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Abstract

Study background: Anthropometric measurements, especially craniofacial measurements, are essential for 
determining various head and face shapes. These anthropometric studies are conducted on age, sex, and racial/
ethnic groups in specific geographical zones. Objectives: This study aimed to assess the cephalic indices, to classify 
the type of cranium, and to determine the relationship between the horizontal cephalic index and cranial parameters 
among dental students. Method: This is a descriptive and cross-sectional study on 143 dental students (73 males 
and 70 females) with an age range of 18–23 year-old. Head length, head breadth measured by using a standard 
spreading caliper. Then cephalic indices were calculated for the classification of cranial type. All the collected data 
were summarized using statistical package for social sciences (SPSS) 21.0 versions, and their significance was tested 
by student t test. Results: The results of this study showed that the mean of the horizontal, cephalic index in male and 
female were 17.55 ± 0.92 and 16.54 ± 1.53 cm, respectively. The cephalic index varied from the range of 69.8 to 94.7 
in male and 68.5% to 94.4% in the female. The dominant type of head shape in our study was Hyperbrachycephalic 
(36.8%, followed by brachycephalic (24.6%) in male and brachycephalic (16.7%) followed by mesocephalic (12.5%) 
respectively. Conclusion: The data of the present study can be beneficial in craniofacial reconstruction, clinical 
diagnosis, and Forensic applications. 
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Introduction

Cranial dimensions are not stable during earlier 
years of life due to further development such as the 
closure of anterior and posterior fontanelle but are 
stable over time (between 20–80 years).1

The fi rst classifi cation based on cranial 

morphology is attributed to the professor of 
Anatomy Anders Retzius (1840). Retzius described 
as gentes dolichocephalae those individuals 
who had an elongated skull shape, and gentes 
brachycephalae those whose skulls were short but 
he never, at that time, assigned numerical values to 
distinguish one category from the other.2
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An application of Retzius’s measures to living 
individuals is known as the Cephalic index, while 
the application to the dry skulls is known as a 
Cranial index. Either way, the indices are calculated 
as the ratio of maximum width and a maximum 
length of the head or skull.2–4

The post-natal craniofacial growth and 
development increase the width and length of 
bones of both face and skull. These development 
changes also result in insignifi cant alteration in 
the proportions of these bones, which further 
result in the morphologic variation in the vertical, 
transverse, and anteroposterior plane of the space 
till the point of skeletal maturity.5

Anthropometry of soft tissue is categorized 
under the heading of direct quantitative methods. 
It is non-invasive and uses areas that are covered 
by hair or areas that would be observed distorted 
through indirect anthropometry.6,7

The word anthropometry is derived from a 
Greek word that refers to the measurement of 
the human individual (Anthropos-man, Metron-
measurement).8

Anthropometric parameters serve as an essential 
indicator of dietary, health conditions, forecasts 
health, survival, and race identifi cation.8

 The physical variations among humans can be 
assessed by measuring various parameters and 
based on race and sexual dimorphism.9

Cephalometry is one of the essential parts of 
anthropometry in which dimensions of head 
and face are measured. Cephalometric results 
are used in Pediatrics, Forensic medicine, Plastic 
surgery, Oral surgery, Dentistry, Orthopedic and/
or Orthodontic diagnosis and treatment planning, 
and diagnostic comprehension between patient 
and healthy populations.10

The head dimensions are infl uenced by factors 
such as natural climates, geographical, sex, and 
ethnic factors.11

Data on the cephalic index is also very useful 
in designing various Orthopedic instruments and 
Physiotherapic types of equipment of head and 
face region like cranial remodeling band (helmet), 
headphones, goggles, etc. after fi xing.10

The aim of this study was to analyze cephalometric 
data, to classify the cranial types, and to determine 
the relationship between the cephalic index and 
head length, head breadth among dental students. 
Also, cephalic indices were compared between 
males and females.

Materials and Methods

A pre-tested structured questionnaire comprising 
the demographic profi le and other necessary 
information was used to match the pre-requisites 
of the subjects for their inclusion and to obtain the 
necessary information to keep records and data 
analysis. This helped to obtain a “pure” subject 
of a respective community fulfi lling all pre-
requisites. 

The study was carried out with protocol 
presentation and followed by ethical committee 
clearance. 

The written consent was obtained from every 
student before taking the measurements.

Type of study: Descriptive and Cross-sectional.

Subjects and Sample Size

The present study was carried out with one 
hundred and forty three (143) dental students (73 
male and 70 female students) of a private dental 
college. Dental students were selected because of 
easy availability. The age of the students ranged 
from 17 to 23 years. 

Two variables, namely cephalic length, and 
breadth were analyzed through physical procedures 
in the present study (Table 1). Convenience 
sampling was used. 

Inclusion Criteria

Students with a healthy Craniofacial skeleton (as 
visually assessed by the lead investigator).

Exclusive Criteria

Any students having a physical deformity of 
a cranial bone, vitamin D defi ciency, fl uorosis, 
metabolic disorders previous history of craniofacial 
trauma and craniofacial surgery. 

Sample Collection

Before the beginning of the study, intra- and inter-
observer standardization was carried out among 
the three researchers who were to assess students 
with the researcher leader, in order to identify 
anthropometric points, visual assessment, and 
measurement using an instrument.

Besides, a pilot test was conducted to calibrate 
the measuring instrument, the data collection form, 
as well as the whole assessment process, in order to 
make corrections where required. 
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Materials Used

(a) Manual spreading caliper: A device for 
measuring the head length and head breadth 
with two rounded tips to touch the cranial 
points. 

(b) Measuring scale. 
(c) Pencil.
(d) Anthropometer data sheet.
(e) Consent form.
 Calipers were manufactured in India by 

UNA and CO, scale reading up to 60 cm.

Somatometric Measurements (Table1)

(a) Glabella (g). 
(b) Opisthocranion (op). 
(c) Euryon (eu).
(d) Gnathion (gn) 
(e) Head length (glabella-opisthocranion; g-op). 
(f) Head breadth (euryon-euryon; eu-eu). 

Procedures for Measuring the Variables Studied

Two female experimenters were trained to become 
accustomed to the measurements’ tools and 
procedures. 

The subjects were fully informed of the 
measurement procedure and the purpose of the 
study. Features are initially identifi ed as skeletal 
landmarks on the head. The points were marked 
with a surgical marker before measurement. 
Finally, the measurements are taken using calipers.

Usually, the investigators worked in a private 
room to provide the subject with the most preferable 
environment. All subjects were provided with a 
non-disclosure agreement to preserve their names.

All measurements were made by one person to 
ensure uniformity of measurement.

All measurements were taken on the subject 
(student) sitting on a chair in a relaxed mood.

 Head was kept in Frankfurt-horizontal plane, 
i.e., infraorbital margin and tragion lie in same 
horizontal plane in order to decrease postural 
stress while taking the measurement and make 
the features more accessible to the experimenter. 
Linear measurements were taken to the nearest 
millimeter and were recorded in centimeters and to 
an accuracy of 0.10. 

All the measurements of head length and head 
breadth were taken following the techniques of 
Martin and Saller (1957) and Singh and Bhasin 
(1989) (Table 1).

Based on the International classifi cation of the 
cephalic index (Williams et al., 1995), the head 
shape was classifi ed based on the range of the 
cephalic index (Table 1).

The method used for assessing the cephalic index 
is Hrdlicka’s method.12

All measurements were taken twice to control the 
measurement error. The fi nal value that was used 
for the study was the average of the two obtained 
values. A third reading was taken if the initial two 
measurements showed a signifi cant discrepancy, 
and the two closer readings were used.13

Table 1: Anthropometric dimensions—craniofacial indexes

Cephalic Index (CI).
International Descriptions (Williams et al., 1995). Head length and breadth (Martin & Saller -1957
Head types based on Horizontal Cephalic index Classification of Head shape Range (cm)

Head shape Cephalic index (Range) % Male Female
Hyperdolichocephalic
(very long narrow head)

65.5–69.9 Head
 Length

Very short X–16.9 X–16.1

Dolicephalic
(long and narrow)

70–74.9 Short 17–17.7 16.2–16.9

Mesocephalic
(average shape)

75–79.9 Medium 17.8–18.5 17–17.6

Brachycephalic
(broad and short)

80–84.9 Long <19.3 17.7–18.4

Hyperbrachycephalic
(very broad and short)

85–89.9 Very long >19.4 >18.5

Ultabrachycephalic 90.0 > 90 Head Breadth Very narrow X–13.9 X–13.4
Narrow 14–14.7 13.5–14.1
Medium 14.8–15.5 14.2–14.9

Broad 15.6–16.3 15–15.7
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Data Processing and Analysis

After the collection of the data, their frequency 
distributions, central tendencies, and dispersions 
were determined, and results were prepared in 
terms of frequency distributions, ranges, means, 
and standard deviations (SD) and students’ t test at 
signifi cance level of 0.05. Using SPSS version 21.0.

Results

As described in the methodology, the measurements 
were taken into account for 143 subjects participated 
in the present study (Table 2).

From the available data of anthropometric 
variables of the study population, the mean, 
standard deviation (SD) were calculated for the 
range values of head length, head breadth, and 
cephalic index.

After analyzing the data statistically, a summary 
of observations and results were presented in the 
following tables and graphical representations.

Table 3 shows the head length of males ranged 

from 17.5 cm to 19.1 cm (mean 18.47 ± 0.744), while 
that of females ranged from 17.3 cm to 18.9 cm 
(mean 18.07 ± 2.2) with a statistically signifi cant 
difference between both means (p < 0.001). 

The head breadth of males ranged from 13.3 cm 
to 17.6 cm (mean 16.63 ± 11.8), while that of females 
ranged from 12.8 cm to 15.1 cm (mean 15.01 ± 0.8) 
with a statistically signifi cant difference between 
both means (p < 0.001). The mean Cephalic Index 
for the male was 82.6, and for female, it was 81.8

In the present study, Table 4 shows frequencies 
of head types according to the cephalic phenotype 
in a different gender. Hyperbrachycephalic head 
type was the most prevalent (36.8%), and the 
Ultabrachycephalic type was the least prevalent 
(1.4%) in the male group.

The brachycephalic head type was the most 
prevalent (16.7%), and Hyperdolichocephalic type 
was the least prevalent (1.7%) in the female group.

The cephalometric dimensions measured directly 
showed statistically signifi cant differences between 
females and males (p < 0.02), with males having 
higher mean values than females (Tables 3 and 5).

EU-EU /BPD = Biparietal diameter or, side to side 
G-Op/OFD = Occipitofrontal diameter or front to back

BPD

OFD

CI = Maximum head Breadth (EU-EU) × 100 Maximum 
head Length (G-OP) (Martin and Saller).

Somatometric Measurements
(a) Euryon (eu): It is the most laterally placed point on the sides 

of the head.
(b) Glabella (g): A point above the nasal root between the 

eyebrows and intersected by mid-sagittal plane.
(c) Gnathion (gn): It is the lowest point on the lower margin of 

the lower jaw intersected by the mid-sagittal plane. This 
point can be palpated on the lower jaw from behind and 
slightly anterior to the chin.

(d) Head breadth (euryon-euryon; eu-eu): Maximum head 
breadth—it is defined as the maximum transverse 
diameter between two euryons.

(e) Head length (glabella-opisthocranion; g-op): Maximum head 
length—it is defined as the maximum anteroposterior 
diameter from glabella to inion. 

(f) Opisthocranion (op): It is the most posterior point on the 
posterior protuberance of the head in the mid-sagittal plane.

Hyper Dolichocephalic Doli cephalic
    

Mesocephalic       Brachycephalic
Instrument/Material Used i. Scale 

ii. Measuring tape 
iii. Sliding vernier caliper/Gliding vernier caliper
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Table 2: Social-demographic variables of respondents (n = 143).

Individual Scenario
Variables Respondents Responses (n) Frequency (%)
The total number of respondents. 143/150 95.3
Age. [Mean ± SD]. 21.7 ± 2.1

Gender. Male. 73 48.6
Female. 70 46.6

Male

Female

Head Length Head Breadth Cephalic Index
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Fig. 1: Descriptive statistics of the study population.

Table 3: Descriptive statistics of the study population

Individual Scenario.

Variables (cm) Descriptive 
statistics

Male Female
Mean (cm) ± SD Z value p valve Mean (cm) ± SD Z value p valve

Head Length
(Antero-posterior diameter)

18.4 ± 0.7 73.29 p <0.0001 HS 18.07 ± 2.2 23.60 p < 0.0001 HS

Head Breadth
(Bi-parietal diameter)

16.63 ± 11.8 4.86 p <0.0001 HS 15.01 ± 0.8 67.88 p < 0.0001 HS

Total 17.55 ± 0.92 60.27 p <0.0001 HS 16.54 ± 1.53 34.94 p < 0.0001 HS
Cephalic Index 82.6% 81.8%

Statistical Inference: HS—Highly significant SS—Statistical significant

Table 4: Different types of cephalic phenotypes of males and females.

Individual Scenario. (n = 143)
Cephalic index

Cephalic phenotypes
Male

(n = 73)
Female 
(n = 70) Total

(n = 143)
Responses 

n (%)Responses 
n (%)

Cephalic 
index

Responses 
n (%)

Cephalic 
index

Hyperdolichocephalic 4 (5.4) 69.8% 2 (1.3) 68.5% 6 4.1
Dolicephalic
(long and narrow)

16 (21.6) 74.8% 9 (6.2) 74.5% 25 17.4

Mesocephalic
(average shape)

5 (6.8) 79.2% 18 (12.5) 79.8% 23 16

Brachycephalic
(broad and short)

18 (24.6) 83.4% 24 (16.7) 82.6% 42 29.3

Hyperbrachycephalic
(very broad and short

27 (36.8) 88.5% 14 (9.7) 87% 41 28.6

Ultabrachycephalic 3 (4.1) 94.7% 3 (2.09) 94.4% 6 4.1
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Fig. 2: Different types of cephalic phenotypes of males and females.

Table 5: Sex differences in cephalic phenotype

Individual Scenario

Variables (cm)
Descriptive statistics

Mean ± SD df Unpaired t test p valve
Male 17.55 ± 0.92 141 t = 4.87 p <0.0001

HSFemale 16.54 ± 1.53
Statistical Inference: HS-Highly significant SS- Statistical significant

Discussion

For the determination of racial traits, various 
methodologies have been used in the past, which 
utilized various cranial capacities, cranial indices, 
and observations such as craniometry.14,15

In the fi eld of physical anthropology, the 
cephalic index was fi rst used for the classifi cation 
of the ancient human remains, which were found 
in Europe.16

In the 19th and late 20th centuries, the theory 
became closely associated with the racial 
anthropological development.17

Hence, we planned the present study to assess 
cranial anthropometric indices in a known 
population of dental students in Tirupati.

In the present study, the mean cephalic index in 
males [(88.5) (Hyperbrachycephalic)] was higher 
than the studies of Vishal Salve et al.18 (75.68); 
Vaishali Kiran et al.19 (77.92); Mishra Meghna 
et al.20 (75.84); and Patro Sunita et al.21 (77.28); which 

shows Mesocephalic range in the above studies. 
In the present study, the mean cephalic index in 

females [(82.6) Brachycephalic] was higher than the 
studies of Salve Vishal et al.18 (78.20); Sunita Patro et 
al.21 (78.38); and Swapnil Khair et al.22 (75.22); which 
shows Mesocephalic range in the above studies

In the present study the Mean Cephalic Index 
in overall study sample (82.2) was higher than 
the studies of Vishal Salve et al.18 (76.94); Meghna 
Mishra et al.20 (77.79); Sunita Patro et al.21 (77.75); 
and Swapnil Khair et al.22 (78.48); which shows the 
mesocephalic range in the above studies, whereas, 
it was similar in Shema Nair et al.23 (81.21); and 
Kanan Uttekar et al.24 (81.00); which shows the 
Brachycephalic range.

The variations of head shape may be due to 
hereditary factors or environmental, which may act 
as secondary effect.25

The kind of diet taken could also play a role in 
infl uencing the dominant head shape. Head shapes 
can also change from one generation to the other.26
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Conclusion

To conclude among dental students from the 
above results, the authors concluded that in males, 
comparatively, more head length, breadth, and 
cephalic index in comparison with females who 
exhibit sexual dimorphism. 

The present study showed the anthropometrical 
variations in the cephalic index. The most dominant 
head shape was found to be Hyperbrachycephalic 
in males Brachycephalic among female students. 

This research work provides valuable diagnostic 
and prognostic information that can be used for 
anthropology for comparative and evolutionary 
studies. 

Limitations

Future studies are recommended for better 
exploration of this fi eld in different population 
groups.
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