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Abstract
Background 
and Study Aim

Monitoring the condition of athletes is one of the leading tasks in sports science. Predicting success 
and skill growth is an integral part of monitoring. The fulfillment of this task requires the use of 
modern methods and the sensory integration analysis occupies an important place. The purpose of 
this article is to analyze publications on sensory integration and identify priority research areas in 
this field.

Material and 
Methods

The bibliometric database Web of Science Core Collection (WoS) was analyzed. 388 sources that 
met the search criteria for 2013-2023 were selected for primary analysis. Bibliometric methods were 
used for processing the obtained information. The program VOSviewer 1.6.18 was used for keyword 
analysis and direct citation analysis with the construction of bibliometric maps, visualization of 
cluster density, and weight – citations.  

Results The leading publication categories in WoS were Neurosciences, Sport Sciences, Psychology, 
Psychology Experimental, Physiology, Rehabilitation. The distribution of publications by years 
was fairly evenly. Most publications were related to Germany and the USA. The most frequent 
institutions were German Sport University Cologne, Universidade de Sao Paulo, Shanghai University 
of Sport, Institute National de la Sante et de la Recherche Medicale Inserm, University of Freiburg. 
The most cited authors were identified. The constructed bibliometric maps allowed us to identify 
the leading thematic areas of research and current research directions in the field. The two most 
important clusters were identified. The largest cluster reflects research on balance and posture and 
the use of special exercises for rehabilitation in different population groups. The second cluster 
includes the most significant keyword in the whole map – “sensorimotor integration”. The works 
reflect studies of sensorimotor integration, the study of movement features, and coordination and 
control of movement at different levels.

Conclusions The conducted bibliometric analysis of publications confirms the relevance of sensorimotor 
integration. A stable interest in this problem has been determined. Research in this area has 
neurophysiological, sports-recreational, and medical-rehabilitation directions. Neurophysiological 
research is aimed at analyzing balance and equilibrium and the application of various tests and 
functional samples. The sport context studies sensory integration in different sports. Recreational 
publications have investigated sensory integration as a criterion of health. The therapeutic and 
rehabilitation focus explores the use of sensory integration as a criterion for treatment and 
rehabilitation. A characteristic feature is the intersection of these directions.  There is a lack of 
studies devoted to sensory integration in sport dancing. There is a lack of studies aimed at studying 
the psychophysiological state. These types of research should be assessed as relevant.

Keywords: sensory integration, bibliometric mapping, VOSviewer. 

Introduction 
One of the leading tasks in modern sports science 

is monitoring the functional state of athletes. 
Prediction of success and growth of sportsmanship 
is an integral part of monitoring, as it combines 
the following main tasks: collection and analysis of 

information and development of a forecast based 
on the results obtained [1, 2]. The fulfilment of 
this task requires the use of modern methods of 
analysis, among which techniques aimed at sensory 
integration occupy an important place.

Currently, sensory integration is understood as 
the ability to synthesize, systematize, and process 
sensory information received from the body 
and environment. This process is based on the 
interaction of the brain, peripheral nervous system, 
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and musculoskeletal system. Sensory integration 
largely ensures the functional state of a person 
and determines the peculiarities of tiredness 
formation, performance, and productivity of sports 
activity [3, 4, 5]. 

Timing, integration, and coordination between 
sensory perception and motor skills are necessary 
conditions for successful planning and execution of 
all complex movements. This integrated approach 
is important for success in sport [6, 7]. However, 
there is relatively little research in this area. The 
study of the nature of the influence of training on 
the motor qualities of athletes is recognized as an 
actual direction of sports science. 

Ensuring effective professional selection allows 
to ensure a high level of athlete success. The 
essence of such selection is a complex assessment 
of physical and psychophysiological properties 
with the help of a system of special tests. The 
main task of psychophysiological selection is to 
determine the state and degree of development of 
psychophysiological, mental, and personal qualities 
of the athlete. These qualities contribute to the 
successful mastery and effective use of professional 
skills [2].

The importance of psychophysiological features 
in optimizing the functional state of athletes is 
beyond doubt. The impact of certain sports on 
cognitive sensorimotor abilities and basic brain 
functions was assessed in the study [8]. The authors 
analyzed the features of the psychophysiological 
state of athletes in martial arts, rock climbing, and 
racket. Persons who did not engage in sports were 
the control group. It is shown that martial arts 
athletes had the best indicators of reaction time. 
The test performance was the most stable with the 
lowest number of errors. These athletes show the 
best motor readiness. The highest activity associated 
with postperceptual processing of attention was also 
determined in martial arts athletes. It is concluded 
that martial arts can provide the best functional 
level for athletes.

The psychophysiological features of athletes’ 
conditions are an important component of ensuring 
success. Testing of coordination, reaction speed, 
concentration, and switching of attention and 
memory is used to control the state in various sports. 
Correlation between psychophysiological indicators 
and other criteria allow evaluation of training and 
prediction of the growth of mastery [9].

The effects of various exercises on postural 
balance control and the underlying physiological 
mechanisms have been extensively investigated. 
However, little is known about how the demanding 
conditions of exercise contribute to improved body 
balance and to what extent these changes can be 
explained by sensorimotor and/or neuromuscular 
adaptations [10, 11]. The aim of the review [10] 
was to analyze the literature investigating the 

adaptation and control of posture in sport-specific 
training conditions and assess its correlation with 
sports performance indicators. The analysis made 
it possible to identify gaps in the existing research 
and offer suggestions for its optimization. The 
correlation between static and/or dynamic balance 
and sports performance criteria has been determined 
in archery, golf, and baseball. There is a tremendous 
amount of evidence to support neurophysiological 
adaptation to control postural balance due to 
exercise. However, there is insufficient research 
that explains balance adaptation and its effects 
on athletic performance. The correlation between 
performance and improved neuromuscular function 
induced by sport-specific balance exercises has not 
been definitively resolved. There is an opinion that 
this may be due to the influence of general physical 
exercises. It is concluded that there is a need for 
further research in this field.

In this context, it was of interest to conduct 
a bibliometric analysis of scientific publications 
devoted to sensory integration in journals of 
the international database Web of Science Core 
Collection. 

The aim of this study was to analyze the 
publications devoted to sensory integration and to 
identify the priority scientific directions in this field.

Methodology
Data sources 
Web of Science Core Collection (WoS) 

bibliometric database was selected as the source of 
the research sample as at 29.09.2023. 

The main criterion for selecting databases 
was the quality of the information sources. 388 
publications were selected (WoS). The sources 
met the criteria «sensory integration» + «sport». 
The added keywords used were «multisensory 
integration», «posture control», «sensorimotor 
integration», «sensory reweighting». The search 
time interval was from 2013-01-01 to 2023-09-29. 

The leading WoS categories were Neurosciences 
with 142 publications (36.5%), Sport Sciences with 
105 (27.1%), Psychology with 43 (11.1%), Psychology 
Experimental with 36 (9.3%), Physiology with 32 
(8.2%), and Rehabilitation with 28 (7.2%).

The distribution of publications by years was 
fairly even. For the last 5 years of analysis, the 
specific weight of publications was: 2023 – 33 
(8.5%), 2022 – 64 (16.5%), 2021 – 46 (11.9%), 2020 – 
42 (10.8%), and 2019 – 41 (10.6%).

Analysis of document types confirmed most 
research articles. The number of article – 325 
(83.8%), review article – 35 (9.0%), meeting abstracts 
– 12 (3.1%), proceedings papers –12 (3.1%), and 
early access – 7 (1.8%).

Most publications were related to the following 
countries: Germany, 92 (23.7%); USA, 83 (21.4%); 
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England, 74 (19.1%); China, 36 (9.2); and France, 
35 (9.0%). The analysis of affiliations allowed us to 
identify the most frequently occurring institutions: 
German Sport University Cologne – 19 (4.9%), 
Universidade de Sao Paulo – 19 (4.9%), Shanghai 
University of Sport – 17 (4.4%), Institute National 
de la Sante et de la Recherche Medicale Inserm – 16 
(4.1%), University of Freiburg – 16 (4.1%). 

Data analysis
Bibliometric methods [12, 13] for processing 

the obtained information in the context of sensory 
integration were used to analyse and determine the 
leading directions of research on the problem under 
study. To create and visualize bibliometric networks, 
we used the special program VOSviewer 1.6.18 [14]. 
This tool allows the analysis of keywords [12] and 
direct citations [13]. The calculation of the main 
indicators for analysing and identifying the most 
significant categories was performed according to 
the method [15]. The most cited references were 
used to identify promising research directions in 
this category. Distance-based bibliometric maps 
were used, in which the distance between two 
elements reflects the strength of the link between 
the elements. A smaller distance usually indicates a 
stronger link. 

Results
The program VOSviewer 1.6.18 created a set 

of bibliometric maps based on the purpose of 
the study. The main purpose of these maps is to 
identify trends in sensory integration research and 
highlight priority fields. The network visualization 
is presented in Figure 1.

The network was created based on 133 
elements – keywords that had a repeatability of 
at least 5. They are organized into 6 clusters. The 
network is characterized by 2033 links, with a total 
strength of 3946. The size of the circles-keywords 
corresponds to the number of links received. The 
proximity of these circles on the map indicates the 
strength of the correlations between the elements. 
According to Fig. 1, the most common studies 
can be identified. They are centred around the 
keywords “sensorimotor integration”, “balance”, 
“performance”, “perception”, “proprioception”, 
“movement”. 

The first cluster includes 38 keywords. This is 
the most significant cluster. It is marked on the 
map in red. The cluster is conditionally named 
“balance”. It is the most significant keyword. It 
has 122 links with other keywords in the map, and 
the total link strength (TLS) is 671. Next in order 
of decreasing number of links are: “gait” 53, (TLS 
104), “reliability” 53, (TLS 106), “exercise” 51, (TLS 
82), “older-adults” 50, (TLS 101), “walking” 44, (TLS 
80), “adults” 41, (TLS 65), “individuals” 39, (TLS 71), 
“people” 39, (TLS 53), “young” 37, (TLS 59), “deficits” 

35, (TLS 61), “risk” 34, (TLS 58), “recovery” 33, (TLS 
45), “falls” 32, (TLS 60), “concussion” 28, (TLS 54), 
“physical-activity” 28, (TLS 38), “therapy” 28, (TLS 
36), “injury” 27, (TLS 42), “symptoms” 24, (TLS 44), 
“quality-of-life” 22, (TLS 31), “risk-factors” 22, (TLS 
31), “management” 22, (TLS 29), “tai chi” 22, (TLS 
27), “association” 21, (TLS 27), “cognitive task” 21, 
(TLS 29), “error scoring system” 21, (TLS 37), “time” 
21, (TLS 34), “anxiety” 20, (TLS 21), “health” 20, (TLS 
22), “space” 20, (TLS 29), “synchronization” 20, (TLS 
24), “prevalence” 19, (TLS 23), “epidemiology” 19, 
(TLS 22), “validity” 17, (TLS 29), “fatigue” 17, (TLS 
20), “orientation” 16, (TLS 19), “instability” 15, (TLS 
24), “traumatic brain- injury” 15, (TLS 25).

The keywords in this cluster reflect the focus 
of research on balance and posture and the use 
of special exercises for rehabilitation in different 
population groups. The maximum total link strength 
of the keywords “balance”, “gait” and “reliability” 
confirms this assumption. The analysis of key words 
allows us to assess the peculiarities of the research 
design, focus on studying the peculiarities of the 
human condition, and the prevalence of injuries and 
diseases that lead to balance disorders.

The second cluster includes 37 keywords. It is 
marked on the map in green. The cluster is tentatively 
named “sensorimotor integration”. It is the most 
significant keyword in the entire map. It has 128 links 
with other keywords in the map (TLS 782). Next, in 
order of decreasing number of links are as follows: 
“movement” 82, (TLS 193), “coordination” 47, (TLS 
92), “motor control” 45, (TLS 78), “dynamics” 41, (TLS 
80), “brain” 41, (TLS 65), “mechanisms” 41, (TLS 56), 
“humans” 40, (TLS 69), “model” 35, (TLS 55), “pain” 
32, (TLS 38), “transcranial magnetic stimulation” 32, 
(TLS 51), “activation” 31, (TLS 42), “cortex” 31, (TLS 
41), “visual feedback” 30, (TLS 35), “touch” 29, (TLS 
50), “inhibition” 28, (TLS 39), “motor imagery” 26, 
(TLS 30), “stiffness” 25, (TLS 32), “healthy” 24, (TLS 
30), “plasticity” 23, (TLS 32), “body” 22, (TLS 29), 
“discrimination” 21, (TLS 25), “hand” 21, (TLS 28), 
“position sense” 21, (TLS 29), “cognition” 20, (TLS 25), 
“knee osteoarthritis” 20, (TLS 27), “representation” 
19, (TLS 26), “sensory feedback” 18, (TLS 21), 
“sensorimotor control” 17, (TLS 25), “motor cortex” 
17, (TLS 25), “size” 15, (TLS 16), “embodiment” 15, 
(TLS 20), “functional magnetic resonance imaging” 
13, (TLS 16), “precision grip” 13, (TLS 16), “human 
brain” 12, (TLS 13), “internal models” 11, (TLS 15), 
“rubber hand illusion” 11, (TLS 17). 

This cluster illustrates the focus of research 
specifically on sensorimotor integration, the study of 
movement patterns, and coordination and control of 
movement at different levels. Most of the keywords 
in this cluster reflect neurological approaches to 
research in both healthy and sick people.

The third cluster includes 20 keywords. It 
is indicated in blue on the map. The cluster is 
conditionally named “performance”. This is the 
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most significant keyword in the entire map. This 
word has 94 links and TLS 230. Next, in order of 
decreasing number of links are: “perception” 77, 
(TLS 208), “attention” 52, (TLS 96), “eeg” 41, (TLS 
62), “task” 39, (TLS 59), “visual information” 32, 
(TLS 48), “dual-task” 24, (TLS 31), “impact” 23, (TLS 
24), “anticipation” 23, (TLS 34), “fmri” 23, (TLS 29), 
“reaction-time” 22, (TLS 29), “expertise” 22, (TLS 
41), “sport” 20, (TLS 33), “working-memory” 18, 
(TLS 24), “power” 16, (TLS 21), “multisensory” 16, 
(TLS 22), “design” 15, (TLS 18), “memory” 15, (TLS 
19), “parietal cortex” 15, (TLS 23), “virtual reality” 
15, (TLS 18).   

Research in this cluster is aimed at studying 
performance and characteristics of information 
perception, processing, and analysis. The keywords 

of the cluster reflect the used techniques, the 
equipment, and the qualities being studied. An 
important point is that this cluster reflects the sport 
component of sensory integration.

The fourth cluster includes 16 key words. It is 
marked in yellow on the map. The conditional name 
of the cluster is “vision”. This keyword has 65 links 
and TLS 168. Next, in order of decreasing number 
of links are: “adaptation” 63, (TLS 140), “children” 
48, (TLS 96), “stance” 44, (TLS 89), “rehabilitation” 
37, (TLS 56), “kinematics” 29, (TLS 39), “sensitivity” 
27, (TLS 37), “feedback” 26, (TLS 43), “stimulation” 
26, (TLS 32), “biomechanics” 25, (TLS 36), “motor 
learning” 25, (TLS 35), “muscle strength” 24, (TLS 36), 
“acquisition” 21, (TLS 31), “neuroplasticity” 20, (TLS 
25), “injuries” 18, (TLS 24), “system” 15, (TLS 19). 

Figure 1. Main keywords in publications on sensor integration and network visualization. Source: authors’ 
research based on data retrieved from WoS and analysed with VOSviewer (29.09.2023).
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The importance of the visual system in providing 
control of posture and balance is reflected in the 
name of the cluster. Studies in this cluster are 
mainly devoted to age-related aspects of sensory 
integration, peculiarities of adaptation to different 
conditions, and motor and biomechanical aspects. 

The fifth cluster is marked on the map in purple. 
It includes 16 key words. The conditional name of 
the cluster is “proprioception”. This keyword has 
73 links and TLS 163. Next, in order of decreasing 
number of links are: “age” 52, (TLS 103), “responses” 
44, (TLS 94), “strength” 41, (TLS 60), “modulation” 
33, (TLS 53), “knee” 31, (TLS 42), “variability” 29, 
(TLS 41), “ankle” 28, (TLS 34), “electromyography” 
25, (TLS 27), “reflex” 24, (TLS 28), “strategies” 24, 
(TLS 29), “muscle vibration” 24, (TLS 41), “tendon 
vibration” 24, (TLS 49), “vibration” 22, (TLS 35), 
“h-reflex” 14, (TLS 19), “sports” 14, (TLS 18).

This cluster reflects research that examines one’s 
sense of body and posture predominantly in older 
adults. The key words illustrate the importance of 
musculoskeletal and neuromuscular regulation in 
maintaining posture and stable balance.

The sixth cluster is indicated in blue on the 
map. It includes only 6 keywords. The conventional 
name of the cluster is “information”. This keyword 
has 62 links and TLS 183. Next, in order of 
decreasing number of links are: “sway” 57, (TLS 
169), “position” 33, (TLS 58), “light touch” 22, (TLS 
44), “stroke” 18, (TLS 22), “athletes” 4, (TLS 9). The 
research of this cluster is aimed at studying the 
peculiarities of posture in athletes and its changes 
under the influence of various factors. The overlay 
visualization network is shown in Fig. 2.

Figure 2 displays the frequency of the occurrence 
of keywords in publications from 2017 to 2021. This 
allows us to assess the focus of research in recent 
years. The most common keywords occur most 
frequently in the 2019-2020 publications. These 
include “sensorimotor integration”, “balance”, 
“performance”, and “perception”. The results 
corroborate the visualization network data given 
earlier. The 2020-2021 publications are characterized 
by the emergence of new keywords. These include 
“reaction-time”, “power”, “association”, “quality-
of-life”, “system”, “motor learning”, “strength”, 

Figure 2. Distribution of keywords by years in publications on sensor integration and overlay visualization. 
Source: authors’ research based on data retrieved from WoS and analyzed with VOSviewer (29.09.2023).
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“health”. This reflects the changing focus of 
research. This trend illustrates the correlation 
between sensory integration and various qualities, 
psychophysiological features, health, and quality 
of life. This suggests the need to study sensory 
integration in people with different levels of health. 
Sensory integration is used to monitor the condition 
of healthy people and to rehabilitate the sick.

Density visualization analysis by citation density 
of the authors revealed that the most cited authors 
are Asslander L [16, 17] with 264 citations and Han 
J [18] with 118 citations. This allows us to consider 
these authors to be the most authoritative in this 
field. They determine in many respects the direction 
of scientific research.

The overlay visualization network based on the 
number of citations is shown in Fig. 3. Keywords 
are analyzed by average citation frequency and are 
distinguished by color. Blue color corresponds to 
the lowest average number of citations, while the 
yellow color corresponds to the highest. In the first 
cluster, this index is the highest for “adults” – 38.45 
and “instability” – 32.60, in the second cluster – 

for “healthy” – 32.20, “model” – 30.27, in the third 
cluster – for “working-memory” – 15. 00, “sport” 
– 13.82, in the fourth cluster for “adaptation” – 
20.67, “motor learning” – 17.17, in the fifth cluster 
for “responses” – 22.35, “strategies” – 20.40, in the 
sixth cluster for “sway” – 19.91, “stroke” – 10.40.

Discussion
The need for analytical reviews of the scientific 

literature is undeniable. This type of analysis 
allows assessment of the state of the problem, 
highlighting the most relevant problems, outlining 
ways to solve them, and identifying priority areas of 
research within the framework of the problem under 
study. Therefore, the purpose of this study should 
be evaluated as important for developing sports 
science. 

The analytical review [10] pursued a similar goal. 
The authors conducted a literature search in Scopus, 
Web of Science, MEDLINE, and Cochrane Library 
databases on materials from Elsevier, SpringerLink, 
and Google Scholar publishers without date 
restrictions.

Figure 3. Average number of keyword citations in publications on sensor integration and overlay visualization. 
Source: authors’ own research based on data retrieved from WoS and analyzed with VOSviewer (29.09.2023).
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The bibliometric program VOSviewer is widely 
used in sports science. Its application allowed us to 
analyze publications devoted to the rehabilitation 
of patients with Alzheimer’s disease with physical 
culture [19]. With the help of this program, an 
analytical analysis of Web of Science publications 
devoted to sport dancing was conducted, and 
the main directions of research in this area were 
established [1].

The analysis of the constructed bibliometric 
maps allowed us to identify the main directions 
of scientific research on this problem. They 
are defined as neurophysiological (the study of 
sensorintegration to control posture and balance, 
the use of tests and functional samples to analyze 
sensorintegration), sports and recreational (the 
use of sensorintegration in sports and recreational 
physical culture), and rehabilitation and therapeutic 
(sensorintegration as part of rehabilitation and 
treatment).

Sensory integration study for posture and balance 
control

Learning new movement patterns is a normal 
part of daily life, but of critical importance in both 
sport and rehabilitation. A major question is how 
different sensory signals are integrated together to 
give rise to motor adaptation and learning [20]. 

Multisensory integration is necessary for 
maintaining motor and cognitive abilities. It ensures 
normal functioning. Balance control is compromised 
during aging or movement disorders, increasing the 
likelihood of injuries and falls [4].

Human sensorimotor control involves inter-
segmental coordination to cope with the complexity 
of a multi-segment system. The combined activation 
of hip and ankle muscles during upright stance 
represents the hip-ankle coordination. The study 
[21] postulates that the coordination emerges from 
interactions on the sensory levels in the feedback 
control. Seven subjects were standing with eyes 
closed on an anterior-posterior tilting motion 
platform. Postural responses in terms of angular 
excursions of trunk and legs with respect to vertical 
were measured and characterized using spectral 
analysis. The presented control model consists of 
separate feedback modules for the hip and ankle 
joints, which exchange sensory information with 
each other. The findings show that the hip-ankle 
coordination can be explained by interactions 
between the feedback control modules of the hip 
and ankle joints.

Sensorimotor integration processes play 
an important role in everyday life. Their 
implementation requires the analysis of different 
sources of information - information related to the 
object under the control of the indicator agent and 
information about the goal of the action [22]. The 
use of EEG has confirmed that complex sensorimotor 

integration is realized through a cascade of theta- 
and beta-band activity in the ventral-flow-parietal-
frontal network.

Movement planning is determined by factors 
such as accuracy and effort. Improving the quality 
and efficiency of movement is associated with 
minimizing force and increasing accuracy. Optimal 
movement is characterized by feedback control, 
which allows for prompt correction of errors. 
However, the quality of sensory feedback during 
motion can be significantly affected by the motion 
generated [23]. The results show that trajectory 
planning is sensitive to motor input and takes 
sensory input into account. This is an argument in 
favor of optimal motion control. 

Body sensing involves the integration of different 
sensory cues according to their contextual relevance 
(i.e., multisensory integration). Most studies of 
multisensory integration and body ownership 
have examined the influence of vision, touch, and 
proprioception. The role of the vestibular system 
and interoception remains poorly understood. A 
previous study [5] confirmed that the vestibular 
system influences multisensory integration. A 
possible pathway of influence was to reevaluate the 
multifaceted connections between proprioception, 
vision, and affective touch. 

The ability to assess visual and proprioceptive 
information is crucial for maintaining postural 
stability in a dynamic environment [17]. Healthy 
people control the balance of their standing 
posture with the help of active feedback. This 
communication is based on a combination of motion 
and orientation signals from the visual, vestibular, 
and proprioceptive systems. The contribution of 
each of these sensory systems varies depending 
on the perturbations occurring during stance and 
the environmental conditions [16]. The process of 
adjusting the sensory contribution to balance control 
is called sensory reweighting. In a study involving 
healthy young adults, the responses to changes in 
a swinging platform combined with different visual 
stimuli were examined. The different contribution 
of extrinsic and intrinsic factors to posture control 
and balance maintenance was confirmed.

In the study [24], how the nervous system 
manages muscle forces and controls upright posture 
and locomotion in varying gravity is reviewed. 
The main aspects of posture and gait control for 
short- and long-term adaptation are presented. 
These include sensory feedback integration and 
biomechanical outcomes that determine the quality 
of motor skills.

Removing or adding sensory cues from one 
sensory system during standing balance changes 
the contribution of the remaining sensory systems, 
a process referred to as sensory reweighting [16]. 
Changes in sensory conditions were achieved 
by adding or removing visual (light on/off) or 
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proprioceptive cues (surface sway). A dependence of 
steady-state responses on upcoming transitions was 
observed, suggesting that knowledge of impending 
changes can influence sensory weighting.

The vestibular system contributes 
to  multisensory integration  by balancing 
conflictual sensory information [25]. It was shown 
that vestibular signals modulate the weight of 
each sensory modality according to the context in 
which they are perceived and that such modulation 
extends to different aspects of tactile stimulation: 
felt and seen touch are differentially balanced 
in  multisensory integration according to their 
epistemic relevance.

The use of virtual reality (VR) is another way to 
explore balance control, a tool for gait rehabilitation. 
VR offers the possibility of decoupling the visual 
from the somatosensory and vestibular systems. 
This means that it enables training under conflicting 
sensorimotor stimulation that creates additional 
demands on sensory reweighting and balance 
control. The results of the study [26] allow us to 
recommend the use of VR to assess adaptation to 
balance changes.

A promising method for studying sensory 
integration is the use of fractal analysis. Multifractal 
analysis is used to study balance. This allows us 
to understand the patterns of movement of the 
centre of pressure at different spatial scales [27]. In 
this paper [27], this method was used to compare 
balance in obese and normal weight children. It was 
confirmed that balance disorders in obese children 
may be the result of reduced proprioceptive abilities.

A similar aim was found in another work [28]. 
The effect of physical activity level on postural 
control in obese and overweight Spanish adult 
males was studied. The anthropometric parameters, 
body composition, and physical activity variables 
were evaluated. Postural control was assessed using 
the sensory organization test. It was concluded that 
altered integration of somatosensory signals affects 
balance in sedentary men with a high percentage of 
total fat masses.

The purpose of another study [29] was to 
compare the postural control of young and elderly 
people. Older people had worse sensory and motor 
characteristics and greater amplitude of body sway 
while standing. A stronger correlation between body 
sway and movement in a moving room was observed 
in the elderly. It was confirmed that increasing the 
complexity of motor task impairs posture control in 
elderly individuals.

In another study [30], the effects of distance 
and optical flow structure on visual information 
and body jiggle interaction in children and young 
adults were studied. The effect of distance and 
visual flow structure on the transmission of visual 
information and body sway is dependent on age. The 
effect is more pronounced in children. The authors 

attribute this to the immaturity of the coordination 
mechanisms.

Another study [31] evaluated the dynamics of 
pose parameters when subjects switched from a 
habitual passive pose to an actively corrected pose. 
We confirmed that changes in sagittal postural 
parameters can be used for diagnostic purposes in 
postural disorders and regulation.

Tests and functional tests used to analyse sensory 
integration

At present, a large number of functional tests and 
trials are used to study the peculiarities of sensory 
integration. The purpose of this study [32] was 
to determine the sensitivity of the instrumental-
modified clinical sensory integration test for balance 
assessment. The test consisted of opening and 
closing the eyes while on a hard and frothy surface. 
A special sensor was used to detect deviation. The 
time of the stable position was also determined. 
The effectiveness of the test used to assess central 
sensory integration deficits was confirmed.

The use of computer programs for testing has 
several advantages in monitoring the functional 
state. This variant of testing is characterized 
by promptness, mobility, accessibility, and 
informativeness. Approbation of the complex 
confirmed the possibility of assessing the 
peculiarities of athletes’ condition, confirming the 
specificity of the influence of sports, and allowing 
the identification of predictors of success in various 
martial arts [2, 33, 34].

A set of psychophysiological tests was used in 
study [33] to assess the sensory systems of the body 
of taekwondo athletes. A special computer program 
for devices with iOS operating system was used. The 
device used was an Apple tablet computer (iPad, 4th 
generation) with a screen diagonal of 9.7 inches. 
Reaction choice or complex visual-motor reaction 
evaluated the reaction time to a stimulus with 
certain qualitative characteristics. The reaction to a 
moving object consisted of stopping the object at a 
given location at a given speed of the moving object. 
The size test consisted of fixing the moment when 
the size of a gradually increasing circle coincided 
with the size of the template.

Another methodological technique used to 
investigate sensory integration is the use of Achilles 
tendon stimulation. This approach was used in 
the study [35]. Bilateral Achilles tendon vibration 
was used to disrupt the accuracy of proprioceptive 
information. Participants were in a standing 
position and performed two tasks: maintaining a 
standing posture and waiting for virtual objects. It 
was concluded that there is an age dependence of 
the ability to maintain posture. It was suggested 
that the results could be used to prevent fall-related 
injuries in the elderly.

A study [36] used muscle electromyography 
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under different conditions to compare the postural 
control of young and elderly people. Participants 
were placed on a fixed platform (baseline: 2 
minutes), followed by 3 min on a platform with 
sway control (adaptation) and a final 3 min again 
on a fixed platform (reintegration). Older adults 
exhibited greater joint contraction of lower limb 
muscles under conditions of increased postural 
instability. This response reflects a compensatory 
postural strategy.

In another study [37], a comparative evaluation 
of tests that are used to assess sensory dependence 
was conducted. The sensory organization test (SOT) 
is a standard for quantifying sensory dependence 
via sway-referenced conditions (sway-referenced 
support and sway-referenced vision (SRV). However, 
the SOT is limited to expensive equipment. Thus, 
a practical version of the SOT is more commonly 
employed-the clinical test for sensory integration in 
balance; however, it fails to induce postural 
instability to the level of SRV. It was indicating 
that stroboscopic vision could be a portable and 
relatively inexpensive alternative for the assessment 
of sensory dependence and reweighting.

The design of the study [38] involved assessing 
postural balance while standing blindfolded on 
a fixed platform, then on a fixed platform, and 
then again on a fixed platform. The sway-oriented 
platform was more malleable for young adults 
and elicited similar levels of sway in both age 
groups. Participants were asked to press a button 
whenever they felt the platform stopped moving. It 
was confirmed that older people took longer than 
younger people to feel the platform stabilize. It was 
concluded that sensory integration is less effective 
in the elderly.

In another study [39], participants performed a 
temporal rhythm reproduction task. The experiment 
included auditory (beeps), visual (flashing dots), 
and audiovisual conditions (beeps and dots 
simultaneously). The results showed higher accuracy 
and less variability in the auditory condition than in 
the visual condition. It is concluded that the auditory 
modality dominated the multimodal perception in 
the task. The visual modality was ignored and did 
not enhance the playback performance.

A mediated reality device called MIRAGE was 
used in the study [40]. The purpose of this study 
was to examine how the brain evaluates visual 
and proprioceptive information during a hand 
place task. Children aged 4–11 years estimated 
the position of their index finger after viewing 
visual and proprioceptive information about hand 
position. It was confirmed that the way visual 
and proprioceptive information is integrated is 
optimized throughout development. It was found 
that the propensity for visual information increases 
with age.

An integrated approach in the evaluation of 

sensor integration contributes to the effectiveness 
of the study. In this study [7], a set of specific tests 
was used for comparative assessment of sensory 
integration. These include T-test agility, stork 
static balance test, and Y-balance test. Significant 
differences in the performance of these functional 
tests in athletes with different postures were 
confirmed.

A rather large battery of tests was used in the 
study[41]. It was including the modified Balance 
Error Scoring System (mBESS), concussion balance 
test (COBALT), and sensory organization test (SOT) 
in healthy young adults. The mBESS conditions 
included double limb stance, single limb stance, 
and tandem stance. The COBALT was comprised 
of yaw plane head shake (HS) and vestibular ocular 
reflex cancellation conditions performed on firm 
and foam surfaces. The representativeness and 
informativeness of the tests used and the presence 
of correlation between the results were confirmed. 

The analysis of correlations between 
neurocognitive data, performance, and balance was 
performed in the study [9]. The sensory organization 
test (SOT) was used in college athletes. The test’s 
scoring criterion is composite and includes three 
measures of sensory relations: vestibular (VEST), 
visual (VIS), and somatosensory (SOM). Their 
use describes the overall sensory organization of 
athletes and their ability to use signals from each 
sensory system to maintain balance.

Functional ankle instability in soccer players is 
an important risk factor for athletic performance 
[42]. The aim of this study was to evaluate the 
effectiveness of tai-chi exercises together with 
joint taping for the rehabilitation of soccer athletes. 
A set of sensor integration tests was used as an 
assessment tool. These include the Star Excursion 
Balance Test (SEBT), UniPedal Stance Test (UST), 
and toe touch test (TTT).

Agility and the ability to maintain balance are 
important qualities for success in sport and physical 
education. Determining informative and adequate 
tests for their evaluation is an important task in 
sports science [43]. In this study, we studied the 
correlation between agility and dynamic balance 
in elementary school children. The modified Star 
Excursion Balance Test (SEBT) and shuttle run (4 
10 m) were used to assess dynamic balance and 
agility. The presence of correlations between the 
test results was confirmed.

SEBT was used to assess the motor skills of 
golfers [44]. Differences in postural control were 
observed in golfers with chronic low back pain. This 
group had more pronounced balance deficits than 
those without pain. The informative and accessible 
nature of the SEBT allows it to be recommended for 
skill assessment of elite golfers.

The Y-Balance-Test is a functional test that 
assesses balance features. It was proposed to use this 



2023

0606

367

test to assess the preservation of balance in soccer 
players with different game roles and different 
skill levels [45]. The determined differences show 
how these factors influence the development of 
asymmetry. They should be considered in the 
development of preventive and health improvement 
programs.

Analysing balance and equilibrium requires 
developed benchmarks and normative indicators. 
This was the purpose of this study [46]. The battery 
of tests used included the Counter Movement 
Jump (bipodal jump), 5-m Shuttle Run Sprint Test 
(speed/agility), Barrow Test (agility), Y Balance Test 
(posture control), Single Hop Test, and Triple Hop 
Test (unipodal jump). Approbation was carried out 
with the participation 42 professional soccer players 
who were functionally assessed during two seasons 
(2012/13 and 2013/14) at three different times: 
preseason, midpoint of the season, and end of the 
season. The paper contributes reference values that 
can be used to determine the sports performance 
or quantify the degree of functional recovery of 
a professional injured soccer player during his 
recovery.

Another study [47] examined gender differences 
in postural balance, physical activity, BMI, and body 
composition in athletes with visual impairment. 
The Clinical Sensory Integration and Balance Test 
was used to assess postural balance. The test was 
performed in four standing positions: with eyes 
open on a hard surface, with eyes closed on a hard 
surface, with eyes open on a pliable surface, and 
with eyes closed on a pliable surface. Depending on 
the athletes’ levels of fitness, differences in postural 
maintenance have been found.

The aim of this study [48] was to study the 
possibility of improving functional status in patients 
with Down syndrome who practiced taekwondo. 
The evaluation of exercise performance included 
a balance study. A battery of tests included the 
modified clinical sensory integration and balance 
test (mCTSIB) with eyes open and closed. Dynamic 
balance was measured using the limits of stability 
(LOS) test.

The aim of this study [6] was to investigate the 
effect of synchronized training using a metronome 
on sensorimotor synchronization in elite and 
semi-elite female soccer players. Timing accuracy 
was assessed by synchronizing hand and foot 
movements with a rhythmic sound. The results show 
that the training variant used can positively affect 
attention and working memory functioning. This 
leads to better movement planning and improved 
performance and accuracy of movements. It was 
confirmed that an increase in speed is positively 
correlated with accuracy and duration of movement 
execution.

Another study [49] examined the effects of 
karate-do classes on improving the motor skills 

of adolescents with developmental coordination 
disorder. A short form of the Bruininks-Oseretsky 
test was used as the instrument. This test assesses 
the accuracy and integration of fine motor skills, 
upper extremity dexterity and coordination, bilateral 
coordination, balance, strength, speed, agility, and 
overall motor skill level of the participants.

Another study investigated the effect of calf 
muscle taping on postural stability [50]. A battery 
of tests was used, namely a balance test, a surface 
sensory function test, and a combined cortical 
sensation test. The adequacy of the tests used for 
solving the task was confirmed.

A computer complex of 10 psychophysiological 
tests was used for comparative analysis of the 
psychophysiological features of athletes in different 
types of wrestling [2]. The applied battery of tests 
allows us to estimate the speed of the reaction 
to various signals, coordination, concentration, 
and sense of space. A different magnitude of 
the contribution of the studied indicators to the 
formation of the functional system of wrestlers 
was established. In judoka and sambo wrestlers, 
these are the tapping test, the number of touches in 
simple motor skills, and the form matching test. The 
applied tests are informative for the assessment of 
athletes’ functional states.

Use of sensory integration in sports and recreational 
physical culture

Visual skills in sport are considered relevant 
variables of athletic performance. However, data on 
the specific contribution of stereopsis - as the ability 
to perceive depth-in sport performance are still 
scarce and scattered in the literature. The aim of 
review [51] is therefore to take stock of the effects of 
stereopsis on the athletic performance, also looking 
at the training tools to improve visual abilities and 
potential differences in the visuomotor integration 
processes of professional and non-professional 
athletes. Dynamic stereopsis is mainly involved 
in catching or interceptive actions of ball sports, 
whereas strategic sports use different visual skills 
(peripheral and spatial vision) due to the sport-
specific requirements. As expected, professional 
athletes show better visual skills as compared to 
non-professionals. However, both non-professional 
and professional athletes should train their visual 
skills by using sensory stations and light boards 
systems. Non-professional athletes use the visual 
inputs as the main method for programming motor 
gestures. In contrast, professional athletes integrate 
visual information with sport expertise, thus, they 
encode the match (or the athletic performance) 
through a more complex visuomotor integration 
system. 

Sensorimotor stimulation during the sensitive 
period is crucial for proper brain development. 
Sports training stimulates these sensorimotor 
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functions. The aim of this study [52] was to 
investigate the effect of such stimulation on 
specific sensorimotor characteristics of adolescents. 
A comparative analysis of stability limits in the 
athletes and control group was carried out. It was 
found that training in martial arts improves balance 
control and proprioceptive integration.

Improving balance control is one of the most 
important tasks in sports and physical education. 
Improved balance is positively associated with 
improved athletic performance and negatively 
associated with lower extremity sports injuries. 
Proprioception is critical to balance control, and 
ankle proprioception is perhaps the most important. 
An article [18] reviewed ankle proprioception and 
investigated its interaction with balance control, 
which is particularly important in a sporting context. 

A previous study [53] investigated the integration 
of visual and auditory cues to control interceptive 
movements. A baseball launch was evaluated as a 
model. Human observers estimated its trajectory. It 
was shown that auditory and visual cues integrate.  
This integration process should occur as early as 
possible.

Vision is the dominant sensory system in sports, 
but many sports require multisensory integration 
to perform tasks effectively. Accelerating the 
processing of auditory information contributes to 
improved reaction speed, considering the audiovisual 
characteristics of the signals. In the study [54], the 
response speed of elite badminton athletes to sport-
specific monosensory (visual and auditory) and 
multisensory (audiovisual) stimulation was studied. 
The results emphasize the importance of auditory 
information in accelerating reaction times in sport-
specific multisensory situations. the results can be 
used to optimize training in racket sports.

Stimulus identification and understanding 
of action results are crucial for fast and accurate 
reaction selection in racquet sports. The article 
[55] investigated the neurodynamics of visual 
anticipation in tennis by manipulating the postural 
and kinematic information associated with 
the body of opponents with a spatial occlusion 
protocol. Experienced athletes were characterized 
by better resource allocation, reaction speed, and 
sensorimotor representation.

A previously cited study [9] examined the 
correlation between neurocognitive data, 
performance, and balance in college athletes. 
Reaction time and executive function were 
significantly correlated with balance characteristics. 
These processes may affect athletes’ ability to 
organize and process information and generate 
appropriate responses to changes in the 
environment.

The study of the dynamics of psychophysiological 
indicators of 15-16 years old ice hockey players 
was the aim of this study [56]. The battery of tests 

included the speed and accuracy of visual-motor 
reactions, the level of sensorimotor and arbitrary 
coordination of movements, and the functional 
state of the central nervous system. The mental state 
was determined using the Lusher test. Interference 
resistance of hockey players increases at the end of 
the competitive period because of the improvement 
in arousal concentration. Sensorimotor and arbitrary 
coordination of movements changes only in the 
static form of muscle contractions. The mental 
status of hockey players varies from conditional 
norm to stressful, which requires individualized 
corrective measures.

The relative contribution of sensory signals 
to balance control in the standing position is 
dynamically regulated. These processes are 
influenced by age and athletic ability. This is 
especially characteristic of sports in which 
balance and balance maintenance are important, 
for example, in artistic gymnastics. The aim of 
study [57] was to investigate sensory reweighting 
processes to adjust standing posture in children 
and adults with different gymnastic expertise 
(gymnasts, G, and non-gymnasts, NG). Sensory 
integration was assessed by standing on a balancing 
platform with the eyes open and closed. Gymnast 
children required less time to regain balance and 
performed fewer movements than non-gymnast 
children. Maintaining balance was more effective 
with the eyes open. It is concluded that age may 
have a positive effect on balance recovery processes 
and that gymnastic experience may contribute to 
better postural control.

Exercise, particularly gymnastics, contributes 
to balance improvement. The aim of this study [11] 
was to evaluate balance control and adjustment 
in children and adults with different gymnastic 
experiences. The characteristics of sensorimotor 
control in children with no gymnastic experience 
differed significantly from those of gymnast 
children. Gymnast children were characterized by 
better coordination and posture control than adults.

Another study [58] investigated the effect 
of sports experience on the sensory control of 
posture. The participants were experienced soccer 
players, ballet dancers, and non-sports individuals. 
Soccer athletes were more field dependent than 
were non athletes. They are performed (a) a Rod 
and Frame test and (b) a 100-s bipedal stance 
task during which vision and proprioception 
were successively or concurrently disrupted in 
20-s blocks. During standing, dancers were more 
destabilized by vibration and required more time 
to reweigh sensory information compared with the 
other 2 groups. These findings reveal a sport skill-
specific bias in the reweighing of sensory inputs for 
spatial orientation and postural control.

Balance control in sports is essential for success.  
In the study [59], a comparative analysis of such 
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control in kung fu athletes and swimmers was 
conducted. The aim of this study was to determine 
which activities are more effective in developing 
the ability to maintain balance. The deviation of 
the center of gravity while standing on two and one 
leg on a stabilometric force platform under open-
eye and closed-eye conditions was used as the main 
evaluation criterion. Unicyclists were characterized 
by better control in the one-legged stand. Swimmers 
were confirmed to have better control in the two-
legged stand. It is concluded that both types of 
exercise positively affect the ability to maintain 
balance.

A comparative analysis of the psychophysiological 
features of taekwondo athletes of different ages 
was carried out in the study [33]. The change in 
reaction speed to different stimuli was confirmed. 
An increase in age and years of training leads to 
an improvement in reaction speed indicators. The 
established correlations between the tests used also 
reflect the improvement in the psychophysiological 
state of athletes as age increases.

The effect of Tai Chi exercise on cognitive 
processes was investigated in the study [60]. The 
authors compared elderly people with a long history 
of tai chi with those with a long history of walking. 
The results showed that the accuracy of the Tai Chi 
group was higher than that of the control group 
because of increased perceptual sensitivity. It is 
concluded that prolonged Tai Chi exercise improves 
multisensory integration in the elderly.

The review [61] evaluated the effectiveness 
of Tai Chi exercise in improving walking and 
posture control in older adults. This meta-analysis 
confirmed that Tai Chi can be an excellent exercise 
strategy for improving walking function and posture 
control in older adults with knee osteoarthritis. 
Tai Chi exercises are quite effective and safe. It is 
recommended that they be used as a supportive 
and reliable physical training strategy to improve 
walking function and balance control.

Another study [62] presented a developed 
neuromuscular model that describes jumping 
movements. The model evaluates the effects of the 
proprioceptive length (LFB), velocity (VFB), and 
force feedback (FFB) pathways of the leg extensor 
muscle on the stability, performance, and efficiency 
of jumping. The model predicted that different reflex 
pathway compositions selectively optimize specific 
hopping characteristics (e.g., performance and 
efficiency). Both FFB and LFB were pathways that 
enable hopping. FFB resulted in the largest hopping 
heights, LFB enhanced hopping efficiency and VFB 
had the ability to disable hopping. Results indicate 
that different feedback pathway compositions may 
serve different functional roles.

Sensory integration is very important in sports 
such as badminton [63]. The “rubber hand illusion” 
was used to assess the athlete’s hand representation. 

A negative correlation was found between the 
playing experience and the magnitude of the 
illusion. This finding suggests that tool embodiment 
obtained by the prolonged use of the badminton 
racket is less likely to be disturbed when holding the 
racket.

The dependence of sensory integration on age 
was studied in a previous study [64]. The ability 
of young and old people to maintain their posture 
under normal conditions and under the influence of 
destabilizing factors was studied. It was confirmed 
that elderly people have less ability to reduce the 
destabilizing effects of multisensory perturbations 
on posture.

In other article [65] investigated the effects of 
bimodal  integration  in a  sport-specific task. Beach 
volleyball players were required to make a tactical 
decision, responding either verbally or via a motor 
response, after being presented with visual, auditory, 
or both kinds of stimuli in a beach volleyball 
scenario. In Experiment 1, players made the correct 
decision in a game situation more often when visual 
and auditory information were congruent than in 
trials in which they experienced only one of the 
modalities or incongruent information. Decision-
making accuracy was greater when motor, rather 
than verbal, responses were given. It is concluded 
that the integration of visual and auditory 
information leads to more accurate decision making 
in sports than unimodal information.

The study [66] confirmed that auditory cues 
influence motor behavior and emotional valence. 
It is shown that sounds that do not match the 
movement being performed are processed at a lower 
rate of information processing. The results obtained 
are important for the use of auditory cues in sport 
competitions, given their influence on motor 
behavior.

The review [67] discusses the possible 
difference between effort and tension and the 
implications of such differences for understanding 
the role of representations in pace control during 
exercise. Estimates of perceived exertion and 
effort are considered extremely important for 
intensity regulation during physical activity at an 
individualized pace.

Qualitative sensory perception is related 
to success factors in sports. In the study [68], 
stereognosis, self-body perception, and kinesthesia 
were compared in karate athletes and individuals 
who did not practice sports. The athletes had 
significantly better perception and accuracy in 
performing fast dynamic movements compared 
with the controls.

The review [69] evaluated the possibility of 
using dance to improve the health of healthy 
individuals and Parkinson’s disease patients. 
Dance as a sensorimotor activity stimulates the 
nervous system. It improves structures involved 



370

   PHYSICAL 
  EDUCATION 
OF STUDENTS

in movement planning and execution, sensory 
integration, and cognitive processing. Dance 
interventions in healthy older adults were associated 
with increased activation of the prefrontal cortex 
and improved functional connectivity between the 
basal ganglia, cerebellum, and prefrontal cortex. 
Overall, the data suggest that dance interventions 
can induce neuroplastic changes in healthy elderly 
participants. This leads to improvements in both 
motor and cognitive functions. 

A comparative analysis of balance control 
in athletes of different sports was conducted in 
the study [70]. The study involved judo athletes, 
equestrian sport athletes, and non-athletes. The 
influence of sports experience on postural control 
was confirmed. The severity of the influence 
depends on the sport. Equestrian athletes had a 
greater dependence on vision than non-athletes. 
This confirms the different contributions of sensory 
components to balance control in different sports.

The analysis of sensory integration in athletes 
requires the use of standardized tools and the 
development of specific norms. This was the aim of 
this study [71]. The modified clinical test of sensory 
interaction and balance (m-CTSIB) was used as the 
instrument. Analyzing the results of the athletes 
confirmed the differences by gender. Norms for the 
test results were developed for the entire sample 
and by gender. It has been suggested that norms can 
be used to assess the effects of sports injuries.

In another study [72], posture control and 
vestibularocular apparatus of pistol shooters were 
evaluated. The posture of athletes is characterized 
by a significant shift of the center of gravity in the 
anteroposterior and medial-lateral directions. This 
causes significant changes in posture control. 

Habitual posture is important for ensuring 
sensory integration in sports. In the study [7], a 
comparative analysis of sensorimotor integration of 
athletes with different head postures was performed. 
Athletes with a forward head tilt were characterized 
by impaired sensorimotor processing and decreased 
fitness compared with those with a normal sagittal 
head posture.

Golf is a sport in which the result mostly depends 
on correct body position and control. Blind trainings 
are practiced in this sport to improve sensation 
[73]. Beginning golfers performed strokes with and 
without visual control. The results suggest that the 
body position task provides adequate sensory cues 
for successful execution.

The possibility of using visual information 
for prediction in tennis was analyzed in the study 
[74]. Video recordings of matches in the Australian 
Open Tennis Championship were used as material. 
Experienced tennis players predicted where the ball 
would land on the opponent’s half of the field. It is 
shown that the louder the sound of racket contact 
with the ball, the longer the participants predicted 

the trajectory of the ball. It is concluded that action-
related auditory cues can significantly influence the 
prediction of stroke outcomes in tennis. 

The effect of multi-ball table tennis training 
on balance performance in males and females was 
investigated in another study [75]. Compared with 
male table tennis athletes, females showed worse 
dynamic posture control.  The results obtained 
should be considered in the training of athletes.

Anticipation of ground reaction force (GRF) in 
depth jumping requires multisensory integration of 
exteroceptive, vestibular, and proprioceptive inputs. 
Vision contributes to the anticipation of GRF in drop 
landings and may influence depth jump performance 
when disrupted. The purpose of this investigation 
[76] was to evaluate the effects of stroboscopic 
vision on depth jump performance. Stroboscopic 
vision could be used to modify the intensity of depth 
jumping and should be considered for inclusion into 
plyometric training.

Physical inactivity and sensory integration 
dysfunction are public health problems in preschool 
children in China [77]. To optimize the situation, 
a functional training program was developed for 
healthy children aged 5 to 6 years. The purpose of 
this study [77] was to evaluate the effectiveness 
of this program. It was concluded that a 12-week 
functional training program improved large motor 
skills, physical fitness, and sensory integration in 
healthy Chinese children aged 5-6 years.

The importance of sensory integration in cyber 
sports is discussed in the study [78]. It should be 
noted that there are still insufficient criteria to 
differentiate elite athletes in this sport. Using 
the example of first person shooter games, a 
comparative analysis of the state of cyber athletes 
of different levels and the control group was carried 
out. The position and speed of cursor movements 
for target acquisition were evaluated. Higher-level 
gamers demonstrate superior motor planning and 
sensorimotor integration. These qualities can be 
improved with training. 

Success in soccer depends on proposing 
and implementing unpredictable, sudden, and 
yet creative ideas in situations with large time 
constraints. Accordingly, the performance of creative 
tasks in soccer should be primarily driven using fast 
and automatic cognitive processes. In the study 
[79], we investigated whether functional patterns 
of brain activation during the observation of real 
soccer game situations can predict the performance 
of creative soccer tasks. Machine learning, which 
is based on multidimensional pattern recognition, 
was used as a tool. The study was conducted with 
experienced soccer players. The results showed 
that brain activation while watching soccer scenes 
significantly predicted the performance of creative 
tasks. 

Proper posture is a predictor of success in 
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archery. Posture control can improve performance, 
prevent injury, and maintain optimal performance. 
The main parameters of posture and movements 
of experienced archers were analyzed in the study 
[80]. The angles of the main joints are important for 
quality shooting. An algorithm for automating the 
evaluation of the biomechanical features of archery 
was proposed.

Sports equipment is one of the factors affecting 
postural balance. Possible differences in stability 
between standing conditions in ski boots and 
barefoot were analyzed in the study [81]. The 
authors evaluated the influence of surface type on 
stability and determined the differences in stability 
levels between different planes. Restriction of ankle 
joint mobility due to wearing ski boots resulted in 
decreased stability of participants, especially in the 
sagittal plane. The differences found were due to 
difficulties reorganizing muscle coordination at the 
hip joints. The use of mechanical ski boot support 
was effective in reducing lower limb muscle tone. 
The use of a soft surface improved the subjects’ 
stability in the frontal plane but did not change 
the stability in the sagittal plane. The soft surface 
may have helped to reduce excessive corrective 
movements, thereby improving the participants’ 
postural stability.

Another study [82] analyzed the peculiarities 
of postural maintenance in volleyball players 
compared with non-athletes. Athletes showed a 
different pattern of sensory integration of postural 
stability than the control group. Large deviations 
of the center of gravity reflect these differences. 
Increasing levels of athletic skill contribute to better 
postural control. It is proposed to use this protocol 
to evaluate the effectiveness of training programs, 
select elite players, and determine playing roles. 

A similar design was used in the study [83]. 
The aim of this study was to compare the postural 
control of players of the Polish women’s national 
volleyball team with a control group of women. 
Participants stood on a force plate with their eyes 
open. The center of gravity signals were recorded 
in the medial-lateral and anteroposterior planes. It 
was confirmed that the high demands of volleyball 
movements resulted in the formation of unique 
postural control abilities in female volleyball 
players. On the court, athletes optimally distribute 
their sensory resources between balance control 
and game actions. There are no well-defined criteria 
for an optimal postural strategy for elite athletes. 
These criteria may be sport-specific.

The effects of core training using slings and 
Togus on the improvement of posture control in 
Taekwondo club students, that is, balance ability, 
were investigated [84]. The result suggest that active 
core exercise using Slings and Togus can be applied 
as a very effective exercise program for enhancing 
balance, which is an important physical factor for 

Taekwondo club students.
Another study [85] determined the effect of 

proprioceptive training on balance, strength, agility, 
and ball handling in adolescent soccer players. 
Specific exercises were used to improve balance, 
stability, and strength with and without a ball. Pre- 
and post-tests included the static balance (Balance 
Error Scoring System (BESS)), vertical, horizontal, 
and lateral jumping, and the completion of agility 
(“arrowhead”) and dribbling (“short dribbling”) 
tests. The results of the study revealed that sports 
training on the foam surfaces determined a superior 
progress of the development of proprioception 
compared to the increased training on the firm 
surfaces.

Interest in the study of short-term memory of 
athletes is due to the integral nature of this criterion 
and its correlation with  indicators important for 
assessing the state. The design of the study [86] was to 
simultaneously record psychophysiological (short-
term memory) and physiological (HR) parameters. 
The importance of short-term memory for success 
in martial arts has been confirmed. Athletes need 
not only fast reaction but also accuracy of work, 
which is evaluated by this parameter. Comparative 
analysis of the results confirmed the dependence on 
the level of athletic skill.

Sensory integration as a part of rehabilitation and 
treatment

Multisensory integration is currently defined 
as the ability to effectively combine information 
received from different senses. This process is quite 
variable and depends on the aging process. The 
main factors that impair processing is age, balance 
disorders, and cognitive impairment. The aim of 
the review [87] was to evaluate the evidence for 
the feasibility of multisensory perception training. 
It was confirmed that training with feedback 
during task performance using standardized 
protocols resulted in improved task performance. 
The training results indicate that physical activity 
protocols require further investigation as a means 
of improving multisensory integration.

Balance disorders are a frequent complication 
of brain injury and can be quite long lasting. The 
sensorimotor responses of healthy individuals and 
individuals with balance disorders due to brain injury 
were compared in the study [88]. The consequences 
of the injuries led to longer time delays in performing 
special tests and significantly reduced motor 
activation compared with controls. The results 
indicate that the effectiveness of rehabilitation is 
enhanced when interventions aimed at correcting 
balance disorders are implemented. 

Another study [69] evaluated the possibility of 
using dance to improve the condition of patients 
with Parkinson’s disease. The results showed an 
improvement in the quality of life and mobility of 
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patients. It has been confirmed that dance therapy 
is a popular additional method of treatment of this 
pathology in addition to pharmacological therapies.

The significant prevalence of knee joint injuries 
in athletes indicates the use of sensory integration 
indicators as a criterion for the effectiveness 
of treatment and rehabilitation. These include 
indicators of sensory integration that ensure 
the maintenance of balance [89]. The use of 
stabilometric analysis confirmed the restoration 
of balance. It is proposed to use sensorimotor 
integration as a screening test for the primary and 
secondary prevention of anterior cruciate ligament 
injuries.

It has been proposed that balance indices 
should be used as criteria for the effectiveness of 
rehabilitation of soccer players after concussion [90]. 
Static balance in the anteroposterior and medial-
lateral directions was assessed in a quiet stance with 
eyes open and closed. Participants with concussion 
were characterized by deficits in balance control, 
particularly pronounced in the anteroposterior 
direction.

A similar design was used in the study [91]. 
The effects of concussions in former rugby players 
were assessed. Susceptibility to sound illusion was 
selected as a criterion for assessing the effects 
of injury. Diagnostic value of a multisensory 
integration study in athletes with outcomes of a 
concussion was confirmed.

The state of sensory integration is used in sports 
as a criterion for the effectiveness of recovery 
and rehabilitation after injuries. The dynamics 
of auditory perception in young athletes after 
concussion was used in the study [92] for this 
purpose. The usefulness of the test for assessing 
auditory perception and motor skills was confirmed.

A consequence of concussion in athletes is 
deficit in neuromuscular control. The long-term 
persistence of this deficit significantly affects 
athletic performance. Therefore, studying the 
correlations between brain activity and motor 
control is important for evaluating the effectiveness 
of rehabilitation.  In the study [93], brain activity 
and leg press performance by female athletes who 
had a concussion were compared with those who 
did not have such injuries. The experimental group 
had less neural activity in certain brain regions 
than the control group. We conclude that changes 
in neural activity in brain regions important for 
sensorimotor integration and motor attention 
reflect compensatory neural mechanisms. These 
mechanisms may underlie the persistent deficits in 
neuromuscular control associated with concussion.

Chronic ankle instability in athletes is responsible 
for pain, decreased postural control, and decreased 
balance stability that affect athletic performance. 
The use of special aids to improve stability is an 
effective means of rehabilitation. In the study [94], a 

medial wedge at an angle of 4 degrees was used for 
this purpose. The wedge was applied to the insole of 
the hind foot. The use of a medial wedge improved 
static and dynamic balance in athletes with ankle 
instability. The use of foot insoles to correct balance 
deficits in athletes has been suggested.

The high prevalence of head injuries in 
ice hockey players significantly affects their 
performance in this sport. The study [95] used 
resting-state functional magnetic resonance 
imaging to evaluate changes in the functional 
connectivity of the frontoparietal brain network 
responsible for executive functions. This study 
was conducted with the participation of university 
doubleheader hockey players in the dynamics of 
one season. An increase in functional connectivity 
between the areas involved in sensory integration 
was observed. More pronounced changes in 
connectivity were observed in those who had more 
head hits. It has been hypothesized that these 
results reflect the effects of head injuries.

In the study already cited [49], karate-do classes 
were used as an alternative to rehabilitation 
programs for developing motor skills. A special 
training program was conducted in adolescents with 
different socioeconomic statuses for 8 consecutive 
weeks (3 sessions per week, each session lasted 75 
minutes). The state of motor skills after completion 
of the program confirmed its effectiveness. 

Intensive loads in gymnastics lead to injuries and 
pain in the lower back. This necessitates the search 
for effective and informative rehabilitation criteria. 
A comparative analysis of the musculoskeletal 
apparatus in rhythmic gymnastics athletes with 
and without low back pain was performed in the 
study [96]. It was suggested that anthropometric 
parameters be used to monitor the musculoskeletal 
system in this group. The spinal curvature in the 
sagittal plane was recorded using a pantograph. 
Torso flexor and extensor muscle tone was 
monitored using a myotonometer. The difference 
in body height in the supine and standing positions 
was calculated to illustrate the elasticity of the 
spine. The presence of imbalance in the tone of the 
trunk flexor and extensor muscles, unsatisfactory 
posture control, predominance of lumbar lordosis, 
and decreased spine elasticity in gymnasts with low 
back pain was confirmed.

Conclusions
The conducted bibliometric analysis of 

publications confirms the relevance of sensory 
integration. Stable interest in this problem 
has been determined. The studies in this area 
have neurophysiological, sports-recreational, 
and medical-rehabilitation directions. 
Neurophysiological studies are aimed at analyzing 
balance and equilibrium and the application of 
various tests and functional samples. The sport 
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context studies sensory integration in different 
sports. Recreational publications have investigated 
sensory integration as a criterion of health. The 
therapeutic and rehabilitation focus explores 
the use of sensory integration as a criterion for 
treatment and rehabilitation. A characteristic 

feature is the intersection of these directions.  There 
is a lack of studies devoted to sensory integration 
in sport dancing and aimed at studying the 
psychophysiological state. These types of studies 
should be assessed as relevant.
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