] 3.96 + 0.31 3.89 +0.36 0.039
Lateral to lateral [cm] 456 +0.27 452 +0.27 > 0.05
Superior to superior* [cm] 451 +0.31 445 +0.30 0.003
Inferior to inferior* [cm] 4.83 +0.36 470 +037 0.000
Orbital area [cm?] 10.73 £ 1.15 10.65 + 1.15 > 0.05

*p < 0.05; SD — standard deviation

level. Similar with the authors, our data on asym-
metric index of the orbit base were in normative
range. Orbital morphology and asymmetry were
frequently studied and many methods were used
to evaluate this issue [9, 30]. Chebib and Chamma
[9] declared that the right side of the face is big-
ger than the left. On the other hand, they did not
note any disharmony, important distortion and also
did not reveal differences in orbits [9]. Ferrario et
al. [13] carried out a morphometric study using
face photography, where reference points were
demarcated, digitalized and measured. Ezaldein
et al. [12] investigated the orbital dysmorphology
and deformity in patients with metopic synostosis
compared with age and gender matched healthy
subjects, using three-dimensional analysis.

The optic foramen may have a shape similar to
a keyhole (the so-called keyhole anomaly present
in 3.3% of the cases) or it may be double as a vari-
ation [5]. Magden and Kaynak [21] encountered
0.27% bilateral and 0.27% unilateral duplication
of the optic canal. Patil et al. [24] found that the
duplication was bilateral in 0.94% skulls, unilateral
in 2.5% skulls. However, in the present study, we
did not encounter any duplication of the optic
foramina. The reason for this result may be our
restricted sample size.

Although several studies are available about
morphometrical evaluation of the orbit on dry bone
material or radiographic materials and also its volu-
metrical assessment, there is no data about surface
area calculation of orbital base using stereological
technique [3, 7, 8, 11, 17, 20, 31]. Morphometry
includes a large range of measurements including
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numbers, length, surface area, volume, angles,
and curvature. The results, technique of study and
clinical relevance were discussed. Seiji et al. [28]
evaluated and quantified orbit asymmetry in a dry
skull sample divided into different age groups using
a method of digital image analysis. In the present
study, orbital base surface area and the other mor-
phometrical parameters were primarily evaluated
using the stereological method. The stereology that
estimates surface area using formula depending on
point counting method is basic, unbiased, cheap
and accurate compared with non-stereological
methods [14]. To our knowledge, no previous work
has defined the accuracy, reliability and repeatabil-
ity of stereological technique in the measurement
of orbital base area.

The limitations of our study are restricted sam-
ple size, unknown age and sex of the dry skulls.
Additionally, restricted samples’ variety due to the
fact that they were only collected from the West
Anatolian region is another limitation.

CONCLUSIONS

The current data are especially valuable because
there are no similar researches aimed at assessing
West Anatolian skulls in respect to the orbit. Ana-
tomical knowledge about the orbit is important
for those doing surgery in order to avoid injuring
related neurovascular structures.
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