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We will explain why despite children with autistic Spectrum disorder (ASD) having a possible common neurological basis, differing symptoms present from one child to another. The explanation is that a primary problem relates to the failure to achieve equal activity and resonance in both right and left cerebral hemispheres, in general and in local brain interconnectivities in particular.. There exists an asymmetric distribution of almost all human functions within the cerebral cortex including cognitive, motor, sensory, neurohormonal, immune, autonomic, and endocrine. Failure to develop and achieve temporal coherence between brain regions will result in a form of functional independence of brain regions, resulting in dysfunction in the adaptive functioning of the brain and its control properties. This may sometime result in high degrees of functioning in specific tasks, and dysfunction in others. An example is the savant syndrome, but the same process is seen throughout all disorders in the spectrum and may even be a basis for individual differences in cognitive style. We will discuss the ramifications of viewing many of the cognitive and motor effects of developmental disabilities as based on a functional disconnection syndrome. Additionally, it will be noted that in these children, global functions are not affected, but many specific functions are decreased while others are enhanced, demonstrating region specific brain effects. We will also attempt to explain how the process of functional disconnection may inform altered and disordered states of consciousness.
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Introduction

Functional Connectivities in the Organization of Conscious Experience and Cognition

Traditionally clinicians have looked at various disorders like attention deficit hyperactive disorder, Tourette’s, and obsessive-compulsive disorder as separate and distinct clinical entities. However, recently many of these disorders have been shown to have significant overlap and many children that have one disorder will often be diagnosed with at least one other. Neurobiological research and functional imaging tests have given science a new way of examining the brain in its functional and dysfunctioning states. These new tests have also revealed striking similarities in the brains of children and adults with various cognitive and behavioral disorders. As a result, we are arriving at the view that rather than consisting of separate processes, most of the common cognitive and behavioral disorders of childhood rest along a continuum all with a similar underlying mechanism. At one end of the spectrum is attention deficit disorder, then attention deficit hyperactive disorder, learning disability, pervasive developmental disorders, autism, obsessive-compulsive disorder, Tourette’s, and the schizophrenias. From an anatomical and functional perspective, we find many of the same areas of the brain are affected. Some regions are smaller or appear atrophied, other regions appear to be functionally hyperactive, and some are hypoactive [1].
What seems to disturb and confuse many clinicians are the wide variety of symptoms that a child may express. Most of these children do not present solely with behavioral or learning problems although these may be of greatest concern or the most obvious. These children usually exhibit a combination of emotional, behavioral, cognitive, sensory, motor and autonomic symptoms. The broad range of symptoms causes even more anxiety and confusion to parents and professionals and leads them to think that the problem is overwhelming and insurmountable. Guiding principles in understanding these conditions and in fomenting intervention strategies starts with the caveat that the greater the number of symptoms, the more likely the problem is centered in the brain where all bodily and behavioral systems are controlled. If one can isolate specific dysfunctioning regions, one can then better understand the nature of the problem making treatment more specific and effective.
While many of the same pathways are involved in disorders within the continuum, their involvement appears restricted to either right-sided or left-sided hemispheric and subcortical areas. Elsewhere [2, 3] we have reported on how the brain functions, including the existence of a baseline arousal level of subcortical and cortical structures, appears to make up the contextual aspect of cognition, emotion, and perception. Superimposed on this baseline arousal level we have described specific pathways that convey content specific information to areas of the brain [1]. Normal functions can be disrupted if the contextual information, which is arousal dependent, or the context specific information is disrupted in is progression through the nervous system.
From a functional perspective, we can examine by brain imaging techniques underactive or overactive brain regions that in turn relate to ineffectiveness of the arousal non-specific system or the specific content pathways. We have discussed how if neurons are active they will maintain a normal metabolic resting level. If not effectively stimulated they will be underactive, but eventually more active and relatively unstable. The result is that these neurons will fatigue more quickly and may even fire spontaneously as in the case of seizures or hyperkinetic disorders.
From an anatomic perspective, we see that certain areas of the brain are physically smaller and different from normal in children with these disorders [4-14]. When an area is abnormally smaller, it either is usually due to failure to develop properly or is a result of disease. As with most areas of our body, when we use a structure it becomes larger with use, when we do not use it, we will often see atrophy of that area. Even with lack of development, we see that a region will fail to develop due to lack of exposure to stimuli, which will promote a developmental delay of the growth of the understimulated region. 
In most of the cognitive and behavioral disorders that we will discuss we will see that there is a combination of alteration of function usually underactivity or hypoactive states, as well as atrophy or smaller physical size of neural structures. We also will recognize a common link between hypoactivity and atrophy of many of the same areas in all of these disorders. The only difference is usually if they are restricted to left or right side of the subcortical and cortical structures resulting in different symptoms. Many of the symptoms result from lack of inhibition of one area resulting in that region’s functional hyperactivity; this in turn we hypothesize to be due to the hypoactivity of a region that would normally inhibit that function. In behavioral disorders, we know that the limbic system, especially on the right, is responsible for the production of many primitive or survival-driven emotions, such as fear, rage, anger, or approach and avoidance behaviors. 
These brain regions in humans are normally modulated or inhibited by higher centers in the neocortex, especially the prefrontal cortex. Decreased stimulation or hypoactivity of the prefrontal cortex will reduce inhibitory control over the limbic system which can result in abnormal behavior, uncontrollable emotions especially aggression, increase in either avoidance or withdrawal behavior, perseveration, inability to focus attention and hypo or hyperactivity in a way not unlike that seen in the early Klüver-Bucy preparations in chimpanzees. The type of symptoms will depend on which hemisphere is dysfunctional. Autonomic systems can be affected or imbalanced due to dysfunction of the cortex and failure to modulate the limbic system and the hypothalamus. Neurotransmitter systems, especially serotonin, norepinephrine and dopamine systems can be dysfunctional, which system is affected is usually the result of the side of the brain affected as there exists an asymmetric distribution of neurotransmitters in the brain.
Finally, most of the development and normal function of the cerebrum is dependent on subcortical structures especially the cerebellum, thalamus, and basal ganglia. A failure to develop and or a dysfunction in these areas can affect both the nonspecific arousal system as well as specific transfer of information in the brain. Dysfunction in these areas will usually result in specific motor and sensory symptoms that are commonly seen in children with cognitive or behavioral disorders. These brain regions are often seen to be underactive or atrophied as well in these children. These cortical loci have been shown to be connected with the prefrontal cortex, which have also often been noted to be underactive or atrophied in children with the neurobehavioral developmental disorders. The underactivity and or atrophy is usually either restricted to the right or left side of the sub-cortex and cortex.
An imbalance of activity or arousal of one side of the cortex or the other can result in a functional disconnection syndrome similar to what is seen in split-brain patients, this could be an underlying source of many if not all of the symptoms that we see with children with behavioral and cognitive disorders. 
For example, post-mortem examinations have indicated structural differences between the brains of good and impaired readers. High concentrations of micro-dysgenesis are noted in the left temporoparietal regions of dyslexic brains. The concentration is most evidenced in the planum temporale region [15-17]. These micro-dysgeneses seriously impair the normal pattern of architecture of dyslexics and remove the asymmetry normally observed between the enlarged language areas of the left temporoparietal region and the smaller homologous areas of the right hemisphere [14, 17]. The capacity for language is generally correlated with a significant development in the magnitude of the left temporoparietal region and an attrition of neurons in the right hemisphere. These neuronal casualties may produce the observed asymmetry between corresponding areas in the left and right hemispheres [14, 18]. The relative symmetry in the dyslexics’ brains might reflect their impaired linguistic development.
In one study [19] left parieto-occipital EEG leads recorded a frequency spectrum in dyslexics that is consistently different from the spectrum obtained from normals. It is suggested that these effects represent significant differences in the functional organization of these areas. EEG coherence values indicate that normals have significantly greater sharing between hemispheres at symmetrical locations. Dyslexics demonstrate significantly greater sharing within hemisphere than do normals as evidenced in figure 1 and in table 1. The data supports the notion that developmental dyslexia is a functional hemispheric disconnection syndrome. Other conditions in the spectrum of disorders that we are discussing yield similar results.



Figure 1. Mean values of EEG autospectral density by frequency orded from P3-O1 electrode placements for normal and dyslexic subjects. (From Leisman [20].
Table 1. Average frequency (in Hz), power (in dB), left-right asymmetry of power (in dB) between hemisphere and within hemisphere coherence values at P3-O1/P4-O2 locations for dyslexics and normals

	
	
	Dyslexic
	
	
	
	
	
	Normal
	
	

	
S
	Freq
(Hz)
	Power
(dB)
	L-R
(dB)
	Bilat.
Coher.
	W/in
Coher.
	Freq
(Hz)
	Power
(dB)
	L-R
(dB)
	Bilat. 
Coher.
	W/in
Coher.

	1
	09.2
	12
	-03
	--
	1.1
	09.2
	28
	--
	--
	0.8

	2
	10.4
	21
	-04
	--
	1.8
	10.8
	24
	--
	2.4
	--

	3
	11.7
	22
	10
	--
	2.4
	12.7
	18
	--
	1.9
	--

	4
	09.8
	18
	04
	--
	1.6
	10.9
	20
	-4
	1.3
	--

	5
	10.8
	17
	03
	--
	1.4
	08.6
	16
	--
	1.9
	--

	6
	10.6
	24
	-01
	--
	0.8
	08.9
	08
	--
	1.8
	--

	7
	10.6
	28
	-05
	--
	1.5
	11.2
	11
	--
	2.4
	--

	8
	11.2
	12
	-07
	--
	2.1
	11.7
	13
	-2
	1.5
	1.8

	9
	12.0
	19
	-04
	--
	1.9
	10.0
	12
	--
	1.3
	--

	10
	09.8
	14
	--
	0.7
	0.6
	10.7
	15
	-1
	1.3
	0.9

	11
	10.8
	25
	-02
	--
	1.0
	10.6
	11
	--
	1.2
	1.4

	12
	11.7
	22
	--
	1.0
	--
	12.0
	09
	--
	0.8
	1.1

	13
	08.7
	13
	-01
	--
	0.9
	11.7
	07
	--
	1.0
	--

	14
	09.0
	27
	08
	--
	2.1
	08.9
	11
	--
	1.9
	--

	15
	10.7
	13
	-04
	--
	2.4
	09.5
	10
	--
	1.7
	0.6

	16
	10.3
	08
	-06
	--
	1.8
	08.8
	11
	-2
	2.1
	--

	17
	09.5
	22
	-07
	--
	2.0
	08.6
	14
	--
	1.4
	--

	18
	12.2
	20
	-07
	--
	1.9
	09.3
	09
	--
	1.8
	--

	19
	11.9
	09
	-01
	--
	0.9
	12.4
	12
	--
	1.9
	--

	20
	08.4
	15
	-04
	--
	1.6
	11.6
	10
	--
	0.9
	--



		
Figure 2. Schematic representation of the 19 electrodes represented by small circles (A-D). (A) T3 and T5 labels exemplify left temporal positions. (B) represents a significant change of amplitude among autistics relative to controls, represents activity at an electrode site not significantly different between autistics and controls, and represents amplitude significantly lower in autistics than in controls all at p<.01. (C) The solid lines that connect single electrode positions: demonstrate significant increases in coherence in autistics as compared to controls. (D) Represents significant decreases in coherence among autistics as compared to controls.
This spectrum of childhood disorders that we are discussing generally relates to an increase or decrease in activation of the brain and the balance of activation between brain regions. These conditions result from two primary system effects: 1) primary arousal deficit or imbalance, and 2) a specific activation deficit, imbalance, or asynchrony. The brain is driven by sensory input. We know that the brain receives more simultaneous sensory input than it can possibly consciously process [19, 20, 22-24]. In general the more stimulation a brain cells receive the better their function allowing it to process more information faster, for longer periods of time [25-28]. Therefore all sensory input is important although not all of it can be consciously processed and perceived. In fact, without subconscious baseline stimulation higher conscious processing of sensory stimuli would be difficult if not impossible. 
Before higher brain centers can develop, the lesser supportive brain structures must develop. In the cortex, Luria [29] thought that lateralized cortical functions progress from primary cortical areas to secondary and tertiary areas as the child matures [29]. Going back even further we see that development of cortical areas and the cortex itself are dependent on the anatomic and functional development of subcortical areas especially the cerebellum and the thalamus. Studies suggest that intact cerebellar functioning is required for normal cerebral functional and anatomical development [30, 31]. The same has been seen for the thalamus - that intact thalamic function is necessary to cortical development and function [32]. Developmental dysfunction of the same brain areas as seen in acquired disorders such as post-traumatic aphasia may be the basis of developmental learning disabilities and neurobehavioral disorders [33, 34].
As Orton [35] had indicated, it is generally assumed that persons with learning disabilities have abnormal cerebral organization including atypical or weak patterns of hemisphere specialization [36-38]. The developmental lag hypothesis proposed by Lenneberg [39] suggested that learning-disabled persons are slower to develop basic language skills and demonstrate weak hemispheric specialization for language tasks. In a reformulation of the progressive lateralization hypothesis [40], it may be that subcortical and antero-posterior progressions have a differential developmental course with learning disabled children and adults compared to control subjects or those with acquired syndromes.
Since learning disabled children exhibit deficient performance on a variety of tests thought to be a measure of perceptual laterality, evidence of weak laterality or failure to develop laterality has been found across various modalities (audio, visual, tactile) [41]. It is thought these children have abnormal cerebral organization as suggested by Corballis [37] and Obrzut [38]. The basic assumption is that dysfunction in the the central nervous system either prenatally or during early postnatal development, results in abnormal cerebral organization and associated dysfunctional specialization needed for lateralized processing of language function and non-language skills. It is thought that cortical and subcortical dysfunction which results from aberrant patterns of activation or arousal [34], inter- and intrahemispheric transmission deficits, inadequate resource allocation [42], or any combination of these may compromise hemispheric specialization in those with cognitive and behavioral deficits [41,43-46].
Development of higher processing areas in the cerebellar cortex would develop after other more primary areas. For example, the lateral cerebellum would be dependent on proper development of the more midline areas in the inter-medial and medial zones first. Similarly, any region to which lateral cerebellum projected would be dependent on the effective development of the lateral cerebellum and it in turn would be dependent on the more medial cerebellar development. Therefore, if the medial aspects of the cerebellum do not develop adequately, then the lateral areas would still grow however, they may be smaller or atrophic, and dysfunction would be expected.
The cerebellum is thought to be part of a neuronal system that includes the thalamus, basal ganglia, and prefrontal cortex [46]. Anatomic and functional development of the nervous system is dependent on sensory input, which is associated with growth of a given brain area and its associated connectivities with other brain regions. Brain area growth and the capacity to make functional connectivities is highly dependent on: continued regional stimulation and by global stimulation through connected and coordinated function. If specific regions are inadequately stimulated, then we may see failure of anatomic or functional development in that region with a preservation of basic lower level functionality. Higher functions that depend on greater areas of integrated stimulation may be lost or dysfunctional. If the sensory loss develops after a critical period, these areas may still be smaller due to atrophy or reverse plasticity, with either global or specific effects depending on the modality of dysfunction. In children with learning disabilities or affective disorders, there are specific areas of the nervous system that have been noted in imaging studies to be smaller than normal [32-34]. Most often, these areas involve the prefrontal cortex, basal ganglia, thalamus, and cerebellum.
Some neurophysiological experts regard the central nervous system as partly a closed and part open system [31]. An open system is one that accepts input from the environment, processes it, and returns it to the external environment. A closed system suggests that the basic organization of the central nervous system is geared toward the generation of intrinsic images and is primarily self-activating and capable of generating a cognitive representation of the outside environment even without incoming sensory stimuli. Although it is possible that a certain level of activation or stimulation will be intrinsic to single neuronal cells and the nervous system as a whole, this stimulation does not seem adequate to sustain a conscious, awake, individual. Behaviorally, arousal is a term used to describe an organism that is prepared to process incoming stimuli. From a physiologic standpoint, arousal also refers to the excitatory state or the propensity of neurons to discharge when appropriately activated (neuronal preparation).
A non-aroused organism is comatose [20]. Therefore, an aroused alert individual that is prepared to process information is in a state dependent on sensory input with an attendant intrinsic excitability. Remove stimulation and the individual will eventually lose conscious awareness and become comatose or at least inattentive. The majority of brain activity associated with arousal comes from the ascending reticular activating system. The majority of this activity is relayed by the non-specific thalamic nuclei or intralaminar nuclei.
All sensory perception is based on the effectiveness of the arousal level of nonspecific, mostly subconscious, activity of the brain. There can be no specific sensory modality perception like vision or hearing without a baseline arousal level. The more stimulation or greater frequency of stimulation the more aroused an individual will be. Low frequency stimulation of midline thalamic non-specific nuclei produces inattention, drowsiness, and sleep accompanied by slow wave synchronous activity and so called spindle bursts. High frequency stimulation on the other hand has been shown to arouse a sleeping subject or alert a waking organism [47-49]. Specific sensory perception and processing is dependent on specific thalamic relays, if one of the specific thalamic nuclei are damaged such as the lateral geniculate body, that specific sensory modality is lost (e.g. blindness) but it does not result in loss of other specific nuclei input like hearing. However, if lesions of the non-specific intralaminar nuclei exist, patients cannot perceive or respond to any input by the specific intact nuclei even though those pathways are intact. In essence, the person does not exist from a cognitive standpoint [31]. 
Luria [29] postulated that the brain was divided into three functional units: 1) the arousal unit, 2) the sensory receptive and integrative unit, and 3) the planning and organizational unit. He subdivided the last two into three hierarchic zones. The primary zone is responsible for sorting and recording incoming sensory information. The secondary zone organizes and codes information from the primary zone. The tertiary zone is where data are merged from multiple sources of input and collated as the basis for organizing complex behavioral responses [50]. Luria's dynamic progression of lateralized function is similar to Hughlings Jackson's Cartesian coordinates with respect to progressive function from brainstem to cortical regions [51].
Satz and colleagues, [40] have suggested that developmental invariance describes the lateral (x-axis) dimension of asymmetry, whereas current formulation of equipotentiality and the progressive lateralization hypothesis better describes vertical (subcortical-cortical) and horizontal (antero-posterior) progression during infancy and early childhood. Interestingly it has been noted that most research designed to address laterality issues in developmental disabilities (i.e. learning disabilities) has not dealt systematically with subcortical-cortical development or antero-posterior progression, all based on the concept of arousal unit.
The arousal unit is really the non-specific thalamic nuclei. We know that arousal is dependent on external and internal environmental sensory input. The largest proportion of subconscious sensory input passes between the thalamus, cerebellum, and dorsal column from slowly adapting receptors found in muscles with a preponderance of slow-twitch fibers - or slowly adapting muscle spindle receptors. The highest percentage of these is found in antigravity postural muscles especially muscles of the spine and neck [52]. The receptors, which provide the major source of input to the brain, only receive sensory information. These receptors only work when muscles are stretched or contracted with gravity being the most frequent and constant sensory stimulus.
In summary, brain development and the adequacy of it continued functioning is dependent on sensory input. Specific sensory perceptual processes like vision and hearing are dependent on non-specific sensory input. This, in turn, creates a baseline arousal and synchronization of brain activity (consciousness). This is a form of constant arousal and is dependent on a constant flow of sensory input from receptors that are found in muscles of the spine and neck. These receptors receive the majority of their stimulation from gravity, creating a feedback loop that forms the basis of most if not all of brain function. Sensory input drives the brain, and motor activity drives the sensory system. Without sensory input the brain cannot perceive or process input. Without motor activity provided by constant action of postural muscles a large proportion of sensory stimuli are lost to further processing. This loop is the somatosensory system.
Higher processing is also dependent on the baseline sensory functions. For example, it has been shown that when performing a complex task, it is likely that transfer of motor commands to produce a final output is preceded to some degree, by transfer of information between association areas, which in turn may precede transfer between sensory regions [53].


The Relationship between Motor Function, Sensation and Consciousness

It is clear that the sensory-motor system then cannot be separated. A dysfunction of the sensory system results in a motor weakness or coordination deficit and a decrease in motor tone or coordination which in turn decreases the sensitivity of the muscle receptor and therefore the frequency of firing of the sensory pathways. The ability to sense body movement or position in space relative to gravity is known as proprioception, or the sense of subconscious touch. Proprioception is dependent on the amount of force or functional state of somatosensory receptors of joints, tendons, and especially muscle spindle receptors. These are pressure receptors similar to skin touch receptors for tactile sensation, the only major difference is in the frequency of stimulation and the resultant conscious or subconscious perception. Muscle tone may be defined as the resistance of stretch of muscles. Muscle tone is a product of the output of the brain or its level of activation and arousal. Output of the brain is directly related to input plus arousal level. Effective muscle tone is characteristic of an aroused individual. Proprioception and muscle tone are therefore related. The adequacy of proprioception results from the effective sensitivity of muscle spindle receptors. High sensitivity of muscle spindles is due to effective muscle tone, which in turn results from the adequacy of brain output.
Of all the sensory input, proprioception constitutes the largest part. Many researchers have noted that in learning disabled children, there often exists poor proprioception and low muscle tone. Symptoms of poor proprioception and low muscle tone include poor balance, posture, clumsiness, and poor coordination [54, 55].
Jean Ayers [56] recognized over thirty years ago that these children demonstrated a variety of problems that she thought were related to what she called poor sensory integration. She noted then that these children possess different degrees of sensory deficits including hearing, visual, tactile, and proprioceptive. Associated with these symptoms included speech and language deficits, motor dysfunction, learning disabilities, and emotional problems. She thought that the vestibular system was the principle source of the dysfunction. Ayres arrived at this conclusion because she recognized that gravity plays a significant role in proprioception and further concluded that the major gravity receptors, which control balance, were primarily concentrated in the vestibular system. While her clinical observations were keen, we now recognize, however, that the majority of proprioceptive and gravity data arises from spinal and neck muscles, joints, and their sensory input to the cerebellum.
While vestibular receptors do not change their sensitivity, the cerebellum may alter it responsiveness to the vestibular apparatus based on the cerebellum's baseline arousal level, which results mostly from spinal and neck motor activity [60]. 
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Figure 3. Proprioceptive pathways (cf. Leisman, [57,58]).

These midline motor structures of the spine are connected to the midline cerebellar structures in the medial zone and fastigial nuclei of the cerebellum and send sensory input directly back.
These midline muscles are stimulated bilaterally by the cerebellum. Signals then project to midline non-specific nuclei in the thalamus, which then project to the entire cortex [57,58]. This cerebellar feedback mechanism also connects through the vestibular nuclei and proceeds to primarily affect the proximal trunk muscles. They also ascend to effect the coordination of eye muscles. The intermediate and lateral cerebellum send more specific information about extremity and distal muscles, which goes to specific thalamic nuclei that are connected to the somatosensory cortex, prefrontal cortex, and association cortices on the contralateral side of the body. These specific areas of neocortex especially the frontal lobe then send fibers downwards to the ipsilateral brainstem reticular formation which then sets global muscle tone of all muscles on that side, both spinal and postural, as well as distal extremity muscles. It also sets the balance of muscle tone between anterior and posterior compartment muscles on the ipsilateral side of the body to help promote an upright bipedal posture. 
Cerebellar lesions have been recognized since Gordon Holmes as resulting in problems with proprioception and motor tone. Some of these symptoms effect the bilateral coordination of muscles of the spine and eyes and occur primarily at the level of the cerebellum, and always occur bilaterally due to both contralateral and ipsilateral fibers [62]. However, unilateral dyscoordination, unilateral decreases in muscle tone in both postural and extremity muscles and the balance of vestibular activity occur at the level of the cortex, dependent on contralateral cerebellar input plus arousal activity [57, 58]. Levinson [63], in his study of almost 4,000 learning disabled subjects, showed that 94.1 percent presented with what he termed cerebellar-vestibular dysfunction. His data suggested that learning disabilities and dyslexia are C-V based and represent one disorder, that this C-V dysfunction continues with increasing age and that the symptomatic overlap within subjects and samples appear to reflect a common C-V basis rather than a group of separate neurophysiological disorders. He went on to state that a variety of so called "pure" disorders and terms such as dyslexia, dysgraphia, dyscalculia, dysphasia, dysnomia, dyspraxia, attention deficit disorder (ADD), perceptual-motor disorder, etc. merely reflect highly selected learning disabled symptoms and samples. Although he recognized cerebellar dysfunction, he related many of these aforementioned problems to a primary source in the inner ear of the vestibular system. He also did not consider asymmetric cerebral lateralization and its development as a significant factor. Therefore, a sensory deficit of proprioception and subsequent abnormality of muscle tone may reflect a global decrease in global cerebellar, thalamic, and cortical arousal levels. 
Other specific sensory deficits may be result from the asymmetric arousal of these areas, which would present with specific localized perceptual dysfunction. Since proprioception is a subconscious sense, processed subconsciously through the cerebellum, thalamus and somatosensory cortex, when cortical proprioceptive input is decreased we are not consciously aware of the loss or dysfunction. However there are symptoms that we may experience when the proprioceptive input becomes too low or imbalanced. Dysequilibrium, or the feeling of unsteadiness of gait, is one primary symptom, poor balance, dizziness, or vertigo can be manifest if vestibular input is not modulated effectively by the cerebellum. 
In the past, most of the emphasis for balance dysfunction, such as vertigo, nystagmus, or motion sickness, had been placed on the vestibular apparatus of the inner ear. However, research suggests that as humans evolved from quadrupeds to bipeds the emphasis of control of balance, posture, and the coordination of head and eye movements was shifted from the inner ear to the spinal muscles and joints. Wyke [61] notes that during the course of the evolution of the erect from the quadrupedal posture, there has been a shift in the relative perceptual and reflexogenic significance of the mechanoreceptors in the labyrinth of the internal ear and those located in the cervical spinal joints in favor of the latter.
This evolutionary decrease in the functional significance of the vestibular system in man was first suggested by Rudolf Magnus [64] and is powerfully illustrated by the later clinical observations of Purdon Martin [65] which show, inter alia, that this system in man is of no significance at all in static postural circumstances or in the production of reflex righting reactions. In this connection, it may be relevant to note that the cervical articular mechanoreceptors became functionally active in the developing human fetus long before the vestibular mechanoreceptors [61]. Wyke goes on to note that patients experience a feeling of postural instability and unsteadiness of gait in situations of poor lighting after these individuals have been provided with a cervical collar that affects their neck joints and muscles [61].
He also notes that based on neuropsychological study [61] showing that, "precision of voluntary control of arm movement in the absence of vision is markedly impaired by rotation of the head and neck to right and left of central position.” 
It has also been observed by de Jong and colleagues [66], and others [57, 58] that local anesthetic infiltration of cervical spinal and other joints in normal individuals results in a feeling of static body dysequilibrium (often with vertigo). Also noted is kinesthesia, upon which the accurate control of voluntary movements including walking depends even in the presence of a normally functioning vestibular system [61].
In regard to proprioceptive input and its relationship to various sources of input, Carpenter and colleagues [67] states "by far the most important proprioceptive information needed for the maintenance of equilibrium comes from neck joint receptors and muscles." Guyton [52] also notes "mechanisms governing equilibrium and orientation in three dimensional space proprioception are largely reflexive and subconscious in character and depend on input from several sources.


(A)

(B)
	(C)
Figure 4. Compensatory eye movements induced by the vestibular apparatus, opposing head movements or changes in head position and act to keep the fovea of the retina on an object of interest. (A) Rotatory movement of the head to the right results in a increase in discharge of the right vestibular nerve, an increase in firing of the right vestibular nuclei, an increase in firing of neurons in the left paramedian pontine reticular formation (PPRF), an increase in firing of both small and large neurons in the left abducens nucleus and reflex turning of the left eye to the left (via left lateral rectus; Cranial nerve VI) and the right eye to the left (via ascending MLF input to the right medial rectus; Cranial nerve III). This is called the vesibulo-ocular reflex, critically important for stabilizing visual images in the presence of a continuously moving head. (B) Results of a lesion in the left vestibular nerve on eye movements. Such a lesion puts the right vestibular nerve in "control." This imbalance results in the eyes being pushed slowly to the left (right vestibular nerve turns on right vestibular nuclei, which turns on the left PPRF, which turns on the left abducens which turns both eyes to the left). When the eyes are pushed as far left as possible, they snap back very quickly to the right by mechanisms not fully understood. The eyes then slowly move to the left again, and this vicious cycle continues. This nodding back and forth is called nystagmus (to nod). A lesion of the left vestibular nerve will result in a right nystagmus. Thus, the right (intact) vestibular nerve is "driving" the left PPRF and left abducens to move the eyes slowly to the left, after which they reflexively snap back to the right. (C) Pathways involved in voluntary turning of both eyes horizontally to the left to see a new object of interest, called a left horizontal saccade. The left lateral and the right medial rectii contract synchronously. The two eyes then move together (conjugately) to the left, using a pathway beginning in the frontal eye fields of the cerebral cortex (area 8). This is a cortical area that lying rostral to the primary motor area (area 4). To voluntarily move eyes to the left, information from right frontal eye fields is conveyed to the left (contralateral) PPRF. The right frontal eye field directs the left PPRF to turn on both large and small neurons in the left abducens nucleus. The left eye then turns left (laterally) and the right eye turns left (medially). This is a voluntary left horizontal saccade [59].
The most important of these are as follows: kinesthetic sense conveyed by spino-cerebellar system from receptors in muscles, tendons, and joints. Sense provided by the vestibular organ of the inner ear and visual input from the retina." 
The reason input of spinal muscles and joints is so important is that they are made up of slowly adapting tonic receptors that continuously fire to the cerebellum and brain. The sheer volume of stimulation because of continual firing more than any other source of stimulus to the brain may be why the spinal muscles and joint have more neurons than the rest of the nervous system. The spinal muscles and joints process more information than any other region of the body, and is the only continuous source of stimulus to the cerebellum and brain, not the inner ear or the eyes, only the muscles that are forced to resist the forces of gravity. 
To understand the effects of gravity on the nervous system we will review studies on the effects of micro-gravity on organisms and humans. In one study, the ultra-structure of somatosensory, visual, and olfactory cortex of the brain in rats exposed to space flight for 7 days ("Cosmos - 1667" biosatellite) and 14 days ("Cosmos - 1887 and - 2024" biosatellites) as well as rats of ground-based synchronous control and Vivarium control groups has been studied [68]. The flight organisms showed similar changes in the ultra-structure of all the brain cortex regions under study. The observed differences were primarily due to the extent of observed changes, the relationship distribution density of changed structures, and specific features of their localization in the corresponding brain areas. These changes were most distinct in the structural components of the neuropile-presynaptic axon terminals, dendrites, synapses, as well as glial components. Studies revealed light and dark degeneration of axon terminals, destructive changes in the postsynaptic areas of dendrites, as well as enlargement of area occupied by glial components in the cortical neuropile.
These changes of the ultra-structure in the somatosensory cortex of the flight organisms were noted to be more pronounced than those in the visual cortex. In the olfactory cortex, of flight organisms the ultra-structural changes are less expressed than in the neocortical areas under study and are mainly localized at the sites of Axo-spinal contacts. Ultra-structural changes were observed to depend on the duration of space flight. Changes of the ultra-structure in the brain cortex of flight rats reflect the morphological-functional rearrangement of a system of inter-neuronal contacts that develop due to the loss (dark degeneration of axon terminals) or decrease (light degeneration) of the functional activity of some synapses. The gradually developing light degeneration of terminals is the result of deficient afferentation in weightlessness.
In another study, cytochemical and morphometrical analyses were performed of motor neurons in the lumbar enlargement of the spinal cord (LESC) and sensitive neurons in the lumbar inter-vertebral ganglia (LIVG) in rats after 19 - 32 day space flight on board Cosmos - 605, - 782 - 936 biosatellites. Results revealed a decreased content of RNA, protein, body and nuclei volume in motor neurons, and the content of RNA and protein in large living LIVO neurons. The investigators also noted that results support a conclusion of hypofunction of LIVO neurons in weightlessness. This conclusion, in turn, is thought to reflect a decline of afferent impulsation in weightlessness arising from proprioceptors of muscle joints and tendons of the hind limbs. In addition, results show that in rats after space flight on Cosmos - 2044 and 6 - 8 demonstrated a 12 percent decrease in the volume of the nucleolus in LESC motor neurons and a 33 percent decline in the number of peri-neuronal glial cells, as compared to ground based synchronous control rats. The investigators conclude that these results provides evidence for the hypofunction of motor neurons in weightlessness and suggests similar data previously obtained for rats in longer space flight [69].
These studies demonstrate that with loss of gravitational force the spinal cord, brain, and especially neocortex, show rapid structural changes and atrophy. This is as a direct result of the loss of the constant flow of proprioceptive input from muscles, tendons, and joints involved in maintaining posture. In humans in space flight or micro-gravity situations such as under water, vertigo, nystagmus and motion sickness are of the most concerning problems. The primary source of these symptoms has been studied. Human data was collected on the peculiarities of sensory interaction under varying experimental conditions including micro-gravity.
Aizikov and colleagues [70] attempted to determine the most significant afferent input to the cerebral cortex. They stated, "The main role here appears to be the postural reflexes caused by an exposure of musculo-articular and vestibular systems to the gravitational field of earth and by forming during the life a subjective vertical. In this case of great importance is still antigravity musculature with its more powerful input of information as compared with that of the vestibular system. Thus owing to an integrative function of the brain cortex there exists gravitational vertical which by its nature is a peculiar balance of vestibular sensitivity, muscular sense and vision." They continue by indicating that the greatest protective effect against experimental motion sickness is produced by a procedure, which uses activation of basal proprioceptive-tactile coordinates of the subjective vertical and consecutive tension of antigravity muscles, followed by tension of the antagonists. They point out that this is associated not only with a several hundred percent increase of tolerated duration of swinging (from 4 to 10 mm.) but also with a marked (5 points versus a baseline of 13) decrease of vegetative symptoms (motion sickness). They further note that with the aid of muscular tension, it is possible to eliminate illusions appearing during tilts and rotation as well as at the end of the procedure on a rotating chair.
The effect of electrical muscle stimulation is markedly smaller than that of muscular tension stimulation. Analysis of the protective anti-motion sickness effect of the muscular activity was tested with the administration of the drug scopolamine [71]. It was revealed that the effectiveness of the muscular tension procedures was enhanced with a simultaneous administration of scopolamine and that the drug clearly potentiated the effect of muscular tension. The authors concluded that volitional efforts that accompany a purposeful motor act or muscular tension hinders or blocks completely spatial disorientation illusions and decreases significantly the severity of the vegetative vestibular response (VVR). The investigators thought that, "ascending proprio-tactile efferent impulses developing from muscle tension of the spine and lower extremities provide information on body position irrespective from vestibular sendings but they are adequate to overcome the negative effect of the latter." Furthermore, the investigators go on to state that they think that an integration of these polysensory inputs is realized in coordinating structures as the cerebellum and cortex of the brain. They recommend that based on the results of this study muscular tension should be used for normalizing vestibular-motor interactions as the means of non-drug prevention of motion sickness.
What we have seen in these studies is that motion sickness, a severe symptom of loss of proprioceptive input, is a common finding in micro-gravity situations. That the loss of proprioceptive input is mostly the result of postural antigravity of the muscles of the spine and lower extremity and this presents with a a more powerful effect than loss of vestibular input and active contraction, and use of these muscles can completely compensate for the loss. We also see that this loss of proprioceptive input also results in nystagmus of the eyes and an inability to efficiently control eye movement. Loss of proprioceptive input can also result in significant abnormal autonomic reactions, which again can be alleviated by increasing proprioceptive input from those specific muscles. We have also seen that the loss of this input is thought to be mediated centrally through the cerebellum and cortex. This loss of input in rats has been shown to cause rapid light and dark degeneration of neurons in widespread areas of the brain - but especially the neocortex. Areas of neocortex involved include the somatosensory and visual areas especially. 
Therefore, in children that present with signs and symptoms of proprioceptive loss, which includes, disorders of balance and gait, abnormal muscle tone - especially hypotonia, nystagmus, vertigo, dysequilibrium, nausea, motion-sickness symptoms, etc., these symptoms are due essentially to a primary dysfunction of cerebellar-thalamo-cortical input. The primary source of input to the cerebellum of proprioceptive input is from muscles, joints, and tendons of spine and lower extremity, and postural antigravity muscles. This input is more significant than vestibular input and can even compensate for vestibular loss. Therefore, anything that may decrease the ongoing proprioceptive input of postural antigravity muscles and/or vestibular input as seen in micro-gravity experiments can result in sensory loss, degeneration or reverse plastic changes in the cerebellum and neocortex. Such conditions have the possibility of affecting any or all other brain regions but especially neocortical functions.


Sensory Effects on Functional Connectivity, Consciousness, and Cognitive Function

Tactile Function
Ayers [56] and others [54, 55] have noted that children with learning disabilities and behavior disorders often have altered sense of touch or tactile sensations. Most often, there exists a decrease in tactile sensitivity in these children, but others also appear to have a hypersensitivity to touch. Interestingly, tactile sensory input or conscious touch input travels much the same path as proprioceptive input. Therefore, the same dysfunctioning mechanisms that affect proprioception can also affect tactile perception. Both senses are mainly activate and are processed in the somatosensory cortex, however for touch and spatial orientation there does appear to be asymmetric lateralization favoring the right hemisphere. The somatosensory cortex is proximal to the post-central gyrus and areas adjacent to it (Brodmann areas 1, 2, and 3). These areas receive input from somatosensory pathways originating in the thalamus, which transfer tactile information of, pain, temperature, and proprioception. The primary somatosensory cortex (SI) is immediately caudal to the central sulcus, the secondary somatosensory cortex (SII), which obtains most of its afferent input from SI, is located ventral to SI. Somatosensory inputs projecting to the posterior parietal cortex arise from SI and SII. Somatosensory input projecting to the thalamus and proceeding to the primary somatosensory cortex transverses two main pathways: the antero-lateral system for pain and temperature sense, and the dorsal column-medial lemniscal pathway, which carries information about tactile proprioception and movement sensation. Any process that physically disrupts the flow of information such as a lesion at the receptor, nerve, spinal cord, brainstem, cerebellum, thalamus, or cortical level can cause abnormalities in the attendant perceptual processes. Abnormal perception, decreased arousal, or imbalance of arousal may result even with a physically intact pathway.
Arousal level or attention is the foundation of all perception and without proper arousal; any or all effective sensory perception can be impaired. These perceptual alterations and resultant inattention syndromes are known as neglect, and can occur with or without spatial awareness, tactile, visual and auditory sensations. In these cases, the physical pathways of the stimulus are intact but the cerebral cortex does not integrate or perceive the information, in essence rendering the stimulus non-existent to the individual. This can occur bilaterally, but more often, the result is a unilateral loss. 



Figure 5. Cortical source of hemispatial neglect syndromes, most often seen after large areas of damage to right parietal lobe. It is a frequent consequence of stroke on the right side of the brain and thus neglect of everything on the left. It is also evidenced in other forms of brain dysfunction especially with a right hemisphere source. Patients ignore everything on the side opposite the lesion. It is not blindness. Patients recognize and label objects appropriately and thus it is a disturbance of spatial distribution of directed attention. Patients frequently bump into objects, tend a not to groom themselves, contralateral to the lesion. In the majority of patients, the lesion involves the supermarginal gyrus in the inferior parietal lobe at the temporo-parietal junction. Less frequently, damage or dysfunction to the dorsolateral premotor and medial frontal regions can also bring about hemineglect. Lesions confined to the primary motor, somatosensory, and visual cortices are not associated with neglect. The posterior parietal component provides an internal sensory mechanism, the limbic component regulates the spatial distribution, the frontal component coordinates the motor programs for scanning, reaching, and exploring, and the reticular component provides levels of arousal.
The asymmetric lateralization of the function, and the localization of the primary dysfunction will determine which sense will be most affected, this helps us to localize the primary problem. There are numerous studies of various asymmetries of tactile (haptic) perception, visual perception and of interference between two tasks performed at the same time [72]. Tactile inattention is also known as pseudo hemi-anesthesia.
Vallar and colleagues [73] reported on a patient who had apparent contralateral hemi-anesthesia from a large right hemisphere cerebral infarction. Although the patient denied being stimulated on the left side, tactile stimulation did produce an electrochemical skin response. Three other patients were reported by the same author [73]. All three had left hemi-anesthesia from right hemisphere lesions; however, all had normal evoked potentials recoded from the left side. This suggests that although the pathways were intact, the tactile sensations were not perceived due to lesions in the right hemisphere. Vallar and colleagues [73] used selective hemisphere anesthesia in 18 epileptic patients and found that contralateral tactile inattention was present in eight patients after right hemisphere injection of anesthesia but only in two subjects after left-sided injection. 
Another form of tactile inattention is known as extinction to simultaneous stimulation. It has been reported that as patients with neglect or hemi-inattention symptoms improve, they may develop extinction to simultaneous stimuli. The difference is that individuals with inattention are not aware of tactile stimulation to the side opposite the impaired hemisphere. However, patients with extinction are aware of contralateral stimuli but are unable to perceive simultaneous bilateral stimulation, specifically failing to perceive the stimulus to the contralateral side. In most cases, studied contralateral extinction was more frequently associated with selective anesthesia of the right hemisphere than the left [74].
In spatial neglect, most commonly hemispatial neglect, patients with injury or dysfunction localized to one hemisphere may not be able to perform normally on spatial tasks. This is usually found in the contralateral hemi-space so that the stimuli to the left of the patient’s body are neglected more often than those to the right side of the body [75]. Neglect of the environment may also occur so that even when the individual lies on his or her side, the left half of the environment is neglected [76].
Spatial neglect is complex and can involve: 1) attentional disorders, 2) intentional or motor activation disorders, or 3) representational disorders [20]. It has been hypothesized that hemispatial neglect may have four possible attention related causes: 1) contralateral spatial inattention, 2) ipsilateral attentional bias, 3) inability to disengage, and 4) reduced sequential attentional capacity or premature habituation. One theory [77] posits that that patients with left hemispatial neglect are unaware of stimuli presented to the left hemisphere because they may simply be less aware of stimuli on the left than on the right resulting in an ipsilateral bias with attention being drawn to that side and away from the neglected side. Another possibility for explaining neglect is that objects besides the critical stimulus in ipsilateral space draw the patient’s attention with the bias becoming so strong that the individual may not be able to disengage their attention [78]. It is also possible, as exemplified in one case, where bias or inattention may determine where stimuli are neglected, a limited sequential capacity or inappropriate habituation may also lead to hemispatial neglect [20, 79]. 
Hemispatial neglect is seen more frequently with right hemisphere lesions [80]. Although several studies note that spatial neglect caused by right hemisphere lesions mostly affects the left side of space or body, it may also affect the right side of space [75]. In humans, the inferior parietal lobe is more often associated with disorders of attention [21, 81]. Temporo-parietal ablation in monkeys also results in contralesional attentional disorders, primarily extinction [82]. Therefore, it is suggested by this research that tactile as well as spatial neglect can be a result of decreased or imbalanced arousal or attention. In the right hemisphere, a lesion or dysfunction can result in neglect that affects both sides of the body or space with the left being more frequently affected. The primary brain area reportedly responsible for the majority of cases is the inferior parietal lobe or temporo-parietal areas. 
Functionally, decreased afferent input in the absence of a physical lesion could be another reason for neglect. In the parietal lobe, which is important in directing attention, it has been noted that the rate of cell firing appears to be associated with the importance of the stimulus to the monkey, so that important stimuli are associated with a higher firing rate than unimportant stimuli [82]. It has been demonstrated that the activity of some parietal attentional neurons are spatially selective. However, the parietal lobe also receives input from other sensory modalities and the coding of spatial location is thought to be multimodal [83]. The primary sensory cortices project only to the association cortex. These single modality primary sensory areas converge upon polymodal association areas in the monkey including the frontal cortex (periarcuate, prearcuate, and orbitofrontal) and both banks of the superior temporal sulcus [84]. Multimodal association areas are important for sensory synthesis and cross-modal association. These multimodal convergence areas project to the inferior parietal lobe [85]. 
The cerebellum has also been noted to have a close connection to all association areas of the neocortex. The cerebellum has also been implicated in tactile learning and sensory tactile deficits besides its primary role in the processing of proprioceptive input. Leiner and colleagues [86] have stated that, "concomitant with the evolution of new association areas in the cerebral cortex, new neuronal connections evolved that descend (via enlarged structures in the brainstem) to new area 5 in the lateral cerebellum." It is further stated, "therefore, the neo-cerebellum can serve as a link between the posterior and frontal language areas of the cerebral neocortex in effect the cerebellum provides the cerebral cortex with an additional 'association area’.” 
Blood flow studies during tactile learning of complicated geometrical objects show a high activation in the lateral cerebellum [87]. The activation of the lateral cerebellum is thought to be due to cognitive processing during tactile learning, whereas the medial cerebellar activity relates more to the actual movement [88]. The cerebellum has been specifically shown to be involved in sensory perception; this has been shown during chronometric tests [89] of timing functions. Cerebellar patients demonstrate deficits in perception of time intervals and judgment of velocity of a moving stimulus. It has been postulated that one role of the cerebellum is to modify motor performance to improve the efficiency of sensory processing by the rest of the nervous system by means of arousal.
Arousal is a physiologic state that prepares an organism for sensory processing by increasing sensitivity and signal-to-noise ratio [20]. This is an extremely important concept because it forms the basis of all perception and perhaps even consciousness itself. The baseline arousal of all cortical areas makes all of these cells more active and therefore closer to threshold or more sensitive to incoming stimuli. The closer to threshold, the better the signal-to-noise ratio resulting global or specific effects on the brain. The results of such a process in turn could lower the effectiveness of global possessing of the brain or one specific function may be affected more than others. This can happen with an imbalance of arousal, where one side is too high in relationship to the other.


Limbic Influences on Consciousness and Cognition

The significance of the stimulus requires knowledge of the meaning of the stimulation and the motivational needs and goals of the individual [20]. The limbic system provides the more primitive, motivation of immediate biologic needs, whereas the frontal lobe is involved with goal directed behavior. The difference between the limbic and frontal input to attentional or arousal systems, is that the frontal lobe may provide motivation and goals that are of a higher level beyond the basic biological needs of the child. It is thought that the frontal and limbic (cingulate gyrus) connections with the frontal lobe may provide the neuronal basis for the ability of motivational states to affect attentional systems and perception. Unilateral neglect in humans and monkeys can be induced by lesions in the dorsolateral frontal and prefrontal cortex [75] as well as with cingulate gyrus lesions [75]. Affective behaviors have also been shown to be influenced by cerebellar dysfunction; especially midline cerebellar atrophy [90]. The cerebellum is also known to be connected to the dorsolateral, frontal, and prefrontal cortex. Not only can the cerebellum affect global arousal, but it also has specific connections to association cortices for multi-modal sensory processing. It has strong specific connections to the somatosensory cortex in the parietal lobe, as well as the frontal lobe.
The overall neuronal preparedness and signal-to-noise ratio is dependent on arousal input. The cerebellum may be the largest contributor to the arousal system. The cerebellum also works to modify motor behavior to maximize all sensory input. Therefore, the hemispatial neglect can be seen with all sensory input, not just tactile and spatial, but also visual and auditory. Besides signal-to-noise ratio, neuronal synchrony is essential for sensory perception to exist [91-95]. 
Liederman [96] describes how synchronization dysfunction may result in a neglect syndrome for any sensory modality. She describes how cortico-cortical pathways can function to synchronize activity across remote cortical regions. This synchronization then is thought to have the effect of equilibratory activation between different regions. She is quoted, "thus disconnection symptoms such as those seen in split-brain patients can be accounted for mainly by two factors: the desynchronized and fragmented manner by which subcortical pathways permit inter-hemispheric integration and the diminished arousal state of the non-viewing hemisphere without the synchronizing influence of the cerebral commissures. The under activated hemisphere displays an internal neglect that is marked by an abnormality of processing of input after sensory reception it does not effectively process inputs to it (a) directly from the contralateral side of space, or (b) indirectly from the opposite hemisphere. These under-processed inputs are not consciously perceived though they are reacted to on an implicit level."
Synchronization of a hemisphere is thought to result from 40 Hz. oscillations that arise from the intralaminar thalamic nuclei. These subcortical oscillations in the thalamus have been traced back and are thought to originate from the cerebellum and dorsal column fibers that are thought to transmit information from slowly adapting receptors. These types of receptors are found most commonly in slow-twitch muscle fibers of postural spinal muscles. It is known that even in the intact brain the two hemispheres can maintain different arousal levels as well if not more than differences within adjacent areas of the same hemisphere. Large differences should not occur in a normally functioning intact brain. However, in situations where stimulus conditions cause the untrained or non-viewing hemisphere to be either busy or too minimally alert to adequately subserve inter-hemispheric integration [96] inter-hemispheric arousal differences may exist.
It has been demonstrated that right parietal lobe lesions cause a deficit of integration and not detection. It is thought that the neglect subjects do not have difficulty with directing their attention to a single-feature target. They do appear, however, to have difficulty with searching for conjunctions among distractions consisting of two elements, which together would constitute a conjunctive stimulus and patients present with deficiencies in their ability to integrate information after their attention has been focused on the features. They do not have the ability to use selective attention as the glue to bind these features [97]. 
Kinsbourne [98] thought that each hemisphere directs attention to the contralateral space and that a normal attentional system of one hemisphere inhibits the other hemisphere. Therefore, if one hemisphere is injured or less active, the other becomes attentionally hyperactive, and attention is biased to the side opposite the normal hemisphere. This may be one of the explanations for the increased sensitivity to touch that learning-disabled children exhibit. The right side of the brain is known to direct attention to both sides of the body, therefore if it were functionally attentionally hyperactive, the child may be hypersensitive to stimuli on both sides of the body and space. 
Another reason for hypersensitivity of tactile stimulation maybe that proprioceptive and tactile input is inhibitory to pain input. Therefore, with decreased proprioceptive input, a child would be more sensitive to pain and therefore even touch would be painful. This would be compounded by the fact that loss of proprioceptive or arousal activity to the neocortex would cause a decrease in inhibition of limbic autonomic output, which in turn would result in increased sympathetic activity and increased adrenal catecholamine release. These substances sensitize alpha 2 receptors found in pain transmitting fibers, bringing the fibers closer to threshold globally. This may result in a child being hypersensitive to touch because of decreased stimulation or arousal. 
Occupational therapists for years have used brushing techniques where they lightly brush the child's skin, the child eventually becomes “desensitized” to the stimulus, and the child will not be as defensive to touch. This may not be due to actual desensitization, but rather increased sensory input may result in an increased arousal and reciprocal inhibition of each hemisphere so that one is not hyperactive and one is not underactive. It may increase large afferent fiber input to produce inhibition of pain directly as well as inhibition of sympathetic output in the spinal cord, and brain.
In summary, sensory processing is a product of multiple factors. The baseline arousal level and signal-to-noise ratio or neuronal preparation, form the basis of all sensory perception. This can be globally deficient and/or specifically decreased in a limited area. It can be imbalanced from one side to the other with one side becoming hyperactive and the other hypoactive. Any decrease in arousal will affect at least one sensory perceptual process. The arousal level of a hemisphere is set by the subcortical structures especially the thalamus and cerebellum. They receive most of their input from muscle joint and tendon receptors in the postural and antigravity muscles. These receptors, which are continually transducing gravitational forces into the central nervous system, create the arousal level and the gamma oscillations that are the basis of all perception.
Hillyard [99] indicated, "What you are asking about is the nature of neuronal codes for sensory perceptual information. There is a general assumption that more activity-greater firing rates etc. -within a nerve cell population means that more information is being represented or processed by those cells. Conversely, a suppressed response reflects diminished processing. ... In simple low-level sensory signals, greater physical stimulus energy produces systematic increases in neuronal response amplitudes that are paralleled by elevations in the perceived stimulus magnitude. Also signal detection experiments in humans and monkeys have shown that moment-to-moment fluctuations in neuronal response amplitudes can predict precisely whether the person or organism detects a faint signal."


Visual and Auditory System Influences on Consciousness and Cognition

Children with learning disabilities have also been noted to demonstrate various types of visual and auditory dysfunction. If we look at all sensory perception in light of Luria’s theory [50] that the brain has three functional units: 1) the arousal unit, 2) the sensory receptive or integrative unit, and 3) the planning and organizational unit, and that the second and third are subdivided into three zones. The primary zone sorts and records incoming sensory stimuli, the secondary zone organizes and codes information from the primary zone, and lastly the tertiary zone is where data is merged from multiple sources of input and collated as the basis for organizing complex behavioral responses. These last two; especially the third or tertiary zones are what make humans unique. In regard to vision, the primary zone gives us the ability to see, to perceive light at its most basic level. The secondary zone allows us perform basic responses based on immediate biologic needs -the limbic response. Most organisms have evolved to this level. However, the human neocortex, which fits Luria's description of tertiary zone, gives us the ability to put a higher meaning to this stimulus, to go beyond basic primitive needs and motivations, and to utilize the stimulus to allow us to obtain higher more complex goals. This higher goal directed behavior is supported by the prefrontal cortex. This region allows us to put higher cognitive and emotional significance to a stimulus like light or sound. The parietal lobes allow us to integrate this information with other sensory stimuli before the meaning of it all is processed in the frontal cortex. This area of integration is the seemingly occurs in the temporal, parietal, and occipital cortices (approximately Brodmann's area 39). The primary zone would correspond to the primary visual cortex.
The final projection of the visual pathway is via the geniculo-cortical pathway. This group of axons exits the lateral geniculate nucleus of the thalamus and proceeds to the cerebral cortex terminating in the primary visual area of the occipital lobe (Brodmann’s area 17). This area is regular and stippled in appearance hence its name the striate cortex. This area is also known as the primary visual area and it is thought to be the region of the cortex where the first level of visual processing takes place. If the signal-to-noise ratio is not high enough due to a decrease arousal in the occipital lobe, a child may appear to have a primary visual deficit, even though the eyes and the visual pathway may be intact.
A severe example of this is related by Malkowicz, Myers and Leisman [100] in which children who were apparently blind with no apparent reaction to the brightest light would have improved visual function coincident with improved movement ability. We had hypothesized that the pathways associated with vision in these children were always intact but for some reason this information was not summating to the level of perception in the brain.
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Figure 6. The human visual system. Goodale and Milner (1992) claim: "two cortical visual systems have evolved: a ventral stream for visual perception and a dorsal stream for the visual control of skilled actions". (A) Damage to the Ventral Pathway: Their case of D.F. demonstrates a complete dissociation between visual form perception and visuomotor abilities. She can accurately reach for and grasp an object, which she cannot identify. D.F. suffered anoxia and subsequent damage to the ventrolateral regions of her cerebral cortex, with sparing of primary visual cortex and the dorsal pathway. Damage to the Dorsal Pathway: Optic ataxia, difficulty reaching for and grasping objects, often results from damage to superior portions of the parietal cortex. These patients can recognize and describe objects. Thus, there is a double dissociation between the ventral/dorsal pathways and the grasping/perceptual matching tasks. In the dorsal pathway, motion sensitive cells abound, particularly in the areas MT and MST. Cells in posterior parietal cortex show evidence of anticipating the retinal consequences of saccadic eye movements. Egocentric coding of these cells: Ventral pathway studies show that inferotemporal cortex cells are tuned to highly specific forms, for example one IT area is particularly responsive to face stimuli. These cells have extremely large receptive fields. These large cells are thought to underly object-centered representations. In studies of dorsal pathways in brain-damaged monkies, deficits in visually guided reaching resulted from damage to the posterior parietal cortex. In studies of the ventral pathway, if the inferotemporal cortex is damaged or dysfunctioning bilaterally, the monkies display severe difficulties in visual recognition and discrimination learning tasks. (B) The human visual system’s network of pathways. (C) Visual-fugal projections area.
While the aforementioned clinical observations were not examined under controlled circumstances, we can postulate that as these children increased their movement or crawling, they increased the tone of postural muscles and their feedback to the cerebellum and thalamus. This would increase the baseline arousal increase signal-to-noise ratio and neuronal sensitivity so that with greater degrees of motor activity the greater the degree of cerebellar feedback and the greater the effectiveness of sensory perception. The fact that the primary pathways were intact could also be considered a visual neglect syndrome that would be the same as tactile or spatial neglect, which would mean that the primary information may be effective but under-processed and therefore ignored or neglected. This however, would be more characteristically seen in a hemi-field of vision. Besides primary visual loss or visual neglect, there is an asymmetric distribution of visual processes. The specificity of symptoms of visual loss, such as object identification versus spatial localization, or global versus local effects, can help us to localize the problem to the right or left hemisphere and ventral or dorsal systemsUngerleider and Mishkin [101] proposed a model of cortical visual processing based on two parallel visual systems, one thought to be directed ventrally to the infero-temporal cortex, and one directed dorsally to the inferior parietal lobe. It has been shown in monkeys that lesions of inferior temporal cortex produce severe deficits in performance in a variety of visual discrimination learning but not in visuo-spatial tasks. However posterior parietal lesions cause severe impairments in visuo-spatial performance, such as in visually guided reaching and in judging which of two objects is closer to a visual landmark, however these lesions do not affect visual discrimination performance [101]. Some cells in the parietal lobe are most active in the monkey when it fixes it gaze on an important object (fixation neurons) other cells fire when the organism is visually tracking a moving object that is important (tracking neurons) while others fire before a visual saccadic eye movement to a significant stimulus (saccadic neurons). Finally, there are neurons that fire when important stimuli present to peripheral vision (light-sensitive neurons) [82, 102].
The ventral visual pathway terminates in the inferior temporal lobe (area IT or TE). In TE area neurons, a small percentage of cells respond selectively to high order complex stimuli, such as faces or hands. Most of the neurons however respond specifically based on object features such as color, shape, and textures rather than specific objects. IT area cells are thought to make up a network of cells that appear to be involved with the representation of general object features. Lesions of the IT areas produce loss of perceptual constancies and loss of visual memories [103]. It is thought that memories of visual inputs are limited to a habit learning system that involves the basal ganglia [103].

The Dorsal Visual Pathway
This system provides the basis for peripheral vision, motion perception, stereopsis, perception of three dimensionality based on perspective and shading, and most of the gestalt phenomena of linking operations [104]. The dorsal pathway is thought to terminate in area PG of the inferior parietal lobe and intra-parietal sulcus. In monkeys it has been shown that a percentage of cells in the PG area fire when the organism fixates on interesting objects in a particular region in space [105]. This is known as ambient vision [102]. Some cells in area P6 have been shown to increase their firing rate when the organism expects a stimulus in a specific region of the visual field; this is called the enhancement effect [83]. The posterior parietal cortex is involved in the control of spatial attention, lesions or dysfunction in this region impair the ability to orient attention to the contralateral side with presentation of invalid directional cues [106]. The two visual networks that have been described are parallel hierarchies of sequential neocortical cognitive representations, they are not exclusively neocortical however and they are dependent on the function of the limbic system. The ventral system has direct reciprocal connections to the amygdala and to the orbitofrontal cortex. The dorsal system connects to the cingulate gyrus, the hippocampus, and surrounding limbic areas. These connections are thought to provide the integration of emotional, motivational and interoceptive quality of visual perception [107]. 
Bilateral damage to both TE and the amygdaloid complex produce severe long lasting recognition loss [103]. The affective components are added to visual stimuli by connections between neocortical aspects of the temporal lobe and amygdala. Without these connections, it is not possible to associate reward conditions with visual stimuli. The amygdala may also play a role in integrating perceptual and affective memories into a subjective experience [108]. 
There exist monosynaptic connections from the thalamus to the amygdala [108]. The thalamo-amygdaloid system supports premature emotional reactions that are loosely coupled with the stimulus that do not require object recognition. Inputs to the amygdala from multi-modal association areas can be involved in evaluating object information integrated from different sensory modalities [108]. The orbito-frontal cortex possesses direct reciprocal connections with the temporal pole and amygdala and is thought of to be the frontal extension of the ventral visual pathway. Severe impairments in visual object learning have been noted because of orbito-frontal lesions in monkeys [109]. Learning and unlearning the emotional significance of sensory input may require close interaction with the amygdala and orbital region.

Dorsal Visual Processing and Limbic System and Deficits in Consciousness and Cognition
The convergence of limbic inputs from the cingulate-retrosplenial cortex with preprocessed sensory information may allow parietal neurons to recognize the motivational relevance in complex sensory events [85]. Monkeys with unilateral cingulotomy display contralateral inattention in visual and somatosensory modalities [109]. Right parietal or medial frontal infarcts including the cingulate cortex result in unilateral neglect for the left hemisphere [81] and significant inability with spatial memory in half the world [85]. The cingulate cortex may mediate adaptively significant attention as opposed to more spatially oriented attention in the posterior parietal region. Bilateral cingulate infarcts in humans produce an akinetic state and attentional dysfunction. Bilateral para-hippocampal lesions result in decreased discrimination of complex geometric forms and faces.
The right hemisphere is more connected to the dorsal system. The right hemisphere’s primary role in humans is visual-spatial behavior. Visual-spatial behavior can be disrupted by right posterior regions including the parietal lobe. Visual-spatial behavior that is typically disrupted includes visual judgment of line orientation [110], maze performance [111], and the ability to identify objects presented from an unusual visual perspective [112]. Other functions of visual processing associated with right posterior damage includes constructional apraxia, dressing dyspraxia and prosopagnosia or disorders of face recognition [111], depth perception [113], spatial localization [111], identification of complex geometric shapes [114] and exploratory eye movements [21]. The network of cortical and subcortical regions that control visual orienting in monkeys and humans are functionally part of dorsal visual system and include the posterior parietal region, the cingulate cortex, the dorsolateral frontal cortex, the pulvinar, and the inferior colliculus [85].
The right hemisphere stores global configurations of visual objects as opposed to local features or details of objects. Line orientations are oblique [21]. The left hemisphere is associated with the ventral visual pathway. Lesions in the left occipital-temporal regions produce visual object agnosia [112]. The left hemisphere is also superior for object identification shown from a usual viewpoint. The left hemisphere is better for line orientation when vertical, horizontal, or 45 degree diagonal orientations are used [21] generation of images of visual objects [115]. Patients with left-hemisphere lesions are unable to assemble parts of visual image into a unified ensemble according to spatial and temporal relation such as above-below right-left [115], long term storage of categorical, prepositional, or semantic knowledge concerning an object [115], and analysis of local levels or detection of visual scene, sequential analysis of local information, or high spatial frequency.

Auditory Processing Deficits in Consciousness and Cognition
Many children with learning disabilities and behavioral disorders are also diagnosed with auditory processing problems. It is most commonly described as a central auditory processing disorder. In this case, many children have been diagnosed as having hypersensitivity to various auditory stimuli [116]. Others have been thought to have decreased perception to sound. In most of these cases, it appears that the peripheral pathway is intact and that the problem lies in the central nervous system. 
We now understand that spinal joints and muscles have the greatest concentration of receptors that respond to gravity and movement with the largest degree of activity arising from postural, antigravity muscles. We hypothesize that by increasing the movement of spinal joints and allowing those muscles to stretch and contract against the forces of gravity on a continuous basis, we would expect to increase the arousal level of the brain through the cerebellar, thalamic and spinal pathways. The result should be an increase in signal-to-noise ratio and the same level of sound that previously could not be perceived, now is better able to summate and be processed. This is one simple explanation. 
The cerebellum and thalamus can influence the perception of sound in the same manner that they are thought to influence vision. The cerebellum and thalamus not only affect the arousal zone, but also the primary, secondary and tertiary zones, through connection to association cortices, prefrontal lobe, limbic system, and the effect on the ability to integrate and temporally bind auditory input with other sensory and emotional events to perceive and remember these events. Besides these global effects, we must consider the fact that as with visual and spatial functions, certain auditory functions are asymmetrically localized in the brain. These specific pathways can also be affected, and hemi-neglect symptoms may arise.
One method that is commonly used to test these asymmetric functions is the dichotic listening task. Dichotic listening is a measure of temporal lobe function [117], attention, and stimulus processing speed as well as a way to measure hemispheric language asymmetry [118]. It is thought that auditory lateralization is probably not related to a single mechanism, but is thought to be related to several functions involving both perceptual and other cognitive factors [118]. Hemispheric perceptors of sound are dependent on the level of activation and attention. Hugdahl has indicated that the level of right ear advantage (REA) in the DL task is significantly correlated with resting EEG asymmetry. Individuals with larger left-than-right EEG resting activation also had better recall from the right as compared to the left ear in DL [118]. DL is thought to be particularly effective at testing frontal-temporal functional integrity [118].
Dichotic listening has revealed a right ear advantage for consonant vowel (CV) syllables in about 80 percent of subjects and in 65 percent of left-handers. This REA has been found to be significant in children down to the age of five years. The REA for CV syllables is thought to correlate with the left hemisphere advantage for language skills. REA is thought to be related therefore to the integrity of the auditory system as well as to the structural organization of the two cerebral hemispheres. However, it is clear that dynamic cognitive and emotional factors can affect the level of the ear advantage. Also attention, transient changes in activation, and arousal have also been shown to influence the ear advantage. Emotional states especially the threat of negative events have been shown to affect the ear advantage; this is thought to be due to the right hemisphere advantage for negative emotions which change the balance between the hemispheres in activation level for processing of dichotic stimuli. 
As with vision, an auditory bias to one side or the other may result in an auditory neglect. Kinsbourne [98] postulated that language activation of the left hemisphere might result in making the neglect associated with right hemisphere lesions more severe because it may increase the ipsilateral bias. On the other hand it is thought that language induced left hemisphere activation may make neglect from left hemisphere lesions less significant because it may decrease the ipsilateral bias. In contrast, emotional words elicit a right ear advantage [119]. Stimuli such as pure tones and musical chords yield a LEA or right hemisphere advantage [71].
The REA/left hemisphere specialization for language processing has been postulated by Kimura [113] to be due to four factors: 1) the advantage of the contralateral over ipsilateral pathways in the auditory system, 2) the left hemisphere is preprogrammed to selectively attend to the right side of space, 3) ipsilateral perception is suppressed by contralateral input, and 4) input from the non-dominant hemisphere must travel across the corpus callosum to be processed by dominant hemisphere [120]. This concept has significant relevance for examining cerebral organization in learning disabled populations. Issues of attention and arousal are the most intriguing factors known to interact with dichotic asymmetries in both normal and learning-disabled populations [41]. Boliek and Obrzut [41] state that, "Evidence derived from neurobiological studies as well as data derived from our current investigations using behavioral paradigms, have led to the conclusion that for a large subset of learning-disabled children atypical cerebral organization and unusual patterns of laterality, attention and arousal may underlie deficits in auditory and visual, language and non language information processing abilities.

Motor System Influences on Consciousness and Cognition
A large percentage of children with learning disabilities demonstrate motor symptoms. These can range from poor tone, poor posture, slowness or unsteady gait, clumsiness, high tone, hyperactive motor behavior, weakness, poor coordination, imbalance of muscle tone, poor eye muscle control, tracking difficulty, poor handwriting, etc. These motor symptoms involve both voluntary and involuntary motor control. The sensory pathways of the nervous system that control motor activity involve the receptors in muscles, tendons and joints that transmit information about various aspects of movements to the cerebellum, thalamus, basal ganglia, somatosensory cortex and frontal lobe. The majority of efferent flow of information from the cerebral cortex is directed to the motor system, but the motor system can only respond appropriately based on sensory feedback, therefore it makes sense that the majority of subconscious input to the brain originates from the same motor system. Therefore, any interruption of the flow of this loop that sends sensory input from the motor system to the brain and then from the brain back to the motor system will have significant negative effects, not just on the sensory-motor system but to motor, sensory, emotional, cognitive, and autonomic functions as well. The majority of this sensory input and motor output is subconscious, and is processed in the cerebellum, thalamus, and basal ganglia. Many functions of the motor system are therefore reflexive, and are therefore a direct reflection of the adequacy of brain activity. For example, resting muscle tone is reflexive and subconscious and while we may be able to consciously modulate it, the baseline muscle tone is a reflection of base output in a structurally intact system.
High/normal tone is a reflection of a highly active, aroused brain that is prepared to process all the sensory input it can get. An individual with low/normal tone has a brain that has a low arousal, is not as active and not as prepared to process information. It would not be unusual to expect therefore that children with learning disabilities often have low muscle tone or motor dysfunction, especially when we consider that the majority of all incoming stimuli and antigravity motor information is processed in the cerebellum and this flow of input is essential to the baseline arousal of the cerebellum, thalamus, and cerebral cortex. If there is any disruption, dysfunction, or lack of development of this loop we would expect to see cerebellar motor symptoms usually demonstrated in most learning disabled children.
The basal ganglia, thalamus, and frontal lobe are intimately connected to one another processing mostly somatosensory and motor input. If there exists a dysfunction of this loop, we would expect to see typical basal ganglion motor symptoms of hypokinesia or hyperkinesia, as well as dysfunction of motor and non-motor functions of the frontal lobe. Although the global arousal and activity level is important, what is likewise important and more often at fault is an imbalance of brain and motor activity. It is essential that both sides of the brain and both sides of the motor system work together in a balanced coordinated way. This balanced function is a product of evolution, the survival of species, and related to the organism’s ability to develop goal directed movement. To have goal directed controlled movement it is a prerequisite for an organism to be bisymmetric.
Bisymmetry appears to be an adaptation for motility and therefore applies especially to the locomotor system, including bones, joints and muscles, as well as those parts of the nervous system that controls their action [71]. Therefore, balanced activity is of singular selective advantage for the motor system. To have a balanced bisymmetric organism and motor system, one must have a balanced and bisymmetric nervous system. Likewise, to have effective goal directed movement, the brain must integrate the sensory-motor loop with other brain functions that help motivate and direct movement as well as provide fuel and oxygen for that movement. The more goal directed the movement, the more integration is required, and the greater the requirement for stimulus processing to support the increasing size of the nervous system which is devoted primarily to sensory-motor functions. Any deviation from bisymmetry of the motor system results in an imbalance that may result in improper integration of brain function and over time creates an ever-increasing imbalance.
It has been shown that an increase in arousal or activation of one hemisphere (usually contributed by the stimulus) is typically accompanied by an inhibition of arousal in the opposite hemisphere, mediated at least partly by reciprocal inhibitory connections through the brainstem [96]. Recent literature also states that when one hemisphere is maintained at a high level of arousal for an extended period, the result is an activation imbalance and the underutilized hemisphere becomes refractory [96]. At the spinal cord level, especially in midline spinal muscles, increased activation, or tone, over one side will be associated with the inhibition of contralateral muscles, which will alter feedback through the cerebellum and thalamus to the cerebrum resulting in an imbalance of activation of these structures. In the periphery, the balance of muscle tone can be imbalanced not only from left to right but also in the anterior and posterior direction. In the motor system, the midline postural muscles of the spine and the ocular-motor muscles are primarily controlled reflexively by the medial zone of the cerebellum or spino-cerebellum. This process is mediated by the vestibular nuclei and the fastigial nuclei. These muscles have both decussating and non-decussating controlling efferent pathways so that there exists bilateral innervation or control. In normal situations therefore, these muscles should be equally balanced. However, activation of muscles on one side is usually coupled with inhibition of antagonist muscles on the other side. Decreased activation of the spino-cerebellum will normally result in decreased activation and coordination of the spinal and ocular-motor musculature.
Learning-disabled children quite often are seen to have poor postural tone, and ocular-deficiencies especially saccadic hyper- or hypo-metria [21]. In infants, delays in the ability to roll over, head lift, and crawl may be a result of midline postural muscle tone deficiencies or hypotonia. In older children, the spinal muscles must be able to react as shunt stabilizers that are needed to create a stable base before spurt muscle activity of the extremities, therefore apparent weakness of extremity muscles may be due to failure of the spinal muscles to provide stability for extremity movement. Persistent tonic neck reflexes that have been noted in hyperactive and learning disabled children may be due to decreased activation of the cerebellum. Poor spinal muscle tone may lead to early fatigue of these muscles and may result in muscle pain, neck pain, and headaches in children. These children are also known to often sit in unusual postures, shift position, and may this be the cause of fidgety behavior. In an effort to compensate for their instability, they may hook their legs in their chairs. 
In the extremities, muscles are innervated in an anterior and posterior distribution. This distribution of anterior compartment and posterior compartment control becomes reversed in the lower extremities during embryologic development so that in the upper extremities the anterior compartment muscles are neurologically the same as the posterior compartment muscles in the lower extremity. Voluntary motor activity is continually controlled contralaterally by the corticospinal and rubrospinal tracts. Muscle tone is regulated ipsilaterally by the reticulospinal tract and this regulation involves all muscles ipsilaterally, which includes midline spinal or postural muscles as well as anterior and posterior compartment muscles. However, the reticulospinal tract also controls the normal balance of muscles so that anterior muscles of the upper extremity and posterior muscles of lower extremity are slightly less activated or more inhibited in relationship to their antagonist muscles. This ipsilateral increase of muscle tone as well as balance of activation of anterior and posterior compartment balance is thought to be a phylogenetic development in humans, which promotes an upright bipedal posture.
Reticulospinal output is under the direct control of descending neocortical activation especially frontal lobe output. Therefore, asymmetric activation of the neocortex may result in an imbalance of global motor tone as well as an imbalance of anterior and posterior compartment muscle activation and inhibition. In the spinal or postural muscles and ocular-motor muscles, this may result in an imbalance and in severe cases in spinal muscles this may result in a scoliosis or curvature of the spine. It may also result in a chronic head tilt to one side. In ocular-motor muscles, it may promote a stabismus or lazy eye that can be aggravated by a chronic head tilt. Subjective clinical reports often indicate that both strabismus and scoliosis are coincident, possibly a result of asymmetric hemispheric or neocortical activation or arousal. Both conditions are often associated with a history of learning disability [15]. In the extremities, this may result in a fixed arm or leg on the side of decreased cortical activation or arousal. This results in antagonist muscle weakness as well as decreased arm or leg swing on the side of decreased cortical activation. This condition may also resemble or can be a form of hemi-motor neglect ipsilaterally.
Motor distribution and development appear to also be asymmetrically distributed in the cortex as observed by handedness. The left hemisphere appears to favor fine manual movements, and favors control of distal muscles whereas the right appears to be superior for control of proximal limb muscles and trunk musculature [122]. The outflow of the intermediate regions of the cerebellum is directed to muscles involved with the distal portion of the limbs. The lateral region of the cerebellum is directed at areas of the cortex and basal ganglia that are involved with planning and animation of movement. There is thought to be an especially close relationship between the output nuclei of the lateral cerebellum, the dentate nuclei, and the premotor and supplementary cortices, which are directly implicated in the organization, planning, and modification of motor activities [123]. 
Basal ganglia dysfunction results in movement disorders of which we have described two types, hyperkinetic and hypokinetic. Hyperkinetic disorders present with increased motor activity and tone. Hyperactivity in children is often referred to as childhood hyperkinetic disorder. Hypokinetic dysfunction is often seen as slowness of movement or hypotonia. Frontal lobe motor dyspraxia dysfunction is seen in paratonia, and neurological examination of hyperactive children suggests that they experience more difficulties with coordination and more overflow movements than in control children (124). Studies that used various tests of motor coordination, such as balancing, gesturing, copying, writing, maze tracing, and pursuit tracking reported more difficulties on the part hyperactive children [124]. 
It has also been noted that a conceptual model linking performance and hyperactivity requires the consideration of factors related to energy supply. It has been suggested that motor adjustment is optimized by preparatory processes. However, preparatory processes could only be effectively maintained for short period requiring energy resources of alertness or activation. One hypothesis for this is that a low event rate, which causes a longer foreperiod, taxes activation and therefore hyperactive children cannot maintain the activation and the preparatory processes necessary. In contrast, it is postulated that a high event rate, which has a shorter foreperiod, puts less demand on activation and therefore the preparatory processes remain optimized [125]. This may explain why in a high event rate condition, hyperactive children perform as well as controlled children [126]. It has been suggested therefore that hyperactive children are primarily defective in energy resources, and a motor deficit is a secondary consequence [125]. 
These results may be interpreted in the context of cerebral asymmetry. The right hemisphere is favored for low temporal frequency movement therefore decreased activation or arousal of the right hemisphere would result in a low event rate deficit and fatigability, whereas the left hemisphere which favors high temporal frequency movements would perform at normal levels. Barkley [127] interpreted performance impairments in complex motor coordination tasks, such as copying designs, writing, maze tracing, and pursuit tracking, as indicative of a motor-control deficit, which, he suggested, was a link to a more central deficit in behavioral inhibition. Behavioral inhibition has been recognized as a core deficit associated with hyperactivity [127]. 
Much has been written about the role of the basal ganglia in motor and cognitive functions (cf. 1). Five frontal-subcortical pathways connect areas of the frontal lobe (supplementary motor area, frontal eye fields, and the dorsolateral prefrontal, orbito-frontal, and anterior cingulate cortices) with the striatum, globus pallidus and thalamus in functional systems, that mediate volitional motor activity, saccadic eye movements, executive functions, social behavior, and motivation [128]. It has been suggested that normal basal ganglia function comes from a proper balance between direct and indirect striatal output pathways, and therefore abnormal imbalance or differential involvement of these pathways can result in hyperkinesia or hypokinesia of the type seen in basal ganglia disorders [129]. 
Regarding motor activity and hemispheric asymmetry, it has been shown that the right hemisphere has a somatotopic representation for sensory input for both right and left sides of the body, as well as an attention control function for both sides of space. The left hemisphere, however, is thought to have a similar pattern for the control of motor activity and intention. Whereas the right hemisphere controls motor activity and intention for only the contralateral side of the body, the left hemisphere appears to have control over the right (contralateral) and left (ipsilateral) side of the body for motor activity and intention. This was seen as early as 1905 when Liepmann [130] reviewed results of 89 patients tested for signs of apraxia with unilateral hemiplegia. He found that right brain-injured patients had normal right hand function while their left hand was paralyzed, approximately half of the left brain-damaged patients showed signs of severe apraxia or dyspraxia when trying to function with their left hands while their right hands were paralyzed. The conclusion was that an intact left hemisphere was not only necessary for normal function of right-sided movements, but it was also important for the normal function of intentional actions on the left side. It appeared that the left hemisphere played an executive role in voluntary motor function for the entire body both left and right side [130]. 
Interestingly dopamine, which is thought to regulate movement and is intimately involved with mood and motivation, is asymmetrically distributed favoring the left hemisphere. Decreased dopamine activity has been implicated in attention deficit hyperactive disorder as well as a number of basal ganglia disorders including both hyperkinetic and hypokinetic. Dopaminergic brain innervation arises from neurons located in the mesencephalon forming two subsystems. In the cortex, there is extensive dopamine innervation in the prefrontal, premotor, and motor areas and a relatively sparse innervation in posterior regions. It appears that in general there is a preferential innervation in motor versus sensory cortices and association areas versus primary sensory areas. Therefore, it is assumed that dopamine is involved in higher integrative cerebral functions and in the regulation of cortical output activity especially in motor control [131] with conclusions based on anatomic studies and confirmed by findings from lesion and pharmacological studies. These studies show that the integrity of dopaminergic pathways is crucial for the selection and operation of appropriate motor responses and for the coordination of motor with sensory input. 
Volkow and colleagues [132] studied brain scans of 30 healthy males and females spanning many adult ages. The brain scans measure dopamine, which they think regulates human behavior including movement, working memory, and the experience of pleasure and reward. They found a direct relationship between depleted stores of dopamine and a decline on tests that measure motor and cognitive abilities. In another study Glick, Ross and Hough [133] examined neurotransmitter concentrations in the left and right sides of various brain regions collected in postmortem studies of 14 normal human subjects. Results showed that dopamine content is significantly higher in the left globus pallidus than in the right globus pallidus. Wittling [131] states, "Neurotransmitters such as dopamine, being more intimately involved in the control of motor behavior and higher integrative functions, obviously favor the left side of the human brain, whose leading role in the control of these functions is undisputed.”
Recent studies have described the first direct evidence that dopamine triggers the major symptoms of schizophrenia, including psychosis. Nora Volkow (cf. [134]) was quoted as saying “schizophrenia is caused by a very significant disruption of the dopamine system." The area of the brain thought to be targeted by the disease is the striatum, which is rich in dopamine. In schizophrenic patients, findings in visual half-field tasks seem to provide evidence of a left hemisphere dysfunction. Abnormalities in dopaminergic neurotransmission have been implicated in a number of neurologic and psychiatric disorders including schizophrenia, attention deficit hyperactivity disorder (ADHD), Tourette’s syndrome (TS), autism, alcoholism, drug addiction, and Parkinson's disease [1, 128]. In each of the different conditions, it has been noted that a large percentage of individuals have motor difficulty. 
Ayers [56] noted that learning disabled, autistic, and children with ADHD had motor problems as a prominent feature. She thought that this was primarily a result of poor sensory integration especially from the inner ear vestibular system; this is probably because the majority of motor symptoms could best be described as cerebellar symptoms. Ayers referred to this problem as developmental dyspraxia and she is quoted as saying, "Developmental dyspraxia is one of the most common manifestations of sensory integrative dysfunction in children with learning disorders or minimal brain dysfunction." Ayers discussed five aspects of movements and movement disorders that were disrupted in learning disabled children: 1) smooth control of movement such as picking up a pin, 2) postural reactions such as rolling over or balancing on one foot, 3) patterns of movement that are programmed into the central nervous system (e.g. crawling or walking, 4) specific motor skills, (e.g. writing the alphabet), and 5) motor planning. Ayers felt that developmental dyspraxia is a brain dysfunction that decreases the organization of tactile, vestibular, and proprioceptive sensations and interferes with motor planning. Motor planning is primarily performed by the cerebellum in connection with the frontal lobe. The cerebellum is also the brain region that processes tactile, vestibular, and proprioceptive sensations. Children with autism, ADHD, and patients with schizophrenia have all been shown to have structural changes and atrophy of the cerebellum [135]. Some of these patients have been shown to have smaller areas of the cerebellum, basal ganglia, and frontal lobes than those not affected. 
A subset of autism is PDD, pervasive developmental disorder. Autism is characterized by an inability of relating to other people. The autistic child is often described as being in its own world. Speech or communications is often limited and, if they learn to speak, it has been noted that their speech lacks prosody, or intonation. In addition, autistic children may have emotional problems; sometimes they may show too much emotion and other times there appears to be no emotion at all. It is estimated that autism is a disorder of the brain and behavior that affects 5 out of 10,000 children (3). Autistic children appear healthy but may stare into space for hours, throw tantrums, show no interest in people, and perform perseverative or repetitive activities, like head banging, they may also have their attention drawn to small details and they may have difficulty inhibiting or stopping their actions.
Recently it has been reported that autistic children have subtle abnormalities in body movements or motor activity that can allow diagnosis as early as three months of age. Teitelbaum and colleagues [136] described their findings obtained by examining videotapes of babies that were later diagnosed with autism. The infants apparently showed specific motor deficiencies, which included difficulty rolling over, sitting up, crawling, and walking. It is thought that examining motor symptoms may also help diagnose other developmental disorders like, schizophrenia or attention deficit disorder. Teitebaum's work is important because it reflects a reality about autism that has been missed. We tend to think that it is a problem with the mind. Now that we are really beginning to see how the brain works we know that the mind is embodied. Body is part of the mind and there's no way to separate. Teitebaum, in the same article, commented that he got the idea of looking at autism as a movement disorder partly because of his work with brain damaged organisms. As they recover, he said, they go through predictable stages that reflect fundamental aspects of brain organization. Because human babies also pass through predictable stages of development, he theorized that deficits in the brain might show up in early movements. He notes that none of the autistic babies learned to roll over as normal children did. In addition, unlike normal infants who usually learn to sit up at 6 months, autistic infants fall over easily falling to one side "like a log" and failing to break their falls with their hands. Abnormalities are also seen in crawling and every autistic child shows some degree of asymmetry in walking. 
In infants, it is known that the cortex is not completely developed, especially the frontal and prefrontal lobes, which are thought to assist in the control of motor planning. In infancy, the control of movement is centered at the subcortical level, especially in the cerebellum (1). The cerebellum receives information from the motor system, the spino-cerebellum, or vermis. The lateral cerebellum is thought to be involved with higher cognitive function and is especially connected to the prefrontal cortex. The lateral cerebellum, or cerebro-cerebellum, receives most of its input from the cerebrum. Therefore, examining the cerebellum may give us an idea as to which problem is the primary. If the vermis shows an abnormality, lack of development, or atrophy, it is more likely that the motor system is at fault and the developmental lag starts with failure of development of the vermis or its presynaptic connections. If the vermis alone is smaller, then we can think that the problem arose principally after the development of the lateral cerebellum, but initiated by a dysfunction of the motor system. If the lateral cerebellum is affected, then either it can be the result of an intrinsic problem, or an inadequacy of stimulation from the frontal lobe to the lateral cerebellum.
In regard to ADHD, imaging studies over the past decade have indicated which brain regions might malfunction in patients with the condition and that may account for the symptoms. This work suggests that involvement includes the prefrontal cortex, part of the cerebellum, and areas of the basal ganglia. In a study in 1996, Castellanos and his colleagues (12) found that the right prefrontal cortex, the caudate nucleus, and globus pallidus are significantly smaller in children with ADHD. Castellanos' group also found that the vermis region of the cerebellum is smaller in ADHD children. Patients with schizophrenia and autism have also shown structural changes of the cerebellum [137]. It has been noted that several arguments support the cerebellum as a site of pathological or abnormal function in schizophrenia. Traditional neuroscience however, still considers the cerebellum exclusively associated with control of motor and ocular-motor functions. This is thought to arise from research on human cerebellar function on patients with cerebellar lesions where motor and ocular-motor signs are the most pronounced clinical finding [138]. Previously motor and ocular-motor abnormalities known to be present in schizophrenia have been ascribed to basal ganglia, limbic and neocortical dysfunction [138]. Blueler in 1911 [139] noted gait abnormalities in schizophrenia patients. He especially noted the irregular space and timing of their steps. Another unpublished study observed 16 schizophrenic patients at psychiatric University Hospital Zurich appear to show movement abnormalities. It was postulated that the clinical pattern of these patients may correlate to Blueler's observations and that these clinical findings may be blamed on a dysfunction of the anterior vermis of the cerebellum. 
Various visual-motor abnormalities especially of saccadic and smooth pursuit eye movements have been noted in schizophrenia, and an increase of dysmetric, mostly hypometric, saccades are a consistent finding in schizophrenia [14]. Saccadic dysmetria is thought to be characteristic of lesions in the dorsal cerebellar vermis; hypermetric saccades are thought to result when lesions involve larger areas of the dorsal vermis and fastigial nucleus. A postmortem study [141] showed that an abnormally small anterior cerebellar vermis was significantly more frequent in brains of schizophrenics as compared to normal controls. Furthermore, the cerebellar cortices showed Purkinje cell losses of different degrees and thinning of the granular and molecular layers of the cerebellar vermis. 
In regard to non-motor control, the same dependence on sensory input probably exists. Neuroanatomic and electrophysiologic studies show that the cerebellum is part of a neural system that includes the thalamus, basal ganglia, and frontal lobes [46]. Ascending projections from the cerebellum to the hippocampus-amygdaloid complex arise primarily from the fastigial nucleus, are bilaterally arranged, and are mono- and polysynaptic (cf. 1). It is thought that it is through the polysynaptic connections that the projections reach the limbic system via the ventral tegmental area (AlO) of the mesencephalon (cf. 1). The paleo-cerebellum-limbic projections, which are the pathways from the anterior vermis and fastigial nucleus to several areas of the limbic system, have been shown to modulate sensory input to the hippocampus (cf. 1) and also shorten or stop seizure discharge produced by electrical stimulation of the amygdala and hippocampus (1). It has been shown that this is a bilateral descending hippocampal-cerebellar projection system ending mostly in the vermian portions of the cerebellum (1). Purkinje cells project from the cerebellar cortex by GABA and inhibit neurons of the deep cerebellar nuclei of the cerebellum (1). According to studies on intra-nuclear collateral neurons of the deep nuclei, these neurons most likely use glutamate as a transmitter and mediate excitation of mesencephalic dopaminergic neurons (1), thereby increasing mesolimbic and mesocortical activity. In addition, noradrenergic and serotonergic projections as well as cholinergic pathways from the fastigial nucleus to the septal region may mediate non-motor functions of the cerebellum [138].
It has been shown that the dopamine D3 receptor is expressed not only in limbic structures but also has been noted in Purkinje cells of the cerebellar lobules IX and X (archi-cerebellum) in rat brain. It is therefore thought that the same neuronal substrates may be involved in motor control as well as in cognition and emotion.
In studies using PET scans of 25 hyperactive adults compared to a control group Zametkin and Ernst [142] found that there was less overall activity in the brains of hyperactive adults, especially in the premotor cortex and superior prefrontal cortex. The frontal lobes regulate goal directed behaviors, a hierarchy of reflexive movements, cross-temporal contingencies, approach and avoidance behaviors, response inhibition, and perseverations [79]. Furthermore, the prefrontal cortices regulate goal-accomplishing movements [50]. Along with the basal ganglia and cerebellum, these structures regulate primary motor output [79]. 
The goal directed movements regulated by the prefrontal cortex are complex and have multiple sequences. Luria suggested that following frontal lobe damage, subordinate reflexes are no longer integrated seamlessly into goal directed movements [50]. Frontal damage or dysfunction produces two characteristic defects. First patients with frontal damage may have difficulty initiating movements without guidance of explicit stimuli. Clinically these patients are passive and apathetic, reminiscent of children with autism or depression. Second, these patients may have difficulties inhibiting responses to stimuli. Clinically they are distractible and react randomly to environmental stimuli. This is more typical with children with ADHD. Many patients with frontal damage show features of both kinds of deficits [77]. They do not know when to move or when not to move [79]. The difference is that the primary symptom probably lies in an asymmetric dysfunction of the prefrontal region. Autistic children for example are thought to have left brain deficits, which normally produce approach behavior, therefore with decreased activation avoidance behaviors are exhibited. This would be seen as a lack of ability to appropriately perform intentioned movement, disability in initiating movement or of approach movement. Children with right brain deficits show decrease in avoidance behavior, which is typical of right frontal lobe involvement. This decrease in effective avoidance movement translates to increased approach movements, typical of a hyperactive child. 
The right brain also governs attention, and with deficits in response inhibition, the child's ability to focus attention will likewise be deficient with an oftentimes seen consequence of perseverative or repetitive movements, all typical of right brain deficits. Right-brain involved children will demonstrate increased levels of approach movements and repetition that they find difficult to stop, whereas with the intention- governing, left-brain, those children with primary activation impairment in this hemisphere we observe lack of initiative, motivation, or effective intentional movements. Depression, shyness, and lack of initiative or motivation are typical of left-brain decrease in activation or arousal. Increase activation or arousal on one side or the other produces the exact opposite reaction in each hemisphere. 
What seems to be demonstrated is an imbalance in the complimentarity of the right an left hemispheres as well between the frontal and parietal lobes of the same hemisphere and attendant subcortical structures. For instance, increase firing of the basal ganglia and thalamus activating one hemisphere will produce hyperkinetic movements and increased activation of that hemisphere. Decreased basal ganglia and thalamic firing may produce hypokinetic movement and decreased firing of frontal areas on that side. Depending on whether the decrease or increase is right or left frontal will determine whether the child exhibits increase avoidance or approach movements. Again, the frontal lobe controls goal directed movement and behavior.
An individual’s approach to environmental stimuli is an important aspect of goal-directed behaviors. Dense interconnections between prefrontal cortices and somatosensory, visual, and auditory cortices provide the neural substrate for integration of and sensations [143]. Based on monkey studies, it has been postulated that inhibitory interactions between parietal and frontal cortices mediate the approach to and avoidance of stimuli (cf. 1). Therefore, it is thought that individuals can choose to approach or avoid environmental stimulation by modulating parietal and frontal lobe activity [79]. An important study of patients with frontal lobe disease by Beversdorf & Heilman [144] compared motor dysfunction to cognitive dysfunction using standard tests of frontal lobe cognitive function. This study compared the motor and non-motor functions of the frontal lobe to see if there was a correlation between the two. In the past the motor and non-motor function of the frontal lobe were considered separate and therefore did not relate directly to one another. This study suggests that there is a direct and equal relationship between motor and non-motor deficits of the frontal lobe. Therefore, the degree of cognitive or behavioral dysfunction correlates directly to an individual’s motor dysfunction. Therefore, it is postulated that in patients with diffuse prefrontal dysfunction, the inability to inhibit simple movements to simple external stimuli may correlate with the inability to inhibit complex social behaviors in response to complex internal stimuli. If this correlation is accurate, then a motor dysfunction could result in cognitive and emotional dysfunction and vice versa. This also has powerful therapeutic implications because it should follow that improved sensory-motor function should result in improved cognitive and behavioral function of the frontal lobe.


Discussion

There exists a specific group of children who exhibit noticeable deficiencies performing tasks that require semantic-linguistic or visuo-spatial skills or both. Characteristics of children with developmental learning disabilities have been well documented over the last few decades and have often been compared to adult patients with known brain lesions [41]. It has also been noted that in general these learning disabilities do not respond to classroom education remediation. It has further been hypothesized that these disabilities may be related to a neurodevelopment process primarily affecting the left hemisphere [41].
Laterality hypotheses have been promoted mostly based on studies of infants, children, and adults with known lesion sites. Developmental dysfunction of the same brain areas as seen in acquired disorders, may be the basis of learning disabilities [33, 34]. It is generally accepted that individuals with learning disabilities demonstrate abnormal cerebral organization, which includes abnormal or weak patterns of hemispheric specialization [37, 38, 121]. It has been shown that learning disabled children exhibit decreased performance on a number of tests thought to measure perceptual laterality, and it has been shown that weak laterality has been found across several modalities including auditory, visual, and tactile as well as two combined modalities such as verbal-manual tasks. It has been proposed that these children exhibit abnormal cerebral organization [34, 37].
The basic assumption is that abnormal structural development of the central nervous system, developed prenatally or during early postnatal development, causes abnormal cerebral organization and associated functional specialization that is necessary for lateralized processing of language and non-language information. It is thought that cortical and subcortical dysfunction develops from abnormal patterns of activation or arousal [34], inter- and intra-hemispheric transmission deficits, or inadequate resource allocation. Decreased or abnormal patterns of activation or arousal will result in a delay or dysfunction of cerebral structure and function that will result in a number of functional problems that contribute to learning disability. It is important to understand the nature of functional disconnection not only to better understand autism spectrum disorder, but to also be able to comprehend how disconnectivities between brain regions informs our understanding of conscious experience.
It is not known which portions of the brain are responsible for cognition and consciousness; what little is known points to substantial interconnections among the brainstem, subcortical structures and the neocortex. Thus, the 'higher brain' may well exist only as a metaphorical concept, not in reality. We have also seen that the role of cortex is (1) interface between the world/body and the conscious self; (2) integration of sensory input & motor output. Functional disconnectivities then represent the behavioral traits observed and reconnectivites may be engineered. The cortical integrating mechanism implicates the temporal-parietal junction (TPJ). 
We know that the core region of vestibular cortex is situated at the TPJ including the posterior insula the implication is that the TPJ and cortical areas along the intraparietal sulcus combines information from tactile, proprioceptive, and visual input in coordinated reference frames. The TPJ allows for the perception of the entire body and its parts, biological motion, mental body self-imagery proving the TPJ’s role in multisensory perception. This view that the TPJ is responsible of a large degree of functional connectivity has been confirmed by numerous studies represented in figure 5.
Providing a basis for organized connectivities being responsible for adequacy of function and that disorders of those networks can be responsible for defects in conscious experience exemplified, in our case, by autism, we can provide a gedanken experiment on the so called Sprague Effect. [145]. The complete removal of posterior visual areas of a hemisphere in the cat (parietal areas too) renders the animal profoundly and permanently unresponsive to visual stimuli in the half of space contralateral to the cortical tissue removal. The cat is blind in the same way as would a human with radical damage to the geniculostriatal system. If one were then inflict additional damage on such a severely impaired animal at midbrain level, then the ability of the cat to orient and localize stimuli in the formerly blind field would be restored. This would be accomplished by removing the contralateral superior colliculus or by severing fibres in the central portion of the collicular commissure. Adding damage in the brainstem to the cortical damage “cures” a behavioural effect of massive cortical damage. The Sprague Effect is a consequence of secondary effects generated at the brainstem level by unilateral cortical removal. The damage deprives the ipsilateral superior colliculus of its normal cortical input. Damage unbalances collicular function via indirect projection pathways, those chiefly from the substantia nigra to the colliculus, which crosses the midline in a narrow central portion of the collicular commissure. The “restorative” interventions partially correct this imbalance, allowing the collicular mechanism to resume at least part of its normal functional contribution to behaviour, with partial restoration of vision as a result. 
The disorganization of brain function can be viewed in the context of functional disconectivity which, when viewed in a more global form leads us to a better understanding of the nature of human consciousness in the context of interregional communicative ability within he brain and nervous system.
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