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Abstract 

Study aim: The aim of the study was to determine connections between the functional asymmetry of limbs and the mor-
phological asymmetry of feet. 
Material and methods: The study population consisted of 56 students: 30 females (mean age 20.29 ± 0.59 years) and 
26 males (mean age 20.41 ± 0.78 years). The measurements of body build were taken with classical instruments. Body 
build was assessed on the basis of body height, body mass, and BMI. Seven features of the foot and 8 indices of foot 
arches were assessed. Assessment of laterality in upper and lower limbs was conducted on the basis of data from re-
peated interviews, and then verified with simple motor tests that imitated characteristic functions of the limbs. Asym-
metry indices were calculated in order to determine asymmetries of the features. Mollison’s index was applied to assess 
dimorphic differences. 
Results: Features that were statistically different in the foot of the dominant limb and in the foot of the non-dominant 
limb were: among the group of females, the foot length without hindfoot, and the Clarke’s angle; among the group of 
males – the foot length without toes. Analyses of results of this study do not allow for a claim that laterality of lower 
extremities has a considerable impact on indices of longitudinal and transverse foot arches. 
Conclusions: The following conclusions were formulated on the basis of the conducted analysis regarding the group of 
subjects with homogeneous right laterality: 
– in females, the dominant limb’s foot is characterized by a shorter bone arm lever for dorsiflexors; 
– in males, the dominant limb’s foot is characterized by a shorter bone arm lever for plantaflexors.

Key words: Lower limbs – Laterality – Morphological asymmetry – Functional asymmetry – Sexual 
dimorphism

Introduction 

In the course of human phylogenesis, lower limbs 
have adapted to serve the supporting and locomotion 
functions. Because of its topography in the pionised 
human body, the foot is an extremely important ele-
ment of the human locomotor system. It is the first 
element of the system that remains in contact with 
the ground, and it forms a  strong and springy struc-
ture, well adapted to bearing the body’s weight. The 
foot serves the absorptive function due to its unique 
structure of the longitudinal and transverse arches. On 
the basis of available literature, one can state that the 
height of foot arches, especially the longitudinal arch, 
is identified with the foot’s correct function [25, 27].

A  distinct issue related to human motor abilities – 
an issue discussed by numerous authors – is lateral 

preference, also referred to as laterality or functional 
dominance, asymmetries of the body, footedness-hand-
edness, bilateral dominance, and sidedness. The follow-
ing kinds of laterality can be found: homogeneous lat-
erality, i.e., one side of the body clearly dominates over 
the other (e.g., right-handedness and right-footedness, 
or left-handedness and left-footedness); and mixed lat-
erality (or cross-dominance), i.e., there is no distinctive 
dominance on one side of the body over the other (e.g. 
right-footedness along with left-handedness). According 
to contemporary theories, lateral functional dominance 
(functional asymmetry) develops and consolidates as 
a result of the influence of endogenic and exogenic fac-
tors [2, 18, 29]. Asymmetry can be examined from sev-
eral aspects: morphological, functional, dynamic (mo-
tor), sensory, and psychological. The manifestations of 
functional asymmetry in motor activities are not only 
handedness (right-handedness or left-handedness), but 
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also footedness (right-footedness or left-footedness). 
When referring to studies by numerous authors and 
to her own results, Olex-Zarychta [16] stresses that the 
phenomenon of limb functional asymmetry is important 
in all motor performance and impacts its course and end 
effect. The functional asymmetry of the lower extremi-
ties is established both on the basis of observation con-
ducted while subjects perform various tasks as well as 
on the basis of surveys. As a result of functional asym-
metry, signs of morphological asymmetry may gradu-
ally intensify with age, i.e., discrepancies in sizes (pe-
rimeters, lengths, widths), shapes, and proportions of 
paired organs. Dynamic asymmetries are the differences 
in performance of, for example, right and left limbs with 
respect to strength, speed, and endurance (these can be 
determined in psychomotoric tests and measurements). 
The term, therefore, relates to quantitative differences 
(not just functional differences) of a  given property. 
Functional dominance of the right side of the body is 
observed in most (approximately 90%) people. It is re-
lated to the dominance of the left brain hemisphere, 
which typically regulates the functions of the right upper 
limb, right lower limb, and right eye. Human body later-
ality has long been the subject of interdisciplinary stud-
ies. Numerous studies have been conducted concerning 
morphological and functional manifestations of later-
ality [15, 16, 27]. However, the number of studies that 
investigate the many sides of the matter on the same 
material, i.e., discussing the combined aspects of upper 
and lower limb dominance as well as morphological and 
functional asymmetries, all in the context of dimorphic 
differences, is limited.

The aim of the study was to determine the relations 
between the functional asymmetry of limbs and the 
morphological asymmetry of feet. The main aim of the 
author was to assess the differences between the foot 
size and foot indices in men and women as well as to 
assess the connections of these variables with the later-
ality of upper and lower limbs.

Material and methods

This cross-sectional study was conducted in 98 first 
– and second-year students at the Faculty of Rehabilita-
tion at the University for Physical Education in Warsaw. 
When highly qualified athletes, subjects who had a his-
tory of lower limb injuries, and subjects on whom data 
was incomplete were excluded from the study, the study 
population eventually consisted of 56 subjects, 30  fe-
males (mean age of 20.29 ± 0.59 years) and 26 males 
(mean age of 20.41±0.78 years). Consent to conduct the 
study was obtained from the Ethics Commission.

The measurements of body build were taken with 
classical instruments and according to standards ac-
cepted in anthropometry. General body build was as-
sessed on the basis of body height and mass, and their 
derivative, i.e., BMI, according to norms of the World 
Health Organization [26]. The following foot features 
were measured (Figure 1): foot length with and with-
out toes, foot width, foot height to the sphyrion mediale 
point and laterale point, foot height to the naviculare 
point, hindfoot length, plantographic Clarke’s an-
gle index for longitudinal arch, podometric index for 

foot print
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Fig. 1.  Points and measurement segments of the foot 

akropodion (ap) at the front of the tip of the longest toe; metatarsale tibiale (mtt) at the centre of the head of the first metatarsal bone; 
naviculare (nav) on the dorsal surface of the navicular bone; pternion (pte) at the furthest end of the calcanean tuber; sphyrion (sph) at the 
lowest point of the medial malleous (sphyrion mediale) or of the lateral malleolus (sphyrion laterale); metatarsale fibulare (mtf) at the outer 
side of the fifth metatarsal bone; h1 – the foot height measured from the ground (basis) to the sphyrion point; h2 – the foot height measured 
form the ground (basis) to the naviculare point; Clarke’s angle – longitudinal arch angle on the foot print;
A-D foot length [ap-pte]; A-B hallux length, [ap-mtt]; B-D foot length without toes [mtt-pte], C-D hindfoot length, i.e., the distance be-
tween the projection of sphyrion and pternion points onto the basis; A-C forefoot length with toes, i.e., the distance between the projection 
of akropodion and sphyrion points onto the basis; B-C forefoot length without toes, i.e., the distance between the projection of metatarsale 
tibiale and sphyrion points onto the basis.
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transversal arch, four variants of podometric index for 
longitudinal arch, and two hindfoot indices. 

On the basis of abovementioned measurements, 
7 podometric indices were calculated:

WD1 – longitudinal arch index (height of sphyrion 
mediale /foot length x 100) 

WD2 – longitudinal arch index (height of naviculare 
/foot length x 100) 

WD3 – longitudinal arch index (height of sphyrion 
mediale /foot length without toes x 100) 

WD4 – longitudinal arch index (height of naviculare/ 
foot length without toes x 100) 

WT1 – hindfoot index (hindfoot length /foot length 
x 100)

WT2 – hindfoot index (hindfoot length/ foot length 
without toes x 100) 

WS – transversal arch’s Wejsflog index (foot length/
foot width).

The measurements of longitudinal arches were 
supplemented with the plantographic method on the 
basis of the Clarke’s angle mapped on a computer foot 
image. The images were obtained from a POSMED 
podoscope equipped with a camera. The assessments 
of laterality for upper and lower limbs were conducted 
on the basis of data from interviews repeated follow-
ing a one-week interval, and then verified with simple 
motor tests that imitated characteristic function of 
the limbs. The questionnaire consisted of questions 
on subjects’ own limb preference, i.e., on right – or 
left-handedness in activities such as writing, eating, 
using scissors, brushing one’s teeth, doing one’s hair, 
lighting a match, hammering a nail, slicing bread; and 
on right – or left-footedness in a  vertical jump (the 
vertical jump test – which limb leads (counter-move-
ment limb), and which is the propulsive limb, take-
off limb), and in kicking a ball (the ball kicking test 
– which limb kicks a ball, and which limb lends sup-
port, maintains posture). When assessing footedness, 
we assumed, as did Peters [19], Gabbard et al. [8] and 
Chapman et al. [3], that the mobilizing or leading 
limb (initiation limb) would be considered the pre-
ferred (dominant) limb, and the limb used for support 
or propulsion, would be considered the non-preferred 
limb. On the basis of subject answers and tests con-
ducted, we determined the functional asymmetry of 
limbs. Then, using letters, we established the symbol 
of a given asymmetry. The symbol informs which limb 
is preferred in a given activity (limb preference, limb 
domination). In the symbols, the first letter applies to 
the upper limb, and the second letter applies to the 
lower limb. For homogeneous laterality, we used the 
following symbols:

– RhandRfoot type, right-handedness – right-footed-
ness [R-R symbol];

– LhandLfoot type, left-handedness – left-footedness 
[L-L symbol]; 

For cross laterality (cross dominance, mixed lateral-
ity), we used the following symbols:

– RhandLfoot type, right-handedness – left-footedness 
[R-L symbol];

– LhandRfoot type, left-handedness – right-footedness 
[L-R symbol];

In determining the footedness of the subjects, the 
results of the vertical jump tests and the ball kick tests 
did not coincide. Therefore, in the ensuing analysis, we 
introduced three variants of classification, i.e., variant 
I with the vertical jump test; variant II with the ball kick 
test; while variant III was the combination of both vari-
ants I and II. In variant III, we introduced the following 
symbols for denoting the type of functional asymmetry: 
R-RR and L-LL for homogenous asymmetries; R-LR, 
R-RL, R-LL, L-LR, L-RR, L-RR for cross (mixed) 
asymmetries. The fist letter in the symbols denoted the 
upper limb preferred in activities such as eating, writ-
ing, brushing one’s hair. The second letter denoted the 
lower limb preferred for leading (counter-movement 
limb) in the vertical jump test. The third letter denoted 
the lower limb preferred for kicking a ball. For exam-
ple, the R-LR symbol means that the subject was right-
handed and left-footed in jumping (left limb led), and 
right-footed in kicking a ball (left limb kicked a ball).

In order to compare the asymmetries of various 
features, the following asymmetry indices were calcu-
lated [17]:

     
R – LWsk.asym = – x100

     (R + L)/2

where: R denotes the value for right limb, L denotes 
the value for left limb.

Negative values of asymmetry index point to the 
dominance of the left limb in a given feature. The abso-
lute value of the index determines the degree of diver-
sity – the greater the value, the greater the diversity. 

To assess the dimorphic differences, Mollison’s in-
dex [14] was applied:

                  xF – xMWsk.dmf = –
           SDM

where : xF arithmetic mean of the feature in the group 
of females, xM – arithmetic mean of the feature in the 
group of males, SDM – standard deviation of the fea-
ture in the group of males.

Negative values of the index point to the dominance 
of the feature in men. The absolute value of the index 
determines the degree of diversity – the greater the 
value, the greater the diversity. 

We put the test results through a detailed statisti-
cal analysis. We applied the relevant procedures of the 
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Statistica 8.0 programme by StatSoft. On the basis of 
the arithmetic means of chosen features and indices, 
we analysed the differences between right and left 
feet separately in the women’s group and in the men’s 
group: the t-test for dependent variables and the Wil-
coxon signed-rank test for divergent variances of the 
compared features. In addition, we carried out analy-
ses of differences between sexes and of differences for 
the chosen types of laterality. The t-test was conducted 
for dependent variables. When the distribution of the 
compared feature was at variance with the normal dis-
tribution in the Shapiro-Wilk test, we carried out the 
Mann-Whitney U-test. For all the tests, the statistical 
significance was set at p ≤ 0.05.

Results

In assessing footedness based on the leading limb 
during a vertical jump, most right-handed subjects in-
dicated the right lower limb as the preferred limb (ip-
silateral asymmetry, homogeneous laterality, variant I 
– the R-R type, right-handed – right-footed) (60.0% of 
the women, 65.4% of the men). Approximately 37% 

of the women and approximately 15% of the men in-
dicated the left lower limb (contralateral asymmetry, 
mixed laterality, variant I, R-L type; right-handed – 
left-footed) (Figure 2). 

In variant I  (assessment of footedness based on 
the leading limb during a vertical jump), we observed 
a higher percentage of men (approximately 15%) than 
women (approximately 3%) of ipsilateral left-sided 
asymmetry (the L-L type). Contralateral asymmetry, 
i.e., left-handed – right-footed (the L-R type), was 
observed in approximately 7% of men; it was not ob-
served in women.

In assessing footedness based on the limb kicking 
a  ball (variant II) (Figure 3), the percentage of men 
of the R-R and the R-L types was the same as in vari-
ant I  (65.4% and 15.4%, respectively); for women, 
the difference in percentage between the variant  I 
and variant II was 25% (the R-R type 86.7%, the R-L 
type 10%).

Variant III provided a combined assessment of both 
tests for lower limbs, i.e., the vertical jump and kicking 
a ball. Classification of subjects according to their limb 
preference in variant III (Figure 4) revealed that among 
the right-handed subjects, considerably fewer subjects, 
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Fig. 2.  Classification of subjects (%) according to the 
limb laterality type – variant I, upper limb – eating, writing 
(the first letter in the formula), lower limb – leading limb 
during vertical jump (the second letter in the formula)

Fig. 3.  Classification of subjects (%) according to the limb 
laterality type – variant II, upper limb – eating, writing 
(the first letter in the formula), lower limb – kicking a ball 
(the second letter in the formula)
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Fig. 4.  Classification of subjects (%) according to the limb laterality type – variant III, upper limb – eating, writing (the 
first letter in the formula), lower limb – leading limb during vertical jump (the second letter in the formula), lower limb 
– kicking a ball (the third letter in the formula)
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Variables Laterality variant Type

Women (x ± SD) 
I R-R n = 18 
II R-R n = 26 

III R-RR n = 16

Men (x ± SD) 
I R-R n = 17 
II R-R n = 17 

III R-RR n = 13

Body heigth (cm)

I R-R 165.17 ± 5.57 180.12 ± 6.79

II R-R 165.70 ± 5.01 181.88 ± 6.32

III R-RR 164.94 ± 5.48 180.69 ± 6.02

Body mass   (kg)

I R-R 57.89 ± 4.39 78.88 ± 8.68

II R-R 58.42 ± 4.77 79.18 ± 7.83

III R-RR 58.00 ± 4.61 78.39 ± 7.81

BMI

I R-R 21.27 ± 1.85 24.36 ± 2.82

II R-R 21.30 ± 1.76 23.92 ± 1.89

III R-RR 21.37 ± 1.93 24.01 ± 2.11

Table 1.  Arithmetic means (± SD) of body mass, height, and BMI for both groups for all analysed variants of 
homogeneous right laterality.

Variant I type R-R: Upper limb, eating, writing etc. (the first letter in the formula); Lower limb, in the vertical jump test – leading (the 
second letter in the formula).
Variant II type R-R: Upper limb, eating, writing etc. (the first letter in the formula); Lower limb, in the ball kick test – the limb kicking 
a ball (the second letter in the formula).
Variant III type R-RR: Upper limb, eating, writing etc. (the first letter in the formula); Lower limb, in the vertical jump test – leading (the 
second letter in the formula), Lower limb, in the ball kick test – the limb kicking a ball (the third letter in the formula).

Traits Laterality 
variant Type

Women 
I R-R n = 18 
II R-R n = 26 

III R-RR n = 16

Men 
I R-R n = 17 
II R-R n = 17 

III R-RR n = 13
Right side
(x ± SD)

Left side
(x ± SD)

Right side
(x ± SD)

Left side
(x ± SD)

Foot length  (cm)
I R-R 24.65 ± 0.86 24.78 ± 0.85 27.24 ± 1.20 27.36 ± 1.28

II R-R 24.63 ± 0.74** 24.82 ± 0.78** 27.57 ± 1.37 27.68 ± 1.41
III R-RR 24.55 ± 0.79 24.71 ± 0.82 27.28 ± 1.23 27.38 ± 1.24

Foot length without toes (cm) 
(arm lever for plantaflexors 

– version I)

I R-R 18.73± 0.63 18.64 ± 0.63 20.59± 0.92 20.85 ± 1.21

II R-R 18.67± 0.64 18.70 ± 0.63 20.84± 1.02 21.06 ± 1.07

III R-RR 18.66± 0.59 18.58 ± 0.58 20.63± 0.94 20.92 ± 1.07

Hidnfoot length  (cm)
(arm lever for plantaflexors 

– version II)

I R-R 5.24 ± 0.37 5.16 ± 0.34 5.85 ± 0.45 5.79 ± 0.47
II R-R 5.11 ± 0.37 5.10 ± 0.34 5.89 ± 0.42 5.84 ± 0.42
III R-RR 5.18 ± 0.34 5.12 ± 0.35 5.86 ± 0.44 5.79 ± 0.45

Foot length without 
hindfoot (cm) (arm lever for 

dorsiflexors)

I R-R 19.41 ± 0.82* 19.62 ± 0.74* 21.39 ± 1.04 21.58 ± 0.99

II R-R 19.52 ± 0.74* 19.72 ± 0.74* 21.68 ± 1.31 21.84 ± 1.25
III R-RR 19.37 ± 0.81* 19.59 ± 0.75* 21.42 ± 1.04 21.59 ± 1.01

p = statistical significance for the t test for dependent variables (*p < 0.05; **p < 0.01; ***p < 0.001). For the description of laterality 
variants, see Table 1.

Table 2.  Arithmetic means (± SD) of chosen traits for right and left feet for all analysed variants of homogeneous 
right laterality. 
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i.e., 53.4% of women and 50.0% of men, conducted the 
tests with the right lower limb, than in variants I and II 
(ipsilateral asymmetry, homogeneous laterality, variant 
III, type R-RR, right-handed – right-footedjump– right-
footedkicking a ball). As far as the type II R-LR type, i.e., 
right-handed subjects, whose leading limb during a ver-
tical jump was the left limb, but who kicked a ball with 
their right limb, the percentage of women was twice as 
high as the percentage of men (33.3% and 15.4%, re-
spectively). In variant III, R-RL type, i.e., right-handed 
subjects whose leading limb during a  jump was the 
right limb, but who kicked a ball with their left limb, 
the percentage of women was only half the percentage 
of men (6.7% and 15.4%, respectively)

Due to the sizes of groups with particular types of 
laterality, statistical analysis was only conducted for the 
group of right homogeneity (right-handed; right-foot-
ed) in all three variants of limb laterality type assess-
ment. The analysed features and indices for right and 
left sides for each variant, are presented separately for 
women and for men in Tables 2 through 5. 

Arithmetic means of body mass, height, and BMI for 
both groups for all analysed variants of homogeneous 

right laterality (types I R-R, II R-R, III R-RR) are pre-
sented in Table 1.

With the self-evident differences between sexes in 
terms of body height, mass and BMI (all of them highly 
statistically significant, p < 0.001), no statistically sig-
nificant differences were found between arithmetic 
means of these features in the three variants of limb 
dominance analysed, i.e., I R-R, II R-R, III R-RR, nei-
ther in the group of females nor in the group of males. 
The arithmetic means for the BMI were within the 
norm set by the World Health Organisation [26] (BMI 
for women 19–24, for men 20–25).

Arithmetic means of chosen features and indices 
for right and left feet for all analysed variants of homo-
geneous right laterality (types I R-R, II R-R, III R-RR) 
in women and in men are presented in Tables 2 and 3.

On the basis of analysis of arithmetic means of the 
studied features, we found statistically significant dif-
ferences in foot length in right-handed women who 
in the kick test kicked a ball with the right lower limb 
(variant II R-R). Their right feet were shorter, p < 0.01; 
Wasym = –0.77%. In women, foot length without hindfoot 
(arm lever for dorsiflexors) was shorter in the right foot 

Traits Laterality 
variant Type

Women
I R-R n = 18 
II R-R n = 26 

III R-RR n = 16

Men
I R-R n = 17 
II R-R n = 17 

III R-RR n = 13
Right side
(x ± SD)

Left side
(x ± SD)

Right side
(x ± SD)

Left side
(x ± SD)

Foot width (cm)
I R-R 9.34 ± 0.41 9.33 ± 0.49 10.38 ± 0.40 10.41 ± 0.54
II R-R 9.31 ± 0.38 9.28 ± 0.78 10.48 ± 0.63 10.55 ± 0.68
III R-RR 9.26 ± 0.35 9.22 ± 0.49 10.42 ± 0.44 10.44 ± 0.55

Height sphyrion 
medale (cm)

I R-R 6.85 ± 0.41 6.91 ± 0.50 7.36 ± 0.64* 7.54 ± 0.63*
II R-R 6.90 ± 0.39 6.96 ± 0.48 7.35 ± 0.63* 7.55 ± 0.66*

III R-RR 6.85 ± 0.42 6.90 ± 0.53 7.30 ± 0.70* 7.50 ± 0.71*

Height sphyrion 
laterale (cm)

I R-R 5.01 ± 0.27 4.95 ± 0.23 5.38 ± 0.55 5.36 ± 0.63

II R-R 4.98 ± 0.42 4.91 ± 0.37 5.57 ± 0.55 5.52 ± 0.61
III R-RR 5.02 ± 0.28 4.96 ± 0.25 5.45 ± 0.57 5.46 ± 0.68

Height naviculare 
(cm)

I R-R 6.36 ± 0.44 6.33 ± 0.42 7.06 ± 0.51 7.03 ± 0.52
II R-R 6.46 ± 0.48 6.42 ± 0.43 7.15 ± 0.59 7.16 ± 0.62
III R-RR 6.38 ± 0.47 6.35 ± 0.44 7.08 ± 0.58 7.09 ± 0.58

Clarke’s angle
(degrees)

I R-R 49.29 ± 3.61*** 46.63 ± 4.02*** 48.88 ± 10.02 48.32 ± 9.81

II R-R 48.29 ± 4.63*** 46.23 ± 5.12*** 48.34 ± 10.12 47.93 ± 9.91
III R-RR 49.38 ± 3.91*** 46.47 ± 4.11*** 48.29 ± 11.31 48.04 ± 11.02

p = statistical significance for the t test for dependent variables (*p < 0.05; **p < 0.01;***p < 0.001). For the description of laterality 
variants, see Table 1.

Table 3.  Arithmetic means (± SD) of chosen traits of right and left feet for all for all analysed variants of 
homogeneous right laterality.
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for all possible variants of laterality, i.e., in right-handed 
women whose leading limb during a jump was the right 
lower limb (variant I R-R: p < 0.05, Wasym = –1.07%); 
in right-handed women who kicked a ball with the right 
lower limb (variant II R-R: p < 0.05, Wasym = –1.02%), 
and in right handed women in whom both the leading 
limb during a  jump was the right lower limb and who 
kicked a ball with the right lower limb (variant III R-R: 
p  <  0,05; Wasym =  –1,13%). In the group of men, the 
results of analysis were slightly different. In this group, 
for all assessed laterality variants, the test for significant 
differences for dependent variables revealed significant 
differences, though only on the brink of the signifi-
cance threshold set, in that the foot length without toes 
was greater in the left (non-preferred) limb (arm lever 
for plantaflexors – version  I), variant I  R-R: p  <  0.1, 
Wasym = –1.26%; variant II R-R: p < 0.1, Wasym = –1.05%; 
variant III R-RR: p < 0.1 Wasym = –1.40%.

A comparison of Table 3 data revealed the follow-
ing highly statistically significant difference only for the 
group of women: the Clarke’s angle, which describes the 
longitudinal arches, was lower in left limb for all later-
ality variants (variant I R-R: p < 0.001, Wasym = 5.55%; 
variant II R-R: p < 0.001, Wasym = 4.36%; variant III 
R-RR: p < 0.001, Wasym = 6.07%). However, in male 
right-handed right-footers (in whom the right limb was 
the dominant limb both when kicking a ball and during 
a jump), the foot height to the sphyrion mediale point 
was statistically significantly greater in the left limb 
(propulsive during a jump and lending support in kick-
ing a ball) in all analysed laterality assessment variants 
(variant I R-R: p = 0.039, Wasym = –2.42; variant II R-R: 
p < 0.05, Wasym = –2.69%; variant III R-RR: p = 0.046, 
Wasym = –2.70%). The foot height to the sphyrion me-
diale point is considered in the longitudinal foot arch 
index (see Table 4, WD1).

Indices Laterality 
variant Type

Women
I R-R n = 18 
II R-R n = 26 

III R-RR n = 16

Men
I R-R n = 17 
II R-R n = 17 

III R-RR n = 13
Right side
(x ± SD)

Left side
(x ± SD)

Right side
(x ± SD)

Left side
(x ± SD)

WD1 Index  longitudinal arch 
index I 

I R-R 27.80±1.6 27.90±1.9 27.09±2.7 27.58±2.5
II R-R 28.03±1.4 28.04±1.8 26.70±2.5* 27.34±2.6*
III R-RR 27.90±1.5 27.92±1.9 26.79±2.7 27.41±2.6

WD2 Index longitudinal arch 
index II

I R-R 25.81±1.7 25.54±1.5 25.97±2.1 25.85±2.3
II R-R 26.21±1.7* 25.85±1.5* 25.99±2.6 25.92±2.3
III R-RR 26.00±1.6 25.70±1.5 26.00±2.2 25.88±2.4

WD3 Index longitudinal arch 
index III

I R-R 36.60±2.3 37.12±2.9 36.82±3.3 36.22±3.3
II R-R 37.00±2.0 37.24±2.7 35.31±3.1 35.92±3.3
III R-RR 36.72±2.2 37.16±3.0 35.41±3.3 35.89±3.3

WD4 Index longitudinal arch 
index IV

I R-R 33.98±2.3 33.90±2.2 34.36±2.6 33.96±3.2
II R-R 34.60±2.4 34.32±2.3 34.38±2.6 34.01±3.1
III R-RR 34.20±2.3 34.18±2.3 34.35±2.8 33.91±3.2

WS Index transverse arch index
I R-R 2.64±0.1 2.69±0.4 2.61±0.1 2.63±0.2
II R-R 2.65±0.1 2.69±0.3 2.64±0.2 2.63±0.2
III R-RR 2.65±0.1 2.71±0.4 2.62±0.1 2.63±0.2

WT1 Index hindfoot index I
I R-R 21.26±1.4* 20.81±1.3* 21.46±1.3 21.14±1.2
II R-R 20.76±1.5 20.54±1.3 21.40±1.5 21.12±1.3
III R-RR 21.12±1.5 20.72±1.3 21.48±1.3 21.15±1.2

WT2 Index hindfoot index II
I R-R 27.98±1.9 27.66±1.7 28.40±1.5* 27.76±1.5*
II R-R 27.40±1.9 27.27±1.7 28.33±2.1* 27.75±1.7*
III R-RR 27.78±1.9 27.55±1.8 28.42±1.9* 27.70±1.6*

Table 4.  Arithmetic means (± SD) of chosen indices of right and left feet for all for all analysed variants of 
homogeneous right laterality.

p = statistical significance for the t test for dependent variables (*p ≤ 0.05). For the description of laterality variants, see Table 1.
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Figure 5 presents graphic representations of asym-
metry indices for chosen features of female and male 
feet for all analysed variants of homogeneous right lat-
erality (types I R-R, II R-R, III R-RR).

Analysis of longitudinal arch index WD1 (Table 4), 
which expresses the foot height to the sphyrion me-
diale point as a  percentage of foot length, confirmed 
the greater index values for the left side for the later-
ality variant II only, i.e., in the group of right-handed 
men who kicked a ball with their right lower limb. In 
the group of men, the values of the WT2 index (which 

expresses hindfoot length as a percentage of foot length 
without toes) were statistically significantly higher for 
the right side (variant I R-R: p < 0.05; variant II R-R: 
p = 0.063; variant III R-RR: p < 0.05). Analysis of the 
remaining indices of right and left lower limbs, both in 
the group of women and in the group of men, did not 
reveal any statistically significant differences between 
the considered variants of limb laterality.

With the self-evident, statistically significant dimor-
phic differences in absolute values of anthropomet-
ric features of female and male feet (for most of the 
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Figure 5.  Asymmetry indices of chosen traits of right and left feet of women (Figure A) and men (Figure B) for all 
analysed variants of homogeneous right laterality (test for dependent trials *p < 0.05; ***p < 0.001). For the description 
of laterality variants and group sizes, see Table 1. Negative values of asymmetry indices point at a given value being 
greater for the left limb.
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differences, a statistical significance of p ≤  0.001), we 
found no such differences when comparing percent-
age foot indices, nor did we find such differences when 
comparing the Clarke’s angle values for longitudinal 
arches. The only exception (and only in the limb lat-
erality variant II R-R) were two longitudinal arch indi-
ces for right foot, which express the foot height up to 
the sphyrion mediale point as percentage of foot length 
with toes (WD1) and without toes (WD3). These in-
dices revealed that female right-handed right-footers 
(in the test for kicking a ball– laterality assessment var-
iant II R-R) had better longitudinal foot arches in right 
feet than men (WD1: women x = 28.03; men x = 26.70; 
p < 0.05 and WD3: women x =37.00; men x = 35.31; 
p  <  0.05). Other longitudinal arch indices, however, 
did not confirm this. 

Dimorphic indices of chosen foot features in wom-
en and in men for all analysed variants of homogene-
ous right laterality (types I R-R, II R-R, III R-RR) are 
presented in Figure 6.

Features considered dimorphic are those in which 
the difference of arithmetic means is greater than 1 from 
standard deviation (SD) for the males group. These fea-
tures, for both right and left feet, were all features relat-
ed to foot length, width, and height up to the naviculare 
point. Features such as foot heights up to the sphyrion 

mediale and sphyrion laterale points, and Clarke’s angle 
values, did not reveal significant differences. 

Discussion 

When considering the division into right and left 
limbs (in the sagittal plane), the right limbs (both up-
per and lower) are usually associated with manipulat-
ing, precise, dexterous, leading and initiating functions; 
whereas the left limbs are associated with supporting, 
propulsive and force-related functions. In their study 
of functional gait asymmetry, Sadeghi et al. [22] proved 
that role of one of the limbs is to provide propulsion, 
and the role of the other is to cushion shock (amor-
tize). While available information on upper limb lat-
erality is usually consistent and does not cause doubts, 
the data from different authors on lower limb laterality 
are quite divergent, and at times even contradictory. 
Doubts may concern the methods used for assessing 
footedness as well as the interpretation of the results. 
In her thorough study on human functional limb later-
ality and its influence on the motor coordination, Olex-
Zarychta [16] found that conclusions made in studies 
on functional laterality of human limbs are usually 
rather cautious, and that authors of these conclusions 
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Figure 6.  Dimorphism indices of chosen foot traits for the right side (Figure A) and for the left side (Figure B) for all 
analysed variants of homogeneous right laterality. For the description of laterality variants and group sizes, see Table 1. 
Negative values of dimorphism indices point at a given value being greater in men.
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rarely generalize them on populations as a whole. Olex-
Zarychta thought that the reasons for this caution were 
the lack of basic diagnostic tools and methodological 
difficulties in conducting studies. Information on func-
tional limb laterality is usually gathered in interviews 
and is often supplemented by various tasks demand-
ing the activity of one or the other limb. The question-
naires that examine footedness contain diverse sets of 
activities, which test diverse elements of lower limb 
activity, diverse forms of its manifestation, and diverse 
functional character. Some tests have only covered ma-
nipulating or leading functions [9, 18, 25]; others have 
additionally considered supporting or propulsive func-
tions, which has led to constructing mixed sets of tasks, 
combining both task types mentioned above [4, 6, 7]. 
However, the results of both task types have been an-
alysed together (e.g., points for different tasks were 
summed, with no differentiation shown for task type) 
[6], which might have led to eliminating or masking the 
real differences related to limb laterality.

Various authors used foot measurements, such as 
foot length and width, as additional data in determining 
the preferred limb [11]. These methods, however, have 
not provided satisfactory answers, were not reliable 
enough, and such results were inconsistent. The foot-
edness pattern determined on such bases was ambigu-
ous. Singh et al. [23] reported that some of the stud-
ies revealed greater mass and length on the right side 
(studies by Latimer and Lowrance in 1965), whereas 
others revealed greater mass and length on the left side 
(studies by Trotter and Gleser in 1952). Singh et al. [23], 
who conducted measurements of mass and length on 
50 pairs of lower limbs skeletons of right-handed sub-
jects, found that mass and length asymmetries in bones 
taken from proximal and distal parts of lower limbs are 
unequal. Most right shinbones were longer than right 
shinbones, both in females and in males, whereas most 
femurs were longer for the left side, again for both sex-
es (p < 0.01). At the same time, the authors found that 
in most of the examined skeletons the right femurs, 
fibulas, and tibias were heavier than those on the left 
(p < 0.001). As for the mass of remaining bones, no 
statistically significant differences were found between 
the right and left sides. Mass asymmetry was less pro-
nounced in tarsus and metatarsus bones in men, while 
in women these bones were usually heavier on the right 
side. The bone mass for the whole limb was greater on 
the right side in both female and male skeletons. Singh 
et al. found that the right and left side bone mass dif-
ferences decreased in the distal direction. 

The assessment criteria for result interpretation 
varied, as well. For instance, when considering the 
natural, contralateral role of limbs cooperating with 
each other, the most common types will be right-

handedness and left-footedness (with the upper right 
limb doing the precise movements and lower left limb 
lending support). When describing functional asym-
metry, numerous authors actually consider in their 
assessment criteria the manipulating (precision) func-
tions, which are characteristic for the upper limb, and 
stabilizing (force, propulsive) functions for the lower 
limb. This usually results in a contralateral functional 
system. This is the system to which Sadeghi et al. [21] 
referred when they quoted Von Bornin’s statement 
from 1962: that we, humans, are usually right-handed 
and left-footed. Wolański [28] expressed a similar opin-
ion when he stated that contralateral asymmetry (right 
hand – left foot) is related to the humans’ upright body 
position and therefore constitutes a species’ feature of 
Homo sapiens. He also claimed that right-handedness 
conditions a more frequent use of the lower left limb to 
maintain balance or to generate force more efficiently. 
In light of such limb laterality interpretation, howev-
er, one would have to accept the bilateral hemisphere 
dominance, i.e., left hemisphere dominance for the 
upper right limb (right-handedness), and right hemi-
sphere dominance for the lower left limb (left-foot-
edness), when considering intersection of most nerve 
tracts transmitting impulses to and from the central 
nervous system. However, if in interpreting the results 
for both limbs we consider identical kinds of motor 
activity (homogeneous specificity of movement, simi-
lar character of movement, similar kind of load, e.g., 
manipulating, precision, and dexterity), then the most 
common type will be the right-handed – right-footers. 
Then, because of the location of nerve centres for the 
right side, only the left hemisphere will be the domi-
nant one. These criteria in assessing footedness were 
applied by Chapman et al. [3], Gabbard et al. [8] and 
Peters [18], in that they assumed that the limb initiat-
ing or leading the movement, also referred to as the 
mobilizing limb for its main role in precision move-
ment, is the preferred foot; whereas the support limb, 
or the propulsive limb, is the non-preferred foot. Had 
the authors we had mentioned earlier, in assessing side 
dominance, used the interpretation of Chapman et al. 
[3], Gabbard et al. [8] and Peters [18], who would treat 
the leading limb, counter-movement limb (and not the 
propulsive limb) as the initiating limb during a  jump, 
they would have ended up not with contralateral (i.e., 
crossed) asymmetry, but the ipsilateral (homogeneous) 
asymmetry instead.

Numerous authors confirm that homogeneous right 
laterality is the most common type of limb preference 
[4, 7, 19]. Dębicka [5] expresses a similar opinion; she 
also states that the percentage of subjects with cross-
dominance of hand and leg is limited. In her studies 
of functional asymmetries in upper and lower limbs 
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in 7-year-old girls and boys, she proved that the low-
er right limb is more often the preferred limb both in 
results for single trials and in mixed trials (she deter-
mined the functional domination of lower limbs in two 
tests, i.e., hopscotch and kicking a block). Olex-Zary-
chta [16] stated that some authors [7] differentiated 
between two separate kinds of footedness, functional 
and strength, which manifest in various motoric activi-
ties. The strength footedness manifests in the choice 
of the propulsive leg in high jump or in hurdle race. 
It is not related, however, to the limb preferred in the 
skilled activities. The tests have proved that the func-
tionally dominant limb muscles are often weaker than 
the strength dominant leg muscles, which may point to 
a higher motoric specialization of lower limbs than is 
commonly recognized [16]. Similarly, Demura et al. [4] 
tested footedness in two ways, i.e., separately in tasks 
demanding force (here the dominant leg was the leg 
lending postural support at kicking a ball, the propul-
sive leg during a jump, and the propulsive leg in hop-
ping on one leg), and separately in manipulating ac-
tivities (here, the dominant limb was the limb kicking 
a ball, the limb picking the object from the floor, and 
the limb drawing circles on the floor).

The functional preference assessment of lower 
limb “The Waterloo Footedness Questionnaire” [6] 
contains 10 questions on two kinds of activities (five 
questions for manipulating functions, i.e., kicking 
a ball at a target, smoothing sand at the beach, picking 
up a marble with one’s toes, stomping on a bug, and 
pushing a  shovel into the ground; five questions for 
stabilizing and balancing functions in activities such 
as: standing on one foot, stepping up onto a  chair, 
balancing on one foot on a railway track, hopping on 
one leg, and putting weigh on one foot while relaxed 
standing). In their study concerning the connection 
between lower limb laterality with lower limb asym-
metry in flexibility, stability, power, strength and mus-
cle endurance, Valdez et al. [25] used a questionnaire 
that contained three questions: Which leg do you use 
to kick a ball?; Which leg do you use to stomp on an 
objects?; and Which leg do you use to smooth sand 
on the beach? Hebbal et al. [9] assessed footedness 
on answers to questions on nine activities, from which 
three activities they eventually considered “ideal” to 
assess footedness, i.e., kicking a ball, moving an object 
with foot, and stamping feet. We decided to choose 
two tasks form the Waterloo Questionnaire to assess 
footedness: kicking a  ball at a  target (the dominant 
limb being the limb kicking a ball) and vertical jump 
(the dominant limb being the leading limb, counter-
movement limb), in which we applied the interpreta-
tion of limb dominance by Chapman et al. [3], Gab-
bard et al. [8], and Peters [18]. 

In our study, the subjects were qualified into sev-
eral groups, depending on their limb laterality (three 
variants of tests for limb preference). In all the ana-
lysed laterality variants, subjects with homogeneous 
right dominance of upper and lower limb prevailed. In 
the first variant these were right-handed right-footers 
I R-R type; they used the right foot for leading during 
a vertical jump, and it was the dominant foot. In the 
second variant these were right-handed right-footers II 
R-R type; they kicked a ball with the right foot, and it 
was the dominant foot. In the third variant these were 
right-handed right-footers III R-RR type, the right 
foot being the dominant one in both tests. The connec-
tion between the dominance of the right hand with the 
dominance of the right foot has been established by, 
among others, Peters et al. [19], who found that 95% of 
their right-handed subjects preferred to kick a ball with 
right foot. Our results support this tendency, as this 
preference was found in 86.7% of women and 65.4% of 
men. Elias et al. [6] state that most adult right-handers 
prefer the right foot in doing skilled activities, such as 
kicking a ball, smoothing out sand, picking up objects 
with their toes, pushing a shovel into the ground, bal-
ancing on one foot, balancing on a railway track, etc.; 
only 1.5% to 6% of right-handers prefer to do these 
activities with their left foot. Beling et al. [1], in their 
study on women aged 21–25 years, analysed the lower 
limb preference in two positions, sitting and standing, 
during activities requiring leading moves (wide and ex-
tensive) and during skilled activities (subtle and deli-
cate). The tasks in both positions were the same, i.e., 
kicking a ball, lifting one’s leg over a box, picking up 
a marble with one’s toes, and drawing a triangle with 
one’s hallux. The sitting position allowed for eliminat-
ing the supporting function of the lower limb. It turned 
out that regardless of the position in which the tasks 
were performed, the right-handers used the right foot 
in 90% of cases to do the skilled activities (e.g., pick-
ing up a marble with one’s toes). Similarly, in broader 
moves, requiring a lead (e.g., kicking a ball), 100% the 
right-handed women preferred the right foot. By com-
parison, the authors noted that only 60% of the left-
handed women used the left foot for this task. These 
authors therefore concluded that individual limb pref-
erences depend on the type of the task performed 
(whether it is static or dynamic; whether it requires 
a  extensive movement or a  precise and small move-
ment). A  significant relationship between the lateral 
preferences of hand and foot was confirmed by Kau-
ranen et al. [10]. Similarly, in her studies on functional 
asymmetry of lower and upper limbs in 7-year-old girls 
and boys, using two trials to assess domination, i.e., 
kicking a block and hopscotch, Dębicka [5] found that 
most subjects present homogeneous right dominance 
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(in right-handers, e.g., in kicking a  block test: girls 
91.3%, boys 91.7%; in the hopscotch test: girls 71.0%, 
boys 67.6%; and in the combined results of both tests: 
girls 57.2%, boys 50.3%). According to Wolański [28], 
the more frequent use of the lower right limb for the 
skilled activities is presumably a manifestation of the 
so-called transfer of established habit (transfer of mo-
tor function) from the upper limb to the lower limb 
within nerve centres. According to Carey et al. [2], the 
non-preferred foot is just as experienced in walking, 
running, standing and balancing the body as the pre-
ferred foot, and yet behaviours such as kicking a ball 
are consistently performed with the right limb (accord-
ing to this author, approximately 80%). The data dis-
cussed above apply to the right-handed right-footers. 
The percentage of subjects with cross-dominance of 
hand and foot is considerably lower.

A distinct issue was assessing connections between 
functional and morphological asymmetries. The side 
diversification of anthropometric features, i.e., length, 
width, size of various body parts, and especially of upper 
limbs, has been discussed by numerous authors. There 
are, however, relatively fewer reports on the impact 
of laterality on morphological diversification of lower 
limbs, particularly on the distal parts: the feet. Sadeghi 
et al. [21] quoted Ingelmark to state that he had found 
a longer lower left limb in 85% of right-handers aged 
14–20 years. These results are consistent with Peters’ 
observations [18]: he noted that in adult right-hand-
ers, the lower left limb shows a tendency to be longer 
and heavier, which is consistent with its role of lend-
ing postural support. According to Wolański [28], the 
lower left limb was longer in 72% of subjects, and that 
54% of subjects had larger circumferences in the left 
shank. In his opinion, this also impacts the changes to 
the microstructure and composition of tissues: for in-
stance, the “jumping” leg has a layer of cortical bone 
up to 5 mm thicker. As for the foot, the most distal part 
of the lower limb, the results presented by different au-
thors are ambiguous. Mascie-Taylor et al. [12] conclud-
ed their study with a statement that male right-handers 
had larger left feet; contrary to female right-handers, 
who had larger right feet. Means and Walters [13] 
discussed correlations between morphological asym-
metry of the hand and the handedness, though they 
did not confirm any similar correlations in feet. In our 
study, the mean of the left foot was typically longer, 
though the difference was statistically significant only 
for the female right-handed right-footers in the variant 
II R-R. In the variant II RR, in which the dominance 
of lower limb was assessed on the basis of the kicking 
a  ball test only, in the group of female right-handed 
right-footers, the right foot (the dominant foot) was 
shorter, whereas the left foot (non-dominant), which 

had the stabilizing function, was longer. In this group 
of subjects, foot length without hindfoot (arm lever for 
dorsiflexors, i.e., foot extensor muscles) was different – 
it was greater in the left (non-dominant) foot. This was 
similar in the variant I R-R, in which dominance was 
assessed on the basis of vertical jump only; i.e., in the 
group of female right-handers who used the right limb 
(the dominant limb) to lead during a jump. Again, this 
was consistent in the variant II R-RR, for subjects who 
were right-footed in both trials. We need to stress that 
in all analysed variants, the left foot (non-dominant) 
was the propulsive foot during the vertical jump, and 
the supporting foot while kicking a ball.

In all the laterality variants we analysed in this study, 
for both the men’s and women’s groups, the Clarke’s 
angle, which characterizes the longitudinal foot arch, 
was greater for right feet (the dominant feet); howev-
er, this difference was statistically significant, and con-
firmed with asymmetry indices, in the women’s group 
only. Left feet, which in asymmetrical tasks serve the 
supporting, stabilizing or propulsive functions, more 
often bear the weight of the whole body and display 
smaller Clarke’s angles. The above results for Clarke’s 
angle are not consistent with the index of longitudinal 
arches, which denotes the foot height up to the sphyri-
on mediale point as a percentage of foot length. Both in 
women and in men this parameter pointed to a slightly 
better longitudinal arch in left feet (the non-dominant 
foot, i.e., supporting while kicking a ball and propul-
sive during a vertical jump); however, the differences 
were not statistically significant. Neither are these dif-
ferences were confirmed by other characteristics and 
indices of longitudinal foot arches, such as foot height 
up to sphyrion laterale point and up to naviculare point, 
or the longitudinal arch indices WD1 – WD4, with the 
exception for the WD2 index, which was significantly 
greater in the right foot, and which denoted the foot 
height up to the naviculare point as a percentage of foot 
length, in female right-handers who kicked a ball with 
their right feet (variant II R-R). In men it was slightly 
different, i.e., in none of the analysed laterality variants 
were any differences found between the mean values 
of Clarke’s angle for the right and left foot. However, 
such differences were found in the height up to the 
sphyrion point (left feet were higher) and the longitudi-
nal arch index as well, which describes the foot height 
up to the sphyrion point as a percentage of foot length, 
was higher for left feet, but only in men who kicked 
a ball with their right feet (laterality variant II R-R). 
What follows from the above is that the longitudinal 
arch indices (Clarke’s angle and percentage indices 
WD1 – WD4) were inconsistent. The inconsistencies 
may arise from the fact that both kinds of foot arch in-
dices (angle and percentage) describe slightly different 
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features of foot arches. The Clarke’s angle, measured 
on the foot print, registers the adherence of the soft 
foot parts to the ground and depends to a large extent 
on the muscle structure of the planum; the percentage 
indices, obtained from direct foot measurements, are 
in direct proportion to the foot height and in inverse 
proportion to the foot height.

In the group of male right-handed right-footers (for 
all the laterality variants), the hindfoot index WT2 for 
the right and left feet, which describes the hindfoot 
length as a percentage of foot length without toes, re-
vealed statistically significant differences. This index 
revealed that the relative hindfoot length (bone arm le-
ver for plantaflexors, with the lever axis located in the 
ankle joint) was greater in the right foot (the preferred 
foot, i.e., the foot leading in vertical jump, and the foot 
kicking a ball). In the left foot (the non-preferred foot, 
i.e., the foot lending support in asymmetrical tasks, and 
the propulsive foot during vertical jump), the relative 
hindfoot length in relation to foot length without toes 
is shorter (a shorter bone arm lever for plantaflexors). 
A  comparison of the remaining indices for right and 
left lower limbs, both for the male and female groups, 
did not reveal any statistically significant differences be-
tween the analysed limb laterality variants (footedness).

Owing to Mollison’s index, which was used in our 
study, all differences between feature values for men 
and women were expressed in “units” of standard devi-
ation for the male group. With the self-evident and sta-
tistically significant differences between sexes in terms 
of absolute values for length, width, and height of male 
and female feet, in all analysed limb laterality assess-
ment variants (dimorphism index from approximately 
– 1 to approximately – 3 SD), we found significant dif-
ferences when comparing both percentage foot indices 
and Clarke’s angle values for longitudinal arches. The 
exceptions were (and only for the limb laterality vari-
ant II R-R, i.e., right-handers in whom the right lower 
limb was the dominant one when kicking a ball) both 
longitudinal arch indices for the right foot, which de-
scribe the foot height up to the sphyrion mediale point 
as percentage of foot length with toes (WD1) and in 
its percentage without toes (WD3). In light of these 
indices, female right-handed right-footers had better 
longitudinal arches in right feet than men. However, 
other longitudinal arch indices do not confirm this. 
Mean male feet were longer by approximately 3 cm, 
wider by approximately 1 cm, and higher by approxi-
mately 0.7 cm than female feet, whereas the Clarke’s 
angle values of longitudinal arches were similar in both 
sexes – between 46° and 49°. Numerous authors have 
examined the existence of dimorphic differences in the 
type of limb preference and its potential effects. The 
studies conducted on this matter have not provided an 

unambiguous answer. Mascie-Taylor et al. [12] suggest-
ed that there were strong corrections between the di-
morphic diversity and functional asymmetries in limbs, 
whereas Means et al. [13] did not confirm such correla-
tions. In a  similar study on 7-year-old girls and boys, 
Dębicka [5] did not find differences in the distribution 
of certain types of limb preference between sexes. Our 
study provides similar results in adults. We compared 
arithmetic means of the groups (without considering 
the lower limb preference) and found highly significant 
differences between sexes in most of the absolute meas-
urements of the feet; however, we did not find differ-
ences in either longitudinal or transverse arches. When 
we divided the subjects according to their limb prefer-
ence (into three laterality assessment variants), in the 
variant II R-R, i.e., right-handers who always kicked 
a ball with their right feet, we found significant statis-
tical differences between sexes, with higher values in 
women in two longitudinal arch indices. Female right-
handed right-footers had morphological asymmetry in 
the following features: foot length, foot length without 
hindfoot (arm lever for dorsiflexors) – these measure-
ment values were higher for the left foot – and the 
Clarke’s angle, which was greater in the right foot. In 
male right-handed right-footers, we found asymmetry 
in the foot length without toes (left feet were longer) 
and in the foot height up to the sphyrion mediale point 
(left feet were higher). Both indices for longitudinal 
arches that relate foot height to foot length and foot 
length without toes, respectively, were statistically sig-
nificantly higher in women for the right side only.

To conclude: 
–	in females, the foot that in asymmetrical, one-

legged tasks lends support or provides propulsion (the 
non-dominant limb) had longer forefoot and midfoot 
(they form the arm lever for dorsiflexors). It had, how-
ever, lower foot arches than the foot that leads, initi-
ates the move, or kicks a ball (the dominant limb).

–	in males, the foot that in asymmetrical, one-legged 
tasks lends support or provides propulsion (the non-
dominant limb) had longer and higher hindfoot and 
midfoot (they form the arm lever for plantaflexors). It 
had, however, lower foot arches than the foot that leads, 
initiates the move, or kicks a ball (the dominant limb).
Conclusions 

In our study, we searched for connections between 
functional asymmetry of limbs and morphological 
asymmetry of feet. The analysis of our results does not 
allow for a  claim that laterality of lower extremities 
had a  considerable impact on indices of longitudinal 
and transverse foot arches. However, some of the mor-
phological (anthropometric) traits of right and left feet 
demonstrate statistically significant diversity (these 
traits are greater in the non-dominant limb). In women, 
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these were foot length without hindfoot; in men, foot 
height up to the medial malleous and foot length with-
out toes. We found no other connections between sex 
and foot structure of lower limb laterality.

With the self-evident and statistically significant 
differences in terms of foot absolute metrical traits 
(length, width, and height) in men and women (dimor-
phism), we did not find such differences between rela-
tive values of percentage indices of foot or the Clarke’s 
angle. It seems that the reasons for the differences be-
tween men and women in the asymmetries of some of 
the longitudinal arch parameters might be found in dif-
ferent degree of engagement in various forms of physi-
cal activity, in dimorphic diversity of dynamic asymme-
try, and in the different ways of loading feet related to 
differences of height of heels in shoes, and, as a result, 
in different reactions of passive stabilizers (ligaments) 
and passive stabilizers (muscles) to these loads. 

On the basis of our analysis we have formulated 
– for the group of homogeneously lateralized right-
handed right-footers – the following conclusions:
–	 in females, the dominant limb’s foot is character-

ized by a shorter bone arm lever for dorsiflexors; 
–	 in males, the dominant limb’s foot is characterized 

by a shorter bone arm lever for plantaflexors.
The development and completion of analyses on the 

same material currently being prepared for publication 
concerning the assessment of connections between 
limb laterality and strength of dorsiflexors and plan-
taflexors presented in this study may shed some light 
on the connections between dynamic and morphologi-
cal foot asymmetries.
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