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Sex DeteRMInAtIon USIng tHe DIMenSIonS oF HUMAn oRBItS (Abstract): Aim.
the aim of the study is to estimate the degree of sexual differentiation using direct measurements 
of orbit diameters on dry adult skulls, being representative for the contemporary Romanian popu-
lation. Material and methods.the study included  83 dried skulls, 43 male and 40 female from 
the collection Fr.I. Rainer of the „Francis I. Rainer” Anthropology Institute of the Romanian 
Academy, Bucharest. For each skull, we measured the width, the heigth, the orbital index, the 
interorbital and biorbital distances.Results. the highest accuracy for sex determination is for the 
interorbital distance, followed by the biorbital index and the heigth of the left orbit. Conclusions.
this study can be very useful for specialists in forensic medicine and anthropology, especially 
when the human remains examined  belonged to individuals from Romanian population. Key-
words: oRBIt, HeIgtH, wIDtH, InteRoRBItAl DIStAnCe, oRBItAl InDex

INtRODUctION 
the orbit is a structure which attracted much 

interest from researchers, both because of its 
complexity and the variability of diameters from 
one individual to another. Specialists have tried 
to quantify these measurements and make cor-
relations between groups, related to ethnicity, 
gender and race. In forensic medicine and an-
thropology, an important role of these measure-
ments is to determine the identity of a group of 
skeletal remains. the characteristics of bio-
logical identity are gender, age, ethnicity and 
stature. For the determination of sex, in previ-
ous studies, an accuracy of 90-100% was deter-
mined for a whole skeleton, 90-95% for pelvis 
and 80-90% for skull.  

the aim of the study is to estimate the de-
gree of sexual differentiation using direct meas-
urements of orbit diameters on dry adult skulls, 
being representative for the contemporary Ro-
manian population.

mAtERIAL AND mEthOD 
the study included  83 dried skulls, 43 male 

and 40 female from the collection Fr.I.Rainer 

of the Institute of Anthropology „Francis I. 
Rainer” of the Romanian Academy, Bucharest. 
From the study were excluded the skulls be-
longing to children, who had congenital de-
fects, trauma, those whose anatomical land-
marks were no longer complete or those whose 
age and sex were not known. Also, no skulls 
of older people have been taken into account 
because, due to osteoporosis, many of them 
have undergone bone resorption.  the measure-
ments were done using a digital caliper. with 
the help of standard anatomical elements (ac-
cording to Jonathan Hass (1)) we have per-
formed measurements of each orbit. the or-
bital parameters were measured in mm and for 
each skull were measured:
•	 The	 heigth	 of	 the	 orbit	 –	 the	 distance	 be-

tweeen the superior and inferior borders of 
the orbit

•	 The	width	of	the	orbit	–	the	distance	between	
dacryon (the point situated at the junction 
between frontal, lacrimal and maxillary 
bones) and ectoconchion (the most lateral 
point of the lateral wall of the orbit)

•	 Interorbital	distance	–	the	distance	between	
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the dacryon of the left and right orbits
•	 Biorbital	distance-	the	distance	between	the	

ectoconchion of the left and right orbits
•	 Orbital	index	–	the	ratio	between	the	heigth	

and the width of the orbit x100
For each parameter we calculated the mean, 

standard deviation and variance, using SPSS 
v.24.

RESULtS 

For the width of the orbit, the results are 
presented in the following table (table 1).

we observed that the mean, both left and 
right, have higher values in male than in female. 
For both female and male, lower values are 
observed for the left orbit, compared with the 
right orbit. By combining the data obtained 
from both sexes, we found that the minimum 
value belongs to a female skull, and the maxi-
mum value to a male skull (figures 1 and 2).

the analysis for the heigth of the orbit is 
presented in the table 2.

In this table we statistically analyzed the 

tABle 1
The values for the width of the right and left orbit

Measurements Sex Mean
Standard 
deviation

Variance Min Max

width right orbit

M 40,18 0,99 3,29 38,66 41,95

F 39,21 0,71 2,85 37,87 40,72

M+F 39,71 0,99 4,08 38,87 41,95

width left orbit

M 39,61 0,91 3,57 37,66 41,23

F 38,47 1,44 4,98 35,83 40,81

M+F 39,06 1,32 5,40 35,83 41,23

Fig. 1. Sex distribution of the values measured for the width of the right orbit 

data obtained by measuring the height of the 
orbit, both right and left, for each sex. we 
noted that the mean of the orbit height is high-
er in male, for both right and left orbit, but not 
statistically significant for the right orbit. Un-
like the width of the orbit, here we can find 
that both the minimum value and the maximum 
value belong to female skulls. the increased 
value of the standard deviation in female is 
explained by the mean lower than the male, but 
the variance is higher, suggesting a scattering 
of values compared to the mean (figures 3 and 4).

In this table we statistically analysed the data 
obtained by indirect measurement of the or-
bital index (height of orbit/orbit width x 100), 
both for the right and left orbits, for female and 
male. we noted that although the mean orbital 
index is higher in female sex, we can’t say if 
there is a significant difference between the 
sexes.

the values for the interorbital and biorbital 
distances are presented in the following table 
(table 4).
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tABle 2
The values for the heigth of the right and left orbit

Measurements Sex Mean
Standard 
deviation

Variance Min Max

Heigth right orbit

M 34,80 1,28 5,74 31,94 37,68

F 34,23 1,68 6,76 31,14 37,90

M+F 34,53 1,50 6,76 31,14 37,90

Heigth left orbit

M 34,35 1,03 3,97 32,11 36,08

F 33,45 1,39 6,42 30,53 36,95

M+F 33,92 1,29 6,42 30,53 36,95

Fig. 2. Sex distribution of the values measured for the width of the right orbit

tABle 3 
The values for the index of the right and left orbit

Measurements Sex Mean
Standard 
deviation

Variance Min Max

Index right orbit

M 86,62 2,51 11,52 80,10 91,61

F 87,28 3,88 16,31 80,01 96,32

M+F 86,94 3,24 16,31 80,01 96,32

Index left orbit

M 86,72 1,77 5,87 83,90 89,76

F 86,98 2,83 10,47 81,57 92,05

M+F 86,85 2,33 10,47 81,57 92,05

Fig. 3. Sex distribution of the values measured for the heigth of the right orbit
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Measurements Sex Mean Standard deviation Variance Min Max

Interorbital distance
M 19,26 1,44 5,09 16,82 21,91
F 17,68 0,59 2,09 16,79 18,88

M+F 18,50 1,36 5,12 16,79 21,91

Biorbital distance
M 96,00 2,51 10,56 90,32 100,88
F 93,99 2,87 11,20 88,77 99,97

M+F 95,03 2,86 12,11 88,77 100,88

tABle 4 
The values for the interorbital and biorbital distances

Fig. 4. Sex distribution of the values measured for the heigth of the left orbit

Variable p-value Interpretation of p-value

width right orbit 0,043 Significant
Heigth right orbit 0,089 not significant
Index right orbit 0,387 not significant
width left orbit 0,029  Significant
Heigth left orbit 0,002 Significant
Index left orbit 0,133 not significant

Interorbital distance <0,001 Very significant
 Biorbital distance 0,003 Significant

tABle 5
p-values for measured variables

In this table we statistically analysed the data 
obtained by measuring the interorbital distance 
and biorbital distance, depending on the sex. 
we noted that for both the interorbital and the 
biorbital distance, the mean for female is lowe 
than for male. In both cases the minimum val-
ues belong to the female sex, and the maximum 
values belong to the male sex.  Using the cal-
culated values for the variables shown above, 
we noted that they are higher in case of male 
skulls, except for the orbital index, so we can 
say that on average the orbit of males is larger 
than the orbit of females.

we used the MAnn wHItneY U test to 
see if there are statistically significant differ-
ences between the measured parameters. we 
used this test because on the above histograms, 
it can be easily observed that measurements do 
not respect gauss’s curve for normal distribu-
tions (table 5).

we noted from the table above that we have 
obtained statistically significant results (p< 
0,05) for the width of right and left orbit, heigth 
of left orbit, and interorbital distance. As for 
the interorbital distance, the results are very 
significant (p<0,01). we didn’t obtain statisti-
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cally significant results in case of the orbital 
index snd height of the right orbit (p>0,05).

In this table are presented the un-standard-
ised coefficients of the function, centroid groups, 
significance, chi squared value, wilk’s lambda 
value, original accuracy and cross-validated ac-
curacy. Coefficients are used to calculate the 
value of discriminant function for all measure-
ments. this value is obtained by multiplying 
the coefficient with the adjacent measurement 
to which constant is added.

the result of this function is compared to 
the cut-point. the cut-point is the  mean be-
tween the female centroid and the male centroid 
and must always be 0. If the score of the dis-
criminant function is lower than the cut-point 
then the skull is considered feminine with a 
high probability, otherwise  masculine. 

the discriminant function for the variables 
in the table looks like this:

Sex= -34,888+0,480 x width right orbit 
-0,141 x heigth right orbit -0,024 x width left 
orbit +0,314 x heigth left orbit + 0,793 x 
interorbital distance - 0,040 x biorbital dis-
tance.

DIScUSSIONS
orbit is one of the most complex structures 

of the skull. Its diameters and volume are dif-
ferent from one person to another. From this 
variability emerged the increasing interest in 
the morphometric study of the orbit in the last 
century. Despite this, there is still no standard-
ised method at the global level. the measure-
ment of orbital diameters has an important role 
both in the medical practice due to multiple 

pathology at this level (2), but also in anthro-
pology and in forensic medicine.

Forensic anthropologist and osteology spe-
cialist are in charge of identifying bones and 
remains in the skeleton. they can identify the 
gender, race, age, and sometimes the cause of 
death. Sex can be determined with certainty, 
age can be approximated with a 5-year error, 
and the height with an error of about 3.5 cm, 
all this if the skeleton is complete and does not 
show traces of damage (3).

Sexual dimorphism could also be based on 
bone development, ossification centers appear 
earlier in female sex, but bone development 
occurs sooner in men. Also, different hormonal 
secretions may have a role in sexual differen-
tiation. over time, several authors have been 
interested in researching various parameters to 
determine the sex using human skulls. the re-
sults of these studies are comparable to our 
study, these studies analyzing similar segments 
of the skull. Jain et Jasuja (4) studied 200 adult 
skulls, 100 female and 100 male obtaining orig-
inal accuracy of 79% and cross-validated ac-
curacy of 77%. the highest accuracy is achieved 
by a function which includes parameters of the 
left orbit measurements (width, height and in-
dex) and interorbital distance. Unlike this, in 
the present study, the highest accuracy was ob-
tained from the parameters of the right orbit 
along with the interorbital distance.

the main similarity with the study present-
ed in this paper is that the same measurements 
(width and height of orbits, interorbital distance 
and biorbital distance) are used. Another re-
semblance is the statistical method used. 

tABle 6 
Discriminant function for sex determination using the measured variables
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width right orbit
Heigth right orbit
width left orbit
Heigth left orbit
Interorbital distance
Biorbital distance
Constant

0,480
-0,141
-0,024
0,314
0,793
-0,040
-34,888

M= 0,759 
F=-0,816

<0,001 38,326 0,612 79,5% 72,3%
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Sarkar et al (5) studied 92 skulls (61 male 
and 31 female) from a contemporary population 
of Bengal, India. they measured only the width 
and height of the orbits, using the same ana-
tomical reference points as in our study (dacry-
on and ectoconchion). He studied a single dis-
criminant function which uses the parameters 
of the 4 measurements from both orbits. For 
this function,  the accuracy is 68.5% . In the 
study of Sarkar et al (5) the mean height  of the 
orbit in female skulls is higher than in male 
skulls. In the present study, the height of the 
orbit in females is lower than the height of the 
orbit in males; this can be caused by the dif-
ference between the population groups. 

Mihai Marinescu et al (6), studied the sex-
ual dimorphism of the skulls in the Romanian 
population. with regard to orbit, they used as 
parameter the length of the orbit and achieves 
results very similar to those shown in our work. 
For male skulls they obtained a mean of 39.9 
mm, and in our study the same mean is 39.89 
mm. For female skulls, the mean of the same 
parameter is 38.1 mm, and in our study the 
mean is 38.84 mm.

 Mihai Marinescu et al (6) used measure-
ments of the entire skull and an accuracy of up 
to 88% compared to this work where we ob-
tained an accuracy of 78.5% only from orbital 
measurements. 

Dayal et al (7) studied the sexual dimor-
phism of the skulls in the South African popu-
lation. they choosed a sample of 120 skulls (60 
female and 60 male) whose age is between 25 
and 70 years old. these skulls belong to people 
who died between 1929 and 2000.

Both sexes were equally distributed in this 
sample using the age and year of death. one 
remarkable thing in this study is that the mean 
width of the orbits is significantly higher than 
those in our study. In Dayal et al (7) the mean 
of the orbital width is 42.62 mm in male and 
41.10 mm in female, and in this work the mean 
width of the orbit is 39.89 mm in male and  
38.84 in female. 

Jeremiah et al (8) studied adult skulls aged 

27	–	67	years from Central Kenian communi-
ties, with the year of death between 1952-1963. 
they measured 3 parameters for each orbit 
(length, height and index). the results showed 
that there is no correlation between the orbit 
index for any of the sexes. For male skulls the 
mean of the orbital index is 82.57 (± 5.01)and 
for female skulls is 83.48 (± 3.50). In our work 
the mean of the orbital index in male skulls is 
86.67, respectively 87.13 in female skulls. 

Rossi et al (9) studied the relationship of 
orbital dimensions with the sex of skulls in 
Brazilian population. they measured the width 
and the height of the orbit and the interorbital 
distance. Rossi et al (9) reported that there is 
a significant difference between the sexes for 
the width of the orbit and the interorbital 
distance,but not for the height of the orbit. the 
maximum accuracy obtained by Rossi et al. (9) 
is 76% for the univariate analysis of the bior-
bital distance and 79% for the multivariate 
analysis. In our study, the maximum accuracy 
for the multivariate accuracy is 75.9%, a value 
very close to that of Rossi et al (9).

cONcLUSIONS
Comparing the results from the present 

study with other similar studies we found that 
the highest accuracy for sex determination is 
for the width of the orbit (Kaya et al (10) and 
Dayal et al (7). It is also very evident that the 
female orbital index is higher than the male 
orbital index (Jeremiah et al (8) and the present 
study), but this parameter could not be used for 
sex determination. Both in this study and in the 
study of Kaya et al (10), the multivariate analy-
sis of the left orbit has a higher accuracy than 
that of the right orbit. the interorbital distance 
produced the highest accuracy for sex determi-
nation, using both the univariate and multi-
variate analysis. 

this study can be very useful for specialists 
in forensic medicine and anthropology, espe-
cially when the human remains examined  be-
longed to individuals from Romanian popula-
tion. 
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