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Abstract
The vestibular system plays a key role in maintaining balance and coordinating movement, and its optimal function is 
especially important for children in development. In elementary school-aged children, vestibular dysfunction can result in 
various di�culties in maintaining balance and proper gait, which can further impact their physical activities and overall 
quality of life. Research shows that vestibular dysfunction can lead to serious motor skill disturbances, including unsteady 
gait, frequent falls, and poor postural control. These symptoms are often associated with issues in spatial perception, 
reduced coordination between the visual and motor systems, as manifested by challenges in maintaining static and 
dynamic balance. The aim of this scienti�c paper is to provide an overview of the latest insights into the relationship 
between vestibular dysfunction and gait and balance disorders in children of elementary school age. Through the review 
and analysis of existing studies from 2010 to 2024, we aim to clarify the impact of vestibular dysfunction on children's motor 
development, identify the latest diagnostic procedures, and the most recent scienti�c and professional insights applicable 
in kinesiology. By better understanding this connection, we can develop more e�ective methods for early detection and 
treatment of children with vestibular disorders, signi�cantly improving their health and encouraging them to lead a more 
active and healthier lifestyle.
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1. Introduction
The vestibular system is a key component of human perception of balance and spatial orientation and plays a crucial role in 
maintaining postural stability and coordinating movements. Located in the inner ear, the vestibular system sends 
information to the brain about the position and movement of the head, enabling appropriate body adjustments to maintain 

balance. In children who are in a phase of intense development, dysfunction of the vestibular system can have signi�cant 
consequences on their motor skills and ability to walk. Vestibular dysfunction refers to any disorder or impairment of the 
vestibular system. It can be caused by various factors including genetic predispositions, infections, trauma, or neurological 
diseases. In children, vestibular dysfunction can be particularly concerning as it can a�ect their motor development and 
overall physical activity. Symptoms of vestibular dysfunction can include dizziness, a sense of instability, balance di�culties, 
and problems with movement coordination. Gait is an individualized, highly coordinated, and complex process that 
requires the integration of various bodily systems (1). It is a complex biomechanical process that requires the 
synchronization of the musculoskeletal, neuromuscular, and, of course, vestibular systems. In children, it continually 
develops and improves throughout primary school age, becoming increasingly complex and e�cient. The research 
problem is the insu�ciently explored area of the impact of vestibular dysfunctions on the biomechanics of gait and motor 
skills in primary school children. There is a lack of information on how gait patterns and their biomechanical parameters 
change under the in�uence of vestibular dysfunctions (2).

2. Methodology
The aim of this scienti�c paper is to provide an overview of the latest �ndings on the relationship between vestibular 
dysfunction and gait and balance disorders in primary school children, and to detect the most common disorders that can 
be identi�ed by kinesiologists to aid in early intervention. Gait analysis is recognized as a powerful clinical tool for exploring 
the connections between brain function and motor control (1,2,3). This paper relies on literature that investigates the 
relationship between vestibular dysfunction and its negative impact on gait characteristics and how these can progress 
from early to late childhood. It is especially important to note that studies have shown that the interference of vestibular 
dysfunction and gait is greater in children compared to adults, but di�erences can vary according to age and type of 
disorder (1,2,3). Included are scienti�c papers from eminent journals that examined the impact of vestibular dysfunction on 
the gait of primary school children, published between 2010 and May 2024 in English. Studies without peer review were 
excluded. The databases PubMed and SPORTDiscus were searched using keywords: “Vestibular System,” “Children,” 
“Adolescents,” “Biomechanics,” “Kinematics,” “Kinetics,” “Electromyography,” “Gait,” and “Gait Analysis.” Data were 
extracted using a standardized form that included information such as author, year, aim, population, methods, results, and 
conclusion (Figure 1). 

Despite the absence of statistically signi�cant di�erences between the results of the initial and �nal measurements, it is 
noticeable that there were changes in all variables (Figure 1). BMI and WHR values have decreased, indicating that the 
number of students with normal weight is higher compared to the initial measurement. 

Discussion
The study aimed to illustrate di�erences in the results of motor tests among medical rehabilitation students at the Faculty 
of Medicine in Novi Sad, between initial and �nal measurements. Although there are no statistically signi�cant di�erences 
in most variables, there is an improvement in all variables in the �nal testing compared to the initial testing (Table 3), 
indicating a positive impact of physical education on these students. It has been proven that, despite meeting PA 
recommendations, excessive sitting in the long term negatively a�ects health (Rasmussen et al., 2006).

It is important to note that a large portion of students had normal weight during this research, while some results have 
improved, suggesting positive e�ects of PA on body composition, further emphasizing the importance of maintaining a 
healthy body composition for general health and disease prevention.

Furthermore, although di�erences in results in the Push-up and Shuttle run tests are statistically signi�cant, attention 
should be paid to the signi�cance of these activities in the context of health. Improvement in Push-up test results indicates 
a potential increase in upper-body muscle strength and endurance among students, which can be crucial in performing 
daily activities and injury prevention. Given that a large portion of the participants are female, it is assumed that the form of 
performing this exercise, as well as the frequency of doing it, was improved during the classes, thereby additionally 
in�uencing the obtained results. 

Similarly, better results in the Shuttle run test suggest an increase in cardiorespiratory endurance, which is important for 
cardiovascular health and overall physical well-being. This can also be explained by the PE curriculum, as emphasis was 
placed on the development of cardiorespiratory endurance in the last quarter, also considering the seasonal pattern of PA 
during classes (Đorđić, 2023).

These results con�rm the importance of regular physical activity and its signi�cance for physical health and performance. 
The PE curriculum implemented for students of medical rehabilitation can be considered successful given the improvement 
in results in all motor tests. 

However, it's important to consider that such studies have several limitations. Firstly, this research was conducted on a 
relatively small sample of students from a speci�c population, so the results cannot be generalized to a broader population. 
Secondly, there was a possibility that factors beyond the researchers' control, such as diet or activities outside school hours, 
may in�uence the results. The percentage of students regularly engaged or previously engaged in sports for a minimum of 
6 months is 87.7%, further implying that they largely meet daily PA recommendations for health purposes.

In the future, research should consider the long-term e�ects of PE programs on students' health, as well as explore 
additional factors that may in�uence the results of motor tests. Additionally, considering di�erent PE programs and their 
e�ects can contribute to the development of the most e�ective approaches and strategies for health promotion.

Conclusion
The conducted research emphasizes the importance of PA, exercise, and consequently, PE classes in preserving and 
enhancing health, considering the negative consequences of a sedentary lifestyle. The new curriculum plays a key role in 
developing physical �tness among students of medical rehabilitation. The program is designed to develop and improve 
health-related components throughout the year, with results monitored through a testing protocol.

The test results have shown statistically signi�cant di�erences in the results of the Push-up and Shuttle run tests between 
initial and �nal measurements, indicating that PE has contributed to improving cardiorespiratory endurance and muscle 
strength and endurance among students of medical rehabilitation.

Tracking parameters such as BMI and WHR circumference enables a better understanding of the impact of PA on students' 
health.

Overall, the results highlight the importance of PE classes on students' health parameters, emphasizing the signi�cance of 
regular physical activity in health promotion. 
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Melo and colleagues in 2021 investigated the static balance of children with sensorineural hearing loss in relation to the 
degrees and function of the vestibular system. The subjects were children aged 7-11 years (n=130). Static balance was 
assessed using stabilometric analysis with a force platform that measured the displacement of the center of pressure in 
three positions: bipedal stance with feet together, natural parallel stance, and single-leg stance. All positions were 
performed in two ways or under two sensory conditions, with eyes open and eyes closed. The results showed that children 
with severe and profound sensorineural hearing loss have lower static balance than children with normal hearing in all 
positions. The conclusion is that the greater the degree of sensorineural hearing loss, the greater the instability in children's 
balance (4).

Ayanniyi and colleagues in 2014 investigated the static and dynamic balance of primary school children with and without 
hearing impairment. The sample consisted of children aged 8-17 years (n=160). To assess static and dynamic balance, they 
used the single-leg stance test and the functional reach test in two sensory conditions, with eyes open and eyes closed. The 
results showed that static balance with eyes closed and open was signi�cantly lower in children with hearing impairment 
compared to those with normal hearing. Dynamic balance was higher in children with hearing impairment, but it was not 
statistically signi�cant. No signi�cant correlation was found between static balance with eyes closed and open in children 
with hearing impairment and those with normal hearing. No signi�cant correlation was found between dynamic and static 
balance in children with hearing impairment and those with normal hearing. Children with hearing impairment performed 
worse on static balance tests compared to those with normal hearing, while dynamic balance was similar between both 
groups (5).

Melo and colleagues in 2017 investigated the static and dynamic balance of students with normal hearing and sensorineural 
hearing loss. The sample consisted of children aged 7-18 years (n=96). To assess static balance, the Romberg, 
Romberg-Barré, and Fournier tests were used, and for dynamic balance, the Unterberger test was applied. Students with 
hearing impairment showed more changes in static and dynamic balance compared to healthy subjects in all the tests used. 
The same di�erence was observed when the subjects were grouped by gender. They concluded that students with hearing 
impairment showed more changes in static and dynamic balance compared to healthy children of the same gender and age 
group (6).

In 2017, Melo compared the gait performance between children with normal and impaired hearing, considering the gender 
and age of the sample. He analyzed gait according to degrees of hearing loss and etiological factors in the group. The 
sample consisted of children aged 7-18 years (n=96). For gait analysis, the Brazilian version of the Dynamic Gait Index (DGI) 
was used, and for statistical analysis, the Mann-Whitney test was applied. The results showed that the group with hearing 
impairment had a poorer gait pattern compared to the healthy group. The same was observed when the children were 
grouped by gender, both females and males (p=0.000). The same di�erence occurred when the children were strati�ed by 
age group: 7-18 years (p=0.000). The group with severe and profound hearing loss showed poorer gait performance than 
those with mild and moderate loss (p=0.048). Children born earlier with severe and profound hearing loss showed the 
poorest gait results (7).

Gouleme and colleagues in 2014 investigated the development of postural control in completely healthy children. The 
sample consisted of children aged 4-16 years (n=58). Postural stability was tested on an unstable platform under three 
di�erent visual conditions: with eyes open �xing a target, under optokinetic stimulation, and with eyes closed. The results 
showed a signi�cant decrease in the area and the mean velocity of the center of pressure during childhood. As children 
grew, spectral power indices signi�cantly decreased, and time signi�cantly increased. Such improvement in postural control 
could be the result of better use of sensory input information and cerebellar integration during development, allowing 
subjects to achieve more e�cient postural control (8).

In 2015, Ezane and colleagues analyzed the postural control of healthy elementary school children and children with 
strabismus in stable and unstable situations. The sample consisted of elementary school children (n=52, 26 with and 26 
without strabismus). Postural control was assessed using the Framiral® platform. Posture was recorded in the following 
conditions: eyes open �xing a target and eyes closed on a stable and unstable platform. For children with and without 
strabismus, the values of the center of pressure area and mean velocity were signi�cantly higher in conditions with eyes 
closed on the unstable platform, but this was much more pronounced in subjects with strabismus. Spectral power index and 
time also showed poorer values in children with strabismus compared to children without strabismus. These data 
demonstrate poor postural stability for both groups on the unstable platform with eyes closed. However, children with 
strabismus exhibited signi�cantly worse performance than children without strabismus. Children with strabismus also 
utilize more energy to stabilize their posture using visual-vestibular sensory inputs to compensate for altered vision due to 
strabismus, compared to children without strabismus (9).

In 2015, Gouleme and colleagues investigated the issue of postural control in children with dyslexia using both spatial and 
temporal analysis. The sample consisted of elementary school children (n=60, 30 with and 30 without dyslexia). Postural 

stability was evaluated using the Multitest Equilibre system from Framiral®. Posture was recorded under the following 
conditions: eyes open �xing on a target and eyes closed on a stable and unstable platform. The results of this study showed 
poor postural stability in children with dyslexia compared to children without dyslexia, con�rmed by both spatial and 
temporal analysis. In both groups of children, postural control was dependent on conditions and improved when eyes were 
open on a stable platform. Children with dyslexia had higher spectral power indices than children without dyslexia and 
demonstrated shorter testing times. Poor postural control in children with dyslexia could be due to a lack of sensory 
information, possibly caused by impaired cerebellar activity (10).

3. Discussion
The analysis of all results and conclusions from the presented research shows that vestibular dysfunction can signi�cantly 
disrupt motor skills and the biomechanics of walking, manifesting through: unsteady gait, compromised postural control or 
stability, and the emergence of compensatory movement patterns.

3.1. Unsteady gait is a common occurrence in children with vestibular dysfunction. The vestibular system plays a crucial role 
in stabilizing the head and body during walking. When the system is not functioning properly, children may walk with a 
wider stance to increase their base of support and ensure better stability. This can result in a wider gait, slower walking 
speed, and visibly awkward or uncoordinated movements. A wider stance or increased foot separation may help maintain 
balance but could also limit walking e�ciency. Children move slower to maintain control over their movements, which can 
negatively impact their engagement in physical activities that require quick movements. Lack of coordination can lead to 
awkward, uncoordinated movements that increase the risk of falls.

3.2. Compromised postural control is the diminished ability to maintain a stable body position, whether in a static resting 
state or dynamically while in motion. Vestibular dysfunction can lead to issues with postural control, manifested through 
unstable posture, movement inconsistencies, and increased muscle tension. Children may struggle to maintain an upright 
body position, resulting in frequent swaying or body shifting to maintain balance. Problems with the vestibular system can 
lead to body movement inconsistencies during walking, such as leaning forward or backward to compensate for a sense of 
instability. Children may increase muscle tension to maintain stability, leading to rapid fatigue and reduced mobility.

3.3. Compensatory movement patterns are created and adapted movements that involve modi�cations to the normal gait 
pattern to reduce the risk of balance loss and falls. They often manifest in shortened steps, reduced movement amplitude, 
increased need for visual control, and the appearance of asymmetrical movements. Children may shorten step length to 
increase control over each step and reduce feelings of insecurity. Arm and leg movements may be restricted to reduce 
vestibular system load and enhance stability. Children may focus on visual cues to compensate for the lack of vestibular 
information, such as looking down while walking.

Many scientists agree that vestibular dysfunction can negatively impact a primary school child's gait by disrupting the 
natural development of walking in children, with far-reaching consequences on their motor skills and daily activities. 
Children with vestibular dysfunctions may later develop the ability to walk securely in comparison to their peers. During 
growth and development, occasional regressions in gait are normal. However, in children with vestibular disorders, these 
regressions may be more frequent and prolonged. Di�culties in walking can a�ect a child's self-con�dence and willingness 
to participate in physical activities, further limiting their physical and social development.

4. Conclusion
Vestibular dysfunction can have a serious impact on the biomechanics of walking and overall motor skills in primary school 
children. Understanding these impacts enables kinesiologists to identify abnormalities in gait and intervene in a timely 
manner. Early identi�cation and targeted interventions, such as vestibular therapy, can help minimize the harmful e�ects of 
vestibular dysfunction and improve motor abilities and the quality of life for children.
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Despite the absence of statistically signi�cant di�erences between the results of the initial and �nal measurements, it is 
noticeable that there were changes in all variables (Figure 1). BMI and WHR values have decreased, indicating that the 
number of students with normal weight is higher compared to the initial measurement. 

Discussion
The study aimed to illustrate di�erences in the results of motor tests among medical rehabilitation students at the Faculty 
of Medicine in Novi Sad, between initial and �nal measurements. Although there are no statistically signi�cant di�erences 
in most variables, there is an improvement in all variables in the �nal testing compared to the initial testing (Table 3), 
indicating a positive impact of physical education on these students. It has been proven that, despite meeting PA 
recommendations, excessive sitting in the long term negatively a�ects health (Rasmussen et al., 2006).

It is important to note that a large portion of students had normal weight during this research, while some results have 
improved, suggesting positive e�ects of PA on body composition, further emphasizing the importance of maintaining a 
healthy body composition for general health and disease prevention.

Furthermore, although di�erences in results in the Push-up and Shuttle run tests are statistically signi�cant, attention 
should be paid to the signi�cance of these activities in the context of health. Improvement in Push-up test results indicates 
a potential increase in upper-body muscle strength and endurance among students, which can be crucial in performing 
daily activities and injury prevention. Given that a large portion of the participants are female, it is assumed that the form of 
performing this exercise, as well as the frequency of doing it, was improved during the classes, thereby additionally 
in�uencing the obtained results. 

Similarly, better results in the Shuttle run test suggest an increase in cardiorespiratory endurance, which is important for 
cardiovascular health and overall physical well-being. This can also be explained by the PE curriculum, as emphasis was 
placed on the development of cardiorespiratory endurance in the last quarter, also considering the seasonal pattern of PA 
during classes (Đorđić, 2023).

These results con�rm the importance of regular physical activity and its signi�cance for physical health and performance. 
The PE curriculum implemented for students of medical rehabilitation can be considered successful given the improvement 
in results in all motor tests. 

However, it's important to consider that such studies have several limitations. Firstly, this research was conducted on a 
relatively small sample of students from a speci�c population, so the results cannot be generalized to a broader population. 
Secondly, there was a possibility that factors beyond the researchers' control, such as diet or activities outside school hours, 
may in�uence the results. The percentage of students regularly engaged or previously engaged in sports for a minimum of 
6 months is 87.7%, further implying that they largely meet daily PA recommendations for health purposes.

In the future, research should consider the long-term e�ects of PE programs on students' health, as well as explore 
additional factors that may in�uence the results of motor tests. Additionally, considering di�erent PE programs and their 
e�ects can contribute to the development of the most e�ective approaches and strategies for health promotion.

Conclusion
The conducted research emphasizes the importance of PA, exercise, and consequently, PE classes in preserving and 
enhancing health, considering the negative consequences of a sedentary lifestyle. The new curriculum plays a key role in 
developing physical �tness among students of medical rehabilitation. The program is designed to develop and improve 
health-related components throughout the year, with results monitored through a testing protocol.

The test results have shown statistically signi�cant di�erences in the results of the Push-up and Shuttle run tests between 
initial and �nal measurements, indicating that PE has contributed to improving cardiorespiratory endurance and muscle 
strength and endurance among students of medical rehabilitation.

Tracking parameters such as BMI and WHR circumference enables a better understanding of the impact of PA on students' 
health.

Overall, the results highlight the importance of PE classes on students' health parameters, emphasizing the signi�cance of 
regular physical activity in health promotion. 
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Melo and colleagues in 2021 investigated the static balance of children with sensorineural hearing loss in relation to the 
degrees and function of the vestibular system. The subjects were children aged 7-11 years (n=130). Static balance was 
assessed using stabilometric analysis with a force platform that measured the displacement of the center of pressure in 
three positions: bipedal stance with feet together, natural parallel stance, and single-leg stance. All positions were 
performed in two ways or under two sensory conditions, with eyes open and eyes closed. The results showed that children 
with severe and profound sensorineural hearing loss have lower static balance than children with normal hearing in all 
positions. The conclusion is that the greater the degree of sensorineural hearing loss, the greater the instability in children's 
balance (4).

Ayanniyi and colleagues in 2014 investigated the static and dynamic balance of primary school children with and without 
hearing impairment. The sample consisted of children aged 8-17 years (n=160). To assess static and dynamic balance, they 
used the single-leg stance test and the functional reach test in two sensory conditions, with eyes open and eyes closed. The 
results showed that static balance with eyes closed and open was signi�cantly lower in children with hearing impairment 
compared to those with normal hearing. Dynamic balance was higher in children with hearing impairment, but it was not 
statistically signi�cant. No signi�cant correlation was found between static balance with eyes closed and open in children 
with hearing impairment and those with normal hearing. No signi�cant correlation was found between dynamic and static 
balance in children with hearing impairment and those with normal hearing. Children with hearing impairment performed 
worse on static balance tests compared to those with normal hearing, while dynamic balance was similar between both 
groups (5).

Melo and colleagues in 2017 investigated the static and dynamic balance of students with normal hearing and sensorineural 
hearing loss. The sample consisted of children aged 7-18 years (n=96). To assess static balance, the Romberg, 
Romberg-Barré, and Fournier tests were used, and for dynamic balance, the Unterberger test was applied. Students with 
hearing impairment showed more changes in static and dynamic balance compared to healthy subjects in all the tests used. 
The same di�erence was observed when the subjects were grouped by gender. They concluded that students with hearing 
impairment showed more changes in static and dynamic balance compared to healthy children of the same gender and age 
group (6).

In 2017, Melo compared the gait performance between children with normal and impaired hearing, considering the gender 
and age of the sample. He analyzed gait according to degrees of hearing loss and etiological factors in the group. The 
sample consisted of children aged 7-18 years (n=96). For gait analysis, the Brazilian version of the Dynamic Gait Index (DGI) 
was used, and for statistical analysis, the Mann-Whitney test was applied. The results showed that the group with hearing 
impairment had a poorer gait pattern compared to the healthy group. The same was observed when the children were 
grouped by gender, both females and males (p=0.000). The same di�erence occurred when the children were strati�ed by 
age group: 7-18 years (p=0.000). The group with severe and profound hearing loss showed poorer gait performance than 
those with mild and moderate loss (p=0.048). Children born earlier with severe and profound hearing loss showed the 
poorest gait results (7).

Gouleme and colleagues in 2014 investigated the development of postural control in completely healthy children. The 
sample consisted of children aged 4-16 years (n=58). Postural stability was tested on an unstable platform under three 
di�erent visual conditions: with eyes open �xing a target, under optokinetic stimulation, and with eyes closed. The results 
showed a signi�cant decrease in the area and the mean velocity of the center of pressure during childhood. As children 
grew, spectral power indices signi�cantly decreased, and time signi�cantly increased. Such improvement in postural control 
could be the result of better use of sensory input information and cerebellar integration during development, allowing 
subjects to achieve more e�cient postural control (8).

In 2015, Ezane and colleagues analyzed the postural control of healthy elementary school children and children with 
strabismus in stable and unstable situations. The sample consisted of elementary school children (n=52, 26 with and 26 
without strabismus). Postural control was assessed using the Framiral® platform. Posture was recorded in the following 
conditions: eyes open �xing a target and eyes closed on a stable and unstable platform. For children with and without 
strabismus, the values of the center of pressure area and mean velocity were signi�cantly higher in conditions with eyes 
closed on the unstable platform, but this was much more pronounced in subjects with strabismus. Spectral power index and 
time also showed poorer values in children with strabismus compared to children without strabismus. These data 
demonstrate poor postural stability for both groups on the unstable platform with eyes closed. However, children with 
strabismus exhibited signi�cantly worse performance than children without strabismus. Children with strabismus also 
utilize more energy to stabilize their posture using visual-vestibular sensory inputs to compensate for altered vision due to 
strabismus, compared to children without strabismus (9).

In 2015, Gouleme and colleagues investigated the issue of postural control in children with dyslexia using both spatial and 
temporal analysis. The sample consisted of elementary school children (n=60, 30 with and 30 without dyslexia). Postural 

stability was evaluated using the Multitest Equilibre system from Framiral®. Posture was recorded under the following 
conditions: eyes open �xing on a target and eyes closed on a stable and unstable platform. The results of this study showed 
poor postural stability in children with dyslexia compared to children without dyslexia, con�rmed by both spatial and 
temporal analysis. In both groups of children, postural control was dependent on conditions and improved when eyes were 
open on a stable platform. Children with dyslexia had higher spectral power indices than children without dyslexia and 
demonstrated shorter testing times. Poor postural control in children with dyslexia could be due to a lack of sensory 
information, possibly caused by impaired cerebellar activity (10).

3. Discussion
The analysis of all results and conclusions from the presented research shows that vestibular dysfunction can signi�cantly 
disrupt motor skills and the biomechanics of walking, manifesting through: unsteady gait, compromised postural control or 
stability, and the emergence of compensatory movement patterns.

3.1. Unsteady gait is a common occurrence in children with vestibular dysfunction. The vestibular system plays a crucial role 
in stabilizing the head and body during walking. When the system is not functioning properly, children may walk with a 
wider stance to increase their base of support and ensure better stability. This can result in a wider gait, slower walking 
speed, and visibly awkward or uncoordinated movements. A wider stance or increased foot separation may help maintain 
balance but could also limit walking e�ciency. Children move slower to maintain control over their movements, which can 
negatively impact their engagement in physical activities that require quick movements. Lack of coordination can lead to 
awkward, uncoordinated movements that increase the risk of falls.

3.2. Compromised postural control is the diminished ability to maintain a stable body position, whether in a static resting 
state or dynamically while in motion. Vestibular dysfunction can lead to issues with postural control, manifested through 
unstable posture, movement inconsistencies, and increased muscle tension. Children may struggle to maintain an upright 
body position, resulting in frequent swaying or body shifting to maintain balance. Problems with the vestibular system can 
lead to body movement inconsistencies during walking, such as leaning forward or backward to compensate for a sense of 
instability. Children may increase muscle tension to maintain stability, leading to rapid fatigue and reduced mobility.

3.3. Compensatory movement patterns are created and adapted movements that involve modi�cations to the normal gait 
pattern to reduce the risk of balance loss and falls. They often manifest in shortened steps, reduced movement amplitude, 
increased need for visual control, and the appearance of asymmetrical movements. Children may shorten step length to 
increase control over each step and reduce feelings of insecurity. Arm and leg movements may be restricted to reduce 
vestibular system load and enhance stability. Children may focus on visual cues to compensate for the lack of vestibular 
information, such as looking down while walking.

Many scientists agree that vestibular dysfunction can negatively impact a primary school child's gait by disrupting the 
natural development of walking in children, with far-reaching consequences on their motor skills and daily activities. 
Children with vestibular dysfunctions may later develop the ability to walk securely in comparison to their peers. During 
growth and development, occasional regressions in gait are normal. However, in children with vestibular disorders, these 
regressions may be more frequent and prolonged. Di�culties in walking can a�ect a child's self-con�dence and willingness 
to participate in physical activities, further limiting their physical and social development.

4. Conclusion
Vestibular dysfunction can have a serious impact on the biomechanics of walking and overall motor skills in primary school 
children. Understanding these impacts enables kinesiologists to identify abnormalities in gait and intervene in a timely 
manner. Early identi�cation and targeted interventions, such as vestibular therapy, can help minimize the harmful e�ects of 
vestibular dysfunction and improve motor abilities and the quality of life for children.
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Despite the absence of statistically signi�cant di�erences between the results of the initial and �nal measurements, it is 
noticeable that there were changes in all variables (Figure 1). BMI and WHR values have decreased, indicating that the 
number of students with normal weight is higher compared to the initial measurement. 

Discussion
The study aimed to illustrate di�erences in the results of motor tests among medical rehabilitation students at the Faculty 
of Medicine in Novi Sad, between initial and �nal measurements. Although there are no statistically signi�cant di�erences 
in most variables, there is an improvement in all variables in the �nal testing compared to the initial testing (Table 3), 
indicating a positive impact of physical education on these students. It has been proven that, despite meeting PA 
recommendations, excessive sitting in the long term negatively a�ects health (Rasmussen et al., 2006).

It is important to note that a large portion of students had normal weight during this research, while some results have 
improved, suggesting positive e�ects of PA on body composition, further emphasizing the importance of maintaining a 
healthy body composition for general health and disease prevention.

Furthermore, although di�erences in results in the Push-up and Shuttle run tests are statistically signi�cant, attention 
should be paid to the signi�cance of these activities in the context of health. Improvement in Push-up test results indicates 
a potential increase in upper-body muscle strength and endurance among students, which can be crucial in performing 
daily activities and injury prevention. Given that a large portion of the participants are female, it is assumed that the form of 
performing this exercise, as well as the frequency of doing it, was improved during the classes, thereby additionally 
in�uencing the obtained results. 

Similarly, better results in the Shuttle run test suggest an increase in cardiorespiratory endurance, which is important for 
cardiovascular health and overall physical well-being. This can also be explained by the PE curriculum, as emphasis was 
placed on the development of cardiorespiratory endurance in the last quarter, also considering the seasonal pattern of PA 
during classes (Đorđić, 2023).

These results con�rm the importance of regular physical activity and its signi�cance for physical health and performance. 
The PE curriculum implemented for students of medical rehabilitation can be considered successful given the improvement 
in results in all motor tests. 

However, it's important to consider that such studies have several limitations. Firstly, this research was conducted on a 
relatively small sample of students from a speci�c population, so the results cannot be generalized to a broader population. 
Secondly, there was a possibility that factors beyond the researchers' control, such as diet or activities outside school hours, 
may in�uence the results. The percentage of students regularly engaged or previously engaged in sports for a minimum of 
6 months is 87.7%, further implying that they largely meet daily PA recommendations for health purposes.

In the future, research should consider the long-term e�ects of PE programs on students' health, as well as explore 
additional factors that may in�uence the results of motor tests. Additionally, considering di�erent PE programs and their 
e�ects can contribute to the development of the most e�ective approaches and strategies for health promotion.

Conclusion
The conducted research emphasizes the importance of PA, exercise, and consequently, PE classes in preserving and 
enhancing health, considering the negative consequences of a sedentary lifestyle. The new curriculum plays a key role in 
developing physical �tness among students of medical rehabilitation. The program is designed to develop and improve 
health-related components throughout the year, with results monitored through a testing protocol.

The test results have shown statistically signi�cant di�erences in the results of the Push-up and Shuttle run tests between 
initial and �nal measurements, indicating that PE has contributed to improving cardiorespiratory endurance and muscle 
strength and endurance among students of medical rehabilitation.

Tracking parameters such as BMI and WHR circumference enables a better understanding of the impact of PA on students' 
health.

Overall, the results highlight the importance of PE classes on students' health parameters, emphasizing the signi�cance of 
regular physical activity in health promotion. 
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Melo and colleagues in 2021 investigated the static balance of children with sensorineural hearing loss in relation to the 
degrees and function of the vestibular system. The subjects were children aged 7-11 years (n=130). Static balance was 
assessed using stabilometric analysis with a force platform that measured the displacement of the center of pressure in 
three positions: bipedal stance with feet together, natural parallel stance, and single-leg stance. All positions were 
performed in two ways or under two sensory conditions, with eyes open and eyes closed. The results showed that children 
with severe and profound sensorineural hearing loss have lower static balance than children with normal hearing in all 
positions. The conclusion is that the greater the degree of sensorineural hearing loss, the greater the instability in children's 
balance (4).

Ayanniyi and colleagues in 2014 investigated the static and dynamic balance of primary school children with and without 
hearing impairment. The sample consisted of children aged 8-17 years (n=160). To assess static and dynamic balance, they 
used the single-leg stance test and the functional reach test in two sensory conditions, with eyes open and eyes closed. The 
results showed that static balance with eyes closed and open was signi�cantly lower in children with hearing impairment 
compared to those with normal hearing. Dynamic balance was higher in children with hearing impairment, but it was not 
statistically signi�cant. No signi�cant correlation was found between static balance with eyes closed and open in children 
with hearing impairment and those with normal hearing. No signi�cant correlation was found between dynamic and static 
balance in children with hearing impairment and those with normal hearing. Children with hearing impairment performed 
worse on static balance tests compared to those with normal hearing, while dynamic balance was similar between both 
groups (5).

Melo and colleagues in 2017 investigated the static and dynamic balance of students with normal hearing and sensorineural 
hearing loss. The sample consisted of children aged 7-18 years (n=96). To assess static balance, the Romberg, 
Romberg-Barré, and Fournier tests were used, and for dynamic balance, the Unterberger test was applied. Students with 
hearing impairment showed more changes in static and dynamic balance compared to healthy subjects in all the tests used. 
The same di�erence was observed when the subjects were grouped by gender. They concluded that students with hearing 
impairment showed more changes in static and dynamic balance compared to healthy children of the same gender and age 
group (6).

In 2017, Melo compared the gait performance between children with normal and impaired hearing, considering the gender 
and age of the sample. He analyzed gait according to degrees of hearing loss and etiological factors in the group. The 
sample consisted of children aged 7-18 years (n=96). For gait analysis, the Brazilian version of the Dynamic Gait Index (DGI) 
was used, and for statistical analysis, the Mann-Whitney test was applied. The results showed that the group with hearing 
impairment had a poorer gait pattern compared to the healthy group. The same was observed when the children were 
grouped by gender, both females and males (p=0.000). The same di�erence occurred when the children were strati�ed by 
age group: 7-18 years (p=0.000). The group with severe and profound hearing loss showed poorer gait performance than 
those with mild and moderate loss (p=0.048). Children born earlier with severe and profound hearing loss showed the 
poorest gait results (7).

Gouleme and colleagues in 2014 investigated the development of postural control in completely healthy children. The 
sample consisted of children aged 4-16 years (n=58). Postural stability was tested on an unstable platform under three 
di�erent visual conditions: with eyes open �xing a target, under optokinetic stimulation, and with eyes closed. The results 
showed a signi�cant decrease in the area and the mean velocity of the center of pressure during childhood. As children 
grew, spectral power indices signi�cantly decreased, and time signi�cantly increased. Such improvement in postural control 
could be the result of better use of sensory input information and cerebellar integration during development, allowing 
subjects to achieve more e�cient postural control (8).

In 2015, Ezane and colleagues analyzed the postural control of healthy elementary school children and children with 
strabismus in stable and unstable situations. The sample consisted of elementary school children (n=52, 26 with and 26 
without strabismus). Postural control was assessed using the Framiral® platform. Posture was recorded in the following 
conditions: eyes open �xing a target and eyes closed on a stable and unstable platform. For children with and without 
strabismus, the values of the center of pressure area and mean velocity were signi�cantly higher in conditions with eyes 
closed on the unstable platform, but this was much more pronounced in subjects with strabismus. Spectral power index and 
time also showed poorer values in children with strabismus compared to children without strabismus. These data 
demonstrate poor postural stability for both groups on the unstable platform with eyes closed. However, children with 
strabismus exhibited signi�cantly worse performance than children without strabismus. Children with strabismus also 
utilize more energy to stabilize their posture using visual-vestibular sensory inputs to compensate for altered vision due to 
strabismus, compared to children without strabismus (9).

In 2015, Gouleme and colleagues investigated the issue of postural control in children with dyslexia using both spatial and 
temporal analysis. The sample consisted of elementary school children (n=60, 30 with and 30 without dyslexia). Postural 

stability was evaluated using the Multitest Equilibre system from Framiral®. Posture was recorded under the following 
conditions: eyes open �xing on a target and eyes closed on a stable and unstable platform. The results of this study showed 
poor postural stability in children with dyslexia compared to children without dyslexia, con�rmed by both spatial and 
temporal analysis. In both groups of children, postural control was dependent on conditions and improved when eyes were 
open on a stable platform. Children with dyslexia had higher spectral power indices than children without dyslexia and 
demonstrated shorter testing times. Poor postural control in children with dyslexia could be due to a lack of sensory 
information, possibly caused by impaired cerebellar activity (10).

3. Discussion
The analysis of all results and conclusions from the presented research shows that vestibular dysfunction can signi�cantly 
disrupt motor skills and the biomechanics of walking, manifesting through: unsteady gait, compromised postural control or 
stability, and the emergence of compensatory movement patterns.

3.1. Unsteady gait is a common occurrence in children with vestibular dysfunction. The vestibular system plays a crucial role 
in stabilizing the head and body during walking. When the system is not functioning properly, children may walk with a 
wider stance to increase their base of support and ensure better stability. This can result in a wider gait, slower walking 
speed, and visibly awkward or uncoordinated movements. A wider stance or increased foot separation may help maintain 
balance but could also limit walking e�ciency. Children move slower to maintain control over their movements, which can 
negatively impact their engagement in physical activities that require quick movements. Lack of coordination can lead to 
awkward, uncoordinated movements that increase the risk of falls.

3.2. Compromised postural control is the diminished ability to maintain a stable body position, whether in a static resting 
state or dynamically while in motion. Vestibular dysfunction can lead to issues with postural control, manifested through 
unstable posture, movement inconsistencies, and increased muscle tension. Children may struggle to maintain an upright 
body position, resulting in frequent swaying or body shifting to maintain balance. Problems with the vestibular system can 
lead to body movement inconsistencies during walking, such as leaning forward or backward to compensate for a sense of 
instability. Children may increase muscle tension to maintain stability, leading to rapid fatigue and reduced mobility.

3.3. Compensatory movement patterns are created and adapted movements that involve modi�cations to the normal gait 
pattern to reduce the risk of balance loss and falls. They often manifest in shortened steps, reduced movement amplitude, 
increased need for visual control, and the appearance of asymmetrical movements. Children may shorten step length to 
increase control over each step and reduce feelings of insecurity. Arm and leg movements may be restricted to reduce 
vestibular system load and enhance stability. Children may focus on visual cues to compensate for the lack of vestibular 
information, such as looking down while walking.

Many scientists agree that vestibular dysfunction can negatively impact a primary school child's gait by disrupting the 
natural development of walking in children, with far-reaching consequences on their motor skills and daily activities. 
Children with vestibular dysfunctions may later develop the ability to walk securely in comparison to their peers. During 
growth and development, occasional regressions in gait are normal. However, in children with vestibular disorders, these 
regressions may be more frequent and prolonged. Di�culties in walking can a�ect a child's self-con�dence and willingness 
to participate in physical activities, further limiting their physical and social development.

4. Conclusion
Vestibular dysfunction can have a serious impact on the biomechanics of walking and overall motor skills in primary school 
children. Understanding these impacts enables kinesiologists to identify abnormalities in gait and intervene in a timely 
manner. Early identi�cation and targeted interventions, such as vestibular therapy, can help minimize the harmful e�ects of 
vestibular dysfunction and improve motor abilities and the quality of life for children.
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Despite the absence of statistically signi�cant di�erences between the results of the initial and �nal measurements, it is 
noticeable that there were changes in all variables (Figure 1). BMI and WHR values have decreased, indicating that the 
number of students with normal weight is higher compared to the initial measurement. 

Discussion
The study aimed to illustrate di�erences in the results of motor tests among medical rehabilitation students at the Faculty 
of Medicine in Novi Sad, between initial and �nal measurements. Although there are no statistically signi�cant di�erences 
in most variables, there is an improvement in all variables in the �nal testing compared to the initial testing (Table 3), 
indicating a positive impact of physical education on these students. It has been proven that, despite meeting PA 
recommendations, excessive sitting in the long term negatively a�ects health (Rasmussen et al., 2006).

It is important to note that a large portion of students had normal weight during this research, while some results have 
improved, suggesting positive e�ects of PA on body composition, further emphasizing the importance of maintaining a 
healthy body composition for general health and disease prevention.

Furthermore, although di�erences in results in the Push-up and Shuttle run tests are statistically signi�cant, attention 
should be paid to the signi�cance of these activities in the context of health. Improvement in Push-up test results indicates 
a potential increase in upper-body muscle strength and endurance among students, which can be crucial in performing 
daily activities and injury prevention. Given that a large portion of the participants are female, it is assumed that the form of 
performing this exercise, as well as the frequency of doing it, was improved during the classes, thereby additionally 
in�uencing the obtained results. 

Similarly, better results in the Shuttle run test suggest an increase in cardiorespiratory endurance, which is important for 
cardiovascular health and overall physical well-being. This can also be explained by the PE curriculum, as emphasis was 
placed on the development of cardiorespiratory endurance in the last quarter, also considering the seasonal pattern of PA 
during classes (Đorđić, 2023).

These results con�rm the importance of regular physical activity and its signi�cance for physical health and performance. 
The PE curriculum implemented for students of medical rehabilitation can be considered successful given the improvement 
in results in all motor tests. 

However, it's important to consider that such studies have several limitations. Firstly, this research was conducted on a 
relatively small sample of students from a speci�c population, so the results cannot be generalized to a broader population. 
Secondly, there was a possibility that factors beyond the researchers' control, such as diet or activities outside school hours, 
may in�uence the results. The percentage of students regularly engaged or previously engaged in sports for a minimum of 
6 months is 87.7%, further implying that they largely meet daily PA recommendations for health purposes.

In the future, research should consider the long-term e�ects of PE programs on students' health, as well as explore 
additional factors that may in�uence the results of motor tests. Additionally, considering di�erent PE programs and their 
e�ects can contribute to the development of the most e�ective approaches and strategies for health promotion.

Conclusion 
The conducted research emphasizes the importance of PA, exercise, and consequently, PE classes in preserving and 
enhancing health, considering the negative consequences of a sedentary lifestyle. The new curriculum plays a key role in 
developing physical �tness among students of medical rehabilitation. The program is designed to develop and improve 
health-related components throughout the year, with results monitored through a testing protocol.

The test results have shown statistically signi�cant di�erences in the results of the Push-up and Shuttle run tests between 
initial and �nal measurements, indicating that PE has contributed to improving cardiorespiratory endurance and muscle 
strength and endurance among students of medical rehabilitation.

Tracking parameters such as BMI and WHR circumference enables a better understanding of the impact of PA on students' 
health.

Overall, the results highlight the importance of PE classes on students' health parameters, emphasizing the signi�cance of 
regular physical activity in health promotion. 
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