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1.0 INTRODUCTION 

In forensic investigations, gender, age, race and stature 

are evaluated to determine the identity. The most 

important stages in identity determination are stature and 

gender estimations.
[1]

 Stature and gender estimations are 

easily done with primary anatomic structures in intact 

corpses. It is very hard to identify parted bodies 

especially after a natural disaster, traffic accidents, war, 

terror and bombing in which people are dead and became 

unrecognizable.
[2]

 The present work attempts to correlate 

gender and stature estimates from percutaneous 

anthropometric foot dimensions among adult Nigerians 

in Lagos state as a sample for futher study. 

 

The literature has documented several studies reviewed 

by Esomonu et al., (2013)
[3]

 analysing the estimation of 

stature from foot length. Zeybek et al., (2008)
[4] 

have 

also documented a study on gender and stature 

estimation in Turkish population. The attempt to deduce 

whether the measurements from foot dimensions could 

be used to predict gender and stature forms the basis of 

this study.  Establishment of identity of unknown human 

remains is a challenging task in medico-legal cases, 

especially when the remains are partial, mutilated or 

dismembered. Such situations usually arise in cases of 

natural disasters, rail and aircraft accidents, wars and 

terrorist explosions. Many times, only parts of human 

body are available for identification. Being an individual 

SJIF Impact Factor 6.044 Research Article ejbps, 2020, Volume 7, Issue 4, 74-83. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 
 
 

ISSN 2349-8870 

Volume: 7 

Issue: 4 

74-83 

Year: 2020 

*Corresponding Author: Ikpa James Onah 

Department of Anatomy, College of Medicine, University of Lagos. Lagos State, Nigeria. 

ABSTRACT  

The need for identification may arise in cases of homicide, suicide, bomb blasts, terrorist’s attacks, wars, air plane 

crashes, road and train accidents, as well as natural mass disasters like tsunami, floods, and earth quakes. The main 

aim of the examiner or forensic anthropologist will be to identify the deceased with respect to sex, stature, 

race/ethnicity and age. The aim of this work was to measure the anthropometric parameters of foot of adult males 

and females and generate equation models for estimating gender and stature. The study comprised 222 subjects 

(115 males and 107 females) of Nigerian parentage, aged 18–65 years who volunteered and satisfied the inclusion 

criteria. Following institutional approval, anthropometric measurements of Stature, Foot Length (FL), Foot width 

(FW), Bimalleolar breadth (BB), Navicular height (NH), Medial malleolar height (MMH), Lateral malleolar 

height (LMH), Heel Breadth (HB) were measured. The data was analyzed for descriptive and inferential statistics 

using the SPSS statistical package version 25 and Microsoft excel 2016. The results of the present study recorded 

Mean stature values of 176.44 ± 6.47 cm, 164.71 ± 6.70 cm, and 169.80 ± 8.79 cm for the males, females, and the 

pooled sample respectively. Independent t test exhibited statistically significant gender differences (P < 0.05) for 

all the parameters, with the males having consistently higher values than the females. Paired t test revealed the 

existence bilateral asymmetry on bi-malleolar breadth navicular height and medial malleolar height (P < 0.05). 

Significant positive correlation coefficients of stature with the foot length and breadth dimensions were found to 

range from 0.307to 0.485 in the study. Single and multiple logistic regression models were created for predicting 

gender, single and multiple linear regression models were also created for stature determination This study has 

demonstrated that stature can be predicted from foot dimensions, with left foot width showing more accuracy and 

reliability than the other foot dimensions. The prediction models established from this study will be very useful in 

disaster victim identification from mutilated or dismembered human remains to aid medico-legal practice in 

Nigeria.  
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characteristic, stature is one of the important parameters 

for personal identification. Estimation of stature and 

gender prediction therefore, plays an important role in 

medico-legal cases in the identification of unknown 

bodies, parts of bodies or even skeletal remains. There 

exists a strong relationship between stature and 

dimensions of different body parts.
[5]

 In Nigeria, human 

identification from remains of skeletons or fragments of 

body parts in cases of accidents or cold cases, is a major 

challenge because of lack of trained anthropologist who 

can handle the work professionally; an example Oteddola 

bridge disaster in Lagos Nigeria on the 3
rd

 of July, 

2018
[6]

, where victims could not be identified from their 

skeletal or burnt remains or the bomb blasts in North-

eastern Nigeria where in most cases only body fragments 

are always found. This study is geared towards taking 

measurement of the foot dimensions and to see if the 

stature and gender of an individual could be predicted. 

 

2.0 MATERIALS AND METHODS 

2.1 Study Design 

The study comprised 222 subjects (115 males and 107 

females) of Nigerian parentage randomly selected, who 

were mainly students the College of Medicine of the 

University of Lagos, Members of staff College of 

Medicine of the University of Lagos, Members of staff 

Lagos University Teaching Hospital, Postgraduate (MSc) 

students (Anatomy, Physiology and Biochemistry) Aged 

18–65 years. All the measurements took place in the 

anthropology laboratory of the Department of Anatomy, 

College of Medicine, University of Lagos.  

 

2.2 Research Materials 

Stadiometer: Alpha 220, SECA™ (Germany) calibrated 

in centimeters 

Large sliding caliper: Rosscraft™ Campbell calibrated in 

centimeter Anthropometry kit caliper 20 (Rosscraft, 

Canada) with two straight branches 

Vernier caliper: Mitutoyo™ (Japan) calibrated in 

centimeters. 

Spreading Calipers calibrated in centimeters. 

Transparent meter rule calibrated in centimeters. 

 

2.3 Informed Consent 
Informed consent forms were given to all participants 

while they were briefed on how the research work will 

go a long way to benefit them and the society at large 

then, asked to sign the inform consent form, so as to 

make sure their participation was voluntary.  

 

2.4 Measurement Protocols 

Protocols for direct measurements of stature and weight 

were adopted from those established by: International 

Organization for Standardization, ISO
[7]

, Basic Human 

Body Measurements for Technological Design, Japanese 

Industrial Standard:
[8]

, Krishan, K (2008)
[4]

 and Zeybek 

et al., (2008).
[2]

 All anthropometric were taken at a fixed 

time to eliminate any diurnal variation and by single 

observer in order to avoid inter-observer bias.  

 

Foot Length (FL), Foot width (FW), Bimalleolar breadth 

(BB), Navicular height (NH), Medial malleolar height 

(MMH), Lateral malleolar height (LMH), Heel Breadth 

(HB) were measured. 

 

2.5 Participation Rewards 

The study received prior notification of availability and 

value of the reward package in order to encourage 

participation. Every volunteer will be rewarded after 

measurement with snacks and drinks from available 

options. The stature and body mass of their measurement 

was also communicated to each participant. This was 

associated with advice for possible benefits to changes in 

lifestyle, dietary intake with regards to over or under 

weight.
[9]

 

 

  
Figure 1: Stretched stature measurement (A) and Foot length measurement (B). 

A B

A 
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Figure 2: Foot width measurement (C) and Foot Bi-malleolar breadth measurement (D). 

 

3.0 RESULTS 

3.1 Summary of Data Presentation  

Bilateral foot measurements were taken along with 

stretched stature. Descriptive statistics including mean, 

minimum and maximum standard deviation and standard 

error for all dimensions, left and right side, males and 

females and combined samples, were calculated prior to 

commencing other testing, as presented on Table 1 and 2. 

 

A paired sample t-test was also performed to determine if 

there was significant bilateral asymmetry to warrant the 

creation of separate models for the left and right sides of 

the body for a given body part. Logistic regression 

models were created for predicting sex for each single 

body for estimating gender. 

 

Pearson correlation coefficients were calculated in order 

to measure the strength of correlation between stature 

and each of the recorded measurements. Single-predictor 

models for stature estimation were generated for each 

potential predictor (foot dimension), for each of the left 

and right sides separately, and for each of males and 

females separately, and the significance of the predictor 

variable was tested. The goodness of fit of the equations 

were assessed by the estimated residual variation which 

is represented by the Standard Error of the Estimate 

(SEE), also known as the square root of the mean square 

error of the model. This values were compared with 

other similar studies. Multiple linear regression models 

were created using the same combinations of body part 

dimensions as used for estimating sex. These were 

created for each side of the body as well as for each of 

males, females and the combined sample. All Data 

analysis were carried out with Statistical Package for the 

Social Sciences (SPSS) for windows, version 25.0, 

Armonk, New York: IBM Corporation. 

 

Table 1: Descriptive statistics for data used in Sex and Stature Estimation in right foot. 

Right  Mean±SD Minimum Maximum Standard error 

Foot length 

Male 27.76±1.8 24.10 33.20 0.164 

Female 25.75±1.7 22.40 30.10 0.160 

Combined 26.78±2.0 22.40 33.20 0.133 

Foot width 

Male 10.20±0.5 8.80 11.70 0.050 

Female 9.03±0.6 7.60 10.50 0.064 

Combined 9.63±0.8 7.60 11.70 0.056 

Bi-malleolar width 

Male 6.64±0.5 5.30 7.90 0.043 

Female 5.98±0.4 5.10 7.00 0.040 

Combined 6.33±0.6 5.10 7.9 0.037 

Navicular height 

Male 7.40±0.7 5.80 9.60 0.069 

Female 6.51±0.8 4.10 8.50 0.777 

Combined 6.98±0.9 4.10 9.60 0.059 

Medial malleolar height 

Male 6.23±0.6 4.20 8.10 0.060 

Female 5.65±0.8 3.40 7.80 0.081 

Combined 5.94±0.8 3.40 8.10 0.054 

Lateral malleolar height 

Male 5.10±0.6 3.90 8.40 0.060 

Female 4.93±0.7 3.20 8.20 0.083 

Combined 5.02±0.8 3.20 8.40 0.051 

Heel width 

Male 5.69±0.6 4.30 7.20 0.055 

Female 5.05±3.8 3.80 6.60 0.048 

Combined 5.38±0.6 3.80 7.50 0.042 

C D 
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Table 2: Descriptive statistics for data used in Sex and Stature Estimation in left foot. 

Right hand  Mean±SD Minimum Maximum Standard error 

Foot length Male 27.71.6±1.7 24.20 32.90 0.163 

 Female 25.80±1.6 22.30 29.30 0.160 

 Combined 26.79±1.9 22.30 32.90 0.130 

Foot width Male 10.24±1.1 8.90 20.60 0.104 

 Female 9.79±8.2 7.40 93.00 0.788 

 Combined 10.02±5.7 7.40 93.00 0.383 

Bi-malleolar width Male 6.60±0.5 5.30 7.70 0.045 

 Female 5.96±0.5 4.80 7.50 0.049 

 Combined 6.29±0.6 4.80 7.70 0.040 

Navicular height Male 7.37±0.8 5.60 9.80 0.071 

 Female 6.47±0.8 4.30 8.20 0.076 

 Combined 6.93±0.9 4.30 9.80 0.060 

Medial malleolar height 
Male 6.07±0.7 4.10 8.00 0.061 

Female 5.62±0.8 3.40 7.60 0081 

 Combined 5.91±0.8 3.40 8.00 0.054 

Lateral malleolar height 
Male 5.09±0.7 3.60 8.60 0.063 

Female 4.90±0.9 3.00 8.10 0.086 

 Combined 5.00±0.8 3.40 8.10 0.054 

Heel width Male 5.67±0.6 4.20 7.50 0.057 

 Female 5.04±0.5 3.70 2.70 0.051 

 Combined 5.37±0.7 3.70 7.50 0.044 

 

3.2 Bilateral Asymmetry 

A paired t-test as shown on table 3. found in most cases 

the mean differences between the left and right sides 

were less than 5mm in all cases, with navicular height 

showing the highest level of asymmetry. The t-test shows 

that there is bilateral asymmetry on bi-malleolar breadth 

navicular height and medial malleolar height which were 

statistically significant at p<0.001*. Despite the bilateral 

asymmetry being very small, side-specific models for 

sex and stature estimation were created for each 

dimension. When using the model created in this study, 

one must first identify the side of the body part and then 

apply the appropriate formula developed for that side.  

 

Table 3: Paired t-test for comparing left and right foot measurement (Bilateral asymmetry). 

 
Difference in Mean 

(Right-Left) 

Standard error 

(difference) 
t-value p-value 95%CI 

Foot length -0.009 0.022 -0.414 0.679 -0.052, 0.034 

Foot width -0.386 0.380 -1.016 0.311 -1.136, 0.363 

Bi-malleolar breadth 0.037 0.014 2.693 0.008* 0.010, 0.065 

Navicular height 0.041 0.012 2.399 0.001* 0.017, 0.065 

Medial  malleolar height 0.032 0.013 2.449 0.015* 0.006, 0.059 

Lateral malleolar height 0.022 0.013 1.650 0.100 -0.004, 0.048 

Heel breadth 0.018 0.013 1.397 0.164 -0.007, 0.042 

 

 
Figure 3: Box plot showing mean differences in 

stature. 

t-value = 10.356, p<0.001* 

 

3.3 Sex Estimation (Single Predictors) 

In all fourteen (14) tested logistic regression models, the 

single body dimensions were found to be statistically 

significant predictors (p<0.005) except for left foot 

width (see Table 4) The highest overall classification 

accuracy of 83.3% was achieved using right foot width, 

this was followed by right bi-malleolar breadth which 

classified sex with an accuracy of 78.8%. Sex biases 

were -0.3% for right foot width and 2.4% for right 

bimalleolar breadth. Sex bias is the term used to refer 

to the difference between the correct classification 

percentages for males and females, and is reported as a 

negative value when the percentage was greater for the 

females. The lowest overall classification accuracies 
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were for left and right hand lengths which produced 

classification accuracies of 55.4% and 57.7% 

respectively with accompanying sex biases of 24% and 

15.7%. The highest classification accuracy (table 4) for 

males was achieved using right foot width with 83.5% 

correctly classified, while for female right foot width 

achieved the highest classification accuracy, 83.2%. The 

formulae for gender estimation from right and left foot 

were: Ln(P/1-p) = B0 + B1X1+ B2X2 …… BkXk 

 

 

 

 

 

Table 4: Logistic regression for predicting sex using single left and right foot dimensions 

 b0 b1 SE(b1) p-value 
Correctly classified (%) Hosmer-Lemeshow 

p-value Male Female Overall 

 RIGHT 

Foot length 19.603 -0.737 0.113 <0.001* 77.4 72.9 75.2 0.041 

Foot width 28.090 -2.920 0.367 <0.001* 83.5 83.2 83.3 0.608 

Bi-malleolar breadth 20.974 -3.337 0.451 <0.001* 80.0 77.6 78.8 0.546 

Navicular height 12.415 -1.795 0.276 <0.001* 67.8 76.6 72.1 0.224 

Medial  malleolar height 6.314 -1.075 0.213 <0.001* 72.2 64.5 68.5 0.006 

Lateral malleolar height 1.437 -0.301 0.186 <0.001* 67.0 43.0 55.4 0.019 

Heel breadth 11.937 -2.238 0.340 <0.001* 71.3 72.9 72.1 0.166 

 LEFT 

Foot length 19.271 -0.725 0.113 <0.001* 75.7 73.8 74.8 0.007 

Foot width 0.090 -0.16 0.029 0.581 97.3 34.8 64.2 <0.001* 

Bi-malleolar breadth 16.129 -2.581 0.370 <0.001* 75.7 72.0 73.9 0.170 

Navicular height 1.913 -1.732 0.272 <0.001* 74.8 74.8 74.8 0.108 

Medial  malleolar height 6.090 -1.043 0.209 <0.001* 72.2 68.2 70.3 <0.001* 

Lateral malleolar height 1.549 -0.352 0.181 <0.001* 65.2 49.5 57.7 0.011* 

Heel breadth 10.814 -2.037 0.320 <0.100* 71.3 74.8 73.0 0.408 

 

Table 5: Percentages of correctly classified for gender determination for multiple logistic regression. 

Groups Right foot Left foot 

 Correct Incorrect Correctly % Correct Incorrect Correctly % 

Male 104 11 90.4 % 96 19 83.5 

Female 94 13 87.9% 89 18 83.2 

Combined 198 24 89.2% 185 37 83.3 

Classification cut off 0.5 

 

4.4 STATURE ESTIMATION 

3.4.1correlation 

All body dimensions were positively correlated with 

stature. The strongest correlations with stature were 

observed for right foot width for all groups (combined 

r=0.485; males r=0.305; females r=0.314). The weakest 

correlations for all groups was for right lateral malleolar 

height (combined r=0.080; males r=0.190; females 

r=0.197). see table 6 and 7. 

 

 

 

 

 

 

 

 

 

 

Table 6: Correlation between stature and measured parameter in right and left foot. 

 
Right Left 

Correlation coefficient (r) p-value Correlation coefficient (r) p-value 

Foot length 0.428 <0.001* 0.430 <0.001* 

Foot width 0.485 <0.001* 0.065 0.336 

Bi-malleolar breadth 0.373 <0.001* 0.355 <0.001* 

Navicular height 0.307 <0.001* 0.321 <0.001* 

Medial  malleolar height 0.211 0.002 0.192 0.004* 

Lateral malleolar height 0.080 0.237 0.090 0.179 

Heel breadth 0.385 <0.001* 0.390 <0.001* 

Values with asterisks are statistically significant at p<0.001  
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Table 7:  Correlation between stature and measured parameter according to gender in Right and Left Foot. 

 
Right Left 

Male Female Male Female 

Foot length 0.555(<0.001*) 172(0.077) 0.551(<0.001*) 0.185(0.057) 

Foot width 0.305(0.001*) 0.314(<0.001*) 0.133(0.156) 0.051(0.6O5) 

Bi-malleolar breadth 0.269(0.004*) 0.144(0.139) 0.225(0.015) 0.161(0.098) 

Navicular height 0.286(0.002*) 0.58(0.551) 0.296(0.001*) 0.87(0.376) 

Medial  malleolar height 0.402(<0.001*) -0.050(0.607) 0.383(<0.001*) -0.073(0.456) 

Lateral malleolar height 0.190(0.042) -0.017(0.865) 0.197(0.035) -0.010(0.916) 

Heel breadth 0.301(0.001*) 0.218(0.024*) 0.306(0.001*) 0.239(0.013) 

Values with asterisks are statistically significant at p<0.001  

 

3.4.2 Regression (Single Predictors) 

Right foot width had the lowest SEEs for all groups 

(combined ±5.06cm; males ±4.08cm; females ±6.62cm). 

This body dimension also explained the highest 

proportion of variation in stature, as indicated by the 

coefficient of determination (R²) for the combined, males 

and female groups (79%, 75%, and 70% respectively). 

This was followed by right heel breadth, with SEEs for 

combined ±6.72cm, males ±5.10 and females ±9.06, and 

R² values of combined 57.1%, males 71% and females 

50.0%. the formula for single linear regression models is 

given as: 

 

 

 

 

 

Table 8: Simple linear regression model for individual measurement in right foot. 

 
Equation p-value SEE r R

2
 

Foot length (FL) 

Male 111.773+(2.33) FL <0.001* 6.188 0.555 0.508 

Female 121.46+(1.70) FL 0.077 8.214 0.172 0.129 

Combined 91.389+(3.0)FL <0.001* 10.463 0.428 0.83 

 Foot width (FW) 

Male 133.461+(4.22) FW <0.001* 4.087 0.305 0.750 

Female 95.143+(7.76) FW <0.001* 6.624 0.314 0.709 

Combined 94.493+(7.94)FW <0.001* 5.06 0.485 0.790 

 Bimalelolar breadth (BB) 

Male 147.96+ (4.29)BB <0.004* 6.170 0.269 0.720 

Female 131.48+(5.6)0BB 0.139 16.29 0.144 0.391 

Combined 112.22+(9.30)BB <0.001* 8.80 0.373 0.639 

 Navicular height (NH) 

Male 155.27+ (2.90) NH <0.002* 7.130 0.286 0.523 

Female 157.13+(1.230)NH 0.551 16.43 0.058 0.300 

Combined 137.51+(4.80)NH <0.001* 9.127 0.307 0.649 

 Medial Malleolar height (MMH) 

Male 147.87+(4.60)MMH <0.001* 6.81 0.402 0.612 

Female 170.70+(-0.984)MMH 0.607 16.437 0.050 0.003 

Combined 149.415+(3.63)MMH <0.002* 5.481 0.211 0.044 

 Lateral malleolar height (LMH) 

Male 164.36+(2.18)LMH <0.042* 7.306 0.190 0.563 

Female 166.70+ (-0.317)LMH 0.865 16.456 0.017 0.226 

Combined 163.776+(1.433)LMH 0.237 13.747 0.080 0.306 

 Heel breadth (HB) 

Male 154.85+(3.80)HB <0.001* 5.104 0.301 0.710 

Female 129.03+(7.15)HB <0.024* 9.063 0.218 0.501 

Combined 125.87+(8.39(HB <0.001* 6.726 0.385 0.571 

SEE= Standard error of estimates 

 

 

 

 

 

 



Onah et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

80 

Table 9: Simple linear regression model for individual measurement in left foot. 

 
Equation p-value SEE R R

2
 

Foot length (FL) 

Male 111.59+(2.34)FL <0.001* 6.21 0.551 0.604 

Female 117.49+(1.85)FL 0.057 16.18 0.185 0.304 

Combined 89.36+ (3.05)FL <0.001* 7.45 0.430 0.585 

 Foot width (FW) 

Male 167.47+(0.881)FW 0.156 7.37 0.133 0.218 

Female 164.146+(0.101)FW 0.605 16.44 0.051 0.351 

Combined 169.45+(0.156)FW 0.336 13.76 0.065 0.204 

 Bi-malleolar breadth (BB) 

Male 153.90+(3.43)BB <0.015 6.25 0.225 0.451 

Female 134.07+5.22)BB 0.098 16.24 0.161 0.026 

Combined 118.92+(8.29)BB <0.001* 7.89 0.355 0.626 

 Navicular height (NH) 

Male 155.40+(2.86)NH <0.001* 6.109 0.296 0.570 

Female 153.505+(1.80)NH 0.376 16.40 0.087 0.307 

Combined 136.83+(4.90)NH <0.001* 8.06 0.321 0.603 

 Medial Malleolar height (MMH) 

Male 149.828+(4.31)MMH <0.001* 6.88 0.383 0.646 

Female 173.140+(-1.42)MMH 0.456 16.415 0.073 0.205 

Combined 151.54+(3.29)MMH <0.004* 11.535 0.192 0.437 

 Lateral malleolar height (LMH) 

Male 165.44+(2.17)LMH <0.035* 7.30 0.197 0.499 

Female 166.07+(-0.19)LMH 0.916 16.46 0.10 0.340 

Combined 163.13+(1.58)LMH 0.179 13.73 0.090 0.198 

 Heel breadth 

Male 155.47+(3.71)HB <0.001* 7.09 0.306 0.563 

Female 127.46+(7.47)HB <0.013* 10.04 0.239 0.457 

Combined 126.80+(8.24)HB <0.001* 7.701 0.390 0.652 

SEE= Standard error of estimates 

 

Table 10: Multiple linear regression models using all measured parameters. 

 Equation p-value Adjusted r
2
 

Right 

Male  66.365+ (1.948) FL + (1.819)FW (2.239)BB +              (-1.043)NH 

+(4.790) MMH  + (-1.135)LMH+               (1.115)HB 

<0.001* 0.448 

Female 84.743+ (1.374) FL + (7.809)FW (-5.365)BB +(0.910)NH +(-

1.745) MMH  + (-1.532)LMH+            (3.588)HB 

0.038* 0.075 

Combined 70.725+ (1.630) FL + (4.987)FW (-0.589)BB +(0.618)NH +(0.319) 

MMH  + (-1.497)LMH+              (2.532)HB 

<0.001* 0.294 

 Left 

Male 78.568+ (1.897) FL + (0.234)FW (2.345)BB +              (-0.575)NH 

+(4.276) MMH  + (-0.752)LMH+               (-0.752)HB 

<0.001* 0.404 

Female 98.565+ (1.700) FL + (0.062)FW (1.166)BB +(0.757)NH +(-2.510) 

MMH  + (0.612)LMH+            (5.428)HB 

0.193 0.029 

Combined 76.365+ (1.40) FL + (0.056)FW (2.353)BB +(1.475)NH +(0.239) 

MMH  + (-1.288)LMH+              (4.125)HB 

<0.001* 0.258 

 

4.0 DISCUSSION  

The need for identification may arise in cases of 

homicide, suicide, bomb blasts, terrorist’s attacks, wars, 

air plane crashes, road and train accidents, as well as 

natural mass disasters like tsunami, floods, and earth 

quakes. The main aim of the examiner or forensic 

anthropologist will be to identify the deceased with 

respect to sex, stature, race/ethnicity and age. Estimation 

of stature and prediction of gender is often considered as 

one of the most important parts of the identification 

process as it narrows down the investigation by focusing 

on victims.
[10]

 Although human body appears to be 

bilaterally symmetrical, researchers have noticed the 

presence of skeletal and morphological asymmetries in 

human body for long time.
[11]

 Relationships that exist 

between different parts of the body and stature have been 

of great interest to biological anthropologists, forensic 

anthropologist and medical scientists for the role it plays 
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in identification of victims from fragmentary and 

dismembered human remains.
[12]

 

 

This study is focused on stature and gender 

determination from percutaneous foot anthropometric 

dimensions among the people in the confines of College 

of Medicine of the University of Lagos and Lagos 

University Teaching Hospital. The study cut across 

various ethnic groups as the population can be regarded 

as a Pan Nigerian population. The research work was 

concerned in documenting descriptive statistics, paired 

sample analysis to test for bilateral asymmetry and 

gender differences, to determine sex from percutaneous 

foot anthropometric, also to know the relationship that 

exist between stature and percutaneous foot 

anthropometric by deriving regression equations that are 

population specific. These data can assist a forensic 

expert in identifying people from this population. 

 

Each dimension was assessed for its ability to predict sex 

using logistic regression. To provide accurate and 

reliable models for the estimation of sex, classification 

accuracies of over 90% with sex biases of <5% are 

desirable.
[13],[14]

 Logistic regression for sex estimation 

was used by Ozden et al., (2005)
[15]

 and Jowaheer & 

Agnihotri (2011)
[16]

 but none of these studies tested the 

accuracy of single predictor models. Although the 

methodology differs, the overall classification accuracies 

in the present study were comparable to the work of 

Zeybek et al., (2008)
[4]

 and Bindurani et al., (2017).
[17]

 

Correct estimation rates were shown in table 5. The limit 

value for logistic regression model evaluation was 0.50. 

The values less than 0.50 were evaluated as male and 

values more than 0.50 were evaluated as female. The 

developed model, estimates the gender in the combined 

group 89.2 % correctly with right foot measurements, 

and 83.3 % with left foot measurements as compared to 

Zeybek et al., (2008)
[4]

, the logistic regression models 

developed estimated gender in the combined group at 

89% for right and 83% for left measurements in the 

Turkish population used.  

 

The present study compared the work of Kautilta et al., 

(2013)
[18]

 and Bindurani et al., (2017)
[17]

 were better at 

classifying females for all foot dimensions. Both samples 

included more females than males which may have 

impacted upon these results. 

 

From the results as observed logistic regression can be 

used for prediction of sex in this population as logistic 

regression showed an overall classification accuracy of 

86.25% classification accuracy suggesting that it is 

strong enough to predict gender from this population.  

 

All dimensions were positively correlated with stature. 

Correlations between body dimensions and stature in the 

present research were similar to those of Zeybek et al., 

(2008)
[4]

 and in some cases were stronger. Zeybek et al., 

(2008)
[4]

 reported correlation coefficients ranging 

between r = 0.225 – 0.741 for foot dimensions, and right 

foot length demonstrated the highest correlation. In the 

present study correlation coefficients for corresponding 

dimensions ranged between r = 0.192 – 0.485. Of the 

foot dimensions, right foot width displayed the strongest 

correlation with stature for all groups (male, females, 

combined). It is established that no two populations have 

the same average mean for stature.
[19]

 The result of the 

present study as shown on figure 3 recorded 176.49±7.4 

cm as mean stature in males and 166.36±7.1 cm in 

females while the combined sample population recorded 

171.42±7.25 cm. There exist mean stature differences 

between males and females which was sexually 

dimorphic P<0.001). This suggested that male adults in 

this sample population are taller than the females. 

Ibeabuchi et al., (2018)
[20]

 found similar values in the 

same population but different age range. 

 

The values as obtained in this present study were 

compared with values from similar studies in other 

populations, it was observed that values of stature and 

foot dimension from the present study are greater than 

values reported by Bindurani et al., (2017)
[17]

 in a 

selected Indian population, Ozden et al. (2005)
[15]

 and 

Zeybek et al. (2008)
[4]

 in Turkeish populations, Krishan 

and Sharma (2007) in a north Indians popupation, 

Mansur et al. (2012 )
[22]

 on adult Nepalese population 

and Kim et al. (2018)
[23]

 on a South Korean population 

comprising males and females. These findings agree with 

Hossain et al. (2010)
[12]

 that higher values in 

anthropometric dimensions are obtainable in negroid 

populations. While these differences could be explained 

in part by population-specific genetic variation, varying 

morphological features such as foot sizes would likely 

depend upon geographical distribution and primary racial 

characteristics.
[24]

 These populational differences in 

anthropometric dimensions is necessary for the 

establishment of population-specific algorithms for 

stature prediction from foot dimensions. 

 

All dimensions were assessed for their ability to predict 

stature using simple linear regression based upon SEEs 

and R² values. Of the foot dimensions, right foot width 

consistently provided the lowest SEEs and highest R² 

values. This finding was compared with results achieved 

by Zeybeck (2008)
[4] 

which showed that RMMH had the 

lowest SEE and R
2 

values. Ozaslan et al. (2012)
[25]

 

reported that lower extremity measurements are more 

defining than upper extremity measurements in stature 

estimation. 

 

Multiple linear regression models were generated for 

male, female and combined groups for both left and right 

sides the present study showed that the most efficient 

equation for predicting stature from foot dimensions is 

that of male right foot measurements which was 

statistically significant at P<0.001 with an adjusted R
2
 of 

0.448. this study agrees with Ishak et al., (2012)
[14]

 that 

single predictors are more efficient in estimating stature 

than multiple predictors. 

 



Onah et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

82 

In cases where multiple dismembered fleshed body parts 

being recovered for analysis, the model with the lowest 

SEE should be chosen, as this will produce the most 

accurate stature estimate. Dependent on the body parts 

available, a simple or multiple regression model may 

provide the lowest SEE. 

 

4.1 CONCLUSION 

The purpose of this study was to create practical models 

for the determination of sex and stature in a Pan Nigerian 

Lagos population using anthropometric data from the 

foot. This research has contributed to the existing body 

of work by supplying models for the estimation of sex 

and stature using foot anthropometric dimensions which 

had not been previously tested for this population. 

Multiple regression models were also created which 

involved the combination of all foot measurements for 

stature and sex determination; something not before 

undertaken in such a population. Using the models 

created in this research stature can be estimated in a 

contemporary Pan Nigerian Lagos population. 

Anthropometric data are important for product design 

and development in global markets. Appropriate use of 

anthropometric measures may improve wellbeing, health, 

comfort security and safety. Further exploration and 

testing with a larger sample is required to confirm the 

value of these dimensions for sex and stature estimation 

in Nigerian sampled populations. With a larger sample 

and more equal representation of males and females it is 

anticipated sex bias would be comparable to other results 

albeit the current results are valuable. 
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