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ORIGINAL ARTICLE

Modeling of Central Incisors Position Indicators in boys and girls according to CC.
Steiner method for Forensic Dental Identification
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Abstract

Personal identification remains one of the main focuses of forensic experts. A foreseeable method of conducting forensic research in
the case of an unknown person's examination is a forensic dental examination. However, like other anthropometric studies, it requires
adjustment for variables such as age, gender, and most importantly, ethnicity. The purpose of this study is to investigate the correct
use of central incisors for Ukrainian boys and girls according to the data recommended by C.C.Steiner for their implementation in
forensic identification. 93 lateral cephalometric images (38 boys and 55 girls) of 16-21 years of age with normal bite were examined.
Cephalometric analysis was performed in OnyxCeph 3D pro. Statistical analysis and construction of regression models were carried
out in the "Statistica 6.0" license package. A number of discrepancies in the percentile range of indexes of the position of the central
incisors of the upper and lower jaws, depending on the value of the angle ANB in Ukrainian boys and girls with the results provided
by CC. Steiner, were established. As a result of the regression analysis, reliable models of the characteristics of the position of the
central incisors of the upper and lower jaws were constructed for Ukrainian boys and girls by Steiner method. The coefficient of
determination in boys was found to be from 0.542 to 0.796; and in girls — from 0.503 to 0.622. The study confirmed the relationship
of the angle ANB with angular (angles Maxl NA and Max1 SN) and linear (distance 1u NA) characteristics of the position of the
upper central incisors and the inclination angle of the lower central incisors (Mandl NB). Ethnic differences in the characteristics of
the position of the central incisors were determined depending on the magnitude of the ANB angle, and the general nature of the
relationships of the main diagnostic parameters proposed by Steiner was confirmed. The results obtained allow their further use in
routine practice for the purpose of forensic identification.

Keywords
Forensic Odontology; Identification; Cephalometry; Steiner method.

deceased, this discipline became independent only in 1898 after
the publication of the monograph by cuban dentist Oscar
Amoeda worked in France, who is rightly considered as the
father of forensic dentistry.'

Introduction

Forensic medicine faces many of the challenges and problems
of today: like armed conflicts, illegal migration, natural
disasters, massive anthropogenic and natural disasters etc. In all
these cases, the forensic expert deals with numerous
fragmentary remains of human bodies, often in a state of corpse
decay, which makes it impossible to identify the person by

Forensic dental examination is a complex process that starts
from the moment of the inspection of the corpse at the scene of
incidence. An external examination of the corpse is carried out,

conventional methods by forensic expert. In such cases,
forensic dentistry, which has become a full-fledged independent
section of forensic medicine, is well established in different
parts of world. Despite the fact that the first forensic dentist can
be considered Paul Revere, who in 1775 identified the
skeletonized remains of a person using a denture of the
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and visible damage to the body, in particular teeth and damage
resulting from the action of the teeth (bites) are described. The
physical evidence is also recorded, as they may be displaced or
deformed during the transportation of the corpse. The next
stage, which takes place in the morgue, is a description of the
dental formula, describes the traces of dental procedures,
prostheses, etc. It should be noted separately that this stage is
also accompanied by the participation of a forensic laboratory.
At the last stage of forming the research part of the expert's
opinion the analysis of the medical records of the deceased,
archival data on dental manipulations is carried out. All the
above procedures are performed according to DVI protocols.’

Not only teeth are used to identify a dead person; at the present
stage of the development of forensic dentistry, work is
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underway to study the individual features of the morphology of
the palate. According to the results of recent work, this method
is specific and highly efficient.”* In addition, the development
of modern technology greatly expands the capabilities of
forensic dentistry. The use of computer algorithms to process
digital radiographs improves the accuracy of identification.’

A particular type of focus in forensic dentistry is the
examination of bites. There are 4 classes of bite marks: from
class 1, which is just visible traces of teeth to class 4 — when
there remain clearly visible anatomical disruption, among
which one can see their individual characteristics”. Bites are
especially important material evidence in cases of sexual
crimes, in particular in cases of child abuse and sexual
homicide.”

In Ukraine as well as India the field of forensic dentistry has
just begin to emerge. Kostenko S. and his co-authors proposed a
new approach to the identification of dental composites using a
spectrophotometric algorithm,”’ and Goncharuk-Khomyn et al."
modified the technique for determining dental age in children of
the Transcarpathian region.

Considering that one of the main tools in forensic dentistry is
radiological examination,” an affordable and inexpensive
method, there is a need to improve its capabilities and adapt it
to all possible capacities. One of the potential strengths of this
method is the cephalometric study, which combines both
cephalometric and odontometric parameters. CC.Steiner's
cephalometric analysis proposed as early as 1953 has long been
a reliable satellite of clinical dentistry and has the potential to
be used for the purpose of forensic dental identification.” The
development of models of this method, adapted for the
Ukrainian population, and especially each individual historical
and administrative, is a promising task for forensic dentistry.

The purpose of the study is to investigate the correct use of
central incisors for Ukrainian boys and girls, according to the
data recommended by CC.Steiner for their implementation in
forensic identification.

Material and Methods

Using the Veraviewepocs 3D device, Morita (Japan), in 38 boys
(17 to 21 years of age) and 55 girls (16 to 20 years of age) with
normal occlusion, as close to orthognathic as possible, obtained
and analyzed lateral radiographs according to CC. Steiner
method."

The Bioethics Committee of the National Pirogov Memorial
Medical University, Vinnytsya found that the studies carried out
corresponding to the bioethical and moral-law requirements of
the Declaration of Helsinki, the Council of Europe Convention
on Human Rights and Biomedicine (1977) are in accordance
with WHO and laws of Ukraine.

According to the method of CC.Steiner we determined the
following indicators (Figures 1, 2): angle SNA — formed by
lines S-N (Sella -Nasion line) and N-A (characterizing the
location of the upper jaw with respect to the anterior cranial
base in the anterior-posterior direction); SNB angle — formed by
the lines S-N (anterior cranial base) and N-B (characterizing the
location of the mandible with respect to the anterior cranial
base in the anterior-posterior direction); ANB angle — inter-jaw
angle formed by the lines A-N and N-B (indicates the inter-
jaw ratio in the anterior-posterior direction); angle SND —
formed by lines S-N and N-D (indicating the anterior-posterior
arrangement of the symphysis (D — center of the symphysis) of
the mandible to the anterior cranial base); inter-incisor angle 11
— formed by the central axes of the upper central (Aplu-Islu)
and lower central (ArlL-IslL) incisors; angle SN OcP —
formed by lines apOcP-ppOcP and S-N (slope of the closing
plane to the base of the skull); angle SN_GoGn — formed by
lines Go-Gn and S-N (angle of inclination of the mandibular
plane to the anterior cranial base); angle Max1 NA — formed by
lines Aplu-Islu (inclination of the central axis of the upper
central incisor) and N-A; angle Max1 SN — formed by lines
Aplu-Islu (inclination of the central axis of the upper central
incisor) and S-N; Mandl NB angle — formed by the lines
AplL-IsIL (inclination of the central axis of the lower central
incisor) and N-B; distance lu NA — from point Ls1u to line N-
A (determines anteroposterior location of crown of upper
central incisor to line N-A); distance 11 NB — from point LilL
to line N-B (determines the anteroposterior location of the
crown of the lower central incisor to line N-B); distance
Pog NB — from the point Pog to the line N-B (characterizes the
location of the chin to the line N-B); Holdaway ratio — the
difference between the distances between the points LilL and
Pog to line N-B (characterizing the anterior posterior location
of the crown of the lower central incisor relative to the size of
the chin); the distance S L is from the point S to the design
point L, which is formed at the intersection of the perpendicular
drawn from the point Pog to the line S-N; the distance S E -
from point S to the design point E, which is located at the
intersection of the perpendicular drawn from the point ppCond
to the line S-N.

Statistical processing of the results was carried out in the
license package "Statistica 6.0". A direct stepwise regression
analysis was used to construct the index models of the position
of the central incisors of the lower and upper jaws. We have
defined several conditions: 1) the final version of the regression
polynomial must have a coefficient of determination (R’) of at
least 0.50, that is, the accuracy of the description of the trait
being modeled at least 50.0%; 2) the value of the F-criterion is
not less than 3.0, ie the contribution of the variable to the
regression should be significant enough; 3) the number of free
members included in the polynomial should be as low as
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possible. In all cases, after the selection of the multiple
regression equation, we analyzed the residuals, since emissions
can significantly shift the results and lead to erroneous
conclusions. When observations fell within +3 standard
deviations from the mean, we conducted repeated analyzes with
and without emissions, in order to have confidence that they
had no effect on the shift in the final results.

i

Figure 1: Cephalometric indicators according to Steiner: 1 — angle SNA; 2 —
angle SNB; 3 — angle ANB; 4 — angle SND; 5 — inter-incisor angle II; 6 — angle
SN_OcP; 7 — angle SN_GoGn.

Results

We studied the position indicators of the central incisors of the
upper (Maxl NA, lu NA) and lower (Mandl NB, 11 NB)
jaws for which Steiner developed values depending on the
value of the inter-jaw angle ANB." To evaluate the indicators,
we used the percentile method, which is based on the
percentage distribution of the frequencies of occurrence of the
magnitude of the severity of a particular indicator. In the
percentile method, the magnitude of the observed trait is
considered average (typical) if it is within the 25" -75"
percentile. The ANB angle values and the corresponding
percentile values of the position characteristics of the central
incisors for Ukrainian boys and girls, as well as the values
developed by CC.Steiner, are presented in Tables 1-4.

As a result of the regression analysis, it was found that the boys
dependent variable of the Maxl NA angle model by 70.6%
depends on the total complex of the following characteristics
included in the regression polynomial: angles ANB and
SN OcP (R’=0.706). All the coefficients of this model have
high reliability. The results of the ANOVA confirm the high
significance (p<0.001) of the regression polynomial. The model

has the form of the following linear equation: Maxl NA =
30.73 - 1.791*ANB - 0.399*SN_OcP.

In boys, the dependent variable of the Max1 SN angle model at
79.6% depends on the total complex of the following
characteristics that are included in the regression polynomial:
SND and ANB angles (R’ = 0.796). All the coefficients of this
model have high enough reliability. The results of the ANOVA
confirm the high significance (p<0.001) of the regression
polynomial. The model has the form of the following linear
equation: Max1 SN =-10.75 + 1.488*SND - 0.638*ANB.

In boys, the dependent variable of the distance 1u NA model
76.8% depends on the total complex of the following
characteristics, which are included in the regression
polynomial: ANB angle, distances S L and S E and angle
SN _GoGn (R* = 0.768). All the coefficients of this model have
high enough reliability. The results of the ANOVA confirm the
high significance (p<0.001) of the regression polynomial. The
model has the form of the following linear equation: lu NA = -
4,396 - 0.486*ANB + 0.167*SE + 0.084*SL +
0.086*SN_GoGn.

Table 1: The value of the angle of inclination of the central axis of the upper central
incisor relative to the line N-A (MAX1 NA), depending on the magnitude
of the ANB angle in Ukrainian boys and girls and by Steiner.

The magnitude of the angle Max1_NA (degrees)
Angle
ANB Ukrainian boys Ukrainian girls
(degrees) Steiner"
n | 25,000th| 75,000th n 25,000th| 75,000th
2 4 22 279
-1 25 3 258 354
0 7 220 285 24 5 210 279
1 5 207 255 23 12 190 256
2 4 21.0 284 22 15 181 229
3 6 172 219 21 6 217 223
4 7 170 205 20 4 131 191
5 6 145 169 19 3 113 249

Notes: here and in the following tables, n — number of people; 25,000th and 75,000th — percentile
limits; horizontally, the values for the angle ANB 2° are indicated, which is considered the norm,
and in the vertical direction, the values of the corresponding central incisors, that are
recommended by CC.Steiner for the corresponding angle ANB values; yellow indicates the values
of indicators for Ukrainian boys and girls, which are significantly different from those proposed
by CC.Steiner.

In boys, the dependent variable of the Mand1 NB angle model
at 54.2% depends on the total set of characteristics included in
the regression polynomial: ANB and SN _OcP angles and the
Pog NB distance (R* = 0.542). All the coefficients of this
model have high enough reliability. The results of the ANOVA
confirm the high significance (p<0.001) of the regression
polynomial. The model has the form of the following linear
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Table 2: The value of the location of the crown of the upper central incisor to the
line N-A (1u_NA), depending on the size of the angle ANB in Ukrainian
boys and girls and by Steiner.

The magnitude of the distance 1u_NA (mm)
Angle
ANB UKkrainian boys Ukrainian girls
(degrees) Steiner"”
n | 25,000th| 75,000th n 25,000th| 75,000th

-2 8 4 55 8.0
-1 7 3 6.0 8.0
0 7 5.0 6.0 6 5 5.0 7.0
1 5 4.0 5.0 5 12 4.0 7.0
2 4 5.0 8.5 4 15 4.0 5.0
3 6 3.0 5.0 3 6 4.0 5.0
4 7 4.0 5.0 2 4 2.5 4.5
5 6 3.0 3.0 1 3 2.0 5.0

Table 3: The value of the angle of inclination of the central axis of the lower central
incisor relative to the line N-B (Mand1 NB), depending on the magnitude of the
ANB angle in Ukrainian boys and girls and by Steiner.

27.71 - 2.036*ANB - 0.953*Pog_NB.

In girls, the dependent variable of the Max1 SN angle of 52.2%
depends on the total set of characteristics included in the
regression polynomial: the SNA angle, the Pog NB distance,
and the SND angle (R’ = 0.522). All the coefficients of this
model have high enough reliability. The results of the ANOVA
confirm the high significance (p<0.001) of the regression
polynomial. The model has the form of the following linear
equation: Max1 SN = 36.14 - 0.979*SNA - 1.712*Pog NB +
1.949*SND.

In girls, the dependent variable of the Tu NA distance model is
50.3% dependent on the total set of characteristics included in
the regression polynomial: ANB angle and Pog NB distance
(R> = 0.503). All the coefficients of this model have high
reliability. The results of the ANOVA confirm the high
significance (p<0.001) of the regression polynomial. The model
has the form of the following linear equation: 1u_NA = 6.859 -
0.660*ANB - 0.306*Pog_NB.

In girls, the dependent variable of the Mandl NB angle model
at 62.2% depends on the total set of characteristics included in
the regression polynomial: ANB angle, Pog NB distance, SNA
angle, and S_L distance (R’ = 0.622). All the coefficients of this

The magnitude of the angle Mand1 NB (degrees) mode.l hav; h%gh reliability. The results of the A'NOVA conﬁm
/:'11\}‘31'; the high significance (p<0.001) of the regression polynomial.
(degrees) Ukrainian boys | Steiner” Ukrainian girls The model has the form of the following linear equation:
n | 25.000th | 75,000th n | 25000th | 75,000th Mandl_NB = 76.61 + 2.424*ANB - 2.064*Pog NB -
0.816¥SNA + 0.282*SL.
2 4 147 20.5 . ..
For indicator 11 NB, the value of the coefficient of
1 22 3| 169 238 determination, as in boys is less than 0.5 (R’ = 0.445), Le. the
0 7 145 257 23 5 170 26 accuracy of the description of the sign is negligible.
1 5 17.0 235 24 12 197 274 Table 4: The value of the location of the crown of the lower central incisor to the
line N-B (11_NB), depending on the size of the angle ANB in Ukrainian boys and
2 4 23.6 27.9 25 15 221 25.2 girls and by Steiner.
3 6 222 29.1 26 6 21.1 29.5 The magnitude of the distance 11_NB (mm)
Angle
4 7 22.4 31.1 27 4 27.6 338 ANB Ukrainian boys Steiner" Ukrainian girls
(degrees)
5 6 26.1 28.7 28 3 28.4 34.2 n 25,000th |75,000th N |25,000th | 75,000th
-2 3.0 4 1.0 3.0
equation: Mand1 NB =26.90 + 1.548*ANB - 0.363*SN_OcP - -1 3.25 3 3.0 5.0
ES
0.621 Pog*NB' 0 7 3.0 4.0 35 5 2.0 4.0
In boys, for 11_NB the value is R* = 0.459 (less than 0.5), ie the
accuracy of the description of the trait is negligible. 1 5 3.0 4.0 375 | 12 3.0 5.5
In girls, the dependent variable of the Max1 NA angle model is 2 4 5.0 7.0 4.0 15 3.0 5.0
54.2% depc?ndent on thg total set of characteristics inclqded in 3 6 10 70 425 6 40 5.0
the regression polynomial: ANB angle and Pog NB distance
(R> = 0.542). All the coefficients of this model have high 4 ! 30 30 4.3 4 33 63
reliability. The results of the ANOVA confirm the high 5 6 5.0 6.0 4.75 3 5.0 9.0

significance (p<0.001) of the regression polynomial. The model
has the form of the following linear equation: Maxl NA =
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Discussion

Directly close to forensic dentistry scientific discipline is
forensic anthropology, which studies physical anthropology to
identify individuals. Particularly noteworthy are works
performed under the guidance of the anthropologist Gunas IV.
in the field of both forensic anthropology and forensic
dentistry in the population of Podillia region of Ukraine."”"

During the work with 243 boys and girls, with different forms
of head and face who were residents of Podillia region of
Ukraine, Gunas I. with co-authors” found the boundary
percentile scope values of transversal characteristics of the
dental arch:. In girls differences were found in the transversal
dimensions of the lower and upper jaws, in the distribution of
the type of face and shape of the head; while in boys such
statistically significant differences were not found.

In another work performed by Marchenko et al. on the same
population it was found that in mesocephals majority values of
length of the teeth, root of medial and lateral incisors in the
upper and lower jaws are significantly higher compared to
brachycephals."

18 reliable regression mathematical models were built for
Ukrainian mesocephal girls to construct correct dental arch
shape depending on the features of cephalometric and
odontometric parameters. In 61.2% such models included tooth
sizes and in 38.8% cephalometric indicators."”

Comparing the percentile span of the indexes of the position of
the central incisors of the upper (Maxl NA, lu NA) and lower
(Mandl NB, 11_NB) jaws, depending on the value of the ANB
angle in Ukrainian boys and girls with the results provided by
CC.Steiner,” we established a number of differences. Thus, the
values of the Max1 NA angle in Ukrainian boys have smaller
values (14.5-16.9°) than those of CC.Steiner (19°) with an
angle ANB 5°; and girls have smaller values (13.1-19.1°) than
according to CC.Steiner (20°) at ANB angle of 4°. The values
of lu NA in Ukrainian boys are greater (5.0-8.5 mm, 4.0-5.0
mm and 3.0-3.0 mm) than those according to CC.Steiner (4
mm, 2 mm and 1 mm) when the angle ANB is 2°, 4° and 5°,
respectively; and girls have higher values (4.0-5.0 mm, 2.5-4.5
mm and 2.0-5.0 mm) than according to CC.Steiner (3 mm, 2
mm and | mm) in magnitude ANB angles of 3°, 4° and 5°. The
values of the Mandl NB angle in Ukrainian boys are smaller
(17.0-23.5°) than those according to CC.Steiner (24°) at an
ANB angle of 1°; and girls have smaller values (17.0-22.6°)
than those according to CC.Steiner (23°) at an angle ANB of 0°.
The values of 11_NA in Ukrainian boys have higher values (5.0-
7.0 mm, 5.0-5.0 mm and 5.0-6.0 mm) than according to Steiner
(4 mm, 4.5 mm and 4.75 mm) at an angle ANB of 2°, 4° and 5°,
respectively; and girls have higher values (5.0-9.0 mm) than
according to CC.Steiner (4.75 mm) at ANB angle of 5°.

Thus, with the exception of angle location of lower incisors

(Mandl NB angle), most differences in the characteristics of
the position of the central incisors, both for Ukrainian boys and
for Ukrainian girls, are observed at ANB values greater than 2°,
that is, characteristic of the more distal location of the
mandible.

The analysis of the regression models we developed showed
that in determining the position of the central incisors of the
lower and upper jaws in boys, the models include 100% of the
angle ANB and 50% of the angle SN_OcP. For girls, models
have 100% Pog NB distance and 75% ANB angle. Therefore,
the recommendation of CC.Steiner that the importance of
taking into account the magnitude of the ANB angle and the
distance Pog NB in determining the position of the central
incisors of the lower and upper jaws, found almost complete
confirmation only in Ukrainian girls. In the Ukrainian boys,
according to the recommendations of CC.Steiner, only the
importance of the ANB angle value was confirmed.

Also interesting was the fact that the Ukrainian boys and girls
regression models of distance 11 NB had a low accuracy of
description of the trait (R’<0.5). This indicates the natural
variability of this indicator independent of other indicators
considered within the method of CC.Steiner.

Thus, in small steps, a strong theoretical anthropometric and
odontometric base is formed, which serves as a reliable
foundation for building a forensic dental service. One of the
important bricks of this process is the method of analysis of
lateral teleroentgenograms by the method of CC.Steiner for the
Ukrainian population and development of mathematical models
for determining the indexes of the position of the teeth of the
upper and lower jaws.

Conclusions

Established ethnic differences in the characteristics of the
position of the central incisors, depending on the size of the
angle ANB — most differences for Ukrainian boys and girls
from the values proposed by CC.Steiner observed with a more
distal location of the mandible. The results of the regression
analysis confirm the overall nature of the relationship of the
main diagnostic parameters proposed by CC.Steiner. However,
for more accurate prognostic purposes, it is better to use
tailored ethnic and sex data. Mathematical models for
determining the position of the central incisors of the lower and
upper jaws, developed for Ukrainian boys and girls, can be used
for forensic dental identification. Similar type of study is
recommended for Indian population also to have more ethnic
database

Ethical clearance: A prior approval was obtained from the
Institutional ethics committee
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Abstract

The sacrum is a large triangular fusion of five vertebrae and forms the posterior wall of the pelvic cavity. It supports the spine and
provides stability to the pelvis to transmit body weight. Determination of sex from the skeletal remains is of tremendous medico-legal
importance for establishing the identity of an individual. Sacrum has always attracted the attention of medico-legal experts for
establishing sex, possibly because of its contribution to pelvic girdle and associated functional sex differences. Hence, it becomes
necessary to study the various parameters of sacrum to identify a male from a female sacrum. The aim of the present study was to
investigate the sex differences in an adult human sacrum and thus identify a male from a female sacrum using various parameters. 254
dried, completely ossified, grossly normal human adult sacrum of both sexes was taken from Department of Forensic Medicine and
Department of Anatomy of Mysore Medical College & Research Institute, Mysuru and from students of 1st year MBBS. In our study,
the male sacrum shows significantly higher values for ventral straight length, ventral curved length, transverse diameter of S1 and
anteroposterior of S1, than the female sacrum, while the female sacral index showed higher values when compared with that of male.
Demarking point of the sacrum helps in differentiating the two sexes. The most useful index for sex determination of sacrum in the
present study is sacral index. Continued study over a period of time in a defined area will definitely help in establishing the
anthropometric standards.

Keywords
Forensic Anthropology; Sexual dimorphism; Sacrum; Sacral index

great help in sex estimation, both in medico-legal and
anthropometric study.

Introduction
The bones of the body are the last to perish after death, next to

the enamel of teeth. Hence in establishing the personal identity
with respect to sex, age and stature Forensic experts use the
skeletal remains for giving their opinion. The examination of
bones also helps in the archaeological specimen obtained after
excavation, as well as in medico-legal cases for establishing
identity.

Estimation of sex in medico-legal specimens of bones depends
on the number of bones sent for examination. Krogman has
opined the accuracy of sex identification based on the study of
complete skeleton was 100%, skull with pelvis 98%, pelvis
alone 95%, skull alone 90% and long bones alone was 80%.
Morphological features of the bones also depend on the
nutritional, geographic and occupational factors.'

While indicators of sex such as pelvis and the skull have been
thoroughly researched in the science of Forensics, it is observed
that there is a paucity of literature available regarding
estimation of sex using “sacrum”.' Hence the present study is an
attempt to establish some of the parameters which will be of
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Sacrum is derived from the Latin word 'sacer’ which means
'Holy' or 'consecrated'. Greek called it 'Heiron Ostoum', again
meaning 'the sacred bone'. In the midst of 18" century, the os
sacrum (sacred bone) was so named by the Romans as a direct
translation.” This was probably because the ancients observed
that 'because of its bulk, the sacrum appeared to be the last of
the bones of an interred corpse to decay, hence this bone must
be the nidus around which the body should be reassembled.

So vast is the overlap between sexual characters of male and
female skeletons belonging to different races that Hooton is
compelled to comment, “Every anthropologist unless he
deceives himself must recognize that many of his decisions as
to sex are questionable.”” Sexual dimorphic characters can be
studied both morphologically and metrically. Morphometric
studies pose several problems such as difficulties with
quantification and inter-observer bias. Geometric
morphometrics is relatively a more reliable method.

Materials and Methods

Approval from the institutional ethics committee was obtained
prior to the commencement of the study. 254 sacra of both
sexes were investigated for sexual dimorphism in the present
study (190 males and 64 females). These sacra were collected
from Department of Forensic Medicine, Anatomy and MBBS
students of Mysore Medical College & Research Institute,
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Mysuru. All the sacra which are completely ossified and devoid
of any deformity were taken for the study. Sacra that are not
ossified and mutilated were excluded.

Following measurements were made on each of the sacra to
estimate sex:

Mid-Ventral straight length (Maximum length): distance from
the antero-superior margin of promontory to the middle of
antero-inferior margin of the last sacral vertebra measured using
sliding vernier calipers. Sacral mid ventral curved length: was
measured by using the tape from midpoint of sacral promontory
to the midpoint of sacrum. True diameter of the base of the
sacrum (EF): maximum distance between the lateral midpoint
of left and right alae of sacrum measured using sliding vernier
calipers. Minimum sacral width: With the help of Vernier
calipers, minimum distance was measured at the apex of the
sacrum in cm. True diameter of body of S1 (E' F'): maximum
width of the body of the first sacral vertebra. Antero-posterior
diameter of the S1 vertebra: maximum antero-posterior distance
of the body of the first sacral vertebra was measured using the
sliding vernier calipers. Sacral Index: Sacral width (width for
S1)/ Sacral ventral straight length X 100. Index for body of first
sacral vertebra: Antero-posterior diameter of body of S1/
Transverse diameter of body of S1 X 100.

For the obtained values, range was calculated on the lines of Jit'
and Singh’. Calculated range was obtained by adding 2 times
the value of standard deviation to the mean of the measurement.
(2xS.D+mean=Calculated range).

Table 1: Descriptive statistics of the various sacral measurements in both the sexes

Males Females
Parameter
Range Mean + SD Range Mean + SD
Mid-ventral
straight length 9.32-12.68 11.00£0.84 | 7.75-11.15 9.45+0.85
(cm)
Ventral curved
9.65-12.87 11.26 £ 0.81 8.42—-11.62 10.02 +0.80

length (cm)

True diameter of

the base of sacrum| 8.62—12.22 10.42 £0.90 9.25-12.01 10.63 £0.69
(cm)

Minimumsacral | j 93 475 | 3094058 | 1.71-291 | 2.31£030
width

True diameter of | 355 53 | 489082 | 2.12-568 | 3.90+0.89
body of S1(cm)

Anterior Posterior | 5 11 359 | 2854037 | 2.0-344 | 2.72+036

of S1 (cm)

Sacral Index 70.68-117.8 | 9424+ 11.78 | 92.67-133.71 |113.19 £ 10.26

Index of S1 32.69-86.89 | 59.79 £ 13.55 | 34.96-109.84 | 72.4+18.72

SD: Standard deviation; S1: 1st Sacral vertebra

Results

Among the 254 human adult sacrum bones examined 190 are
males and 64 are females. For all the studied parameters, the
mean, standard deviation and range in both the sexes are
depicted in Table 1. Sexual dimorphism for each of the sacral
parameter was calculated using independent t-test, and the
results of this are shown in Table 2.

Table 2: : Sex differences in the different sacral measurements

Parameter T-value P-value
Mid-ventral straight length (cm) 13.47 p<0.001
Ventral curved length (cm) 10.68 p<0.001
True diameter of the base of sacrum (cm) 1.94 p>0.05

Minimum sacral width 13.84 p<0.001
True diameter of body of S1 (cm) 7.85 p<0.001
Anterior Posterior of S1 (cm) 2.48 p>0.05

Sacral Index 12.29 p<0.001
Index of S1 4.97 p<0.001

S1: 1st Sacral vertebra

Table 3: Summary of sexual dimorphism results of other studies

Studies Mishra et al.* |Sachdeva et al.”| Raju et al.’

Parameter Males [Females| Males [Females| Males |Females

Mid-ventral straight length (cm) | 10.75 | 9.06 |10.50 | 9.27 | 10.41 | 9.18

Ventral curved length (cm) 11.96 | 10.95 | 11.28 | 10.48 | 11.35 | 10.45

True diameter of the base of
sacrum (cm)

Minimum sacral width - - - - 11.18 | 10.44

10.53 | 10.58 | 10.53 | 10.35 | 10.31 | 10.17

True diameter of body of S1 (cm) | 491 | 428 | 4.73 | 4.21 4.76 | 4.55

Anterior Posterior of SI (cm) 3.00 | 293 | 3.03 | 2.76 | 3.15 | 2.85

Sacral Index 3.00 | 3.17 - - 335 | 3.00
Index of S1 98.21 |117.84{100.85|111.39|100.24 |111.74
Discussion

It was observed that the ventral straight length and ventral
curved length was more in males than the females. These
findings are similar to previous studies done by Mishra et al.,’
Sachdeva et al.,” and Raju et al." Difference between mean of
ventral straight length and ventral curved length in male and
female is statistically significant (Table 2).

Mean of true diameter of base of sacrum was more in females
than in males (Table 1) but this was not statistically significant.
The results observed in our study were different from those in
Varanasi and in Punjab, where true diameter of sacrum was
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more in males, the mean sex difference being statistically
significant. True diameter of apex of sacrum was more in males
compared to females and this mean sex difference was
statistically significant. This measurement has not been
considered by other workers.

As far as true diameter of body of first sacral vertebra is
concerned it was more in males than females, the mean sex
difference being statistically significant. This was in contrast to
other studies done in Punjab (where it was statistically
insignificant).

A larger transverse diameter of body of S1 in males is attributed
by Francis to a larger articular facet for centrum of L5 in them,
occupying almost half of transverse width of base of sacrum. In
females the facet is relatively small occupying only a little more
than one-third.

Antero-posterior diameter of body of S1 was more in males
than females and the mean sex difference was statistically
significant. This was in consonance with studies done by
previous workers.

As per studies done by previous researchers, sacral index was
more in females than males and sex difference was statistically
significant which was in agreement with our study. Index for S1
— Sacrum with index of body of S1 above 120.8 is definitely a
female and 34.96 is definitely a male.

Conclusion

Out of the 8 parameters studied, which includes 2 indices,
seven parameters yielded statistically significant results. Sex
difference in width of the sacrum was not statistically
significant. This finding of our study differed from the

observations by other authors. Minimum sacral width was a
unique parameter taken into account in our study for sex
difference in sacrum. This parameter was statistically
significant.

Ethical clearance: A prior approval was obtained from the
Institutional Ethics Committee
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Abstract

Identification is establishment of identity of a person with the help of different physical characteristics. The different physical
characteristics of human skeleton between both the sexs is the reason of Sexual dimorphism. Many researchers have studied and
observed the different parameters for sexual dimorphism in different bones. Pelvis is most important bone for determination of sex
because the sexual dimorphism is present even in fetal stage. In modern era of advancement, pathological autopsy is shifting towards
the virtual autopsy in which CT scan, MRI and X-rays are replacing the conventional autopsy instruments. The present study was
conducted with an aim to establish sex differentiation criteria in population of Bihar based on ischio-pubic index. 200 AP view pelvic
digital radiographs were analysed in the present study, and the ischio-pubic index was calculated by measuring the length of pubis and
ischium using the DICOM software. Ischio-pubic Index of pelvis in male and female sex is 94.04+£11.02 and 114.16+14.85
respectively. The differences between males and females with respect to the ischio-pubic index are statistically significant (p<0.0001).
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Sexual dimorphism; Pubis; Ischium; Ischio-Pubic index; DICOM software

Introduction

Identification is establishment of individuality of a person based
on certain physical characteristics, and its establishment is an
essential in civil cases and as a component of corpus delicti in
criminal cases." Among all identification data, sex is one of the
most important components. Sex can be determined by external
genitalia, internal sexual organs, sex chromatin and by the gross
examination of skeleton/Osteology.” Osteological determination
of sex is a routine practice in Forensic Medicine and Toxicology.
Sex estimation is easier when person is alive or if corpse is not
mutilated or not in an advance stage of decomposition. In
mutilated and highly decomposed body due to absence of external
and internal sexual organs, sex identification becomes difficult. In
these situations, osteometry becomes very useful for sex
differentiation. Osteometric measurement can be done in the
living or during postmortem examination. During postmortem
bones should be extracted and measurement can be taken by
osteometric board. Through radiological means osteometric
measurements can be taken both in the living and the dead,
without cumbersome process of extraction. So, radiology can
contribute to sex determination by providing precise dimension
both in living as well as in the dead.’

In osteometry various bones are taken in consideration for
sexual differentiation but among them pelvis alone is best to
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differentiate sex among all other bones. Due to evolution and
birth capacity, the female pelvis shows sexual dimorphism. The
renowned anthropologist “William krogman's” study says
pelvis shows sexual dimorphism since birth and it can predict
sex up to 95% accuracy.’ There are any parameters and indexes
by which sexual dimorphism can be certified, out of which
ischio-pubic index is one of them and can be estimated with

minor effort.’

In conventional methods, these measurements can be taken
from osteometric board, calipers and measuring scales. In the
era of the recent advances in medical sciences, such
measurements can be assessed through digital x - ray with
DICOM software.

In the present study, we have tried to validate the ischio-pubic
index, measured radiologically to differentiate male and female
sex.

Materials and methods

Approval from the institutional research committee was
obtained before commencement of the study. The present
investigation included measuring the length of ischium and
pubis bones in 200 digital radiographs (100 males, 100 females)
with an age range of 3 months to 85 years. These radiographs
taken from the hospital records belonged to those patients who
visited to the department of radiology during the course of
treatment and were advised for anterio-posterior view of pelvic
x-ray. The digital x-rays of only those individuals whose sex
was properly documented on the x-rau film were included in
the study. Patient x-rays showing any signs of pelvic injury or
deformity were excluded from the study. Overexposed and
underexposed x-ray films were excluded as well. The digital x
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ray films were studied with the help of DICOM software.
Through DICOM software, the lengths of pubis and ischium
bones were measured as shown in Table 1 and Figure 1.’

Table 1: Methodology for measuring the length of pubis, length of ischium,
and the ischio-pubis index.

Length of
pubis (mm)

Distance between the reference point of acetabulum and the
midpoint of the symphysis pubis

In the study population, applying a differentiation point of
100.94 the sensitivity of 86%, specificity of 75% for female
sex. In the study population of Bihar, a significant difference is
noted in the average size of Ischio-pubic index between men
and woman, with average size is significantly less than female
that in men (p< 0.0001).

Table 2: Sex differences in the ischio-pubic index

Length of ischium | Distance between the reference point of the acetabulum and
(mm) the farthest edge of the ischium

Ischio-pubic index | By multiplying the ratio of length of pubis and length of
ischium by 100

Figure 1: Measurement of lengths of pubis and ischium bones on a digital radiograph

All data thus collected was entered in excel sheet and statistical
analysis were done through excel and SPSS. Descriptive
statistics of the pubis and ischium bone lengths were calculated,
and independent t-test was performed to measure the extent of
sexual dimorphism. ROC analysis was conducted to calculate
the sensitivity and specificity of the ischio-pubic index in
differentiating males and females.

Results

Ischio-Pubic Index of pelvis in male and female sex was
calculated to be 94.04+11.02 and 114.16+14.85 respectively.
The results of independent t-test are shown in Table 2.
Comparison of Ischio-pubic index between male and female

For Ischio-pubic index the area under ROC curve is 86.9%
(95% CI 82%- 91.7%, p<0.0001) for sex differentiation as seen
in Figure 2. Ischio-pubic index is different in male and female.

Female Male T-value | P-value

Ischio-pubic
index

Mean SD Mean SD

114.16 14.85 94.04 11.02 10.88 | <0.0001

SD: Standard Deviation

ROC Curve

0.8

0.6

Sensitivity

0.4+

0.29

0o T T T
00 0z 04 06 08 10

1 - Specificity

Figure 2: ROC analysis for utility of ischio-pubic index in sexual dimorphism

Discussion

A total of 200 digital x-rays of pelvis, including both the sex in
equal proportion from population of Bihar were investigated in
the present study. In anterio-posterior view of pelvic digital x-
ray, ischio-pubic index was calculated. The length of pubis is
larger than ischium in females and vice versa in males. So,
theoretically, the ischio-pubic index should be higher in females
than in males.” This exact observation was reported in the
present study where the females were seen to have higher
ischio-pubic index than males. The mean value of ischio-pubic
index in females was observed to be 114.16 + 14.85 while in
males it was observed to be 94.04 £ 11.02. In a study by
Memarian and Aghakhani on an Iranian population, the mean
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value of the ischio-pubic index in females was reported to be
107.96 + 11.54 and it was observed to be 94.28 + 9.18 in
males.” Ekanem et al. did a study in Nigeria and found that the
ischio-pubic index was higher in females than males, with it
being 94.2 in males and 118.8 in females.” Oladipo et al. found
mean values of ischio-pubic index in Urhobo male to be 91.66
+ 5.86 and for Urhobo female the mean was 114.93 + 18.14.

Conclusion

In our study we used digital radiograph of pelvic bone for
estimation of sex. Through digital radiograph of pelvis, the
length of pubis and length of ischium and calculated ischio-
pubic index and finally found statistically significant to be used
as a parameter for differentiation of sex.
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Abstract

Sex determination is one of the important facets of human identification. It becomes especially difficult, when fragmentary remains
are brought for forensic examination or when bare/gloved hand prints are recovered from a crime scene. In this study we try to
determine mathematical models to find out sexual dimorphism from hand and finger dimensions among adult Eastern Indian
population. 170 2nd Year medical undergraduate students (125 males and 45 female) between the age group of 20-25 years were
examined, and their hand and finger dimensions estimated. The average hand and finger dimensions were greater in males as
compared to females. Discriminant function analysis was used to analyse the data, which could estimate sexual dimorphism from
right hand finger lengths in 74.7% cases, based on cross-validated results, with a Wilk's Lambda value of 0.703 while from left hand
finger lengths, the same was 72.4%, with a Wilk's Lambda value of 0.762. While, the model for the right-hand dimensions had a
predictive accuracy of 90 %, based on cross-validated results, with a Wilks's Lambda value of 0.455, and the same for left hand
dimensions was 87.6% with a Wilk's Lambda value of 0.468. Since anthropometric variations exist between different ethnic groups
residing in different geographical areas, the results obtained in this study can be exclusively applied to the Eastern Indian regional
population. Although it has a moderately high predictive accuracy, this should act as an adjunctive in forensic case work in future.

Keywords
Anthropometry; Identification; Medicolegal Investigation; Fragmentary Remains; Sexual Dimorphism; Discriminant Function Analysis.

or suspected to be human in nature.’ Traditionally pelvis and
cranium taken together, (or separately), have been used for
differentiating sex, but more recently, in cases of fragmentary
human remains, being recovered, hand anthropometry have
been shown to be sexually dimorphic in various studies
conducted in many countries.” Many of such studies have
utilised Discriminant Function Analysis as their principal
statistical tool, as the accuracy of results increases many folds.’
It has been seen that the data obtained from people in such
studies is highly specific to a particular geographical area or
ethnic group or in people sharing a common ancestry, because
of common morphological features in such people.” Therefore
the data obtained in such study should not be replicated on
another ethnic group. As very few similar studies (only one
done on the North Bengali tribal population as referred below)
have been done in this part of the country, the present
investigation was undertaken, as an attempt to find a
mathematical model to find out sexual dimorphism of the hand

Introduction

Sex determination is an essential component of personal
identification. This becomes especially important for forensic
investigations in medicolegal cases.” When mutilated dead
bodies with fragmentary remains are brought for forensic
examination, sexual discrimination of such body parts become
extremely difficult. This is also true when a bare/gloved hand or
foot print is recovered during a Crime Scene Investigation. Sex
is considered to be one of the big four parameters in forensic
identification besides race, age and stature. This is so because
sexing of human remains or prints helps the forensic scientist to
narrow down the possible pool of human matches.” Human
population exhibits certain anatomical features which to a
certain extent aid in sexual discrimination, for example the
human male skeleton is roughly larger in dimension than the
female skeleton and this can be used to estimate sex.’ Forensic
Anthropology, is defined as, that branch of physical
anthropology, which for forensic purposes, deals with the

identification of more or less skeletonised remains, known to be
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and finger dimensions among adult Bengalis.

Materials and Methods

The study was conducted on 2™ Year medical students, aged
between 20-25 years, at a tertiary level medical institute, in India.
It was a descriptive, cross-sectional study, conducted by
purposive sampling of 170 subjects (125 male and 45 female)
over a period of two months after obtaining approval from the
Institutional ethical committee. The current study was done on a
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population, those who were born, brought up and currently
residing in the defined geographical area of West Bengal, whose
mother tongue is Bengali language and whose parents fulfil the
above criteria as well. However, any student with any disease,
deformity, injury, fracture, amputation, or history of any surgical
procedures of either hand, and poorly defined flexion creases
were excluded from the study.” Left-handed students were also
excluded as the effect of hand dominance on morphometric
measurements of the hand has been suggested.” A consent cum
proforma form was supplied to each student where their signature
was taken. All measurements were recorded by the same observer
(the 1" author of the study) to eliminate any inter-observer
variation in recording of data. The data was recorded thrice and
mean of all the data was subsequently taken to make the recording
more accurate. The morphometric measurements of the hand were
recorded for each and in cm to the nearest mm using Vernier
Callipers (long scale 12"/30cm, Vernier scale having a least count
0.02 mm) as described by Weiner and Lourie."

The following Hand dimensions were recorded:

Length of the hand (HL): The distance between the mid-point of
the inter-styloid line (line joining the most distal point on the
styloid processes of radius and ulna) to the most anterior
projection of the middle finger.

Breadth of the hand (HB): The distance between the radial side of
the second metacarpo- phalyngeal joint and the ulnar side of the
fifth metacarpo-phalyngeal joint.”

Finger Length: The distance between the tip of the digit to the
ventral proximal crease, where there was a band of crease at the
base of the digit, the most proximal crease was used. "'

The students, while measuring the hand length, were asked to
place their hands supine on a flat hard horizontal surface with
fingers extended and adducted. However, while measuring the
hand breadth, the thumb was abducted whereas the other fingers
remained adducted. When the finger lengths measured, it was
seen that all the individual fingers were adducted and extended.
Care was taken to see that there was no abduction or adduction at
the wrist joint.”

The data obtained was computed and analysed with SPSS
(version 23.0, Armonk, NY, IBM Corp.) and results drawn.
Descriptive statistics of the finger measurements were calculated.
Discriminant function analysis was conducted using these
measurements to estimate sex. ROC curve analysis was
performed to study the sensitivity and specificity of the
discriminant function analysis in estimating sex.

Results

This study consists of data from 170 study subjects form 20 years
to 25 years, comprising of 125 males and 45 females. The
measurements of the right- and left-hand fingers, as well as the

right-hand and left-hand dimensions of the study participants
were compared, and the results are shown in Table 1. It was
observed that in both the sides, the male finger dimensions were
larger than that of females, and the dimensions of the hands of
males were larger than that of the females.

Discriminant function analysis was performed using the data from
the measurements of right- and left-hand fingers. The Wilk's
Lambda is 0.703 with significance value of <0.0001 for the right-
hand fingers, while it was 0.762 with significance value of
<0.0001 for the left-hand fingers. ROC curves for both the hand
fingers showed good discrimination function between male and
female.

The discrimination function equation for right-hand fingers is, Df
= 0.989RT —0.242RI +1.238RM +0.631RR —0.303RL —15.855
(constant). The cutoff point is 0.387 —1.076 = -0.689. So, above
the value —0.689, the cases are male. Below this value -0.689, the
cases are female. Overall, 77.1% of the sample was correctly
classified as male or female by this model. Cross-validated results
showed 74.7% of the cases correctly classified by this model. For
the left-hand fingers, the discrimination function equation is, Df =
1.043LTH -0.137L1 +0.755LM +0.501LR +0.228LL —15.494
(constant). The cutoff point is 0.333 —0.925 = -0.592. So, above
this value —0.592, the cases are male. Below this value -0.592, the
cases are female. Overall, 74.1% of the sample was correctly
classified as male or female by this model. Cross-validated results
showed 72.4% of the cases correctly classified by this model.

Discriminant function analysis was performed using the data from
the measurements of right- and left-hands. The Wilk's Lambda
was 0.455 with significance value of <0.0001 for the right-hand
dimensions, and it was 0.468 with significance value of <0.0001
for the left-hand dimensions. ROC curves for both hand
dimensions showed good discrimination function between male
and female.

The discrimination function equation for right hand dimensions
is, Df = 0.237RHL +2.070RHB —19.663 (constant). The cutoff
point is 0.652 —1.812 = -1.160. So, above this value -1.160, the
cases are male. Below this value -1.160, the cases are female.
Overall. 90.0% of the sample was correctly classified as male or
female by this model while cross-validated results showed 90.0%
of the cases correctly classified by this model. For the left-hand
dimensions, the discrimination function equation is, Df =
0.459LHL +1.822LHB -21.544 (constant). The cutoff point is
0.636 —1.766 = -1.130. So, above this value -1.130, the cases are
male. Below this value -1.130, the cases are female. Overall,
88.8% of the sample was correctly classified as male or female by
this model. Cross-validated results showed 87.6% of the cases
correctly classified by this model. After all the results were
obtained, the formulae were used on a separate sample of 20 cases
to validate the results.
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Table 1: Descriptive statistics of the hand and finger dimensions

Male (n= 125)

Female (n = 45)

Total (n=170)

Variables
Mean = SD (cm) | Mean = SD (cm) | Mean £+ SD (cm)
Right thumb 5.99 +0.49 5.45+0.57 5.85+0.56
Right index 6.88 +0.49 6.35+0.57 6.74 +0.57
Right middle 7.54+0.52 6.89 + 0.46 7.36 +0.58
Right ring 6.93+0.53 6.34 +0.47 6.77 +0.57
Right little 5.70 +£0.48 5.32+0.44 5.60 +0.50
Left thumb 6.08 +0.53 5.50+0.52 5.92+0.58
Left index 6.84 +0.50 6.40 + 0.46 6.73 +0.53
Left middle 7.51+0.48 7.00 +0.47 7.37+0.53
Left ring 6.92 +0.49 6.41 +0.51 6.78 +0.54
Left little 5.68 +0.46 5.30+0.45 5.58+0.49
Right hand length 17.65 +1.00 16.02 £ 1.06 1722 +1.24
Right hand breadth 7.79 £ 0.38 6.79 +£0.51 7.53+0.61
Left hand length 17.64 £0.97 16.10 £ 0.93 17.23 £1.18
Left hand breadth 7.73 +£0.40 6.80 +0.50 7.49 +£0.59

Table 2: Canonical coefficients used in formation of discriminant equations

Identification of human remains is one of the main challenges of
forensic investigations. Sex determination is one of the main

Variables Canonical coefficient Constants
Right thumb 0.989
Right index -0.242
Right middle 1.238 -15.855
Right ring 0.631
Right little -0.303
Left thumb 1.04
Left index -0.137
Left middle 0.755 -15.494
Left ring 0.501
Left little 0.228
Right hand length 0.237
-19.663
Right hand breadth 2.07
Left hand length 0.459
-21.544
Left hand breadth 1.822
Discussion

facets of human identification, along with estimation of stature
and age. The challenges are more so when peripheral or terminal
parts of human, like parts of hand or feet are brought of forensic
examination. These are very common in cases of mass disaster, or
when body parts are deliberately dismembered in cases in order to
conceal identity of the victim. DNA analysis still remains the gold
standard for such investigations. However, this being a highly
costly, requiring excess manpower, and is more time consuming,
this test is fairly unpopular in a developing country like India. It is
for these reasons that forensic anthropology still remains highly
popular for forensic examination when such human remains are
brought for medicolegal examination.’

This study was conducted on a regional Indian population, has
focussed on estimation of sex from finger lengths and hand
dimensions of both right and left hand. It is seen that the average
length of skeletal dimensions is greater in males as compared to
females, and various body dimensions in female is only 94% of
that males, in an individual belonging to the same race.’ This can
be applied to hand dimensions as well, as has been seen in various
Studies.8,22,28,32,33

In the current study it is seen that both the hand and finger
dimensions are greater in males as compared to females as is seen
in various studies conducted in various ethnic population across
the world.”* In the same context it can be said that there is
significant gender difference in the finger length of both the
genders, as reported by Kanchan et al.” However, it is seen in the
current study that there is no significant bilateral variation in the
hand and finger length of individuals of both sexes as is seen in
these studies in the past, on different ethnic population,™”
whereas certain studies have noted significant bilateral
differences in hand and phalanges length in both hands in either
28-30
sex.

From the model, in our study, which evaluates sexual
discrimination based on right hand finger length of individuals,
obtained by use of discriminant function analysis on our data, was
found to be correctly cross validated in 74.2% cases. This is
similar to the study done on Nigerian population by Oladipo et
al.” which found the predictive model to be 70.5 % efficient in
predicting sex. While a similar Indian study done in Madhya
Pradesh by Setiya et al.in 2017 where Index / Ring Finger ratio
was utilised to determine sex and the model tested with
Discriminant Function Analysis and was found to be 83.55%
accurate.” This result was slightly higher than that our model,
although it can be argued that we did not use any finger ratio in our
study like that in the above study. The previous study done on
Eastern Indian Population (West Bengal) (Rajbanshi and Karbi
tribe) by Sen et al. in 2015 used sectioning point for differentiation
between the sexes.” They found, by using Binary Logistic
Regression, sex could be estimated with a mean correct prediction
percentage ranging between 61.0% and 66.0% in the test group.
This predictive percentage is less than that obtained by use of
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discriminant function analysis used in our study. In the study on
neonates conducted on Western Indian population by Shelake et
al. in 2015," found sectioning point of 0.93 of Index finger length
to Ring finger length ratio for differentiation between sexes, with
a mean correct prediction percentage ranging from 63.33% male
neonate from right hand and 70% from left hand and 76.66%
female neonates from right hand and 73.33% from left hand.
However, in the study done by Kanchan et al. in 2010 on South
Indian children could not show any sexual dimorphism based on
Index and Ring finger lengths individually, however the
sectioning point achieved (0.97) for the Index/Ring finger ratio
could make sexual discrimination.'” This result is not similar to
our study. Inthe study on Saudi Arabian population by Ibrahim et.
al. in 2016 deduced the sectioning point for Index/Ring finger
ratio of 1.0321 for right hand and 1.0432 for left hand to determine
sex."” By use of ROC curve, the predictive accuracy of male sex
was found to be 98% and 98% for females from the right hand, and
in 96% for male sex and 94% for female sex from the left hand
which is much higher than our study.

In a study similar on Egyptian population by Aboul-Hagag et al.,
2011 (sectioning point of 0.976 from Index/Ring Finger ratio), it
was found to accurately determine sex in 90.4% males and 85.6%
females for the right hand, and in 88.8% males and 80.4% females
for the left hand which is slightly more than our study.’In the study
conducted on Egyptian population of Fayoum city by Elazeem et
al.in 2013, finger lengths and ratios were used to determine sexual
dimorphism, and they found that the predictive accuracy from
Right Middle finger was 73.5%, Right Ring Finger was 74%, Left
Index Finger was 72.5 %, Left Middle Finger was 81%, Left Little
Finger was 71.5%, Left Middle/Ring Finger ratio was 58.5%, Left
Ring/Little finger was 59%."” Our study model gives higher
predictive accuracy than this study.

In the present study, the model determining sex from right hand
length and breadth, taken separately, was found to be correctly
cross validated in 90% of the cases. In the study done on south and
north Indian population by Kanchan et al.,” in the year 2009,
determination of sexual dimorphism was done on the basis of
determination of a sectioning point of the hand length, hand
breadth, hand and palm indices, the percentage accuracy of sex
determination obtained from the right hand variables were as
follows 83% for male and 88.5% for female from right hand
length, 85.7% for male and 89.6% for female right palm length,
87% for male and 91.1% for female from right hand breadth,
82.6% for male and 88.9% for female from left hand length,
81.7% for male and 91.9% for female from left palm length,
88.7% for male and 91.5% for female from left hand breadth, and
from left hand index 53.9% for males and 55.9% for female. Apart
from the hand index, the other values are almost similar to our
study. In a similar study done in on the Rajasthani population by
Dey etal.’in 2015, it was found that the predictive accuracy of sex
from Hand length was 77% for males and 80% for females from

the right hand and 79% for males and 81% for females from the
left hand. Whereas Hand Breadth, accurately determined sex in
80% males and 83% females from the right hand and 81% males
and 82% females from the left hand. Our study shows higher
predictive accuracy.

In the study conducted on North Indian population by Krishan et
al. in 2011, sectioning points and Binary Logistic Regression
equations were used to determine sexual dimorphism in the study
subjects found a predictive accuracy of 41.6% from Right hand
length, 50.4% from Right Hand Breadth, 40.1% from Left Hand
Length, 46.7% from Left Hand Breadth which is very less than our
study result. In the study done on the Nepalese population by Sah
et al. in 2018, based on hand index determination the predictive
accuracy was seen to be 77.30 % of male and in 75 % of females
for right hand 79.90% and 72.5 % for male and female
respectively for left hand, which has clearly achieved much less
accuracy as compared to our study.” Therefore, it can be argued
that Discriminant function analysis is a more accurate statistical
tool for determination of sex when compared to any of the
methods applied in the above studies.

Conclusion

From this study conducted on a regional Indian population, we can
thus conclude that hand dimensions and finger length can only
provide moderate degree of predictive value. Thus, it can be only
used as an adjunctive in case of real forensic case work. However
considering the scarcity of human data with regards to
determination of sex in individuals, from fragmentary remains in
this part of the country, the results of the current study can be used to
evaluate sexual dimorphism. It is also essential to note that further
research in this field is required, using a larger sample, done on a
multicentric basis over a larger time frame for further improvement
in the predictive accuracy of such statistical result. In the results
obtained it is notable that predictive accuracy of the equations is
higher in case of females as compared to males when studied
separately. The major limitation of the study was the disproportion
in the number of female populations as compared to the male
population, as can be justified from a single batch of 2™ Professional
MBBS undergraduate students, due to the limitation of time.
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Abstract

Bones and teeth are parts of human body which are more resistant to decomposition. Owing to highly mineralised biological
composition of this structure they tend to be indispensable in terms of forensic evidence. Morphometry of skeleton is the one of the
many methods used for sexual dimorphism in forensic identification. Morphometry involves both linear as well as volumetric
measurement. Like many other parts of skeleton, Frontal sinus is also of significant interest in forensic identification due to its
individual characteristics which make the frontal sinus unique for every individual just as with finger print. This study was done with
an aim of assessing the presence of dimorphism in frontal sinus among gender, based on analysis of frontal sinus volume using
Romexis software of CBCT. The results showed that there is significant volume difference between males and females. Males are
having higher volume when compared to females. So, it can be used in forensic personal identification.
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Introduction

In modern life many disasters, accidents, and natural calamities
occur quite often. Identification of living or dead persons in
such incident is done by various methods which include finger
print, DNA profile, and forensic dentistry.' Human identification
is not a difficult task, when it is about a live individual or a
cadaver chronologically recent and intact. However, when there
is not a complete skeleton, but a group of bones, a bone alone
or just part of it, the identification process becomes
progressively harder and sometimes impossible to be
accomplished, and in cases in which the soft tissue of human
remains is decomposed or burnt, or where DNA is severely
tarnished, fingerprint analysis or DNA identification does not
prove to be successful Forensic dentistry is very important in
personal identification as skull is the best-preserved part of
skeleton after death. However, identification by the traditional
method of forensic dentistry becomes unfeasible, when the
skull fragments fail to allow identification based on the dental
arches and for individuals with no teeth. In this context
radiographic identification has a very important role.”

Radiological features depicted on the radiograph must have the
following two requirements in order to be of forensic
identification value. First, the feature has to be unique to the
individual. Second, it has to remain stable over time despite the
ongoing life process. Many studies have shown that both these
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criteria are fulfilled by the frontal sinus,’ which makes it
significant in forensic identification just like fingerprint." The
frontal sinuses are two, situated in the posterior part of the
superciliary arches, between the external and internal faces of
frontal bone.” It is widely accepted that the frontal sinus will be
completely developed by about 20 years of age and remains stable
until the advanced age in which further enlargement of the
chambers occurs as a result of bone resorption.’

Various two-dimensional studies have been conducted to see the
dimorphism of frontal sinus in different genders. Most of these
studies are based on antero-posterior view and lateral
Cephalogram. Three dimensional radiographs are very useful in
determining the volume of frontal sinus and obtaining great
precision in all measurements, since it is available in three
dimensional reconstructive volumetric views.

Cone beam computed tomography (CBCT) is progressively
replacing the conventional two-dimensional radiography and multi
slice computed tomography in head and neck region for personal
identification.” Literature review shows a very few studies have
been carried out on frontal sinus in sex estimation by use of CBCT
volumetric evaluation. CBCT, provide high accuracy and ability to
give images in all three planes, volumetric analysis and also enable
to view a detailed and clean display of each body slice.” For
volumetric analysis various software have been used. Among that
our study used Romexis software. Various volumetric studies have
been reported in literature by using linear measurements in Romexis
software. The present study is unique in a way that volumetric
evaluation of frontal sinus was done directly.

Materials and Methods

A retrospective radiographic study was conducted with an aim of
assessing the presence of dimorphism in frontal sinus among the
males and females by using CBCT images of frontal sinus taken
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from the archives of Department of Oral Medicine and Radiology,
which have been taken for various diagnostic and therapeutic
purposes. Ethical clearance was obtained from the institution
Ethical Committee. A documented consent of the patient is a part
of imaging protocol of the department and hence documented
consents of all the patients were available. The Romexis software
of the planmeca promax 3D mid CBCT machine was used to study
the frontal sinus.

On the basis of cconvenience sampling method, a sample size of
92 (46 females and 46 males) were considered and a total of 140
CBCT taken in full FOV were screened. Cases above the age of 20
years and CBCT images with clear view of frontal sinus were
included in the study. Cases having developmental disorders,
syndromes affecting head and neck region, frontal sinus with
pathology, patients with maxillofacial fractures or history of
fractures, patients with tumours and cyst that may change the
morphology of frontal sinus, patients with systemic disorders like
bone disease, nutritional and endocrinal disease were excluded
from study.

Few studies have been done previously for assessing the volume
of frontal sinus by using CBCT, but most of those studies were
based on the linear measurements by using various other software.
The level of accuracy tends to get reduced in this methodology
due to multiple linear measurement and the volume is obtained by
calculation from all these measurements (length X breadth X
height). All these steps like measuring individual parameter and
calculation can cause errors.

In our study, we have measured volume by using sophisticated
tool provided by the planmeca Romexis software, which is
“ellipse tool”. By this, the volume could be calculated as a single
value so this method is more accurate, less time consuming and
software is user friendly. Another study by using similar
methodology has been done by Ana-Gabriela Benghiac in 2017
which showed that, the results were more accurate when
comparing with the linear measurements. Moreover, using this
software, the volume calculation was more accurately done
irrespective of unilateral or bilateral presence. Use of this
software, has one more advantage that if the sinus has septa which
appears to divide the sinus, it will provide volume separately for
each compartment by considering all the sections. Whereas if the
septa are present only in some sections, but not in all sections
which we considered as partial septa the volume was calculated as
single volume. This would not have been possible if calculation of
volume using linear measurements would have been followed.

Selection of cases was done by a radiologist well experienced in
CBCT interpretation after decoding and delinking of personal
data of the patient except the gender and age. The CBCT images
included in the study were high quality images free of artefacts,
taken in medium or large field of views (FOV). The parameters for
exposure in acquiring these images were 90kVp, 10mA, and 12s.

The resolution of the images was 0.40mm, the bit depth of image
being 12. An initial exploration of the images was done in all three
sections including coronal, sagittal and axial views for detecting
the maximum area of dimension in three sections simultaneously.

The volume was measured by using special tool (ellipse feature)
which is provided by the CBCT Romexis software. For this
purpose; we traced manually the external contour of the frontal
sinus and generated with the aid of the software its volume, based
on the air space volume within the cavities. Due to the ability of
the software to distinguish between structurally different
components seen on the CBCT scans, the FS mucosa did not
interfere with our measurements. All the measurements were
done and recorded separately for males and females.

The bilateral presence of frontal sinus was noted irrespective of
inter sinus septa and recorded. In case of presence of septum
which is dividing the frontal sinus into right and left ,the volume
measured separately and then added together (Figures 1 and 2).

Female
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Figure 1: Comparison of mean frontal sinus volume in males and females

o
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Figure 2: Volume of frontal sinus with bilateral presence
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In cases of septa which is found to be in some slices only,
considered as partial septa and volume measured as single cavity
only. In case of absence of septum, a single regional volume
measurement was done. (Figure 3)

Categorical data were expressed as frequency and percentages,
Continuous data were expressed in terms of mean and SD.
Independent t-test was used to compare between the groups. Binary
logistic regression is used for predicting the gender. Appropriate
data were used for data visualization and Data was analyzed using
SPSS version 22, P<0.05 is considered to be significant
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Figure 4: Frontal sinus volume with partial septa

Results

Out of total 92 samples, the volume of frontal sinus in male group
comprising 46 images ranges from minimum of 1.07cm’ to

maximum volume of 29.5cm’ in males. in female group
comprising 46 samples the volume of frontal sinus ranges from a
minimum of 0.256 cm *to maximum value of 24.34cm’. The mean
volume obtained among male is 10.2161 with a standard deviation
of 6.56964 and in female group it is 6.4730cm ° with standard
deviation 0f5.19022 cm*(Table 1 & Figure 1)

Independent t test was used to compare total volume of frontal
sinus between males and females. We observed that, there is
significant difference in mean total volume between males and
females with p=0.003(found to be statically significant) and
males are having higher volume than the females with mean
difference 0f3.74(1.23)cm’. (Table 2)

Logistic regression was performed at the end of our study and
proposed an equation for gender prediction from volume
measurements with cut off value as 0.5. Sex =0.936 - (0.116) X
volume. An individual with a score of greater than 0.5 is
interpreted to be a female while a score of less than 0.5 is
interpreted to be male. In our study we observed that 54.3% males
are correctly predicted as males and 73.9% females are correctly
predicted as females. Accuracy of prediction is 64.1% (Table 3)

Table 1: Descriptive analysis of frontal sinus volume in males and females

Males Females
Range in cm’ Mean + SD Range in cm’ Mean + SD
1.07-29.50 10.22 +6.57 0.26—24.34 6.47+5.19

Table 2: Sex differences with respect to the frontal sinus volume

Parameter t-value P-value

Frontal sinus volume 3.03 <0.005

Table 3: Classification of males and females using the logistic regression model derived
in the present study

Actual sex Predicted sex Correct classification
Male Female percentage
Male 25 21 54.3%
Female 12 34 73.9%
Total 64.1%
Discussion

Frontal sinus is an air-filled cavity located within the frontal bone
that consists of paired, irregularly shaped, lobulated cavities,
which communicate with the nasal cavity through the
infundibulum. "’ The anatomic location of the frontal sinus ensures
that the region remains intact even when subjected to abuse or
trauma, and thus has great implications for utility in identification.
The thick bone of the anterior wall of the frontal sinus and its
curved convexity forms a barrier to resist fracture thereby
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providing great resiliency. It has been found that a force of
800—1600-foot pounds (high impact accidents, GSW (gunshot
wounds) is required to fracture the anterior wall. That is twice as
much required to fracture the parasymphyseal area of the
mandible and 50% more than that required to fracture the malar
eminence of zygoma. The frontal sinus presents a high degree of
unicity, even among mono and dizygotic twins. It has a relatively
stable structure throughout adult life." Unlike maxillary sinus
frontal sinus is not located in close approximation to teeth & jaws
and hence it is free from odontogenic influences that affect the
maxillary sinus in many ways.

Many techniques are available for the identification of individuals, and
newer techniques are developing recently however imaging
techniques are part of autopsy techniques and play an important role in
forensic science especially in difficult cases where DNA analysis is not
feasible. Identification of human remains by comparison of ante
mortem and post mortem radiographs of frontal sinuses is a well-
established procedure among forensic scientists and even some of the
authors claim to use them as a substitute for fingerprints and frontal
sinuses in particular have always been assumed to be different in every
person.” Schuler was the first to report the use of radiographs for the
purpose of identification in 1921." It has become common practice to
take paranasal sinus radiographs for diagnostic purposes and hence
can be easily available for comparative radiography.

Various studies have been done in forensic science of fontal sinus
by using 2 dimensional and 3-dimensional imaging techniques in
different populations. There are many studies which are showing
the accuracy rate of three-dimensional image is better when
comparing with the 2-dimensional radiographs. Two dimensional
radiographs have limited use in forensic science not only because
of their two-dimensional nature but also due to inherent
magnification, distortion and superimposition resulting in
potentially inaccurate measurement. CT overcomes many of the
limitations and offers high resolution images. However,
drawbacks of this methodology include expense and increase
radiation exposure, because of that in recent years CT is replaced
with CBCT in head and neck region.

The present research was CBCT based, with an aim of evaluating
the dimorphism of frontal sinus in males and females. Similar
kind of studies by using CBCT to detect the frontal sinus
dimorphism were found which includes, study by Faisal et al. in
2018," Cossellu et al. in 2015,” Marques et al. in 2014, Begum et
al. in 2017," and Benghiac et al. in 2017.” But different variants
and methodology and software were used in each study. Our study
used the direct detection of volume of frontal sinus by using
ellipse tool, similar methodology was followed in another study,
that is Benghiac et al. in 2017,” but the parameter which they have
evaluated variesfrom our study.

The mean volume of frontal sinus obtained in our study was
10.216 and 6.473 with a standard deviation of 6.569 and 5.190 in

males and females respectively (Table 1). Volumetric
measurements of the FS showing that the minimum volume was
foundin female group (V=0.256 cm’) and the maximum volume
measurement was recorded in male group (V =29.5 cm’).

It has been found that when comparing the mean volume of frontal
sinus among genders there is significant difference between males
and females with p = 0.003 and males are having higher volume
than the females with mean difference of 3.74 (1.23) cm’(Table 2),
which is in accordance with many other studies — Benghiac et al.,’
Uthman et al., *Kim et al., ” Tatlisumak et al.,”Belaldavar et al.,”
Akhlaghiet al.,” Pirner et al.,” and Tatlisumak et al.” Only a few
authors have reported that the frontal sinus measurements for
females and males were not significantly different, Kirk et
al.,”andVermaetal. ™

The reason being morphological difference in cranium between
males and females are primarily determined by genetic factors,
although nutrition, hormone and muscular factors also play an
importantrole."

At the end of our study Logistic regression analysis was
performed and an equation was derived for gender prediction
from volume measurements with cut-off value as 0.5. Sex=0.936
-(0.116) X volume. An individual with a score>0.5 is predicted as
female and <0.5 is predicted as male. In our study 54.3% males
were correctly predicted as males and 73.9% females were
correctly predicted as females (Table 3). Accuracy of prediction is
64.1%. A similar type of study was done by Kanimozhi etal. ”’ and
found that using frontal sinus dimensions 79.2% males and 47.1%
females were correctly categorised. The overall accuracy of
maxillary and frontal sinus was 64.0% and 65.9% respectively.
Other study by Uthman et al. ”"emphasized the ability of the frontal
sinus to identify gender was 76.9%. And in a study by Belaldavar
etal.” the accuracy rate was 64.6% for frontal sinus.

Thus, frontal sinus provides average accuracy in sex
determination among Indian population when comparing our
study with other studies. This may be due to greater variation in
morphology of frontal sinus or may be due to the lesser no. of
samples used in all these studies. The predictive value of FS for
determining sex may need to be supplemented with other
information like unilateral or bilateral presence, presence of
complete or partial septa etc to achieve a high level of accuracy.
Determination of the gender by purely measuring the volume of
the sinus may sometimes give arbitrary result as the volume of
frontal sinus may also depend on overall built of the person.
Hence accurate information can be achieved by correlating the
frontal sinus volume with other skeletal morphometric
measurements.

Conclusion

The present study, done on CBCT image in males and female for
evaluating the sexual dimorphism on the basis volume of frontal
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sinus concluded that the mean volume of frontal sinus is larger in
males compared to females and the difference was found
statistically significant. (p=<0.003). This inference proves that
frontal sinus volumetric measurements can be used for sexual
dimorphism in study population. According to regression formula
drawn from the result of this study depicted 54.3% males can be
correctly predicted as males and 73.9% females can be correctly
predicted as females. CBCT, as an imaging modality has become
popular for diagnosis in oral and maxillofacial region. So, it is not
uncommon for CBCT images of individuals to be available as
dental records. These dental records can be used as ante mortem
data for person identification in this population in the interest of
forensic sciences.
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Ethics Committee
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Abstract

Stature estimation is an important task for Forensic anthropologists and this greatly helps when dismembered remains are found. In a
big country like India where there are so many diverse ethnicities a single stature estimation formula cannot be applied for all. There
is a correlation between dimensions of various parts of our limbs and stature. Handprint dimensions in both males and females have
been studied here to find out the reliability and accuracy of the correlation and to develop a multiple regression formula for males and
females. In this study the Pearson correlation test showed that there is a strong statistical significance of correlation between male
hand print dimensions (p value <.000) and stature and also between the hand print dimensions of the right and left hand-, however in
females there is no significant statistical correlation between hand print length and breadth with stature (p value >.551) but there was
a positive correlation with palm print dimensions and stature, in females (p value <.000) The multiple regression formula developed
for male is Y=146.32+3.15X,+4.36X,+0.21X,+0.51X,+0.96X;; and for females it is Y=150.43+0.06X,+1.44X,+2.65X,. The standard
error of estimate was very less with value of 1.4047 in males and 1.5367 in females

Keywords
Stature; Hand print length; Hand print breadth; Palm print length; Multiple regression equation

Introduction ethnic diversities practical problems are faced during forensic
investigations where stature reconstruction from mutilated
remains or hand or foot print impressions has to be done
keeping in mind the varied and diverse ethnicities. Data from
recently conducted studies shows that stature of an individual
can be effectively predicted from the measurement of the length
of separated long bones of both the upper and lower limbs.’
Fingerprints, handprints and footprints are frequently found at
crime scene. Handprint at the scene of crime is a valuable tool
for establishing the identity of the assailant.” Handprints are
very useful in predicting sex and stature of an individual since
they are made by the most prominent part of the hand and give
clue about the real dimensions of the hand of the person who
deposited them at the scene of crime. However, there are very
few studies around the world on handprint/palm print and very
few from the southern part of India. It has been observed that in
about 30% of cases the latent prints which are recovered from
the scene of crime are handprints.® Hence this study was done to
estimate stature from handprint measurements in people of
ethnic Tamil origin and to test the accuracy and reliability of
handprint as a tool for estimation of stature.

Stature estimation is an important task for forensic
anthropologists and this becomes more challenging when
dismembered remains are found. In a big country like India
where there are so many diverse ethnicities a single stature
estimation formula cannot be applied for all During forensic
investigations establishment of the identity is a very crucial
challenge and there are certain situations where there can be
only presence of latent impressions of the hands and feet, and in
such conditions these impressions have been found to be useful
in predicting the approximate stature of the individual."

There is a strong relationship that exists between different parts
of body and stature and this has been a matter of great interest
for forensic anthropologists and medical scientists for many
years." As because stature is one of the cardinal indexes in
formulating the biological profile, stature reconstruction is very
much important key element that can provide useful data in
narrowing down the possible identity." Human stature is one of
the prime physical attributes employed in ascertaining the
identification of such unknown mutilated deceased bodies
found in crime sites.” However, in a big country with so much
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who have voluntarily participated in the study were included in
this study after obtaining informed written consent. However,
those with spinal deformity such as kyphosis, scoliosis or those
with any deformity or injury of the hands were excluded from
this study.

After properly explaining the subjects about the study and
procedure of the study and after obtaining informed written
consent, the subjects were asked to stand straight on a stadiometer
and then their stature was recorded in accordance with the
Frankfurt plane which is an imaginary line joining the
anthropometric line between the porion and orbitale; (the
reproducible position when the upper margin of the ear opening
and the lower margins of the orbit of the eye are horizontal). Then
their stature was recorded from vertex to the heel in centimeters.

Thereafter subjects were asked to wash their hands and pat them
towel dry. Then they were asked to prone their right hand and
place them on the constructed ink pad which contained the ink.
They were then asked to gently put their ink smeared hand on a
plain A4 size paper; similarly, hand print impression of the left
hands was also taken. A total of three hand prints of both right
and left hand has been taken from each subject. Then
measurement of the linear dimension of the hand prints (hand
print length, hand breadth length, and palm print length) was
obtained;

Hand print length (HPL) was measured as the distance between
the mid-points of the distal transverse crease of the wrist to the
most anterior projection of the skin of the middle finger
(dactylion). Hand print breadth (HPB) was measured as the
distance between the most remote points on the heads of the
2nd and 5th metacarpal bones. Palm print length (PPL) was
measured as the distance from the mid-point of the distal
transverse (Mid-stylion) crease of the wrist to the proximal
flexion crease of the middle finger.

Each measurement has been repeated thrice and the mean value
has been recorded in order to minimize observer error.

Statistical analysis

After collection of data these were computed and analyzed with
SPSS software 20. Data was subjected to descriptive statistics
(mean, standard deviation) and then Karl Pearson correlation
test was used for finding the significance of correlation between
the stature and the various dimensions of the hand in both males
and females. A multiple regression equation was developed for
calculation of stature using various hand print dimensions for
males and females.

Results

In this study, the minimum and maximum stature among males
were 165.4 cm and 175.0 with a mean stature of 170.67 and

standard deviation of 3.18, while the hand print length of right
and left hand showed a mean of 21.92 and 21.96 and standard
deviation of 2.066 and 2.109 respectively. The results of the
hand print breadth of right and left hand showed a mean of
13.21 and 13.23 and standard deviation of 1.361 and 1.368
respectively as shown in Table 1. The results of stature in
females showed a minimum and maximum stature of 159.6 cm
and 167.0 cm respectively with a mean of 164.23, and standard
deviation of 1.741. The results of the hand print length in
females showed a mean of 18.32 and standard deviation of
0.874 respectively, and the results of female handprint breadth
showed a mean of 11.15 and a standard deviation of 0.676 as
shown in Table 1. The results of palm print length showed a
mean and standard deviation of 11.97 and 0.827 and a mean and
standard deviation of 10.83 and 0.517 respectively in males and
females, as shown in Table 1.

Table 1: Descriptive statistics of stature, hand print length and hand print breadth for
male and female study participants

Parameter Male Female

Range Mean + SD Range Mean + SD
Stature 165.4-175.0 | 172.67+3.18 |159.6-167.0 | 164.23+1.74
HPL-R 17.1-24.5 21.92+2.07 16.8—-19.8 18.32+0.87
HPL-L 17.1-24.5 21.96+2.11 16.8—-19.8 18.324+0.87
HPB-R 10.1-14.6 13.21+1.36 10.0-12.5 11.15+0.68
HPB-L 10.1-14.6 13.23+1.37 10.0-12.5 11.15+0.68
PPL 10.0-13.4 11.97+0.83 10.0-12.1 10.8340.52

Table 2: Pearson's correlation (r) between stature and various handprint
dimensions in both male and female participants

Correlation value

Parameters
(P-value)

Male hand print length right hand 0.877 (<0.001)
Male hand print length left hand 0.884 (<0.001)

Mal

St:tzre Male hand print breadth right 0.804 (<0.001)
Male hand print breadth left 0.794 (<0.001)
Male Palm Print length 0.749 (<0.001)
Female hand print length right hand 0.060 (0.551)
Female hand print length left hand 0.060 (0.551)

Female . .

Stature Female hand print breadth right 0.077 (0.449)
Female hand print breadth left 0.077 (0.449)
Female palm print length 0.363 (<0.001)
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The Pearson correlation test showed that there is a strong
statistical significance of correlation between male hand print
dimensions (p value <0.001) and stature and also between the
hand print dimensions of the right and left hand, however in
females there is no significant statistical correlation between
female hand print length and breadth with stature (p value of
0.551 and 0.449, which were not statistically significant) but
there was a positive correlation with palm print dimensions and
stature (p value <.000) as shown in Table 2.

Multiple regression equation developed for males and females
is shown in Table 3. The multiple regression equation for males
was Y=146.32+3.15X +4.36X,+0.21X,+0.51X,+0.96X; where
Y is the male stature (dependent variable), X1 is the right-hand
print length of males, X2 is the left-hand print length of males,
X3 is the right-hand print breadth of males, X4 is the left-hand
print breadth of males and X5 is the palm print length of males.
Similarly, for the females a multiple regression equation was
developed as Y=150.43+0.06X,+1.44X,+2.65X,, where Y is the
female stature (dependent variable), X1 is the hand print length
of females, X2 is hand print breadth of females and X3 is the
palm print length of females.

Table 3: Multiple linear regression models for estimation of stature of males and females

Sex Model SEE

Mal 146.32 — 3.15(HPL-R) + 4.36(HPL-L) + 0.21(HPB-R) + 0.51
al® | (HPB-L) - 0.995(PPL)

Female | 150.43 + 0.07(HPL) — 1.44(HPB) + 2.65(PPL) 1.537

1.405

SEE: Standard estimation of error; HPL: hand print length; HPB: hand print breadth;
PPL: palm print length; R: right; L: left.

In this study the multiple regression equation which was
developed has a significant accuracy in predicting the stature
from the measurement of the various hand dimensions in both
males and females, since the standard error of estimate was less
in this study and which were 1.405 and 1.537 for males and
females respectively.

Discussion

In this study there is an attempt to establish the theory that
whether handprint can be used as a reliable and accurate tool
for estimation of stature. Handprints are often found at the
scene of crime and form an important data especially when
fragmented remains are found at the site of crime or at the site
of a disaster and this can sometime provide crucial clue to
personal identification.’

There have been several previous studies where hand
dimensions were directly measured and their correlation with
stature was assessed by various researchers in different parts of
the world and on different ethnic populations.”” Use of
handprint and measurements of handprints have been used in

last few years in different studies such as of Jasuja and Singh",
and that of Ahemad and Pukait® who have used inked
impression of hand print to establish correlation with stature.
The age group chosen for this study is between 20-40 years of
age and this is justified by the fact that skeletal growth is
completed at the age of approximately 18 years in a normal
healthy individual and this is in agreement with previous

15,16
researchers.

In this study the mean stature and standard deviation in males
was found to be 170.673 and 3.1800 respectively and the mean
stature and standard deviation in females was 164.234 and
1.1.7410 which differs from the findings of Moorthy and Yin"
and Kornieieva and Elelemi,” but are similar to the findings of
Nandi et al.”

In this study the hand print of males was larger in males than in
females and this finding was similar to the findings of various
previous studies.””” The reason behind males having bigger
hand dimensions and consequently bigger handprint dimensions
could be explained by the fact that males generally have a
bigger and taller built morphologically than as compared to
females of human species.

In this study a strong correlation was seen between the hand
print of males and stature. The results of the present study are
similar to that of the studies by Melad and Paulis,” Krishan et
al.,” and Ozalan et al.,” who state that correlation between hand
print lengths of males and stature is higher than that of females.
However, this is in contrast to the observations made in the
study by Nandi et al.”” which reports that in comparison to
males, females have had a greater correlation between
handprint dimensions and stature. On the other hand, Ishak
states in his study that the correlation was irregular between
hand print dimensions and stature in both males and females.*
Multiple regression equation was developed in this study for
both males and females and this has accuracy in estimation of
the stature for both the genders as the SEE (standard error of
estimate) is less which is 1.405 in males and 1.537 in females.
The development of multiple regression equation with less
standard error of estimate increased the accuracy of the stature
calculation from handprint dimension measurement and
analysis, and this is in agreement with previous researchers.””’

Conclusion

Stature reconstruction is a very challenging task and use of
handprint impressions found at a scene of crime for stature
calculation has been the focus of study in past few years. A
population specific study aimed at a specific ethnic group is
needed which will cater to a particular place and population. In
this study, which involved adult males and females of ethnic
Tamil origin a positive correlation of statistical significance has
been found between handprint dimensions in males and
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females. Accordingly, a multiple regression equation has been
developed for both males and females of ethnic Tamil origin.
This would be useful in situations where if complete handprint
impression is found at the crime scene then by using the
regression equation derived from this study the approximate
stature of the individual to whom the handprint belonged could
be calculated. The limitation of this study was that it has been
conducted over a particular area of Tamil Nadu and thus there is
a need for similar studies to be conducted over more areas of
the region. There is a need to have similar studies for estimation
of stature from handprint dimensions in different ethnicities and
in different regions of India in order to develop regression
equation formulae for calculation of approximate stature from
handprint impressions which will be highly specific for that
particular ethnic group and region.
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Abstract

Estimation of stature from hand dimensions among adults is of great importance in establishing identity and individuality. The
primary objective of the present study was to estimate stature from hand length and hand breadth among Rajbanshi adults of eastern
India. The data for the present study were obtained from 400 unrelated (males: 200; females: 200) adult Rajbanshi individuals (aged
between 20 years to 60 years). The data obtained was statistically analyzed using statistical tests which included descriptive statistics,
correlation, regression, paired t-test and one-way analysis of variance (ANOVA). Linear and step-wise multiple regression equations
were formulated. The results show that mean value of stature and hand length (HL), and breadth (HB) of males were higher than of
females. The F-values were statistically significant for HL, left hand length (LHL) and right-hand length (RHL) (p<0.05). The
bilateral difference in HL and HB were observed to be statistically not significant in both sexes (p>0.05). Simple linear regression
analysis was conducted to estimate stature from the anthropometric variables. The regression coefficients were observed to be
statistically significant (p<0.05). The stepwise multiple regression equations were also observed to be statistically significant. The
present study has been successful in estimating stature from LHL, RHL, LHB and RHB. It has also observed the relationships
between these anthropometric measures as well as estimated bilateral differences and sex differences with respect to these variables.
The results may be used for estimating the stature from hand dimensions in medico-legal cases and forensic examinations.
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Forensic science; Forensic anthropology; Stature; Hand breadth; Hand length; Rajbanshi; India

multiplication factor analysis in estimating stature as range of
error in regression analysis method is less compared to

Introduction

Forensic anthropology is defined as “the application of physical

anthropologists' specialized knowledge of human sexual, racial,
age and individual variation to problems of medical
jurisprudence”.' Several studies have evaluated the scope of
anthropological contributions to human rights investigations.™
The role and status of forensic anthropology have been
discussed in the previous studies with context to different
countries.”" Identification of victims of mass disasters remain
essential from humanitarian, civil as well as from criminal point
of views."""* The problem of stature reconstruction has attracted
attention of anatomists and physical anthropologists since the
middle of eighteenth century when forensic anthropology as a
sub-discipline of physical anthropology never existed. Thomas
Dwight described two methods for the purpose of stature
estimation.'” These methods were a) Anatomical b)
Mathematical. In a recent study, it was confirmed that the
regression analysis method proved to be better in comparison to
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multiplication factor method."

There exists ample number of means to demonstrate stature and
their significance lies in the transparency of measurement,
applicability and validity in prediction.” Identification of an
individual from dismembered, mutilated and fragmentary
remains is a challenge to forensic experts. This is encountered
in cases of mass disasters, explosions, and assault cases where
the body is dismembered to conceal the identity of the victim.
The foot and hand have been extensively studied to provide
valuable information about an individual when an individual
hand or foot is recovered and brought for forensic
examination.””'

The importance of predicting stature from body dimensions lies
in the fact that such methods are easy, reliable and can predict
stature with a good level of accuracy. However, most of the
studies have utilized foot dimensions to predict stature.”**’
There have been a limited number of studies using other body
dimensions such as finger length, tibia and fibula length.™
Many years ago it was opined that that regional studies on
stature estimations were very much needed due to racial and
ethnic variations present in different regions of the world.”
Studies have subsequently been initiated in many countries to
obtain equations for predicting stature from body dimensions
for different ethnic groups.
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Contemporary India is composed of a sizable number of ethnic
and indigenous elements having enormous amounts of ethnic
and genetic diversity.” Studies on the estimation of stature from
body dimensions among various Indian populations began to be
published in different peer-reviewed indexed scientific
. 19,20,32,48,53-62

journals.

Studies are almost non-existed among populations from
northern part of the state of West Bengal, India. North Bengal,
as it is popularly known, is the home to a number of tribal
communities (Lepcha, Rabha, Meche, Toto, Oraon, Santal and
Munda), and non-tribal communities (Rajbanshi, Bengali Caste
and Bengali Muslim). Only one study is available in literature
on the estimation of stature from foot dimension among
individuals belonging to the Rajbanshi community.” The
present study, therefore, is an attempt to study the estimation of
stature from hand length and hand breadth. The study further
explores the bilateral and sex differences in hand length and
hand breadth.

Material and Methods

The data for the present study were obtained from 400
unrelated individuals (200 male, 200 female) adult Rajbanshi
individuals (aged from 20 years to 60 years). The nature of the
Rajbanshi population has been reported elsewhere.”” Initially,
a total of 432 Rajbanshi individuals were selected by random
sampling and approached for the study. The nature of the study
was explained in detail to them. All the individuals were free
from any physical deformity of the limbs and they were
interviewed for information regarding any previous physical
injury and/or operation, or any trauma in the either hand.
Individuals having abnormality, injuries or surgical episodes
were excluded. Of them 32 individuals (5.30%) declined to take
further part in the study. Informed consent was taken from the
subjects who participated in the study. Necessary permissions
have also been taken from the Jalash Nijamtara Gram
Panchayat. The individuals were identified as Rajbanshi by
observing their physical features, cultural features and by
recording their surnames. These were subsequently verified
from the official records of the Gram Panchayat (local village
level governing authority). All the individuals were the
residents of a Rajbanshi-inhabited village named 'Rangapani’,
'Chotopathu' and 'Barapathu' located in Jalash Nijamtara Gram
Panchayet, under Phansidewa Block, Police station
Phansidewa, District Darjeeling of the state West Bengal, India.
The nearest motorable road is the Siliguri-Phansidewa highway
and railway station is Rangapani. The village is situated at a
distance of approximately 25 kms southwest of Siliguri sub-
division town of Darjeeling.

Five anthropometric measurements were recorded following
standard procedures.” The measurements taken are as follows:

a) Stature/ Height vertex

b) Length of left hand (LHL)
c) Length of right hand (RHL)
d) Breadth of left hand (LHB)
e) Breadth of right hand (RHB)

Stature was measured using an anthropometer rod and was the
vertical distance from vertex to floor with the head in the
Frankfurt horizontal plane. Hand length (HL) was measured
from the mid-point of distal transverse crease of wrist to the
most anterior projection of the skin of the middle finger (e.g.,
inter stylion line). Hand breadth (HB) was measured as a
distance between the radial side of the second
metacarpophalangeal joint (e.g., metacarpal radiale) and the
ulnar side of the fifth metacarpophalangeal joint (e.g.,
metacarpal ulnale). The LHL, RHL, LHB and RHB were
recorded to the nearest millimeter with the aid of a sliding
caliper. Owing to the diurnal variation in stature”, the
individuals were measured during the morning hours prior to
leaving for their work. The technical errors of measurement
(TEM) which is an accuracy index and measures the standard
deviation between repeated measures have been determined to
check the consistency of the data.” Even though a number of
methods of measuring inconsistency are available, the preferred
method involves calculation of relative TEM and subsequently
determination of the coefficient of reliability (R).* The TEM
were calculated from three repeated measurements were
obtained from the 30 randomly selected Rajbanshi individuals
by one of the authors (PG). Very high values of R was observed
for all the measurements (R>0.980) and these were within the
acceptable limits of 0.950. The measurements recorded by PG
were considered to be reliable and reproducible. All the
measurements in the present study were subsequently recorded
by PG.

Statistical Analysis

The data obtained was statistically analyzed using statistical
tests that included descriptive statistics, correlation, regression,
paired t-test and one-way analysis of variance (ANOVA).
Descriptive statistics included mean, standard deviation and
range. Linear and step-wise multiple regression equations were
formulated separately for each sex and also for the entire
sample together to find out whether a single equation could be
used for all age group or independent equations would be
required separately for individual age group to estimate stature
using HL and HB. Efforts were also made to formulate
multiplication factors based equations by using HL, HB and age
for estimation of stature. Linear regression was used to estimate
stature from LHL, RHL, LHB and RHB. Step-wise multiple
regressions were conducted in order to estimate stature from a
combination of the recorded variables. ANOVA was utilized to
assess bilateral differences in LHL, RHL, LHB and RHB.
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ANOVA and paired t-test were conducted to understand the sex
differences in stature, LHL, RHL, LHB and RHB. All statistical
analysis was done using the Statistical Package for Social
Science for windows (version 20.0). The p-values of <0.05 and
<0.01 were considered to be statistically significant.

Results

The mean, standard deviation (SD) and range of stature, LHL,
RHL, LHB and RHB among Rajbanshi male individuals of the
present study are presented in Table 1. It is evident from Table 1
that the Rajbanshi male individuals exhibited higher mean
stature, mean LHL, mean LHB, mean RHL and mean RHB as
compared to the female individuals. Bilateral differences were
present in all these measurements between both sexes. In the
present study, it was further observed that in case of the male
individuals, LHL varied between 23.16% to 28.60% of stature,
LHB varied between 6.99% to 13.39% of stature; RHL varied
between 23.01% and 28.91% of stature and RHB varied
between 6.99% and 13.83% of stature. When the female
individuals were taken into considered, LHL varied between
21.88% to 28.71% of stature, LHB varied between 8.07% to
13.19% of stature, RHL varied between 21.88% and 28.55% of
stature and RHB varied between 7.91% and 13.66% of stature.
Following the classification of stature proposed by Martin and
Saller,” it can be observed that majority of the Rajbanshi male
and female individuals fall in the 'short to medium' category.

Table 1: Descriptive statistics of stature, hand length (HL) and hand breadth (HB)
among Rajbanshi male and female individuals

into consideration but the differences were not statistically
significant in case of stature, HB, LHB and RHB were not
found statistically significant (p>0.05) (Table 3).

Table 2: Sex differences in stature, hand length (HL) and hand breadth (HB)
among Rajbanshi individuals using ANOVA

Measurements F-value df. P

Stature (cm) 231 199 0.129
LHL (cm) 7.52 199 0.006
RHL (cm) 6.28 199 0.013
HL 6.93 199 0.009
LHB (cm) 1.07 199 0.301
RHB (cm) 1.78 199 0.183
HB 1.42 199 0.234

df: degrees of freedom; P: significance

Table 3: Sex differences in stature, hand length (HL) and hand breadth (HB)
among Rajbanshi individuals using paired t-test

Measurements t-value df. P

Stature (cm) 1.42 199 0.156
LHL (cm) 3.39 199 0.001
RHL (cm) 3.12 199 0.002
HL 3.27 199 0.001
LHB (cm) 1.21 199 0.227
RHB (cm) 1.54 199 0.126
HB 1.38 199 0.168

df: degrees of freedom; P: significance

Table 4: Bilateral differences in hand length (HL) and hand breadth (HB) among
male and female Rajbanshi individuals using ANOVA

Male (N=200) Female (N=200)
Measurements| Minimum| Maximum | Mean | SD | Minimum | Maximum | Mean| SD
Stature (cm) | 149.20 | 166.60 [155.45/1.82| 149.00 | 166.30 |155.19 1.57
LHL (cm) 1490 | 1840 |1636 |0.67 | 14.10 1830 |16.19 | 0.61
RHL (cm) 1480 | 18.60 1638 |0.68 | 14.10 1850 1622 0.63
HL(‘EE’];J'S"W“) 1490 | 1850 [1637 [0.67| 14.10 1840 1620 | 0.62
LHB (cm) 450 | 860 |6.64 |0.78| 520 8.50 6.57 | 0.60
RHB (cm) 4.50 890 6.68 079 5.10 8.80 6.59 | 0.61
“B(lg;“;‘;owm 4.50 8.75 6.66 [0.78 | 5.15 8.65 6.58 | 0.60

It is perceptible that the females displayed slightly smaller stature
and smaller HL and HB with respect to LHL, RHL, LHB and
RHB when compared to the males. Using ANOVA, it was
observed that the F-values were statistically significant for HL,
LHL and RHL (p<0.05) but the different between the stature, HB,
LHB and RHB were not statistically significant (p>0.05) (Table
2). Using the paired t-test, it was further observed that there
were statistically significant differences (p<0.05) between male
and female individuals when HL, LHL and RHL were taken

Male Female
Measurements
F-value df. P F-value df. P
HL 0.12 399 0.727 031 | 399 0.580
HB 0.31 399 0.579 0.13 | 399 0.722

The bilateral difference in HL and HB among male and female
Rajbanshi individuals was evaluated using ANOVA and the
results of the statistical analysis was depicted in Table 4. It is
evident from the table that the bilateral difference in HL and HB
were not statistically significant among both sexes (p>0.05).

Simple linear regression analysis was conducted to estimate
stature from the measured variables. For this analysis, stature
was taken as the dependent variable and HL, LHL, RHL, HB,
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