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Abstract

Background: The human skull is a durable skeletal structure widely used in clinical anatomy,
forensic anthropology, and human identification. Morphometric analysis provides valuable

information regarding cranial variations, sexual dimorphism, and population characteristics.

Aim: To evaluate morphometric variations of human dry skulls and assess their clinical,

anthropological, and forensic significance.

Methodology: This retrospective observational study was conducted in the Department of
Anatomy, Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad, Uttar Pradesh, India,
from February 2008 to July 2008. A total of 95 adult human dry skulls were examined using
standard osteometric instruments and anatomical landmarks. Morphometric measurements were
recorded and analyzed using SPSS version 20.0. Descriptive statistics, Student’s t-test, and

discriminant function analyses were performed.

Results: The 95 skulls studied, 58 (61.1%) were male and 37 (38.9%) were female. Male skulls
exhibited significantly greater mean values for maximum cranial length, maximum cranial
breadth, bizygomatic breadth, biauricular breadth, and mastoid length than female skulls
(p<0.001). Mesocephalic skulls were the most common cranial type (43.2%). Multivariate
discriminant analysis showed the highest sex determination accuracy (88.4%), followed by

stepwise (82.1%) and univariate analyses (76.8%).

Conclusion: Significant morphometric variations and marked sexual dimorphism were observed

among the studied skulls. Multivariate discriminant analysis proved to be the most reliable
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approach for sex determination. The findings provide valuable baseline data for forensic
identification, anthropological investigations, and clinical applications in the North Indian

population.

Keywords: Human dry skull, Morphometry, Sexual dimorphism, Craniometry, Forensic

anthropology, Clinical anatomy, Discriminant function analysis.
1.Introduction

The human skull is one of the most important parts of the skeleton and can provide a wealth of
information in a variety of investigations such as anatomy, anthropology, clinical and forensic
examinations. Analysis of the skull using morphometric methods can yield quantitative
information on size and variation of the cranium that can be used for individual identification,
population characteristics and sex determination. An increasing number of applications in
forensic anthropology, archaeology, neurosurgery, maxillofacial surgery and physical
anthropology have made the study of cranial morphology and morphometry increasingly
important. Skulls have a very hard skeleton and are frequently found in very fragmented or even

destroyed remains, and hence they are a very important tool for examining skeletal remains [1].

In forensic anthropology, the skeleton has a great importance in sex determination. While the
whole skeleton is the best indicator, in forensic and archaeological situations complete skeletons
are hard to find. Hence, methods for determining sex from isolated skeletal remains, if reliable,
are very significant. The pelvis, femur, tibia, humerus, radius, mandible and cranium are among
the most used skeletal structures [2]. The pelvis is considered the most sexually dimorphic bone
and the best sex indicator. The skull however is the second-best skeletal element to determine sex
because it is well preserved and resistant to postmortem damage. When preserved properly,

research has shown that the skull can be used to accurately determine sex [3].

The human skull is sexually dimorphic, and this is due to the different growth processes of the
two sexes, hormonal factors, genetic differences, and environmental factors. There are different
techniques used for sex determination which can be categorized as molecular and morphological
technique [4]. The most important morphological differences among males and females include

skull size and robusticity [5]. Adult skulls are more suitable for morphometric studies as sex

Eissn: _1303-5150 38 é www.neuroquan tology.com



NeuroQuantology | October 2008 | Volume 6 | Issue 4 | Page 37-50 | doi: 10.48047/nq.2008.6.4.04
Dr. Md Hassan Ali / Morphological Analysis of Foramen Magnum Variations in Archived Skeletal Specimens of the Indian Population

hormone activity during growth and development leads to greater sex differences. The
maturation of bone starts earlier in the female than in the male and important changes in
craniofacial morphology are apparent at puberty. Sexual differences are thus more pronounced in

the adults' skeletal remains [6].

Sexual dimorphism is the process by which the male and female craniofacial characteristics
develop. Male skulls tend to be more robust and have greater muscle attachments, which show
up as more prominent bone elevations, ridges, tubercles and processes. Anatomical variations are
important for identification and classification of skeletons [7]. Traditional approaches to sex
estimation were based upon visual identification of cranial characters. Krogman in 1955
presented a list of fourteen morphological indicators and in 1986 Krogman and Iscan added four
additional traits shape and size of the nasal aperture, dimensions of the nasal bones, length of the
zygomatic arch, and chin morphology. The features improved the reliability of sexing the human

skull using morphological approach.

Although very useful, morphological methods have some limitations because the expression of
crania features can change because of environmental factors, nutritional status, genetic factors,
and observer experience [8]. Inconsistencies in classification can also occur due to subjective
interpretation. To minimize these constraints, morphometric methods are increasingly being
used, where measurements of the cranial dimensions are made in a precise manner and
quantitative data is statistically analyzed. A scientific measurement of the skull and face is called
craniometry and can be used to provide a wealth of information on sex, ancestry, race, and body
type [9]. The morphometric methods are more objective and reproducible than morphological

evaluations and are now an integral part of the current anthropological and forensic studies.

The last few decades have seen a transition from traditional, qualitative observations to
quantitative morphometric analysis with both univariate and multivariate statistical techniques.
Various measurements like cranial length, cranial breadth, cranial height, bizygomatic width,
nasal measurements, orbital measurements, and cranial indices are used to assess morphometric
variation. Even these parameters can have overlap between the sexes, however, and sexing may
not be perfectly accurate. Highly developed statistical techniques, like multivariate linear

discriminant function analysis, have been commonly used to increase discriminatory power. A
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statistical objective method that has been found to be very useful in forensic identification
studies is discriminant function analysis, which is able to determine the minimum number of

variables that will yield maximum discriminatory effectiveness [10].

In addition to regional differences in craniological traits, the problem of regional morphometric
studies is accentuated by additional population-specific variations in craniological morphology.
However, there are a lot of differences in skeletal traits among populations due to genetic
variation, environmental factors, diet and evolutionary adaptations. Thus, standards created for
one population can't be transferred directly to another one [11]. With the growing population
admixture and migration in today's world it is more crucial to establish population specific

morphometric database for accurate forensic and anthropological interpretation.

The present retrospective study was undertaken in the Department of Anatomy, Saraswathi
Institute of Medical Sciences (SIMS), Ghaziabad, Uttar Pradesh, India with the preserved human
dry skulls kept in the osteological collection of the department. The study is designed to
investigate the morphometric differences among human dry skulls and the clinical,
anthropological and forensic value of these differences. The purpose of the study is to add to the
existing knowledge and to offer reference standards that may help the anatomist, anthropologist,

forensic expert and clinician to better understand cranial variability and its clinical relevance.

2.Methodology
2.1 Study Design

The present study was a retrospective observational morphometric study conducted to evaluate
the morphometric variations of human dry skulls and to assess their clinical, anthropological, and
forensic significance. The study involved quantitative measurement and analysis of cranial
parameters in preserved adult human dry skulls available in the departmental osteological

collection.
2.2 Study Area

The study was conducted in the Department of Anatomy, Saraswathi Institute of Medical

Sciences (SIMS), Ghaziabad, Uttar Pradesh, India.
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2.3 Study Duration
The study was carried out over a period of six months from February 2008 to July 2008.
2.4 Sample Size

A total of 95 adult human dry skulls were included in the study and examined according to the

predefined inclusion and exclusion criteria.
2.5 Sample Population

The study population consisted of preserved adult human dry skulls available in the Department
of Anatomy, Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad. Only fully ossified
adult skulls suitable for morphometric analysis were selected. The skulls represented anonymous

osteological specimens routinely maintained for academic purposes.
2.6 Inclusion Criteria
1. Well-preserved adult human dry skulls.
2. Fully ossified skulls with clearly identifiable anatomical landmarks.
3. Skulls are free from visible deformities and fractures.
4. Skulls suitable for accurate morphometric assessment.
2.7 Exclusion Criteria
1. Incompletely ossified or juvenile skulls.
2. Skulls with obliterated anatomical landmarks.
3. Skulls showing craniofacial trauma, fractures, or distortion.
4. Skulls with obvious pathological lesions affecting cranial morphology.
5. Skulls with damaged or missing cranial regions prevent accurate measurements.

2.8 Data Collection
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Morphometric data were collected from 95 adult human dry skulls using standard osteometric
instruments, including an electronic weighing machine, sliding vernier caliper, spreading caliper,
non-stretchable measuring tape, measuring scale, thread, chalk, and marker. Prior to
measurement, all skulls were thoroughly cleaned and assigned serial numbers to minimize
observer bias and ensure systematic data recording. All measurements were taken according to
established anthropometric landmarks and standard craniometric techniques. Measurements were
recorded to the nearest millimeter and subsequently converted into centimeters wherever
applicable, while skull weight was recorded in grams. For bilateral parameters, measurements
were preferably taken from the left side; however, when the left side was damaged or unsuitable,
the corresponding measurement was obtained from the right side. The collected data were

entered into a structured data collection sheet for further analysis.
2.9 Study Procedure

Each skull included in the study was carefully examined for preservation status and suitability
according to the predefined inclusion and exclusion criteria. A total of 26 craniometric
parameters were assessed, including skull weight, maximum cranial circumference, maximum
cranial length, maximum cranial breadth, bizygomatic breadth, basion-bregma height, cranial
base length, basion-prosthion length, maxillo-alveolar length, maxillo-alveolar breadth,
biauricular breadth, upper facial height, upper facial breadth, minimum frontal breadth, nasal
height, nasal breadth, orbital height, orbital breadth, biorbital breadth, interorbital breadth,
frontal chord, parietal chord, occipital chord, foramen magnum length, foramen magnum
breadth, and mastoid length. These measurements were obtained using standard anatomical
landmarks described in anthropometric literature and osteological manuals. All observations
were recorded systematically to evaluate morphometric variations among the skulls and to
establish baseline cranial data relevant to anatomical, anthropological, clinical, and forensic

applications.
2.10 Statistical Analysis

The data collected were entered into Microsoft Excel and subsequently analyzed using the

Statistical Package for Social Sciences (SPSS) version 20.0 (IBM Corp., Chicago, IL, USA).
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Descriptive statistical analysis was performed for all morphometric variables, and the results
were expressed as mean, standard deviation, minimum, and maximum values. Student’s t-test
was used to compare the mean values of various cranial parameters, and a p-value of less than
0.05 was considered statistically significant. To assess the discriminatory value of different
cranial measurements and identify the most informative morphometric variables, univariate,
multivariate, and stepwise discriminant function analyses were performed. The discriminant
function equation was calculated using the selected cranial parameters, and classification
accuracy was evaluated through cross-validation using the Leave-One-Out Classification
method. The sectioning point was determined from the mean group centroids, and skulls were
classified based on whether their discriminant scores were above or below the calculated
threshold value. This statistical approach facilitated comprehensive evaluation of morphometric

variations and their potential clinical, anthropological, and forensic significance.
3.Result

Table 1 shows the distribution of the studied skulls according to morphological characteristics.
Of the total of 95 adult human dry skulls studied, 58 (61.1%) were identified as male and 37
(38.9%) as female. This sex bias in the osteological collection could be due to sampling
variation. The results reveal the presence of male and female specimens in good numbers, and
comparative morphometric assessment of sexual dimorphism. This distribution also allowed us
to evaluate the differences in the cranial measurements between the two sexes and the forensic

applicability of the morphometric parameters.

Table 1. Distribution of Human Dry Skulls According to Morphological Characteristics

(N=95)
Characteristic Frequency (n) Percentage (%)
Male skulls 58 61.1
Female skulls 37 38.9
Total 95 100

Table 2 presents the comparison of selected cranial measurements between male and female

skulls. Male skulls had a significant greater mean value for maximum cranial length (18.12 +
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0.82 cm), maximum cranial breadth (13.68 + 0.64 cm), bizygomatic breadth (12.01 + 0.61 cm),
biauricular breadth (12.28 & 0.57 cm), mastoid length (3.48 £+ 0.34 cm) than female skulls. Skulls
of females exhibited comparatively lower values with all the parameters measured. The
differences were highly statistically significant (p<0.001), which shows that there was significant
sexual dimorphism in the cranium. The results indicate that these parameters may be used as
reliable sex determinants and that morphometric analysis is important in forensic and

anthropological studies.

Table 2. Comparison of Selected Morphometric Parameters Between Male and Female Dry

Skulls
Parameter (cm) Male (n=58) Female (n=37) Mean p-value
Mean £ SD + SD

Maximum Cranial Length 18.12 + 0.82 1734 +£0.71 <0.001*
Maximum Cranial Breadth 13.68 £0.64 13.09 £0.58 <0.001*
Bizygomatic Breadth 12.01 £0.61 11.42 +£0.55 <0.001*
Biauricular Breadth 12.28 £0.57 11.69 £0.49 <0.001*
Mastoid Length 3.48+£0.34 3.12+0.29 <0.001*

*Statistically significant (p < 0.05)

Table 3 illustrates the distribution of skulls according to cranial index classification. There were
41 mesocephalic, 24 dolichocephalic, and 22 brachycephalic skulls. The mesocephalic type was
the most prevalent, representing 41 skulls (43.2%), followed by dolichocephalic (24 cases,
25.3%) and brachycephalic (22 cases, 23.2%) skulls. The smallest (8.3%) was the
hyperbrachycephalic skull. The majority of the skulls were mesocephalic, suggesting that the
study population had skulls of moderate proportions (length and breadth). The results offer
anthropological data on cranial traits of the population studied and could be part of an
osteometric database of the region, which can be used for comparative regional population

studies.

Table 3. Cranial Index Classification of Human Dry Skulls (N=95)

Cranial Type Cranial Frequency (n) Percentage (%)
Index Range
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Dolichocephalic <75.0 24 25.3
Mesocephalic 75.0-79.9 41 43.2
Brachycephalic 80.0-84.9 22 23.2
Hyperbrachycephalic >85.0 8 8.3
Total — 95 100

Table 4 demonstrates the effectiveness of different discriminant function analysis methods in sex
determination. The maximum overall classification accuracy (88.4%) was obtained from
multivariate analysis, with 88.0% of male and 89.2% of female skulls correctly identified. The
accuracy of stepwise discriminant analysis was 82.1% while that of the univariate analysis was
76.8%. Results suggest that the use of multiple craniometric variables together offers superior
discriminatory power than use of single variables. The results highlight the usefulness of
multivariate morphometric approach for anthropological and forensic identification and sex

determination of human skeletal remains.

Table 4. Discriminant Function Analysis for Sex Determination Using Selected Cranial

Parameters
Analysis Method Male Correctly Female Correctly Overall Accuracy

Classified (%) Classified (%) (%)

Univariate Analysis 76 78.4 76.8
Stepwise Discriminant 81 83.8 82.1

Analysis
Multivariate Analysis 88 89.2 88.4
4.Discussion

The present study examined morphometric differences among 95 adult dry human skulls and
found significant sexual dimorphism in some of the cranial parameters. 58 (61.1%) of the skulls
examined were identified as male and 37 (38.9%) as female using the morphological
characteristics of the skull. Sex determination is the most basic step in skeletal identification and
important for the subsequent estimation of age, stature, and ancestry. One of the most reliable

skeletal structures is the skull because it is resistant to environmental degradation and is durable.
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As in other osteological studies, in which the male sex dominated the institutional collections of
skulls studied (Steyn & Iscan, 1998), this study observed a higher percentage of male skulls. The
distinctive sexual dimorphism noted could be due to differences related to hormones during
growth and development, leading to increased skeletal robusticity and muscular attachment sites

in males than females [12].

The analysis of the cranial dimensions indicated that all main morphometric parameters of the
male skulls were significantly higher than the female skulls. The mean maximum cranial length
was 18.12 + 0.82 c¢cm in males and 17.34 = 0.71 cm in females, while maximum cranial breadth
measured 13.68 £ 0.64 cm and 13.09 + 0.58 cm, respectively. The same was true of bizygomatic
breadth, biauricular breadth, and mastoid length which were significantly larger in males
(p<0.001). These results confirm the hypothesis of a generally larger and stronger female skull
than male. In another study, Deshmukh and Devershi (2006) noted significantly larger cranial
sizes in males in an Indian population. Steyn and Iscan (1998) also found that cranial length,
cranial breadth, bizygomatic breadth and mastoid dimensions were among the most sexually
dimorphic variables in South African skulls. The increase in size of the males has been attributed
in general to an extended growth period, muscles mass and more powerful muscle attachments

due to androgen influence at puberty [13].

The cranial index analysis showed that dolichocephalic skulls (25.3%) were the next most
common skull type after the mesocephalic skull type (43.2%), followed by hyperbrachycephalic
skulls (8.3%) and brachycephalic skulls (23.2%). This preponderance of mesocephalic skulls is
found to be in line with anthropological studies carried out in various population groups of India,
which have often reported mesocephalic as the common skull type. Craniometric affiliation and
evolution is important and useful from anthropometric point of view using the cranial index.
Modifications of the cranium form can also be caused by genetic factors, environment, nutrition
and admixture of populations. The distribution pattern found in the present study indicated that
the crania were of moderate cranial breadth with respect to their cranial length, which is the

anthropological nature of the North Indian population represented by the skull assembly [14].

A discriminant function analysis was used to evaluate the forensic value of the crania

measurements, with respect to sex determination. The results showed that multivariate analysis
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has the highest classification accuracy of 88.4%, while stepwise discriminant analysis and
univariate analysis were 82.1% and 76.8%, respectively. The results corroborate the hypothesis
that the use of several craniometrics leads to improved reliability of sex determination.
Deshmukh and Devershi (2006) have reported overall classification accuracy of 87.84% in an
Indian population which is not much different from 88.4% in the present study using multivariate
discriminant analysis. Likewise, Steyn and Iscan (1998) obtained classification rates of more
than 85% for cranial measurements in south Africa white people. The results of the present study,
which was carried out in a way that appears to be a highly accurate one, reflect the value of
morphometric analysis as a useful and objective method of forensic identification in the absence

of complete skeletal remains [15].

Several sexually dimorphic traits are involved, and this is the reason why multivariate analysis
outperforms univariate analysis. Overlap of individual measurements between males and females
makes these measurements poor predictors of sex when used separately. By combining several
variables, however, the discriminatory power is enhanced because multiple aspects of the cranial
morphology are captured simultaneously. This finding is consistent with the earlier
anthropological studies that have stressed the need for multivariate statistical methods in the
sexing of the skeleton (Krogman & Iscan, 1986, Bass, 2005). The data also lend further support
to the idea that population specific discriminant functions are more accurate than general
formulas due to the fact that there is a significant variation in cranial morphology between

different ethnic and geographical groups [16].

The significance of biauricular breadth and mastoid length as discriminating variables observed
here agrees with previous studies. Among the most reliable indicators of sexual dimorphism,
Steyn and Iscan (1998) pointed to measurements related to the breadth of the cranium and to the
size of the mastoid. However, in the Indian skulls, cranial breadth and mastoid parameters were
found to have high discriminatory potential by Deshmukh and Devershi (2006). These are sex-
linked parameters and represent differences in the nature of the robusticity of the cranium and
nature of the muscular attachments between males and females. They are highly constant

features and are therefore of value in forensic anthropology and in osteological research [17].
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The present findings have also significant clinical implications. Understanding the variability in
cranial morphometrics is useful in neurosurgery, maxillofacial surgery, craniofacial
reconstruction and the interpretation of radiographs. Morphometric data can help surgeons to
plan correctly for pre-operative procedures and aid anthropologists and forensic experts in
establishing biological profiles from unidentified skeletal remains. The observed variation also
helps to build regional osteometry databases that are needed to achieve more accurate forensic

identification across a variety of populations [18].

In general, it can be said that the studied skulls exhibited significant morphometric variation and
sexual dimorphism. The higher classification accuracy found with multivariate analysis also
proves the usefulness of the combined cranial measurements for sex determination. The results
underscore the need for population-specific morphometric norms and serve as baseline

information for future clinical, anthropological and forensic research on human dry skulls.
Conclusion

This retrospective morphometric study, involving 95 dry human skulls of adults from the
Department of Anatomy, Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad showed
marked sexual dimorphism and significant differences in the size of the cranium. The major
cranial parameters measured in male skulls showed significantly greater values for maximum
cranial length, maximum cranial breadth, bizygomatic breadth, biauricular breadth and mastoid
length when compared to the values measured in female skulls. The specimens examined were
found to have a mesocephalic cranial type as the most common. Of the statistical methods used,
multivariate discriminant function analysis showed the highest classification accuracy (88.4%),
suggesting that a combination of several cranial measurements has a higher probability of sex
discrimination than any single measurement. The results further underscore the need for
population-specific morphometric norms and show the potential of cranial morphometry for
forensic identification, anthropological studies and clinical anatomical uses. The information
obtained from this study can be used as a reference data set for future studies and will help in the
more precise identification and biological profile of the human remains from North Indian

populations.
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