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ABSTRACT

INTRODUCTION: Identification is the determination of the individuality of a person based on
certain physical characteristics, i.e., exact fixation of personality. Correct sex estimation reduces
the possible number of individuals that need to be considered by approximately 50%. According
to Krogman, sexing can be 90% accurate by skull alone, but till dateonly a handful of studies
have been undertaken to study the relation of cranial suture length with parameters like sex and
stature.

MATERIAL AND METHOD: This study was conducted on 400 deceased adults brought for post-
mortem examination during study period. All the observations related to the current study were
done by naked eye and data regarding age, sex and curvilinear length of sagittal suture were
recorded.

ResuLrs: The mean curvilinear length of sagittal suture was 12.42 + 0.74 cm in females and
12.76 £ 0.71 cm in male and the mean length of the sagittal suture was significantly higher among
males as compared to females.

Concrusion: Curvilinear length of sagittal suture is a reliable predictor of sex.
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individuality of a person based on certain physical
characteristics, i.e., exact fixation of personality.!
Exact identification is particularly important,
and at the same time equally difficult, when there
is evidence of effacement of identity or when
identifying an unknown person; in cases of man-
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made mass disasters and natural calamities. Also,
with increasing tendency of crime perpetrators
towards destroying the identity of the victim,
either by acts of commission like dismembering,
decapitation, post-mortem burning, dumping
in water body, etc. or by intentional neglect by
leaving the dead body on terrains like forests, open
grounds, farmlands wherein the natural elements
like sunlight, rain, wind and scavenging animals
act upon the dead; we end up with partly or wholly
skeletonized remains of the deceased reaching us
from the scene of recovery to our autopsy rooms.>
Sex, age and stature are primary characteristics of
identification.!

Correct sex estimation is critically important
during identification as it reduces the possible
number of individuals that need to be considered by
approximately 50%. Therefore, sexing is of greater
value than age, stature, and race identification.’?
Generally, DNA analysis for sexing of bones is
the most accurate method. However, the high cost
along with sophisticated extraction and analysis
techniques critically limit its utility. Also, forensic
DNA extraction from bone raises several issues,
because the samples are very often badly altered
and/or in very small quantity.*® Therefore, we have
to rely on anthropometric techniques to provide
more convenient methods in sex estimation.

In order to predict sex of an individual, metric
methods are considered to perform better than
morphological methods, as the former eliminates
the subjectivity inherent to morphological
assessment and thus reduces the inter-observer and
intra-observer errors.*’” Though metric methods
have reasonable accuracy rates, it is evident that
one population standard should not be used for
another population for sex assessment as there may
be a significant variability in sexual dimorphism
between populations.®

Till date, only a handful of studies have been
undertaken to study the relation of cranial suture
lengths with parameters like sex and stature. In
the current study, we attempt to find whether
curvilinear length of sagittal suture has any sexual
dimorphismand can it be usedas a reliable indicator
of sex.

MATERIAL AND METHOD

This analytical study with cross-sectional design
was conducted on 400 deceased adults brought for
post-mortem examination at the Department of
Forensic Medicine of B.J. Govt. Medical College

and Sassoon General Hospitals, Pune during April
2021 to May 2022, after obtaining clearance
from institutional ethics committee. Deceased
individuals of Indian origin, of more than 20 years
of age, whose exact age at the time of death was
known and confirmed by documentary evidence
were included in the study. While known cases of
non-Indian origin, unknown deceased individuals
where exact age could not be confirmed, known
cases of metabolic bone diseases, craniosynostosis,
nutritional deficiency, skeletal malformation or
deformity, endocrinal disorders, cancers and cases
of fresh and healed skull fractures were excluded
from the study.

All observations related to current study were
done by naked eye at the time of medico-legal post-
mortem examination of deceased. Data regarding
age, sex and curvilinear length of sagittal suture
were recorded. During post-mortem examination,
after standard reflection of scalp, soft tissue over
the skull vault was removed thoroughly to expose
the sagittal suture from the bregma (anterior
junction of sagittal and coronal sutures) up-to
the lambda (posterior junction of coronal and
lambdoid sutures). Curvilinear length of sagittal
suture (i.e. distance between lambda and bregma)
was measured with the help of a non-stretchable
thread and a graduated scale.

RESULTS

Out of the 400 individuals included in the
study, 317 (79.2%) were males while 83 (20.75%)
were females. Thus, the sample showed male
preponderance (Table 1).

Table 1: Sex-wise distribution of cases

Sex Frequency (n) Percent (%)
Female 83 20.75
Male 3 79.25
Total (N) 400 100.0

For the 83 female crania examined, the minimum
and maximum ages were 20 years and 99 years
respectively with mean age being 48.69 + 21.67
years. For the 317 male crania examined, the
minimum and maximum ages were 20 years and
85 years respectively with mean age 46.06 + 15.78
years. On applying Mann-Whitney U test (p-value=
0.001, significant), we found that the mean age of
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females in study population is significantly higher  All individuals were grouped as per their ages in a
as compared to males (Table 2).

Table 2: Sex-wise mean age

range of 10 years as shown in Table 3.

Sex Mean age (inyears)  Minimum age (inyears)  Maximum age (in years) Std.dev.  Pvalue (as per Mann Whitney U Test)
Female (n=83) 4869 20 99 2167 0.001
Male (n=317) 46.06 20 85 15.78 (Significant - S)
Table 3: Sex-wise and age group-wise distribution of cases
Females Males Total
?ﬁlevi?r';l; Sex-wise percentage Sex-wise percentage Total cases Percentage distribution ;h‘ilzg:;gstzsetr)
No. distribution within age No.  distribution within age within age of total cases within age

group group group (N=400) group
20-29 25 3425 48 65.75 3 18.25
30-39 n 13.58 10 86.42 81 20.25
40-49 1 9,59 66 90.4 3 18.25
50-59 n 141 61 85.9 18 195

01
60-69 10 2114 36 18.26 46 15 (Not Significant
-NS)
10-19 n 3438 21 65.63 32 8
80-89 6 40 9 60 15 375
90-99 2 100 0 0 2 05
Total 83 20.75 3 19.25 400 100
The values from the table show that there was The values from the tables 4 and 5 show that there

no significant difference between the females  was no significant difference in the mean outcomes
and males with regards to age range in our study  of length of the sagittal suture within the different

population.

age ranges in the female and male individuals.

Table 4: Mean length of sagittal suture in each age group (Females) (n=83)

Age group Mean length std. dev. Minimum length Maximum length Pvalue (as per
(in years) (in cm) (incm) (in cm) Krusal-Wallis test)

20-29 1212 0.84 10.50 13.70

30-39 12.81 051 170 13.70

40-49 1232 013 1.00 13.00

50-59 121 0.85 150 13.70 0222

60-69 1254 0n 1.00 1350 (N}

70-19 1240 0.58 1.60 1330

80-89 1248 0.60 12.00 1340

90-99 12.25 035 12.00 1250
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Table 5: Mean length of sagittal suture in each age group (Males) (n=317)

Age group Mean length Std. dev. Minimum length Maximum length P value (as per Krusal-
(in years) (incm) (incm) (incm) Wallis test)
20-29 12,68 074 11.00 14.20
3039 1274 0.75 11.00 14.50
40-49 1290 0.69 11.00 14.20
50-59 1213 0.76 1110 14.60 0222
6069 270 on 1000 1400 (Ns)
70-79 1284 055 1200 14.00
80-89 1272 038 1230 1350
90-99 - - - -
Table 6: Sex-wise mean length of sagittal suture:
Sex Mean length Std. dev. Minimum length Maximum length P value (as per Mann
(N=400) (in cm) (in cm) (in cm) Whitney U test)
Female (n=83) 1242 0.74 10.50 1310 0.0001
Male (n=317) 1276 0n 10.00 14.60 (s)
Table 7: Findings of present study as compared with those of previous researchers:
Males Females
Sr.No.  Name of the worker Meth::# gzgﬁgfgﬂfﬂe"gth N Mean length SD N Mean length SD
(incm) (incm)
1 RaoetalP Curvilinear length 81 1292 om - - -
2 Narasimhamurthy et al” Straight length 50 1241 074 50 193 1.01
3 Sobhand Gheat® Curvilinear length 48 19 16 3 108 16
4 Present study Curvilinear length 37 1276 071 83 1242 074

Thus, age was ruled out as a confounding factor in
the current study population.

For the 83 female crania examined, the minimum
length of sagittal suture was 10.5 cm while the
maximum length was 13.7 cm with mean length
being 12.42 + 0.74 cm. For the 317 male crania
examined, the minimum length of sagittal suture
was 10 cm while the maximum length was 14.6
cm with mean length being 12.76 + 0.71 cm. On
applying Mann-Whitney U test (p-value= 0.0001,
significant), we found that the mean length of the
sagittal suture was significantly higher among males
as compared to females (Table 6).

DISCUSSION

Since bones resist put refaction and destruction
foralongtime,theyareareliable source todetermine

age, sex, race and stature of the individual. The
cranium is frequently the best preserved portion
of the recovered skeleton.’ It is due to its relatively
higher resistance to environmental and animal
destruction than other bones. The pelvis and the
skull are known to be the most sexually dimorphic
bones in the skeleton.’® According to Krogman,
sexing can be 90% accurate by skull alone.!* The
fact that sexual dimorphism exists between male
and female human skulls morphologically as well
as morphometrically is very well documented by
numerous researchers.%1’

Cranial sutures help us estimate the age, origin,
ancestry, sex (to some extent), identity and stature.'®
It is a well known fact that cranial sutures fuse
earlier in males as compared to females’!® but some
researchers do notagree with this generalisation.8%

Narasimhamurthy ez a/?!* and Talokar and Lade?
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recommended bregma-lambda length (BLL) as a
measurement for sex estimation. However, these
studies measured the straight distance between
bregma and lambda using a slide calliper rather than
the length of the sagittal suture along its curvature,
as was done in the present study. Their results, also
pointed that sagittal suture measurements can be a
helpful tool in sex estimation.

Sobh and Gheatin their studyused the curvilinear
lengths of coronal and sagittal sutures for
determining sex. They showed that the combined
length of the coronal and sagittal sutures was the
best sex discriminator; followed by coronal suture
length; and sagittal suture length. Furthermore,
they developed three regression models to predict
sex from these suture lengths. If the suture length
(s) is (are) applied in the formula and the result of
the equation is higher than a cut-of value, the sex
was predicted to be male. The highest accuracy
could be obtained by the equation that included the
lengths of the coronal and sagittal sutures together
(76% accuracy); followed by coronal suture length
(75% accuracy); then the sagittal suture length
(71% accuracy).?

Table 7 shows us the findings of other studies and

the comparison with our study. In all the studies, it
is found that the length of sagittal suture is greater
in males than in females. As of now, we could not
find any study in the literature where the opposite
or contradictory findings were established.

Current study is limited by the fact that the
number of female individuals in our sample size
is considerably less as compared to their male
counterparts. Therefore, in future such study should
be performed on equal numbers of females and
males. Secondly the method used for measurement
can have measurement and observation errors and
hence in future studies, to rule out these errors,
sophisticated instruments which can be calibrated
should be used.

CONCLUSION

Curvilinear length of sagittal suture is more in
males as compared to in females, and hence it can
be considered a reliable predictor for determination
of sex.

Conflict of Interest: Nil

Source of Funding: Nil

REFERENCES
Reddy KSN. Murty OP. Identification. 7. Adams BJ, Byrd JE (2002) different populations. Human Evolution.
In: The Essentials of Forensic Medicine & Interobserver  variation of  selected 1986 Jun;1:243-50.
Toxicology. 34th edltlc?n. New Pelhl (India): postcrc.m/al' skeletal measurements. J 13. PaivaLA, Segre M.
Jaypee Brothers medical publishers. 2017. Forensic Sci47(6):1193-1202. .

55.80 Sexing the human skull through the
p- ’ 8. SteynM, iscan MY (1997) mastoid process. Revista do Hospital das
Khandare SV, Bhise SS, Shinde AB. Sex determination from the femur and Clinicas. 2003;58:15-20.

Age estimation from cran/'al sutures-a tibia in South African whites. Forensic Sci 14. Lalwani M, Yadav J, Arora A, Dubey BP.
Postmortem study. International Journal Int90(1-2):111-119. . R . ; .
. ) Sex identification from cranial capacity
of Healthcare and Biomedical Research.
2015 Apr: 3(3):192-202 9. Brooks ST. of adult human skulls. Journal of
pr; 305/ ’ Skeletal age at death: the reliability of Indian Academy of Forensic Medicine.
Sobh ZK, Gheat AM. cranial and pubic age indicators. American 2012;34(2):128-31.
Coronal and sagittal suturz.a Ien.gfhs.as Journal of Physical Anthropology. 1955 15. Saraé-Hadzihalilovié A, Ajanovi¢ Z,
novel measurements for sex identification Dec;13(4):567-97. coy &) .,
in a sample from the Eavptian population Hasanbegovic¢ I, Sljuka S, Rakanovic-
! mple gyptian population. 44 - gefjigh P, Martino F, Cummaudo M, Todi¢ M, Aganovicl, Prazina |, Kapo SM,
Forensic Science, Medicine and Pathology. . si e ..
Indra L, Biehler-Gomez L, Campobasso Hadziselimovi¢R.
2021 Mar;17(1):19-26. R .
Cetal. Analysis of gender differences on
Quincey D, Carle G, Sex estimation of skeletons in middle pyriform aperture of human skulls using
Alunni 'V, Quatrehomme G. Difficulties and late adulthood: reliability of pelvic geometric morphometric method. Folia
of sex determination from forensic bone morphological traits and long bone Morphologica. 2022,81(3):707-14.
degraded DNA: A comparison of three metrics on an ltalian skeletal collection. Int .
methods. Sci Justice. 2013;53:253-60. JLegal Med. 2020;134:1683-90. 16. Shanthi CH, Lokanadham S.
Morphometric study on foramen magnum
Latham K, Miller J. 11. Krogman WM, Iscan MY. of human skulls. Medicine Science.
DNA recovery and analysis from skeletal Skeletal age: Cranium. In: The Human 2013;2(4):792-8.
material in modern forensic contexts. skeleton in Forensic Medicine. 2nd edition. . .
Forensic Sci Res. 2019;4:51-9. Springfield (USA): Charles C Thomas 17. ':,’;Z: d’;I/' A;heta A, lbrahim M, Kaka R,
Spradley MK, Jantz RL (2011) Publishers. 1986. Evaluation of the paranasal sinuses
Sex estimation in forensic anthropology: ~ 12. Uytterschaut HT. dimensions in sex estimation among

skull versus postcranial elements. J
Forensic 5¢i 56:289—- 296.

Sexual dimorphism in human skulls. A
comparison of sexual dimorphism in

INDIAN JOURNAL OF FORENSIC MEDICINE AND PATHOLOGY. VOLUME 16, NUMBER 3, JULY - SEPTEMBER 2023

a sample of adult Egyptians using
multidetector computed tomography. J



176

18.

19.

Ashwini Anant Bhosale, Ajay Anirudha Taware, Vijay Tarachand Jadhav, et al./A Pilot Study to find out Sexual Dimorphism in

Forensic Radiol Imaging. 2017;11:33-9.

Manivasagam M.

Age Estimation from Fusion of ecto cranial
(Coronal, Sagittal, Lambdoid, Temporal)
sutures in humans: A study in bodies
during autopsy to prove/disprove ages
of sutural closure used in routine practice
[Internet]. [Tirunelveli (India)]: The Tamil
Nadu Dr. M. G. R. Medical University,
Chennai. April 2015. Available from: http://
www.repository-tnmgrmu.ac.in/7546
(Accessed on 17 June 2022).

Rentoul E, Smith H, Editors. 1973.

Human Skulls using Curvilinear Sagittal Suture Length

20.

21.

Medical Jurisprudence and Toxicology.
13th edition. Churchill Livingstone. p80.

Millard, AB.

Age assessment from cranial suture
closure (unpublished thesis). San Marcos
(Texas): Texas State University; 20711.
[Internet]: Available from: https://digital.
library.txstate.edu/handle/10877/4275.
(Accessed on 29 June 2022).

Narasimhamurthy S, Kumar R,
Manjunath T, Kuppast N, Umesh S,
Shradha Iddalgave R.

Reliability of bregma-lambda

A

length

22,

23.

measurements in identification of sex of
skull. Sch J App Med Sci. 2015,;3:1467-70.

Talokar S, Lade S.

Sexual dimorphism of human skull
by different parameters Int J Sci Res.
2015;4:614-6.

Rao P, Menezes T, Kanchan T, Sowmya
J, Yoganarasimha K, Aswinidutt R.
Estimation of stature from cranial sutures
in a South Indian male population. Int J
Legal Med. 2009;123:271-6.

INDIAN JOURNAL OF FORENSIC MEDICINE AND PATHOLOGY. VOLUME 16, NUMBER 3, JULY - SEPTEMBER 2023



