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STATISTICAL-MATHEMATICAL PROCESSING OF ANTHROPOMETRIC FOOT PARAMETERS AND ESTABLISHING SIMPLE AND MULTIPLE 
CORRELATIONS. PART 1: STATISTICAL ANALYSIS OF FOOT SIZE PARAMETERS 

ABSTRACT. The purpose of this study is to evaluate anthropometric parameters resul# ng from measurements by their sta# s# cal and 
mathema# cal processing. The study was conducted on a sample of 300 male subjects from three geographic regions of Romania: South (100 
subjects), East (100 subjects) and Centre and West (100 subjects). The anthropometric data collected by 3D scanning of the le&  and right 

foot were grouped into four samples (South, East, Centre-West and Total) and the sta# s# cal indicators of characteriza# on (arithme# c mean 
and standard devia# on) and sta# s# cal variables (the minimum and maximum values, the amplitude and the coeffi  cient of varia# on) were 
calcuated for each varia# onal sequence of the 20 anthropometric parameters studied. To verify the working hypothesis that there were no 
signifi cant diff erences between le&  and right foot, Student’s t-test and the Fisher (F) test were used to verify the variants. Both tests have 
shown that there are no signifi cant diff erences between the le&  foot and the right foot for most anthropometric parameters. Samples for 
the four groups studied were based on the average of anthropometric parameters of the right and le&  foot. One-dimensional normal-size 
distribu# on for Foot Length (Lp) and Toe Girth (Pd) anthropometric parameters was verifi ed. In this respect, the limits of the frequency 
classes, the centre of the class and the rela# ve and absolute frequencies were established. This distribu# on is found in the commissioning of 
the shoe size series. For an op# mal fi t of the shoe, it is necessary to divide the size series into length and width classes.
KEY WORDS: anthropometric parameters, foot, sta# s# cal indicators

PRELUCRAREA STATISTICO-MATEMATICĂ A PARAMETRILOR ANTROPOMETRICI AI PICIORULUI ŞI STABILIREA CORELAŢIILOR SIMPLE ŞI 
MULTIPLE. PARTEA 1: ANALIZA STATISTICĂ A PARAMETRILOR DIMENSIONALI AI PICIORULUI

REZUMAT. Scopul acestui studiu constă în evaluarea parametrilor antropometrici rezultaţi din măsurători, prin prelucrarea sta# s# co-
matema# că a acestora. Studiul a fost efectuat pe un eşan# on format dintr-un număr de 300 subiecţi, sex masculin, din trei regiuni geografi ce ale 
României: Sud (100 subiecţi), Est (100 subiecţi) şi Centru şi Vest (100 subiecţi). Au fost grupate datele antropometrice prelevate prin scanarea 
3D a piciorului stâng, respec# v drept, în patru eşan# oane (Sud, Est, Centru-Vest şi Total) şi au fost calculaţi indicatorii sta# s# ci de caracterizare 
(media aritme# că şi abaterea standard) şi indicatorii sta# s# ci de variaţie (valoarea minimă şi cea maximă, amplitudinea şi coefi cientul de 
variaţie) pentru fi ecare şir varia# onal ai celor 20 de parametri antropometrici studiaţi. Pentru verifi carea ipotezei de lucru conform căreia 
nu există diferenţe semnifi ca# ve între piciorul stâng şi piciorul drept, s-a u# lizat testul t Student, iar pentru verifi carea variantelor s-a u# lizat 
testul Fisher (F). Ambele teste au demonstrat că nu există diferenţe semnifi ca# ve între piciorul stâng şi piciorul drept pentru majoritatea 
parametrilor antropometrici. S-au cons# tuit eşan# one pentru cele patru grupuri studiate în baza mediilor parametrului antropometric 

pentru piciorul drept şi piciorul stâng. A fost verifi cată repar# ţia unidimensională de # p normal pentru parametrii antropometrici Lungimea 
piciorului (Lp) şi Perimetrul la degete (Pd). În acest sens, au fost stabilite limitele claselor de frecvenţă, centrul clasei şi frecvenţele rela# vă şi 
absolută. Această repar# ţie se regăseşte în formarea comisioanelor la stabilirea seriei de mărimi a încălţămintei. Pentru o potrivire op# mă a 
încălţămintei este necesar ca seria de mărimi să fi e împărţită pe clase de lungimi şi lărgimi.
CUVINTE CHEIE: parametri antropometrici, picior, indicatori sta# s# ci

LE TRAITEMENT STATISTIQUE-MATHÉMATIQUE DES PARAMÈTRES ANTROPOMÉTRIQUES DU PIED ET LA DÉTERMINATION DES 
CORRÉLATIONS SIMPLES ET MULTIPLES. PREMIÈRE PARTIE : L’ANALYSE STATISTIQUE DES PARAMÈTRES DIMENSIONNELS DU PIED 

RÉSUMÉ. Le but de ce$ e étude est d’évaluer les paramètres anthropométriques résultant des mesures, par leur traitement sta# s# que et 
mathéma# que. L’étude a été réalisée sur un échan# llon de 300 sujets masculins de trois régions géographiques de la Roumanie: Sud (100 
sujets), Est (100 sujets) et Centre et Ouest (100 sujets). Les données anthropométriques recueillies par le balayage 3D du pied gauche et 
du pied droit ont été regroupées en quatre échan# llons (Sud, Est, Centre-Ouest et Total) et les indicateurs sta# s# ques de caractérisa# on 
(moyenne arithmé# que et écart-type) et les variables sta# s# ques (les valeurs minimale et maximale, l’amplitude et le coeffi  cient de varia# on) 
ont été calculés pour chaque séquence varia# onnelle des 20 paramètres anthropométriques étudiés. Pour vérifi er l’hypothèse de travail 
selon laquelle il n’y avait pas de diff érence signifi ca# ve entre le pied gauche et le pied droit, le test-t de Student et le test de Fisher (F) 
ont été u# lisés pour vérifi er les variantes. Les deux tests ont montré qu’il n’y avait pas de diff érence signifi ca# ve entre le pied gauche 
et le pied droit pour la plupart des paramètres anthropométriques. Les échan# llons pour les quatre groupes étudiés ont été basés sur 
la moyenne anthropométrique du pied droit et du pied gauche. La distribu# on de taille normale unidimensionnelle pour les paramètres 
anthropométriques de longueur du pied (Lp) et de périmètre aux orteils (Pd) a été vérifi ée. À cet égard, les limites des classes de fréquence, 
du centre de la classe et des fréquences rela# ve et absolue ont été établies. Ce$ e distribu# on se trouve dans la mise en service de la série de 
chaussures. Pour un ajustement op# mal de la chaussure, il est nécessaire de diviser les séries de tailles en classes de longueur et de largeur.
MOTS CLÉS : paramètres anthropométriques, pied, indicateurs sta# s# ques
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INTRODUCTION 

Manufacturing comfortable footwear 
relies on anthropometric research, which 
determines the morphological character of the 
foot, the behavior of the foot-footwear system 
and the results of the morpho-func! onal 

op! miza! on of the shape of the product.

The natural anatomic-morphological 

construc! on of the foot, its correct sta! c and 

dynamic func! oning is ensured by a ra! onal 

inner shape of the shoe, the shape which is 

determined in turn by the construc! on of the 

last.

The construc! on of the last, the 

establishment of the dimensions required to meet 

the comfort requirements of a larger propor! on 

of consumers with minimal produc! on costs, 

must be based on the knowledge and the most 

accurate characteriza! on of the anatomic-

morphological diff erences of the types of 

foot encountered within that popula! on of 

consumers and the frequency of these types 

within the popula! on.

For this purpose, it is periodically 

necessary to perform anthropometric studies 

on the popula! on diff eren! ated according to 

certain criteria (sex, age, geographical region, 

etc.) in order to obtain informa! on about the 

dimensional par! culari! es of the average 

representa! ve foot for that popula! on, the laws 

of distribu! on of anthropometric parameters 

that characterize the representa! ve average foot 

of the popula! on of the respec! ve country.

All this informa! on will be used directly 

for the ra! onal dimensioning of lasts to solve 

two important aspects: on the one hand the 

standardiza! on of the shape and the dimensions 

of the last, i.e. fi nding the op! mal rela! onship 

between the dimensions of the separate parts 

based on the construc! on of real biometric 

models of the wearer’s foot and the varia! on 

of its dimensional characteris! cs within the 

popula! on in order to defi ne the par! cular foot 

sizes of the popula! on, and on the other hand, 

the calcula! on of the percentage distribu! on of 

the footwear corresponding to a par! cular size 

of the wearer’s foot (defi ning tallies of sizes and 

widths).

Tallies of serial produc! on must match the 

shape and the internal dimensions of the shoe 

given by the last and the shape and dimensions 

of the foot of the majority of wearers.

The values   of the anthropometric 

parameters reveal the dimensional changes of 

the foot depending on gender, age, geographical 

condi! ons.

Anthropometric data sampling can be 

done using two measurement methods:

· by direct contact with the foot to 

be measured, where the values 

are measured and recorded 

manually;

· by collec! ng anthropometric data 

without direct contact, in which 

case the foot conforma! on and 

dimensions are obtained through 

3D scanning systems that allow 

storage and processing of data 

with specialized so$ ware.

The correla! on of the inner dimensions of 

the shoe with the anthropometric dimensions of 

the foot is par! cularly important in order to meet 

the comfort condi! ons, the most representa! ve 

being: toe width, toe height, heel breadth, and 

foot length.

The purpose of this study is to evaluate 

anthropometric parameters resul! ng from the 

measurements by means of their sta! s! cal and 

mathema! cal processing.

EXPERIMENTAL 

Materials and Methods 

The 3D foot shape based on which 

anthropometric parameters are measured was 

scanned using the INFOOT USB system (Figure 1) 

made up of the 3D scanner and the dedicated 

MEASURE 2.8 so$ ware. The system enables foot 

shape scanning and can automa! cally recognize 

and place up to 20 anatomical measurement 

points.

Figure 1. INFOOT USB 3D Scanner 
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Foot shape scanning and placement of 
anatomical points on the surface of the scanned 
foot shape enabled determina# on of values for 
a set of 20 anthropometric parameters, lengths, 
widths, girths and angles (Table 1) [1].

Anthropometric footprints obtained using 
the INFOOT USB system were sta# s# cally analyzed 
using the SPSS so$ ware package, which is a package 

dedicated to sta# s# cal data processing, making it 
easy to obtain the desired results quickly.

Subjects

Anthropometric studies were conducted on a 
sample of 300 male subjects from three geographic 
regions of Romania: South (100 subjects), East (100 
subjects), and Centre and West (100 subjects). 
Subjects with par# cular anthropometric features, 
including deformi# es and structural abnormali# es 
of the foot, were excluded.

RESULTS AND DISCUSSIONS

Verifying the Sta! s! cal Signifi cance of 

Diff erences between Anthropometrical 

Parameters of the Le$  and Right Foot Using 

Student Test and Fisher Test 

Student’s t-test was used to test the 
working hypothesis that there are no signifi cant 

diff erences between le$  and right foot. The 

test determines the associated probability to 

determine if two samples are likely to come 

from the same two basic popula# ons that have 
the same mean. The research hypothesis in the 
case of the group of subjects is represented by 
the sta# s# cal signifi cance of the recorded values   
for the le$  and right foot compared to the mean 

values   for the le$  and right foot. The T test 

confi rms whether there is a signifi cant diff erence 

between these values. This will allow the use of 

mean values   in establishing correla# ons and 

varia# on laws by building samples based on the 

mean value of the antropometric parameter 

associated to the le$  foot and the one associated 

to the right foot.

To determine whether the results obtained 

are sta# s# cally signifi cant, the calculated values   

are compared to p = 0.05 for a 95% probability. 

To confi rm the null hypothesis, the p values   must 

be greater than p = 0.05.

The results of the Student’s Test are 

presented in Table 2. T test values lower than 

the signifi cance threshold of 0.05 are indicated 

for the following anthropometric parameters: 

instep height (Hr), toe 1 height (Hd1), height 

of navicular (Hn), height of Sphyrion fi bulare 

(Hsf), height of the most lateral point of lateral 

malleolus (Hme), heel angle (Uc), and ankle girth 

(Pg). For the other anthropometric parameters, 

the null hypothesis is confi rmed, according 

to which there are no sta# s# cally signifi cant 

diff erences between the means of the studied 

parameters.

The Fisher test was used to verify that 

variants in the matrix of anthropometric 

parameters for the le$  foot did not diff er 

signifi cantly from the variants of the right foot 

matrix values. The values   obtained for the F test 

are shown in Table 2.

The analysis of the values   obtained by 

applying the two types of tests results in the 

rejec# on of the null hypothesis, and consequently 

the existence of signifi cant diff erences between 

the right and the le$  foot in the case of one 

anthropometric parameter, namely the height of 

Sphyrion fi bulare (Hsf).

1. Foot length Lp (mm)

2. Ball girth circumference Pd (mm)

3. Foot breadth ld (mm)

4. Instep circumference Pr (mm)

5. Heel breadth lc (mm)

6. Instep length Lr (mm)

7. Toe height Hd (mm)

8. Instep height Hr (mm)

9. Toe 1 angle Ud1 (o)

10. Toe 5 angle Ud5 (o)

11. Toe 1 height Hd1 (mm)

12. Toe 5 height Hd5 (mm)

13. Height of navicular Hn (mm)

14. Height of Sphyrion fi bulare Hsf (mm)

15. Height of Sphyrion Hs (mm)

16.
Height of the most lateral point of 

lateral malleolus
Hme (mm)

17.
Height of the most medial point of 

medial malleolus
Hmi (mm)

18. Heel angle Uc (o)

19. Heel girth Pc (mm)

20. Ankle girth Pg (mm)

Table 1: Analysed anthropometric foot 

parameters 
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Table 2: T (student) test and F (Fisher) test

Anthropometric parameters T test F test

1. Foot length Lp 0.317589 0.564553

2. Ball girth circumference Pd 0.338263 0.483241

3. Foot breadth ld 0.101553 0.319551

4. Instep circumference Pr 0.298322 0.63871

5. Heel breadth lc 0.416227 0.680185

6. Instep length Lr 0.005163 0.259382

7. Toe height Hd 0.381454 0.83237

8. Instep height Hr 4.07E-05 0.830783

9. Toe 1 angle Ud1 0.067916 0.116667

10. Toe 5 angle Ud5 0.083654 2.4E-274

11. Toe 1 height Hd1 0.02601 0.730987

12. Toe 5 height Hd5 0.145579 0.058903

13. Height of navicular Hn 8.66E-23 0.643273

14. Height of Sphyrion fi bulare Hsf 0.001586 0.009536

15. Height of Sphyrion Hs 0.059013 0.660882

16. Height of the most lateral point of lateral malleolus Hme 0.001909 0.102374

17. Height of the most medial point of medial malleolus Hmi 0.262626 0.800037

18. Heel angle Uc 2.22E-07 0.398818

19. Heel girth Pc 0.114933 0.863741

20. Ankle girth Pg 0.020876 0.475921

Sta� s� cal Indicators of Characteriza� on and 

Varia� on of Anthropometric Parameters

The main calculated sta" s" cal indicators 

are arithme" c mean ( ), standard devia" on 

(S), sample dispersion (S2), minimum, maximum, 

variance amplitude (A) and coeffi  cient of 

varia" on (CV). The sta" s" cal indicators for 

characteriza" on and varia" on of the calculated 

anthropometric parameters are presented in 

Table 3.

Arithme" c mean ( ) represents the 

central trend of sta" s" cal selec" on, it can be 

strongly infl uenced by extreme values and 

refl ects the values of the en" re varia" onal 

sequence. The arithme" c mean ( ), for the 

unmatched data (simple series) [2, 3, 4] is 

calculated with the rela" on:

     

(1)

where:  = sum of scores;  = 

total number of scores.

Dispersion is how the values in the series 

revolve around the series. This is calculated as an 

arithme" c mean of squares of devia" ons from 

their arithme" c mean [5, 6]. For simple series:

 (2)

The standard devia" on represents 

the degree of sca% ering of the series values 

compared to the mean. This is the square root 

of the dispersion value, which indicates how 

much the values of the series deviate from their 

arithme" c mean [7, 8, 9]. For simple series:

   

(3)

The amplitude of the varia" on is the 

diff erence between the maximum value and 

the minimum value of a distribu" on and 

indicates the value range of the distribu" on. The 

amplitude is obtained by the diff erence between 

the maximum value and the minimum value of 

the series values and is calculated by the formula 

[10, 11, 12]:

    

(4)

Coeffi  cient of varia" on (CV%) - refers to 

the degree of sca% ering of values in a series 

around the mean. It is defi ned as the ra" o of 
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the standard devia# on of a distribu# on and its 
arithme# c mean [13]. It is used to analyze the 
degree of sca$ ering of a distribu# on.

(5)

· If CV<15% then the sca$ ering is small - 

the case of most anthropometric parameters;

· If 15%<CV<30%, sca$ ering is medium 

- these situa# ons are highlighted in yellow in 

Table 3;

· If CV>30% then sca$ ering is high - these 

situa# ons are highlighted in red in Table 3.

The sta# s# cal indicators for charac-
teriza# on and varia# on of the calculated anthro-
pometric parameters are presented in Table 3.

Table 3: Sta# s# cal indicators of characteriza# on of anthropometric parameters

No.
Anthropometric

parameters
Group

No. of

subjects (mm)

S

(mm)

S2

(mm2)

Min 

(mm)

Max

(mm)

A

(mm)

CV

(%)

1 Lp

South 100 259.70 21.28 453.01 244.65 274.75 30.10 8.20

East 100 263.25 17.96 322.58 250.55 275.95 25.40 6.82

Centre and West 100 280.78 6.82 46.56 275.95 285.60 9.65 2.43

Total 300 267.43 13.15 172.81 229.05 302.50 73.45 4.92

2 Pd

South 100 275.13 11.14 124.03 267.25 283.00 15.75 4.05

East 100 258.95 4.74 22.45 255.60 262.30 6.70 1.83

Centre and West 100 271.45 12.94 167.45 262.30 280.60 18.30 4.77

Total 300 261.09 13.28 176.49 217.60 297.35 79.75 5.09

3 ld

South 100 111.45 4.60 21.13 108.20 114.70 6.50 4.12

East 100 105.98 0.18 0.03 105.85 102.50 0.25 0.17

Centre and West 100 110.88 7.11 50.50 105.85 115.90 10.05 6.41

Total 300 106.89 5.73 32.78 87.35 122.00 34.65 5.36

4 Pr

South 100 311.95 52.11 2715.85 275.10 348.80 73.70 16.71

East 100 264.03 4.42 19.53 260.90 267.15 6.25 1.67

Centre and West 100 268.08 1.31 1.71 267.15 269.00 1.85 0.49

Total 300 263.31 15.00 225.02 224.75 348.80 124.05 5.70

5 lc

South 100 72.13 1.73 3.00 70.90 73.35 2.45 2.40

East 100 68.23 2.72 7.41 66.30 70.15 3.85 3.99

Centre and West 100 71.90 2.47 6.13 70.15 73.65 3.50 3.44

Total 300 69.98 3.96 15.70 59.95 84.60 24.65 5.66

6 Lr

South 100 186.63 13.19 173.91 177.30 195.95 18.65 7.07

East 100 191.40 14.07 198.01 181.45 201.35 19.90 7.35

Centre and West 100 202.73 1.94 3.78 201.35 204.10 2.75 0.96

Total 300 191.86 10.02 100.31 157.25 218.10 60.85 5.22

7 Hd

South 100 163.33 13.19 173.91 154.00 172.65 18.65 8.07

East 100 168.80 10.96 120.13 161.05 176.55 15.50 6.49

Centre and West 100 180.18 5.13 26.28 176.55 183.80 7.25 2.85

Total 300 169.03 8.46 71.54 142.30 188.80 46.50 5.00
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8 Hr

South 100 51.95 0.00 0.00 51.95 51.95 0.00 0.00

East 100 44.75 3.25 10.58 42.45 47.05 4.60 7.27

Centre and West 100 47.23 0.25 0.06 47.05 47.40 0.35 0.52

Total 300 46.11 3.55 12.64 36.60 58.50 21.90 7.71

9 Ud1

South 100 5.20 3.25 10.58 2.90 7.50 4.60 62.55

East 100 7.33 7.81 61.05 1.80 12.85 11.05 106.67

Centre and West 100 3.28 2.09 4.35 1.80 4.75 2.95 63.69

Total 300 6.14 4.41 19.48 -5.45 17.50 22.95 71.90

10 Ud5

South 100 18.25 1.56 2.42 17.15 19.35 2.20 8.52

East 100 13.63 4.91 24.15 10.15 17.10 6.95 36.07

Centre and West 100 12.65 3.54 12.50 10.15 15.15 5.00 27.95

Total 300 14.64 4.05 16.37 0.60 24.85 24.25 27.64

11 Hd1

South 100 27.28 3.43 11.76 24.85 29.70 4.85 12.57

East 100 24.78 4.56 20.80 21.55 28.00 6.45 18.41

Centre and West 100 25.83 3.08 9.46 23.65 28.00 4.35 11.91

Total 300 24.56 2.21 4.89 19.75 34.60 14.85 9.00

12 Hd5

South 100 22.50 0.85 0.72 21.90 23.10 1.20 3.77

East 100 20.60 2.26 5.12 19.00 22.20 3.20 10.98

Centre and West 100 22.43 0.32 22.20 22.20 22.65 0.45 1.42

Total 300 20.99 2.49 6.21 11.75 31.30 19.55 11.87

13 Hn

South 100 38.38 0.25 0.06 38.20 38.55 0.35 0.64

East 100 37.88 0.32 0.10 37.65 38.10 0.45 0.84

Centre and West 100 38.55 0.64 0.41 38.10 39.00 1.65 1.65

Total 300 38.09 0.86 0.74 35.80 40.80 5.00 2.25

14 Hsf

South 100 56.23 10.36 107.31 48.90 63.55 14.65 18.42

East 100 57.08 8.73 76.26 50.90 63.25 12.35 15.30

Centre and West 100 62.65 0.85 0.72 62.05 63.25 1.20 1.35

Total 300 58.23 4.51 20.38 42.90 69.65 26.75 7.75

15 Hs

South 100 57.45 13.44 180.50 47.95 66.95 19.00 23.39

East 100 65.23 4.84 23.46 61.80 68.65 6.85 7.43

Centre and West 100 68.45 0.28 0.08 68.25 68.65 0.40 0.41

Total 300 66.43 5.65 31.89 45.35 80.85 35.50 8.50

16 Hme

South 100 74.83 11.99 143.65 66.35 83.30 16.95 16.02

East 100 75.15 12.23 149.64 66.50 83.80 17.30 16.28

Centre and West 100 83.30 0.71 0.50 82.80 83.80 1.00 0.85

Total 300 77.84 5.24 27.42 63.85 92.95 29.10 6.73

17 Hmi

South 100 76.45 14.71 216.32 66.05 86.85 20.80 19.24

East 100 85.45 6.51 42.32 80.85 90.05 9.20 7.61

Centre and West 100 90.48 0.60 0.36 90.05 90.90 0.85 0.66

Total 300 87.22 6.46 41.71 64.60 103.15 38.55 7.40

18 Uc

South 100 2.30 2.33 5.45 0.65 3.95 3.30 101.45

East 100 3.00 0.49 0.25 2.65 3.35 0.70 16.50

Centre and West 100 1.88 2.09 4.35 0.40 3.35 2.95 111.25

Total 300 3.42 2.47 6.09 -3.75 9.60 13.35 72.16

19 Pc

South 100 358.03 17.57 308.76 345.60 370.45 24.85 4.91

East 100 338.70 16.97 288.00 326.70 350.70 24.00 5.01

Centre and West 100 360.05 13.22 174.85 350.70 369.40 18.70 3.67

Total 300 347.09 16.24 263.58 298.85 392.55 93.70 4.68
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20 Pg

South 100 286.05 16.19 262.21 274.60 297.50 22.90 5.66

East 100 272.88 12.48 155.76 264.05 281.70 17.65 4.57

Centre and West 100 290.83 12.90 166.53 281.70 299.95 18.25 4.44

Total 300 277.79 15.15 229.43 230.95 335.85 104.90 5.45

Figures 2-5 graphically represent coeffi  -cients of varia$ on of studied anthropometric parameters.

Figure 2. Distribu$ on of coeffi  cient of varia$ on 

for TOTAL group

Figure 3. Distribu$ on of coeffi  cient of varia$ on 

for SOUTH group

Figure 4. Distribu$ on of coeffi  cient of varia$ on 

for EAST group

Figure 5. Distribu$ on of coeffi  cient of varia$ on 

for WEST & CENTRE group

One-dimensional Distribu� on

The analy$ cal form of distribu$ on is [3, 13]:

(6)

where:

f(x,µ,σ) – the frequency of fi nding par$ cular 

values x
i
 of variable x within the selec$ on;

µ
x
 – arithme$ c mean of variable x;

σ2,σ – sca* ering and standard devia$ on of 

variable x;

e=2.71828 – the basis of the natural 

logarithm.

Varia� onal Sequence of Lp Variable (Foot Length)

For the group of subjects, consis$ ng of 

n = 300, the distribu$ on of the foot length (Lp) 

variable is presented in Table 4. The values of the 

varia$ onal sequence are grouped into classes; 

for each class the absolute frequencies of the 

Lp variable and the rela$ ve frequency of the 

selec$ on volume were set.

Table 4: Dis$ bu$ on of Lp variable (foot length)

Class interval 

(mm)

Class 

centre

Absolute 

frequency

Rela$ ve 

frequency (%)

<=242 10 3.33

242 - 247 245 2 0.67

247 - 252 250 26 8.67

252 - 257 255 24 8.00

257 - 262 260 42 14.00

262 - 267 265 40 13.33

267 - 272 270 48 16.00

272 - 277 275 38 12.67

277 - 282 280 34 11.33

282 - 287 285 20 6.67

287 - 292 290 8 2.67

292 - 297 295 4 1.33

297- 302 300 2 0.67

>=302 2 0.67

Total 300 100
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Figure 6 presents the histogram of absolute 
frequencies of Lp variable and the trend curve 
approxima! ng the histogram.

Figure 6. Distribu! on of absolute frequencies 

of Lp variable (foot length) and trend curve on 

class intervals for TOTAL group

Varia! onal Sequence of Pd variable (Toe Girth)

Table 5 presents intervals of classes and 

absolute frequencies of Pd variable as well as 

the rela! ve frequencies to the selec! on volume.

Table 5: Distribu! on of Pd parameter (toe girth)

Class 

interval 

(mm)

Class 

centre

Absolute 

frequency

Rela! ve 

frequency (%)

< 222 2 0.67

222 - 227 225 0 0.00

227 - 232 230 2 0.67

232 - 237 235 6 2.00

237 - 242 240 12 4.00

242 - 247 245 18 6.00

247 - 252 250 38 12.67

252 - 257 255 40 13.33

257 - 262 260 56 18.67

262 - 267 265 28 9.33

267 - 272 270 32 10.67

272 - 277 275 32 10.67

277 - 282 280 18 6.00

282 - 287 285 8 2.67

287 - 292 290 4 1.33

>292 4 1.33

Total 300 100.0

Figure 7 presents the histogram of absolute 
frequencies of Pd variable and the trend curve 
approxima! ng the histogram. 

Figure 7. Distribu! on of absolute frequencies of 

Pd variable (toe girth) and trend curve on class 

intervals for TOTAL group

CONCLUSIONS

Ø In order to verify the working hypo-

thesis according to which there are no signifi cant 

diff erences between the le$  foot and the right 

foot, Student’s t-test and Fisher (F) test were 

used to check the variants. Both tests have 

shown that there are no signifi cant diff erences 

between the le$  foot and the right foot for 

most anthropometric parameters. Furthermore, 

samples were made for the four groups 

studied based on the mean of anthropometric 

parameters of the right foot and the le$  foot.

Ø Foot length (Lp) per total recorded 

an average of 267.43 mm, with a coeffi  cient of 

varia! on of 4.92%. In the South and East, the 

average value is lower than the na! onal average, 

while in the Centre-West region the average is 

signifi cantly higher (280.78 mm). This implies 

that in the size series forma! on, in the South 

and East regions the frequency of the fi rst series 

sizes is higher, while in the Centre-West region 

the frequency of the second series is higher.

Ø Na! onwide, toe girth has an average 

of 262.09 mm. A value higher by 14.4 mm is 

recorded for the South region and 10.36 mm for 

the Centre-West region. In the Eastern region 

there is an average Pd value close to the na! onal 

average (258.95 mm). The same situa! on is 

recorded for the foot breadth (ld). Since these 

two anthropometric parameters give the shoe 

width, it can be concluded that footwear for the 



STATISTICAL-MATHEMATICAL PROCESSING OF ANTHROPOMETRIC FOOT PARAMETERS AND ESTABLISHING SIMPLE AND MULTIPLE 

CORRELATIONS. PART 1: STATISTICAL ANALYSIS OF FOOT SIZE PARAMETERS

207
Revista de Pielărie Încălţăminte  17 (2017) 4

South and Centre-West regions has to be made 

in larger sizes than the Eastern region.

Ø Instep girth (Pr) varies widely for the 

South region, where an average of 311.95 mm 

is recorded, well above the na# onal average of 

263.31 mm. This entails restric# ons on footwear 

models for this region that should be designed 

with adjustable straps to accommodate this 

large varia# on of the instep girth.

Ø The heel width (lc) shows coeffi  cients 

of varia# on below 6% both at na# onal level 

and at the level of each region. This jus# fi es the 

standardiza# on of the rear area of the last and 

the shoe components that structure this area 

(counter, heel, shank), thus reducing the cost of 

these components.

Ø Instep length (Lr) has average values   

higher than the na# onal average for the Centre 

region (202.73 mm versus 191.86 mm). Also, 

instep height (Hr) records the same trend.

Ø Toe height (Hd) is higher than the 

na# onal average for the South region (51.96 mm 

vs. 46.11 mm). This situa# on also occurs in the 

case of toe 1 height (Hd1) and toe 5 height (Hd5), 

respec# vely. This jus# fi es the design of the last 

and the shoe so as to allow for a larger space and 

therefore a looseness in the toe area in the case 

of footwear made for the South region.

Ø Anthropometric parameters of angle 

characteriza# on (Ud1 - toe angle 1, Ud5 - toe 

angle 5, and Uc - heel angle) have a very large 

sca' ering (the coeffi  cient of varia# on is over 

30%). This demonstrates that very many subjects 

have devia# ons from the normal anatomical 

posi# on of toes 1 and 5, and devia# ons of the 

heel, respec# vely. Most of the # me, wearing a 

shoe improperly sized in the toe area (narrower 

or # ghter) causes this situa# on. The worst 

situa# on is found in the eastern region where 

the coeffi  cient of varia# on is very high, even 

compared to the na# onal average. This is 

corroborated with the conclusion from the 

previous paragraph.

Ø As far as the ankle girth (Pg) and the 

heel girth (Pc) are concerned, it is found that in 

the South and Centre-West regions the average 

values   are higher than the na# onal average, 

while in the Eastern region these parameters 

have smaller average values.

Ø The normal one-dimensional distri-

bu# on for anthropometric parameters such as 

foot length (Lp) and toe girth (Pd) was verifi ed. 

In this respect, the limits of the frequency 

classes, the centre of the class and the rela# ve 

and absolute frequencies were established. This 

distribu# on is found in the commissioning of the 

shoe size series. For an op# mal fi t of footwear, it 

is necessary to divide the size series into length 

and width classes.
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