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Sex differences in facial asymmetry indices among
Hausa ethnic group of Nigeria

ABSTRACT

Background: Evaluation of facial symmetry in a given population may help in
understanding the level of environmental stress exposed by the population. Within
the same population, males and females may respond differently to environmental
stressors, which can be manifested as deviation from perfect symmetry. Objectives: The
study seeks to investigate the sex differences in three asymmetry indices and to also
determine the side dominance and type of asymmetry in facial features among Hausas
of Kano state, Nigeria. Materials and Methods: A cross-sectional study carried out on
Hausas of Kano state. A total of 283 individuals comprising 147 males and 136 females
of age range 18-25 years were selected using simple random sampling technique.
Photometric methods were used to capture the face. Three indices, signed asymmetry
(SA), absolute asymmetry (AA), and composite asymmetry (CA), were used to assess
asymmetry in facial dimensions. Independent sample t-test was used to test for sex
differences in the variables, and one sample ¢-test was used to determine fluctuating
asymmetry. Results: The result showed that females tend to have statistically significant
mean value only in orbital width. For zygon to gnathion facial distance, the statistically
significant higher mean was observed in males. For the three indices asymmetry, no
significant sexual dimorphism in SA index was observed. However, males tend to
have leftward SA in orbital width and zygon to gnathion distance. In AA and CA, a
significant sexual dimorphism was noticed only in zygon to gnathion distance. Females
had higher mean value in AA than the males; however, CA tended to be higher in male
population. The facial variables exhibited fluctuating type of asymmetry. Conclusion:
There are sex differences in AA and CA indices. Left warded type of SA was exhibited
in male of Hausa origin. The facial asymmetry in Hausa ethnic group of Kano is more
of fluctuating type of asymmetry.
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INTRODUCTION

Symmetry can simply be explained as the extent to which
two halves of an organism is same. Ability to maintain
the stable development of morphological traits varies
depending on the prevailing environmental conditions
under which the development is taking place.l"? Perfectly
bilateral face and body symmetry is largely a theoretical
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concept that seldom exists in living organisms.P! Most
studies of normal asymmetry have reported the existence
of differences between right and left hemiface size. The
dominance is usually random, leading to a concept referred
to as fluctuating asymmetry (FA).™3!

A character demonstrates FA when symmetry reflects the
normal development, and deviations from this symmetry
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are randomly distributed with respect to side with a mean
centered around zero.*”1FA is particularly a useful measure
of developmental stability, which is generally due to the
fact that the optimal developmental outcome is symmetry.
FA is also a useful measure as it subsumes a huge amount
of individual variation in development, being the outcome
of differences in genetic (e.g. inbreeding, mutation, and
homozygosity) and environmental (e.g. nutrient intake,
parasite load) factors.['

The use of FA as a measure of developmental stability
and variation may be an important way in the assessment
of level of stress in a given population. This information
is scanty in cited literature among Hausa population.
Exploring sexual dimorphism in FA may be considered as
the rate limiting step in determining which group between
males and females is more prone to developmental stress
among Hausa population. In addition, it was reported that
the ability of an individual to develop successfully in the
face of environmental pressures is, therefore, a proposed
indicator of genetic quality.l) We hypothesized that males
are more vulnerable to environmental stress exhibited
by high level of asymmetry. Therefore, the significant
sex difference may be in favor of female Hausa. In this
note, the present study used facial dimension to assess
the sex differences in three asymmetry indices and to also
determine the side dominance and existence of fluctuating
type of asymmetry in both sexes of Hausa ethnic group of
Kano state, Nigeria.

MATERIALS AND METHODS

Study area and population

The study was conducted among one original Hausa state;
Kano state [Figure 1] of Nigeria. Kano is the most populous
state in Nigeria, with about 9,383,682 million people. The
principal inhabitants of the city are the Hausa people.[! A
cross-sectional type of study was conducted. A total of 283
individuals comprising 147 males and 136 females were
randomly selected. The individuals who were Hausas
up to the level of grandparents, apparently healthy,
whose faces were free from inflammation or deformity,
were considered. Only individuals within the age range
of 18-25 years were considered. This was to minimize
the confounding effect of age on facial anthropometry.
Ethical approval was sought from the Ethical Committee
of Kano state Hospital Management Board (Kano state
Research Ethical Committee) and Ahmadu Bello University,
Teaching Hospital, Zaria, Faculty of Medicine (ABUTHZ/
HREC/506/2015). Informed consent was obtained from the
participants.

Facial photograph

To obtain the facial variables, every participant was asked
to sit and look directly into a camera (Samsung ES90,
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4.9-24.5 mm HD, China) in front according to the method
of Moorrees, keeping an upright and normal posture, with
both arms free along the body. This position corresponds
to the Broca’s natural head position.'” A white screen
was placed behind the participant during the process to
standardize the background. The camera was placed on a
tripod stand (WT3570, China) to standardize the distance
(100 cm) between it and the individual.! Before capturing
the face, the protocols proposed by Reddy et al.'¥ were
adopted. After the images were captured, those images
were uploaded to a personal computer and stored in jpeg
format for processing and analyses. For measurement’s
error analyses, a direct facial anthropometry was adopted.
81 A digital Vernier caliper (Neiko 01407A, China) was then
used to measure the facial linear dimensions. This helped
in the determination of the factor to be used for real-size
measurements of the photographs.

Facial landmarks and linear dimensions

Standard anatomical landmarks™*** were recognized
[Table 1]. After correct placement of landmarks [Figure 2],
the paired linear distances were measured automatically
using a Bioanalyzer (a customized software using Microsoft
visual basic version 6).

Measurement error

To assess the error in the variable measurement, technical
error of measurement (TEM) expressed as percentage relative
TEM was used.l'*'"! The strength of the measurement was
determined using intraclass correlation (ICC) analysis."¥! The
ICC (measure of strength of measurement) ranged from 0.89
to 0.5 and the TEM (measure of method error) was 2.79%—
8.24%. These are within acceptable measurement error.'5'
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Figure 1: Map of Nigeria showing the location of the study
(Kano)
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Table 1: Anatomical landmarks used for linear facial measurements

Landmarks Anatomical description

Facial dimensions

Endocanthion (en)
points of eyelids

Exocanthion (ex)
eyelids meet

Gnathion (gn)
in the midline

lower eyelid center
upper eyelid center

palpebrale inferious (pi)
palpebrale superious (ps)
Zygoma (zy)

This is the inner corner of the eye fissure at the meeting
It is the outer corner of the eye fissure where the

It is the lowest point on the lower border of the chin,

Orbital width (ps- pi)
Orbital length (ex-en)
Zygon to vertex (zy- v)

Zygon to gnathion (zy- gn)

This is the most lateral point on the zygomatic arch

Table 2: Descriptive statistics of the paired facial distances of male and female participants

Variables (mm) Mean+SD t P
Male Female

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

Table 3: One sample t test and normality test
for evaluation of fluctuating asymmetry of
facial dimensions

Sex Variables One sample t test
Mean SEM t
Male Orbital width' -0.11 0.12 —0.93*
Orbital length' 0.06 0.16 0.37*
Zygon to gnathion’ -0.02 0.34 -0.07*
Female  Orbital width' 0.08 0.12 0.63*
Orbital length' 0.08 0.16 0.53*
Zygon to gnathion’ 0.19 0.42 0.46*

*P>0.05, SEM; standard error of mean, 'Shapiro-Wilk test P>0.05

Asymmetry indices

Three indices of asymmetry, differences between left (L)
and right (R) used, include signed asymmetry (SA), absolute
asymmetry (AA), and composite asymmetry (CA). These
were determined by the following formulae: SA=R-L, AA
=V (R-L) CA =YV(R - L)¥/n, where 1 is the sample size. The
existence of directional asymmetry was detected by subjecting
the mean value of SA to one sample ¢-test.”?! An asymmetry
was directional if mean value of signed symmetry differs
significantly from zero; otherwise, it was considered as FA.

Statistical analysis

The data were expressed as mean + standard deviation.
Independent sample t-test was used to test for sex
differences in the three indices of asymmetry. SPSS
version 20 statistical software (IBM Corporation, Armonk,
NY, USA) was used for the statistical analysis and P <0.05
was set as level of significance.
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Figure 2: Landmarks of the frontal view of the face
RESULTS

The result showed that females tend to have higher mean
value as compared to their male counterpart. However, this
is statistically significant only in orbital width. For zygon to
gnathion facial distance, the statistically significant higher
mean value was observed in males [Table 2]. Among the
three paired facial linear dimensions, orbital length showed
no sexual dimorphism.

For the three indices of FA, no significant sexual dimorphism
in SA index was identified; however, males tended to have
leftward SA in orbital width and zygon to gnathion distance
[Figure 3]. In AA, a significant sexual dimorphism was
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Figure 3: Sexual dimorphism in signed asymmetry of the
paired facial dimensions
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Figure 4: Sexual dimorphism in absolute asymmetry of the
paired facial dimensions (*P <0.05)
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Figure 5: Sexual dimorphism in composited asymmetry of
the paired facial dimensions (*P <0.05)

noticed only in zygon to gnathion distance [Figure 4], with
females having higher mean value. Similarly, in CA, the
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sex differences were noticed in zygon to gnathion distance.
However, in this case, males tended to have higher mean
value compared to females [Figure 5].

Table 3 shows the assessment of FA using one sample t-test;
all the facial variables are shown to exhibit FA as the mean
of SA is centered on the mean of zero (mean not greater
than zero).

DISCUSSION

Symmetry is one of the important traits thought to relate to
mate-quality in many animals.?"*?! In human faces, it has
been reported to be a signal to heritable fitness benefits.[*2
Facial symmetry has been considered as one of the most
influential visual markers of health, while asymmetry can be
regarded as consequence of an individual’s inability to resist
environmental and genetic stressors during development./*!
The objectives of this study are to assess the sex differences
in three asymmetry indices and to also determine the side
dominance and existence of fluctuating type of asymmetry
in both sexes of Hausa ethnic group of Kano state, Nigeria.

Sexual dimorphism pattern observed in some of facial
dimensions is in line with other findings as certain facial
features including eye-to-eye fissures show no sexual
dimorphism.! In another context similar to the present
study, males tended to have significantly higher mean
value in most of the facial variables.””?! This may support
the fact that females are, in general, having smaller faces
than males.””! These also explain the idea that males have
an averagely larger body size and proportion as compared
to females, which is also manifesting in certain regions of
the face. However, in some distances, the female had higher
mean value. This may suggest that the difference in body
proportions between the sexes which manifest in the facial
features is not uniform across all the facial dimensions.

In this study, it was observed that in both SA and AA,
females tend to have higher level of mean asymmetry
indices compared to male, with significant difference
observed in AA. Using composite index CA, male tended
to have higher asymmetry indices as compared to female.
It was reported that composite indices of asymmetry,
combining data from more than one independent trait, are
considerably more powerful than indices based on single
traits.””! It was also reported that the simplest composite
index involves computing a standardized, summed
asymmetry value for each individual.””! Hence, in the
interpretation of level of asymmetry for this population, we
considered the composite index. When examining facial FA
only, it was reported that the asymmetry in male faces was
higher than those in female faces. It was seen that although
females are predicted to have a higher buffering capacity
than males, there is little evidence to support a higher
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level of developmental stability in females than males.””
It was also reported that in both Kung San and Kavango
population of Northern Namibia, males have higher FA
compared to their female counterparts.t*!

It was suggested that environmental stress, such as poor
living conditions, may affect males more strongly than
females because, in many species including humans,
males tend to be more vulnerable compared to females.*
High-quality males and females can maintain low level of
asymmetric facial development under environmental and
genetic stress. Males and females have often been shown to
react differently to the same environment, but how much
of that difference is attributable to environmental versus
biological factors is a matter of debate.’®] A number of
studies involving measures of heath and developmental
stability other than asymmetry have discussed the
presumed increased buffering in females relative to
males.[** This may indicate that males are prone to effect
of environmental stress compared to female. One of the
reasons may be higher level of exposure to environmental
stressors among males. This is in line with the fact that the
tendency of an organism to be asymmetrical may be linked
to the increase in the environmental stresses.”’ Numerous
studies have demonstrated that individuals who are better
able to resist developmental stress express higher levels
of symmetry than others.'?4% In humans, it is known
that individuals in poor living conditions suffer from
malnutrition and have limited access to health services,
which make them more prone to infectious diseases,*”!
and this may be particularly true for males.>3!

Using one sample t-test as a criterion of differentiating
fluctuating and directional type of asymmetry, all the facial
variables exhibit FA in both males and females. FA which
was considered as small random deviations (around a mean
of zero) from perfect bilateral symmetry may not be fully
observed in some bilateral traits. Criterion was put in place
to assess the possibility of a bilateral trait to exhibit FA 2032
In the previous studies, it was reported that 12 of 35 traits
(34%) in male faces had the statistical properties characteristic
of FA. The remaining 66% of traits exhibited directional
asymmetry. For female faces, seven of 35 traits (20%) had
the statistical properties of FA. The remaining traits exhibit
directional asymmetry.*” This may show that some of the
facial traits exhibited directional type of asymmetry while
others exhibit FA type of asymmetry. The present finding
supports the existence of facial FA. It should be noted that
only one criterion of assessment of FA was used in this study.
The repeatability of the FA was not assessed; however, the
measured variable is within the acceptable measurement
€rTor.

Most studies suggest that the left side of the face is more
expressive of emotions. Such a functional asymmetry
in facial expression may have some relationship to the
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dimensional balance between the left and the right hemiface.
Most researchers have concluded that environmental
influences were the most likely causes.®*** Habitual
chewing on one side has been reported to lead to increased
skeletal development on the ipsilateral side.?! Others
have also discussed the possibility that such laterality is
simply a response of functional adaptation to asymmetrical
masticatory activity.[! It can be speculated that the laterality
in normal asymmetry consistently found in human faces
may likely be induced by prenatal rather than postnatal
factors, such as a functional bias induced by facedness or
lateral preference in mastication.*!! There is need to identify
the potential environmental stressors that specifically affect
population. Roles of other independent factors such as
living condition, socioeconomic status, and domicile among
others in expression of asymmetry in this population need
to determine in the future study.

CONCLUSION

The existence of sexual dimorphism in AA and CA
facial asymmetry indices was established among Hausa
population of Kano state. Males were observed to have
leftward asymmetry orbital width and zygon to gnathion
distance. The existence of fluctuating type of asymmetry
using one sample t-test was also established in this
population.
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