
Light Industry 
Technologies 

M.Sh. Rashidova, 

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

 

254 

  

ҒТАМР 64.41.14 

 

M.Sh. Rashidova1 − main author, 

D.Z. Pazilova2, G.A. Juraeva3 
© 

 

 1PhD, Associate Professor, 2Assistant, 3Senior Lecturer 

ORCiD 2https://orcid.org/0009-0009-4891-7807 

 1,2,3Tashkent Institute of Textile and Light Industry,  

 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, 

physiological factors, rehabilitation, high-contrast color elements, sensorimotor correction, 

gait coordination, step rhythm, colored visual markers. 
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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. 

 

 



Light Industry 
Technologies 

M.Sh. Rashidova, 

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

 

256 

  

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. 

 



ISSN 2308-9865 
eISSN 2959-7994  

Mechanics and Technologies / 
Scientific journal 

2026, No.3(93) 

 

257 

 

 
 

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 

Low  

(2 points) 

Medium  

(3 points) 

Good  

(4 points) 

Very Good 

(5 points) 

Total 

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 

markers 

11 26 39 47 33 156 

Walking according to 

visual patterns 

14 31 42 45 24 156 

 

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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ЦЕРЕБРАЛДЫ САЛ АУРУЫ БАР БАЛАЛАРДЫҢ ЖҮРІСІН СЕНСОМОТОРЛЫҚ ТҮЗЕТУГЕ 
АРНАЛҒАН ТҮСТІ ВИЗУАЛДЫ МАРКЕРЛЕРМЕН ЖАБДЫҚТАЛҒАН ОРТОПЕДИЯЛЫҚ 

АЯҚ КИІМДІ ӘЗІРЛЕУ 
 

Аңдатпа. Мақалада церебралды сал ауруы (ДЦП) бар балалардың жүрісін 
түзетудегі түсті визуалды маркерлері бар ортопедиялық аяқ киімнің функционалдық 
және психофизиологиялық рөлі қарастырылады. Зерттеуге 5–12 жастағы 156 бала 
қатысты. Қадамның тұрақтылығы, тепе-теңдік, зейін және қимыл-қозғалыс 
белсенділігі «Түсті жолақ тесті» («Colored Pathway Test») арқылы бағаланды. Зерттеу 
нәтижелері түсті визуалды маркерлері бар ортопедиялық аяқ киімнің қозғалыс 
үйлесімділігін, жүріс ырғағын және кеңістіктік бағдарлауды жақсартқанын көрсетті. 
Контрастылығы жоғары түсті элементтер зейінге, қозғалысты бақылауға және қадам 
дәлдігіне айрықша оң әсер етті. Эксперименттік топтағы нәтижелер бақылау тобымен 
салыстырғанда статистикалық тұрғыдан айтарлықтай жоғары болды (p < 0,05). 
Алынған нәтижелер функционалдық ортопедиялық аяқ киім конструкциясын 
әзірлеуге және оны балаларды оңалтуда қолдануға негіз бола алады. Түсті маркерлер 
сенсомоторлық түзетуді қолдап, балалардың неғұрлым дербес қозғалуына ықпал етуі 
мүмкін. Зерттеу ұсыныстары бейімделген ортопедиялық аяқ киімді әзірлеуде 
қолданылуы мүмкін. 

Тірек сөздер: аяқ киім, церебралды сал ауруы, түске негізделген түзету, 
қозғалыс, жүріс, физиологиялық факторлар, психологиялық факторлар, оңалту, 
контрастылығы жоғары түсті элементтер, сенсомоторлық түзету, жүріс үйлесімділігі, 
қадам ырғағы, түсті визуалды маркерлер. 
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РАЗРАБОТКА ОРТОПЕДИЧЕСКОЙ ОБУВИ С ЦВЕТОВЫМИ ВИЗУАЛЬНЫМИ 
МАРКЕРАМИ ДЛЯ СЕНСОМОТОРНОЙ КОРРЕКЦИИ ХОДЬБЫ У ДЕТЕЙ С ДЕТСКИМ 

ЦЕРЕБРАЛЬНЫМ ПАРАЛИЧОМ 
 

Аннотация. В данной статье исследовано функциональное и 
психофизиологическое значение ортопедической обуви с цветными маркерами при 
коррекции ходьбы у детей, страдающих детским церебральным параличом (ДЦП). В 
исследовании приняли участие 156 детей в возрасте от 5 до 12 лет. В ходе 
эксперимента с использованием «теста цветной дорожки» были оценены показатели 
устойчивости шага, равновесия, внимания и моторной активности. Результаты 
показали, что применение ортопедической обуви с цветными визуальными 
маркерами способствует улучшению координации движений, ритма шага и 
пространственной ориентации у детей. Особенно контрастные цветовые элементы 
положительно повлияли на концентрацию внимания, контроль движений и точность 
шагов. Статистический анализ показал, что результаты экспериментальной группы 
были достоверно выше по сравнению с контрольной группой (p<0,05). Полученные 
результаты имеют практическое значение для разработки функционально-
коррекционных конструкций ортопедической обуви и применения их в реабилитации 
детей. Использование цветных маркеров повышает эффективность сенсомоторной 
коррекции и расширяет возможности самостоятельного передвижения детей. 
Рекомендации исследования могут служить для создания современных адаптивных 
моделей ортопедической обуви. 

Ключевые слова: обувь, детский церебральный паралич, цветовая коррекция, 
движение, ходьба, физиологический, психологический, реабилитация, контрастные 
цветовые элементы, сенсомоторная коррекция, координация ходьбы, ритм шага, 
цветовые визуальные маркеры. 

 


