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Abstract. The dynamic nature of the population makes it necessary to have 
reliable and updated data on the human foot dimensions. Many factors are 
responsible for the different forms and structures of the human foot, such as 
age, gender, nutrition, and genetic composition, among others. This study 
was carried out to optimize and analyse the various foot dimensions of the 
female subjects. A total of 200 female subjects participated willingly in the 
study, and 27-foot measurements were obtained. The results revealed the 
mean foot length to be 24.7cm with an SD of 1.2 while the mean foot breadth 
was obtained as 9.3cm having an SD of 0.6cm. The mean obtained was 
58.7kg having a standard deviation of 12.5. From the findings, it can be 
concluded that a statistically significant correlation exists between foot 
length and body weight (p<0.001), with the value being r = 0.48 and also 
that for foot breadth and body weight being(r = 0.49). These findings were 
compared to those from other studies, and it was concluded that the variation 
in the values could be due to environmental, ethnic, and racial differences. 

1. Introduction 
 
1.1  Foot Anthropometry 

 
Foot anthropometry is basically the measurement of the size as well as dimensions of the 

foot. The human foot is a complex structure Igbigbi et al. [1], Ante et al. [2]. Foot breadth 
and foot length are the parameters that are frequently measured. Knowledge of foot 
anthropometry is key to the manufacturing of conveniently satisfying and serviceable 
footwear. The foot is known to be a very intricate framework comprising many bones and 
joints Manganaro et al. [3]. Foot anthropometry enables the optimization of products by 
providing statistical data on the distribution of foot measurements in the target population.   

Many factors are taken into consideration during the measurement of human foot which 
invariably affect the overall data obtained. The dynamic characteristics of a human foot are: 
Eversion: Tuning of the foot outward, Dorsiflexion: Rising the foot in the upwards direction, 
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Energy Return: Energy storage and return ability of the foot, Impact absorption: Ability of 
the foot to absorb shock: Torsion: Twisting of the foot due to exertion of forces.  Software 
was developed for testing the performance of the various gait modalities [4] 

 Also, Witana et al. [5] recommended a procedure to automatic foot measurement 
employing three dimensional (3D) scanned data. Eighteen (18) measurements of the foot 
were computed from scanned data. Each participant’s foot was measured twice manually by 
two operators. They concluded that, there were no significant differences between simulated 
and manual measurements for seventeen of the eighteen foot measurements and heel width 
dimension was the exception. They also established that replicable information can also be 
obtained from automatic measurement with scanned data. However, [6] developed a method 
employing a 3-D digitizing device, which measures structural characteristics, shape and foot 
dimension, A total of twenty three (23) variables were obtained from the coordinates of 
twenty six (26) digitized points on the foot and leg. In another work done by Krauss et al. 
[7], the contrast existing between female feet and last design were investigated and they 
concluded that width differences between foot types and lasts differ significantly greatly (0-
9mm). Also Wang (2010) defined a fitness function to ascertain the ideal shoe last among 
respective options in order to establish a procedure for the most befitting shoe last for human 
foot which is the purpose of the study. The research was based on Reverse Engineering 
technology. This involved scanning the human foot surface together with shoe lasts in stereo 
lithography (STL) pattern, this constructed the dimensions: joint circumference, waist 
circumference and instep circumference. The membership functions of these circumference 
dimensions between the shoe last and human foot were analyzed and built using fuzzy theory, 
also the weighting functions for each girth in order to find out the fitness function in the 
whole databases of the shoe last for the foot was decided by applying the analytical hierarchy 
process (AHP), from where three (3) case studies were applied to obtain the ranking of ten 
(10) shoe lasts in the database. He concluded that the research can be employed as a 
benchmark in the design and making of shoes. Since it defines the correlation between human 
foot and shoe last. Concerning the aspect of gender differences. Fritz et al. [8] established 
that static foot measurements can be utilized as fundamental design standards for footwear.  
 
1.2 Application of Foot Anthropometry 

 
1.2.1 Medical Rehabilitation 

 
Foot anthropometry is employed in the construction of medical rehabilitation equipment 

such as prosthetics which are artificial devices that substitute a body part that is missing either 
due to birth abnormality or disease. The aim of these prostheses is to recreate the typical 
functions of the missing body part. Some studies were carried out on this which include those 
by Albert and Ahmed [9] who constructed a lower extremity that can be adjusted for use in 
Baghdad, Iraq. This developed device aided the amputees in different aspects of movement 
involving kneeling and standing. Ekezie [10] also established foot anthropometry of the Igbos 
in South Eastern Nigeria which would be valuable in the stature reconstruction in situations 
requiring prosthetic and orthotic foot designs. 

 
1.2.2 Forensic Science 

 
 The forensic anthropologist makes use of foot anthropometric dimensions to determine 

gender, age, race and stature of the evidence available in a crime scene. However, Singla et 
al. [11] reported that in events of natural disasters and terror strikes, recovery of body in 
developed phase of decomposition and incapacitated state, the height and gender from foot 
dimension can be helpful in the identification process. 
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dimension can be helpful in the identification process. 

 
1.2.3 Footwear Design 

 
Footwear designers and manufacturers must use anthropometric foot measurement in 

order to avoid cases of misfit which may result in pain, injury and in severe cases deformity. 
This was supported by the study done by Baxter [12] who collected standard foot 
anthropometric data from New Zealand army personnel for the purpose of better footwear 
design and manufacture which in turn minimizes the occurrence of injury or damage. In 
addition, Buldt and Menz [13] examined the relationship between improper footwear, foot 
abnormalities, foot pain as well as frequent use of unsuitable footwear. Their study concluded 
that improper footwear was connected to foot pain and disorders also that a large segment of 
the population put on incorrect footwear. 

 The present study therefore seeks to optimize and analyze the female foot anthropometric 
dimensions for optimal results which can be applied by researchers, podiatrists, industrialists 
among others. 

. 
2.      Materials and Method 

 
2.1.  The steps taken in carrying out this study will be fully explained. The procedure 

is encapsulated as follows in Figure 2.1: 
 

  

      

 

                 

              

            

 

 

 

 

 

      
 
    Figure 2.1:  Flow chart for foot anthropometry 
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2.1.1   Research Design 
 

An extensive survey of literature was carried out in order to extract the decisive variables that 
play pivotal role in female foot anthropometry. From the literature review, a total of thirty-
six (36) variables were obtained. Questionnaires were skillfully produced with the thirty-six   
identified variables. Data were obtained from the Ugbowo community of Benin, Benin- City, 
Edo State for the female gender. These set of data were analyzed using Descriptive statistics, 
Correlation and Regression analysis, Eigen value and Eigen vector computation. The 
corresponding results, were presented as well as discussed, conclusions and 
recommendations   were drawn. 

 
2.1.2   Population of the Study 

 
By the population of the study, it is meant the number of subjects that participated in the 

study. A total number of two hundred (200) subjects participated which were drawn from the 
different geo political zones. The subjects were all female. 

 
2.1.3 Data Source and Size 

 
The source of the data for the study was from the Ugbowo community in Benin-City, Edo 

State. The Ugbowo community of Benin-City is ideally located and has a sizeable portion of 
the population of interest. The dimensions are the demographic and measured dimensions. 
Twenty – seven foot anthropometric measurements were made excluding. These 
measurements were from 200 female participants.  

The dimensions are listed below and some of the individual foot diagrams depicting them 
are;  Age, Weight, Stature, Waist height, Waist thigh length, Thigh Circumference, Crotch 
height, Knee height, Knee Circumference, Calf height, Calf girth, Outer ankle height, Inner 
ankle height, Ankle girth, Foot length, Foot breadth, Heel height, Heel girth, Bimalleolar 
breadth (BMB), Heel breadth, ball Circumference, Foot waist Circumference, Instep 
Circumference, Instep height, Instep length, Ball height, Toe length, Toe height, Toe 
Circumference. 

 
2.1.4 Samples and Sampling Technique 

 
Sampling is a process of selecting a part of the population for the intended study. A 

sample is referred to as a cross section of people, objects or items taken from a larger target 
population for measurement. Simple random sampling technique was employed for this study 
from the various sampling techniques available. 

 
2.1.5   Sample Size  

 
Figure 2.2 is a scree plot depicting the determination of sample size from the cumulative 

standard deviation of the stature and the population. The sample size was obtained at the 
point where the curve became stable.. 
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    Figure 2.2: Screen Plot to Determine Sample Size 
 

2.1.6   Method of Data Collection 
 
The participants were willing to take part in the study by giving permission to be 

measured so as to get the appropriate data. They were also required to take off their footwear. 
In order to avoid diurnal error, the measurements were made at specific period of the day 
from the period of 9: 00am to 3:00pm. Duration of measurement for each participant was 
about 30 minutes which later reduced to 20 minutes with subsequent measurement. 

 
2.1.7 Measurement Method and Equipment 
 
In order to obtain accurate and reasonable foot anthropometric measurements as shown 

in Figure 2.3, dependable and trustworthy equipment are required. They should be well 
calibrated and of good quality for correct readings. Such equipment employed to attain the 
anthropometric measurements include: Weighing scale: which was used to measure the 
weight of the participants to the nearest 0.1kg, large digital sliding calliper as shown in Figure 
2.4: was employed in taking length measurements, small sliding calliper: measured the width 
dimensions to the nearest 0.1cm, adjustable rule: was used to measure height to the nearest 
0.1cm and the soft metric tape: this measured the girth/circumference dimensions. 
 

 
  

Figure 2.3: Foot anthropometric measurements 
 

 
 

Standard Deviation (Stature) vs Population
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Figure 2.4: Measuring instrument-Vernier Calliper 
 
3.0    RESULTS AND DISCUSSION 

3.1    Results 
 

Table 3.1 Descriptive statistics of females 

          
  

Percentiles 
MEASUREMENTS 

(Female) MEAN SD MIN MAX 5th 25th 50th 75th 95th 

AGE 24.7 7.4 18.0 55.0 18.0 20.0 23.0 27.0 44.9 

WEIGHT 58.7 12.5 40.0 120.0 43. 1 50.0 56.5 64.0 80.0 

STATURE 164.6 6.3 150.0 182.0 154.5 160.0 164.0 168.2 176.7 

WAIST HEIGHT 103.9 5.1 94.2 119.0 97.0 100.0 104.0 107.2 112.4 
WAIST THIGH 
LENGTH 25.4 3.9 17.0 38.0 20.0 22.0 25.0 28.0 32.0 

THIGH GIRTH 56.7 7.8 42.5 92.0 46. 1 51.5 55.0 61.0 71.0 

CROTCH HEIGHT 77. 1 4.7 65.5 88.5 70.5 73.2 77.0 79.5 85.5 

KNEE HEIGHT 48.4 3.2 35.5 59.9 44.5 46.6 48.5 50.0 52.5 

          
KNEE 
CIRCUMFERENCE 38. 1 4.1 24.5 55.0 32.5 35.1 38.0 40.5 45.5 

CALF HEIGHT 34.8 2.9 29.0 43.0 30.0 33.0 34.5 36.5 40.5 
CALF 
CIRCUMFERENCE 35.1 3.5 26.0 48.5 30.0 32.5 35.0 37.5 40.9 
OUTER ANKLE 
HEIGHT 6.8 0.7 5.5 8.0 5.8 6.2 6.9 7.3 8.0 
INNER ANKLE 
HEIGHT 7.8 0.7 6.4 9.4 6.5 7.2 7.8 8.2 9.0 
ANKLE 
CIRCUMFERENCE 26.4 2.3 21.5 36.5 23.5 25.0 26.0 27.5 30.0 

FOOT LENGTH 24.7 1.2 21.5 28.4 22.7 23. 1 24.9 25.5 27.2 

FOOT BREADTH 9.3 0.6 7.7 10.9 8.2 9.0 9.3 9.7 10.3 

HEEL HEIGHT 5.2 0.7 3.5 7.4 4.0 4.8 5.2 5.7 6.4 
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Group 1 

Table 3.2:  Females Correlation wielding meritorious and substantial 
Correlation coefficients 

 
Coefficient Dimension 1 Dimension 2 

829.06,2 =r  Weight Thigh girth 

811.09,2 =r  Weight Knee circumference  

831.011,2 =r  Weight Calf circumference 

659.021,2 =r  Weight Joint girth 

683.022,2 =r  Weight Foot waist girth  

844.04,3 =r  Stature  Waist height 

742.07,3 =r  Stature Crotch height 

697.015,3 =r  Stature Foot length 

742.09,6 =r  Thigh girth  Knee circumference 

699.011,6 =r  Thigh girth Calf circumference 

802.011,9 =r  Knee circumference Calf circumference 

658.021,11 =r  Calls circumference Joint girth 

73.022,11 =r  Calls circumference Foot waist girth 

678.018,15 =r  Foot length Knee circumference 

761.025,15 =r  Foot length Instep length 

812.021,16 =r  Foot breath Joint girth 

708.022,16 =r  Foot breath Foot waist girth  
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915.022,21 =r  Joint girth  Foot waist girth 

866.023,21 =r  Joint girth Instep girth 

905.023,22 =r  Foot waist girth  Instep girth 

 
Group 2 

Table 3.3: Female Correlation wielding weak correlation coefficients 
 

Coefficient Dimension 1 Dimension 2 
051.02,1 =r  Age Weight 

093.017,1 =r  Age Heel height 

177.012,2 =r  Weight Outer ankle height 

071.026,3 =r  Stature Ball height 

029.028,4 =r  Waist height Toe height 

227.017,14 =r  Ankle circumference Heel height 

262.024,15 =r  Foot length Instep height 

162.027,19 =r  BMB Length 

24.028,21 =r  Joint girth Toe height 

115.020,10 =r  Calf height Heel breadth 
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Figure 3.1 :- Correlation Matrix of the Females Data 
 

3.2   DISCUSSION 

Table 3.1 depicts the descriptive statistics of foot dimensions of the female participants. The 
mean age was found to be 24.74 ± 7.43. The tables also showed that the mean weight  
obtained as 58.15 ± 13.29. Also, the mean of the stature was 164.59 ± 6.34. On the aspect of 
the foot dimensions, the mean foot length gave 24.71 ± 1.24 and the foot breadth also gave 
9.3 ± 0.6. In the same table also, the 50th percentile was 164cm tall and the stature span was 
32cm, between the range of 150cm and 182cm. Also, the age for the 50th percentile was 
25years having a span of 37years from 18years to 55years. The 50th percentile gave a body 
weight of 56kg from 27kg to 120kg and a span of 93kg.. On the side of the foot 
measurements, the 50th percentile also gave a foot length of 24.88cm, which ranged from 
21.54cm to 28.39cm and a span of 6.77cm.  

The result for the correlation analysis was divided into two groups: the substantial and 
meritorious correlation coefficients as well as the weak ones. Table 3.2 shows the first group 
of inter play among the various foot dimensions. The various correlation coefficients were 
noted which also show those dimensions exhibiting substantial and meritorious relationships. 
The highest value of correlation coefficients ‘r’ was obtained for ball/joint girth and foot 
waist girth (0.915), foot waist girth and instep girth (0.905) in addition to ball/joint girth and 
instep girth. Table 3.3 gives the weak correlation coefficients with waist height and toe height 
having the least value (0.029). Also the correlation matrix was obtained for the foot 
dimensions as shown in Figure 3.1, this shows the detailed values of all the associations 
between the individual foot measurements. Generally, the use of shoes with inaccurate length 
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can result to foot injuries, Rodríguez-Sanz, et al. [15],  Menz et al. [16], Castro et al. [17], 
the need therefore arises to match the foot with the correct shoe size using the right foot 
dimensions. Foot length of the female obtained, ranged from 21.5 cm to 28.4 cm having a 
Mean of 24.7 cm with a SD of 1.2. This result is in line with that of [18], Oommen et al. [19], 
Patel et al [20], Danborno et al [21] and Chikhalkar et al [22]. Foot breadth on the other hand, 
ranged from 7.7 cm to 10.9 cm having a Mean of 9.3cm with also a SD of 0.6. These findings 
in agreement with the works of Patel et al. (2012), Tandor et al [23] and Chikhalkar et al. 
[22] The Correlation coefficient ‘r’ obtained for foot length and weight was (r=0.48), this 
does not correspond with the study by [24], who obtained (r=0.227). The same is also 
applicable to the result of the study by Abiedu et al. [25]  where they had the value of (r = 
0.313). These variations in the values of the coefficient of correlation could be attributed to 
racial and ethnic differences.  

4.0 CONCLUSION 

The anthropometric data developed, will serve as a template for the Ugbowo community 
where the study was carried out. The findings from this work go further to prove that 
environmental as well as ethnic and racial factors have a huge impact on  the foot 
anthropometric dimensions, therefore, it would be inept to apply the same result for different 
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