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RESEARCH OF MATERIALS AND DESIGN
OF ORTHOPEDIC INSOLE

Abstract. The article is done to study the influence of orthopedic products based on
composite materials on the comfort of shoes for diabetic patients. The purpose of the work is
to identify certain preventive and therapeutic effects of orthopedic products for people with
diabetes. The study focuses on various composite materials, predominantly silicone-based,
the feet of diabetic patients, and the design of orthopedic products. To develop specialized
insoles were utilized data derived from anthropometric investigations conducted on the feet
of diabetic patients. Statistical parameters characterizing the feet were meticulously
determined and subsequently employed in the design of insoles tailored for diabetic footwear.
A comprehensive methodology was employed in the development of these specialized
insoles, integrating a mathematical model and a computer program to simulate the insole,
alongside an image analysis program that facilitated the extraction of anthropometric data.
The resulting design of the insole for comfortable diabetic shoes encompasses three distinct
layers: an upper layer, a lower layer, and an intermediate layer. The use of orthopedic insoles
made of silicone composites allowed to reduce the pressure on the painful areas of the foot.
The outcome of this study is the development of orthopedic products that not only contribute
to the treatment and rehabilitation of diabetic patients but also enhance their overall quality
of life. Furthermore, this research underscores the potential to elevate the level of social
security for these individuals. As such, the significance of this study lies in its ability to
address a pressing healthcare issue, ultimately improving the well-being of diabetic patients.
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Introduction. The review and analysis of information on the current situation
in the field of diabetes mellitus confirm the need to activate work on the creation of
comfortable shoes and materials. According to well-known doctors, it is crucial to
ensure normal living conditions for patients with diabetes, diabetic foot syndrome
(DFS) is given to comfortable diabetic shoes [1,2].

DFS is a complex pathological condition that manifests in individuals with
diabetes mellitus. According to the World Health Organization's definition, DFS is
characterized by the destruction of deep foot tissues accompanied by neurological
and circulatory abnormalities in the lower extremities [3]. One of the primary
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contributors to foot damage in diabetic patients is ill-fitting footwear, as
conventional shoes often lack the necessary structural adaptations and orthopedic
features essential for promoting the normal functioning of diabetic feet [4,5].

The regions of the foot that endure the highest levels of pressure during
walking and standing are particularly susceptible to damage, leading to structural
changes and discomfort. Consequently, individuals with DFS often employ various
orthopedic products, including insoles, to alleviate the stress on affected areas.

Insoles represent a critical component of footwear, influencing factors such as
support, comfort, thermal insulation, hygiene, and the prevention of foot deformities
and localized overloads. The integration of orthopedic orthoses has demonstrated its
potential in preventing pathological changes associated with DFS [6-8].

Recent research efforts have introduced innovative polymeric biocomposite
materials founded on regenerated cellulose. These materials exhibit promising
bioactive properties and find applications in the shoe industry, particularly in the
context of DFS management [9]. These advancements open new avenues for the
treatment and prevention of DFS, highlighting the significance of ongoing research
in the field of orthopedic materials and their potential to enhance the comfort and
well-being of individuals living with diabetes.

The result [10,11] of the optimization method is a special insole design with
continuously variable stiffness/shape within its area, which ensures smooth pressure
distribution for patient comfort. The results showed a 40% reduction in maximum
pressure on the foot.

The article [12, 13] reviews the findings presented in two key references,
which investigate the impact of material hardness and support height in orthopedic
insoles on ankle joint load. The central contention put forth by these studies is that
material hardness does not appear to exert a significant influence on ankle joint load,
in contrast to the pivotal role played by the height of insole support.

The paper [14] presents polymer composite for optimizing a new composition
that can change the temperature of orthopedic insoles. In the following study [15] a
mathematical model was created for the distribution of pressure in the sole which in
turn contributed to obtaining normalized experimental results and the corresponding
height values were calculated for the zones of the insole.

This article delves into the critical aspect of footwear quality, with a specific
focus on comfort as a pivotal determinant. The comfort of footwear hinges upon the
precise alignment between the foot's shape and size and the internal spatial
dimensions of the shoe. The parameters governing the internal configuration of
footwear are primarily contingent upon the shape and size of the last used in the
manufacturing process. For diabetic footwear, it is imperative to employ lasts of
medium, wide, and extra-wide fullness, allowing for additional space to
accommaodate footbeds and orthopedic elements.

The insole configuration comprises three distinct layers: the upper layer,
crafted from lining leather treated with fungicides, the lower layer composed of
cardboard, and the intermediate layer incorporating shock-absorbing composite
material.

Conditions and methods of research. The research centered on the
investigation of various composite materials derived from silicone, the feet of
individuals diagnosed with diabetes, and the designs of removable orthopedic
products.

To assess the mechanical properties of the composite materials based on
silicone, two key instruments were employed:

183



Light industry B. Abzalbekuly,

technologies A K. Baidildayeva, S.E. Munasipov P.182-190

- universal Testing Machine H25KT Tinius Olsen: This apparatus facilitated
the evaluation of the mechanical behavior and tensile strength of the silicone-based
composites. The tests were conducted under standard room temperature conditions
following the guidelines outlined in the international standard ISO 20344.

- hardness Tester Shore Durometers HPSA-M: The hardness tester was
instrumental in determining the hardness characteristics of silicone-based materials.

Anthropometric parameters of the feet were obtained using a specialized
photoplantogram.

The photoplantogram (Fig. 1) consists of a set of mirrors, a camera, and
lighting fixtures. It allows for determining and fixing the image of the plantar surface
of the foot, for this reason, the foot of the subject is placed on a perforated support
platform. Image clarity is achieved as a result of uniform illumination of the entire
surface of the support and aperture of the camera lens.

Figure 1. Photoplantogram

The photoplantogram is a valuable tool utilized in this study to facilitate a
comprehensive geometric analysis of the target object, enabling precise
determination of its spatial positioning, shape, and dimensions. In this particular
context, the photoplantogram is employed to capture and quantify the geometric
characteristics of the plantar region of the feet in patients afflicted with Diabetic Foot
Syndrome (DFS).

The subject is positioned with their right foot resting on a transparent
perforated support platform, specially designed for this purpose.

Illumination is strategically arranged from three distinct sides, and an intricate
system of mirrors, ingeniously situated beneath the support platform, is employed to
capture the image of the plantar surface of the foot.

After printing the pictures from the photoplantogram, the longitude and
latitude dimensions are taken in the characteristic areas of the foot (Fig.2).

In the pursuit of creating footbed tailored for diabetic patients, a foundation of
anthropometric studies was established to inform the design and customization of
these essential orthopedic components, including heel pads, toe pads, and insoles.

Parameters encompassed the following key dimensions of the feet: foot
length, foot width along both the outer and inner arch, and the width of the heel.

This comprehensive dataset of anthropometric measurements, meticulously
acquired through systematic research, has played a pivotal role in shaping the design
and construction of the footbed.

Research results and discussion. A mathematical model and a computer
program for insole modeling have been developed. Anchor points for the model are
determined (Fig. 3).
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Figure 3. Program tabulagram

In this study, a specialized program has been meticulously developed for the
purpose of analyzing photographs and extracting crucial anthropometric data, as
depicted in Figure 3. This program serves as a valuable tool in streamlining the
process of selecting anchor points necessary for the construction of a mathematical
model. The selected anchor points are efficiently recorded in a structured table, and
the entire dataset is systematically saved in a separate file for further analysis and
reference. To enhance the versatility and functionality of the program, it incorporates
an integrated brightness image analyzer, enabling the selection of user-defined
sections of the spectrum in the YCbCr format. This feature provides valuable insights
into areas of heightened pressure and zones with minimal load on the foot, offering
an in-depth understanding of foot mechanics.

Moreover, in the determination of the shape of the massage arches, an
interpolation polynomial has been effectively employed. The general arc is divided
into two separate points. The following designations are introduced: points A and B
are the centers of circles; points C, D, and E - are the edges of the massage arches;
R1 and R2 are the radius of the circles (Figs.4 and 5).

In the context of this study, a pivotal aspect of the research involves the precise
determination of the parameters, centers, and radii of arcs, as illustrated in Figure 6.
This endeavor hinges upon knowledge of the coordinates of the three distinct points
that define each arc.
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Figure 4. Forms of massage arches
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Figure 5. Arc point coordinates

Figure 6. Massage arches

For methodological clarity and rigor, the system of equations underpinning
this process is solved separately for each individual arc.

(x, = x)* +(y, —y) =R?
(x, = x)* +(y, —y)* =R? 1)
(x; —x)* +(y; - y)* =R’

In the Maple computer algebra environment, we obtain the following
coordinates of the center of the circle:

X= 1 (X12(y2 — y3)+ Xzz(_ it y3)+ X32(y1 — YZ)+ y12(YQ — y3)+ yzz(ys - y1)+ y32(y1 — Y2)) (2)
2 (Xl(YZ_y3)+xz(y3_y1)+xs(y1_YZ)) '

y= 1 (Xlz(xz =)+ X" (2 %)+ %7 06 = %)+ 7 06 = X )+ ¥, (6 = X )+ " (% — Xz))
2 (Xl(yz - y3)+ Xz(ya - y1)+ Xa(y1 Y, ))
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For the calculation, triples of numbers (4,5,6) and (6,7,8) were used. To find
the radius, it is enough to find the distance from any of the three points to the center
of the circle.

R=+(x —x)" +(y, - y)’ ®3)

The design and composition of the intermediate layer of removable insoles,
crafted from composite materials, are tailored to address the specific nature of the
foot ailment in consideration. These insoles can be configured to include the
intermediate layer under the heel, metatarsophalangeal region, or even extend across
the entire plantar surface of the foot, as exemplified in Figure 7.

The intermediate layer, a pivotal component of the developed insole, is
fabricated from silicone composites augmented with varying proportions of
microcrystalline cellulose (MCC) to enhance its physical and mechanical properties.
The incorporation of MCC offers a distinctive advantage, enabling the customization
of mechanical attributes, hardness, and deformation characteristics, catering to the
specific requirements dictated by the patient's foot ailment and body weight. This
approach significantly augments the comfort and suitability of the footwear.

The fabrication of these orthopedic insoles employs a hot molding process
conducted within a thermostat at a controlled temperature of 70°C for a duration of
15 minutes. This technique is instrumental in producing orthopedic elements tailored
for a wide array of clinical needs, utilizing pre-designed molds. These molds have
been meticulously developed, taking into account the results of anthropometric
studies, to ensure a precise fit and optimal functionality in the management of diverse
foot conditions.

Figure 7. Orthopedic insoles designs

In the development of orthopedic insoles, three distinct designs have been
devised to address specific aspects of foot comfort and health. In the first design,
referred to as insole #1, a strategically positioned recess in the heel region is featured.
In the second design, denoted as insole #2, a supportive roller is incorporated in the
area of the phalanx of the toes. The third design, insole #3, combines both a roller in
the phalanx area and a recess in the heel region. The roller component is engineered
to provide cushioning and massage benefits for the toes, while the heel recess is
designed to alleviate the load on the heel region of the foot.

Conclusion. The findings from the experimental implementation of shoes
equipped with the proposed insole design over a one-month period, particularly
among patients exhibiting statistical insufficiency of the feet, have demonstrated a
notable preventive and therapeutic impact. This effect is characterized by the
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alleviation of painful sensations that were previously prevalent across the entire
plantar surface of the feet.

The integration of this specific insole design holds significant promise for
enhancing the overall comfort and hygiene of footwear designed for diabetic
patients. It is evident that this innovation can offer substantial relief and potentially
mitigate foot-related discomfort among this patient group.

The results of this study contribute to the ongoing efforts to address the unique
needs of diabetic patients by providing orthopedic solutions that promote both
comfort and health, thus advancing the quality of life for individuals dealing with
diabetes and associated foot conditions.
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B. A63anbekynbi®, A.K. Baliaunbgaesa?, C.E. MyHacunos?
IM.X. lynamu ameiHdarbl Tapas eHipnik yHusepcumemi, Tapas K., Kasakcmax
OPTONEAUANDIK ¥NTAPAKTbIH MATEPUANAAPBI MEH KOHCTPYKUUACDBIH 3EPTTEY

AHgatna. Makana KOMNo3MTTI  maTepuangap HerisiHaeri  opToneauAnbiK
6ylbiIMaapabiH, AMabeTneH aybipaTblH HAyKacTapfFa apHaAfaH ankK KUIMHIH Kal/bliblFblHA
acepiH 3epTTeyre apHanfaH. yMbICTbIH, MaKCaTbl KaHT AMabeTiMeH ayblpaTblH agamaapfa
opToneauanbik bynbimaapablH, 6enrini 6ip npodunakTUKabiK KoHe eMAiK SCepiH aHbIKTay
6o0sbin  Tabblnagbl. 3epTrey 9PTYpPAi  KOMMNO3UUMAABIK MaTepuangapfa, HerisiHeH
CUAWKOHFa, AMabeTTiK TabaHAapfa *KoHe opToneguAnblk OylbiM  KOHCTPYKUMACHIHA
HerisgenreH. ApHalbl ynTapakTapgbl 93ipfey yWwiH KaHT auabeTimeH ayblpaTbiH
HayKacTapAblH, TabaHAAPbIHA MKYPFi3i/ireH aHTPOMOMETPUAbIK 3epTTeyaepaeH asbliHFaH
AepeKTep KongaHblnabl. TabaHaapabl CMNATTANTbIH CTAaTUCTUKA/BIK NapameTpaep MyKUAT
aHbIKTaNbIN, KeWiHHEeH AMabeTTiK asK Kuimre apHanfaH yATapakTapAbl a3ipneyge
KONZaHbInabl. byn mamaHAaHAbIpbIAFaH yNTapakTapAbl 23ipieyae maTemMaTUKasblK,
Mogenbai KaHe TabaHabl Mogenbaey YWiH KOMMbloTepAik Hafaapnamanbl BipikTipeTiH
KeleHAi ajicteMe, COHAaM-ak aHTPOMOMETPUANDBIK AepeKTepai anyabl KeHinaeteTiH
KeckiHai Tangay 6afmapnamacbl KongaHbingbl. HatukeciHae, biHFalnbl AnabeTTiK ask,
KMiMre apHanfaH TabaH KOHCTPYKLMACHI YW 6enek KabaTTaH Typaapl: YCTiHTi KabaT, TomeHTri
KabaT KoHe apanblK KabaT. CUAMKOHAbI KOMMO3WUTTEPAEH XKaca/ifaH OpTOneauAsbIK,
yATapakTapabl KO4aHy asKTblH ayblpaTblH KepaepiHe KbICbiMAbl a3alTyfa MYMKIHAIK
6epai. byn 3epTreyaiH, HOTUKECi KaHT AnabeTimeH ayblpaTblH HayKacTapAbl emaey MeH
OHaNTyfa faHa emec, COHbIMEH KaTap ONapAblH, Xa/nbl eMip Cypy CanacblH *KakcapTyfa
bIKMaN eTeTiH opToneanAnbIk byribiMaapabl *kacay 60/bin Tabblnagbl. COHbIMEH KaTap, byn
3epTTey OCbl aJaMAapAabl dN1eyMeTTiK KaMCbI34aHAbIPYAbl aKCapTy 2/1eyeTiH KepceTeai.
CoHAbIKTaH 6yn 3epTTeyaiH, MaHbI3AblbIFbl AEHCAY/bIKTbIH, ©3EKTi MaceseciH Lwewy
KabinetiHae, calibin KenreHge, KaHT gvabeTimeH ayblpaTblH HayKacTapAblH, 9/1-ayKaTblH
YKaKcapTyaa.

TipeK ce3pep: ask KWim, KaHT anabeTi, opToneams, yatTapaKk, KOMNO3UTTI yATapak.

B. A63anbekynbi?, A.K. Baligunbgaesa?, C.E. MyHacunos?
1Tapasckuli pecuoHansHeblll yHusepcumem um. M.X. Aynamu, 2. Tapa3s, KasaxcmaH
UCCNEAOBAHWUE MATEPUANOB U KOHCTPYKLUMU OPTOMEONYECKOM CTENBKU
AHHOTaumA. CTaTbA NOCBALLEHA UCCNE0BAHUIO BAUAHUA OPTONEANYECKUX U3eNnn

Ha OCHOBE€ KOMMO3UTHbIX MaTepPUanoB Ha KOM¢0pTHOCTb O6YBVI 60/1bHbIX CaxapHbimMm
AVIa6eTOM. Uenb paGOTbI BblAB/IEHWE oOnpegesieHHbIX I'IpOCbI/IJ'IaKTW'IeCKMX N ne4yebHbIx
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apPekTOB OpTONEAMYECKUX N3NNI ANA Ntofel € caxapHbiM anabetom. B nccnepgoBaHum
OCHOBHOE  BHWMaHWe yAenAaeTcA  Pas/MYHbIM  KOMMO3WULMOHHBIM  MaTepuanam,
NPeMMyLLeCTBEHHO Ha OCHOBE CWJ/IMKOHA, CTonam 60/bHbIX caxapHbim AuabeTom K
KOHCTPYKUUKN opToneamnyeckux nsgenvii. na paspaboTku cneunannsmvpoBaHHbIX cTenek
6bIMM  MCNONb30BaHbl  AaHHble, MONAYyYEHHble B pe3y/abTaTe aHTPOMNOMETPUYECKUX
uccnefoBaHUi, MNPOBEAEHHbIX Ha CTonax nauueHToB C Auabetom. CratucTuueckue
napameTpbl, XxapakTepusytowme ctonbl, 6blIM TWATENbHO onpeAeneHbl U BNOCAEACTBUM
Mcnosb3oBaHbl NpU pa3paboTKe cTeneK, NpefHasHayYeHHbIX Ana AnabeTnueckoin obysw.
Mpu paspaboTke 3TMX Cneumanu3nMpoBaHHbIX CTenek bblna MCNOAb30BaHA KOMMIEKCHasA
MeToA0N0rMA, 06beaMHAIWAA MaTEMATUYECKYIO MOAENb U KOMMbIOTEPHYIO NPOorpammy
ONA MOOENMPOBAHMA CTe/IbKM, a TaKKe Mporpammy aHanv3a u3obpaykeHui, KoTopas
obnerynna n3saeyeHne aHTPONOMETPUYECKMX AAHHbIX. B pe3ynbTaTte KOHCTPYKLMA CTENbKU
ana ypobHol anabetmyeckoi obOyBM BKAKOYAET TPWU OTAE/bHbIX CNOA: BEPXHUI C/ON,
HUXHUIA CNOM M NPOMENKYTOUHbIN CNoi. [pumeHeHMe oOpToneAMYEecKUX BKAAAbIWEN,
M3roTOB/MIEHHbIX W3 CU/MKOHOBBIX KOMMO3WTOB MO3BO/AIMA CHW3UTb AaBNeHUE Ha
60/1€3HEHHbIe Y4acTKM CTONbl. Pe3ynbTaTom 3TOro UccnefoBaHuA ABAAeTcA paspaboTka
opToneAnYecKUX U3Lennii, KoTopble He TONIbKO CNoCOBCTBYIOT IeYEHUIO U peabunuTaunm
nauneHToB ¢ gnabetom, HO M yayywatloT obliee KAaYecTBO UX KU3HW. Kpome TOro, sTo
uccnefoBaHue NoA4YePKUBAET NOTEHLMAN NOBbIWEHUA YPOBHA coumanbHoro obecneveHmn
3TMX nogen. Takmm 06pa3om, 3HAYMMOCTb 3TOFO MCCNEeA0BaHWUA 3aKAOYAETCA B ero
CNOCO6HOCTU PeLLnTb HaCcyLWHYI Npobaemy 34paBOOXPaHEHMUA, B KOHEYHOM UTOre yay4dLlas
CaMOYYBCTBME NaLMEHTOB ¢ AnabeTom.
KnioueBble cnosa: 06yBb, AMabeT, opToneaus, CTeNbKa, CTENIbKU KOMMO3UTHbIE.
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