Light Industry M.Sh. Rashidova,

Technologies D.Z. Pazilova, G.A. Juraeva P.254-260

FTAMP 64.41.14

M.Sh. Rashidova! — main author, | ©
D.Z. Pazilova?, G.A. Juraeva3
hal 1PhD, Associate Professor, 2Assistant, 3Senior Lecturer

ORCiD | 2https://orcid.org/0009-0009-4891-7807
123Tashkent Institute of Textile and Light Industry,

iy
% Tashkent, Uzbekistan
@ 2dilnoza7474@list.ru

https://doi.org/10.55956/EOHN7708

DEVELOPMENT OF ORTHOPEDIC FOOTWEAR WITH
COLORED VISUAL MARKERS FOR SENSORIMOTOR GAIT
CORRECTION IN CHILDREN WITH CEREBRAL PALSY

Abstract. This article examines the functional and psychophysiological role of
orthopedic footwear with colored visual markers in gait correction for children with cerebral
palsy (CP). The study included 156 children aged 5-12 years. Step stability, balance,
attention, and motor activity were assessed using a “Colored Pathway Test.” The results
showed that orthopedic footwear with colored visual markers improved movement
coordination, gait rhythm, and spatial orientation. High-contrast color elements had a
particularly positive effect on attention, movement control, and step accuracy. Outcomes in
the experimental group were significantly better than those in the control group (p < 0.05).
These findings may inform the design of functional orthopedic footwear and its use in
pediatric rehabilitation. Colored markers may support sensorimotor correction and help
children move more independently. The study’s recommendations can guide the
development of adaptive orthopedic footwear.

Keywords: footwear, cerebral palsy, color-based correction, movement, gait,
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Introduction. At present, the rehabilitation of children with cerebral palsy
(CP) and the improvement of their independent motor activity are considered among
the most pressing issues in the fields of medicine, pedagogy, psychology, and
orthopedic product design. CP is manifested in children through impaired motor
coordination, balance maintenance, spatial orientation, and gait functions. This
negatively affects children’s social adaptation, psycho-emotional condition, and
overall quality of life [1].

In the modern rehabilitation system, orthopedic footwear is regarded not only
as a mechanical support tool for the musculoskeletal system, but also as a functional
means of providing sensorimotor correction and visual adaptation. In particular,
studies investigating the influence of colors on human psychology and motor activity
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have shown that contrast and visual markers improve concentration, movement
control, and spatial orientation [2,3].

At the same time, the psychophysiological and functional effects of using
colored visual markers in orthopedic footwear designed for children with CP have
not yet been sufficiently studied. Most existing studies focus mainly on medical
rehabilitation or the mechanical properties of orthopedic constructions, while limited
attention has been paid to the influence of visual-navigation elements on gait
coordination and motor activity [4-8].

In this regard, the present study investigates the possibilities of using colored
visual elements in the design of orthopedic footwear for children with cerebral palsy,
as well as their effects on step stability, balance, attention, and movement activity.
The findings are considered to have practical significance for improving functional
and adaptive orthopedic footwear designs for children with CP. The use of assistive
technologies as a component of support for children with disabilities is also
recognized as an important direction of rehabilitation practice [9].

The purpose of this study is to investigate the psychophysiological and
functional effects of using colored visual markers in orthopedic footwear designed
for children with cerebral palsy (CP), as well as to evaluate their influence on step
stability, balance, spatial orientation, and motor activity.

The study aims to analyze disorders of motor coordination and gait activity in
children with cerebral palsy; examine the psychophysiological effects of colors and
their significance in the rehabilitation process; and identify the functional
characteristics of colored visual markers used in orthopedic footwear constructions.
Furthermore, the study evaluates the influence of colored markers on motor activity
in spastic, diplegic, and hemiparetic forms of CP. Using the “Colored Pathway Test,”
the research analyzes children’s step stability, balance, and level of concentration,
and develops proposals for the design of functional-corrective orthopedic footwear
based on colored navigational elements for children with CP.

The scientific novelty of the research consists in the experimental
substantiation of the functional effectiveness of using colored visual markers as a
means of sensorimotor correction in orthopedic footwear constructions for children
with cerebral palsy (CP). The study focuses on the psychophysiological effects of
colored visual elements in children with CP and the possibilities of applying them in
orthopedic footwear design. The research was conducted using a comprehensive
approach based on pedagogical observation, sociological surveys, comparative
analysis, and statistical processing methods.

Materials and Methods. Study Participants and Clinical Characteristics.
Children with different clinical forms of cerebral palsy participated in the study. The
proportion of children with the spastic form was the highest. Children with motor
impairments associated with spastic, diplegic, and hemiparetic forms of CP were
analyzed (Table 1).

The research was conducted at the Republican Children’s Neuropsychiatric
Hospital named after U.Q. Qurbonov, located in the Mirzo Ulugbek district of
Tashkent city. A total of 200 respondents participated in the study. Of these, 156
were children diagnosed with cerebral palsy, who were divided into experimental
and control groups. In the experimental group, orthopedic footwear samples
equipped with colored visual markers were used, whereas the control group used
conventional orthopedic footwear. The remaining respondents consisted of parents,
rehabilitation specialists, and users of orthopedic footwear.
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Table 1
Distribution of Participants According to the Clinical Forms of CP
Clinical Form of CP Number of Children (n)

Spastic 72

Diplegic 51

Hemiparetic 33

Total 156

The children participating in the study were between 5 and 12 years of age
and demonstrated impairments in motor coordination, balance, and gait activity.
Among them, 87 children were aged 5-7 years, while 69 children were aged 8-12
years.

Experimental Procedure. The experimental tests were carried out over a
period of 14 days during rehabilitation sessions. In the research process, a “Colored
Pathway Test” measuring 5 m in length and 60 cm in width was used. Colored step
markers were placed along the pathway at intervals of 30—40 cm. During the test,
green, red, blue, and yellow visual markers were applied. Throughout the study, the
effects of colored visual markers on step stability, balance, and motor activity were
observed.

Children’s step stability, balance, motor coordination, and spatial orientation
were evaluated using a 5-point assessment system. In addition, a test entitled “Step
Stability” was conducted. This test assessed the uniformity of the distance between
steps, gait coordination, and the stability of motor control. During the assessment of
step stability, observations were made regarding the child’s stepping accuracy while
moving along the colored pathway, the consistency of step intervals, the ability to
maintain walking direction, and cases of balance disturbance.

Assessment Criteria. The study evaluated the following functional indicators:

— step stability;

— balance;

— motor coordination;

— spatial orientation;

— attention;

— motor activity;

- understanding of colored markers;

- walking according to visual patterns.

Statistical Analysis. The obtained results were analyzed using comparative
and statistical methods. Average values were calculated and expressed as M + m.
Statistical differences between the experimental and control groups were considered
significant at p < 0.05.

Results and Discussion. Distribution of Participants According to Clinical
Form of CP. The distribution of participants according to the clinical forms of
cerebral palsy is presented in Figure 1.
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m spastic
B diplegic

B hemiparetic

Fig. 1. Percentage Distribution of Participants According to the Clinical Forms
of CP

The spastic form was the most common among the participants and was
characterized by increased muscle tone and restricted movements. In such children,
disturbances in step stability and balance during walking were frequently observed.
In the diplegic form, the muscles of the lower limbs were primarily affected,
resulting in difficulties in walking, impaired coordination between the legs, and
reduced ability to maintain balance. In the hemiparetic form, one side of the body
was affected, resulting in reduced motor activity of either the left or right leg and
asymmetry in stepping movements.

Results of the Colored Pathway Test. During the research, the use of
orthopedic footwear with colored visual markers was associated with more accurate
and stable stepping patterns in children. In particular, contrast-colored markers
improved visual orientation and assisted in controlling gait rhythm.

After the application of orthopedic footwear with colored markers in the
experimental group, improvements in step stability indicators were recorded (Table
2).

Table 2
Results of Step Stability Assessment Based on the Colored Pathway Test
Indicators Very Low Medium Good Very Good | Total
Low | (2points) | (3 points) | (4 points) | (5 points)
Step accuracy 18 34 41 39 24 156
Stability of step rhythm | 22 37 46 33 18 156
Maintaining direction 15 29 44 42 26 156
Maintaining balance 24 38 40 35 19 156
Understanding colored | 11 26 39 47 33 156
markers
Walking according to| 14 31 42 45 24 156
visual patterns

According to the results of the Colored Pathway Test, the majority of children
demonstrated medium and good levels of stepping accuracy and movement based on
visual markers. During the study, the use of colored visual markers increased
children’s interest in movement and had a positive effect on spatial orientation
during walking.

Average Functional Indicators. The results presented in Table 3 showed that,
according to the Colored Pathway Test, the average step stability score among the
156 children was 3.24 £ 0.08 points. Statistical analysis showed that the indicators
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of the experimental group were significantly higher than those of the control group
(p <0.05).

Table 3
Average Values of Functional Indicators
Indicator M+m
Step stability 3.24+0.08
Balance 3.11+0.07
Attention 3.42+0.09
Motor activity 3.58+0.08

The findings of this study demonstrated that the use of colored visual markers
in orthopedic footwear designed for children with cerebral palsy produced positive
results in the process of sensorimotor correction. During the research, contrast-
colored elements were associated with improvements in step stability, motor
coordination, balance, and spatial orientation indicators [11].

According to the results of the Colored Pathway Test, colored markers helped
children control gait rhythm, maintain step accuracy, and increase motor activity.
Statistical analysis showed that the indicators of the experimental group were
significantly higher than those of the control group (p < 0.05).

The observed results are consistent with the objective of developing functional
and corrective orthopedic footwear based on visual navigational elements. The use
of colored visual elements may provide additional functional support during gait-
related rehabilitation activities.

The findings also indicate the relevance of integrating visual-navigation
elements into orthopedic footwear design for children with CP, particularly in
relation to movement control, visual orientation, and gait coordination.

Conclusion. The study investigated the functional and psychophysiological
effects of colored visual markers incorporated into orthopedic footwear for children
with cerebral palsy. The results demonstrated that contrast-colored visual elements
were associated with improvements in step stability, gait rhythm, balance, spatial
orientation, attention, and motor activity.

The results of the Colored Pathway Test showed medium and good levels of
most evaluated indicators among the children. The experimental group demonstrated
significantly higher indicators than the control group (p < 0.05).

The obtained results confirm the feasibility of using orthopedic footwear
constructions equipped with colored visual navigation elements in the rehabilitation
of children with cerebral palsy.
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M.LU. Pawmnposa?l, A.3. Masunosal, I A. Xypaesa®
ITawkeHM MOKbIMA ¥aHe #eHin eHepKacin uHcmumymel, TawkeHm, ©36ekcman

UEPEBPANAbI CAN1 AYPYbI BAP BANANAPADbIH XYPICIH CEHCOMOTOP/IbIK TY3ETYTE
APHANFAH TYCTI BUSYANAbl MAPKEPTEPMEH XABAbIKTANFAH OPTOMEAUANDIK
AAK KUIMAI 93IP/NIEY

AHpaTtna. Makanaga uepebpangbl can aypybl (ALMN) 6ap 6ananapapiH KypiciH
Ty3eTyAeri TYCTi BU3yanabl mapkepsiepi 6ap optoneamnsanbik ask KNMiMHiH GYHKLUMOHANABIK,
aHe ncmuxodur3nMonoruabIK peni KapacTbipbinagbl. 3epTreyre 5—12 actafbl 156 6ana
KaTbiCTbl. KagamHblH,  TypaKTbbIFbl, Tene-TeHAiK, 3eiiH KaHe KMMbII-KO3fanbIC
6enceHginiri «TycTi »konak TecTi» («Colored Pathway Test») apkblibl 6aFanaHapl. 3epTrey
HOTUKeNepi TycTi BM3yanabl mapKepsepi 6ap opToneauanblk asK KWIMHIH, KO3FanbiC
YMNecimainirid, Kypic bipfafblH KoHE KeHICTIKTIK 6afaapiayabl *KaKkCapTKaHbIH KepCeTTi.
KOHTpacTbINbIfbl KOFapbl TYCTi S1eMeHTTep 3eiiHre, KO3FanbICTbl HaKbliayFa KaHe Kagam
A2/ 4iriHe aipbIKLLA OH 9cep eTTi. IKCMePUMEHTTIK TONTaFbl HATUKeNep HaKbliay TOObIMeH
CanbICTbIPFaHAA CTAaTUCTUKANLIK TypfblAaH aWTap/blKTal Kofapbl 6ongbl (p < 0,05).
AnbiHfaH HaTukenep OYHKLMOHANAbIK OpTONEeAMANbIK afAK KMUIM  KOHCTPYKLMACHIH
a3ipnieyre aHe oHbl bananapabl OHANTYAA KoNAaHyFa Heri3 6ona anagbl. TycTi Mapkepaep
CEHCOMOTOPAbIK Ty3eTyAi Kongan, bananapabiH, HeFypabiMm gepbec Ko3FanybliHa biKNan eTyi
MYMKiH. 3epTTey ycbiHbicTapbl bellimgenreH opToneauAnbik, asak Kuimai asipneyae
KONAQHbITYbl MYMKIH.

Tipek ce3pep: aAk Kuim, Lepebpangpl can aypybl, TYCKE HerisgenreH TyseTy,
KO3FanbiC, XKypic, dusmonornanbik ¢aktopnap, nNCUXoNOruMANbIK daKTopnap, OHanTy,
KOHTPACTbI/bIfbl }KOFapbl TYCTi 31eMEHTTEP, CEHCOMOTOPAbIK Ty3eTy, XKypic yhnecimainiri,
KagaMm blpFafbl, TYCTi BU3yanabl mapkepaep.
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M.L. Pawmnposa?, A1.3. Masunosal, I'.A. ¥ypaesa'

ITawkeHmckuli uHcMmumym mexkcmusnbHoU U 182Kol NPoMbIWAEHHOCMU,
TawkeHm, Y36eKucmaH

PA3PABOTKA OPTONEANYECKOW OBYBM C LIBETOBbIMUW BU3YA/IbHBIMU
MAPKEPAMM A1 CEHCOMOTOPHOWM KOPPEKLIUM XOAbEbIl Y AIETEN C AETCKUM
LIEPEEPA/IbHbIM MAPA/IUYOM

AHHOTauMa. B pgaHHOM  cTaTbe  MUCCNegoBaHO — QyHKUMOHasbHOe
NcnxoPpusnoormyeckoe 3HaYeHne opToneanyeckolrt obyBn c LBETHBIMW MapKepamu npu
KOppeKuuMu Xxoapbbl y AeTel, CTpaalolmx AeTCKMM LepebpanbHbiMm napanvyom (4LM). B
nccnegoBaHUKM NPUHANM yvacTne 156 peteit B Bo3pacTte oT 5 go 12 net. B xoge
3KCMepUMeHTa C UCMOIb30BaHMEM «TeCTa LLBETHOM AOPOXKKM» OblM OLLeHEHbI MOKa3aTenm
YCTOMYMBOCTM LUAra, PaBHOBECWA, BHMMAHMA W MOTOPHOM AKTUBHOCTU. PesynbTaTbl
NnoKasaanW, 4YTo MNpUMEHeHMe opToneauyvecko o6yBM C LBETHbIMM BM3YyasbHbIMU
MapKepamu CnocobCcTBYeT YAy4YlEHUIO KOOpPAMHAUUW  OBUMXKEHWI, puUTMa Lwara u
NPOCTPaHCTBEHHON opueHTaumn y aetel. OcoOBeHHO KOHTPACTHbIE LBETOBbIE 3/IEMEHTbI
NONOMKUTEIbHO MOBAUAM HA KOHLEHTPALUMIO BHUMaHUA, KOHTPO/Ib ABUXKEHNIN U TOYHOCTb
waroB. CTaTUCTUYECKUIN aHANWM3 MOKasaa, YTO pe3y/bTaTbl SKCMEPUMEHTANbHOM Tpynnbl
6bINM AOCTOBEPHO Bbile NO CPAaBHEHUIO C KOHTPOAbLHOM rpynnoit (p<0,05). NMonyyeHHble
pe3ynbTaTbl WMMEKT NPaKTMYEeCcKoe 3HayeHwe gns  paspaboTkum  GyHKLMOHANbHO-
KOPPEKLMOHHbIX KOHCTPYKLMIA OpToneamyeckon o6yBu U NpUMEHEHUS UX B peabunmTaymm
aetei. Mcnonb3oBaHMe LBETHbIX MApPKepoB MoBblwaeT 3pPeKTUBHOCTb CEHCOMOTOPHOW
KOppeKUuMM M pacluMpAeT BO3MOXKHOCTM CaMOCTOATENbHOTO MepeaBuMKeHUsa JeTel.
PekomeHaaumnmn nccnenoBaHUA MOTYT CAYKUTb ANA CO34aHUSA COBPEMEHHbIX afanTUBHbIX
mozenei optonegmyeckoit obysu.

KntoueBble cnoBa: 06yBb, AETCKUI LepebpasibHbI Napaany, UBETOBas KOppPeKuus,
OBUXKeHUne, xoabba, GM3MOI0rMYeCcKnin, NCUXONOTUYECKUIN, peabunmTaumsa, KOHTPaCTHbIe
LBETOBbIE 3/IEMEHTbl, CEHCOMOTOPHAA KOPPEeKuus, KoopauMHauua xoabbbl, puTm Lwara,
L,BETOBbIE BM3Yya/ibHble MapKepbl.

260



