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M
any researchers no longer look at inattention and neurobehavioral disorders as discrete separate conditions, but rather as a spectrum of disorders. They are more frequently being viewed as related clusters, spectrum, or dimensional groupings of slightly varying dysfunctions of a related functional system. Examples include Schizophrenic Spectrum Disorder,1 Compulsive-Impulsive Spectrum Disorders,2 autistic spectrum disorder,3 and depressive spectrum disorders.4
Attention Deficit Disorder (ADD) and Attention Deficit Hyperactivity Disorder (ADHD)

Tannock and Schachar5 note, “that there is a growing consensus that the fundamental problems in (ADHD) are in self-regulation and that ADHD is better conceptualized as an impairment of higher-order cognitive processing known as (executive function).”

Castellnnos6 also note that “unifying abstraction that currently best encompasses the faculties principally affected in ADHD has been termed executive function (EF) which is an evolving concept. ...There is no impressive empirical support for its importance in ADHD.” What is clear in the literature is that the main functions that are affected have been termed executive functions and it is known that executive functions seem to primarily reside in the frontal lobes. In fact, ADD is considered a name for a spectrum of deficits of cognitive executive functions that may respond to similar treatments and are often comorbid with a wide variety of psychiatric disorders, many of which may also be spectrum disorders.

According to Brown7 this view of ADD as a cluster of attentiona1/executive impairments that appear and may persist with or without psychiatric comorbidity is consistent with Seidman’s findings from neuropsychological testing of children and adults with ADD.8-12
Hudziak and Todd13 also noted that the rates of comorbidity in children for ADHD and ODD was 35 percent, CD was 50 percent, mood disorders 15-75 percent, anxiety disorder 25 percent, and learning disabilities 10-92 percent. It has also been noted that individuals with ADD have a significantly increased probability of having increasingly additional psychiatric disorders.14,15
Learning Disabilities

Although the relationship between learning disabilities and ADD is not well understood, there are nonetheless significant resources that show significant elevation of specific learning disorders such as reading disorder, math disorder, and disorders of written expression in individuals who are diagnosed with ADD.16
Obsessive-Compulsive Disorder (OCD)
Numerous authors have noted varying degrees of overlap between OCD and ADHD. Percentage overlaps range from 6 percent17 to 32 percent and 33 percent18,19  respectively.

Tourette's Syndrome

Most developmental studies examining Tourette’s syndrome and its comorbidity with ADHD demonstrate that between 25 and 85 percent of Tourette’s syndrome probands have comorbid ADHD or ADD.20-26 Another interesting finding is that in Tourette’s syndrome, as the severity of symptoms increases, the frequency of comorbid ADD also increases. It has also been noted that the combined prevalence of Tourette’s syndrome in males was 1 in 1,400 and that of males with Tourette’s syndrome 27 percent had ADHD, 27 percent had sleep disorders, 17 percent had conduct disorders, 7 percent had obsessive-compulsive disorder, 27 percent had repeated a grade, and 24 percent had learning disorder.27 Our experience leads us to believe that the first signs of Tourette’s syndrome are not necessarily found in vocal tics, but rather in the symptoms of ADHD.

Pervasive Developmental Disorder (PDD)

It has been noted that there also is a relationship between ADD and severe autistic and/or schizophrenic spectrum disorders.28 Luteijn et al. examined differences and similarities between social behavior problems in children with problems classified as pervasive developmental disorder not otherwise specified (PDD-NOS) and a group of children with problems classified as ADHD, as measured by parent questionnaires. In comparing the PDD-NOS group and the ADHD group, the results demonstrated that both groups have severe problems in executing appropriate social behavior. The two groups could be distinguished only by the nature and the extent of these problems. Roeyers et al.29 also investigated early clinical differences between children with a diagnosis of PDD-NOS and children with ADHD. A differential diagnosis between the two disorders is often difficult in infancy or early childhood. Twenty-seven children with PDD-NOS were matched with 27 children with ADHD as to IQ and chronological age. Their parents were retrospectively questioned on pre-, peri-, and postnatal complications and on atypical or delayed development of the children between birth and 4 years of age. This exploratory study revealed almost no differences between both groups with respect to pregnancy or birth complications.

Autism/ Asperger's Syndrome

The similarities between the symptoms and autistic spectrum disorders are actually significant when one looks at the symptoms associated with ADHD. In fact, when we examine them, they seem almost identical. It has been noted that autistic individuals maybe hyperactive, but that they also present with executive dysfunction in attention, impulsivity, and distractibility. It has also been noted that there is a similarity between autistic disorder and Asperger’s syndrome and that Asperger’s syndrome goes under many different types of names, e.g. semantic-pragmatic disorder, right hemisphere learning disability, nonverbal learning disability, and schizoid disorder.

Much of this confusion has come about by the way we diagnose these problems. We would like to believe that there is a laboratory test or an objective test somewhere that confirms the diagnosis of ADHD, OCD, or Tourette’s; but in fact, the diagnosis is purely subjective. There are no consistent anatomic or physical markers for these conditions. Most often, these disorders are diagnosed by a professional sitting down with a parent or teacher and reading to them a list of symptoms and checking off if the parent or teacher believes that the child manifests the relevant symptoms. However, even this process is not as clear-cut as it sounds. The list of symptoms is extremely vague and many of these conditions are hard if not impossible to distinguish.

One problem, according to Linda Lotspeich, Director of the Stanford Pervasive Developmental Disorders Clinic, 30 is that the rules in the DSM-IV do not work. “The diagnostic criteria are subjective, like marked impairment in the use of nonverbal behaviors such as eye-to-eye gaze, facial expression, body posture, and gestures to regulate social interaction.” “How much ‘eye-to-eye gaze’ do you have to have to be normal?” asks Lotspeich. “How do you define what ‘marked’ is in shades of gray, when does black become white?” What is happening is that a group of symptoms is being called a disorder and if we add or subtract a few symptoms or make a few more severe, then it is called a different condition or syndrome. However, when we look at the areas of the brain involved in all of these conditions, and the neurotransmitter systems involved, they are all basically the same. Therefore, in reality, these are all possibly the same problem along a spectrum of severity. The most common of all comorbidities is OCD, developmental coordination disorder or more simply put “clumsiness” or motor incoordination. In fact, practically all children in this spectrum have some degree of motor incoordination. The type of incoordination is also usually the same. It involves primarily the muscles that control gait and posture or gross motor activity. Sometimes to a lesser degree, we find fine motor coordination also affected. Although it has been fairly well known that attention deficit disorders are comorbid with psychiatric disorders such as the ones described above, what is less known and what is more significant is the association between ADD and motor controlled dysfunction (clumsiness) or what has been termed as developmental coordination disorder.31 In the past, motor clumsiness or OCD have not been looked at as being psychiatric in nature, but rather being neurological and falling more under the realm of the pediatric neurologist. Motor control problems were first noted in what was then called the minimal brain dysfunction syndromes or MBD. Minimal Brain dysfunction was the term denoting children who had normal intelligence, but who had comorbidity of attention deficit and motor dysfunction or “soft” neurological signs. Several studies by Denckla and others,32-38 have shown that comorbidity exists between ADHD and OCD, dyscoordination or motor perceptual dysfunction. Several Swedish studies have shown that 50 percent of children with ADHD also had OCD.39 

In a Dutch study,40 15 percent of school age children were judged to have mild minor neural developmental deviations and another 6 percent demonstrated severe neural developmental deviations (occurring in boys twice as often as in girls). Minor developmental deviations were noted to consist of dyscoordination, fine motor deviations, choreiform movements, and abnormalities of muscle tone. Researches that have dealt with these minor neural developmental deviations tend to look at motor dysfunction as a sign of neurological disorder that may be associated with other problems such as language and perception dysfunction. Motor dyscoordination has also been noted as a significant sign in autistic spectrum disorders and in Asperger’s syndrome. In fact, it has been speculated that the type of motor incoordination might be able to differentiate high functioning autistic HSA individuals from Asperger’s syndrome individuals.41,42 In Asperger s syndrome, it has been noted that individual's have significant degrees of motor incoordination. In fact, in Wing's original paper, she noted that the 34 cases that she had diagnosed based on Asperger’s description, “90 percent were poor at games involving motor skill, and sometimes the executive problems affect their ability to write or draw.”

Although, gross motor skills are most frequently affected, fine motor and specifically graphomotor skills were sometimes considered significant in Asperger’s syndrome.43 Wing44,45 noted that posture, gait, and gesture incoordination was most often seen in Asperger’s syndrome and that children with classic autism seem not to have the same degree of balance and gross motor skill deficits. However, it was also noted that the agility and gross motor skills in children with autism seem to decrease as they get older and may eventually present in similar or at the same level as Asperger’s syndrome. Gillberg46 reported clumsiness to be almost universal among children that she had examined for Asperger’s syndrome. The other symptoms she noted that were associated with Asperger’s syndrome consisted of severe impairment and social interaction difficulties, preoccupation with a topic, reliance on routines, pedantic language, comprehension, and dysfunction of nonverbal communication. In subsequent work, Gillberg included clumsiness as an essential diagnostic feature of Asperger’s syndrome.47-49 Tantam50 noted that 91 percent of the Asperger’s individuals in his study were deemed clumsy and he reported that the most significant difference between Asperger’s and non-Asperger’s individuals was that ball catching was significantly poor in Asperger’s individuals. Kline et al51 noted that a significantly higher percentage of Asperger’s rather than non-Asperger’s autistic individuals showed deficits in both fine and gross motor skills either relative to norms or by clinical judgment. They further noted that all 21 Asperger’s cases showed gross motor skill deficits, but 19 of these also had impairment in manual dexterity which seem to suggest that poor coordination was a general characteristic of Asperger’s. With studies like this, many researchers have looked at fine motor coordinative skills as being disrupted as a general feature of autistic spectrum disorders. However, when we examine the condition from a hemispheric perspective, we find gross motor skill dysfunctions are more typical of right hemisphere involvement, whereas fine motor skill dysfunctions are more typical of left hemisphere involvement. We have demonstrated that both classic autism and Asperger’s syndrome are associated with right hemisphere deficits, and thereby, would be expected to show a greater involvement of gross motor skill deficits. It might seem somewhat confusing initially when fine motor skills seem to be disrupted at almost equal levels. According to a neuropsychological model, this type of weakness would be more indicative of a left hemisphere deficit. However, when examining the literature closely, it has been noted that manual dexterity is less effective for high functioning autistics than for Asperger’s, but only for the nondominant hand.51 This suggests a lateralized difference. This would show that although fine motor coordinative skill is decreased, it is decreased in the left hand more specifically, which is associated with right hemisphere function. This is consistent with a hemispheric imbalance model and specifically a right hemisphericity.

Manjiviona and Prior52 noted that 50 percent of autistics and 67 percent of their Asperger’s group presented with significant motor impairment as defined by norms on a test of motor impairment. However, the two autistic subgroups did not differ significantly. Szatmari et al53 also noted that autistic groups did not differ from Asperger’s groups with respect to dominant hand speeds on type boards although both were slower than psychiatric controls. Vilensky and associates54 analyzed the gait pattern of a group of children with autism. They used film records and identified gait abnormalities in these children that were not observed in a controlled group of normally developing children or in small groups of “hyperactive/aggressive children.” Reported abnormalities were noted to be similar to those associated with Parkinson’s.

Hallet et al55 assessed the gait of five high functioning adults with autism compared with age matched normal controls. Using a computer assisted video kinematic technique, they found that gait was atypical in these individuals. The authors noted that the overall clinical findings were consistent with a cerebellar rather than a basal ganglionic dysfunction.

Kohen-Raz et al56 noted that postural control of children with autism differs from that of matched mentally handicapped and normally developing children and from adults with vestibular pathology. These objective measures were obtained using a computerized posturographic technique. It has been also noted that the pattern of atypical postures in children with autism is more consistent with a mesocortical or cerebellar rather than vestibular pathology. Numerous investigators57 have shown independently empirical evidence that basic disturbances of the motor systems of individuals with autism are especially involved in postural and lower limb motor control.

The Dopamine Connection

Neural substrates, which may be especially important in executive function, working memory, and ADD, are those of the nigrostriatal structures. Crinella et al58 reported findings from organism studies suggesting that nigrostriatal structures contribute essential, superordinate control of functions such as shifting mental set, planning action, and sequencing (i.e., executive functions). As Pennington et al59 pointed out, many developmental disorders may result from a general change in some aspect of brain development such as neuronal number, structure, connectivity, neurochemistry, or metabolism. Such a general change could have a differential impact across different domains of cognition, with more complex aspects of cognition, such as executive functions, being most vulnerable and other aspects being less vulnerable. In this same context, Pennington et al noted that the executive function impairments associated with ADHD and some other developmental disorders may all involve varying degrees of dopamine depletion in the prefrontal cortex and in related areas.59(p. 330)

In a review of findings from neuroimaging studies of the human brain, Posner and Raichle60 showed evidence of at least three anatomic networks that function separately and together to support various aspects of attention. The possibility that attention impairments resulting from ADD may be closely related to dopamine decreases in certain areas of the brain finds support in the numerous studies that have demonstrated dopaminergic medications ( e.g., methylphenidate, dextroamphetamine) to be effective in alleviating a wide variety of inattention symptoms.61  Although noradrenergic medications (e.g., desipramine, nortriptyline) and alpha2-agonist medications ( e.g., clonidine, guanfadine) have been demonstrated to be effective in alleviating hyperactivity-impulsivity symptoms of ADHD, there is some evidence that these nonstimulant medications are less effective in alleviating inattention symptoms.62,63 These findings suggest that a specific neurotransmitter system, the dopaminergic system, may play a particularly important role in inattention symptoms of ADD. Servan-Schreiber et al64 summarized the research literature on the impact of dopamine on specific neural networks in human information processing. They developed and tested a model demonstrating that dopamine has a direct positive effect on the gain in the activation function of the neural networks underlying attentional processing. Additional evidence for the critical role of dopamine in management of cognition comes from recent laboratory studies summarized by Wickelgren,65 which indicate that in many species dopamine plays a critical role in mobilizing attention, facilitating learning, and motivating behavior that is critical for adaptation. The role of dopamine in facilitating these functions may be far broader, subtle, and complex than had previously been thought. Inattention symptoms of ADD may be reflecting impairments resulting primarily from insufficient functioning of aspects of dopaminergic transmission in the human brain.

What is the connection between the motor and the cognitive/emotional systems? In the past, motor areas of the brain were thought to be distinct from areas that control cognitive functions. However, over the last few years, those lines have blurred significantly and it is now recognized that areas like the cerebellum and the basal ganglia influence both motor function and nonmotor function as well. Motor and cognitive functions are closely related. In fact, it is thought that cognitive function, or what we call thinking, is the internalization of movement and that cognition and movement are really the same. We consider it necessary to better understand the connection between motor control, cognition, and posture and how these connectivities may be involved in learning and its dysfunction as well as in neurobehavioral disorders of childhood.

To fully understand the connection between motor and cognitive function and how they are connected in dysfunctioning systems we have examined these processes in evolutionary terms. Here we explore the evolution of movement and how it relates to the evolution of nervous systems and ultimately brains, and in particular the human brain. There are three elements that are important in facilitating an understanding of the growth of the human brain: (1) environmental stimulus and its effects on the brain, (2) plasticity, and (3) Darwin 's theory of natural selection. With these three elements better understood, we can better understand why and how the human brain developed as it did. To us, at least, intention, attention, inattention and neglect are products of brain function, and will become more fully understood with a greater knowledge of the brain’s thinking processes.
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