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The aim of the study was to determine sexual dimorphism as well as to predict sex using facial linear
dimensions and angles among Hausas of Kano state Nigeria. A total of 283 subjects comprising 147 males
and 136 females age range 18–25 years participated. Photographs methods were used to capture the face.
Independent sample t-test was used to test for sex differences in the variables. Binary logistic regression
was applied to obtain a predicting equation (BLR model) for sex. The predicted probabilities of BLR were
analyzed using receiver operating characteristic curve. The results showed that all the facial linear
dimensions showed significance sexual dimorphism except interocular distance, upper facial width, phil-
trum length, lower vermilion width, left and right orbital width. With regards to sex prediction, upper
facial height was the single best predictor of sex with an accuracy of 76.2% and 24–33% contribution
to the prediction. However, the percentage accuracy increased to 91% when six variables were pooled
together in the equations. For facial angles, only nasion and aperture modified angle did not show signif-
icant gender differences. However, in the variables with significant sexual dimorphism only nasomental
angle showed a significant level of sex prediction with an accuracy of 70.3%. In conclusion, sex discrim-
ination using facial linear dimensions and angles was well established in this study. The sex of an indi-
vidual of Hausa ethnic group can be determined using facial linear dimensions. Dispite sexual dimorphsm
shown by facial angles, only nasomental angle was good discriminator of sex.
� 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The facial anatomy of different ethnic groups must be well
understood to achieve maximum facial aesthetic results after plas-
tic/orthognathic surgery. The knowledge of the most striking facial
characteristic of each ethnic group is a key to successful corrective
surgery or analysis of postoperative as well as characterization of
individuals in the context of Human Biology. In the field of facial
anthropometry, Farkas and coworkers had compiled the single
most comprehensive survey of ethnic groups frommultiple regions
around the world.1 Despite this comprehensive approach, the glo-
bal range of variation for each facial measurements was not well
documented.2,3
Beyond the linear distances, the surface projection of certain
facial features was also appreciated in the literature among differ-
ent populations. The facial angles were the common parameters
used in this regards. The angular measurement of the face has also
been used to provide an insight into the variability that exists in
the ideal facial profile.4

Both facial linear distances and angles have been utilized across
different populations for personal identity and can serve as a way
of revealing information with respect to biological profiles like
ancestry, sex, the age of an individual. Due to vast ethnic variation
in the facial profiles5,6 and ethnic-specific facial model (for Hausas)
is needed in order to accommodate the application of this model in
the field of human identification and characterization. For forensic
purposes relatively few studies have considered facial assessment,
although a promising result has been obtained especially
in the field of age estimation of the living7,8, defining sexual
dimorphism9, and traits specific to ethnic groups.6,10–12

In summary, it was generally accepted that facial traits may be
extremely useful if used with caution for aging, sexing, determin-
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ing ancestry and even in the initial phases of personal identifica-
tion within the forensic domain.

1.1. Aim of the work

The aim of the study was to determine sexual dimorphism and
predict sex using facial linear dimensions and angles among Hausa
population of Kano sate Nigeria.

2. Materials and methods

2.1. Study area

The study was conducted among one of the original Hausa
states, Kano state of Nigeria (see Fig. 1). Kano is the most populous
state in Nigeria, with a population of 9,383,682 million people . The
urban area of the state covers 137 km2 and comprises of six local
government areas (LGAs), Kano Municipal, Fagge, Dala, Gwale, Tar-
auni and Nassarawa with a population of 2,163,225 at the 2006
Nigerian census. The principal inhabitants of the city are Hausa
people.13

2.2. Subjects

A total of 283 subjects comprising 147 males and 136 females
participated in the study. Any subject who was Hausa up to the
level of grandfather, apparently healthy whose face was free from
physical deformity or pathological changes, and within the age
range of 18–25 years was considered, this was to control the effect
of aging on the facial measurements. Male with excessive facial
hair, which obscures some of the facial landmarks, and craniofacial
anomalies were excluded from the study. Any subjects outside
Figure 1. Map of seven Hausa state indi
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these inclusion criteria were also excluded from the study. Before
the commencement of the research, ethical approval was sought
from ethical committee of Kano state Hospitals Management
Board. Informed consent was sought from the participants and per-
sons whose photograph appears in the study.
2.3. Methodology

2.3.1. Facial photographing
To obtain the photographs (frontal and lateral) individuals were

asked to sit and look directly at the camera in front of them,14

keeping an upright and normal posture, with both arms free along
the body. The head position corresponds to the Broca’s natural
head Position.15 Behind the subjects, a white screen was placed
to standardize the background. The camera was placed on a tripod
stand (WT3570, China) to standardize the distance (100 cm)
between it and the subject as well as adjust the camera according
to sitting height of the subject. In addition, the tripod stands
helped to avoid undesirable movements of operator and camera
while taking photographs.16 Before capturing the face, the operator
ensured that glasses had been removed, the participant’s forehead,
neck, and ears were clearly visible during the process.17 After the
images were captured, those images were downloaded to a per-
sonal computer and stored in jpeg format for processing and
analyses.

For measurements error analyses, a direct facial anthropometry
was adopted,18 this involved asking the participant to sit in with
his head in natural head position. A digital vernier caliper (Neiko
01407A, China) was then used to measure the facial linear dimen-
sions whereas a hinge was used to measure the facial angles of face
indirectly and goniometer was used to determine the measure-
cation location of the study (Kano).

6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006

http://dx.doi.org/10.1016/j.ejfs.2016.11.006


L.H. Adamu et al. / Egyptian Journal of Forensic Sciences xxx (2016) xxx–xxx 3
ment. This was to help in the determination of the factor to be used
for real size measurements on the photographs.
2.3.2. Facial landmarks identification
Standard anatomical landmarks and reference points were

identified according to previous workers5,18,19 and recognized
using Bioanalyzer (a software developed using Microsoft visual
basic version 6) for both frontal and lateral facial analysis (see
Table 1 and Fig. 2).
2.3.3. Facial dimensions
The facial linear distances were obtained as the distance

between one anatomical landmark to another (Table 2).
2.3.4. Facial angles
From the lateral photographs four lateral angles17,20 were

recorded as follows.
Nasofrontal angle was formed by drawing a line tangent to the

glabella through the nasion that intersects a line drawn a tangent
to nasal dorsum. Mentocervical angle was formed by drawing a
vertical line tangent to the forehead passing through the glabella
and pogonion and second line intersecting tangent to the chin of
the menton. Nasofacial angle was formed by drawing a vertical line
tangent to the forehead at the glabella and tangent to the chin at
pogonion so that a line drawn along the nasal dorsum intersects
it. Nasomental angle was formed by a line drawn through the nasal
dorsum intersecting a line drawn from the nasal tip to soft tissue
chin pogonion. With respect to frontal photograph, two frontal
facial angles were considered.16 Nasion angle was formed by lines
formed by the intersection of n to go and n to go lines. Facial aper-
ture modified angle was formed by intersection of right and left
lines from ex to go landmarks.
Table 1
Anatomical landmarks used for measurement of facial dimension.

S/
N

Landmarks Abbr Anatomical description

1 Alar al This is the most lateral point of the nasal wings
2 Endocanthion en This is the inner corner of the eye fissure at the

meeting points of eyelids
3 Exocanthion ex It is the outer corner of the eye fissure where

the eyelids meet
4 Glabella g This is most prominent point in the median

sagittal plane between the supraorbital ridges
5 Gnathion gn It is the lowest point on the lower border of the

chin, in the midline
6 Gonion go Midpoint of the mandibular angle
7 Labiale

inferious
li Mid point of the lower vermilion line

8 Labiale
superious

ls Mid point of the upper vermilion line

9 Nasion n This is the midpoint of the nasofrontal suture.
10 Palpebrale

inferious,
pi Lower eyelid center

11 Palpebrale
superious

ps Upper eyelid center

12 Stomium sto Mid point of the mouth orifices
13 Subnasale sn It is the junction between the lower border of

the nasal septum and the cutaneous portion of
the upper lip, in the midline

14 Trachion tr The mid point of the hair line at the top of
forehead

15 Vertex v This is the highest point on the head with the
head in the Frankfort horizontal plane

16 Zygoma zy This is the most lateral point on the zygomatic
arch
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2.4. Assessment of measurement error

To quantify precision, technical error of measurement (TEM)
was used. This allowed assessment of random error.21

Absolute TEM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

di2=2n
q

where Rd2 = summation of deviations (the difference between the
1st and 2ndmeasurements) raised to the second power, n = a num-
ber of volunteers measured, i = the number of deviations. The abso-
lute TEM was expressed as percentages as follows;

Relative TEM ¼ Absolute TEM
VAV

� 100

where VAV = Variable average value, this is the arithmetic mean of
the mean between both measurements obtained (1st and 2nd mea-
surements) of each volunteer for the same variable. This procedure
was performed for each one of the n participants and the n averages
obtained were summed up and divided by n (total of a number of
participants).22 Scores exceeding 10% were deemed poor.23

The r was also computed to demonstrate the strength of the
relationship (similarities) between two measurements. Intraclass
correlation (ICC) was used for this purpose. The values for the reli-
ability coefficient ranged from 0 to 1, where ICC < 0 indicated ‘‘no
reliability” and 0.6 to <0.8 substantial reliability, and 1 almost per-
fect reliability.24

The interval between two measurements was at least one week
and 30 randomly selected records were used for this evaluation.

2.5. Data analyses

Independent sample t-test was used to test for sex differences
in the facial variables. Binary logistic regression was applied to
obtain a predicting equation (BLR model) that discriminates the
sex of the individual. In this model, the cutoff value is 0.5 and
hence if the predicted value is equal to or more than 0.5 it is con-
sidered male and if it is less than 0.5 (or negative value) it is con-
sidered to be female. The predicted probabilities of BLR were
analyzed using receiver operating characteristic (ROC) curve. If
the area is less than 0.5, it indicates that any observation is purely
a matter of chance and a value close to 1 indicates that the equa-
tion strongly discriminates between two groups. SPSS version 20
statistical software was used for the statistical analysis and
P 6 0.05 was set as level of significance

3. Results

Table 3 shows the assessment of error in the variables used in
the study. In unpaired linear facial dimension, special head height
shows least method error (1.39%) and higher single measure intr-
aclass correlation (ICC) of 0.98. The rest of the measurements were
also within the acceptable level of method error and intraclass cor-
relation. Similarly the paired linear dimensions, facial angles and
ridge density fall within an acceptable level of error with the
exception of nasomental angles which is greater than 10%
(Table 4).

All the facial linear dimensions showed significant sexual
dimorphism except interocular distance, upper facial width, phil-
trum length, lower vermilion width, left and right orbital width
(Table 5). For facial angles, only nasion and aperture modified
angle did not show significant sex differences (Table 6).

All the equations obtained discriminated the sex more than by
chance (v2 = 80.45–233.99, P < 0.05). With regards to sex discrim-
ination, upper facial height was the single best predictor of sex
with an accuracy of 76.2% and 24–33% contribution to the predic-
tion, with higher level of misclassification (�2 Log likeli-
6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006
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Figure 2. Facial land marks and angles.

Table 2
Linear facial dimensions with their corresponding landmarks.

SN Facial linear distances Land marks

1 Special head height v-en
2 Special face height en-gn
3 Forehead height II tr-n
4 Nose length n-sn
5 Lower face height sn-gn
6 Height of calva v-tr
7 Forehead height I tr-g
8 Special upper face height I g-sn
9 Inter ocular distance en-en
10 Nasal width al-al
11 Upper facial width zy-zy
12 Philtrum length sn-ls
13 Lower facial width go-go
14 Upper lip length sn-sto
15 Height of lower third of the face sto-gn
16 Mouth height ls-li
17 Mouth width ch-ch
18 Upper vermilion width ls-sto
19 Lower vermilion width sto-li
20 Orbital width ps-pi
21 Orbital length ex-en
22 Zygon to vertex zy-v
23 Zygon to gnathion zy-gn
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hood = 310.128) compared to rest of the equations. However, the
percentage accuracy increased to 91% when six variables (upper
facial height I, special upper facial width, nasal width, lower facial
width, mouth width, right orbital width) were included in the
equation and percentages contribution of 56–75% was achieved.
Please cite this article in press as: Adamu L.H., et al.. Egypt J Forensic Sci (201
It was also observed that misclassification level reduced by about
50% (�2 Log likelihood = 156.583). However, in the variables with
significance sex differences only nasomental angle shows a signif-
icant level of sex prediction with an accuracy of 70.3% and 20.7–
27.6 contribution to the prediction. The nasomental angle was
observed to discriminate sex more than by chance (v2 = 65.63,
P < 0.05) (Table 7).

For predicted probabilities of BLR equation using ROC curve, the
variables that contributed best to the prediction show that only
upper facial height, left and right orbital width (Fig. 3) were good
predictors with a higher area under the curve above 0.5. Similarly,
for facial angles only nasomenal angles have area under the curve
of greater than 0.5, indicating good prediction probability (Fig. 4).
4. Discussion

In the field of facial anthropometry, Farkas and coworkers had
compiled the single most comprehensive survey of ethnic groups
from multiple regions around the world.1 Despite this comprehen-
sive approach, the global range of variation for each facial mea-
surements was not well documented.2

Similar to the present findings, it was reported that certain
facial features show no sexual dimorphism while in others the dif-
ferences were in favor of females. Upper and lower lips heights
were significantly higher in the females. While in upper face width,
eye-fissure width, forehead height I and II no sexual dimorphism
exist.25 For other variables such as facial and nasal length, Igbos
males tend to have significantly higher mean values.26 African
American males also had shorter nasal length, wider alar width
6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006
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Table 3
Assessment of measurement error in unpaired linear facial dimension.

Variables (mm) Method error Intraclass correlation

VAV TEM Relative TEM (%) SM AM

Special head height 102.88 1.43 1.39 0.98 0.99
Special face height 102.66 1.87 1.82 0.91 0.95
Forehead height II 68.10 2.69 3.94 0.83 0.91
Upper facial height 41.66 2.48 5.96 0.75 0.86
Lower facial height 64.63 1.80 2.79 0.83 0.90
Height of calva 29.25 2.04 6.96 0.94 0.97
Forehead height I 56.39 2.92 5.17 0.80 0.89
Special upper facial Height I 84.35 3.36 3.98 0.49 0.66
Inter ocular distance 31.41 1.30 4.14 0.77 0.87
Nasal width 41.81 1.40 3.34 0.77 0.87
Upper facial width 123.24 2.79 2.27 0.90 0.95
Philtrum length 12.75 0.91 7.11 0.68 0.81
Lower facial width 108.76 4.74 4.36 0.82 0.90
Upper lip length 23.59 0.85 3.61 0.73 0.84
Lower lip length 41.06 2.08 5.06 0.73 0.84
Upper lip length 24.17 1.52 6.30 0.77 0.87
Mouth width 51.65 1.38 2.67 0.87 0.93
Upper vermilium width 10.86 0.78 7.17 0.59 0.75
Lower vermilium width 13.33 1.32 9.89 0.72 0.84

Table 4
Assessment of measurement error in paired linear facial dimension and angles.

Variables (mm) Method Error Intraclass correlation

VAV TEM Relative TEM (%) SM AM

Right orbital width 11.94 0.92 7.71 0.50 0.67
Left orbital width 12.02 0.99 8.24 0.49 0.66
Right orbital length 30.11 1.25 4.15 0.33 0.50
Left orbital length 30.32 1.31 4.33 0.42 0.59
Right zygon to vertex 134.54 3.48 2.58 0.89 0.94
Left zygon to vertex 134.74 3.59 2.66 0.90 0.95
Right zygon to Gnathion 103.85 4.44 4.27 0.56 0.72
Left zygon to Gnathion 104.34 2.91 2.79 0.80 0.89
Aperture modified angle 48.29 1.01 2.10 0.86 0.92
Nasion angle (�) 81.37 6.17 7.58 0.35 0.51
Nasofrontal angle (�) 138.60 3.17 2.29 0.81 0.90
Mentocervical angle (�) 86.70 8.08 9.32 0.67 0.80
Nasofacial angle (�) 38.81 1.41 3.62 0.87 0.93
Nasomental angle (�) 112.70 15.80 14.02 0.63 0.77

VAVvariable average value, TEMtechnical error of method, SMsingle measures, AMaverage measures, (�)degree.

Table 5
Sexual dimorphism in unpaired facial linear distances.

Variables (mm) Male Female

Mean ± SD Mean ± SD t P Value

Special face height 100.88 ± 6.78 97.66 ± 5.98 4.225 <0.001
Upper facial height 40.67 ± 4.19 45.61 ± 4.40 �9.662 <0.001
Lower facial height 62.98 ± 5.22 58.05 ± 5.06 8.055 <0.001
Special upper height I 83.45 ± 5.52 80.66 ± 6.02 4.069 <0.001
Inter ocular distance 31.72 ± 3.12 31.08 ± 3.11 1.735 0.084
Nasal width 40.68 ± 3.11 38.05 ± 3.11 7.12 <0.001
Upper facial width 116.83 ± 8.90 118.3 ± 7.03 �1.532 0.127
Philtrum length 12 ± 2.14 11.99 ± 1.77 0.027 0.978
Lower facial width 104.9 ± 7.71 101.14 ± 7.98 4.031 <0.001
Upper lip length 22.95 ± 2.28 21.59 ± 2.12 5.187 <0.001
Lower lip length 40.05 ± 4.11 36.47 ± 4.17 7.258 <0.001
Mouth width 23.79 ± 2.80 22.2 ± 2.62 4.93 <0.001
Mouth width 50.4 ± 4.15 47.3 ± 3.15 7.055 <0.001
Upper vermilium width 10.97 ± 1.47 9.62 ± 1.64 7.303 <0.001
Lower vermilium width 12.84 ± 2.14 12.59 ± 1.75 1.058 0.291
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compared to the white man.6 It can then be suggested that certain
facial regions have less proportionate developmental processes
with other body parts, as such they are less influenced by intrinsic
factors of the body. In another context similar to our present study,
males tend to have significantly higher mean value in most of the
Please cite this article in press as: Adamu L.H., et al.. Egypt J Forensic Sci (201
facial variables.27,28 This may indicate that females were, in gen-
eral, having smaller faces than males.27 This also to supports the
idea that males have an averagely larger body size and proportion
compared to females which is also manifesting in certain regions of
the face.
6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006
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Table 6
Sexual dimorphism in paired facial distances and angles.

Variables (mm) Male Female

Mean ± SD Mean ± SD t P Value

Right orbital width 11.5 ± 1.40 12.67 ± 1.51 �6.756 <0.001
Left orbital width 11.61 ± 1.49 12.59 ± 1.50 �5.532 <0.001
Right orbital length 29.14 ± 2.31 29.3 ± 1.89 �0.645 0.519
Left orbital length 29.08 ± 2.07 29.22 ± 2.08 �0.561 0.575
Right zygon to gnathion 101.49 ± 6.59 98.92 ± 6.38 3.332 0.001
Left zygon to gnathion 101.51 ± 7.36 98.73 ± 6.87 3.288 0.001
Aperture Modified (�) 48.24 ± 2.73 48.2 ± 2.12 0.114 0.909
Nasion (�) 78.67 ± 5.31 78.87 ± 5.29 �0.324 0.746
Nasofrontal (�) 139.94 ± 6.79 142.35 ± 6.54 �3.029 0.003
Mentocervical (�) 82.61 ± 5.67 87.11 ± 8.05 �5.466 <0.001
Nasofacial (�) 38.58 ± 3.83 37.27 ± 3.42 3.034 0.003
Nasomental (�) 104.46 ± 11.17 116.31 ± 12.88 -8.283 <0.001

Table 7
Generated equations for sex discrimination using linear facial dimensions.

Steps Equations (y = mx + c) Accuracy
(%)

�2 Log
likelihood

Cox &
Snell
R2

Nagelkerke
R2

v2

1 Sex = �0.274(upper facial height) + 11.926 76.2 310.128 0.248 0.331 80.45⁄

2 Sex = �0.504(upper facial height) + 0.294(special upper facial height i) � 2.245 82.6 228.011 0.438 0.584 162.57⁄

3 Sex = �0.525(upper facial height) + 0.227(special upper facial height i) + 0.269(mouth width) �
9.067

86.5 198.948 0.493 0.658 191.63⁄

4 Sex = �0.489(upper facial height) + 0.214(special upper height i) + 0.302(mouth width) + (�0.558)
(right orbital width) � 4.53

88.7 181.207 0.524 0.699 209.37⁄

5 Sex = �0.489(upper facial height) + 0.177(special upper height i) + 0.238(al-al) + 0.24(mouth
width) + (�0.599)(right orbital width) � 7.279

87.9 170.392 0.542 0.723 220.19⁄

6 Sex = �0.56(upper facial height) + 0.297(special upper height i) + 0.307(nasal width) + (�0.134)
(lower facial width) + 0.264(mouth width) + (�0.592)(orbital width) � 4.249

91.1 156.583 0.564 0.752 233.99⁄

1 Sex = nasomental angle (�0.093) + 10.26 70.3% – 0.207 0.276 65.63⁄

The cut value is 0.5 (Negative value indicate female), ⁄p < 0.05.

Variables Area

en-gn 0.362

n-sn 0.793

sn-gn 0.242

g-sn 0.365

al-al 0.277

go-go 0.371

sn-sto 0.315

sto-gn 0.262

ls-li 0.312

ch-ch 0.278

ls-sto 0.258

ps1_pi1 0.72

ps2_pi2 0.692

zy1_gn 0.385

zy2_gn 0.389

Figure 3. Receiver operating characteristics curve for determination of best model for sex discrimination using linear facial dimension.
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With regards to different populations, among the Turkish
adults, the mean value of the nasal height in males was similar
to Chinese29 and American Caucasians mean values.18 For a female,
Please cite this article in press as: Adamu L.H., et al.. Egypt J Forensic Sci (201
the mean nose length was the same as in Malaysian Indian.30 But it
is longer than the nose length of American Caucasian female.18 The
nasal width of the present study was less than that of other studies
6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006
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Figure 4. Receiver operating characteristics curve for determination of best model
for sex discrimination using facial angles.
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but very close to that of American Caucasians. In another compar-
ison, it was reported that African-Americans had significantly dif-
ferent face length and lip length from Caucasians, Hispanics, and
the other ethnic groups. Moreover, face width of African-
Americans, Hispanics, and others was all significantly different
from the Caucasian race group. All of which are different from
the Hausas (the present study). Inter-ethnic variability among
the facial variables from a review comprising 27 different ethics
populations of five principal racial groups (European, African, East
Asian, South Asian, Native American) showed that the lowest level
of variation was in the upper face widths, outer canthal distance
along with the lower face width. The forehead height was observed
to have the greatest degree of variation.2,3

It is well known that face is one of the first line of identity of the
different populations due to the significantly marked differences
between them. But from, the ongoing discussion it can be deduced
that the variation usually affects the vertical distances more than
the horizontal. This may also correlate with differences in the ver-
tical body proportion compared to the horizontal ones. It is also a
fact that environmental factors such as ultra-violet radiation stim-
ulates the synthesis of vitamin D, a precursor in the process of bone
formation. As such individuals leaving in areas with higher expo-
sure to ultra-violet rays (such as areas near the equator) will tend
to be longer (vertical body proportion) and probably higher vertical
facial proportion. Of course, other factors such as nutrition,
adaption to the environment, genetic makeup can’t be excluded
as factors responsible for inter-ethnic variation and sexual dimor-
phism among the different populations.

Analysis of the soft tissue facial profile provides information on
the morphology of the profile and its relationship with the under-
lying dentoskeletal tissues.31 Therefore, for proper evaluation of
dentokelatal profile of Hausas their facial angles were analyzed.
It was observed that only nasion and aperture modified angle did
not show significant gender differences. In all the remaining angles
females tend to have significantly higher value with the exception
of nasofacial angles. In the previous literature, it was noted that in
the north Indian, European, Croatian Caucasian, Turkish and
Urhobos (Nigeria) populations17,20,31–33 the mean value of the
Please cite this article in press as: Adamu L.H., et al.. Egypt J Forensic Sci (201
nasofrontal angle was higher in females as seen in our study. But
lower than obtained in our population with the exception of Turk-
ish and North Indian population (females only). But Epker34 in a
study on frontal and lateral facial views of Caucasians found no
gender differences in this angle. The reason for the variation of this
angle may be attributed to glabella which is more prominent or
less in this populations.20 In addition to that, the degree of nasal
inclination may be another possible factor for the variations.

With regard to mentocervical angle, the north Indian, Urhobos
of Nigeria, and Turkish populations17,20,33 have higher mean value
compared to Hausas (present study) and male have higher mean
value, which is contrary in Hausas. However, the mean value of
Hausas is higher compared to European Caucasian.31 It was sug-
gested that the males had more prominent chin compared to
females leading to higher mean value.17 It means that among Hau-
sas females have a more prominent chin. It could also be suggested
that differences in protrusion of the mandible may contribute to
the gender variation. For the nasomental angle, ethnic variation
was also observed between the different populations with no sex-
ual dimorphism17,32 and significantly higher mean values in
males20 which is contrary to the findings of the present study. In
nasofacial angle, the north Indian adult population17 and Croatian
Caucasian32 population females have higher mean value as
observed in this study. But the reverse is the case in adult Urhobos
of Nigeria.20 The simple explanation of this can be due to the fact
that males have less protruded nose. The prominence of glabella
and chin may be an additional contributor to the variation. In fron-
tal profile the angle related to the esthetically pleasant facial pro-
file include facial aperture modified angle and nasion angle. The
study among Brazilians, Caucasians, showed that the facial aper-
ture modified angle was lower in the esthetically unpleasant group
and higher in the pleasant group. Lower values for this angle may
be linked to longer and thinner face.16 In the nasion angle, the
pleasant group have intermediate values between esthetically
unpleasant and accepted groups. Similarly indicating a tendency
for horizontal facial growth for individuals composing the pleasant
group.35 However, differences were observed between male and
female. Even though, female faces may be considered to have
esthetically pleasant facial profile. This, therefore, may also project
a variation in the underlying dentoskeletal profile of the different
populations.

In the prediction of sex using body variables, some researchers
use discriminate function test while others employed logistic
regression analyses. Shah et al.36 while comparing the accuracy
level for the techniques concluded that logistic regression offers
best results compared to discriminate function. The logistic regres-
sion was used to predict sex in the present study. Using sexual
dimorphic traits upper facial height/nasal length was the single
best predictor of sex among the study population. Other variables
that will add to the prediction were special upper face height I,
lower facial width, mouth width and orbital width. For this study,
it was observed that only the vertical distances have best predic-
tive probability in the equation that predicts sexes. With respect
to the facial angles, only nasomental angle showed a significant
level of sex prediction. Among the central Indian populations. Patil
and Mody37 used ten cephalofacial measurements of radiographic
cephalograms and determined sex by discriminate function analy-
sis and attained 99% reliability. For Gujarati population using the
cephalo-facial dimensions and accuracy of 92% male was obtained
using logistic regression and 80.9% female using the discriminant
function.36 This is close to the percentage accuracy of 91.1%
obtained when the variables were pooled together in the present
study. However, the variables varied between the populations. This
may further necessitate the ethnic-specific equations. This is to
keep to the statement that differences exist in different popula-
tions with regards to sex prediction the results obtained may be
6), http://dx.doi.org/10.1016/j.ejfs.2016.11.006
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true for one population but may not be necessarily true for
another.36

5. Conclusion

Sex discrimination using facial linear dimensions and angles
was well established in this study.

The sex of an individual of Hausa ethnic group can be deter-
mined using single (upper facial height) facial linear dimension
with 76.2% accuracy. The accuracy increases up to 91.1% when
other facial variables (upper facial height, special upper height I,
nasal width, lower facial width, mouth width and orbital width)
were pooled together in the equation. Despite sexual dimorphism
shown by facial angles, only nasomental angle was good discrimi-
nator of sex with accuracy of 70.3%, hence, this suggested that not
all the characteristics that are sexually dimorphic discriminate
sexes significantly more than by chance.
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