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STRUCTURE OF EAR



Balance System
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Balance is the ability to maintain the body’s center of mass 

over its base of support. 

Center of mass: Center point of each body segment combined

Center of gravity: Vertical projection of center of mass

Base of support: Area of object that is in contact with the ground



Balance System
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A properly functioning balance system allows humans; 

• to see clearly while moving

• identify orientation with respect to gravity

• determine direction and speed of movement

• automatic postural adjustments to maintain posture and stability in various 

conditions and activities

Balance can be classified in to: 

Static Balance: the ability to maintain postural stability and orientation with 

center of mass over the base of support and body at rest.

Dynamic Balance: the ability to transfer the vertical projection of the center of 

gravity around the supporting base of support while the body parts are in motion 

(dynamic balance is more challenging)



Balance System
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VESTIBULAR SYSTEM
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• The vestibular system is the most sensitive and one of the most important sense organs. 

 detect head motion and position relative to gravity 

 fine control of visual gaze, posture

 spatial orientation

 Navigation

• The vestibular system provides the sense of balance and the information about body position that 
allows rapid compensatory movements in response to both self-induced and externally generated 
forces.

• Together with the cochlea, a part of the auditory system, it constitutes the labyrinth of the inner ear 
in most mammals. 
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Vestibular System

The components of the system can be divided into three parts: 

1. Peripheral apparatus

2. Central processors

3. Motor outputs

Peripheral apparatus Central processors Motor outputs



Vestibular System (Peripheral apparatus)
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• The peripheral vestibular system is composed of five sensory organs housed in the inner ear – three 

semi-circular canals and two otolith organs (utricle and saccule). 

• It is stimulated by movement of fluid in the structures of the inner ear, in response to movement by the 

head. 

movements consist of rotations and translations

the vestibular system comprises two components: 

• semicircular canals, which indicate rotational movements.

• otoliths, which indicate linear accelerations. 

 detects & relays information about head rotational & linear velocity to central processing system 

 orients the head with respect to gravity 

https://en.wikipedia.org/wiki/Semicircular_canals
https://en.wikipedia.org/wiki/Angular_acceleration
https://en.wikipedia.org/wiki/Otolith
https://en.wikipedia.org/wiki/Acceleration


VESTIBULAR SYSTEM (CENTRAL PROCESSORS)
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• Vestibular nuclei: on either side of the brainstem exchange signals regarding movement and body position. 

• Cerebellum: Signals sent to the cerebellum are relayed back as muscle movements of the head, eyes, and posture.

• Nuclei of cranial nerves III, IV, and VI: Signals sent to these nerves cause the vestibular-ocular reflex. They allow the 

eyes to fix on a moving object while staying in focus.

 Reticular formation: Signals sent to the reticular formation signal the new posture the body has taken on, and how to 

adjust circulation and breathing due to body position.

 Spinal cord: Signals sent to the spinal cord allow quick reflex reactions to both the limbs and trunk to regain balance.

 Thalamus: Signals sent to the thalamus allow for head and body motor control as well as being conscious of body 

position.

 Cerebral cortex: contributes higher level thinking, memory,…

 processing and interpretation of afferent signals with other sensory inputs for position and movement of head in 
space and the output of efferent signals.
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Vestibular System (Central processors)



VESTIBULAR SYSTEM (MOTOR OUTPUTS)
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The main sensorimotor vestibular pathways in mammals:

vestibuloocular reflex (VOR) 

• gaze stabilization during short and fast rotational head movements, 

stable visual image, despite changes in head orientation

vestibulospinal reflex (VSR) 

• posture stabilization in response to stimuli that alter equilibrium 

vestibulo-collic reflex (VCR) 

• both gaze and posture stabilization co-contraction of the cervical 

muscles in the neck to stabilize the head while the body is moving 

(predictable or unpredictable movements)

generates compensatory eye movements and compensatory body 
movements during head & postural adjustments 



VESTIBULAR SYSTEM
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 Many signals are sent from the vestibular nucleus to either the thalamus, cortex, or cerebellum that help 
to process and adjust efferent signals to postural or ocular muscles.

The central vestibular connections include:

• vestibulo-thalamo-cortical tract

• dorsal tegmental nucleus to entorhinal cortex tract 

• nucleus reticularis pontis oralis to hippocampus tract

These tracts play a functional role in;

• self-motion perception

• spatial navigation

• spatial memory

• object recognition memory
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Vestibular System Pathways



Vestibular System
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Since the vestibular system has such a widespread influence 

what happens when it fails? 

Possible problems: 

• Dizziness and/or vertigo

• Spatial disorientation 

• Imbalance 

• Distorted vision unless head is held perfectly still 

• Motion sickness 

• Cognitive problems 



VESTIBULAR SYSTEM
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• While the clinical features and consequences of a vestibular dysfunction in adults are 
frequently discussed, vestibular failure in childhood has less often been described.

• Children are often not able to communicate their complaints properly and a vestibular 
dysfunction often has a different clinical course compared to that in adults.



VESTIBULAR SYSTEM
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• vestibular examination in this population can be quite difficult, as these tests 
require cooperation, alertness and test conditions that may be frightening for 
children (e.g., some vestibular assessments have to be performed in the 
darkness in order to eliminate visual suppression of vestibular responses).
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VESTIBULAR SYSTEM

20

• When a vestibular dysfunction occurs at birth or in early stages of life, one 

might expect that this may have an enormous impact on a child's development.

• It is known that a severe congenital or early acquired vestibular deficit in 

children results in delayed psychomotor milestones. 



VESTIBULAR SYSTEM
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• Several studies have investigated the relationship with and the involvement of the 
vestibular system in the motor and cognitive development of school-aged children and 
shown that children with known difficulties in motor and/or cognitive functions have 
more difficulties in vestibular performances in comparison with their unaffected peers.



VESTIBULAR SYSTEM
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VESTIBULAR SYSTEM
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NEURODEVELOPMENTAL DISORDERS 
(NDDS)
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NEURODEVELOPMENTAL DISORDERS (NDDS)
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• Neurodevelopmental disorders (NDDs) encompass a group of complex conditions with 
onset during the early developmental period. Such disorders are frequently associated 
with a number of neuropsychiatric features.

The most prevalent ones:

• autism spectrum disorder

• attention-deficit/hyperactivity disorder

• intellectual disability

• communication and

• specific learning disorders

• motor disorders



NEURODEVELOPMENTAL DISORDERS (NDDS)
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Children with neurodevelopmental disorders can experience difficulties with:

• language and speech

• motor skills

• behavior

• memory

• learning

• or other neurological functions



VESTIBULAR FUNCTION & NDDS
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• Vestibular dysfunction is associated with a range of problems, which may affect motor, 
cognitive, and behavioral development and which tend to overlap with symptoms found 
in neurodevelopmental disorders (NDD).

• In children with neurological or neurodevelopmental conditions, vestibular disorders 
may co-exist with the primary condition and further contribute to disability and 
restriction in functional independence and participation.



VESTIBULAR FUNCTION & NDDS
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• Whether these balance problems are accompanied with a (peripheral and/or central) 
vestibular dysfunction which may contribute to the phenotype or behavioral features of 
these NDDs?

• Awareness of vestibular disorders existence may favor an early diagnosis and better 
treatment outcomes in children with NDDs .

• In recent years it has become accepted that identifying and treating vestibular 
dysfunction early in childhood is important for optimizing development. 
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