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Abstract: The study was conducted to clarify the anatomical and physiological parameters and structure of the foot. The
nature of changes in the lower extremities that occur during injuries was studied and to identify the anthropo-biomechanical
features of the condition of the feet. An assessment is given of the degree and functional structures of the feet in the feet under
study. The research methods were the study of modern approaches to methods for studying the functional state of the foot, as well
as a comparative analysis with subsequent generalization and systematization of the data obtained. The research materials were
domestic and foreign journalistic research publications, reflecting the range of approaches to the study of this issue. The use of
these methods made it possible to ensure the objectivity of the conclusions and results obtained.
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Introduction. The human foot, like the body as a whole, is formed under the
influence of many factors, such as features of intrauterine development and heredity,
body type, degree of physical activity, nutrition, climate, nature of work, etc. Therefore,
despite the general anatomical structure, size of the feet and the relative position of their
parts can vary significantly. Insufficient consideration of the features of the shape and
size of the feet, operating conditions of shoes and other factors leads to a lack of demand
for manufactured shoes by most of its target group. In the mass production of shoes, data
is needed that characterizes the feet of the population of each region of the country due
to their differences [1, 2].

The foot contains a quarter of all the bones in the body. The normal foot consists of
26 bones of various shapes and sizes (Fig. 1.1), plus two bones: the lateral and medial
sesamoids, which are located under the first metatarsal bone.

It is interesting to note that 95% of all surgeries are performed on the forefoot.
Problems also occur in the posterior region and ankle joint[3].

Intermediate
cuneiform

Medial
cuneiform

Fibula

Lateral
malleolus

Calcaneus
Cuboid

Lateral
cuneiform

5th metatarsal phalanges

Figure 1. Foot bones.
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During walking, the body's weight is transferred from the heel bone to the first and
fifth metatarsals (the supporting points of the foot). These three supporting points are
connected to each other by bones, ligaments and muscles and form the internal
longitudinal arch, external longitudinal arch, and transverse arch of the foot[4,5,6]. The
internal longitudinal arch starts from the calcaneal tuber and passes forward to the head
of the corresponding metatarsal bone, through the tatus, os naviculare. ossa cuneiforme.
The point of the internal longitudinal arch (maximum height of rise: 15-20 mm) is the
lower surface of the scaphoid bone. The external longitudinal arch runs from the
calcaneal tuberosity through the cuboid bone along the fifth metatarsal bone to its head.
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structure:
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Figure 2. The foot has an arched structure.

The highest point (height of rise: 3 to 5 mm) in the external longitudinal arch is the
cuboid bone. The transverse anterior arch connects the anterior supporting points of the
foot, namely (relative to) the head of the first and fifth metatarsals.

Figure 3. The location of the arches of the foot, three main points of support.
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The highest point of the transverse arch is the head of the second metatarsal in
adults, and in children, due to inversion of the foot, the highest point is the head of the
first metatarsal bone[7,8]. The transverse posterior arch is located in the region of the
three sphenoid bones and the cuboid bone.

These three points are united by a system of arches that support the plantar arch of
the foot - an anterior transverse arch and two longitudinal lateral arches. The highest
point of the arch is called the instep and is located between the navicular and talus
bones[9,10].

Spring function - softening shocks when walking, running, jumping. It is possible
due to the ability of the foot to elastically flatten under the influence of load and then
regain its original shape[11]. The foot, sprung in front, outside and inside, when changing
the direction of the total load and the shape of the supporting surface, is capable of
changing its shape, moving in three planes, making movements like a “boat on sea
waves.” This is important for “catching” small soil irregularities.

4

push
function

support
balancing function
spring function
function

Figure 4. The foot performs four biomechanical functions.

Balancing function - regulation of a person’s posture during movements[12]. It is
performed due to the possibility of movement in the joints of the foot in three planes and
the abundance of receptors in the ligamentous apparatus.

Methods. In foreign practice, the most widely used is the so-called Foot Position
Index (FPI)[13,14,15]. It is a clinical diagnostic tool that allows you to quantify the position
of the foot and call it pronated, supinated or neutral. This diagnostic method was
developed as a simple method of assessing the various characteristics of foot position to
reduce them all to a single measurable result, which ultimately will indicate the position
of the foot as a whole. The calculation of IPS values is made by measuring certain criteria
with the patient in a standing position. The IPS was developed by reviewing the literature
describing the details of the clinical examination of the foot. From these sources, 36
clinical measures were selected and then analyzed for their compatibility and
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usability[16,17]. To select suitable measurements, the following criteria were used: -
measurements should be simple to carry out, - they should not be time-consuming, - their
use should not involve the use of expensive technologies, - their results should be
understandable, - the result can be presented in form of quantitative data. It was also a
prerequisite to study the foot in three planes and obtain information about the forefoot,
middle and hindfoot.

Results. As a result, a system was developed that proposed assessment based on 8
criteria. However, later, during testing of the methodology, this number was optimized,
and today it is 6 points:
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Figure 5. 6 criteria of methodological evaluation of the paw.

Assessment of foot position using this method has shown high reliability and is
widely used in modern medical practice in Europe, America, and Australia.

A healthy foot sculpturally covers the unevenness of the support and a person feels
the area over which he walks[18]. When the position of bones and joints changes, the
ligamentous apparatus is deformed, as a result coordination of movements and stability
suffer. As a result, shocks are more sharply transmitted to the joints of the lower
extremities, the spine and internal organs, which contributes to the deterioration of
conditions for their functioning, microtraumatization, and displacements.

Discussion. The support function is manifested in the ability of the foot to form a
support for the human body, counteracting the vertical load of body weight.
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Figure 6. Schematic representation of the foot support points.

This is the most complex function of the foot, as it uses both springing and balancing
abilities. During walking, all three functions of the foot are sequentially realized.

Table 1.
L Onp Ovs Osg Shn ce
Indicators of variation
1 2 3 4 5 6
Maximum 290 290 290 380 113 45
Minimum 28,5 220 230 290 10 7
Push variation 261,5 70 60 90 103 38
Mean linear deviation 32,10 12,30 10,84 15,84 8,71 5,93
General set variance 3732,82 218,77 183,05 399,22 309,49 59,73
Sample dispersion 3 861,53 226,31 189,36 412,99 320,16 61,79
Common mean-squared 61,10 14,79 13,53 19,98 17,59 7,73
deviation
Sample standard deviation 62,14 15,04 13,76 20,32 17,89 7,86
Coefficient of variation 25% 6% 5% 6% 18% 41%
Vibration coefficient 104% 28% 22% 26% 105% 199%
Arithmetic mean value 251,37 254,03 267,47 348,33 98,33 19,07

Figure 7. Movement phases in the jog function.
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The push function allows a person to make forward movement in any direction.
The kinetic energy generated when walking, jumping or running is transferred to the foot
at the moment the heel touches the support, is stored in it during the roll to the toe, and
is again transferred to the body at the moment the foot lifts off the support.

The entire biomechanical component of the foot is realized in the ankle joint. From
a biomechanical point of view, the ankle joint belongs to kinematically closed
pairs[19,20]. A special feature of the ankle joint is that it is subject to forceful closure under
the influence of body weight. The ankle joint has one degree of freedom and allows only
one rotational movement around the frontal axis; flexion and extension are possible.
Flexion is considered to be the lowering of the sole; in functional anatomy this movement
is called plantar flexion. Extension, accordingly, is the raising of the rear of the foot
upward, dorsiflexion, familiar to us from functional anatomy. The most typical human
movement associated with loading the foot is walking.

Conclusion. As a result of the analysis of the foot, it was established that the foot is
important for a person when moving. Full foot bones are a guarantee of proper walking,
arching of the foot, and proper distribution of pressure on the foot when walking.
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