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ABSTRACT

There are various approaches to providing patients with orthopedic shoes. This may be the selection or
customization of ready-made orthopedic shoes according to a specific deformation, or custom production of
shoes. In any case, the selection of a shoe model requires an integrated approach, since when working with
each new patient, specialists are faced with various factors. The most important indicator of the effectiveness
of orthopedic shoes is the compliance of its inner shape with the parameters of the foot in the correction
position. When selecting ready-made shoes, an assessment of the degree of compliance of shoe parameter
with foot data is especially relevant, since it allows determining whether ready-made shoes are suitable or
custom production is required. The aim of this study is to develop a scientifically based approach to the
selection and customization of orthopedic shoes based on assessing the degree of compliance of its inner
shape with the anthropometric data of the feet. One of the objectives of the study is to develop an algorithm
for selecting shoes. To do this, an analysis of the selection of ready-made shoes and models for custom
production was carried out taking into account various factors. The features of orthopedic shoes, methods for
obtaining anthropometric information, technological features of production were also studied. As a result of
the study, an algorithm for the selection and customization of orthopedic shoes was developed. The research
results can be applied as a basis for the further development of approaches to the selection of shoes for mas:
production and mass customization using modern digital technologies.
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to reduce time and production costs for custom production.
Uncomplicated orthopedic shoes are intended for people
with moderate impairment of statodynamic function and

1. INTRODUCTION

The inner shape of the shoe that does not correspond to the
shape and size of the foot is often the cause of various
pathologies and deformations of the feet[1-4]. When
choosing shoes, the consumer faces various difficulties,
such as the lack of the required size or width of the shoes,
non-standard parameters of the foot, as well as the
existence of feet deformations. The use of unsuitable
shoes, especially when the person has various feet
deformations, often leads to an aggravation of the
condition of the feet and requires the use of orthopedic
shoes that take into account pathological changes in the
foot.

When there is no possibility of buying clothes and
shoesthrough a network of retail stores for persons with
limited mobility due to health conditions or other factors,
it becomes especially important to ensure high-quality
remote selection of products when they are purchased via
the Internet.

According to Russian standard “Orthopedic footwear.
General specifications” in terms of the manufacturing
methods orthopedic shoes are divided into shoes with
individual manufacturing parameters and ready-made
shoes for selection.

Currently, orthopedic enterprises in Russia produce
uncomplicated orthopedic shoes as selection shoes in order

can be recommended to the patient by the doctor. The
inside shape of such shoes is designed taking into account
the average type parameters and characteristics of the foot
anatomical changes of a group of consumers having
identical homogeneous diagnosis. There are certain groups
of deformations (pathologies) when the selection of
uncomplicated orthopedic shoes is possible. Such
deformations (pathologies) are: Hallux Valgus, diabetic
foot syndrome, infantile cerebral paralysis (ICP).

It is possible to determine whether shoes are suitable
for selection with a specific foot pathology during the
shoes fitting under the supervision of a doctor. In the
process of fitting, the consumer, relying on his own
subjective feelings, cannot objectively assess the
compliance of shoes with the foot, which does not provide
a complete picture of the product comfort. Discomfort is
often revealed later in the process of wearing shoes. It is
physically difficult to assess the conformity of shoes to the
feet when customers have diseases such as diabetes
mellitus due to developing peripheral neuropathy [5, 6].

The quality and functionality of orthopedic shoes
largely depend on a properly designed shoe last. Custom
production, as a rule, involves a modification of the base
orthopedic shoe last intended for feet with a particular
deformation or pathology. However, the base shoe last is
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not always suitable for the modification. The problef
evaluating which last available is more suitabledastom
production arises, taking into account the charesties of
the pathology and individual parameters of the fefet
particular patient. At the same time, you need to
understand how the model will constructively changa a
result of choosing an alternative shoe last. Trsultds
largely determined by the experience of the sha la
designer. It is necessary to develop a rationatcgmh to
solving this problem, which reduces the risk of esro

The problem of selecting shoes that are optim#héir
width and measurements to the feet of a particular
consumer also affects Internet commerce, leading to
frequent returns of goods. Today new technological
solutions, such as the so-called "virtual fittinggecome
increasingly attractive. Such technologies aregihesd to
provide the opportunity to select shoes remotehheuit
preliminary fitting according to the parameterstoé foot.
However, the developments available in this fieldissye
the selection of standard mass-produced shoes @mdtd
take into account the presence of possible defeoonmat
and pathologies of the feet.

This study aims to develop a science-based apptoach
the selection of rational shoes according to thet.fo
Currently, we are developing a methodology and
algorithm for the automated selection of shoes.

2.HYPOTHESIS

Automated selection is possible by comparing the dét
the optimal and real inside of the shoe accordmghte
given parameters, as a result of which the degree of
compliance of the analyzed data is determined. The
optimal shoe inside is calculated on the basis of
anthropometric foot data using anthropobiometric
transition principles [7].

When choosing shoes, the diagnosis of feet comditio
is mandatory, which involves both the selectionexdy-
made shoes and their customization according to
individual anthropometric parameters of the feedyvjaed
that modern digital technologies are used to enadstete
interaction between the consumer and the manufacture

[8].

3.SELECTION AND ANALYSISOF
SIGNIFICANT SHOE PARAMETERSTO
ENSURE THE RATIONALITY OF THE
SHOE INSIDE

Examination of the patient begins with the diagnos$ithe
feet condition and identifying the features of defation

or pathology of the lower limbs. According to the
peculiarities of the deformation, the doctor (opldic
technician) determines the necessary special cetliop
elements — supplementary or intermediate, their
configuration and position in shoes. The constwacti
functionality of the shoe model directly depends the
type of special parts, primarily the degree of 8fme
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upper opening and the type of fastening, and ircétse of
custom manufacture, the technological equipment,use
including the type of the last, and manufacturing
technology.

In accordance with the established requirements,
possible types of shoes are determined, dependinipe
season of wearing.

Then, based on the degree of deformation, a decisio
made whether to select ready-made or custom
manufactured shoes.

The selection of ready-made shoes for medical reaso
depends on several factors:

- availability of the required size;

- compliance of the proposed models with full-width
parameters of the foot, including the ability tquet the
shoe width;

- competencies of the doctor and orthopedic tedcmim

the selection of shoes;

- possibility of adjusting shoes by correcting ited
orthopedic elements.

In practice, in case of mismatch of models spediica
particular pathology, models designed for other
deformations that meet the initial requirements $boes
can be considered. This may be due to non-standard
parameters of the foot that do not fit into thegoaeters of
the age and gender group feet for a given defoomati

An anthropometric indicator of orthopedic shoes iyal
which characterizes the compliance of the shoe énsith

the foot of a person is established in the standé#rthe
Russian Federation R57890-2017 “System of quality

indicators of prosthetic and orthopedic products.
Orthopedic preventive footwear. Nomenclature of
indicators”.

The inside dimensions of orthopedic shoes must mikt
the requirements of standard 3927-88 “Shoe lastsef@aé
technical conditions (with Amendment No. 1)”, which is
also recommended for standard mass production shoes
To develop an algorithm for selecting shoes, itdsessary
to determine the parameters of the lasts that eamsbd to
compare the rational and actual inside of the sheayell
as those that are most important in terms of canpgé
with the parameters of the foot.

The shoe fithess is determined by many factorsibst
significant of which are the length (size) and widfhthe
shoe. The unfolded length of the shoe last sol&dulsl
take into account the elongation of the foot duftiegding
when walking. In this regard, the minimum functional
allowance for the sole should be provided, which ddpe
on the type of shoes, gender and age group. Ifeifgth
along the sole of the inside of the shoe is less tthe
length of the foot in the position with the maximuaised
heel, then such shoes will lead to deformation effdot,
especially the forefront during wearing.

According to standard 3927-88, the main paramefettseo
shoe last include:

- sole width in the ball area at the 0.68 L crossiee;

- sole width in the heel area at the 0.18 L cros$ice

- girth in the middle of the ball at the 0.68/0L72ross-
section, characterizing the width;

- girth of the instep at the 0.55 L cross-section.
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Ensuring shoe fitness is directly related to theraf the
girths of the foot and last cross-sections. Fos¢hareas
where there are no intermediate rigid parts, dependin
the type of shoes, a certain decrease in the valfidse
girth of the cross sections within certain limitisssible,

in particular in the ball area. For reliable fixatj some
compression of the foot by shoes is possible duthéo
mobility of the metatarsophalangeal joint and the
properties of the materials used. Due to repeatadihg,

the shoe upper is inevitably deformed and, withcibreect
ratio of the foot and the last cross-sections,dake shape

of the foot. This provides a tight but elasticdftthe shoe
upper to the foot. Deviation of the parameters efitiside
volume in the ball area to a smaller side relativethe
permissible values will lead to foot injury due txcessive
pressure. In case of insufficient fixation due keessive
inside volume, the foot will “move out” to the fooeft,
which can lead to injury and deformation of the tcasd
the arising force in the metatarsophalangeal joint,
preventing the movement of the foot inside the shok
lead to general muscle fatigue.

Thus, we can say that the value of the last girtthénball
area is the most important characteristic of theeshidth.
Fixing shoes in the instep area of the foot greddyends
on the type of shoes and the type of fastening. For
example, laces allow to adjust the width, while bowuith

a zipper require a more accurate compliance withfdbe
and shoes parameters. Therefore, this parametergmay
beyond the permissible limits, provided that ipisssible

to enlarge the width.

According to standard 3927-88, lasts of three adiace
widths can be made with one unified sole across tdéwi
This means that for the foot the width of the shole $n
cross-sections of 0.18 L and 0.68 L can be madgtasr
smaller within the same shoe width.

The shoe comfort depends on ensuring the optimal
distribution of shoe pressure on the foot in défdrareas,
the value of which should vary from the maximum
possible to zero. The nature of the pressure igebar
determined by the parameters of the overall zones,
especially in the heel and forefoot parts. Due te th
existence of rigid intermediate parts that haveuced
elastoplastic properties, the pressure in thesesaskould
not have a traumatic effect on the foot and falblyethe
minimum values. The uneven distribution of pressure
caused by the mismatch of the shapes and parantdters
the foot and last leads to pathological changebénfoot,

a decrease in shape stability and premature shae wea
The sole of the shoe last should provide an optimal
distribution of pressure on the foot plantar swefamder
load. This depends on the shape of the sole prafihéch
should take into account the nature of the changtheé
deflection of the foot arches, depending on thel hee
elevation. The inner arch is known to performs angpr
function during the movement of the foot, while theer
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arch is the support. To ensure the normal funatigrof
arches, depending on the type of shoe, the sdleiwaist
area corresponding to the inner arch of the foaukh
have additional space for arch movement under load.
Supporting comfort is also achieved through the ofe
profiled insoles for redistributing pressure aloige
plantar surface of the foot. In this case, the irst@pe of
the shoe should take into account the parametetheof
insole.

Thus, we can say that fitness is a complex indicatdhe
compliance of the shoe inside with the parameterthef
foot. It includes the compliance of shoes with the
parameters of the sole, width and overall dimensions
which can be attributed to single indicators of the
compliance of the shoe inside with the parameterthef
foot.

4. RESULTSAND DISCUSSION

1. Automated selection is based on a comparison of
the data of the rational and actual inner shoeeskfag 1).

2. To calculate the rational inner shoe shape, the
most important selection parameters are chosen that
correspond to the foot data. To assess the dedgree o
conformity of the shoes shape and size with the diaba,
selection criteria are established according todhesen
selection parameters.

3. Anthropometric data in the form of sections and
projections of the foot surface are used as thés lfas
calculating the parameters of the inner shoe shape.

4. For the automated selection of shoe lasts and
models, it is necessary to measure the lasts aogotd
the chosen selection parameters and calculationuies,
and obtain information about the designs of shoéetwmo
from the database.

5. The conversion of the foot data to the parameters
of the last depends on the type of shoe, its perposl the
materials used. Therefore, at the initial stagesedéction
for the calculation of rational inner shoe shapea an
subsequent analysis (selection), it is advisableséb
preliminary requirements for the needed models. Whe
using the word “model” we mean the combination of the
given requirements that the inner shape of the gihdeits
design meets. Selection of uncomplicated orthopedic
prophylactic shoes is carried out taking into acdatine
design and parameters of the insole corresponding t
certain deformation of the feet.

6. Based on the parameters of the foot and the
specified requirements related to the inner shapehthe
parameters of the rational inner shoe shape andanges
of acceptable values for each of the selectionmperars
are calculated: the first range is for the selectib ready-
made shoes corresponding to the parameters obtte f

7. The second one is for the selection of models
that require minimal correction of orthopedic irser
elements.

121



ATLANTIS
PRESS

Advances in Health Sciences Research, volume 28

Foot data,
requirements to model,
diagnosis

|

Intended
for given pathology

Calculation of optimal

and ranges
of possible parameters

inner shoe shape parameters

Selection
of main models
from database

—n]

Selection of available shoes

Suitable in design
for given pathology

l

Selection
of additional models
from database

|

Calculation
of the degree
of models compliance

Model rating

Selection
of shoe model

According to range |
of acceptable

no

for adjustment

Calculation of compliance

Main models Additional models
selection selections
: According to range |
Ee'ec.:m!‘ of acceptable
¥ T sha inner shoe shape parameters
es no
Li Models found? Additional models

considered?

Customization?

Selection of main
and additional models

for adjustment

According to range Il of
| acceptable inner shoe

shape parameters

Models found?

Request to DB
with all lasts
according to

given requirements

/ Selection of lasts

and incompliance degree

inner shoe
shape parameters

End

of last parameters

Lasts rating

Selection of last
for customization

odel for customization and
recommendations for

inner shoe shape
modification

for analysis

Selection of model
for customization

Fig.1. General scheme of the algorithm for the ienatied selection of orthopedic shoes
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8. Based on the calculated parameters of the
rational inner shoe shape and the ranges of pasamet
values, the selection of models can take placewia t
stages. At the first stage of selection, “basic” elsdof
shoes designed for a given deformation are coresidexs
empirical experience shows, models that are nohdted
for a particular deformation can also be quites$atiory.
Therefore, in case of mismatch of basic modelsiafpgc
chosen for pathology, it is advisable to analyzelet® for
other deformations that meet the foot parametersitits,
the shoe model should be suitable, first of althie design
of the upper. Therefore, in the database, “mainicbas
models” for a given deformation are marked as “toidlal
(type of deformation/pathology)” if, by design ofiet
upper, they can potentially be used for other deédions.
Thus, both “basic” and *“additional” models can be
selected if the parameters of their lasts fit ithe first
range of acceptable values. If, as a result of eispn,
any of the parameters goes beyond the permissiilesy,
then the model is rejected and is not further arealyas
not meeting the specific selection criterion.

9. If the models are found as a result of selection,
then the degree of their compliance with the pararaeif
a rational inner shoe shape is calculated. Thustiag
assessment of the degree of compliance for eaelted|
model is formed.

10. The selection of models for fitting is carried out
through the analysis of the main and additional ef®d
using the second range of acceptable values tordfitif
the selection did not find shoe models meetingstbarch
criteria.

11. Selection of a model for custom production: all
lasts that meet the selection conditions are aedlyz the
database. If any of the parameters does not fit the
range of acceptable values, then the last is petteel and
analysis continues. For each parameter of the thst,
degree of its compliance/non-compliance is caledlat
According to the degree of compliance with the
parameters, a rating of the lasts is formed andtianal
one is selected for modification. For each inappate
parameter of the selected last, the sizes for duessary
modification are given. In this case, choosing alehas
rational according to the last recommended for
modification, that will allow preserving the aesthet
properties of the original design. However, this @ n
always possible, since there may not be models
corresponding to deformations of the foot for teéested
last. In this case, in accordance with the specified
requirements for the design of the upper, a model i
selected that has the mark “transformability” ine th
database — the ability of the model to retain ésthetic
and functional properties when designing on arrrzdtiéve
last.

5. CONCLUSION

The proposed concept is largely focused on theafise
modern digital 3D-scanning devices, as well as speci
data processing programs, although it does notudgcl
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traditional manual methods for obtaining anthroptiime
data.

Taking into account the specifics of orthopediceshas a
medical device, primary diagnosis of the feet ctiadiis
necessary. Depending on the degree and nature of the
deformation, an independent remote selection isiples
according to the feet parameters received and ingat

the database in advance, which will allow making aotem
order for custom production.

The principles and remote selection algorithm odersd

are invariant to the conditions of remote selectibioth
orthopedic products and mass-produced products.

This study shows new approaches to ensuring thereshui
parameters of orthopedic shoes, including when it is
selected remotely based on foot data, as well as to
customization and individual production of orthoped
shoes.
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