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Annotation. This article presents data where the parameters of the foot in children
with scoliosis are studied. The study involved 350 children with scoliosis. Using the
method of 3D computer photometry with graphoanalytic interpretation of the image
and system analysis, anatomical parameters such as length, width, angle of the 1st and
5th fingers, heel angle were obtained. An automated complex for screening and express
diagnostics of flat feet in children with scoliosis has been developed.
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Scoliosis is called a biological tragedy of humanity. With scoliosis, there are
violations not only of the functions of the musculoskeletal system [1, 2]. The problem
of functional diagnosis of foot injury and disease is relevant in the choice of tactics and
methods of treatment and evaluation of its effectiveness. Among the various
deformities of the lower extremities, the most common is flat feet, characterized by
flattening of the longitudinal and transverse arches of the foot in combination with
rotation around the longitudinal axis, as well as its withdrawal [3, 4, 5]. The
predominance of flat feet in the structure of foot pathology indicates the need to
improve the methods of diagnosing this condition. Early diagnosis of flat feet is very
important when conducting dispensary examinations of children in preschool and
school educational institutions, in sports medicine, for the timely prediction of athletes

" health disorders.

@ https://scientific-jl.org/obr «4305%» Buinyck scypnana Ne-83
Yacmov—1_ /lekaopp—2025



g ’,é ObPA30OBAHHE HAYKA U HHHOBAIIHOHHBIE H/IEH B MHPE I b\ l
2181-

From the available literature sources, it is known that the longitudinal arch of the
foot and its spring function in children are formed by the end of the 4th year of life
[6,7,8]. Diagnosis of foot pathology is traditionally based on several non-automated
methods: visual, podometric, X-ray, plantographic, etc. In recent years, automated
diagnostic methods have been increasingly used to assess the height of the arch of the
foot and the degree of its flatness. In particular, there is a technique that allows you to
assess the nature of foot deformity using strain-gauge platforms[9, 10].

The aim of the study. The goal of the study was to develop an automated system
for screening and rapid diagnosis of flat feet in children with scoliosis.

Materials and research methods. In this work, a new method for diagnosing flat
feet has been successfully tested, based on the analysis of foot images obtained using
an upgraded software and hardware complex (PAC) for assessing the
morphofunctional state of the human body (digital 3D photometrograph).

The image of the foot was obtained using a computer photoplantograph using the
technology of projection transposition photometry, the body of which is reinforced and
able to withstand the weight of the human body. The measurement is performed in a
standing position. The subject puts both feet on the surface of the 3D computer
photoplantograph first, and then alternately each one separately, the object (foot) is
photographed sequentially from all sides (front, back, sides, top), which allows you to
get the required number (6 pcs.) of rating images with minimal preliminary positional
and manual marking.

The developed diagnostic program analyzes the obtained images of the foot by
the graphoanalytic method, which is widely used in medical practice. In this case, the
program selects several key points on the image of the foot, and then calculates the
distances between the points, as well as the angles by which the degree of longitudinal
and transverse flat feet is determined. The diagnostic results are displayed on the screen
and can be exported to the Microsoft Word word processor for later saving and printing.

The program allows you to determine the condition of various parts of the foot.

The condition of the forefoot is characterized by the following indicators: the angle of

@ https://scientific-jl.org/obr <7306} » Buinyck scypnana Ne-83
Yacmov—1_ /lekaopp—2025



g ’,é ObPA30OBAHHE HAYKA U HHHOBAIIHOHHBIE H/IEH B MHPE I b\ l
2181-

NAP-deviation of the 1st finger (if the angle of NAP is less than 18°, then the medial
part of the foot is normal; with NAP more than or equal to 18°, there is a transverse
spreading); the angle of QBR-deviation of the 5th finger (if QBR is less than 12°, then
the lateral part of the foot is normal, while with QBR more than or equal to 12°, there
IS a transverse spreading).

The condition of the middle part of the foot is characterized by the indicator K,
where K = X /'Y, where X is the width of the painted part of the print along the line
VV’ Y is the width of the outer part of the longitudinal arch of the foot. The degree of
longitudinal flatfoot is determined by the K indicator as follows: at K < 0.5 - the foot
is hollow; at 0.5 < K < 1.10-the foot with a normal arch; at 1.10 < K < 1.20-the foot
with a reduced arch; at 1.20 <K < 1.30 — the first degree of flatfoot; at 1.30 <K < 1.50-
the second degree of flatfoot; at K > 1.50-the third degree of flatfoot.

The condition of the posterior part of the foot is characterized by the calcaneal
angle HC'K: if the angle 1s greater than or equal to 5°, the condition of the foot is
normal, whereas if it is less than 5° — the foot is flat.

The length of the anterior and posterior sections, cut off by the lines WW' and
UU', respectively. If these sections are elongated, it means that the foot is flat even in
the normal state of the middle section.

The method presented above for determining the state of the foot, identifying and
evaluating possible manifestations of transverse and longitudinal flat feet was the basis
for the computer diagnostic method used in this work. Figure 1 shows the program
window for calculating the morphofunctional state of the foot.

Analyzing the print obtained on the monitor screen, it becomes clearly noticeable
that the surface of the foot adjacent to the scanner surface looks lighter in the image.
Thus, there is enough information in the image of the foot to get the area of the surface
of the foot adjacent to the scanner. To determine the area, the program uses the
definition of the foot contour and counting the points lying inside the contour [9, 10,
11]. Each of the sections of the supporting surface of the foot is highlighted by the

program in its own color (Fig. 2).
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The analysis of the dynamic (time) series was reduced to the calculation of the
following indicators: absolute growth (or decrease); growth rate (or decrease); growth
rate. The absolute increase is the difference between the next level and the previous
level. The growth rate is the ratio of the next level to the previous one, multiplied by
100%. The growth rate is the ratio of the absolute increase (decrease) to the previous
level, multiplied by 100%.

The results of the study

In male rats of 90 days of age in the control group, the body weight varied between
95,6 + 120,3 g and in average 106,8 + 1,53 g. Testes are oval and are mainly found in
the scrotum, less often in the inguinal-scrotal canal. The mass of the testes varies
individually from 0.62 g to 0.88 g, on average 0.78 + 0.016 g. The relative weight of
testes was 1,46%. The length of the testes is 1.23 - 1.78 cm, on average 1.42 + 0.034
cm. The width of the testes ranges from 0.9 to 1.3 cm, an average of 1.11 + 0.025 cm.
The volume of testes individually ranges from 0.61 to 0.83 cm3, an average of 0.69 +
0.014 cm3. Microscopic examination of testicular tissue sections showed that, at this
age, the diameter of the convoluted seminiferous tubules increases, a free lumen
appears to promote mature sperm, so the density of the testis tissue decreases sharply.

The medial part of the forefoot in all children aged 3-4 years was within the
normal range. At the same time, there was a deviation of 5 toes, exceeding the normal
values. Among children aged 3-4 years, 10 (32.3 %) people had a deviation of the 5th
toe over 12°, which indicated a flattening of the lateral part of the forefoot. At the same
time, 3 people had bilateral changes. In most cases, changes in the 5th finger were
observed on the left. More pronounced changes were observed in the middle part of
the foot. The K coefficient indicated a decrease in the arch of both feet in 7 (22.6 %)
people. Unilateral reduction of the foot was observed in 15 (48.4 %) people. The first
degree of flat feet on both sides was not detected in any person. In 9 people, the first
degree of this pathology was unilateral.

In 5-6-year-old children, the following changes were detected in the anterior part

of the foot: deviation of 1 finger above the norm was observed in 1 person, while the
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QBR angle (deviation of 5 finger) was more than 12° in 6 (30 %) people, and only in
1 — on both sides. Pathological changes in the middle part of the foot were more
pronounced: a decrease in the arch of the foot was observed in 9 people (one of them
on both sides), | degree of flat feet on one side in 3, 11 degree — in 4 (one of them on
both sides) and Il degree of deformity on one side was detected in 1 child. Changes in
the posterior part of the foot in this age group did not go beyond the normal parameters.
Among children of 7-8 years of age, changes in the anterior part of the foot in the form
of an increased deviation of 1 toe outwards on one side were detected in 2 people. 3
children had a deviation of 5 toes, and 1 of them had a bilateral deviation. These
changes indicated a transverse flattening of the forefoot. In 9-10-year-old children,
deviations of the medial part of the foot were not detected. In the lateral part of this
part of the foot, only 1 child had changes indicating the first degree of transverse
flatfoot. No changes were detected in the middle and posterior parts of the foot.

In 11-year-old children, there were pronounced changes in the anterior part of the
foot: in its medial part: flat feet of the first degree were detected in 5 (25 %) people, of
them on both sides —in 2, Il degree — in 2 (10 %) people, and only one on both sides.
In the lateral part of this part of the foot, | degree of flat feet was detected in 11 (55 %)
people, 5 of them on both sides, 11 degree of flat feet — in 11 (55 %), 4 of them had
bilateral pathology. In the middle part of the foot, a slight decrease in its arch occurred
in 9 (45 %) people, in 3 the process was bilateral. Among 12 — year — olds, in the medial
part of the anterior part of the foot, 9 (27.3 %) people had grade | flat feet, of which
only 1 had two sides, and grade Il on one side — in 3. In the lateral part of the anterior
part, grade | flat feet were detected in 17 (51.5 %) people, of which 6 had two sides.
Grade 11 flat feet in this part of the foot occurred in 23 (69.7 %) people, and 14 (42.4
%) of them had pathology on both sides. In 18 children of this age, there was a decrease
in the arch of the foot in the middle part, and in 6 people the process was localized on
both sides. Reducing the NS angle’K less than 5° was observed in 7 children, and in 2
people on both sides.

@ https://scientific-jl.org/obr <7309} » Buinyck scypnana Ne-83
Yacmov—1_ /lekaopp—2025



g ’,é ObPA30OBAHHE HAYKA U HHHOBAIIHOHHBIE H/IEH B MHPE I b\ l
2181-

In children aged 3 to 12 years, there is a gradual increase in the length of the foot.
The rate of increase in foot height in children with scoliosis is noted from 3 to 6 years,
then up to 11 years, the height of the foot remains unchanged and only at 12 years there
Is a further increase in foot height.

The growth dynamics of the anterior part of the left foot in children aged 3 to 12
years slightly outstrips the growth rates of the same part of the foot of the opposite
limb. The same growth rates of the middle and posterior parts of the foot are noted.
With the process of age in children with scoliosis, there is an increase in the deviation
of both 1 finger outwards and the reduction of 5 fingers. The largest deviation of 1
finger was observed on the left in children aged 7-8 years, and 5 fingers on the right-
in children aged 12 years. With age, the number of patients with deformity of the
anterior-medial part of the foot increases sharply, if at the age of 5-6 years 1 person
with flat feet of the first degree is detected, then by the age of 12 there are already 12
people, 3 of them with the second degree.

The total area of the plantar surface of the right foot in children from 3 to 11 years
Is greater than that of the left foot. The average area of the forefoot has similar trends.
The average value of the area of the middle part of the foot in children from 3 to 8 years
old decreases, then it gradually increases with the achievement of maximum indicators
at the age of 11 years. The rate of changes in the average area of the posterior part of
the foot is not so pronounced. The increase in this indicator up to 9-10 years is not
observed. The jump in the increase in the area of this department is observed only by
the age of 11.

Discussion and Conclusion

In children aged 3 to 12 years, there is a gradual increase in the length of the foot.
The rate of increase in the height of the foot in children with scoliosis is noted from 3
to 6 years, then up to 11 years, the height of the foot remains without dynamics and
only at 12 years there is a further increase in it. The growth dynamics of the anterior
part of the left foot in children aged 3 to 12 years slightly outstrips the growth rates of

the same part of the foot of the opposite limb. The same growth rates of the middle and
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posterior parts of the foot are noted. With the process of age in children with scoliosis,
there is an increase in the deviation of both 1 finger outwards and the reduction of 5
fingers. The largest deviation of 1 finger was observed on the left in children aged 7-8
years, and 5 fingers on the right-in children aged 12 years. In children with scoliosis,
during their growth, there is a decrease in the K coefficient, which indicates an increase
in the longitudinal arch of the foot. In the course of age in children with scoliosis, there
Is a decrease in the angle of the NS'K, which indicates a tendency to valgization of the
calcaneus.
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