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Abstract

Background: Children with hearing loss, Sensorineural Hearing Loss (SNHL), Cerebral Palsy (CP), and Attention Deficit Hyperactivity Disorder (ADHD) have vestibular hy
function that may co-exist, leading to postural instability and other impairments. However, there is a lack of evidence related to the effects of vestibular rehabilitation exercis
on children with these conditions. Purpose: A systematic review of randomized controlled trials was performed to investigate the effects of vestibular rehabilitation exercis
on balance, motor skills, and cognitive function in children with hearing loss, SNHL, CP and ADHD. Methods: PubMed, MEDLINE, king Abdulaziz university library, and Goo,
Scholar were comprehensively searched. Inclusion criteria were: (1) Experimental studies, (2) Written in English, (3) Pediatric population (3-12 years) with either hearing lo
CP, or ADHD, (4) Exposure to vestibular rehabilitation exercises or balance training, and (5) Articles published in the last 10 years. Results: Six experimental studies includi
144 children met the inclusion criteria for this systematic review. Quality of assessment using the Physiotherapy Evidence Database (PEDro) scale revealed four high-qua
studies: One quasi-experimental study (24 children), three randomized controlled trials (36 children), (16 children), (21 children). There were also two low to moderate qua
studies: One randomized controlled trial study (33 children) and one longitudinal randomized controlled trial crossover study (14 children). All studies showed that vestibu
rehabilitation exercises had significant effects on children with hearing loss, CP and ADHD. Conclusion: Limited evidence suggests that vestibular rehabilitation exercis
improve balance, motor skills, cognitive function, and health-related quality of life in children with hearing loss, CP and ADHD. More high-quality randomized controlled tri
with larger numbers of participants are needed to further establish and generalize the effects of vestibular rehabilitation exercises on children with hearing loss, CP and ADF
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Introduction

The vestibular system plays an essential role in gross motor development [1]. It is the first sensory system to develop in the uterus and works in combination with visual a
somatosensory systems to control balance and coordinate movements [2]. The vestibular system has a significant impact on the motor system as well as a considerable effi
on children’s cognitive function [3]. This system helps children interpret things around them. However, impaired cognitive function resulting from vestibular disorders ¢
interfere with this process, affecting the child’s ability to distinguish their own movement from other movements in the surrounding environment as playing and exploratior
a crucial function in children during their first year of life and is how they learn and gain different skills, demonstrating the need for coordinated and intact vestibular functi
integration with somatosensory and visual systems [4]. The vestibular system is responsible for postural control, gaze stabilization, and spatial orientation and is divided ir
two components: central (brainstem and cerebellum) and peripheral (inner ear and vestibular nerve) [5]. Each component manifests different symptoms following lesions
damage depending upon the condition, site of lesion, severity, and whether the damage is unilateral or bilateral [6].
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Many pediatric disorders can lead to dizziness, which is “a sensation of lightheadedness or feeling faint” [7]. However, in approximately 50% of children reporting feeli
faintness, it is due to vestibular hypo function [8]. Dizziness is likely under-reported due to the child's inability to express it. Moreover, dizziness causes unfavorable impac
such as delaying postural control or lack of coordination [9]. It has been reported that vestibular function improvement contributes to dizziness improvement [10].

Given the negative effects dizziness has on quality of life, it is essential to conduct proper treatment for vestibular dysfunction [11]. Other common symptoms that contribt
to vestibular dysfunction are imbalance, which increases the risk of falling; hearing loss, which contributes to gross motor function; poor spatial memory (short-term memo:
motion sickness; developmental delays (inability to reach specific milestones at certain ages); and abnormal movement patterns resulting in gait abnormality, such as clurr
gait[12].

Previous studies reported the effect of vestibular dysfunction on children and how it might affect the equilibrium and protective reflexes, especially when it occurs in ea
childhood [13]. Furthermore, the overall reported prevalence of vestibular disorders in children is as high as 0.7%-15% [14]. Considering the difficulty of assessing a
diagnosing children, this prevalence can be underestimated as there are many vestibular disorders in children left untreated; therefore, further research is needed regardi
pediatric vestibular assessment and rehabilitation [15].

Various pediatric disorders can negatively impact the vestibular system's functions, such as hearing loss, Cerebral Palsy (CP), and Attention Deficit Hyperactivity Disorc
(ADHD). Vestibular end-organ dysfunction shows a high prevalence in children with Sensor Neural Hearing Loss (SNHL) [16]. Compared to children with normal hearii
children with SNHL can experience weak dynamic and static balance, gait changes, postural instability, and slow gait speed [17]. A systematic review suggests the effectivene
of vestibular rehabilitation in improving physical function in children with SNHL [18]. Sensory impairment is one of the CP abnormalities that can affect the vestibular syste
Furthermore, the decreased activity of children with CP affects the use of vestibular end-organs [19]. As the vestibular function decreases, it can lead to delays in motor ski
Activation of the vestibular system helps to normalize muscle tone as well as gross motor function. Numerous studies have reported the effect of vestibular dysfunction
cognitive function in adults and have proposed that it may affect children’s cognitive function to the same extent [20]. Considering that cognitive function relies on adequi:
sensory systems input, which the vestibular system is one component, the effects of vestibular hypo function found in adults can be applied to children [21].

Vestibular rehabilitation exercises can be explained as movement-based and training-based approaches taking many forms, including adaptation, substitution, a
habituation [22]. These exercises are composed of two major elements: (1) Gaze stability exercises to promote vestibulo-ocular reflex function adaptation and (2) Balar
exercises (e.g., substitution and habituation exercises) to restore the vestibulo-spinal reflex function [23]. As well as the vestibulo-ocular reflex the vestibulo-colic reflex can
used for stimulation of the vestibular system either actively or passively. The vestibulo-ocular reflex maintains gaze stability during movement of the body or head, whict
essential for hand-eye coordination [24]. The vestibulo-spinal reflex is responsible for neck muscle contraction to maintain head stability; which is essential for stabilizing t
body and posture during head movement. Given the importance of these reflexes for controlling the coordination of the head, vision, and posture during a child's moveme
vestibular rehabilitation exercises can improve reflex function by stimulating the vestibular system [25].

Vestibular dysfunction that develops early in childhood can negatively affect childhood development and lead to complications that could last into adulthood [26]. Therefo
raising awareness of the prevalence of vestibular dysfunction in children is necessary for improving the likelihood of them being assessed and treated [27]. Cronin et
reported that children have a faster response to vestibular rehabilitation than adults, owing to their ability to compensate and adapt faster to vestibular impairment, whick
known as plasticity. An Additional trait in children is that as long as there is fun and motivation in physical therapy we can expect a higher level of cooperation. Moreover, t
importance of proper assessment of children with vestibular dysfunction is that it eliminates other serious disorders (e.g., brain tumors) to guide the choice of the m«
applicable rehabilitation [28].

Timely intervention in early childhood can prevent serious impairments that can occur later in life [29]. Vestibular rehabilitation exercises have been shown to significar
improve balance and gait for children with vestibular disorders. However, no previous systematic reviews have evaluated the importance and effectiveness of vestibu
rehabilitation exercises for pediatric disorders (ADHD, CP, and SNHL). The objective of this systematic review was to investigate the evidence of effects vestibular rehabilitati
exercises have on children with hearing loss, CP, and ADHD.

Methods

A systematic review was conducted according to internationally Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines.
Searching strategy

To inform the systematic review, the literature search was performed in the following electronic databases: PubMed, MEDLINE, king Abdulaziz university library, and Goo,
Scholar. The following keywords were used: Vestibular rehabilitation, pediatric vestibular disorder, vestibular stimulation, balance training, cerebral palsy children, childr
with attention deficit hyperactivity disorder, and children with hearing impairment.

Participants, interventions, comparisons, outcomes, and study designs were used to define the search strategy and eligibility criteria. Articles were included in the systeme
review according to the following inclusion criteria: (1) Experimental studies (quasi-experimental studies, randomized controlled trial studies), (2) Written in English,
Pediatric population (3-12 years) with either CP, ADHD, SNHL, or hearing deficits, (4) Exposure to vestibular rehabilitation exercises or balance training, and (5) Artic
published in the last 10 years.

Study selection

Studies that met the inclusion criteria were selected in this systematic review through the PRISMA flowchart. Studies were excluded based on scanning of the article’s title a
abstract. All research team members conducted a full-text reading and screening of the selected studies; disagreements regarding whether to include articles were resolved
the examiner (Table 1).

Author CountryDisorders Design Characteristics of N Characteristics of interventions
volunteers CGIGCG 45-minute sessions 2

(Ebrahimi etTehran, Sensory Quasi- Children aged 7-1212 12Intervention after theTimes/week for 12 ; 45-minute sessions 2 weeks of vestibul
al., 2017)  lIran hearing lossexperimentaldiagnosed with profound study Rehabilitation exercises. The sessions included balance, gait, postu

with bilateralstudy sensorineural hearing stability, and eye movement exercises

vestibular loss(*PTA>90 dB)

impairment
(Hedayatjoo Tehran, Hearing Randomized Children aged 7-1218 18Educational program 45-minute sessions 3 times / week for 6 weeks in a vestibular-speci
etal, 2020) Iran deficit controlled diagnosed with hearing neuromuscular training program.

trial deficit

(Hosseini etTehran, Cerebral Randomized Children aged 3-108 8 Current stander20-minute sessions 2 times / week for 6 weeks in a vestibu



al., 2015)  Iran palsy controlled  diagnosed with cerebral occupational therapystimulation 10 session of exercise in addition to 25 minutes
trial palsy for 45 minutes 2 timescurrent stander occupational therapy.10 sessions of training; ea
/ week child received 20 minutes of neurodevelopment treatment and

minutes of vestibular training over a 5-week period.

(Lotfi et al.,lran ADHD* andRandomized Children aged 7-1217 16No intervention,
2017) concurrent controlled  diagnosed with chronic intervention after the
vestibular  trial ADHD combined  with study
impairment vestibular impairment

based on DSM IV* criteria

(Rajendran India Hearing Randomized Children aged 7.5-8.1 with10 1145-minute sessions 3

etal, 2013) impairment controlled hearing impairment times / week for 6
trail weeks in a vestibular-
specific

neuromuscular

training program

(Tramontanoltaly Cerebral Longitudinal, Children aged 3-7.57 7 Neurodevelopment
etal, 2017) palsy randomized diagnosed with cerebral treatment group; each
controlled, palsy (mono spastic child received 10 50-
cross-over hemiparesis, bilateral minute sessions over a
study spastic hemiparesis, 5-week period
ataxia)

Table 1. Summary of trials included in the review.
Data extraction

Data were collected with the acceptance of all authors, with the exception for the last author. From each article, these data were collected: Characteristics of the study (auth
publication year, country, article design), characteristics of the participants (number, age, disorder), characteristics of the intervention (control group, experimental grou
assessment tools, and main findings (Table 2).

Author CountryDisorders Assessment Main finding
(Ebrahimi etTehran, Sensory hearing lossBruininks-Oseretsky test of motor proficiency andVestibular rehabilitation exercises focused on adaptation and substitution c
al., 2017)  lIran with bilateralposturography sensory organization testing improve postural control ability and vestibular function for children w
vestibular sensorineural hearing loss and vestibular impairment.
impairment
(Hedayatjoo Tehran, Hearing deficit Bruininks-Oseretsky test of motor proficiency andBalance exercises, including vestibular sensory and motor exercise programs, c
et al, 2020) Iran continuous performance test improve balance performance, motor coordination, and attention in children w

hearing deficits.

(Hosseini etTehran, Cerebral palsy Force plate Vestibular stimulation exercises could be effective for balance performan:
al., 2015) Iran children can also change and control center of pressure displacement faster.
(Lotfi et al.Iran ADHD andVestibular test, choice reaction time test, balanceVestibular rehabilitation exercises can improve cognition performance as well
2017) concurrent test, spatial working memory test balance function for children with ADHD and concurrent vestibular impairment
vestibular
impairment

(Rajendran India Hearing impairment Test of gross motor development-2, pediatricVestibular-specific neuromuscular training programs may improve postu
et al., 2013) reach test, one leg standing balance test andcontrol and motor skills, which would enhance the health-related quality of life

postural sway meter, PedsQL generic core scale hearing-impaired children.

(Tramontanoltaly Cerebral palsy Goal attainment scale, root mean square of headVestibular rehabilitation exercises combined with neurodevelopmental traini
etal, 2017) accelerations, gross motor functioncould be effective for facilitating neuromotor development in both static a
measurement-88 scale dynamic tasks, such as motor control in children with cerebral palsy.

Table 2. Summary of trials included in the review.

Risk of bias evaluation

All authors, except for the last author, shared in evaluating the risk of bias in each study independently using the Physiotherapy Evidence Database (PEDro) scale. The sc.

consists of 11 items with a maximum score of 10 excluding the first item (eligibility criteria). The following reference was used: High quality when the score was 6 or mo

moderate quality when the score was 4-5 and low quality when the score was less than 4 (Table 3) [30].

Item (Lotfi et al., (Ebrahimi et (Tramontano et (Hedayatjoo et (Hosseini et (Rajendran et
2017) al., 2017) al., 2017) al., 2020) al., 2015) al., 2013)

Eligibility criteria specified

Random subject allocation



Allocation was concealed N N N Y Y Y
Groups were similar at baseline N Y N Y Y Y
Blinding of all subjects N N N N Y N
Blinding of therapists administering therapy N N N N N N
Blinding of assessors N N Y Y N N
Measures obtained from more than 85% of initial subjects N Y Y N Y Y
All subjects received treatment or controlled intervention; if not,N Y N Y N N
data analyzed by ‘intention to treat’

Results of between-group comparisons reported for at least one keyY Y Y Y Y Y
outcome

Provides both point measures and measures of variability for oneY Y Y Y Y Y
key outcome

Total score 03-Oct 06-Oct 05-Oct 07-Oct 07-Oct 06-Oct

Table 3. Quality of included studies (PEDro). PEDro: Physiotherapy Evidence Database; Y: Yes; N: No.
Results

Study selection and characteristics

The total number of articles found within the three different databases was 32,443. After the removal of duplicates, 9,523 articles were considered. Out of these, 700 artic
were screened by reading article titles and abstracts. Seventeen of the screened articles were selected after full-text analysis. Six of the articles met the eligibility criteria af
analysis, as shown in Figure 1.

Figure 1. Flow chart of studies in the review, according to Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA).

All included articles were experimental studies. Participants were 144 children with ages ranging from three to twelve. Study designs, populations, outcome measures, a
intervention characteristics and descriptions are shown in Table 1: Ebrahimi et al. (quasi-experimental study, n=24), Hedayatjoo et al. (randomized controlled trial, n=2
Hosseini et al. (randomized controlled trial, n=16), Rajendran et al. (randomized controlled trial, n=21), Lotfi et al. (randomized controlled trial, n=33), and Tramontano et
(longitudinal randomized controlled trial cross-over study, n=14). All studies compared vestibular rehabilitation exercises with occupational therapy, Neuro Developmen
Training (NDT), an education program, or no intervention.

Risk of bias assessment

PEDro scale results revealed four articles with high scores: Ebrahimi et al. and Rajendran et al. with scores of 6/10 and Hedayatjoo et al. and Hosseini et al. with scores of 7/
which indicates good quality and evaluation. Two articles showed low to moderate quality: Lotfi et al. and Tramontano et al. with scores of 3/10 and 5/10, respectively (ma
allocation concealment and blinding limitation) (Table 3).

Outcome measures

As shown in Tables 1 and 2, the assessment tools used for each study were described as follows. Two assessment tools were used for the evaluation of attention performan
The continuous performance test and the choice reaction time test. The spatial working memory test was used to assess the ability to retain spatial information a
manipulate items remembered in the working memory. Balance and postural stability in the included studies were assessed using the root mean square of head acceleratic
the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), the balance test, the pediatric reach test, the one-leg standing balance test, and the postural sway meter.

Head and trunk stabilization in standing and sitting positions were assessed using the goal attainment scale. The Sensory Organization Test (SOT) was used to evaluate t
coordination and interaction of visual, somatosensory, and vestibular systems during postural responses. The force plate was used to assess the Center of Pressure (CC
displacement parameters as well as velocity, area, and displacement along the X and Y axes. The gross motor function measurement-88 scale was used to evaluate chang
that occurred over time in the gross motor function of children with CP. Motor skills were evaluated using the gross motor development scale. Health-related quality of life w
evaluated using the PedsQL generic core scale.

Discussion

The objective of this systematic review was to investigate the evidence for vestibular rehabilitation exercises having effects on children with ADHD, CP, and hearing loss.
studies affirmed that vestibular rehabilitation exercises have a positive effect on children with hearing loss, CP, and ADHD, and that they can improve balance performan
motor skills, and cognitive function as well as control hearing loss.

Hearing loss

Hearing impairment usually occurs in childhood, resulting in communication difficulties [31]. Motor and balance deficits are most likely to occur in children with heari
impairment [32]. Integration of the vestibular, somatosensory, and visual systems is important for a child to be able to control their postural stability [33]. It has been report
that 1-6 out of each 1000 children are suffering from moderate to severe hearing deficits (conductive and SNHL) [34]. Conductive hearing damage leads to an inability
conduct sound waves through the outer and middle ears, whereas SNHL is caused by damage to the inner ear, auditory nerve, and/or auditory cortex. Mixed hearing loss
referred to as a sensor neural and conductive hearing loss combination [35]. A prevalence of 20%-70% of children with SNHL has vestibular dysfunction. According to t
anatomical location of the vestibular system and inner ear, lesions or damage to the auditory system may extend into the vestibular system, contributing to coordinatic
balance, and postural stability issues [36].

The results of the Hedayatjoo et al. study indicated significant improvement in all three measured variables of balance, motor coordination, and attention. Balance depends
the integration of proprioceptive, vestibular, and visual sensory systems. The exercises that focus on these systems, especially the vestibular system, facilitate improvements
static and dynamic balance, as reported by Hedayatjoo et al. Many studies reported the negative effects of balance disorders on motor coordination. Conversely, Hedayatj
et al. suggested that a positive impact may be found on motor coordination with improvemed balance function. In this study, three items of motor coordination were test
Upper limb coordination, bilateral coordination, and visual-motor control.

Greater improvement in the upper limb coordination was observed. Following exercises that help in maintaining the visual field limited to a specific point led to
improvement in attention in this study. These exercises prevent spreading visual attention over a broad visual field with a lack of concentration, which is an issue for d¢
children. However, Hedayatjoo et al. did not collect detailed information about the amount of sway in static balance in comparison with other studies that investigated t
effects of different exercises on static balance using a force platform.



In Rajendran et al. the aim was to determine the effects of vestibular-specific neuromuscular training on motor performance, balance, and health-related quality of life

children with hearing impairment. Visual and vestibular-specific exercises were prescribed for the intervention group to enhance substitution by improving somatosensory a
visual systems and neuromuscular control. Unlike in Effgen’s et al. findings, there was no improvement in static balance, as they used conventional exercise programs only

ten days to facilitate balance performance.

However, the exercise group showed an improvement in health-related quality of life compared to the control group through focusing on motor and balance exercis
Furthermore, Rajendran et al. suggested that social activities that aim to increase social interaction during the program can have a beneficial effect on the psychosocial asp:
of health-related quality of life. The study reported that the exercise protocol used in this study which is visual and vestibular-specific exercise training is appropriate
children with hearing impairment. This study was limited due to the absence of blinding, small and restricted sample size, and it lacked follow-up. Studies with wider sam|
sizes and follow-ups are required to confirm the positive impact of vestibular-specific neuromuscular training programs.

Ebrahimi et al. aimed to determine the effect of vestibular rehabilitation on the bilateral vestibular disorder. The authors reported that any damage or disorder influencing t
three-sensory input systems would appear in children’s abilities, functions, and social interactions. It was suggested that for children having experienced bilateral vestibu
dysfunction since birth or in early childhood, visual and somatosensory systems can be affected, leading to poor postural control compared to their peers of the same a
secondary to a vestibular disorder.

The intervention in the Ebrahimi et al. study was designed to improve the abilities of visual-motor and somatosensory systems that tend to enhance postural control via t
sensory organization which included both adaptation and substitution exercises for gaze stability and balance training by using the BOTMP, audiogram and SOT assessme
tools. The BOTMP was used to assess balance performance, whereas the audiogram was used to assess hearing loss, and the SOT was used to assess postural control. T
main finding of this study was a significant improvement in postural control and vestibular function for children with SNHL.

Cerebral palsy

Cerebral palsy is a condition that starts in infancy and continues, requiring management, into adulthood. It can have a detrimental impact on a child's development becaust
interferes with their ability to explore, learn, communicate, and become self-sufficient. It can be defined as a non-progressive injury to the developing brain that caus
multiple disorders that lead to movement, balance, and postural problems. It may manifest as hemiplegia, diplegia, or quadriplegia.

Cerebral palsy is the most common cause of disability in children, which occurs in 2-2.5 per 1,000 live births. There are four major types of CP: spasticity, dyskinesia, ata»
and mixed. Spasticity is the most common type in children, accounting for 80% of the cases. Factors that contribute to the impairment of posture and balance in CP are pc
selective control of muscle activity, poor management of muscle activity in anticipation of postural changes and body movements, and a reduced capacity to learn uniq
movements. Different studies reported that the vestibular system could be affected in children with a brain injury that occurs during birth, which leads to postural imbalar
and poor equilibrium. Regulated vestibular stimulation and multi-sensory stimulations have been shown to enhance motor development in several studies Kanagasabai et al

Sensory input integration is important in maintaining balance and COP. Any reduction in these inputs will directly affect balance and increase the displacement of the C(
Hosseini et al. aimed to investigate the effects of vestibular stimulation on COP parameters in children with CP. The study reported no significant difference between t
control and the intervention group except for the velocity parameter, which increased in the intervention group. This change means that the children could control their C
displacement faster, and thus this helped to maintain their stability, which allowed them to move around and explore. Another study by Hosseini et al. supported the finding
this study and suggested that a combination of two treatments has significant effects on multiple aspects in children with CP (e.g., postural control and balance).

The method of intervention used in this study matches the one Hosseini et al. used in his other study, which reinforces the findings of this study. Contradictory results we
found between four different studies about the effect of vestibular stimulation on motor development. Sellick et al. results were negative in contrast with the others, includi
Chee et al. This contradiction was a consequence of the limited sample of children with CP, the presence of various deficit characteristics, and the difference in object
assessment tools used for motor performance. Further studies should be done to confirm the effectiveness of vestibular stimulation on motor function and with considerati
for vestibular performance, age, classification, and therapy history. Hosseini et al. suggested the need for more studies to determine the most efficient intervention in terms
protocol, the patient’s position, and the time and duration of the intervention. The small sample size was one of the study limitations. This was due to the specific inclusi
criterion that children were required to be able to stand independently on the force plate, but most of the children with CP were not able to stand independently.

The Tramontano et al. study aimed to assess the improvement of motor function in children with CP using vestibular rehabilitation training. The tools that were used to asse
the motor function were the goal attainment scale, the root mean square of head accelerations, and the gross motor function measurement-88 scale. The intervention gro
received neurodevelopmental training depending upon Bobath techniques to reach their goals of enhancing postural alignment and functional handling abilities. Besides t
neurodevelopmental training, the control group received three vestibular rehabilitation exercise s according to the child's ability: gaze stability training, balance and g
training, and somatosensory integration training. The results reported by Tramontano et al. showed a positive effect for both static and dynamic balance, but the effect duri
static balance was greater than that of dynamic balance. Measures of stability also showed greater improvement after neurodevelopmental training and vestibu
rehabilitation exercises. The main limitations of this study were the small number of participants, heterogeneity, that the study may be considered a pilot study, and that t
presentation of the study was difficult to understand.

Attention deficit hyperactivity disorder

Attention deficit hyperactivity disorder is one of the most common neurodevelopmental disorders. It is also described as a neuropsychiatric disorder. It affects 3%-7%
school-age children in the United States starting at seven years old. The incidence is more frequent in boys than girls. Children with ADHD are characterized by paying ¢
attention, hyperactivity, somatosensory insufficiency with impulsivity, distractibility and risk of fall due to balance instability. Attention deficit hyperactivity disorder is classifi
into three types: Inattentive ADHD, experiencing difficulties with paying attention to details or finishing tasks; hyperactive ADHD, which leads to impulsive and impatie
behavior; and combined ADHD, the most common type, which refers to a combination of inattentive and hyperactive ADHD.

According to the symptoms and signs, physicians can diagnose and differentiate between these types as studies have reported that all these features could affect the chil
behavior as well as developmental and functional abilities. Chang et al. stated that children with ADHD showed cognitive function improvement following acute aero
exercise intervention as a result of influencing the dorsolateral prefrontal cortex and the release of dopamine. Pontifex et al. both reported that attention had been improv
in children with ADHD after a specific intervention program.

Lotfi et al. hypothesized about whether improving balance can positively affect the cognitive function of children with combined ADHD and concurrent vestibular disord
Participants were randomly assigned to the control and intervention groups. The vestibular rehabilitation exercises program consisted of balance, gait stability, and ¢
movement exercises for the intervention group and no intervention for the control group. The findings suggest that vestibular rehabilitation exercise s can be useful
children with ADHD since they had a favorable impact on balance, choice reaction time, vestibulo-ocular reflex gain as well as smooth pursuit gain, and saccadic accuracy.
However, no improvement was reported for spatial memory, taking into consideration the combination between vestibular rehabilitation exercises and cognitive there
programs for a prolonged period to improve memory function. Overall improvements in attention tasks and cognition function were found following vestibular rehabilitati
exercises for children with combined ADHD and concurrent vestibular impairment. According to these findings, impulsive and attentive behavior will decrease in response



an increase in reaction time in children with combined ADHD following vestibular rehabilitation exercises. Further investigations are required to confirm the efficacy
vestibular rehabilitation exercises for cognitive performance of children with combined ADHD. One major limitation of this study was the short period of intervention to asse
the cognitive function improvement in all domains. In addition, limited analysis for a specific group (children with accompanying vestibular disorders) and the absence
assessor blinding are other weaknesses.

Conclusion

The present systematic review suggests that vestibular rehabilitation exercises for children with hearing loss; CP and combined ADHD are effective. Improvement of balan
motor skills, cognitive function, and health-related quality of life were the main findings of our review. The combination of vestibular rehabilitation exercises with eitt
neurodevelopment or occupational therapy protocols may have a stronger effect on the development of children with CP than neurodevelopment or occupational there
alone. The review faced some limitations. First, only 6 articles have met these systematic review inclusion criteria, further research is needed to build a stronger case. Seconc
most of the studies found originated from Iran, the results of which cannot be generalized to other countries.

Recommendations

Future studies should consider further research is needed regarding pediatric vestibular assessment and rehabilitation. Also, more high-quality randomized controlled tri
with larger sample sizes. Furthermore, future trials should control the blinding of the subjects, therapists, and assessors. Different countries should consider more randomiz
controlled trials that study the efficacy of vestibular rehabilitation exercises on children with hearing loss, CP, and ADHD to minimize the effect of vestibular dysfunction
these children and to improve their balance, motor skills, and cognitive function.

References

1.

10.

11.

12.

13.

14.

15.

Arnold SA, Stewart AM, Moor HM, et al. The effectiveness of vestibular rehabilitation interventions in treating unilateral peripheral vestibular disorders: A systeme

review. (https://onlinelibrary.wiley.com/doi/10.1002/pri.1635) Physiother Res Int 2017; 22(3): e1635.

[Crossref] (https://doi.org/10.1002/pri.1635) [Google Scholar] (https://scholar.google.com/schol.

hl=en&as_sdt=0%2C5&q=The+effectiveness+of+vestibular+rehabilitation+interventions+in+treating+unilateral+peripheral+vestibular+disorders%3A+A+Systematict+Re
[Indexed] (https://pubmed.ncbi.nim.nih.gov/26111348/)

. Ayres A, Robbins J. Sensory integration and the child: Understanding hidden sensory challeng

(https://books.google.co.in/books/about/Sensory_Integration_and_the_Child.htmI?id=-7NeFNFswo0C) (2nd edn) Western Psychological Services. 2005.

. Bax MC. Terminology and classification of cerebral palsy. (https://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.1964.tb10791.x) Dev Med Child Neurol 1964; 6: 295-

[Crossref] (https://doi.org/10.1111/j.1469-8749.1964.tb10791.x) [Google Scholar] (https://scholar.google.com/schol.
cluster=15933143409932177260&hl=en&as_sdt=0,5) [Indexed] (https://pubmed.ncbi.nim.nih.gov/14155190/)

. Butterfield SA. Gross motor profiles of deaf children. (https://journals.sagepub.com/doi/10.2466/pms.1986.62.1.68) Percept Mot Skills 1986; 62(1): 68-70.

[Crossref]_ (https://doi.org/10.2466%2Fpms.1986.62.1.68) [Google Scholar]__(https://scholar.google.com/scholar?cluster=5850389964000934168&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nlm.nih.gov/3960685/)

. Chee FK, Kreutzberg JR, Clark DL. Semicircular canal stimulation in cerebral palsied children. (https://academic.oup.com/ptj/article-abstract/58/9/1071/45592:

redirectedFrom=fulltext) Phys Ther 1978; 58(9), 1071-5.
[Crossref] (https://doi.org/10.1093/ptj/58.9.1071) [Google Scholar] (https://scholar.google.com/scholar?cluster=10690211562123306027&hl=en&as_sdt=0,5) [Index«
(https://pubmed.ncbi.nim.nih.gov/684083/)

. Christiansen L, Beck MM, Bilenberg N, et al. Effects of exercise on cognitive performance in children and adolescents with ADHD: Potential mechanisms and eviden

based recommendations. (https://www.mdpi.com/2077-0383/8/6/841) J Clin Med 2019; 8(6): 841.
[Crossref]_(https://doi.org/10.3390/jcm8060841) [Google Scholar]_(https://scholar.google.com/scholar?cluster=9547254499885007661&hl=en&as_sdt=0,5) [Index¢
(https://pubmed.ncbi.nlm.nih.gov/31212854/)

. Ghai S, Hakim M, Dannenbaum E, et al. Prevalence of vestibular dysfunction in children with neurological disabilities: A systematic revie

(https://www.frontiersin.org/articles/10.3389/fneur.2019.01294/full) Front Neurol 2019; 10: 1294.
[Crossref]__ (https://doi.org/10.3389/fneur.2019.01294) [Google  Scholar]__ (https://scholar.google.com/scholar?cluster=8221114681793049034&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/31920918/#:~:text=Three%20fair%2Dquality%20studies%20report,%2Dto%2Dhigh%20quality%20studies.)

. Guidetti G The role of cognitive processes in vestibular disorde

(https://www.tandfonline.com/doi/abs/10.3109/21695717.2013.765085#:~:text=The%20plasticity%200f%20the%20CNS,during%20adaptation%20to%20vestibular%20l
Hear Balance Commun 2013; 11(1): 3-35.

[Crossref] (https://doi.org/10.3109/21695717.2013.765085) [Google Scholar] (https://scholar.google.com/schol.
hl=en&as_sdt=0%2C5&q=The+role+of+cognitive+processes+int+vestibular+disorders.&btnG=)

. Hall CD, Cox LC. The role of vestibular rehabilitation in the balance disorder patient. (https://www.sciencedirect.com/science/article/abs/pii/S00306665080015(

via%3Dihub) Otolaryngol Clin North Am 2009; 42(1): 161-9.

[Crossref]__ (https://doi.org/10.1016/j.0tc.2008.09.006) [Google  Scholar]__ (https://scholar.google.com/scholar?cluster=17115680085114527137&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/19134498/#:~:text=Although%20vestibular%20rehabilitation%20does%20not,of%20life%20for%20the%20patient.)

Han BI, Song HS, Kim JS. Vestibular rehabilitation therapy: Review of indications, mechanisms, and key exercises. (https://www.thejcn.com/DOIx.pt

id=10.3988/jcn.2011.7.4.184) ] Clin Neurol 2011; 7(4): 184-196.

[Crossref] (https://dx.doi.org/10.3988%2Fjcn.2011.7.4.184) [Google Scholar] (https://scholar.google.com/schol.

hi=en&as_sdt=0%2C5&q=Vestibular+rehabilitation+therapy%3A+Review-+of+indications%2C+mechanisms%2C+and+key+exercises.+&btnG=) [Indexed]

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3259492/)

Hedayatjoo M, Rezaee M, Alizadeh M, et al. Effect of balance training on balance performance, motor coordination, and attention in children with hearing defic

(https://brief.land/ans/articles/84869.html#:~:text=(1)%20Balance%20exercises%20lead%20to,deficits%3B%20and%20(3)%20balance) Arch Neurosci 2020; 7(1): e8486¢

[Crossref] (https://dx.doi.org/10.5812/ans.84869) [Google Scholar] (https://scholar.google.com/scholar?cluster=13287601188713179343&hl=en&as_sdt=0,5)

Herdman SJ, Schubert MC, Das VE, et al. Recovery of dynamic visual acuity in unilateral vestibular hypofunction. (https://uh-ir.tdl.org/handle/10657/6004) At

Otolaryngol Head Neck Surg 2003; 129(8): 819-24.

[Crossref] (https://doi.org/10.1001/archotol.129.8.819) [Google Scholar] (https://scholar.google.com/scholar?cluster=941884799294451989&hl=en&as_sdt=0,5)

Hosseini SA, Ghoochani BZ, Talebian S, et al. Investigating the effects of vestibular stimulation on balance performance in children with cerebral palsy: A randomiz

clinical trial study. (https://jrsr.sums.ac.ir/article_41073.html) ] Rehabil Sci Res 2015; 2(2): 41-6.

[Crossref] (https://dx.doi.org/10.30476/jrsr.2015.41073) [Google Scholar] (https://scholar.google.com/schol.

hl=en&as_sdt=0%2C5&g=Vestibular+Stimulation+on+cerebral+palsy+designing+a+vestibulator+%5BPhD+dissertation%5D.+India%3A+School+of+Biosciences+and+Bic

Jahn K, Langhagen T, Schroeder A, et al. Vertigo and dizziness in childhood-update on diagnosis and treatment. (https://www.thien

connect.de/products/ejournals/abstract/10.1055/s-0031-1283158) Neuropediatrics 2011; 42(4): 129-34.

[Crossref] (https://doi.org/10.1055/s-0031-1283158) [Google Scholar] (https://scholar.google.com/scholar?cluster=122537115970673967&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/21766267/)

Lofthouse N, Arnold LE, Hersch S, et al. A review of neurofeedback treatment for pediatric ADHD. (https://journals.sagepub.com/doi/10.1177/1087054711427530) Jour!



https://onlinelibrary.wiley.com/doi/10.1002/pri.1635
https://doi.org/10.1002/pri.1635
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effectiveness+of+vestibular+rehabilitation+interventions+in+treating+unilateral+peripheral+vestibular+disorders%3A+A+Systematic+Review.&btnG=
https://pubmed.ncbi.nlm.nih.gov/26111348/
https://books.google.co.in/books/about/Sensory_Integration_and_the_Child.html?id=-7NeFNFswo0C
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.1964.tb10791.x
https://doi.org/10.1111/j.1469-8749.1964.tb10791.x
https://scholar.google.com/scholar?cluster=15933143409932177260&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/14155190/
https://journals.sagepub.com/doi/10.2466/pms.1986.62.1.68
https://doi.org/10.2466%2Fpms.1986.62.1.68
https://scholar.google.com/scholar?cluster=5850389964000934168&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/3960685/
https://academic.oup.com/ptj/article-abstract/58/9/1071/4559223?redirectedFrom=fulltext
https://doi.org/10.1093/ptj/58.9.1071
https://scholar.google.com/scholar?cluster=10690211562123306027&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/684083/
https://www.mdpi.com/2077-0383/8/6/841
https://doi.org/10.3390/jcm8060841
https://scholar.google.com/scholar?cluster=9547254499885007661&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/31212854/
https://www.frontiersin.org/articles/10.3389/fneur.2019.01294/full
https://doi.org/10.3389/fneur.2019.01294
https://scholar.google.com/scholar?cluster=8221114681793049034&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/31920918/#:~:text=Three%20fair%2Dquality%20studies%20report,%2Dto%2Dhigh%20quality%20studies.
https://www.tandfonline.com/doi/abs/10.3109/21695717.2013.765085#:~:text=The%20plasticity%20of%20the%20CNS,during%20adaptation%20to%20vestibular%20loss.
https://doi.org/10.3109/21695717.2013.765085
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+role+of+cognitive+processes+in+vestibular+disorders.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0030666508001503?via%3Dihub
https://doi.org/10.1016/j.otc.2008.09.006
https://scholar.google.com/scholar?cluster=17115680085114527137&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/19134498/#:~:text=Although%20vestibular%20rehabilitation%20does%20not,of%20life%20for%20the%20patient.
https://www.thejcn.com/DOIx.php?id=10.3988/jcn.2011.7.4.184
https://dx.doi.org/10.3988%2Fjcn.2011.7.4.184
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vestibular+rehabilitation+therapy%3A+Review+of+indications%2C+mechanisms%2C+and+key+exercises.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3259492/
https://brief.land/ans/articles/84869.html#:~:text=(1)%20Balance%20exercises%20lead%20to,deficits%3B%20and%20(3)%20balance
https://dx.doi.org/10.5812/ans.84869
https://scholar.google.com/scholar?cluster=13287601188713179343&hl=en&as_sdt=0,5
https://uh-ir.tdl.org/handle/10657/6004
https://doi.org/10.1001/archotol.129.8.819
https://scholar.google.com/scholar?cluster=941884799294451989&hl=en&as_sdt=0,5
https://jrsr.sums.ac.ir/article_41073.html
https://dx.doi.org/10.30476/jrsr.2015.41073
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vestibular+Stimulation+on+cerebral+palsy+designing+a+vestibulator+%5BPhD+dissertation%5D.+India%3A+School+of+Biosciences+and+Bioengineering&btnG=
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0031-1283158
https://doi.org/10.1055/s-0031-1283158
https://scholar.google.com/scholar?cluster=122537115970673967&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/21766267/
https://journals.sagepub.com/doi/10.1177/1087054711427530

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

of Attention Disorders, 2012; 16(5): 351-72.

[Crossref]_(https://doi.org/10.1177%2F1087054711427530) [Google Scholar]_(https://scholar.google.com/scholar?cluster=17364234453365477414&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/22090396/)

Lotfi Y, Rezazadeh N, Moossavi A, et al. Preliminary evidence of improved cognitive performance following vestibular rehabilitation in children with combined ADI

(cADHD) and concurrent vestibular impairment. (https://www.aurisnasuslarynx.com/article/S0385-8146(16)30230-9/fulltext) Auris Nasus Larynx 2017; 44(6): 700-7.

[Crossref]__ (https://doi.org/10.1016/j.anl.2017.01.011) [Google  Scholar]___(https://scholar.google.com/scholar?cluster=33505409923839879408&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/28238393/)

Macedo LG, Elkins MR, Maher CG, et al. There was evidence of convergent and construct validity of physiotherapy evidence database quality scale for physiothere

trials. (https://www.jclinepi.com/article/S0895-4356(09)00350-3/fulltext) ] Clin Epidemiol 2010; 63(8): 920-5.

[Crossref]_ (https://doi.org/10.1016/j.jclinepi.2009.10.005) [Google Scholar]_ (https://scholar.google.com/scholar?cluster=16441791182889436139&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nIm.nih.gov/20171839/)

Maes L, Kegel A, Waelvelde H, et al. Association between vestibular function and motor performance in hearing-impaired children. (https://journals.lww.com/otolo,

neurotology/Abstract/2014/12000/Association_Between_Vestibular_Function_and_Motor.44.aspx) Otol Neurotol 2014; 35(10): e343-7.

[Crossref]_(https://doi.org/10.1097/ma0.0000000000000597) [Google Scholar]_(https://scholar.google.com/scholar?cluster=30205860336900740608&hl=en&as_sdt=C

[Indexed]
(https://pubmed.ncbi.nlm.nih.gov/25275872/#:~:text=Conclusion%3A%20These%20results%20indicate%20an,superimposed%20to%20the%20auditory%20dysfunctior
McDonnell MN, Hillier SL. Vestibular rehabilitation for unilateral peripheral vestibular dysfunctic

(https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD005397.pub4/full) Cochrane Database of Syst Rev 2015; 1: CD005397.

[Crossref] (https://doi.org/10.1002/14651858.cd005397.pub4) [Google Scholar] (https://scholar.google.com/scholar?cluster=7654088760122340936&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nlm.nih.gov/25581507/)

Medeiros  IRT,  Bittar ~ RSM, Pedalini MEB, et al. Vestibular rehabilitation therapy in  children.  (https://journals.lww.com/otolo,

neurotology/Abstract/2005/07000/Vestibular_Rehabilitation_Therapy_in_Children.27.aspx) Otol Neurotol 2005; 26(4), 699-703.

[Crossref] (https://doi.org/10.1097/01.ma0.0000169051.69254.85) [Google Scholar] (https://scholar.google.com/schol.
cluster=10023372102710407509&hl=en&as_sdt=0,5) [Indexed] (https://pubmed.ncbi.nim.nih.gov/16015172/)
Mitchell TV, Quittner AL. Multimethod study of attention and behavior problems in hearing-impaired childr

(https://www.tandfonline.com/doi/abs/10.1207/s15374424jccp2501_10) ] Clin Child Psychol 1996; 25(1): 83-96.

[Crossref] (https://doi.org/10.1207/s15374424jccp2501_10) [Google Scholar] (https://scholar.google.com/scholar?cluster=15501842461538590892&hl=en&as_sdt=0,5

Mitsutake T, Imura T, Tanaka R. The effects of vestibular rehabilitation on gait performance in patients with stroke: A systematic review of randomized controlled tri:

(https://www.strokejournal.org/article/S1052-3057(20)30632-7/fulltext) ] Stroke Cerebrovasc Dis 2020; 29(11): 105214.

[Crossref] (https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105214) [Google Scholar] (https://scholar.google.com/schol.

cluster=4806792761581861857&hl=en&as_sdt=0,5) [Indexed] (https://pubmed.ncbi.nim.nih.gov/33066892/)

Pontifex MB, Saliba BJ, Raine LB, et al. Exercise improves behavioral, neurocognitive, and scholastic performance in children with attention-deficit/hyperactivity disord

(https://www.jpeds.com/article/S0022-3476(12)00994-8/fulltext) | Pediatr 2013; 162(3): 543-51.

[Crossref]_(https://doi.org/10.1016/j.jpeds.2012.08.036) [Google Scholar]__(https://scholar.google.com/scholar?cluster=14395869989709299366&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nIm.nih.gov/23084704/)

Rajendran V, Roy FG. An overview of motor skill performance and balance in hearing impaired children. (https://ijponline.biomedcentral.com/articles/10.1186/1824-72:

37-33) Ital ] Pediatr 2011; 37: 33.

[Crossref]_ (https://dx.doi.org/10.1186%2F1824-7288-37-33) [Google Scholar] (https://scholar.google.com/scholar?cluster=9756013156682600779&hl=en&as_sdt=C
[Indexed] (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3143087/)

Rajendran V, Roy FG, Jeevanantham D. A preliminary randomized controlled study on the effectiveness of vestibular-specific neuromuscular training in children w

hearing impairment. (https://journals.sagepub.com/doi/10.1177/0269215512462909) Clin Rehabil 2013; 27(5): 459-67.

[Crossref]_(https://doi.org/10.1177%2F0269215512462909) [Google Scholar]_(https://scholar.google.com/scholar?cluster=13111516246680675512&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/23076993/)

Rassafian M, Akbarfahimi N, Hosseini SA, et al. The effect of the combination of active vestibular intervention and occupational therapy on balance in children w

bilateral spastic cerebral palsy: A pilot randomized Controlled trial. (https://journals.sbmu.ac.ir/ijcn/article/view/22545) Iran J Child Neurol 2020; 14(4): 29-42.

[Crossref]__ (https://doi.org/10.22037/ijcn.v14i4.22545) [Google Scholar]__ (https://scholar.google.com/scholar?cluster=18330206459862697215&hl=en&as_sdt=C
[Indexed]

(https://pubmed.ncbi.nlm.nih.gov/33193782/#:~:text=Conclusion%3A%20The%20combined%20administration%200f,and%20precise%20application%200f%20stimuli.)

Rine RM. Growing evidence for balance and vestibular problems in children. (https://www.tandfonline.com/doi/abs/10.1080/16513860903181447?journalCode=ihbc

Audiological Medicine 2009; 7(3), 138-42.

[Crossref] (https://doi.org/10.1080/16513860903181447) [Google Scholar] (https://scholar.google.com/schol.

hl=en&as_sdt=0%2C5&q=Growing+evidence+for+balance+and+vestibular+problems+in+children&btnG=)

Rine RM, Cornwall G, Gan K, et al. Evidence of progressive delay of motor development in children with sensorineural hearing loss and concurrent vestibular dysfunctic

(https://journals.sagepub.com/doi/10.2466/pms.2000.90.3c.1101) Percept Mot Skills 2000; 90(3 Pt 2): 1101-12.

[Crossref] (https://doi.org/10.2466/pms.2000.90.3¢.1101) [Google Scholar] (https://scholar.google.com/schol.

hl=en&as_sdt=0%2C5&q=Evidence+of+progressive+delay+of+motor+development+in+children+with+sensorineural+hearing+loss+and+concurrent+vestibular+dysfunc
[Indexed] (https://pubmed.ncbi.nim.nih.gov/10939054/)

Sabir OA, Johnson EG, Hafiz AE, et al. Chronic effects of pediatric ear infections on postural stability. (https://www.hindawi.com/journals/ijpedi/2021/668899

International Journal of Pediatrics, 2021; 6688991.

[Crossref] (https://doi.org/10.1155/2021/6688991) [Google Scholar] (https://scholar.google.com/scholar?cluster=11141379866992661643&hl=en&as_sdt=C
[Indexed]

(https://pubmed.ncbi.nim.nih.gov/33628279/#:~:text=Conclusions%3A%20Results%20suggest%20that%20children,five%20have%20decreased%20postural%20stability

Sellick KJ, Over R. Effects of vestibular stimulation on motor development of cerebral-palsied children. (https://onlinelibrary.wiley.com/doi/10.1111/j.14¢

8749.1980.tb04352.x) Deve Med Child Neurol 1980; 22(4): 476-83.

[Crossref] (https://doi.org/10.1111/j.1469-8749.1980.tb04352.x) [Google Scholar] (https://scholar.google.com/scholar?cluster=472962589407222942&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/6967837/)

Sleath B, Carpenter DM, Sayner R, et al. Youth views on communication about adhd and medication adherence. (https://link.springer.com/article/10.1007/s10597-0

0078-3) Community Ment Health | 2017; 53(4): 438-44.

[Crossref] (https://doi.org/10.1007/s10597-016-0078-3) [Google Scholar] (https://scholar.google.com/schol.

hl=en&as_sdt=0%2C5&q=Youth+views+on+communication+about+adhd+and+medication+adherence.&btnG=) [Indexed] (https://pubmed.ncbi.nlm.nih.gov/2807440

Torok N, Perlstein MA. Vestibular findings in cerebral palsy. (https://journals.sagepub.com/doi/10.1177/000348946207100103) Ann Otol Rhinol Laryngol 1962; 71(1): !

67.

[Crossref] (https://doi.org/10.1177%2F000348946207100103) [Google Scholar] (https://scholar.google.com/schol.



https://doi.org/10.1177%2F1087054711427530
https://scholar.google.com/scholar?cluster=17364234453365477414&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/22090396/
https://www.aurisnasuslarynx.com/article/S0385-8146(16)30230-9/fulltext
https://doi.org/10.1016/j.anl.2017.01.011
https://scholar.google.com/scholar?cluster=3350540992383987940&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/28238393/
https://www.jclinepi.com/article/S0895-4356(09)00350-3/fulltext
https://doi.org/10.1016/j.jclinepi.2009.10.005
https://scholar.google.com/scholar?cluster=16441791182889436139&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/20171839/
https://journals.lww.com/otology-neurotology/Abstract/2014/12000/Association_Between_Vestibular_Function_and_Motor.44.aspx
https://doi.org/10.1097/mao.0000000000000597
https://scholar.google.com/scholar?cluster=3020586033690074060&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/25275872/#:~:text=Conclusion%3A%20These%20results%20indicate%20an,superimposed%20to%20the%20auditory%20dysfunction.
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD005397.pub4/full
https://doi.org/10.1002/14651858.cd005397.pub4
https://scholar.google.com/scholar?cluster=7654088760122340936&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/25581507/
https://journals.lww.com/otology-neurotology/Abstract/2005/07000/Vestibular_Rehabilitation_Therapy_in_Children.27.aspx
https://doi.org/10.1097/01.mao.0000169051.69254.85
https://scholar.google.com/scholar?cluster=10023372102710407509&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/16015172/
https://www.tandfonline.com/doi/abs/10.1207/s15374424jccp2501_10
https://doi.org/10.1207/s15374424jccp2501_10
https://scholar.google.com/scholar?cluster=15501842461538590892&hl=en&as_sdt=0,5
https://www.strokejournal.org/article/S1052-3057(20)30632-7/fulltext
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105214
https://scholar.google.com/scholar?cluster=4806792761581861857&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/33066892/
https://www.jpeds.com/article/S0022-3476(12)00994-8/fulltext
https://doi.org/10.1016/j.jpeds.2012.08.036
https://scholar.google.com/scholar?cluster=14395869989709299366&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/23084704/
https://ijponline.biomedcentral.com/articles/10.1186/1824-7288-37-33
https://dx.doi.org/10.1186%2F1824-7288-37-33
https://scholar.google.com/scholar?cluster=9756013156682600779&hl=en&as_sdt=0,5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3143087/
https://journals.sagepub.com/doi/10.1177/0269215512462909
https://doi.org/10.1177%2F0269215512462909
https://scholar.google.com/scholar?cluster=13111516246680675512&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/23076993/
https://journals.sbmu.ac.ir/ijcn/article/view/22545
https://doi.org/10.22037/ijcn.v14i4.22545
https://scholar.google.com/scholar?cluster=18330206459862697215&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/33193782/#:~:text=Conclusion%3A%20The%20combined%20administration%20of,and%20precise%20application%20of%20stimuli.
https://www.tandfonline.com/doi/abs/10.1080/16513860903181447?journalCode=ihbc19
https://doi.org/10.1080/16513860903181447
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growing+evidence+for+balance+and+vestibular+problems+in+children&btnG=
https://journals.sagepub.com/doi/10.2466/pms.2000.90.3c.1101
https://doi.org/10.2466/pms.2000.90.3c.1101
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evidence+of+progressive+delay+of+motor+development+in+children+with+sensorineural+hearing+loss+and+concurrent+vestibular+dysfunction.&btnG=
https://pubmed.ncbi.nlm.nih.gov/10939054/
https://www.hindawi.com/journals/ijpedi/2021/6688991/
https://doi.org/10.1155/2021/6688991
https://scholar.google.com/scholar?cluster=11141379866992661643&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/33628279/#:~:text=Conclusions%3A%20Results%20suggest%20that%20children,five%20have%20decreased%20postural%20stability.
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.1980.tb04352.x
https://doi.org/10.1111/j.1469-8749.1980.tb04352.x
https://scholar.google.com/scholar?cluster=472962589407222942&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/6967837/
https://link.springer.com/article/10.1007/s10597-016-0078-3
https://doi.org/10.1007/s10597-016-0078-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Youth+views+on+communication+about+adhd+and+medication+adherence.&btnG=
https://pubmed.ncbi.nlm.nih.gov/28074407/
https://journals.sagepub.com/doi/10.1177/000348946207100103
https://doi.org/10.1177%2F000348946207100103
https://scholar.google.com/scholar?cluster=15918272105899689549&hl=en&as_sdt=0,5

33.

34.
35.

36.

cluster=15918272105899689549&hl=en&as_sdt=0,5) [Indexed] (https://pubmed.ncbi.nim.nih.gov/13921990/)

Tramontano M, Medici A, losa M, et al. The effect of vestibular stimulation on motor functions of children with cerebral pal

(https://journals.humankinetics.com/view/journals/mcj/21/3/article-p299.xml) Motor Control 2017; 21(3): 299-311.

[Crossref] (https://doi.org/10.1123/mc.2015-0089) [Google Scholar] (https://scholar.google.com/scholar?cluster=6997218689833389015&hl=en&as_sdt=0,5) [Index¢

(https://pubmed.ncbi.nlm.nih.gov/27633076/)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3259492/

Wang C, Li K, Seo DC, et al. Use of complementary and alternative medicine in children with ADHD: Results from the 2012 and 2017 national health interview surv

(https://www.sciencedirect.com/science/article/abs/pii/S0965229919317662?via%3Dihub) Complement Ther Med 2020; 49: 102352.

[Crossref]__ (https://doi.org/10.1016/j.ctim.2020.102352) [Google Scholar]__ (https://scholar.google.com/scholar?cluster=4140978473314533546&hl=en&as_sdt=C
[Indexed] (https://pubmed.ncbi.nim.nih.gov/32147074/)

Wiener-Vacher SR, Hamilton DA, Wiener SI. Vestibular activity and cognitive development in children: Perspectiv

(https://www.frontiersin.org/articles/10.3389/fnint.2013.00092/full) Front Integr Neurosci 2013; 7: 92

[Crossref]_ (https://dx.doi.org/10.3389%2Ffnint.2013.00092) [Google Scholar]_(https://scholar.google.com/scholar?cluster=2180441294817920616&hl=en&as_sdt=C
[Indexed] (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858645/)

Home (https://www.currentpediatrics.com/) Editorial Committee (https://www.currentpediatrics.com/editors.php)
Author Guidelines (https://www.currentpediatrics.com/guidelines.php) Submit Manuscript (https://www.currentpediatrics.com/submit-manuscript.php)
Articles (https://www.currentpediatrics.com/inpress.php) Volume Selector (https://www.currentpediatrics.com/volume-selector.php)
Contact Editorial Office (https://www.currentpediatrics.com/contact.php) Aims & Scope (https://www.currentpediatrics.com/aimsandscope.php)

© 2016 Current Pediatric Research (https://www.currentpediatrics.com/), All Rights Reserved


https://www.currentpediatrics.com/
https://www.currentpediatrics.com/editors.php
https://www.currentpediatrics.com/guidelines.php
https://www.currentpediatrics.com/submit-manuscript.php
https://www.currentpediatrics.com/inpress.php
https://www.currentpediatrics.com/volume-selector.php
https://www.currentpediatrics.com/contact.php
https://www.currentpediatrics.com/aimsandscope.php
https://www.currentpediatrics.com/
https://scholar.google.com/scholar?cluster=15918272105899689549&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/13921990/
https://journals.humankinetics.com/view/journals/mcj/21/3/article-p299.xml
https://doi.org/10.1123/mc.2015-0089
https://scholar.google.com/scholar?cluster=6997218689833389015&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/27633076/
https://www.sciencedirect.com/science/article/abs/pii/S0965229919317662?via%3Dihub
https://doi.org/10.1016/j.ctim.2020.102352
https://scholar.google.com/scholar?cluster=4140978473314533546&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/32147074/
https://www.frontiersin.org/articles/10.3389/fnint.2013.00092/full
https://dx.doi.org/10.3389%2Ffnint.2013.00092
https://scholar.google.com/scholar?cluster=2180441294817920616&hl=en&as_sdt=0,5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858645/

