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ABSTRACT

Background: The study on correlation of right foot-length (RFL) and left foot-length (LFL) to body height (BH)
among young adults of Mumuye ethnic group of Bali, North-East, Nigeria was aim to correlate right and left foot-
lengths to body height for forensic identification of mutilated bodies, investigation of crime, industrial production
of shoes and establishment of regression formula. Methodology: Anthropometric instruments were used for data
collection. The total of 1500 subjects consisting of 652 males and 848 females were use for this study. The age
limit of 18-36years and age range of 18-22years, 23-27years, 28-32years and 33-37years were used. Ethical
approval was obtained from Ebonyi State University, Abakaliki, Nigeria. Study duration was three months.
Incluion criterial were subjects with no deformity of body parts. Results: Mean age of 25.86years males and
23.80years females was used. The mean foot length and body height obtained include RFL=25.68cm males,
LFL=25.59cm males, BH=169.32cm males, RFL=23.86cm females, LFL=23.79cm females, and BH=161.03cm
females. All parameters have small standard deviation. The correlation of foot-lengths to body height was
statistically significance at the level of P<0.05. 23-27years males and females had the highest population range
with 330(50.61%) males out of 652 males and 442(52.1%) females out of the total 848 females subjects. Pearson
correlation coefficient for LFL to RFL, LFL to BH and RFL to BH was significant at the level of P<0.01.
Conclusion: The correlation of right and left foot-lengths to body height was statistically significance at the level
of P<0.05. Regression formula was develop.

KEYWORDS: Correlation, Right footlength, Left footlength, Body height.

INTRODUCTION

Foot length is the distance from the heel to the longest
toe of an individual while stature is the distance from the
heel of the foot to the vertex of the head when in upright
posture. The measurement was carried out in centimeter.
In forensic science variety of parameters can be use for
identification. The identification of body remains
become a challenge when the lower limb is dismember
from the main body and the family of a decease wish to
bury the late person with complete body parts or the
appearance of foot prints at the site where crime had
been committed. Hence, the task of identification by
forensic expert become easier if a standard parameter
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values had been established for foot length and body
height especially for people living in that specific
geographical region where mutilated legs or foot prints
where found.™ In Africa and Asian countries most of the
people living in rural areas often walk on bare foot which
may be due to socioeconomic and climatic condition. In
the case where foot prints were found at the site of crime
when a criminal remove his/her shoes in order to avoid
noise or have a better grip while clambing the wall or
entering or making an exist, the foot impression can be
measured in centimeter to obtained footlength for body

height correlation with already established and
documented data of people living in specific
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region.’BM The aim of this study is to correlate the
right and left footlengths to body height for crime
investigation, identification of mutilated body, industrial
production of shoes and develop regression formula for
young adults of mumuye in Bali, North-East, Nigeria.

Furthermore, stature is an anatomical complex that is
form by head, neck, trunk, pelvice, vertebral column and
lower limb. Genetic and environmental factors are the
main determinant factors of individual height and
footlength. Foot ossification and maturation occurred
earlier in life than in long bones, making the possibility
of stature estimation more accurate with foot than long
bones.®! Their finding was in consonant with this study.
The body height of an individual is one of the most
important and useful anthropometric parameter which
can be used to determine the physical identity of an
individual. The identification of the stature of an
unknown person using footlength obtained from foot
prints is the main task of forensic investigators.!) The
present study examine 1500 subjects consisting of 652
males and 848 females within the age limit of 18-36years
and correlate their footlength to stature. The study
conducted by Srinivasulu K and his team on cross
sectional study of stature estimation from footlength in
Telangana, concluded that both right and left footlengths
of subjects have good correlation reliability to stature.[’!
Their study was in agreement with this study because
Mumuye footlengths also correlate to stature with good
significant value at P<0.05. The study conducted by
Anamul Haque and his team on estimaton of stature from
hand and foot of Nalanda district of Bilar shows that
footlength correlate better than hand.®! Anamul 2023,
study was in agreement with this study. Ankit Agrawal
and his team study the reliability of stature estimation
from footlength and concluded that the foot length of
students in North India have good correlation to their
stature.”! Their study was in agreement with this
research. This study is original and had not been
published or submitted to any journal at the time of this
submission.

MATERIALS AND METHODS

Materials: The materials used as instrument in this study
include anthropometer, head piece, vernier caliper,
exercise book and writing pen.

METHODOLOGY

Anthropometric Technique Measurement of Stature
Only the young adults of Mumuye in Bali, North-East,
Nigeria were allow to participate in this study willingly.
The volunteer subject was told to remove his/her shoes
and stand on an anthropometer made up of meter rule
with a movable head piece and a platform stand. The
examiner ensure that the subject occipital protuberance
touches the meter rule while in upright posture with the
vertebral column and gluteus maximus touching the
meter rule which project in between the right and left
subject legs. The examiner then adjust the movable head
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piece to align with the highest point of the subject head
known as the vertex and immediately take reading with
the help of head piece pointer on the calibrated meter
rule measure in centimeter. The result was recorded in an
exercise book with help of a writing pen by the examiner.
The same procedure was repeated on all the volunteers
who participated in the study.

Anthropometric Technique measurement of Foot
Length

Only the young adults of Mumuye in Bali, North-East,
Nigeria were allow to participate in this study willingly.
The examiner instructed the subject to remove his or her
shoes and place the right foot length on the vernier
caliper place on a flat ground surface. The instrument has
a movable and fixed part. When the movable part was
adjusted the subject place his/her foot on the vernier
caliper so that the heel touches the fixed part of the
caliper while the adjustable moving part of the vernier
caliper was made to slightly touch the longest toe of the
subject then clamp by tightening the screw. The
examiner take reading of the foot length from the heel to
the longest toe by the help of a pointer touching the
vernier caliper calibration measure in centimeter and
recorded in an exercise book with the help of a writing
pen. The same procedure was repeated on all the subjects
who willingly participated in this study.

Ethical Approval: Ethical approval was obtained from
the research and ethics committee of Ebonyi State
University Abakaliki and was used to take permission
from the community head of Bali, North-East, Nigeria.

Study Population: The study population was indigenes
of Bali local government area of Taraba State, Nigeria.

Study Age Limit: The selected age limit of this study
ranges between 18-36years only.

Duration of Study: The duration of this study was three
months (1/12/2025-28/2/2026).

Inclusion Criteria: Only people with no deformity of
head, vertebral column, neck upper and lower limbs were
selected for the study base on their willingness.

Sampling Technique: Random sampling technique was
used to sample the study population.

Study Statistic Used: Comparative statistic was used to
direct measurement of study parameters.

Study Design: Comparative study design was adopted
for this research work.

Data Analysis: The collected data were analyzed using
statistical package for social science version 20.
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Figure 1: Showing Image of Foot Length Measurement (Courtesy of 1zang Genesis 2026 Free Hand Sketching).

RESULT

Table 1: Shows the Parameters of Age, Foot Lengths and Body Height of Young Adults of Mumuye Ethnic

Group of Bali, North-East, Nigeria.

Parameters '\,\//Ilag:f‘ (n_g%z) SEM F:AT::]ES (n-géB) SEM | t-values | P-values
Age (years) | 25.86 | 2.65 | 0.78 | 23.80 1.90 | 0.64 1.12 0.931
RFL (cm) 25.68 | 1.20 | 0.36 23.86 1.30 0.42 10.50 <0.05
LFL (cm) 25.59 1.23 | 0.44 23.79 1.25 0.49 9.85 <0.05
BH (cm) 169.32 | 12.22 | 3.26 161.03 11.40 | 2.62 2.94 <0.05

n: Number, SD: Standard deviation, SEM: Standard error in mean, t-values: Test value, RFL: Right foot length, LFL:
Left foot length, BH: Body height, P-values: Probability values

Table 2: Shows Mean Age Range and Percentage Population of Males and Females of Mumuye Ethnic Group of
Bali, North-East, Nigeria.

Age Range | Males | Percentage | Females | Percentage
18-22years | 160 24.54 200 23.60
23-27years | 330 50.61 442 52.10
28-32years | 100 15.34 126 14.90
33-37years | 62 9.51 80 9.40
Total 652 100 848 100

Table 3: Shows How Body Height, Left Foot Length
and Right Foot Length Correlate to each other
Among Mumuye Ethnic Group of Bali, North-East,
Nigeria.

Variables (cm) | P-value r

LFL-RFL <0.01 | 0.701

LFL-BH <0.01 | 0.601

LFL-BH <0.01 | 0.892
P-value=Probability = value, r=Pearson correlation

cofficient, RFL=Right footlength, LFL=Left footlength,
BH=Body height. Correlation significance is at the level
P<0.01.

Regression Formula

BH=RFL/2X10+40.92 males and BH=LFL/2X10+41.37
males

BH=RFL/2X10+41.73
BH=LFL/2X10+42.08 females

females and

DISCUSSION

The result in table 1, shows the parameter values of foot
length and body height of young adults of Mumuye
ethnic group of Bali, North-East, Nigeria. The age limit
used in this study was 18-36years with the mean age
25.86years males and 23.80years females. With the
different of 2.06years the males were older than the
females of this study. Footlength and body height
parameters include, RFL=25.68cm males, RFL=23.86cm
females, LFL=25.59cm males, LFL=23.79cm females,
BH=169.32cm males, and BH=161.03cm females. The
different between the right and left foot length of males
and females are 0.09cm and 0.07cm respectively. Males
right foot length (RFL) was longer than females with
1.82cm while 1.8cm left footlength (LFL) of males was
longer than that of females. In medico-legal autopsies,
predicting personal identity of victims was often
required. Stature estimation from footlength and other
parts of lower extrimities play important role in
identifying body remains for forensic examination.*
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The study conducted by Krishna SSM and his team on
stature estimation on foot length of 400 medidical
students age 20-25years of Andhra medical college, India
concluded that the individual footlengths prove useful for
stature estimation with males footlength longer than that
of females offering crucial support to forensic experts.*]
Mumuye mean body height parameters includes
169.32cm males and 161.03cm females. The findings
shows that males footlength were taller than females by
8.29cm. This study was in agreement with the work of
Krishan SSM, 2024. The standard deviation and standard
error in mean of all the parameters were small showing
that there was a good correlation between footlength to
body height of individual Mumuye young adult involve
in this study. The findings made by Sarah R and her
teams on estimation of stature from static and dynamic
foot prints clearly shows that foot length can be obtained
from both static and dynamic foot prints for stature
estimation and concluded that footlengths have good
correlation to body height prediction and enhance
forensic investigation of crime when committed on bare
foot."? This study made by Sarah R, 2011 was in
agreement with this research since the footlength of
Mumuye correlate to body height even though Sarah
2011 made use of foot prints but from foot prints foot
length may be obtain for forensic investigation.
Therefore the footlengths of Mumuye have similarity to
foot prints length of the work of Serah R and her team.
The independent research work of Krishan K, on
estimation of stature from foot prints and foot outline
dimension in Gujjar of North India and concluded that
footlength have good correlation to stature and can be
use for crime investigation by law enforcement agency
and forensic science expert.!) Krishan 2008 study was in
agreement with this study because in taking
measurement for foot dimension, footlength was often
considered as one of the parameter value for the
prediction of body height.

Furthermore, table 1 also shows that the P-values of
RFL, LFL and BH of Mumuye ethnic group of Bali in
North-East, Nigeria was statistically significant at the
level of P<0.05, proving that both right and left foot
length correlate with stature and can be use for
identification of mutilated body when the lower limb was
dismembered from the whole body cause by plane crash
and vehicle accident and for forensic investigation of
crime when committed on bare foot to avoid noise and
enhance wall clambing. The standard values obtained in
this study will help shoes industries to produce large
quantities of quality shoes for young adult of Mumuye
living in Bali, North-East, Nigeria with the aim of
maximizing profit. The study conducted by Viral NC and
Kumar SV with their independent teams on estimation of
stature from foot length shows that foot have good
correlation for stature prediction with low standard
deviation and significant P-values.™®™! Their finding
was in agreement with this study because the standard
deviation of Mumuye obtained was also low with
significant P-value. The finding of Nataraja Moorthy and
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his team on estimation of stature base on foot length of
Malayi in Malaysia, shows the existence of good
correlation between footlength and stature and concluded
that stature can be predicted from foot length to aid
identification of mutilated body and in crime
investigation.™™ Their study was in agreement with this
study since Mumuye footlength can be correlated to
body height just as that of the Malayi study conducted by
Nataraja Moorthy 2011. The correlation coefficient
between stature and foot length were found to be
statistically significant with high reliability and acuracy
in the estimation of stature from foot lengths of males
and females.®'*" This study was in consonant with the
work of Krishan K, 2013 and Mahk AR, 2015 since in
this study the pearson correlation coefficient of left
footlength to body height, right footlength to body height
and left footlength to right footlength were statistically
significance at the level of P<0.01 of Mumuye young
adults of Bali, North-East, Nigeria.

The result of table 2, shows the mean age range and
percentage population of males and females Mumuye
ethnic group of Bali, North- East, Nigeria. The age range
adopted for data collection includes, 18-22years, 23-
27years, 28-32years and 33-37years. The age range with
the highest population of males was 23-27years
consisting of 330(50.61%) males out of the total
652(100%) Mumuye males used in this study. The
research work carried out by Singh B and his team on
stature estimation from different combination of foot
measurement using linear and multiple regression
analysis in North India, shows good correlation of foot
length to stature and the establishment of regression
formula aid forensic profession.® This study made by
Singh 2019 was in agreement with this study. Likewise
the study conducted by Devi TP and his team on stature
estimation from foot length in males indigenous
population of Assam region, shows that footlength
correlate to stature with good significant values that can
be documented for futuristic use by forensic experts in
the identification of individual.** The study of Devi TP,
2021 was in consonant with this study because the
footlength of Mumuye also correlate with stature with
good significant values of P<0.05 and P<0.01.The result
of table 2, also show the age range 23-27years had the
highest population of females consisting of 442(52.10%)
females out of the total 848(100%) Mumuye females
while the age range 33-37years females carried the
lowest females population consisting of 80(9.4%)
females out of the total population of 848(100%)
Mumuye females. Observation had shown that both
males and females of this study have their highest
populatin within 23-27years and lowest population
within 33-37years. It was because of the high population
trace within 23-27years that makes the possibility of
obtaining the mean age of males as 25.86years males and
23.80years females The finding made by Uhrova P and
his team on stature estimation from various foot
dimension among Sloval population shows that stature
can be estimated from foot length with good correlation
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reliability?® Uhrova 2013. Their finding is in consonant

with this study.

Table 1, shows that the right foot length of both males
and females Mumuye correlate with their body height at
a significant level of P,0.05. Also the left foot length of
both males and females of this study correlate with body
height at a significant level of P<0.05. The study
conducted by Amit Magadum and his team on the role of
foot length to stature estimation in the population of
Belagavi region shows that the right and left foot length
have good corelation to stature with small standard
deviation.”! Their study was in agreement with this
research work. Regression formula was establish for
stature estimation from foot length of Mumuye tribe in
North-East, Nigeria and will be keep in data bank for
future use in investigation of crime or in identification of
crime. The research conducted by Kenwal Kamboj and
his team on correlation between foot length and height of
individual and derivation of regression formula
concluded that height correlate with foot length and
derive a regression formula for stature estimation from
foot length of males and females.”? This study
conducted by Kenwal K, 2018 was in support of the
present study since footlengths of Mumuye correlate to
stature and a regression formula was use for predicting
body height using available footlength established for
males and females of this study.

CONCLUSION

The right and left foot length of Mumuye ethnic group of
Bali, North-East, Nigeria correlate with their body height
at a significant level with small standard deviation. The
standard parameter values obtained will be documented
and use for crime investigation, identification of
mutilated bodies and industrial production of shoes.

RECOMMENDATION

The author recommend that the study should be carry out
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