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SUMMARY

Introduction/Objectives The shape and size of the orbital cavity are important parameters in planning
surgical interventions and have significance in anthropology and forensic medicine.

The aim of this study was to determine the morphometric characteristics of orbital cavity in Serbian
population and to examine if there are differences in examined parameters between Serbs and the
Roma Community of Serbia.

Methods Using computer tomography and subsequent multiplanar reconstruction we analyzed orbits
from 76 Serbian and 18 Roma healthy volunteers. There was no significant difference in age between
the ethnicities.

Results The height and width of the left orbit and the height of the right orbit were significantly higher
in Roma group, whereas the width of the right orbit was not statistically different between ethnicities.
Orbital indices, however, for both left and right orbit did not significantly differ between Serbian and Roma
examinees. Right orbital volume did not differ between the groups, but left orbits had significantly larger
volumes in Roma population. Finally, biorbital and interorbital width were both significantly higher in
Roma than in Serbian examinees. We could not show differences between sexes except for the biorbital
width, which had lower values in Serbian, but not Roma women than in men.

Conclusion Taken together, our results indicate larger orbits, as well as greater distances between the
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eyes in Roma than in Serbian examinees.
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INTRODUCTION

The orbit is a craniofacial cavity which contains
eyeball, optic nerve and accessory ophthalmic
elements including muscles, ligaments, orbital
fat body, blood vessels and nerves. The shape of
the orbital cavity is determined by geometry of
cranial and facial bones and its morphometric
characteristics are variable and depend on sex,
race, and ethnicity [1-4]. Its anatomical param-
eters are of great importance for anthropology,
reconstructive surgery and forensic medicine [5].

Some studies described the sexual dimor-
phism of the orbit [6, 7, 8]. Also, its asymmetry
was described with the right cavity larger than
the left one, as the result of the dominance of
the left cerebral hemisphere [7, 9]. The fractures
of the orbital cavity, with soft-tissue deviations
and severe complications such as double vision,
enophthalmos and ocular dystopia, present a
complex task in reconstructive surgery[1, 5,
10]. Knowledge of the normal morphometry of
the orbital cavity is of great importance in plan-
ning the surgical approach to orbital fracture

[11], but also in the case of other pathologies
such as congenital, neoplastic and Graves’ oph-
thalmopathies [9, 12, 13, 14]. In the adult popu-
lation, the orbital volume is usually between
20 and 30 cm’ [1, 10, 13, 15]. Contemporary
methods for determination of the orbital mea-
sures are based on the analysis of computed
tomography (CT) and magnetic resonance im-
aging scans, although no standardized method
for orbital volume measurements exists [16].

Another parameter, often used in facial mor-
phometry is the orbital index. It is defined as
the ratio between orbit height and orbit width,
multiplied by 100. According to orbital index,
three categories of orbital cavities were defined:
1) large (megaseme) — with orbital index 89
and more; 2) intermediate (mesoseme) — with
orbital index in the range from 83 to 89; and
3) small (microseme) — with orbital index less
than 83[15, 16, 17]. The orbital index is one of
the parameters used in many anthropological
studies, because it depends on the shape of the
face and varies among the races, regions within
the same race, and ethnic groups [18].



Orbital measures in Serbs and Roma

The aim of this study was to determine the morpho-
metric characteristics of orbital cavity in Serbian popula-
tion and to examine if there are differences in examined
parameters between Serbs and the Roma ethnic group of
Serbia. Previous anthropometric studies in this population
mostly related to the measurement of the body weight,
height, body mass index, and nutrition. Studies with orbital
measurements have not been conducted so far [19, 20].

METHODS

The study was designed as a retrospective descriptive non-
randomized observational study, that used data from pa-
tients’ skull images, archived in the hospital system for data
archiving. The patients were examined at the Department
of Diagnostic Radiology, Clinical Center of Kragujevac
in the period from January 2010 to November 2015. The
radiological imaging was performed on 64-slice multide-
tector CT (MDCT) scanner (Aquilion 64, Toshiba, Minato
City, Japan). All scans were performed in the axial plane,
with subsequent multiplanar reconstruction (MPR). The
patient lied on his back, with arms extended downwards,
next to the body. The head restraint was used. The study
included 94 patients (61 male and 33 female) aged 24-86
years, without pathological changes, who were referred to
this examination for various reasons. The ethnicity of the
subjects was determined based on the questionnaire form
that they filled out before the examination.

The subjects’ written consent was obtained accord-
ing to the Declaration of Helsinki and the study has been
approved by the ethic committee and conforms to legal
standards.

Orbits were inspected, as part of a broader region exam-
ination (whole head, facial mass, paranasal cavities). The
radiological imaging was performed on 64-slice MDCT
scanner (Aquilion 64, Toshiba, Japan). All scans were per-
formed in the axial plane, with subsequent MPR. The pa-
tient lied on his back, with arms extended downwards, next
to the body. The head restraint was used. The scan range
is determined on the lateral topogram and depends on the
region of interest. Scanning parameters were: 120 kVp, 500
mAs, gantry rotation of 0.75 seconds, pitch 0.5 mm, slice
thickness of 0.5 mm and 0.4-0.6 mm reconstruction thick-
ness. Analysis of all images and MDCT data is performed
on a Vitrea 2 workstation ver.4.1.14.0 (Vital Images, Canon
Medical, Minnetonka, MN, USA). All measurements were
done by two independent radiologists, using commercially
available software (Imaging Software ver.4.1.14.0, Vital
Images). For evaluation of inter-observer reliability, the
intra-class correlation coefficient was used and intra-class
correlation coefficient > 0.8 was considered as excellent
agreement. Measurement of orbital morphometric param-
eters and orbital volume is performed on the same work-
station and with the same software on 3D reconstruction
of the bone structures obtained by examinations.

Standard anatomical points were determined and used
for the measurement of the orbital width, height, biorbital-
interorbital diameter and the orbital index. Orbital width
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Figure 1. A representative image of reconstructed skull with orbital
measurements shown; W - orbital width; H - orbital height; 10 - in-
terorbital width; BiO - biorbital width

- laterally curved distance between the dacryon (the point
where frontal, lacrimal and maxillary bones intersect and
the medial margin of the orbit is formed) and ectocon-
chion (the point of intersection of the anterior surface of
the lateral limit of the orbit; the line divides the orbit along
its axis into two parts) (Figure 1) [8]; orbital height - dis-
tance between the superior and inferior orbital margins;
it is perpendicular to its width and similarly divides the
orbit into two parts (Figure 1) [8]; orbital index — orbital
height/orbital width x 100 [21]; biorbital width - distance
between left and right ectoconchion (Figure 1) [8]; inter-
orbital width - distance between right and left dacryon
(Figure 1) [8]. Measurements were performed on coronal
plane using 3D images reconstructed from orbital images.
The relation of age and sex with the results was analyzed.

All data are presented as the mean values + standard de-
viation. Statistical analysis was performed using a paramet-
ric statistical test, as the data had normal distribution and
equal variance. Two-way analysis of variance (ANOVA)
with factors “ethnicity” and “sex” was used to compare
the groups, followed by Holm-Sidak post-hoc multiple
comparisons analysis. Probability value for the rejection
of the null hypothesis was set to 0.05.

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

RESULTS

We examined the orbits of 76 Serbian (41 male and 25 fe-
male) and 18 Roma (10 male and eight female) subjects,
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Table 1. Basic demographic data

Examinees zl;a?wl?re\;:sf Mean Age | Age SD Age span
Serbian male 51 559 17.62 24-86
Serbian female 25 58.4 15.68 29-85
Serbian all 76 56.4 17.04 24-86
Roma male 10 50.8 14.06 31-72
Roma female 8 535 7.34 44-61
Roma all 18 52 11.35 31-72
All 94 55.6 16.1 24-86

using CT scanner and MPR. The subjects were age-
matched, with the average age of 56.4 + 17 and 52 + 11.3 for
Serbian and Roma groups, respectively (p = 0.3; two-way
ANOVA). Detailed demographic data is given in Table 1.
As sexual dimorphism has been reported for orbital mea-
sures, we analyzed our results using two-way ANOVA, with
factors “ethnicity” and “sex” [12]. The height of the left
orbit (38.05 + 2.96 mm in Serbian and 39.83 + 2.28 mm
in Roma; p = 0.012) was significantly higher in Roma than
in Serbian examinees. Similarly, the width of the left or-
bit (42.12 + 2.28 mm in Serbian and 44.07 + 1.95 mm in
Roma; p < 0.001) was higher in Roma than in Serbs. The
height of the right orbit (38.28 + 3.35 mm in Serbian and
40.12 + 2.34 mm in Roma; p = 0.036) was significantly
higher in Roma group, whereas the width of the right or-
bit (43.69 + 2.39 mm in Serbian and 44.31 + 2.01 mm in
Roma; p = 0.088) was not statistically different between
the ethnicities (Figure 2A). Orbital indices, however, for
both the left orbit (90.5 + 6.8 in Serbian and 90.4 + 3.5 in
Roma; p = 0.78) and the right orbit (87.7 £ 7.2 in Serbian
and 90.5 + 3.4 in Roma; p = 0.235) did not significantly
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differ between Serbian and Roma examinees (Figure 2B).
Right orbital volume (22.49 + 3.57 mm® in Serbian and
23.67 £ 1.22 mm® in Roma; p = 0.053) did not differ be-
tween the groups, although there was a tendency towards
higher values in Roma, and the left orbits (21.63 + 3.14 mm’
in Serbian and 23.44 + 1.15 mm?® in Roma; p = 0.002) had
significantly larger volumes in Roma population (Figure
2C). As for the distances between the eyes, biorbital width
(100.50 + 4.28 mm in Serbian and 104.65 + 3.21 mm in
Roma; p < 0.001) and interorbital width (18.76 + 3.25 mm
in Serbian and 20.15 + 1.12 mm in Roma; p = 0.035) were
both significantly higher in Roma than in Serbian exam-
inees (Figure 2D). Of all measured parameters, only bi-
orbital width was significantly different for factor “sex”
(p = 0.004) and had significant interaction between “sex”
and “ethnicity” (p = 0.003). Biorbital width was higher in
male than in female Serbs (102.37 + 3.37 mm in males vs.
96.88 + 3.58 mm in females), whereas this difference was
not present in the Roma population (104.60 + 3.65 mm in
males vs. 104.72 + 2.82 mm in females). Overall, our results
indicate larger orbits and larger distances between them in
Roma then in Serbian population.

DISCUSSION

The morphometric characteristics of the orbital cavity are
variable and depend on sex, race and ethnicity, and their
estimation is relevant for anatomy, forensic medicine, an-
thropology and reconstructive and aesthetic surgery [2,
3, 4, 8, 13]. The results of our CT study showed that the
height and the width of the left orbit and the height of the
right orbit were significantly higher in Roma examinees,
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Figure 2. Orbital measurements in Serbian vs. Roma examinees; shown are mean values + SD for orbital height and width (A), orbital indices (B),
volumes (C) and distances between the eyes in Serbian (blue bars) and Roma (red bars) examinees; two-way ANOVA with Holm-Sidak post-hoc,
*p <0.05; ** p < 0.01; *** p < 0.001. R (right), L (left) H (height), W (width), | (index), V (volume), BiO (biocular) IO (interocular)
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Orbital measures in Serbs and Roma

whereas the width of the right orbit was not statistically
different between the ethnicities. The obtained results for
these parameters were similar to the findings of previous
CT studies conducted in Turkish and Indian populations
[3, 9, 22]. The sex differences in anatomy of the orbital
cavity were confirmed by various studies, with male or-
bits being significantly larger than female [9, 11, 16, 23].
In comparison to reports that showed sex differences for
most of the observed parameters [9, 16], in our study sta-
tistically significant sexual dimorphism was found for the
biorbital width, which was higher in male than in female
Serbs, whereas this difference was not present in Roma
population. Thus, it is possible to speculate that the lack
of sexual dimorphism in Roma population influenced our
results. The results of our study confirmed the earlier find-
ings in variation of orbital dimensions between the left and
right side [18, 24]. The observed parameters of the orbital
height and width had a tendency to be higher on the right
side, leading to the higher values of the left orbital index
(right: 88.2 + 6.7, left: 90.5 + 6.3; p = 0.019, t-test). This is
in accordance with the earlier findings and widely accepted
theory that the scull and the face right/left asymmetry with
higher values of the right orbital measures are the conse-
quence of the brain asymmetry and the dominance of the
left hemisphere [24, 25].

The orbital index is one of the parameters used in many
anthropological studies, because it depends on the shape
of the face and varies among the races, regions within the
same race, and ethnic groups [19]. According to the val-
ues of orbital indices (right 86.5 £ 7.2 and left 90.2 * 6.8),
we could conclude that the right orbits in Serbs could be
placed in mesoseme category, typical for the European and
Caucasian race [24], whereas the left orbits are megaseme.
Similar to the data from the Polish population [26], Serbian
females had higher orbital indices (right: 90.02 and left:
91.09), which could be classified as megaseme, in compari-
son to the orbital indices of Serbian males. In both sexes,
orbital index had tendency towards higher values on the
left side, which was in males significant (p = 0.012, t-test).
Orbital indices did not significantly differ between Serbian
and Roma examinees. However, Roma examinees had a
tendency toward higher values of orbital indices (right
90.5 * 3.5 and left 90.4 + 3.6), according to which, their
orbits could be classified in megaseme category. Contrary
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CONSLUSIONS

Morphological measurements of the orbit are valuable for
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our results indicate larger orbits, as well as greater distances
between orbits in Roma than in Serbian examinees. This
is, to our knowledge, the first study addressing anthro-
pometric parameters of the orbital cavity in Serbian and
Roma populations.
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Pa3nuKe y aHTponomeTpujckum mepama opbute nusmehy Cpba n Poma y LieHTpanHoj

Cpbuju

Maja Bynosuh', MBaHa XusaHosuh-Mauyxwuh', Pagmuna banaban-hypesuh?, AnekcaHgap PagyHoBuh?, MunaH Akcih?,

Bnagumnp Yonosuh®, Pagniwa BojuHoBuh®

'YHuep3utet y KparyjesLy, OakynTeT MeAULIMHCKNX HayKa, KaTeapa 3a aHaTomujy, KparyjeBal, Cpbuja;
?Ynuep3utet y ctouHom CapajeBy, MeguuunHcku dakyntet y Qoun, Katepa 3a npeTknuHuuke npeamerte, Penybnuka Cprncka, BocHa n

XepLerosuHa;

*BojHoMeaMLMHCKa akaaeMuja, KniHika 3a optoneaujy, beorpag, Cp6uja;

*YHuBep3uTteT y Beorpagy, MeguumHckm dpakyntet, UHcTuTyT 33 aHatomujy ,Huko Mursannh’, beorpag, Cpbuja;
YHusep3utet y Kparyjesuy, OakynteT MeauLIMHCKIX HayKa, KparyjeBal, Cpbuja;

YHueep3uTet y Kparyjesuy, OakynTeT MeaMLMHCKIX HayKa, Kategpa 3a pagronorujy, Kparyjesau, Cpouja

CAXETAK

Yeoa/Lwb O6n1K 1 BennynHa opbuTanHe WyrbriHe cy OUTHM
napameTpu y NnaHnpamy XMPYpPLLKMX 3aXBaTa, a Majy BeJIMKM
3Hayuaj 1 y aHTPOMONOrMjn U CYACKOj MeLULIMHN.

Linrb oBor paaa je 6vo aa ytBpan MopdomMeTpuyKe KapakTe-
pUCTUKE opbUTaNHe LWyMn/bUHE Y CPMCKOj Nomynaumju, Kao v
[a YTBPAU Ja nv NocToje pasnuke namehy cprcke 1 pomcke
eTHUYKe rpyne.

Metope Kopuwherem KomnjyTepusosaHe Tonorpaduje u
HaKHagHO MyNTUNNApHEe PEKOHCTPYKLMje aHanu3npany cMo
opbuTe 76 CpNcKUX 1 18 pOMCKUX 3apaBux BosIOHTepa. Huje
6110 3HauajHe pa3nuKe y rogMHama n3mehy eTHUYKIUX rpyma.
PesyntaTtn BucnHa n lWinprHa neBse, Kao 1 BUCUHA JeCHe op-
6uTe 6rne cy 3HavajHo Behe Kop Poma Hero kog Cpba, Aok ce

‘ DOI: https://doi.org/10.2298/SARH220307057V

LIMPUHA iecHe opbuTe HIje 3HaYajHO pasnukoBana. OpbuTtanHm
MHAEKCM 3a 06a OKa cy, MeByTVM, UManu ClIMYHe BPeJHOCTY KOA,
Cp6a 1 Poma. 3anpemmnHa fiecHe opbuTe Huje ce pa3nnKoBana
13mMehy MCMUTMBAHNX ETHUYKUX FPYa, anu je neea opbuTa nMa-
na 3HavajHo Behy 3anpemMuHy Kop pomMcke nomynauuje. KoHau-
HO, bropbyTanHa n MHTepPopbKTaNHa BUCKHA U LUMPUHA Cy 6une
3HauajHo Behe kog Poma Hero kog Cpba. Huemo otkpunu pas-
nrike mehy nonoBrma, ocvm 3a bropbuTanHy LWKMPKHY, Koja je
MIMana HKe BPEAHOCTI KOJ CPMCKMX, ank He 1 KO POMCKUX
XKEHa, Hero Kof MyLlKapaua.

3aksbyuak Hawm pesyntatu roope y npunor Behum opbrtama,
Kao v Behem pa3maky nsmehy ounjy koa Poma Hero kog Cpba.
KrbyuHe peun: eTHWYKa NPUMNAAHOCT; MOJ; MyNTUMIaHAPHa
peKOHCTPYKLUKja; opbuTa; Pomu; Cpbu
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