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AssTrACT: The present study was conducted to generate facial anthropometry baseline data for adult males
and females of Igbo ethnicity in south-eastern Nigeria and to develop facial anthropometric prediction
and correlation models. This cross-sectional, descriptive study design involved using 200 males and
200 females. The study criteria included subjects with no history of facial surgery and were within the
age interval of 18-35 years. With the aid of spreading and digital caliper, different percutaneous facial
measurements were obtained and data collected were analyzed both descriptively and inferentially. There
were statistically significant sex differences in all metrics. Mandibular width (MW) correlated with
both forehead width (FHW), lower facial height (LFH) and nasal width (NW) for both sexes. Total facial
height (TFH) correlated with NW, upper facial height (UFH), mid-facial height (MFH), and lower
facial height (LFH), while NW correlated with MW, UFH, MFH, and LFH. Predictive models developed
using univariate regression analysis for both sexes showed that MW was a strong predictor of FHW, while
UFH, MFH, and LFH were individually strong predictors of TFH (p<0.05). Further, MFH and LFH were
significant predictors of FH for both sexes. By using multivariate regression analysis, it was revealed that
the combination of both FW and FHW were strong predictors of MW, while the combination of UFH, MFH,
and LFH were significant predictors of TFH. Conclusively, these new data should aid forensic and surgical
efforts in Nigerian contexts. Our models can be tested on other underrepresented populations to better
understand current methods in facial anthropometry.
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Introduction

The human face holds significant im-
portance in biological anthropology due
to its role in conveying essential infor-
mation about an individual’s evolution-
ary history, health, behavior, and social
interactions (Gracanin et al. 2018; Jones
2018). It exhibits considerable morpho-
logical diversity across populations due
to genetic, environmental, and cultural
influences (Darkwah et al., 2018). Facial
anthropometry deals with the quantita-
tive measurement and analysis of facial
features and their proportions and how
these features play significant roles in
understanding and evaluating facial
morphs in various ethnicities (Ulrich
et al. 2019; Virdi et al. 2019; Rostovtse-
va et al. 2024). In developing countries
such as Nigeria and parts of sub-Saharan
Africa, facial anthropometrics provides
a scientific basis for understanding fa-
cial variations considering how cultural
perceptions of beauty and facial aesthet-
ics do vary significantly in comparison
to most European and Asian ancestries
(Virdi et al. 2019; Monteiro et al. 2023;
Sarna et al. 2023). These metrics also
provide reliable information to crani-
ofacial surgeons who practice in these
countries to tailor reconstructive proce-
dures to meet the specific facial aesthetic
preferences of their populations. The use
of standardized facial anthropometric
measurements can help establish proto-
cols for facial reconstruction surgeries,
hence improving the consistency and
predictability of surgical outcomes (Kun-
du et al. 2021).

From a biological anthropology per-
spective, the adherence of European-es-
que reconstructive skills on African
individuals residing in major parts of
sub-Saharan Africa presents a unique

challenge, particularly when addressing
facial surgeries since it has been estab-
lished that facial morphs differ among
ancestral groups globally. In accordance
with several studies, African populations
often exhibit distinctive facial charac-
teristics such as broader forehead, wid-
er mandible, and larger facial and nasal
widths, as well as shorter upper and
greater lower facial heights compared to
most European and some Asian popu-
lations — which are highly attributed to
genetic and environmental factors that
collectively influence craniofacial devel-
opment (e.g., Alam et al. 2015; Zacha-
ropoulos et al. 2016; Virdi et al. 2019).
With regards to sex differences across an-
cestral populations globally, males gen-
erally tend to have greater facial heights
and widths, wider and larger nasal widths
compared to females (Richmond et al.
2018; Kleisner et al. 2021). Based on an
earlier report by Adekunle et al. (2021),
which applied the use of 3-dimensional
stereophotogrammetry to obtain facial
metrics among selected Nigerian popula-
tions, Igbo males had the highest upper
facial height, midfacial height, lower fa-
cial height, and total facial height meas-
urements compared to their Yoruba and
the Hausa counterparts.

While the use of 3-dimensional ste-
reophotogrammetry is currently en-
couraged globally, its accuracy in most
regions like Nigeria could often be af-
fected by factors such as environmental
conditions, as well as misrepresentation
of facial bony architecture from obtained
soft tissue data as conventional direct
anthropometry often focuses more on
bony landmarks and provide a more re-
liable assessment of skeletal dimensions.
Along with other facial anthropomet-
rics, a related study done among Nige-
rian adults selected from three major
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ethnic groups combined (Igbo, Yoruba
and Hausa) revealed that men exhibited
higher facial, forehead and nasal widths
compared to women (Ernest et al. 2018).
However, the study showed certain dis-
crepancies in sample size when studied
ethnicities were compared which could
be influenced by selection bias as the
Yorubas made up about 78% of the total
studied population despite using a direct
conventional anthropometry technique.

The aim of the present study was to
provide baseline data of certain facial
anthropometrics for adult males and
females of south-eastern Nigeria and
to develop prediction and correlation
models using these metrics that would
be relevant for sex-based reconstructive
surgeries. The implications of this study
will also flow to forensic identification
efforts applied to the Nigerian Igbo pop-
ulation.

Material and Methods

Study Design
Ethical clearance was obtained from
the Research Ethics Committee of the
University of Port Harcourt (with regis-
tration number UPH/CEREMAD/REC/
MM/91/005). All subjects gave their
informed consent, and their person-
al information was kept confidential.
A cross-sectional descriptive study de-
sign was used to obtain the facial metrics
of n = 400 Indigenous people of the Igbo
ethnic group of Nigeria between Septem-
ber 2024 to December 2024. The study
population includes 200 males and 200
females of Indigenous Igbo with no/any
history of facial surgery and are within
the age interval of 18-35 years. This age
interval accounted for soft and hard tissue
changes in the face. The study subjects
(of Igbo extraction) were recruited using

the multi-stage random proportionate
sampling technique and the minimum
sample size was calculated using the Taro
Yamane formula for quantitative studies
as shown in previous studies (Asiwe et al.
2024; Fawehinmi et al. 2024).

Assessment of Facial Parameters

In line with Gupta et al. (2019), the fol-

lowing facial measurements were studied

(based on the reference points as shown

in Figure 1)

a) Forehead width (FHW): FHW is de-
fined as a horizontal distance that lies
between the temporal ridges (tr) (the
bony ridges above the outer edges of
the eyebrows) with reference to the
glabella (g).

b) Mandibular width (MW): MW is
a horizontal distance that is defined
between the left and right gonion
points (go) (the gonions are located at
the outermost angles where the low-
er jaw curves upward) for consistency
the mental protuberance is used for
alignment purposes.

c) Facial width (FW): FW is a horizontal
facial metric measured between the
left and right zygomatic bones (zy).

d) Upper facial height (UFH): UFH is
a vertical facial metric defined be-
tween the trichion (the sagittal mid-
point of the forehead that borders the
hairline) and nasion (the point in the
middle line located at the nasal root).

e) Mid-facial height (MFH): MFH is de-
fined as a vertical distance between
the nasion and the sub-nasale (sbn)
(the point where the upper lip joins
the columella).

f) Lower facial height (LFH): LFH is de-
fined as a vertical distance between
the sub-nasal and the menton (the
most inferior point of the inferior
edge of the chin).
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g) Total facial height (TFH): TFH, also
known as Physiological Facial height,
is defined as a vertical facial met-
ric between the trichion (tr) and the
Menton (mt).

h) Facial height (FH): FH is defined as
the measurement between the nasion
(n) and the menton (me).

i) Nasal width (NW): NW is a hori-
zontal facial metric defined as the
distance between the alars (al) of the
nose (the most lateral point of the alar
contour of the nose).

Figure 1. Reference points for facial measurements
(adopted from Gupta et al. 2019)

Data Collection
A written consent form was adminis-
tered to all respondents and only those
who consented were allowed to partici-
pate in the research, they were issued
a semi-structured questionnaire followed
by face-to-face interviews to ensure the
subjects met the inclusion criteria. After-
ward, the age and sex were recorded, and
using a direct anthropometric approach,

the facial parameters were measured with
the aid of spreading and digital calipers
following the soft cutaneous landmarks
of the face. Each measurement was con-
ducted twice for reliability purposes.

Reliability of Data

The reliability of the instrument and re-
sult was examined using two statistical
methods. Firstly, a paired t-test was used
to compare the data collected, and sec-
ondly, we employed the use of the Cron-
bach alpha to evaluate the consistency of
our results. The outcome presented that
the reliability scale was 0.78, which in-
dicates that our results were consistent.

Data Analysis

The data obtained in this study were
subjected to statistical analysis using the
International Business Machine of Sta-
tistical Package for Social Sciences (IBM
SPSS version 25) and results are pres-
ent descriptively in the form of means,
standard errors of estimate (SEE), stand-
ard deviation, minimum and maximum
values. Inferentially, t-tests, Pearson’s
correlation tests, and regression model
analysis were used to analyze the rela-
tionships between metrics across sexes.
A probability of less than 0.05 was con-
sidered statistically significant.

Results

Descriptive Statistics, Differences
and Correlation of Facial Metrics
for Both Sexes
Table 1 shows the descriptive statistics
of facial metrics for the male and female
sample. The age findings present that the
average for males was 22.11+4.30 years
while females was 21.81+2.82 vyears.
The average FHW was 10.43+0.91 cm
in males while it was 9.64+0.95 cm
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for females. The mean MW for males
was 10.88+0.73 cm while it was
10.20+0.72cm for females. The mean FW
was 15.49+1.33 c¢m in males while for fe-
males, it was 14.51+2.03 cm. Mean UFH
was 7.05+0.81 ¢cm and 6.77+0.94 cm
for males and females, respectively. Av-
erage MFH was 5.32+0.63 cm and
5.28+0.58 cm for males and females,
correspondingly. Mean LFH in males was
8.89+0.81 cm while it was 8.45+0.94
cm in females. The mean TFH was
23.46%+1.50 cm and 22.54+2.26 cm

for males and females, respectively. In
males, the mean FH was 14.21+1.10 cm,
though in females, it was 13.70+1.24 cm,
and the mean NW was 5.53+0.64 cm in
males and 5.30+0.57 cm in females.
Table 2 shows the mean value of facial
metrics based on sexes and the finding
that there were observable statistically
significant differences between the male
and female in FHW, MW, FW, UFH, LFH,
TFH, FH, and NW. This indicates that
men had significantly higher mean values
in all parameters except MFH (p>0.05).

Table 1. Descriptive statistics of facial metrics for male and female Igbo sample

Parameter Sex Mean SEM SD Min Max
Age Male 22.11 0.35 4.30 18 35
Female 21.81 0.23 2.82 18.0 33.0
FHW Male 10.43 0.07 0.91 8.30 15.00
Female 9.64 0.08 0.95 7.30 11.32
MW Male 10.88 0.06 0.73 8.00 12.00
Female 10.20 0.06 0.72 7.40 12.00
FW Male 15.49 0.11 1.33 12.90 18.78
Female 14.51 0.17 2.03 10.38 18.68
UFH Male 7.05 0.07 0.81 4.86 9.06
Female 6.77 0.08 0.94 4.41 8.89
MFH Male 5.32 0.05 0.63 4.02 6.95
Female 5.28 0.05 0.58 3.54 6.94
LFH Male 8.89 0.07 0.81 7.19 11.28
Female 8.45 0.08 0.94 5.78 11.97
TFH Male 23.46 0.12 1.50 17.03 26.14
Female 22.54 0.19 2.26 13.79 25.86
FH Male 14.21 0.09 1.10 11.86 16.43
Female 13.70 0.10 1.24 10.92 16.76
NwW Male 5.53 0.05 0.64 4.03 6.90
Female 5.30 0.05 0.57 3.67 6.78

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, SEM: stand-

ard error of mean, SD: standard deviation, Min: minimum, Max: maximum.
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Table 2. Sex-related differences in facial metrics in the present study

Parameter Male Female t-test p Statistical Inference
FHW 10.43+0.91 9.64+0.94 -6.73 <0.0001 Significant
MW 10.88+0.72 10.20+0.71 -8.040 <0.0001 Significant

FwW 15.49+1.32 14.51+2.02 -4.857 <0.0001 Significant
UFH 7.05+0.80 6.77+0.94 -2.717 0.007 Significant
MFH 5.32+0.63 5.28+0.58 -0.472 0.637 Not Significant
LFH 8.89+0.81 8.45+0.94 -4.344 <0.0001 Significant
TFH 23.46=1.50 22.54+2.26 -4.170 <0.0001 Significant
FH 14.21+1.10 13.70+1.23 -3.771 <0.0001 Significant
NW 5.53+0.64 5.30+0.57 -3.232 0.001 Significant

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width.

Table 3 shows the correlation of facial
metrics for the males and the findings pres-
ent that MW and FHW, FW and FHW, LFH
and MW, TFH and MW, NW and MW, FW,
UFH, MFH, LFH, TFH, FH, FW and MW,
FW and MFH, LFH. UFH and FW were

statistically significant while for the female
category, MW and FHW, LFH and MW,
NW and MW, FW and MFH, LFH, TFH,
FH, UFH and TFH, MFH and TFH, FH,
NW, LFH and TFH, FH, NW, TFH and FH,
NW were statistically significant (Table 4).

Table 3. Correlation between facial metrics for males in the present study

Parameter FHW MW FwW UFH MFH LFH TFH FH NwW
FHW r 1 0.231" 0.089 0.155 0.121 0.162 0.075 0.224" 0.055
p 0.006 0.304 0.067 0.147 0.051 0.373 0.007 0.516
MW r 0.231" 1 0.069 0.003 0.100 0.345" 0.173° 0.304" 0.213
p 0.006 0.425 0.976 0.231 <0.0001 0.037 <0.0001 0.010
FwW T 0.089 0.069 1 0.318" -0.105 0.148 0.228" 0.059 0.524"
p 0.304 0.425 <0.0001 0.221 0.081 0.007 0.490 <0.0001
UFH r 0.155 0.003 0.318" 1 0.083 0.029 0.430" 0.060 0.226"
P 0.067 0.976 <0.0001 0.326 0.733 <0.0001 0.475 0.007
MFH r 0.121 0.100 -0.105 0.083 1 0.345" 0.203° 0.727" 0.242"
p 0.147 0.231 0.221 0.326 <0.0001 0.014 <0.0001 0.003
ILFH r 0.162  0.345" 0.148 0.029 0.345" 1 0.370" 0.810" 0.480"
p 0.051 <0.0001 0.081 0.733 <0.0001 <0.0001 <0.0001 <0.0001
TFH r 0.075 0.173° 0.228" 0.430" 0.203° 0.370" 1 0.396" 0.357"
p 0.373 0.037 0.007 <0.0001 0.014 <0.0001 <0.0001 <0.0001
FH r 0.2247  0.304" 0.059 0.060 0.727" 0.8107 0.396" 1 0.406"
p 0.007 <0.0001 0.490 0.475 <0.0001 <0.0001 <0.0001 <0.0001
NW r 0.055 0.213"  0.524" 0.226" 0.242" 0.480" 0.357" 0.406" 1
p 0.516 0.010 <0.0001 0.007 0.003 <0.0001 <0.0001 <0.0001
FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, *p<0.01, **p<0.05.
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Table 4. Correlation between facial metrics for females in the present study

Parameter FHW MW W UFH MFH LFH TFH FH NwW
FHW r 1 0.230" -0.145 0.108 -0.067  0.045 0.014  -0.006  0.081
D 0.005 0.078 0.186 0.414 0.584 0.866 0.946 0.322
MW r 0.230" 1 0.025 0.155 -0.051 0.180" 0.127 0.103  0.186"
D 0.005 0.768 0.062 0.542 0.029 0.126 0.216 0.025
FwW T -0.145  0.025 1 0.057 0.534" 0.166" 0.224" 0.427" -0.043
p 0.078 0.768 0.495 <0.0001 0.044 0.006 <0.0001 0.604
UFH T 0.108 0.155 0.057 1 0.057  -0.042 0.523"  0.002 0.039
p 0.186 0.062 0.495 0.485 0.609 <0.0001 0.985 0.634
MFH r -0.067  -0.051 0.534"  0.057 1 0.156 0.393" 0.689" -0.192"
p 0.414 0.542  <0.0001 0.485 0.056 <0.0001 <0.0001 0.019
LFH r 0.045 0.180° 0.166° -0.042  0.156 1 0.647" 0.824" 0.170°
p 0.584 0.029 0.044 0.609 0.056 <0.0001 <0.0001 0.037
TFH r 0.014 0.127  0.224" 0.523" 0.393" 0.647" 1 0.701"  0.166°
D 0.866 0.126 0.006 <0.0001 <0.0001 <0.0001 <0.0001 0.043
FH T -0.006  0.103 0.427" 0.002 0.689" 0.824" 0.701" 1 0.015
p 0.946 0.216 <0.0001 0.985 <0.0001 <0.0001 <0.0001 0.855
NW r 0.081 0.186° -0.043 0.039 -0.192° 0.170° 0.166° 0.015 1
D 0.322 0.025 0.604 0.634 0.019 0.037 0.043 0.855

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, *p<0.01, **p<0.05.

Prediction of Facial Metrics for Female
Sample Using Regression Models

Table 5 shows the summary of the uni-
variate regression model of facial met-
rics for the female sample. The findings
show that the correlation between FHW
and FW was poor (r=0.08, r2=0.006,
SEE=0.92, p<0.001):

FHW = 9.05+FW (0.04)

When predicted with MW, the corre-
lation was still weak (r=0.23, r*=0.05,
SEE=0.92, p<0.001):

FHW=6.51+MW (0.30)

The correlation between FW and
FHW was poorly correlated (r=0.08,
r*=0.006, SEE=2.04, p=0.30) and FW
was predicted as:

FW = 12.62+FHW (0.19)

When predicted with MW, the cor-
relation was poorly correlated (r=0.06,
2=0.004, SEE=2.04, p=0.42), FW was
predicted as

FW = 12.51+MW (0.19)

When MW and FHW were also weakly
correlated (r=0.23, r*=0.05, SEE=0.70,
p=0.01), with the following prediction
of MW:

MW = 8.50+FHW (0.17)

Using FW, there was no good corre-
lation (r=0.06, 1>=0.004, SEE=0.72,
p=0.42) with the prediction of MW as:

MW = 9.83+FW (0.02)
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When TFH was estimated using UFH,
the correlation was moderate (r=0.43,
r’=0.18, SEE=1.92, p<0.001) and the
prediction was as follows:

TFH=16.13+UFH (0.96)

Using MFH, the correlation was weak
(r=0.20, 12=0.04, SEE= 2.22, p=0.01)
and the estimation of TFH was:

TFH = 18.38+MFH (0.78)

Using LFH, the correlation was mod-
erate (r=0.37, r*=0.14, SEE= 2.11,
p<0.001) with the estimation as follows:

TFH = 15.02+LFH (0.88)

Estimating FH using MFH and LFH,
the correlation of FH and MFH was
strong (r=0.72, r*=0.52, SEE=0.84,
p<0.001):

FH = 5.62+MFH (1.53)

Estimation of FH with LFH was also
associated with a strong correlation
(r=0.81, 1?=0.66, SEE= 0.72, p<0.001):

FH = 4.73+LFH (1.06)

Table 6 shows the multivariate re-
gression model of facial metrics for the
female sample. The findings show that
FHW could be estimated with FW and
MW through a weak correlation (r=0.23,
12=0.05, SEE=0.89, p=0.28):

FHW = 6.39+MW (0.27) +FW (0.03)

Estimating FW with FHW and MW
the correlation was also weak (r=0.10,
r*=0.01, SEE=2.07, p=0.51):

FW = 11.33+MW (0.15) +
FHW (0.16)

When MW was estimated with FW
and FHW, the correlation was still weak
(r=0.22, r*=0.05, SEE=0.71, p=0.03):

MW = 8.25 - FW (0.02) +FHW (0.17)

The total facial height was estimat-
ed using the multivariate approach with
UFH, MFH and LFH with a strong cor-
relation (r=0.64, r’=0.41, SEE=1.64,
p<0.001):

TFH = 5.91+UFH (0.92) + MFH (0.33)
+LFH (1.04)

Table 5. Summary of univariate regression models for predicting facial metrics for females in the present study

Parameters r R? SEE p Equations
FHW vs FW 0.08 0.006 0.92 <0.001 FHW = 9.05+FW (0.04)
FHW vs MW 0.23 0.05 0.92 <0.001 FHW = 6.51+MW (0.30)
FW vs FHW 0.08 0.006 2.04 0.30 FW = 12.62+FHW (0.19)
FW vs MW 0.06 0.004 2.04 0.42 FW = 12.51+MW (0.19)
MW vs FHW 0.23 0.05 0.70 0.01 MW = 8.50+FHW (0.17)
MW vs FW 0.06 0.004 0.72 0.42 MW = 9.83+FW (0.02)
TFH vs UFH 0.43 0.18 1.92 <0.001 TFH = 16.13+UFH (0.96)
TFH vs MFH 0.20 0.04 2.22 0.01 TFH = 18.38+MFH (0.78)
TFH vs LFH 0.37 0.14 2.11 <0.001 TFH = 15.02+LFH (0.88)
FH vs MFH 0.72 0.52 0.84 <0.001 FH = 5.62+MFH (1.53)
FH vs LFH 0.81 0.66 0.72 <0.001 FH = 4.73+LFH (1.06)

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, SEE: standard

error of estimate.
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Table 6. Summary of multivariate regression models for predicting facial metrics for females in the present study

Parameters r R? SEE p Equations

FHW vs FW+MW 0.23 0.05 0.89 0.28 FHW =

6.39+MW (0.27) +FW (0.03)
FW vs FHW + MW 0.10 0.01 2.07 0.51 FW =

11.33+MW (0.15) +FHW (0.16)
MW vs FW +FHW 0.22 0.05 0.71 0.03 MW =

8.25 -FW (0.02) +FHW (0.17)
TFH vs UFH+MFH+LFH  0.64 0.41 1.64 <0.001 TFH = 5.91+UFH (0.92)

+MFH (0.33) +LFH (1.04)

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, SEE: standard

error of estimate.

Prediction of Facial Metrics for Male
Sample Using Regression Models
Table 7 shows the summary of the uni-
variate regression model of facial met-
rics for males. The findings present that
FHW was estimated using FW through
a weak correlation (r=0.14, r*=0.02,

SEE=0.91, p=0.07):

FHW = 11.96 - FW (0.10)
When FHW was estimated with

MW there was also a weak correlation
(r=0.23, r*=0.05, SEE=0.90, p=0.005)

FHW = 7.23+MW (0.29)
When FW was estimated using

FHW, the correlation was weak (r=0.14,
r*=0.02, SEE=1.31, p=0.08):

FW = 17.67 - FHW (0.21)
Estimating FW with MW, there

was no correlation (r=0.03, r*=0.001,
SEE=1.31, p=0.76):

FW = 14.94+ MW (0.045)
Further estimates of MW in males,
using FHW and FW, gave a weak cor-

relation (r=0.23, r2=0.53, SEE=0.70;
p=0.005):

MW = 9.00+FHW (0.18)

Estimating MW using FW had no cor-
relation (r=0.025, 12=0.001, SEE=0.73,
p=0.76):

MW = 10.67+FW (0.014)

Estimating TFH using UFH, MFH
and LFH had the following correlations:
UFH and TFH= moderate, r=0.52,
=0.27, SEE=1.21, p<0.001), TFH
and MFH (moderate, 1=0.39, 12=0.15,
SEE=1.38 and p<0.001), and TFH
and LFH (strong, r=0.64, 12=0.41,
SEE=1.14, p<0.001):

TFH = 17.06+UFH (0.92)
TFH = 18.51+MFH (0.93)
TFH = 12.78+LFH (1.20)

Estimating FH wusing MFH and
LFH found strong correlations for FW
(r=0.68, 12=0.47, SEE=0.80, p<0.001]
and LFH (r=0.82, r>=0.67, SEE=0.62,
p<0.001):

FH = 7.836+MFH (1.19)
FH = 4.23+LFH (1.12)
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Table 7. Summary of univariate regression for predicting facial metrics for males

Parameters r R? SEE P Equations

FHW vs FW 0.14 0.02 0.91 0.07 FHW=11.96 - FW (0.10)
FHW vs MW 0.23 0.05 0.90 0.005 FHW=7.23+MW (0.29)
FW vs FHW 0.14 0.02 1.31 0.08 FW=17.67 - FHW (0.21)
FW vs MW 0.03 0.001 1.31 0.76 FW=14.94+MW (0.045)
MW vs FHW 0.23 0.53 0.70 0.005 MW=9.00+FHW (0.18)
MW vs FW 0.03 0.001 0.73 0.76 MW=10.67+FW (0.014)
TFH vs UFH 0.52 0.27 1.21 <0.001 TFH=17.06+UFH (0.92)
TFH vs MFH 0.39 0.15 1.38 <0.001 TFH =18.51+MFH (0.93)
TFH vs LFH 0.64 0.41 1.14 <0.001 TFH =12.78+LFH (1.20)
FH vs MFH 0.68 0.46 0.80 <0.001 FH=7.836+MFH (1.19)
FH vs LFH 0.82 0.67 0.62 <0.001 FH=4.23+LFH (1.12)

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, SEE: standard

error of estimate.

Table 8 shows the multivariate regres-
sion analysis of facial metrics for males.
The findings present that FHW could be
estimated using FW and MW through
a strong correlation (r=2.88, r?=8.29,
SEE=0.89, p=0.002):

FHW = 8.89+MW (0.31) - FW (0.12)

Estimating FW with FHW and MW
had a weak correlation (r=0.17, r*=0.03,
SEE=1.29, p=0.12).

FW = 16.70+MW (0.12) - FHW (0.24)

Estimating MW with FHW and FW
had a weak correlation (r=0.24, 1>=0.06,
SEE=0.71, p<0.05

MW = 8.32+FHW (0.19) +
FW (0.03)

Estimating TFH using UFH,
MFH, and LFH had a strong corre-
lation (r=0.94, 12=0.88, SEE=0.47,
p<0.001).

TFH = 2.76+UFH (0.92) + MFH (0.82)
+LFH (1.11)

Table 8. Summary of multivariate regression models for predicting facial metrics for males

Parameters r R? SEE p Equations
FHW vs 0.28 0.08 0.89 0.002 FHW = 8.89+MW (0.31) - FW (0.12)
FW+MW
FW vs 0.17 0.03 1.29 0.12 FW = 16.70+ MW (0.12) - FHW (0.24)
FHW + MW
MW vs 0.24 0.06 0.71 0.014 MW = 8.32+FHW (0.19) +FW (0.03)
FW +FHW
TFH vs UF- 0.94 0.88 047 <0.001 TFH =2.76+UFH (0.92) +MFH (0.82) +LFH (1.11)
H+MFH+LFH

FHW: forehead width, MW: mandibular width, FW: facial width, UFH: upper facial height, MFH: mid-facial
height, LFH: lower facial height, TFH: total facial height, FH: facial height, NW: nasal width, SEE: standard
error of estimate.
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Discussion

Although applying 3D stereophoto-
grammetry can generate reproducible
measurements, its precision is greatly
dependent on accurate landmark place-
ment in the software being used, and
that can be challenging for African pop-
ulations. Hence, the direct measurement
approach was utilized for this current
study. Based on the results, the present
study found that there were notable sig-
nificant sex differences in facial metrics
apart from mid-facial height, as males
generally had slightly higher facial met-
rics than females. In line with this study,
Zacharopoulos et al. (2016) and Ernest
et al. (2018) both reported significant
sex differences in facial measurements
as men exhibited greater dimensions
in most parameters, in comparison to
women. Findings from a similar study
done using a Greek sample had report-
ed that FH and MW were significantly
larger in Greek males (Zacharopoulos et
al. 2016). Zhuang et al. (2010) showed,
from a European-based study conducted
in North America, that both mean val-
ues of FW and TFH were smaller in fe-
males than males. In comparison with
another study conducted among an Ira-
nian sample, there were significant sex
differences found in the studied facial
parameters such as TFH, UFH, and FW
(Dodangheh et al. 2018). It is explained
that males generally tend to have great-
er facial heights and widths, wider and
larger nasal widths compared to females
across racial populations (Richmond et
al. 2018; Kleisner et al. 2021).

Adekunle et al. (2021) showed, from
a similar study conducted on a combined
male sample from three major Nigerian
ethnic groups (Yoruba, Igbo and Hausa),
that the mean values for UFH, MFH, LFH,

and TFH were 71.30 mm, 51.40 mm,
71.33 mm, and 194.04 mm, respectively.
However, in comparison with our study,
that focused on only Igbo subjects, the
mean values that were somewhat close
was only for UFH, as MFH, LFH, and
TFH were higher than that of the find-
ings of Adekunle et al. (2021). This infer-
ence seeks to deepen our understanding
on the ethnic variations in facial metrics
between the three major Nigerian ethnic-
ities. The study carried out by Andrades
et al. (2018), using a European sample,
found that the mean MFH was 64.39 +
3.55 mm - which is higher than that of
the present study conducted using a Ni-
gerian sample.

Furthermore, a Nepalese study showed
that there were significant differences
in FW and NW between males and fe-
males (Rokaya et al. 2018). Hamid et al.
(2021) reported, from a Saudi popula-
tion-based study, that significant differ-
ences in NW between males and females
were observed. Another research showed,
from their findings in a Ghanaian sam-
ple, that the mean FH, FW, and NW for
males were 117.1 mm, 130.8 mm and
36.3 mm, which was slightly higher in
females that had mean FH, FW, and NW
of 110.4 mm and 127.2 mm. There were
significant differences between males
and females for FH, FW, and NW of
the Ghanaian population (Appiah et al.
2023). In an Indian study that was re-
ported by Pandey et al. (2015), the mean
FW for males was 129.2 mm, while
mean FW for females was 130.2 mm.
Furthermore, the assertions from studies
conducted in Nigerian, Ghanaian, Nepa-
lese, Indian, and Saudi samples, under-
score the need to consider ethnic and cul-
tural variations in facial anatomy.

The findings in the current study,
which mirror some of these results, can
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inform a more global perspective in plas-
tic surgery and forensic efforts based on
facial identification. For instance, when
working with diverse patient popula-
tions, understanding the specific facial
characteristics prevalent in those groups
can guide surgeons in achieving results
that align with the aesthetic standards
and expectations of those communities
(Brielmann & Pelli 2018). The signifi-
cant differences in FW and NW between
sexes noted in various studies suggest
that postoperative assessments of surgi-
cal outcomes may also need to be strati-
fied based on sex, and this could assist in
tailoring outcome evaluations to reflect
these sex differences towards better un-
derstanding patient satisfaction and the
functional aspects of surgery, as evalu-
ating success with a universal approach
may not accurately reflect the diverse
anatomical realities faced by different
sexes. In line with Ernest et al. (2018),
as it applies to its relevance in forensic
facial reconstruction, their findings re-
vealed that vertical facial measurements
such as TFH, UFH and LFH, seemed to
be more reliable facial parameters for
distinguishing people of Igbo ethnicity
from other Nigerian ethnicities such as
Hausa and Yoruba, thus reflecting dif-
ferences in craniofacial growth patterns
associated with ethno-geographical at-
tributes.

In this present study for both sexes,
FHW correlated with MW, as well as MW
correlating with LFH, and NW. Facial
width showed a positive association with
TFH, as well as TFH correlating strong-
ly with parameters such as UFH, MFH,
LFH, FH, and NW. Furthermore, both
MFH and LFH were strongly associated
with FH and NW, while NW correlated
positively and strongly with MW, MFH,
LFH, and TFH. Earlier research conduct-

ed by Iroanya et al. (2019) revealed that
FH correlated with FW, and LFH signif-
icantly for both sexes — which is in line
with our study.

We applied the use of both univar-
iate and multivariate regression ana-
lyses to develop prediction models for
determining facial metrics for each sex.
We obtained a combination of models
based on strong, moderate, and some
weak correlations. With respect to
the models that were developed using
univariate regression analysis for both
sexes, MW was a strong predictor of
FHW, while UFH, MFH, and LFH were
individually strong predictors of TFH
(p<0.05). In addition, facial parame-
ters such as MFH and LFH were indi-
vidually significant predictors of FH for
both sexes. However, the sex disparity
was observed where FW was a strong
predictor of FHW in females but not in
males. Finally, the prediction models
that were developed using multivariate
regression analysis revealed similarities
for both sexes whereby the combina-
tion of both FW and FHW were strong
predictors of MW, while the combina-
tion of UFH, MFH, and LFH were con-
sidered to be significant predictors of
TFH, although, the only disparity was
observed in males where the combina-
tion of both FW and MW were strong
predictors of FHW and not in females.

A limitation in this study was that or-
bital measurements were not considered
to be suitable correlates with other fa-
cial measurements. We also obtained
facial measurements from a young adult
sample, aged between 18 - 35 vyears,
meaning either younger or older age
groups were not considered. Future in-
vestigations into similar analyses of facial
anthropometric measurements should
target all ages, or a wider age range.
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Conclusion

The findings of this study revealed that
apart from mid-facial height (MFH), all
facial metrics showed significant dif-
ferences across both sexes of the Igbo
population. Prediction models for distin-
guishing between both sexes were more
reliable when predicting facial parame-
ters such as MW and TFH when using
the variables such as FW, FHW, UFH,
MFH, and LFH. These baseline results
suggest that surgeons should adopt a per-
sonalized approach to reconstructive
procedures, as well as recognizing these
differences allows for tailored interven-
tions that respect the unique anatomi-
cal features of each sex, thus enhancing
aesthetic outcomes. Furthermore, this
study has contributed to the creation of
standardized data for forensic facial re-
construction that are specific to the Ni-
gerian Igbo people.
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