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Abstract

Objectives: To establish the correlation between orbital measurements and
the height of individuals of a Brazilian population for human identification
and height estimation. Materials and Methods: The sample consisted of 100
patients of both sexes, from Brazil Northeast, who sought the radiology ser-
vice of the Oswaldo Cruz University Hospital to undergo facial CT for other
purposes. Sex and stature of each subject were obtained on this occasion. Af-
ter data collection, the craniometric points were determined and tomographic
measurements were taken, correlating the findings with the variables studied.
Results: Sixty-four (64.3%) of the participants were male and 36 (35.7%) were
female. Stature was significantly greater in men than in women. The two va-
riables had positive coefficients and were significant (p < 0.001), with female
sex being used as the reference. The coefficient of determination was 0.435, in-
dicating a reasonable fit of the model to the data. The orbit measurements
can be accurate on estimating male and female stature in 83%. Conclusion:
The orbit is an effective parameter for the estimation of stature from images
of bone remains for human identification, in which linear orbital measure-
ments can be correlated with anthropometric data (sex, and stature). An equa-
tion was proposed for estimating a subject’s stature in the population studied.

Keywords

Anthropometric Measurements, Orbit, Human Identification, Height, Body,
Sex Characteristics

1. Introduction

Stature estimation is an objective tool for the identification of human remains
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(Bidmos, 2008). Different equations derived from the relationship between limb
height and bone length have been used to reconstruct stature in skeletal samples
(Raxter et al., 2006; Belmonte et al., 2011; Gidna & Dominguez-Rodrigo, 2013;
Weaver et al., 2010; Pereira et al., 2019).

Some height estimation methods using long bones, cranium, and spinal ver-
tebrae have been developed and applied to different populations. The main
problem encountered is that the methods are developed for a given population
and cannot be applied to another with different races and miscegenation (Bel-
monte et al., 2011). In countries like Brazil, which is characterized by widespread
racial miscegenation, this evaluation is difficult because of the lack of standards
and methods used in this population for human identification. To minimize
such problems, population studies are necessary to obtain in-depth knowledge of
the variables that affect the population studied.

Studies suggest that the orbit widens with age and that significant relations exist
between a subject’s height and orbital measurements, and eye location. The associa-
tion of these measurements with height may indicate an effect of other factors, such
as age, sex, and ancestry in orbit anthropometry (Krishan, 2008; Telkka, 1950).

Krishan (2008), studying 996 men from north India, showed that regression
analysis could be used to successfully estimate stature from different cepha-
lo-facial dimensions when cephalo-facial remains are brought in for forensic
examination. In similar studies, Kamal & Kumar (2016) and Sahni et al. (2010)
concluded that regression equations derived from facial measurements could be
a supplementary approach to estimating stature when extremities are not availa-
ble.

The correlation of orbital measurements with a subject’s stature can provide
important data for elaborating an equation that can be used in height estimation
during the process of identification. Within this context and based on the studies
mentioned above, we believe that the proposal of an equation derived from or-
bital measurements related to Brazilian individuals’ height and sex would be

useful for stature estimation in cases of human identification in this population.

2. Methods

This cross-sectional, prospective, analytical study was conducted in individuals
older than 20 years old, from the state of Pernambuco, Northeast Brazil, who
spontaneously sought the medical radiology service for cranial or facial com-
puted tomography assessment for other purposes, and met all of the inclusion
criteria established to participate in this study. Individuals with facial trauma, a
history of any diseases involving the eyes or orbits, and those with a history of
surgery who exhibited artifacts on tomographic scans were excluded from the
study. In addition to the imaging examination, we collected sex, age, and height
according to the participants’ term informed consent and privacy rights. Each
participant’s stature was measured in centimeters as the vertical distance from

the ground to the vertex.
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The sample size was calculated with the GPOWER" 3.1.9.2 software (1992-2014)
using a data source of variables similar to those of the study of Ji et al. (2010).
The mean and standard deviation of orbital roof length in females and males
were used for this calculation. We chose these variables because it showed a sig-
nificant difference and had a larger sample than the other variables. The esti-
mated sample size was 94 patients, with a power of analysis of 0.90424, consi-
dering a significance level of 0.05.

The participants were invited to have their height measured by a unique ex-
aminer who did not participate in the CT scans measurements. Data was rec-
orded and saved for the linear regression statistical analysis.

The tomographic images obtained were visualized with the InVesalius® 3.0
program (public-domain software, Brazil), and the position and orientation of
the head planes were adjusted, observing the skull and orbital cavities through
3D reconstructions. The anatomical landmarks of the orbit were determined
with the measurement tools of the program (Figure 1), and the orbital cavity
measurements were then taken (Table 1).

The linear measurements were obtained by an independent and well-trained
evaluator different from the person who collected the sex and age data, following
the recommendations of Ji et al. (2010). Examiner calibration was performed fol-
lowing the method of Dangour (Belmonte et al., 2011). For this purpose, ten sub-
jects were taken as a reference, and their measurements were obtained twice on dif-
ferent occasions at a minimum interval of 15 days. The values obtained with this

double measurement were compared. Moreover, it was determined whether

Table 1. Definition of anatomical landmarks of the orbit and relevant length parameters.

Anatomical landmark/length Definition

. . The junction between the frontomaxillary suture and medial
Maxillofrontal point (Mf) . K
orbital rim

Ect hi int (Eo) The junction between the lateral orbital rim and the horizontal
ctoconchion point (Ec
P line that divides the orbital foramen into two equal parts

. . The superior junction between the superior orbital rim and the
Supraorbital point (Os) X K . K
perpendicular bisector line of line Mf-Ec

. . . The inferior junction between the inferior orbital rim and the
Infraorbital point (Oi) K i . X
perpendicular bisector line of line Mf-Ec

Optic foramen point (Of) Optic foramen
Orbital breadth Mf-Ec

Orbital height Os-0i

Medial wall length Mf-Of

Lateral wall length Ec-Of

Orbital roof length Os-Of

Orbital floor length 0i-Of
Intraorbital distance (IOD) Mf-Mf
Extraorbital distance (EOD) Ec-Ec
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Figure 1. Anatomical landmarks of the orbit used for the measurements.

they were within the established limits using statistical tests, indicating if the
measurements would be reproducible (kappa = 0.89).

The data were analyzed descriptively using absolute and relative frequencies.
Numerical variables are reported as mean, standard deviation, and median. For
inferential analysis, the parametric Student t-test and paired Student t-test were
applied to normally distributed data and the Mann-Whitney and Wilcoxon tests
for paired data if the data were not normally distributed. The normality of the
data and homogeneity of variances were verified using the Shapiro-Wilk test and
Levene’s F test, respectively.

For height estimation, two linear regression models were fitted to the mea-
surements and sex as an independent variable. The regression equation, va-
riables’ significance, coefficient of determination (R?), the model’s significance,
and normality of residuals were obtained. All measurements and sex were in-
cluded in the first model. For the other model, a backward selection of the va-
riables was used, with p = 0.10 entering and remaining in the model.

A margin error of 5% was used in the statistical test decisions. The Statistical
Package for the Social Sciences v21 (SPSS) was used to tabulate the data and sta-

tistical analysis.

3. Results

One hundred patients were selected; sixty-four (64.3%) were male, and 36
(35.7%) female. The mean height was 1.71 + 0.07 m in men, 1.61 % 0.06 in
women, and 1.67 + 0.08 m for both sexes. The comparison showed greater mean
heights in male participants compared to females.

Table 2 shows the mean and standard deviation of the orbital and interorbital
measurements in the whole sample and according to sex. Significant differences
(p < 0.05) between sexes were observed for MF-EC and EC-OF on the right side
and for MF-EC on the left side, with the mean values being higher in men. Va-

riability was low since the standard deviations were less than 1/3 (33.3%) of the
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Table 2. Statistical analysis of right and left orbital and interorbital measurements in the
whole sample and according to sex.

Sex
Variable Male (n = 64) Female (n = 36) Whole sample p-value
Mean + SD Mean + SD Mean + SD
Right orbit
Mf-Ec 34.94 +2.39 33.59 +1.93 34.41 +2.32 0.005*
0s-0i 34.55 +2.86 33.78 + 2.66 34.24 +2.78 0.198
Mf-Of 17.78 + 2.67 17.68 +2.78 17.66 + 2.74 0.867%
Ec-Of 19.23 +£4.39 17.67 £ 3.98 18.77 +4.30 0.011*®
Os-Of 20.36 + 4.58 18.97 £ 4.33 20.07 + 4.70 0.146®
0i-Of 16.72 +2.48 16.87 £2.45 16.71 +2.48 0.730?
Left orbit
Mf-Ec 34.63 +4.90 33.90 +2.33 34.28 +4.22 0.026*?®
0s-0i 34.17 + 4.88 34.18 +3.12 34.09 + 4.38 0.565?
Mf-Of 17.60 + 2.66 17.85 £ 4.29 17.62 +3.35 0.521®
Ec-Of 19.65 + 4.77 18.11 £4.91 19.20 + 4.86 0.144®
Os-Of 19.74 + 4.18 18.85 + 3.60 19.54 + 4.09 0.428?®
0i-Of 16.82 +2.42 16.25 + 2.68 16.54 + 2.55 0.286"
Interorbital
MEF-MF 3322 +3.72 33.22 +3.87 33.27 +3.74 0.998
EC-EC 91.35 + 11.55 89.03 + 14.56 90.40 + 12.59 0.175?
Both orbits
Mf-Ec 34.78 (2.92) 33.74 (1.64) 34.34 (2.62) 0.005*®
0s-0i 34.36 (3.25) 33.98 (2.66) 34.16 (3.07) 0.326%
Mf-Of 17.69 (2.48) 17.76 (3.00) 17.64 (2.69) 0.959¢)
Ec-Of 19.44 (4.40) 17.89 (4.20) 18.98 (4.38) 0.042*®
QOs-Of 20.05 (4.26) 18.91 (3.91) 19.80 (4.26) 0.299®
0i-Of 16.77 (2.17) 16.56 (2.39) 16.62 (2.28) 0.630®

(*): Significant difference at the 5% level; (1): Student t-test with equal variances; (2): Mann-Whitney test;
(3): Mann-Whitney test.

corresponding means. This table also shows the orbital measurements indepen-
dent of the side, which were obtained as the average of the two sides. Significant
differences between sexes were found for MF-EC and EC-OF variables, with the
mean values being higher in men (34.78 x 33.74 for MF-EC and 19.44 x 17.78
for EC-OF).

The correlations between stature and each of the orbital and interorbital
measurements are shown in Table 3. The only correlations significantly differ-

ent from zero were observed for stature with MF-EC in the right and left orbits,
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Table 3. Correlation between the right, left, interorbital measurements, and orbital mea-
surements independent of side.

Variable Stature Stature
r(p) r(p)
Right orbit Both orbits
Mf-Ec 0.307 (0.002)*™ 0.330 (0.001)*
0s-0i 0.086 (0.393)® 0.056 (0.580)
Mf-Of 0.100 (0.321)® 0.088 (0.384)
Ec-Of 0.206 (0.039)*® 0.169 (0.093)
0s-Of 0.061 (0.547)@ 0.020 (0.841)
0i-Of -0.012 (0.907)@ 0.085 (0.402)
Left orbit
Mf-Ec 0.256 (0.010)*@
0s-0i 0.036 (0.724)@
Mf-Of 0.092 (0.363)@
Ec-Of 0.123 (0.224)®
0s-Of -0.005 (0.959)@
0i-Of 0.130 (0.198)®
Interorbital
Mf-Mf 0.110 (0.275)V
Ec-Ec 0.319 (0.001)*®

(*): Significantly different from zero at 5%; (1): Pearson correlation; (2): Spearman correlation.

with EC-OF in the right orbit, and with the interorbital distance EC-EC. These
correlations were all positive, indicating a direct relationship between the va-
riables analyzed. The significant correlations ranged from 0.202 to 0.366, values
considered to have a low correlation. In both orbits, the only correlation signifi-
cantly different from zero was observed with MF-EC. This correlation was posi-
tive, indicating a direct relationship (0.330), but still not strong.

Table 4 shows the results of the regression of stature concerning the orbital
measurements independent of side, interorbital measurements, and sex. Positive
coefficients were obtained for MF-EC, MF-OF, EC-OF, OI-OF, MF-MF, EC-EC,
and sex. The female sex was the reference for the variable sex (0), being the coef-
ficient equal to 0.089. The other variables had negative coefficients. The two sig-
nificant variables were EC-EC and sex. The coefficient of determination was
0.460, indicating a good fit of the model to the data. Other results not shown in
this table demonstrated that the model is significant (p < 0.001), and the stan-
dardized residuals showed a normal distribution.

Getting the results of Table 4, a backward selection was used, with variables
with p = 0.10 entering and remaining in the model. As shown in this table,

EC-EC and sex were the only two variables that remained in the model. Both
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Table 4. Results of stature regression concerning orbital measurements independent of
side and interorbital measurements.

Variable Coefficient p-value
Constant 1.374 <0.001*
Mf-Ec 0.001 0.306
0Os-0i -0.003 0.418
Mf£-Of 0.001 0.735
Ec-Of 0.003 0.428
Os-Of -0.001 0.715
0i-Of 0.004 0.517
Mf-Mf 0.001 0.494

Ec-Ec 0.002 <0.001*
Sex 0.089 <0.001*
Coefticient of determination R*=0.460

Equation: Height, = 1.374 + 0.001-MF-EC - 0.003-OS-OI + 0.001-MF-OF + 0.003-EC-OF —
0.001-OS-0OS + 0.004-OI-OF + 0.001-MF-MF + 0.002-EC-EC + 0.089-Sex; Sex: 0 = Female; 1 = Male

(*): Significant at the 5% level.

variables had positive and significant coefficients (p < 0.001), with female sex (0)
being used as the reference. The coefficient of variation was 0.435, indicating a
good fit of the model to the data. Other results not shown in Table 5 demon-
strated that the model is significant (p < 0.001), and the standardized residuals
showed a normal distribution.

Based on the results found and the coefficient of determination of 0.435 for
Ec-Ec and sex, the following equation was obtained to establish the subject’s
stature:

Equation: Stature g, = 1.429 + 0.002-EC-EC + 0.092-Sex
Sex: 0 = Female; 1 = Male

Table 6 shows the area under the ROC curve analysis for the prediction of the
numerical measurements in men. It showed that on the right orbit, the Mf-Ec
has a high specificity for women, an accuracy for detecting males and females of
61.6. The Ec-Of has a high sensitivity for men and an accuracy of 70.7. On the
left orbit, the Mf-Ec has a high specificity for female and an accuracy of 62.6.

4. Discussion

The present study analyzed the orbital cavities of adult men and women based
on conventional computed tomography scans. Linear distances were measured
from craniometric points and correlated with height and sex. An equation was
derived from these data for stature estimation based on the acquired measure-
ments. To our knowledge, there are no studies in the literature that analyzed and
correlated orbital cavity measurements with stature or proposed an equation

model to assist the forensic investigation.
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Table 5. Results of stature regression concerning orbital measurements independent of

side and interorbital measurements, selecting variables with p < 0.001.

Variable Coefficient p-value
Constant 1.429 <0.001*
Ec-Ec 0.002 <0.001*
0.092 <0.001*

Coefficient of determination

R*=0.435

(*): Significant at the 5% level.

Table 6. Analysis of the area under the ROC curve for the prediction of the numerical
measurements in men.

Variable Thi hatereceztl 11’1:1eder pvalue Cut-off Sen(s;t}i)vity Spe(coiﬁ)ﬁ)city Aci;)r)acy
M F Mand F
Stature 0.885 <0.001* 1.655 84.1 83.3 83.8
Right orbit

Mf-Ec 0.692 0.002* 35.60 42.9 94.4 61.6
Os-0i 0.579 0.192

Mf-Of 0.517 0.774
Ec-Of 0.642 0.019* 15.35 92.1 333 70.7
Os-Of 0.574 0.220
0i-Of 0.491 0.884

Left orbit

Mf-Ec 0.636 0.025* 35.45 49.2 86.1 62.6
0Os-0i 0.536 0.553

Mf-Of 0.539 0.520
Ec-Of 0.578 0.200

Os-Of 0.533 0.583

0i-Of 0.569 0.252

Interorbital
Mf-Mf 0.498 0.974
Ec-Ec 0.592 0.129

(*): Significant at 5%.

Several studies have been conducted in different countries to establish reliable

parameters for stature estimation from bones, most of them in Europe and more
recently in Central and South America (Belmonte et al., 2011; Mbbs & Mbbs,
2012, Animale, 1993; Giannecchini et al., 2008; Menéndez et al., 2018). However,

there are no reliable standards for stature estimation from bones in Brazil. The

Brazilian population’s wide diversity is so great that it creates groups of individ-

uals with peculiar and unique characteristics within the same country (Pereira et
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al., 2019). In agreement with this fact, Keen (1950) reported that estimating the
sex and race from a bone in a previously known group is an easy task, but de-
termining such characteristics in distinct groups becomes an expert task.

One major difficulty encountered in establishing stature is the absence of oth-
er bone parts that are lost and/or mutilated. When complete bones are available,
the fully method or anatomical method can be adopted as an alternative. An ap-
proximation of stature is obtained by summing dimensions of the skeletal ele-
ments that contribute directly to height and adding a correction factor for soft
tissue (Raxter et al, 2006). However, mathematical models using regression
formulae have been suggested for bone fragments since studies have shown that
these equations are accurate for stature estimation (Bidmos, 2008; Telkka, 1950;
Trotter & Gleser, 1958).

Given the importance of stature for the area of human identification and the
paucity of studies correlating the anthropometric measurements of height with
orbital dimensions, this study aimed to develop a new tool that could facilitate
dental/medical work examiners during the identification of cadavers in a Brazil-
ian population. Following the study of Ji et al. (2010), linear measurements were
taken to describe the main characteristics of the orbits based on specific ana-
tomical landmarks. Analysis of the mean and standard deviation of the orbital
measurements according to the side revealed a significant difference (p < 0.05)
between sides only for the variable EC-OF. In general, although they present
differences, they are minimal and without significant repercussions, corroborat-
ing the findings of this study and others in the literature (Pereira et al., 2019; Ji et
al., 2010). Although a few studies were found correlating stature and orbital
measurements, the literature is scarce in providing studies about this theme in
different populations worldwide.

Significant differences were obtained in the mean values of the variables stu-
died, which were higher in males than females. Knowing that the size of the orbit
is related to differences in individuals’ height and varies significantly according
to sex, the size of the orbit was smaller in women compared to men, in agree-
ment with the studies of Ji et al. (2010), Weaver et al. (2010), Yuen et al. (2008)
and Pereira et al. (2019). In this regard, the Mf-Ec measurement was highly spe-
cific for females, i.e., if the mean of this variable is used for sex identification, the
females will be detected in 94% of cases. Furthermore, it can be as accurate as
70% to differentiate females from males.

When the orbital measurements were correlated with height, correlations sig-
nificantly different from zero were observed for height with Ec-Ec and Mf-Ec in
the right and left orbit and with MF-OF in the left orbit, ranging from 0.248 to
0.379. However, analysis of the orbital measurements independent of side
showed correlations significantly different from zero for stature with MF-EC
and EC-OF. These significant values were all positive, indicating a direct rela-
tionship.

The correlations found might be related to the limited number of tomography

scans analyzed in this study. However, the variability was low since the standard
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deviations were less than 1/3 of the corresponding means, further strengthening
the present study results. Furthermore, predicting stature in males and females
in this particular population can be accurate in about 83% of the cases.

Studies using regression analysis for stature estimation from cranial mea-
surements in the living have concluded that this is an effective tool to estimate
total skeletal height (Krishan, 2008; Kamal & Kumar, 2016; Sahni et al., 2010). A
similar conclusion can be drawn in the present study, with the measurements
being obtained from the orbit by tomographic analysis. Analysis of the orbital
cavity for human identification revealed that this was an important tool for sta-
ture evaluation, with regression analysis of stature on the orbital measurements
permitting to establish an equation. Independent of the side analyzed, EC-EC
and sex remained in the model. Both variables had positive coefficients and were
significant (p < 0.001).

When analyzing some of the observed patterns and seeking information from
similar works, studies evaluating the correlation of craniometric measurements
with stature were found to be scarce in the literature. Given the difficulties re-
ported in reliably estimating stature from anthropometric measurements, the
introduction of the equation proposed in the present study is a significant con-
tribution.

This study is of paramount importance from an anthropological perspective
for increasing tools for identifying Northeastern Brazilian bodies, which will be
of great importance in human identification practice at legal medicine institutes
to optimize identification in selected cases.

Therefore, future studies validating this regression equation in dry bones or
other experimental models are mandatory to increase the reliability of the results
so that the equation will be useful in forensic practice. Similar studies involving
different populations should also be conducted to verify the applicability of the
equation in other populations.

As mentioned before in this study, classically, long bones are preferred for es-
timating the stature of skeletons. However, in a daily practical context receiving
bodies in an advanced stage of decomposition, mutilated, or dismembered for
examination is not rare. Also, in mass disasters and mass graves in a humanita-
rian context, there are real chances that the bodies to be found very fragmented.
That is why studies like the present one are essential, once the equation pro-
posed could be easily applied to dry bone fragments when even one of the orbits

is still preserved, which would consist of a useful tool for stature estimation.

5. Conclusion

Linear orbital measurements are feasible, applicable, and relevant in assessing
the stature in images of bone remains for human identification. Individual cha-
racteristics (sex and height) were correlated with some of the orbital measure-
ments analyzed. It was possible to establish an equation for estimating the sta-

ture of these Brazilian individuals.
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