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The article considers the process of digital transformation of individual foot parameters into a prototype of
the insole based on the medical grounds of patients. The authors of the article present a methodological
approach based on the use of computer modeling and automated data processing. The article describes the
main stages of the design and manufacture of a removable orthopedic insole. The range of materials for the
production of individual orthopedic products has been determined. The speed and adjustment characteristics
of a small-sized CNC machine for the technological operation of manufacturing orthopedic products have
been established. The results of the study show that the proposed method of insole production based on
individual parameters provide a high degree of production accuracy and allows to exceed the patient's
expectations. The proposed samples of orthopedic insoles significantly improve the comfort and efficiency of
their use for flat feet correction and curing other foot problems. In conclusion, the authors summarize the
advantages and prospects of using this method for foot pathologies correction due to the customization of the

production of complex geometry orthopedic products.

1 INTRODUCTION

Among the variety of pathological conditions of the
musculoskeletal system, static feet deformities are the
most common ones. Persistent deformities of the feet
are not amenable to conservative methods of
treatment. Corrective surgical interventions do not
fully restore feet structure and functions. Therefore,
timely prevention of static deformities of the feet and
their treatment at the initial stages are important for
maintaining a person's perfect physical condition and
their ability to work.

The prevalence and frequency of feet deformities
raise the issue of providing orthopedic care to people
with structural and functional feet disorders solving a
number of urgent orthopedics and prosthetics
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problems. In order to prevent the development and
progression of static feet deformities and to ensure
uniform distribution of the load on the plantar feet
surface, as well as pain relief and improvement of the
musculoskeletal and cushioning functions, timely
supply of rational footwear and removable orthopedic
products is necessary.

The most common and affordable orthopedic
products are insole inserts of various designs. With
their help, it is possible to solve a wide range of
problems of treatment and prevention of the
development of static feet deformities.

The rapid development of 3D foot scanning
devices, computer-aided design tools, additive
manufacturing technologies, availability of low-cost
high-tech materials and at the same time, the ability



to provide a given set of product properties, opens up
new opportunities for the development and
implementation of digital technologies for the
manufacture of customized orthopedic insoles.

2 RESEARCH METHODOLOGY

Intensive development of digital technologies,
computer-aided design and modeling of industrial
products, automated measurement of the human
body, cause changes even in such a traditional sphere
as custom shoe manufacturing (Volkova, Kiselev,
2023).

The initial information for designing an individual
orthopedic insole is a 3D scan of the plantar surface
of the foot. On its basis, the contours of the main
sections of the insole are developed (Fig. 1).
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Figure 1: The design of the insole orthopedic insole: a —
longitudinal-axial section; b — top view; c-f — cross-vertical
sections of 0.18 L; 0.3 L; 0.5 L; 0.62 L, where L is the
length of the foot.

The anatomical insole shape with longitudinal and
transverse arches provides prevention of static feet
deformities and their development, relieves pain
caused by heel spurs. The insole provides an optimal
distribution of pressure on the plantar surface of the
foot, which allows you to relieve corns and calluses,
reduces pain, and leg fatigue that occur during normal
exercise during the day.

Creating customized shoes according using CNC
machines is an important task in the modern world,
where each person has their own unique foot
characteristics and leg shape. The functional
properties of orthopedic shoes are determined, first of
all, by the design and parameters of the orthopedic
last - the main type of technological equipment
(Golubeva, 2021). The shoe last is used to mold,

assemble and finish the shoe. Proper functioning of
the foot is ensured by the rational internal shape of the
shoe, which is determined by the design of the last
(Fukin, 1985). Creating high-quality products is
impossible without taking into account the interaction
of the components of all three elements of the system:
“FOOT — BLOCK - USS — STOP” (Mordvinova,
YAkovleva, 2015). Small-sized CNC machines are
used in shoe production due to their small size. They
are not inferior in technical capabilities to full-size
milling machines. The use of CNC milling machines
in low volume and medium volume production can
significantly increase automation and maintain
flexibility. In mass production it increases flexibility
while maintaining the existing level of automation.
Numerical control is a type of control in which a
program is defined as an array of information stored
on a medium. In CNC systems, control information is
discrete and processed digitally during operations.
The management of technological cycles most often
occurs with the help of programmable logic
controllers, implemented on the basis of the
principles of digital electronic computing equipment.

For numerical control systems structuring various
features are important. Most often they are divided
into the following groups: based on the nature of the
movement of the actuators of the machine,
determined by the geometric information in the
program; taking into account the degree of perfection
and functionality; by the number of information flows
(Litvinenko, 2015). Fig. 2 presents a classification of
all types of devices with numerical program controls,
containing a division into three main groups: by the
number of information flows, by the degree of
accuracy and functionality, by the type of movement
of the machine actuators (Amankulov, 2021).
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Figure 2: Classification of numerical control systems.

NC (Numerical Control), SNC (Spticher
Numerical Control) and DNC (Direct Numerical



Control) are also represented in the division with the
computer numerical control considered in the work.

Computer numerical control is divided into
several groups: HNC (Hand Numerical Control),
VNC (Voice Numerical Control), TNC (Total
Numerical Control).

The manufacture of an individual orthopedic
product on a small-sized CNC milling machine
begins with the creation of the insole and shoe pad
models. The process of patient's foot scanning is
performed by a 3D scanner. Three-dimensional
design in conjunction with digital transformation
makes it possible to study the surface features of a
particular human foot without person’s presence
(Kopylova, Kiselev, 2016).

The foot is the lowest and most complex part of
human body. It has upper and lower surfaces. Shoes
are mostly made for the foot, so proper scanning and
creation of a digital model is very important
(Peshikov, 1992).

3D scanning is carried out using structured light,
photogrammetry or LiDAR technology, which comes
from the English "Light Detection and Ranging".

The finished scanned foot model is saved in a
format supported by a 3D printer and a milling
machine, for example, .stl, .wrl, .sfx, .ply, .3ds.

The next step is to import the scanned 3D foot
model into the LastMaker program, which is designed
to create shoe pads - special equipment on which
shoes are made. The program from "Delcam"
provides for the transfer of STL files to other media,
which allows you to easily make a shoe last
(Shotovskaya, Yakovleva, Vasil'eva, 2020). On this
shoe model, several points must be marked: the top of
the ridge, the toe point, the top of the heel, the heel
point (Fig. 3). This is necessary for more accurate
work of the program and for further object changes.

Figure 3: Clarification of the positions of the main points of
the shoe: 1 — heel; 2 — upper heel; 3 — the top of the ridge; 4
— sock.

If the program has incorrectly determined the
shoe, then the curves on the shoe are manually edited
by adding, moving or removing characteristic points

on the inner line of the footprint, the outer line of the
footprint, the inner upper line, the outer upper line
(Fig. 4). The program allows you to correct the height
of the heel, the rise of the toe and set the required
rounding and alignment of the toe zone pads.

Figure 4: Correction of the points of the trace line and the
upper line.

After the initial changes, it is necessary to indicate
the type of pad: left or right, specify the size,
completeness, file name and description.

The section "Action — Change" contains a hnumber
of subsections that allow you to further modify the
shoe: change the crest, heel, the contour of the insole,
the outer and inner contour of the insole, the inner
upper contour, the outer upper contour (Fig. 5).
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Figure 5: Pad modification panel.

To change the contour of the heel, select the
starting and ending points of the area being changed,
and then the point of change. Similarly, other areas
are changing.

After the necessary changes, the pad can be saved
in various formats. In the case of preparing a control
program for a CNC milling machine, it is rational to
use the STL format, which is necessary for the
ArtCAM program.

ArtCAM is a computer modeling and image
processing software used in industrial design and
manufacturing. It allows designers to create 3D
models, as well as perform various material
processing operations, such as milling and cutting.
ArtCAM has an intuitive user interface that facilitates
the design process, and provides a wide range of tools
and functions to create high-quality and unique
products. This software is widely used in the
metalworking industry, jewelry manufacturing,
foundry, furniture manufacturing and other industries
where precise mechanical treatment of materials and
elaboration of the geometry of parts are required.



When the program starts, the initial working
window appears (Fig. 6), where the user can create a
new project or open existing ones. You can also select
the necessary actions from an additional list.
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Figure 6: The initial working window for ArtCAM.

When creating a new model, a working window
opens (Fig. 7), where the units of measurement are
selected, the necessary dimensions of the workpiece
are set according to the X and Y coordinates, and the
necessary resolution is indicated, which affects the
quality of the future model.
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Figure 7: The window for selecting the size of the new
model.

ArtCAM allows you to add previously created 3D
models to the project being developed, including
those obtained using third-party software (Fig. 8). To
do this, open the "Reliefs" tab and select "Import 3D
Models ...".

Figure 8: The window for adding existing models.

After selecting the required file an additional
configuration window opens (Fig. 9), which
implements the possibility of changing its orientation
in the X, Y and Z coordinate system, as well as
changing the scale of the product.

Figure 9: 3D Model Insertion Window.

After selecting all the necessary parameters, you
should click the "Insert" button to add the model to
the previously created working field (Fig. 10).

Figure 10: A working field with an added volumetric
model.

When making a model on a small-sized milling
machine it is necessary to create a control program
beforehand. To do this, in the "Trajectories" tab,
select the "3D UP" item and the "Z roughing" sub-
item. To develop a control program, a new custom
executive tool is selected or created from the library,
the material is specified and the name of the control
program is set.

The control program is saved in the "Trajectories
tab when selecting the item "Operations with UP" and
the sub-item "Save UP". In the drop—down window,
you need to select only the format for saving the file,
in this case - G-Code (mm) (.tap) (Fig. 11).



Figure 11: The window for saving the control program.

The file is saved in the G-code format for
compatibility with a small-sized milling machine
used to manufacture the developed orthopedic
product. In production, where various types of
numerical control equipment are used as well as
different program, but most CNC systems use the
same control code — G-Code (Salihova, Strelkov,
2020). This is a kind of language of interaction
between a CNC machine, a computer and a PC
operator (Pajvin, Chikova, 2015).

To transfer the generated G-code to the milling
machine, you need software — Mach3, which allows
you to download, edit and execute programs for the
CNC machine. It also provides the ability to visualize
and track the technological process of processing the
product on the machine and control the operating
modes of the machine. The process of working in the
Mach3 program includes the following steps.

Work with the software begins with the launch of
Mach3 Loader (Fig. 12), where the user needs to
select a profile corresponding to his machine. The
machine turns on after starting the required profile.
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Figure 12: A window for entering and selecting the profile
of the equipment used.

The reset is carried out by the "Reset" button (Fig.
13).

Figure 13: A working window with the necessary Reset
button.

The mobility of the cutting tool along the axes can
be checked manually using the Page Up and Page
Down buttons. The Shift button accelerates the
movement. After a check of the settings the machine
is fully ready for operations.

If the machine spindle is displaced relative to the
origin of the X, Y and Z coordinates, then it is
necessary to move it to the initial position, followed
by zeroing the values with the ZERO button (Fig. 14).

Figure 14: The working window with the necessary ZERO
buttons.

After installing the spindle, the workpiece is fixed
and the executive tool is manually brought to the
upper surface of the workpiece (Kiselev, Smirnova,
Kozlov, Makarova, Zhagrina, 2021).

To set the actions of the machine, the G-code is
imported, after which the Regen toolpath button is
fully loaded. Error checking in the program code is
provided with subsequent recalculations (Fig. 15).



Figure 15: The working window with the necessary Regen
toolpath.

Mach3 makes it possible to import G-code from
external sources (Fig. 15), for example, from
CAD/CAM/CAE programs and, if necessary, create
it manually in the Mach3 program editor. After
loading the program, you need to start the spindle.

Figure 16: A working window with the necessary button for
uploading files — Load.

Before the actual execution of the program, you
can use the preview function to see the expected
processing result on the computer screen, as well as
find out the approximate processing time. The
number of lines in the G-code may depend on the
complexity of the program and the number of
commands. If necessary, you can make adjustments
to the G-code or processing parameters.

After previewing and eliminating possible errors,
the machine is started for processing by the Start
button (Fig. 17). The Mach3 program allows you to
monitor the execution of G-code commands, control
the machine motors and coordinate their work taking

into account the feedback received from the actuator
control sensors position.

Figure 17: The working window with the necessary Start
button.

While the Mach3 program is running you can
observe what is happening on the computer monitor
screen and monitor the processing. In case of
unforeseen circumstances, an emergency stop of
processing with changes to the G-code is possible.

After the production is over, quality is checked
with the determination of roughness parameters.
Dismantling of the finished product is carried out
manually.

The Mach3 program offers a wide range of
functions and capabilities for controlling the machine
and performing various machining operations.

3 RESULTS OF THE STUDY

The results of the study of the digital transformation
of anthropometric parameters of the foot into
customized orthopedic products have shown that the
use of digital technologies allows to more accurately
measure and analyze the size and shape of the foot, as
well as to create customized orthopedic products
based on these data.

One of the main problems of customized
orthopedic products manufacturing is the accuracy of
measurements and the analysis of anthropometric
parameters of the foot. Traditional methods have
certain limitations and can lead to inaccurate results.
Digital transformation allows us to get more accurate
data and analyze the parameters of the foot in more
detail.

The advantages of using digital transformation in
the manufacture of orthopedic products include an
increase in the accuracy and quality of the product,



production time reduction, a more comfortable fit and
better foot support. The use of specialized software in
conjunction with a milling machine allows us to
manufacture customized orthopedic products for each
patient; a small-sized CNC milling machine allows
you to increase the degree of automation of the
manufacturing process of orthopedic products, which
significantly reduces production time and cost. This
technology allows you to create shoe parts with
complex and unique geometry.

4 DISCUSSION OG THE RESULTS

The main purpose of the study was to evaluate the
efficiency and accuracy of the shoe manufacturing
process according to individual parameters using a
CNC milling machine. For this purpose, a number of
simulations were carried out, in which optimal
parameters were determined, the main of which
include milling speed, cutting depth and tool feed.

The results showed that the use of a small-sized
CNC milling machine based on several specialized
software programs made it possible to significantly
increase the accuracy of manufacturing customized
orthopedic products in comparison with the
traditional method, which significantly affects the
comfort and ergonomics of shoes.

The study showed some limitations of using a
small-sized CNC milling machine. In particular,
difficulties arise when working with certain types of
materials, such as leather or plastic with a density less
than 0.08-1.75 g/cm3. A feature of the processing of
the above mentioned materials is the insufficient
purity of the treated surface and the possibility of
irregularities in the material.

The use of a CNC milling machine for 3D
processing requires a highly qualified operator. This
can lead to increase costs of the product in low-
volume production.

The conducted research confirms that the use of a
small-sized CNC milling machine in the process of
manufacturing customized orthopedic products is an
effective and accurate production method. However,
for the successful implementation of this method, it is
necessary to ensure the availability of equipment and
employees training, as well as to continue research
and develop of new technologies and materials that
can be better adapted for milling.

5 CONCLUSIONS

In general, the use of CNC milling machines for the
manufacture of individual insoles has many
advantages. It provides an increase in product quality,
which allows you to create orthopedic products that
fully correspond to the shape of the patient's foot.
This can be useful for people with foot deformities,
such as flat feet, uneven load on the foot, etc. The
CNC milling machine allows us to reduce the
production time due to the full automation of the
technological process. This is especially important for
patients who urgently need their insoles. The creation
of customized orthopedic products allows us to
reduce production costs, since each client receives
perfect shoes. The creation of customized orthopedic
products using the LastMaker program is an
important and in-demand direction in shoe
production. It helps manufacturers to create more
comfortable, and higher-quality shoes.
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