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Abstract 

THE NEUROGEOMETRY PROJECT: HOW AUTISTIC SPECTRUM DISORDER IS REFLECTED IN THE 

FRACTAL DIMENSIONALITY OF MULTIPARAMETRIC MRI 

Background Blood biomarkers levels are useful tools for the diagnosis and follow-up of some 

diseases – e.g., glycated haemoglobin in diabetes control – so, some organs have a defined rate 

of molecular synthesis. The brain is not less than other organs, so psychiatric entities must surely 

leave their footprint in some way. For this reason, if fractal study perspective allows measuring the 

complexity that characterizes both disease and wellness, clinical differences can be quantified with 

multiparametric MRI and analysed with fractal geometry – in order to validate new imaging 

biomarkers. 

Key words Autistic Spectrum Disorder ▪ Magnetic Resonance Image ▪ Fractal geometry ▪ Imaging 

biomarkers ▪ Diagnosis 

Objective To determine imaging biomarkers based on the structural and functional brain 

connectivity in a first stage – as fractal imaging biomarkers related to the severity of the clinical 

presentation – and to validate these new imaging biomarkers in a second stage. 

Methodology The more convenient study design is a multicentre analytical transversal study – 

addressed to young adults. Participants of the project will be divided into people of the spectrum 

and neurotypical people as equal as possible. 

The study setting in the first stage is to realise a standardized assessment protocol in order to 

collect the data of the independent variable and covariates. Then, in a maximum period of two 

weeks after completing the clinical evaluation, it will be performed an MRI to collect the data of 

dependent variables. At this moment, there will not be more follow-up and all this data will be 

available in a database. Thus, in the second stage, this data will be used to discuss the validation 

of new imaging biomarkers. 

Discussion Among other strengths, this protocol structure serves as an example to expand image 

biomarkers in other psychiatric or neurological entities – e.g., in drug addiction, depression, eating 

disorders, sleep disorders, schizophrenia, dementia, and other neurodevelopmental entities. Until 

the full description of the brain areas – differentiated by age, sex, and the entity – and controlling 

according to relevant covariates. Therefore, it could be defined a typical neurodevelopment that 

allows programming models for research and adjusting them to the specific entity – this last in 

order to help in the differential diagnosis, prognosis, or follow-up. 
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Nowadays, maybe it is not still evident that people with ASD are not patients. To have an 

atypical neurodevelopment is not strictly to have a disease. For this reason, it is thought 

necessary to dedicate a page to raise awareness.  
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How ASD is reflected in the fractal dimensionality of multiparametric MRI 

1. INTRODUCTION    

Blood biomarkers levels are useful tools for the diagnosis and follow-up of some 

diseases – e.g., glycated haemoglobin in diabetes control, high-density lipoprotein 

cholesterol in cardiovascular risk, receptor tyrosine-protein kinase erbB-2 in breast cancer, 

and others – so, some organs have a defined rate of molecular synthesis.  

The brain is not less than other organs, so psychiatric entities must surely leave 

their footprint in some way. Inside this organ occurs a large set of mechanisms that define 

the neurodevelopment – over the synapse elimination and formation – and the brain is 

always evolving – so, its development is not a finite process during the lifetime. These 

changes are minimal if they are evaluated for seconds. Nonetheless, changes are 

especially appreciable if these are observed over the years. In health, anamnesis and 

explorations are crucial but – apart from diagnostic tests and some laboratory analyses –

, what complementary tools of measure does psychiatry have? 

Fractal study perspective allows measuring the complexity that characterizes both 

disease and wellness (1). It is difficult to predict which sensibility and specificity will have 

fractals in ASD diagnosis. Nevertheless, there would be an immense work done if the 

human could quantify something complex with mathematics. Thus, neural pathways could 

be described by decimal dimensions – so, between integers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Simple fractal example. 

Designed by the author.  

 



  

 

16 
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1.1 The Neurogeometry Project 

1.1.1 Introduction to the geometry of the brain    

The brain, through the human eye and/or the language, is used to perceive units 

– a unit is the quality of a complete whole, a composition of concordant but non-divisible 

parts. In other words, the unit can be used as a magnitude of measurement. The concept 

of unit is useful and adaptive in social communication and it is related to the Euclidean 

geometry – a topological geometry explained by points, lines, curves, and others. (2)  

From Euclid's postulates, the motion of molecules can be described by geometric 

distances (2) – for example, through neural tracts. Thus, a larger scale – e.g., the 

cerebellum – or a smaller scale – e.g., the amygdala – can be chosen as the study model. 

However, these distances have limitations to represent brain areas (3).  

However, if the distance of a brain pathway is measured on a 1:1 scale, a general 

line will plot it. If this line is focused, such as a 2:1 scale, the brain tract can no longer be 

represented by a single distance. So, when the geometry varies according to the scale of 

observation, it is named fractal geometry – which represents decimal dimensions (4). 

 

Briefly, if you have a tangerine in front of you, its three dimensions of space are clear. 

However, if the tangerine is put on the table and enough distance is taken, this is a 

point in space – i.e., a zero dimension.  
 

 

Following the concept of scale, neural tracts could be compared with the 

recurrence of a tree crown or to Russian dolls. So, this characteristic of self-similarity is 

called fractal – which can be treated as a geometry or as a dimension. The word fractal is 

based on the Latin fractus that it means irregular, interrupted, broken, fractured. Although 

notions of recursion had started in the 17th century, it was not until 1975 when Benoit 

Mandelbrot used for the first time the term fractal. He said that “lawless” nature 

phenomena – such as the coastline or the lightning travel, clouds, mountains, the bark of 

trees, or even works of art – could be described geometrically with fractals (1).  
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1.1.2 Application of fractal dimensionality to MRI   

Diffusion is the random migration of molecules or small particles from the 

movement due to thermal energy. These random walks can be defined over the 

microscopic and the macroscopic theories that delineate the spatial and temporal 

variation of the nonuniform distribution of particles (5,6). In this way, it is applied to 

diffusion tensor imaging (DTI) that it has been proven to be a tool for the fractal 

description of the brain (7). 

 

Fig.2 Representation of the random walks motion of particles. Extracted from the Matlab database. 

The fractal dimensionality has been found to be effective in describing the complex 

morphology of the brain and, therefore, suitable to distinguish between different entities 

in brain MRI. Fractal analysis has been adopted in several studies on brain MRI 

classification, thanks to the ability it provides to evaluate the self-affinity at different scales 

and the long-range correlations of an image – then, to use the results for discrimination 

(8). 
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1.2 Autistic Spectrum Disorder (ASD)  

The concept of autism was coined in 1911 by the German psychiatrist Eugen Bleuler, 

but it was used to describe a symptom of the most severe cases of schizophrenia. He said 

that this symptom in children was characterized by avoiding unsatisfactory realities and 

replacing them with fantasies and hallucinations – but he considered it “an exaggeration 

of a physiological phenomenon” present in all humans and manifested in normal fantasies 

and desires. Bleuler attributed its etymological roots to Freud and Havelock Ellis, through 

the term “autoeroticism” – where other professionals supported it (9).  

The first documentations of autism as a syndrome was in 1943 by Leo Kanner who 

described children with social differences, insistence on sameness, and language delays 

or irregularities. Otherwise, Hans Asperger in 1944 described some children as “little 

professors” with circumscribed interests, intact abilities in some aspects of language, and 

with social discomfort (10). 

Due to the influence of psychodynamic theories, autism was still known as a 

childhood form of schizophrenia. Moreover, this was thought to be caused by social 

deprivation or poor parenting. So, it would take time to recognize familial qualities and 

some genetics in parents of a child with ASD. Nowadays, these qualities are known as 

Broader Autism Phenotypes (BAP) but not as a cause of it (9,10). 

However, the 1959 Mental Health Act wanted to abolish distinctions between 

hospitals and to consolidate community care. This large-scale closure of institutions for 

people with intellectual irregularities caused considerable administrative problems – e.g., 

the need to integrate children who had been isolated – in association with the growth of 

parenting action groups (9). 

First, schizophrenia was defined in nine points to standardize the diagnosis. Then, 

in the 1960s, British child psychologists reformulated the definition of autism to meet the 

needs of a new child development model. Referred to this new concept, Michael Rutter, 

as a child psychiatric researcher, said “the child with autism has a deficiency of fantasy 

rather than an excess”. So, all this situation explains the increase in autism cases (9).  



                                                     

 

 

19 

How ASD is reflected in the fractal dimensionality of multiparametric MRI 

Over the years, the concepts of “psychosis” and “schizophrenia” were excluded 

rigorously, approximating the current clinical definition of autism (9). In this way, the base 

for conceptualizations was made by Uta Frith in 1989. Moreover, for years, a myriad of 

theories have been described to explain the behaviour of children with ASD, and some 

theories even attempt to explain it through the functions of the brain areas. Simon Baron-

Cohen's theory of mind is much known (10). 

Nowadays, autism has been generalized as Autistic Spectrum Disorder (ASD), 

defined as a heterogeneous set of categories that are differentiated by cognitive, 

evolutionary, and behavioural characteristics – within developmental disorders (9,10). 

 

Anatomically, ASD is explained as a disorder of neurodevelopment associated with 

neural structures with an excess of local connections and with a deficit of connectivity 

in medium and long distances. Apparently, due to alterations in the synapse elimination 

or the synapse formation (11,12).  

In the eyes of ASD, it is considered that there are people with neurotypical 

development and other people with neurodevelopment within the spectrum. So, ASD is 

more like a symptom, a behavioural parameter, a structural condition, but – as it may 

show disabilities of varying degrees – sometimes it is wrongly considered as a disease. 

 

  

Fig.3 Puzzle ribbon as the universal sign of ASD awareness.  

Extracted from espectroautista.info. 
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1.2.1 Epidemiology  

About sex prevalence, it is 3-8 times more likely for a man to receive a diagnosis 

of ASD compared to a woman. On the recent data, it is suggested that the male-female 

ratio may be biased due to the lack of identification of women with ASD – because of the 

predominance of male profile vision. So, sometimes it is forgotten that women with ASD 

are able to hide their deficits (13). 

Around the world map and the graphic below, the prevalence studies do not seem 

to be consistent between them. In general, it should be noted that epidemiological studies 

are conducted in child and youth population of a country area and are influenced by the 

diagnostic criteria – e.g., DSM-IV, DSM-V, ICD-10 – and the year of publication. Thus, 

statistics differ between concepts used in different countries and the update over the years 

of these criteria according to the research (14). 

So, in the last few years, the spectrum has been an active discussion about the 

diagnostic categories. For instance, the DSM-IV classification distinguished between 

Autistic Disorder, Asperger’s Syndrome, and Pervasive Developmental Disorders. 

Nevertheless, DSM-V differentiates ASD around levels of severity based on the needed 

level of support (14).  

 

WORLDWIDE 

The prevalence of ASD is estimated at 1 

child in 70-90 children (14). 

 

CATALONIA  

In early care centres, the prevalence of 

ASD is estimated at 1 child in 175 children. 

That shows the need to increase the 

awareness and training programs for 

professionals for the early detection of 

ASD (15). So, there are both crucial to be 

aware and to investigate in ASD. 

 

 
Fig.4 Representation of the worldwide average prevalence of ASD 

(14). Designed with infogram.com. 

 

 

 

 

 

 

 

 

 

Fig.5 ASD diagnosis in men is five times more frequent than in 

women (13,14). Designed with infogram.com. 

 

 



                                                     

 

 

21 

How ASD is reflected in the fractal dimensionality of multiparametric MRI 

 

 

For every revision in the diagnostic 

criteria of ASD, epidemiological studies appear 

to increase the prevalence globally – but the 

current evidence does not support an increase 

in the incidence. So, this increase could be 

explained by the awareness, changes in criteria 

definitions, and services availability – such as 

better diagnostic tools and improved reporting 

(14). 

          However, it is notorious that awareness 

and screening programs play a very important 

role in prevalence – but it must be said that 

stigma affects both high and low rates (14). 

 
Fig.6 Prevalence data of ASD in % (14,15). 

Designed by the author. 

 

 

 

 

 

 

Fig.7 Map of prevalence data of ASD (14,15). Designed by the author. 

EUROPE (14) 

1 child in 100 children  

UNITED KINGDOM  (14) 

1 child in 63 children 

AUSTRALIA (14)  

1 child in 111 children 

JAPAN (14) 

1 child in 45 children  

SOUTH KOREA (14) 

1 child in 29 children  

UNITED STATES (14) 

1 child in 59 children 

CATALONIA (15)  

1 child in 157 children 

CANADA  (14) 

1 child in 101 children  

ISRAEL (14)  

1 child in 1,000 children 
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1.2.2 Etiology and physiopathology  

ASD is included in neurodevelopmental disorders. Neurodevelopment is an 

extensive process that begins in the third gestational week with the differentiation of the 

neural progenitor cells. It must not forget that the brain is constantly changing throughout 

the lifetime; however, developmental processes present a remarkable activity until 

adolescence – mainly with genetics and the environmental contribution. These processes 

support the outcome of the complex and dynamic structure of the brain (16).  

In this way, ASD is a chronic and 

multifactorial entity that is shown as an atypical 

neurodevelopment. Moreover, ASD has been 

differentiated etiologically into syndromic or 

secondary ASD and idiopathic or primary ASD – 

the most frequent etiology also named essential or 

nonsyndromic ASD (17). 

  

Syndromic ASD is related to a genetic disorder strongly associated with the spectrum 

– it occurs in 4-20% of cases (17). So, ASD could be a common manifestation for some 

disorders as fragile X syndrome (FMR1), Rett syndrome (MECP2), tuberous sclerosis 

(TSC1, TSC2), Phelan-McDermid syndrome (22q13 deletion syndrome, SHANK3 

mutations), maternal 15q11-q13 duplication syndrome, and an immeasurable amount of 

other disorders (17,18).  

GENETICS   

 The key role of genetics – in syndromic and idiopathic ASD – is explained by the 

overlap of ASD with epilepsy, intellectual disability, metabolic disorders, schizophrenia, 

attention-deficit/hyperactivity disorder (ADHD), along with other entities (17). ASD 

genetics are highly heterogeneous and are explained as chromosomal aberrations (17), 

mutations of single-gene or more genes (17), copy number variants (common and rare 

genetic variants) (17,19-21), maternally derived alterations (17,21), mitochondrial disorders 

(22), and others but many remain unidentified. Nonetheless, it is not profitable to identify 

genetics in all cases – as it is very heterogeneous and has an immense cost (17).  
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Genetically, the female-limited expression is associated with the cellular interference 

phenomenon – the random X chromosome inactivation that leads to tissue mosaicism 

(17). 
 

ENVIRONMENTAL RISK FACTORS  

Decreased levels of some nutrients and minerals – e.g., folate, iron, or 

polyunsaturated fatty acids – have been demonstrated to result in adverse structural, 

cognitive, and behavioural outcomes. Therefore, short inter-pregnancy intervals are 

vulnerable to nutritional deficiencies due to increased metabolic demands. Besides, high 

prenatal alcohol exposure has effects on neurodevelopment (23).  

Also, prenatal elevated fetal testosterone levels in the amniotic fluid have been 

observed associated with the spectrum and this pattern has been found in close relatives 

(24). Fever, as well as some infections during pregnancy – e.g., rubella, cytomegalovirus, 

or influenza –, have been linked to increased risk of ASD. Moreover, some maternal 

medications during pregnancy – such as thalidomide, valproic acid, or selective serotonin 

reuptake inhibitor – demonstrate that pharmacological agents during fetal brain 

development have the potential to initiate a pathway to the spectrum  (23).  

Adequate levels of maternal thyroid hormones – i.e., T3 and T4 – during the first 

part of pregnancy are required for fetal neurodevelopment. Thus, these hormones are 

involved in neuronal growth and cell migration, and in the differentiation of the 

hippocampus, cerebral cortex, and cerebellum (dendritic development of Purkinje cells). 

So, through disruption of thyroid homeostasis (endocrine disruption mechanism), some 

environmental chemicals may alter brain development – such as halogenated compounds 

(e.g., dioxin), esters (e.g., phthalates related to PVC), or pesticides (e.g., endosulfan, 

dicofol). Nonetheless, other mechanisms that could be involved are serotonergic systems, 

monoamine oxidase or acetylcholinesterase activity, GABA function, and lipid metabolism. 

For all this, it has been described a gene involved in metabolizing these chemicals – 

Paraoxonase 1 (PON1) – as a susceptibility factor for the association with ASD (23).  

About air pollution, it has been identified some hazardous air pollutant chemicals 

as significantly related to the spectrum – e.g., trichloroethylene, vinyl chloride, cadmium, 
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mercury, nickel, and diesel particulate matter –; although there are no statistically 

significant associations when adjusting for demographic factors (23). So, the evidence of 

toxicity is limited, but the strongest evidence has been observed, through oxidative stress 

and immune-mediated pathway, on prenatal exposure to particulate matter (PM2.5 and 

PM10), nitrogen dioxide (NO2), ozone (O3), carbon dioxide (CO2), and polycyclic aromatic 

hydrocarbons (PAH) (25-28).  

 

This mercury does not refer to vaccines – so, it is important to note that there is no evidence of a causal 

association between mercury vaccines and ASD. 

 

It is statistically significant the influence of some obstetric conditions – i.e., preterm 

birth and intrauterine growth restriction – as potential risk factors for ASD (29). 

In ASD, there is evidence of immune dysfunction associated with increased plasma 

pro-inflammatory factors and neuroinflammation in the brain – documented as increased 

inflammatory cytokine and chemokine production in the brain and cerebrospinal fluid. 

This immune disruption seems to be associated with MHC haplotype (B44-Sc30-DR4, 

HLA-DRB1, alleles of HLA-A2) and also with complement C4 alleles (12,30).  

 
Fig.8 Overview of immune abnormalities in ASD. Extracted from (30).  
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   In brain development, microglia and astrocytes play a key role in synaptic pruning. 

Thus, it has been suggested that metabolic products from microbiota – such as 

tryptophan and short-chain fatty acids – may affect microglia and astrocytes in 

neurocognitively developing infants. To cause neurocognitive deficits due to 

inflammation, these enteric infections cause dysbiosis of the intestinal microbiome, 

malnutrition, and chronic inflammation. However, there is still a lack of evidence on how 

the microbiome compromises neurogenesis and synaptic pruning – so, that it could lead 

to the spectrum or other entities (31,32). 

EPIGENETIC CHANGES  

 In the case of monozygotic twins, the description of genetics and the 

environment would predict that both twins would have ASD and the same phenotype. 

After all, this not happens in all cases, so it has been demonstrated that the risk of having 

ASD has been divided into three components ACE: A (additive genetics), C (common twin 

environment), and E (unique twin environment). Therefore, epigenetic changes – such as 

DNA methylation and histone modification – play an important role in neurodevelopment 

(29,33). 

Moreover, in germ cells of older parents, the accumulated exposure to different 

environmental toxins throughout life seems to emerge genomic and epigenetic 

alterations. This exposure appears as age-related DNA-methylation changes in people 

with ASD (29). 
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1.2.3 Clinical presentation  

The clinic in ASD is treated differently by sex and age, but sometimes it is reduced to 

the triad of behavioural domains – defined by Lorna Wing: 

         communication abnormalities,  

         difficulties in social development,  

         and presentation of restricted and repetitive behaviours and interests. 

However, this does not imply that the triad must be strictly complied with – between 

people with ASD there are qualitative and quantitative differences in the 

symptomatology. Moreover, it is common to simplify in two domains – so, it is joining 

communication deficits with social impairments (10). 

 

SOCIAL AND COMMUNICATION DEFICITS  

About ASD, their communication difficulties are usually initiated during the first 

year or two of life. Children show delays or failures to achieve social communication and 

other developmental milestones. Besides, a delay in language development in which 

before 2 years old the infant has not spoken single words or in which before 3 years old 

cannot string multiple words for simple sentences (10,34).  

In either way, about 70% of children with ASD develop functional language, but 

there are atypical speech quality – such as abnormalities in the volume, the intonation, 

the speed, the rate, or the accentuation. Grammatical structures are often immature with 

stereotypical and repetitive patterns of the language – e.g., metaphorical language, 

neologisms (idiosyncratic or invented language), echolalia (imitating sounds or repeating 

words involuntarily), or even to reproduce behaviours from a specific person. In some 

cases, it could be observed hyperlexia – so, they can read with a level of receptive 

language (comprehension) but, after all, they have a lower expressive language 

(vocabulary). Must say that this comprehension does not contemplate some simple 

questions, instructions, or jokes (10,34). 

Around the uncommon social interaction, communication is not compensated 

with other language modes. Thus, there are irregularities in non-verbal language – such 
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as a lack of eye contact and social smile, unmotivated laugh, and abnormalities in facial 

expression and gestures (10).  

As children become more verbally fluent, impairments in reciprocity while 

speaking are persistent. Along with empathy deficits according to mental age, it leads to 

the difficulty to start or sustain a conversation with others (10,34).  

Therefore, the deficit of social contact – appropriate at the development level – is 

remarkable and lasting, and distinguishes ASD from other developmental disorders. The 

difficulty with social engagement is reflected in the lack of spontaneous search for 

enjoyment, interests, or objectives shared with other people – sometimes due to 

indifference towards some people. Thus, the interaction with people is unused – e.g., 

waiting for specific responses to ritualized questions, without knowing limits, and with 

inadequate actions. Then, there is a tendency to isolation choosing solitary activities – but 

it is not pertinent to say that people with ASD do not have relationships and social contact 

(10,34). 

 In childhood, there is usually a lack of interest in establishing friendships, while in 

adulthood, the low social contact may be due to a lack of understanding the social 

interaction conventions. So throughout the development, passive participation in 

social interaction can be given and even interested in it (34).  

 In general, it can be said that women with ASD achieve skills that make diagnosis 

difficult but that somehow adapt them to life – to a greater or lesser degree 

depending on the intellectual disability. So, voluntarily and imitating their 

environment, women often maintain some social interaction. Often, women with ASD 

only are diagnosed when they have major behavioural problems or when they have 

an intellectual disability (13,24).  

RESTRICTED AND REPETITIVE BEHAVIOURS AND INTERESTS (RRBs) 

The heterogeneity in RRBs leads to explain this behaviour in different expressions 

– not to forget that, in lower severity, RRBs can be observed in neurotypical people and 

other disorders. One element is the Repetitive Sensory-Motor Behaviours (RSMB) that are 

frequently associated with lower cognitive and adaptive functioning in ASD – e.g., 
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mannerisms, unusual sensory interests, repetitive use of objects, walk on tiptoes (10). 

Besides, other repetitive motor manners can be stereotypical body movements that 

include hands – e.g., fluttering or hand flapping, knocking with a finger, touching 

something repeatedly – or the entire body – e.g., leaning, swaying, and others (34).  

The second type of RRBs is the Insistence on Sameness (IS) that is independent of 

other phenotypic characteristics like cognitive abilities – e.g., desire for routine and 

difficulties with change in it (adherence to specific and even non-functional habit), 

compulsions or rituals, resistance to changes (e.g., a catastrophic reaction when an object 

has been changed at home) (10,34).   

Finally, the third aspect is the Circumscribed Interests (CI) – e.g., intense and 

focused hobbies, strong interests with particular topics (i.e., specialized knowledge about 

something). Usually, it tends to the interest in systems that can be understood through 

norms and regularities. Then, the systematization skills are in consonance or superior to 

mental age (10,34).  

 As for women, the range of interests is narrower but more socially oriented – e.g., to 

animals, science, art, or television people –, while men are more interested in history, 

technology, vehicles, or animals. Some neurophysiological data have demonstrated 

associations with restricted interests and the right intraparietal sulcus in women – 

related to intention interpretation – and with the right orbital gyrus – related to 

executive function. However, this connectivity is not expressed in men. Although men 

have a higher score on restricted interests, the severity of repetitive and restricted 

behaviours does not differ between the sexes (13,24). 

Besides, people with ASD have visual search skills and superior attention to detail 

but less in global tasks. Likewise, ASD shows attention persistence – relative to an 

alteration of the frontal lobe, which does not affect the same intensity in all people with 

ASD. The aspect in which attention is fixated depends on cognitive abilities – it can be 

focused on parts of objects (such as buttons or any part of the body), it can be 

concentrated on movements (such as turning a car wheel, the opening and the closing of 

a door, or an electric fan), or others (34). 
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 In adults, high-functioning can be observed in tasks that involve long-term memory 

such as train schedules, dates, song lyrics heard years ago, or others (34). 

OTHER BEHAVIOURAL MANIFESTATIONS  

Temperament and regulatory difficulties are described since 3 months of age or 

the first-year-old – as the exhibition of extreme temperaments (emotional flatness, high 

levels of frustration, and/or irritability), irregularities in food intake (e.g., limiting few 

foods), sleep difficulties (e.g., staying awake while swing). Temperament and/or regulatory 

difficulties can be expressed as hyperactivity, tantrums – especially in children –, 

impulsivity, aggressiveness, self-harm behaviours – such as head bumps or bites in fingers, 

hands, or wrists –, reduced attention, lack of imagination in complex play, intense linkage 

to unusual objects, intense attachment to a specific person, and others (34,35). 

About the expression of emotions, it may seem an apparent absence of emotional 

reactions with changes in humour or affectivity – such as crying or laughing without 

apparent reason. Nevertheless, it is not appropriate to say that people with ASD do not 

have feelings and emotions – so, there is a difficulty in expressing and describing it. Thus, 

there are also difficulties in identifying emotions and feelings of others, and the impact of 

one’s behaviour on others – i.e., empathy deficits (34).  

Moreover, there may be prevalent affective lability with sensory reactivity – high 

pain tolerance, hypersensitivity in physical contact, an exaggerated reaction in front of 

visual inspection (e.g., light, colours), sounds, or tactile sensations. In this way, there could 

be an excess of response to non-painful stimuli, but also an absence of response to real 

dangers. Often is observed indifference or aversion to affection samples or physical 

contact – though, it is not correct to say that people with ASD reject all physical contact 

(34,35).  

Elseways, not referring to the repetitive behaviours mentioned as RSMB, motor 

impairments might be shown as delays in motor milestones of development in toddlers, 

problems with coordination and balance, lower levels of symmetry in the first months of 

life, low muscle tone and hypoactivity in the first-year-old, along with others. Many times, 

some motor impairments solve over the years – as these early conditions may result from 

the developmental disorder rather than ASD specifically (35).   
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In ASD, cognitive abilities are usually irregular. Socially, sometimes the spectrum 

is related to a misconception in which it is associated with intellectual disability. While 

around 45% of children with ASD present an intellectual deficiency, others have a medium 

or higher intellectual coefficient – this last defined as high-functioning ASD. Moreover, 

the intellectual coefficient could be influencing the severity of ASD (34,36).  

 

PATTERNS OF ONSET  

ASD manifestations could emerge at different developmental stages – it is due to a 

different pattern of onset and reflects the plasticity of early development. In the early 

onset pattern, children start to show ASD symptoms as early as 3 months of age or the 

first-year-old. In contrast, there is another pattern of onset called regression pattern in 

which children have a period of typical development, but when children are 15-24 

months of age this regression begins to express a significant loss of social interest, 

words or communicative intent, imitative gestures, and sometimes cognitive abilities. 

This type of pattern – regression – occurs in a 32% and it may be associated with a 

background of family history. Otherwise, ASD belongs to pervasive developmental 

disorders, within this group, there is the childhood disintegrative disorder in which 

regression could begin even around 10 years old – but this onset does not exclude that 

ASD is a chronic entity from birth (10,35,36). 

BROADER AUTISM PHENOTYPE (BAP) 

The Broader Autism Phenotype (BAP) is attributed to the sub-diagnostic threshold ASD 

traits in families of people with ASD. This set of traits are more frequent in families of 

children with ASD than in the general population – often seen in the father – so, this 

explains a part of the genetic basis of the spectrum. BAP shows social trends that are 

similar to ASD, but that does not impair the functioning or even does not have the same 

level of clinical significance as ASD – therefore, it is not considered the ASD diagnosis 

(37).  
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1.2.4 Diagnostic management and classification 

In general, it is said that a child with ASD is diagnosed when he or she is about 5 

years old – but it is not less frequent people receive the diagnosis when they are older. 

Depending on age, there are different tests for ASD screening – e.g., for early ages 

is used the M-CHAT, in adolescents the ASSQ-REV scales, or in adults the AQ scale. 

Currently it has being developed scales addressed to the women profile – such as the 

ASSQ-Girl test (10).  

About the diagnosis, it is clinical and is aided by semi-structured interviews. 

Available standardized diagnosis of ASD is based on the behaviour because still there are 

no other reliable biomarkers. The most widely used instruments are the Autism Diagnostic 

Interview-Revised (ADI-R) and the Autism Diagnostic Observation Schedule-Second 

Edition (ADOS-2). Even these tools can be used separately, the together use has a better 

clinical reflection for a best-estimate diagnosis of ASD. These standardized methods are 

related to the Diagnostic and Statistical Manual on Mental Disorders 5th edition (DSM-V) 

and to the International Statistical Classification of Diseases and Related Health Problems 

10th revision (ICD-10). Moreover, it can contribute to the diagnosis to use alternative 

instruments too – e.g., the Social Communication Questionnaire (SCQ), the Social 

Responsiveness Scale (SRS), or the Children’s Communication Checklist (CCC) (10). 

 

 

ADI-R includes the developmental history and 

a detailed description standardized from 

caregivers’ perceptions of the child.  

ADOS-2 is a standardized observation tool 

where professional causes social initiations and 

responses with communication interchanges.  

Fig.9 Differences between ADI-R and ADOS-2 (10). Designed by the author. 

Diagnostic tools and criteria have been developed according to the different ages 

and stages of neurodevelopment – these modules depend on the language level and age. 

For instance, there is a toddler version, ADOS-T, for ages between 12-30 months with no 

ADI-R  ADOS-2 
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language or use of single words. An experienced professional sometimes can diagnose 

ASD in younger than 2 years old, but it could be an unstable diagnosis (10). 

Then, it is supported to assess the intellectual disability (e.g., WAIS-IV test, K-BIT 

test, ABAS-3 test for the adaptive behaviour assessment), repetitive and restricted 

behaviours (e.g., RBQ-2 test, ABC-ECA test for the conduct assessment), and other specific 

tests. 

The DSM-V proposes a classification of ASD between three severity levels based 

on the level of support needed or autonomy (10).  

Table.1 Classification of the spectrum (34). Adapted from the DSM-V. 

LEVEL OF GRAVITY SOCIAL COMMUNICATION RESTRICTED, REPETITIVE BEHAVIOURS 

Grade 3  

“Requiring very 

substantial support” 

Severe deficits in verbal and nonverbal 

social communication skills cause 

severe impairments in functioning, very 

limited initiation of social interactions, 

and minimal response to social 

overtures from others. 

The inflexibility of behaviour, extreme 

difficulty coping with change, or other 

restricted and repetitive behaviours 

markedly interfere with functioning in all 

spheres. Great distress and/or difficulty 

changing focus or action. 

Grade 2  

“Requiring substantial 

support” 

 

Marked deficits in verbal and nonverbal 

social communication skills, social 

impairments apparent even with 

supports in place, limited initiation of 

social interactions, and reduced or 

abnormal responses to social overtures 

from others.  

The inflexibility of behaviour, difficulty 

coping with change, or other restricted and 

repetitive behaviours appear frequently 

enough to be obvious to the casual 

observer and interfere with functioning in a 

variety of contexts. Distress and/or difficulty 

changing focus or action. 

Grade 1  

“Requiring support” 

 

Without supports in place, deficits in 

social communication cause noticeable 

impairments. Difficulty initiating social 

interactions, and clear examples of 

atypical or unsuccessful response to 

social overtures of others. May appear 

to have decreased interest in social 

interactions.  

The inflexibility of behaviour interferes with 

functioning in one or more contexts. 

Difficulty switching between activities. 

Problems of organization and planning 

make difficult independence.  
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1.2.5 Asperger’s syndrome and other differential diagnoses  

The overlap between Asperger’s syndrome and high-functioning autism is 

unclear – some studies consider them synonyms, while other studies have defined some 

differences. There are some genetic and biological factors, but these are described below 

at 1.1.8 Cutting-edge investigation – so, down it will be specified clinical characteristics 

of Asperger’s syndrome (10,38).   

 COMMUNICATION SKILLS. There is no clinically significant delay – e.g., in spoken or 

receptive language, in speech – because of no intellectual deficiency (10). In contrast, 

social communication could present poor prosody and pragmatics, and idiosyncratic 

language (38).  

 SOCIAL INTERACTION. Children with Asperger’s syndrome keep some degree of social 

interest, and preserve adaptive behaviour and curiosity about the environment. 

Nevertheless, nonverbal communication is poor with low empathy – so, this situation 

leads to failure to develop friendships (38).  

 RESTRICTED AND REPETITIVE BEHAVIOURS AND INTERESTS. These children are called “little 

professors” because of the knowledge in some unusual circumscribed interest. 

Though, the imaginative play is reduced. Behavioural rigidity with daily routines and 

stereotyped patterns of behaviour (e.g., in the ways of apologizing) – may also 

interfere with social interactions. Sometimes motor milestones may be delayed, but 

motor clumsiness is more usual. However, in Asperger’s syndrome, it would be less 

prevalent to have motor mannerisms or preoccupations with part-objects or non-

functional elements (10,38). 

Depression and/or anxiety are present in 65% of people with Asperger’s 

syndrome as comorbidity. Anxiety may result from breaking rigid routines, a context 

without a clear schedule or expectations, or the preoccupation with failing during social 

interaction – so, chronic frustration tends to depression (38). 

Differential diagnosis can include other varieties of pervasive developmental disorder, simple 

schizophrenia, schizotypal personality disorder, schizoid personality disorder, obsessive-compulsive 

disorder, obsessive-compulsive (anankastic) personality disorder, semantic-pragmatic disorder, right 

hemisphere learning disability (nonverbal learning disability), or reactive attachment disorders (38).   
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1.2.6 Therapeutic options 

Interventions and pharmacological options for ASD have a wide range according 

to impairments and other comorbidities – these options can be approached differently 

depending on the age of the person.  

BEHAVIOURAL AND PSYCHOSOCIAL INTERVENTIONS 

Behavioural and psychosocial treatments are considered the first line of 

intervention. Comprehensive programs are designed to target symptom domains and 

improvements across domains. These programs can be implemented at home, at a clinic 

setting, or in a school-based setting – at that point, for example, it involves parents and/or 

teachers. So, different ASD-specific models are used according to clinic-based (39).  

An early intensive behavioural intervention can change the course of atypical 

development to a more neurotypical direction. Most of the used models have been based 

on Applied Behavioural Analytic (ABA) – the first model evaluated by Ivar Loovas in 1987. 

ABA uses principles of learning and behaviour to teach new skills and reduce inadequate 

behaviour. This approach relies on classical conditioning, operant conditioning, and 

observational learning. Nevertheless, these training procedures have been failed to focus 

on spontaneous and naturalistic use of language. Moreover, it included aversive and 

coercive procedures such as thigh slaps. So, in some aspects, it was considered unethical, 

and that does not respect the desires of the person with ASD (39).  

In this way, there are different naturalistic behaviour therapies that have been 

developed in order to be more respectful. But of these approaches, only the Early Start 

Denver Model (ESDM) has demonstrated efficacy – it was developed by Drs Sally Rogers 

and Geraldine Dawson, targeted to children often under 3 years old, and oriented for 

parents to take an active role (39).  

Around school-based comprehensive treatment models, some model has been 

specifically developed for use in an educational setting – e.g., Treatment and Education 

of Autistic and related Communication-handicapped Children (TEACCH) or structured 

teaching (39).  
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About interventions on socialization impairments, these consist to train 

behavioural skills – then, the most utilized method is social skills groups with changeable 

contexts (e.g., with classmates as intervention facilitators, or with parents for providing 

challenging social learning experiences). These methods are focused on behavioural skills 

according to age and milestones of typical development (39).  

As for clinical domains, there are also interventions adjusted in communication, 

repetitive behaviours, and other comorbidities – such as anxiety. Often, 30-70% of families 

pursue complementary and alternative therapies. These options may be addressed to 

specific sensory and motor dysfunction – e.g., sensory integration, auditory training, music 

therapy, and animal therapies (39). 

PHARMACOLOGICAL TREATMENTS  

There is no specific treatment for ASD – not for the benefit and not for cure. 

Nonetheless, if comorbidity interferes remarkably in functioning, it could be used drugs 

of common use with other entities. It could be some improvement in comorbidity, but 

there are no significant results in ASD entity specifically if it is compared to placebo (40). 

Table.2 Some pharmacological options in case of need (12,40). Note that some drugs are used for more than one symptom 

– these are marked with (*). Designed by the author. 

AGRESSION AND SELF-INJURY BEHAVIOUR 

Neuroleptics or 

antipsychotics  

Risperidone *. Is used to prevent the onset and maintenance of aggression and self-injurious 

behaviour – related to a dysregulation of dopamine activity. Risperidone is a combined 

dopamine and serotonin antagonist.  

Aripiprazole *. Is a combined partial agonist of dopamine and serotonin receptors, and an 

antagonist of serotonin receptors. Some of its side effects includes extrapyramidal symptoms 

(e.g., tremor). Risperidone and aripiprazole may be an option for treating repetitive behaviours 

too. 

Psychostimulants  Methylphenidate *. Stimulant drugs may reduce aggression by improving inhibitory control – it 

increases dopamine availability in the striatum and enhances prefrontal cortical function along 

striatal-frontal pathways. Methylphenidate is a potent dopaminergic agonist. Some of its side 

effects include social withdrawal and irritability.  

Serotonergic * Aggression and self-injury in ASD are associated with serotonin depletion, because of an 

irregularity in central nervous system regulation. Some mentioned drugs are clomipramine or 

tianeptine – but serotonergic drugs are not usually used.  

Naltrexone  Sometimes ASD shows elevated plasma levels of β-endorphin – so, the endogenous opioid 

system appears to be related to self-injury. Naltrexone is an opiate antagonist that could 

decrease these plasma levels.  

Anticonvulsants  Valproate. Although the incidence of epilepsy has shown evidence of glutamatergic 

dysregulation, also it has been proposed valproate as an anti-aggressive drug for its effect on 

γ-aminobutyric acid (GABA) function. However, one side effect may be agitation.  
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Table.2 (Continuation) Some pharmacological options in case of need (12,40). Note that some drugs are used for more 

than one symptom – these are marked with (*). Designed by the author. 

ATTENTION DEFICIT, HYPERACTIVITY, AND IMPULSIVITY  

Methylphenidate * Moreover, this drug is more likely to improve hyperactivity and impulsivity than inattention. 

Atomoxetine  It is a selective norepinephrine reuptake inhibitor that increases dopaminergic release in the 

frontal cortex with significant improvement in hyperactivity and inattention.  

Alpha agonists Clonidine *. In ASD, the environment may cause a hyperaroused response – so, aggression or 

self-injury may reduce this stimulation. In this way, adrenergic antagonists block the sympathetic 

discharge – therefore, are suggested to lower levels of catecholamines due to the reduction of 

the hyperaroused state. In ASD, clonidine may improve global ratings of change – hyperactivity 

seems to improve due to initial sedation. It may be an option for aggression too.  

Guanfacine. In children with ASD and attention deficit and hyperactivity, this drug shows modest 

improvements in hyperactivity (27%) and inattention (21%). However, some side effects are 

irritability, and increased aggression and self-injury.  

Neuroleptics or 

antipsychotics 

Amantadine. This is a noncompetitive N-methyl-D-aspartate (NMDA) antagonist with significant 

benefit in hyperactivity.  

ANXIETY AND REPETITIVE BEHAVIOURS  

Serotonergic * Fluoxetine. Repetitive behaviours are related to elevated platelet serotonin levels – one-third of 

people with ASD have hyperserotonemia. Fluoxetine is a selective serotonin reuptake inhibitor 

(SSRI) used for repetitive behaviours.  

Citalopram. Although it can be prescribed, some side effects include impulsivity, hyperactivity, 

and stereotypy. 

Fluvoxamine. A selective serotonin reuptake inhibitor (SSRI) used for repetitive behaviours in 

adults – better tolerance. In children, side effects include hyperactivity, agitation, and 

aggression.   

 

CUTTING-EDGE THERAPEUTICS  

ASD is suggested to be related to synaptic protein synthesis mechanisms – these 

processes are related to synaptic integrity and plasticity. In this way, it has been 

suggested that there are candidate brain systems. These systems are identified as 

molecular targets that may be manipulated with new treatments in order to improve ASD 

deficits. Then, these pathways have the potential to alter spectrum biology and therefore 

improve neuronal functioning. So, the hope is that people with ASD become more 

responsive to early intensive behavioural interventions (12). 

Immune dysfunction may favourably be modulated with omega-3s and 

pioglitazone – related to structural neurodevelopment. The glutamate system has 

reported significant improvements in behaviours – treatments such as amantadine, 

memantine, or dextromethorphan. Oxytocin – with therapeutic effects through the V1a 

receptor – is related to restore social explorations and recognition deficits. However, these 

areas are clearly in need of further investigation (12).   
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1.2.7 Prognosis 

ASD is a chronic irregularity of neurodevelopment. Even though skills have been 

found to show variability in developmental trajectories, studies have been reported gains 

in abilities for the person with ASD diagnosis – but these gains or outcomes are 

considerably uncertain  (10). 

One of the most important variables for the prediction of better outcomes is the 

age of emergence of spoken language. A potential factor associated with these verbal 

skills is joint attention that is explained as the behaviour of sharing something to get the 

attention of another person (10).  

In this way, developmental trajectories and prognosis are linked to factors such as 

the severity of ASD specific impairments in domains, including the general level of 

functioning – such as adaptive behaviours, verbal abilities, and intellectual coefficient –, 

and other factors as comorbidity, sensory and motor impairments, and sex (10). 

However, apart from tests as a diagnostic tool, there is no other standardized biomarker 

for the diagnosis or prognosis – so that makes it difficult to predict the autonomy of 

the child in the spectrum (10).  

Indeed, a significant proportion has been found to have symptoms of many other 

psychiatric disorders – such as attention deficits, hyperactivity, anxiety, obsessive-

compulsive behaviours, depression, psychosis, and alcohol and other substances 

addictions. Furthermore, due to cortical lesions, people with ASD could have seizures. This 

phenomena of comorbidity may indicate relevant neurochemical, neuroanatomical, or 

genetic overlaps between ASD and other disorders (10). 

Most of the children with early impairments related to ASD will not be completely 

independent as adults. Thus, many adults will need support in employment and residential 

living. However, there are only a minority of people that shows optimal outcomes – 

especially in those with milder symptoms and fluent language skills by five years old. So, 

this minority will be able to take responsibility in daily living and complete higher 

education thanks to intellectual, verbal, and adaptive abilities quite intact (10). 
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Otherwise, it should be pointed out that it is not strange that someone on the 

spectrum has an intimate relationship or a friendship with neurotypical people. So, 

neurotypical people – both relationships and relatives – may suffer from affective 

deprivation – above all emotional reciprocity and belonging. So, this lack is not exclusively 

around ASD, but it is highly prevalent because of the low emotional or empathic quotient, 

or alexithymia – low or absence of words for feelings (10,41).  

This deficit of reciprocity is not intentional, so it is due to a lack of awareness or 

denial of someone’s needs. Thus, if these needs are not fulfilled, the mental and physical 

health of neurotypical people may be affected. When the lack of reciprocity affects on the 

health of neurotypical person sometimes is called Cassandra Affective Deprivation 

Disorder (CADD). For the person with ASD, this situation is not related to his or her 

intellectual coefficient, and it is common a faithful behaviour and a significant guilty 

feeling (42).  

Thanks a diagnosis in childhood or adulthood can contribute to a great 

acceptance and understanding – it should be noted that adults do not always present a 

diagnosis or do not accept it. Therefore, acceptance allows to correct these lacks and to 

become aware to restore the lack of emotional input that neurotypical person has been 

experiencing – as restore the self-esteem and eigenvalue of both partners (10,41).  

 

Cassandra’s myth tells that she met Apollo – the god of the sun – who fell in love with 

her at first sight. She went to his temple to ask for a gift, and Apollo would granted her 

the gift of prophecy or clairvoyance if she married him. Therefore, as long as she 

accepted the pact, she could see the facts of the future. However, she did not want to 

do her part, and Apollo became angry. Then, he kept her gift of clairvoyance but took 

it out her gift of persuasion. Thus, she would be able to see what would happen in the 

future, but no one would pay attention to her o believe her words.   

In this way, the presence of ASD can have a significant impact on the quality of life 

of the affected person, but also for people around him or her – so, it may negatively affect 

the development of meaningful social relationships with others (10).  
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1.2.8 Cutting-edge investigation 

At birth, before the perception of ASD symptoms, infants head circumference is average or 

slightly below average. Then, in sMRI, a 90% of people with ASD there is an accelerated brain 

growth with a larger mean of total brain volume around first year of life; – with a 15-20% 

exhibiting macrocephaly at 4 or 5 years old (43).  

CEREBELLUM  

This area is involved in motor coordination 

and in modulation language, emotion, and 

executive function. The sMRI exposes a 

hypoplasia of the cerebellar vermis in the 

86% – these decreased volume is more 

characteristic of vermal lobules VI and VII that 

are related to deficits in attention, sensory 

modulation, and motor and behavioural 

initiation. In contrast, there is a 14% of 

hyperplasia related to the anterior vermis 

(lobules I-V) and lobules VIII-X. Otherwise, 

the total cerebellum brings an increased 

volume image in children (43,44).  

BRAINSTEM  

This area has a role in sensory modulation. 

Some sMRI studies reports a decreased 

brainstem volume, while other studies shows 

no volumetric differences. However, a 

decreased grey matter volume of the 

brainstem is associated with oral sensory 

sensitivity in a study of children (43).  

CAUDATE NUCLEUS  

This part of the basal ganglia is associated in 

executive function. The sMRI describes an 

increased caudate nucleus volume in 

children and adults. Otherwise, there is 

controversies in the correlation between 

caudate nucleus volume and the role in 

stereotyped and repetitive behaviours (43).  

 

Fig.10 Localization of caudate nucleus. Extracted from 

American Journal of Neuroradiology. 

In children, during resting state tasks, it has 

been observed an increased ectopic striatal 

functional connectivity – with abnormalities 

in early developing areas, insula, and 

brainstem (43,45).   

THALAMUS  

This region is related to language and 

emotional processing, and aspects of 

executive function. The sMRI finds that there 

are no volumetric abnormalities of the 

thalamus (43).  

CORPUS CALLOSUM  

This area is a white matter tract that connects 

the cerebral hemispheres, facilitating 

interhemispheric connectivity. The sMRI has 

documented a decreased corpus callosum 

volume – it has been identified that the 

anterior regions of the corpus callosum has 

the largest volumetric deficits. However, 

some studies have not found abnormalities 

(43). 
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Fig.11 Localization of corpus callosum. Adapted from 

radiopaedia.org. 

HIPPOCAMPUS 

This part is associated with the integration of 

information and in associative memory. The 

sMRI studies have inconsistent results due to 

differences in imaging methods and people 

heterogeneity. Thus, results ranges from no 

difference to increased or decreased 

hippocampal volume (43).  

AMYGDALA  

This region has a role in emotional and social 

behaviour – so, research in children has 

found association between amygdala 

enlargement and communication deficits 

(43).  

 

Fig.12 Localization of amygdala. Adapted from (46). 

The sMRI shows an increased amygdala 

volume in ASD less than 10 years old, while it 

shows a similar or smaller amygdala volume 

in adolescents and adults compared to 

neurotypical people – so, it is linked to the 

brain overgrowth age-related. A decreased 

amygdala volume is correlated with time 

spent fixating on the eye region of faces. So, 

neurotypical people scan the face in a classic 

triangle pattern (between the eyes and 

mouth) and spend more time looking at the 

eyes, while people with ASD do not show this 

pattern and often look at the mouth, nose, or 

skip the face  (43,46).  

In fMRI, a greater social impairment was 

associated with decreased FFA-amygdala 

connectivity and increased amygdala-right 

inferior frontal gyrus connectivity - these 

connections suggest abnormalities within the 

limbic system that may contribute to social 

deficits in ASD (43). 

INSULAR CORTEX 

The anterior insula is believed to integrate 

multiple neurocognitive systems related to 

affective, empathic, and interoceptive 

processes (43). 

The sMRI exhibits a decreased grey matter 

volume in the anterior right insula and 

inferior frontal gyrus in adults (43)  

. 

Fig.13 Localization of insular cortex. Extracted from (47). 

In adolescents and young adults, using four 

seeds placed in anterior and posterior insular 

regions, it has been recorded a decreased 
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intrinsic functional insular connectivity 

between anterior and posterior insula and 

brain regions implicated in emotional and 

sensory processing (43).   

CINGULATE CORTEX 

The anterior cingulate cortex (ACC) is 

involved in the integration of cognition, 

emotion, and behavioural expression, while 

the posterior cingulate cortex (PCC) is 

implicated in visuospatial and memory 

function (43).  

 

Fig.14 Localization of cingulate cortex. Adapted from 

radiopaedia.org. 

The sMRI exposes a smaller ACC volume in 

adults with ASD. Moreover, fMRI exhibits a 

decreased ACC activation during response 

inhibition tasks and a decreased functional 

connectivity between inhibition regions – i.e., 

ACC, middle cingulate gyrus, and insula – 

and the right middle and inferior frontal and 

right parietal regions. There is an increased 

rostral ACC activation to correct erroneous 

anti-saccades – it was associated with a 

higher rating of rigid and repetitive 

behaviour (43).  

Considering the intrinsic functional 

connectivity inside the default-mode network 

(DMN) in adults with ASD, it has been 

observed a decreased connectivity between 

PCC and superior frontal gyrus (SFG) – 

associated with worse social functioning. On 

the other hand, it has been recorded an 

increased connectivity between PCC and 

both right temporal lobe and right 

parahippocampal gyrus – this last 

connectivity has been correlated with the 

severity of repetitive behaviours. Considering 

the functional connectivity of default mode 

sub-networks , using brief resting fMRI in 

adults, it has been shown a decreased 

connectivity between precuneus (parietal 

lobe) and MPFC/ACC – correlated with the 

severity of social and communication 

impairments (43).  

TEMPORAL LOBE  

The fMRI in children under 3 years old, during 

natural sleep, has been demonstrated 

abnormally right-lateralized temporal 

responses to language and a decreased left 

hemisphere response to speech sounds. In 

children and adults with ASD, the fMRI during 

language tasks has reported a decreased 

inferior frontal gyrus and an increased left 

planum temporale activation – some studies 

have evaluated an increased inferior frontal 

gyrus activation but that was less left-

lateralized (43).  
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Fig.15 Patterns of temporal lobe activation in fMRI. Extracted from (43). 

FUSIFORM GYRUS 

The sMRI reports unchanged, increased or 

decreased fusiform gyrus (FG) volumes in 

adolescents and adults – but above all, 

fusiform gyrus shows asymmetries in ASD 

(43).  

The fusiform face area (FFA) of the FG has a 

role in aspects of face processing, including 

face identification. In fMRI studies, the FFA 

has been evaluated with Familiar Face Tasks, 

Emotional Face Tasks, and Neutral Face 

Tasks. In the spectrum, it has been found 

significant or normal FFA activation in 

response to familiar faces, deficits in FFA 

activation in response to strange faces, 

decreased FFA and amygdala activation in 

emotional assessment, and an increased FFA 

activation in response to neutral face task 

(e.g., to keep the eye region to a central 

cross). Moreover, during face perception, 

neurotypical development relies on the eye 

region and uses a holistic approach, while 

people with ASD focus more on the mouth 

region and use a feature-based approach 

(43). 

SUPERIOR TEMPORAL GYRUS 

This region is implicated in the processing of 

eye movements, and in the visual analysis of 

social information conveyed by gaze and 

body movement. The sMRI exposes a 

decreased grey matter volume, as well as 

anterior and superior displacements of the 

superior temporal gyrus (STG). In adults fMRI 

studies, the STG is not sensitive to intentions 

of gaze shifts (43).  

PLANUM TEMPORALE  

This area is involved in auditory processing, 

receptive language, and lexical processing. 

The sMRI shows a larger left planum 

temporale (PT) volume – also known as 

Wernicke’s area – and stronger leftward 

asymmetry in children and adolescents. 

Some research has found a decreased left PT 

volume in children and adults (43).  

FRONTAL LOBE 

In the spectrum, volumetric differences in the 

grey matter predominately have been found 

in the frontal cortex. For example, in sMRI, it 

has been observed an increased frontal lobe 

volume, increased dorsolateral prefrontal 

cortex (DLPFC) and medial prefrontal cortex 

(MPFC), and decreased orbitofrontal cortex 

(OFC) (43).  

On the other hand, in fMRI in adolescents, 

ASD shows a decreased activation in the 

ACC, DLPFC, medial and lateral premotor 
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cortex, and caudate during spatial working 

memory task – suggesting dysfunctional 

frontostriatal networks. In fMRI in adults, the 

spectrum exhibits a decreased task-related 

activation in the DLPFC and PCC. Moreover, 

between frontal and parietal areas, it has 

been reported a decreased connectivity – 

indicating that executive function deficits 

may stem from decreased integration of 

information across brain regions (43). 

In the resting state MRI in adolescents and 

adults, between three seed regions of the 

default-mode network (DMN) involved in 

social and emotional processing – i.e., MPFC, 

PCC/precuneus, and left angular gyrus – and 

all brain voxels, it has been shown a 

decreased functional connectivity of the 

MPFC and left angular gyrus. During resting 

state and social and introspective tasks, it has 

been found a decreased functional activity in 

the ventral MPFC/ACC (43).  

 

Typical neurodevelopment decreases the 

DMN activation during active and 

engaging tasks, and increases during 

future prospection tasks and emotional 

intelligence (43). 

 

INFERIOR FRONTAL GYRUS 

The sMRI reports a rightward asymmetry of 

the inferior frontal gyrus (IFG) in children with 

ASD and language impairments. While in 

adults is observed a decreased volume of the 

IFG. In contrast, it should be noted that 

Asperger’s syndrome has an increased left 

IFG if it is compared with children with ASD 

(43).  

The left IFG – also known as Broca’s area – is 

related in sentence comprehension, 

integration of syntactic and semantic 

processing regions, and working memory 

(43).  

In ASD, fMRI studies have been observed an 

early mirror neuron system (MNS) 

dysfunction. The MNS has been identified in 

the pars opercularis of the IFG and the 

posterior parietal cortex. In this way, MNS is 

implicated in the observation, imitation, and 

in the understanding of emotion – so, it has 

been suggested that the MNS activation is 

inversely correlated with social impairment 

(43).  

OCCIPITAL LOBE 

It has been suggested that temporal 

abnormalities may tend to the dependence 

on visualization for language processing – 

during different high and low imagery 

language tasks, it is observed as parietal and 

occipital activation, and a greater bilateral 

extra-striate visual cortex activation. Then, 

neurotypical people usually use verbal 

strategies during working memory task, while 

people of the spectrum use a visually 

oriented processing style (43).  

CORTICOCORTICAL CONNECTIONS 

In ASD, some studies have been reported an 

excess of intrahemispheric and a deficit of 

interhemispheric corticocortical connections 

(43). 
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Diffusion, in diffusion tensor imaging (DTI) methodology, refers to the random walks or 

movement of water. So, fractional anisotropy (FA) is a scalar metrics that describes the 

degree of directionality of diffusivity inside a voxel – i.e., to quantify the water diffusion 

in the brain. In this way, in children and adults, it has been described a decreased 

fractional anisotropy on ventromedial prefrontal cortex (VMPFC), orbitofrontal cortex 

(OFC), anterior cingulate cortex (ACC), external and internal capsule, corpus callosum, 

superior and inferior longitudinal fasciculus, arcuate fasciculus, temporal stem (white 

matter), ventral temporal lobe, superior temporal gyrus (STG), superior and middle 

cerebellar peduncles (6,43).  
 

There are other researches around the spectrum that examine the 

minicolumnopathy (48), inhibitory and excitatory systems (GABAergic, glutamatergic, and 

serotonergic system) (49),  molecular brain deposits (50), magnetic resonance 

spectroscopy (51), electroencephalography studies, post-mortem histological studies (52), 

among many other types of investigations. However, none is used in the diagnosis. 
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1.3 Justification  

After all, Autistic Spectrum Disorder (ASD) could be summarized as a structural 

difficulty in emotional intelligence – among other added features that define the clinical 

heterogeneity across the spectrum. People with ASD are vulnerable, especially from 

adolescence when they must begin to be independent – so, they may be abused even for 

economic or sexual purposes (10,35). In this way, it must be said that nowadays still arrive 

adults with ASD to clinical services without their diagnosis.  

ASD in childhood is not the same that ASD in adulthood; thus, the final objective 

of this project is to guidance ASD diagnosis in young adults with imaging biomarkers. It 

is clear the need of early therapeutic options – i.e., in childhood –; however, it is necessary 

to intervene too in adolescents and adults with ASD. So, to have a diagnosis allows to 

understand some difficulties in order to improve the quality of life of the person with ASD 

and the people around them  (10,39,41). 

Therefore, the results of this project could support:  

 First of all, as it has been said, to propose a new strategy for the diagnostic ground 

for young adults with ASD. Furthermore, it would allow to guide other studies – e.g., 

the follow-up of the chosen therapeutic options, along with other studies.  

 Moreover, apart from defining the ASD male profile radiologically, it could also better 

define the poor knowledge of the ASD female profile (13).  

 Also, this proposal would increase knowledge about brain physiology.  

 Finally, this project would help in the divulgation of a rigorous definition of ASD and 

into avoid the social stigma of psychiatric entities.  

The principal aim of this ASD study is to describe the fractal geometry of the brain 

– not so much as to find a specific connectivity pattern, but as to describe quantitative 

differences. Fractal study perspective allows measuring the complexity that characterizes 

both disease and wellness (1) – so, in this case, to quantify both ASD entity and 

neurotypical development. However, this project takes the context to expand the 

research, and thus to study the functional brain connectivity and to define a diagnostic 

algorithm. This falls back to how the comorbidity phenomena in ASD indicate relevant 

neurochemical and neuroanatomical implications – along with others (10). 



  

 

46 
 

THE NEUROGEOMETRY PROJECT 

1.4 References                 

1.  Di Ieva A. The Fractal Geometry of the Brain: An Overview. In: Di Ieva A, Destexhe 

A, Brette R, editors. The Fractal Geometry of the Brain. First ed. New York: Springer 

Nature; 2016. p. 3–12.  

2.  Liberti L, Lavor C, Maculan N, Mucherino A. Euclidean Distance Geometry and 

Applications. Soc Ind Appl Math. 2014;56(1):3–69.  

3.  Cauda F, Mancuso L, Nani A, Ficco L, Premi E, Manuello J, et al. Hubs of long-

distance co-alteration characterize brain pathology. Hum Brain Mapp. 

2020;41(14):3878–99. Available from: https://pubmed.ncbi.nlm.nih.gov/32562581/ 

doi: 10.1002/hbm.25093.  

4.  Karperien A, Jelinek H. Box-Counting Fractal Analysis: A Primer for the Clinician. In: 

Di Ieva A, Destexhe A, Brette R, editors. The Fractal Geometry of the Brain. First ed. 

New York: Springer; 2016. p. 13–43.  

5.  Berg H. Random Walks in Biology. Expanded e. Princeton: Princeton University 

Press; 1993. 152 p.  

6.  Roberts T, Berman J, Ragini V. DTI and Tractography in the Autistic Brain. In: 

Buxbaum J, Hof P, editors. The Neuroscience of Autism Spectrum Disorders. First 

ed. Oxford: Elsevier; 2013. p. 267–79.  

7.  Reishofer G, Studencnik F, Koschutnig K, Deutschmann H, Ahammer H, Wood G. 

Age is reflected in the Fractal Dimensionality of MRI Diffusion Based Tractography. 

Sci Rep. 2018;8(1):1–9. Available from: http://dx.doi.org/10.1038/s41598-018-23769-

6. 

8.  Di Ieva A. Fractals in Neuroimaging. In: Di Ieva A, Destexhe A, Brette R, editors. The 

Fractal Geometry of the Brain. First ed. New York: Springer Nature; 2016. p. 295–

309.  

9.  Evans B. How autism became autism: The radical transformation of a central 

concept of child development in Britain. Hist Human Sci. 2013;26(3):3–31. Available 

from: https://pubmed.ncbi.nlm.nih.gov/24014081/ doi: 10.1177/0952695113484320.  

10.  So Hyun K, Lord C. The behavioral manifestations of Autism Spectrum Disorders. 

In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum Disorders. 

First ed. Oxford: Elsevier; 2013. p. 25–37.  



                                                     

 

 

47 

How ASD is reflected in the fractal dimensionality of multiparametric MRI 

11.  Long Z, Duan X, Mantini D, Chen H. Alteration of functional connectivity in autism 

spectrum disorder: Effect of age and anatomical distance. Sci Rep. 2016;6:26527. 

Available from: https://www.nature.com/articles/srep26527 doi: 

10.1038/srep26527.  

12.  Anagnostou E, McKeever C, Kushki A. Novel Therapeutics in Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 103–9.  

13.  Mcfayden T, Albright J, Muskett A, Scarpa A. Brief Report: Sex Differences in ASD 

Diagnosis — A Brief Report on Restricted Interests and Repetitive Behaviors. J 

Autism Dev Disord. 2019;49(4):1693–9. Available from: 

https://pubmed.ncbi.nlm.nih.gov/30488150/ doi: 10.1007/s10803-018-3838-9.  

14.  French LR, Bertone A, Hyde KL, Fombonne E. Epidemiology of Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 3–24.  

15.  Lombardo L, Ferré L, Camino M, Arráez R, Jordán R, Fabregat C, et al. Estimación 

de la prevalencia de los trastornos del espectro autista en centros de atención 

precoz en Cataluña. Rev psicopatología y salud Ment del niño y del Adolesc. 

2020;35.  

16.  Stiles J, Jernigan TL. The basics of brain development. Neuropsychol Rev. 

2010;20(4):327–48. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2989000/ doi: 10.1007/s11065-010-

9148-4.  

17.  Betancur C, Coleman M. Etiological Heterogeneity in Autism Spectrum Disorders: 

Role of Rare Variants. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism 

Spectrum Disorders. First ed. Oxford: Elsevier; 2013. p. 113–44.  

18.  Sztainberg Y, Zoghbi HY. Lessons learned from studying syndromic autism 

spectrum disorders. Nat Neurosci. 2016;19(11):1408–18. Available from: 

https://pubmed.ncbi.nlm.nih.gov/27786181/ doi: 10.1038/nn.4420.  

19.  Marshall CR, Lionel AC, Scherer SW. Copy Number Variation in Autism Spectrum 

Disorders. In: Bubaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 145–54.  

20.  Anney RJ. Common Genetic Variants in Autism Spectrum Disorders. In: Buxbaum 

JD, Hof PR, editors. The Neuroscience of Autism Spectrum Disorders. First ed. 



  

 

48 
 

THE NEUROGEOMETRY PROJECT 

Oxford: Elsevier; 2013. p. 155–67.  

21.  Girirajan S, Rosenfeld JA, Coe BP, Parikh S, Friedman N, Goldstein A, et al. 

Phenotypic heterogeneity of genomic disorders and rare copy-number variants. N 

Engl J Med. 2012;367(14):1321–31. Available from: 

https://pubmed.ncbi.nlm.nih.gov/22970919/ doi: 10.1056/NEJMoa1200395.  

22.  Naviaux RK. Mitochondria and Autism Spectrum Disorders. In: Buxbaum JD, Hof 

PR, editors. The Neuroscience of Autism Spectrum Disorders. First ed. Oxford: 

Elsevier; 2013. p. 179–93.  

23.  Lyall K, Schmidt R, Hertz-Picciotto I. The Environment in Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 203–14.  

24.  Auyeung B, Baron-Cohen S. Hormonal Influences in Typical Development: 

Implications for Autism. In: Buxbaum JD, Hof PR, editors. The Neuroscience of 

Autism Spectrum Disorders. First ed. Oxford: Elsevier; 2013. p. 215–32.  

25.  Chun HK, Leung C, Wen SW, McDonald J, Shin HH. Maternal exposure to air 

pollution and risk of autism in children: A systematic review and meta-analysis. 

Environ Pollut. 2020;256:113307. Available from: 

https://doi.org/10.1016/j.envpol.2019.113307. 

26.  Perera F, Ashrafi A, Kinney P, Mills D. Towards a fuller assessment of benefits to 

children’s health of reducing air pollution and mitigating climate change due to 

fossil fuel combustion. Environ Res. 2019;172:55–72.  

27.  Lam J, Sutton P, Kalkbrenner A, Windham G, Halladay A, Koustas E, et al. A 

systematic review and meta-analysis of multiple airborne pollutants and autism 

spectrum disorder. PLoS One. 2016;11(9):1–27.  

28.  Flores-Pajot MC, Ofner M, Do MT, Lavigne E, Villeneuve PJ. Childhood autism 

spectrum disorders and exposure to nitrogen dioxide, and particulate matter air 

pollution: A review and meta-analysis. Environ Res. 2016;151:763–76. Available from: 

http://dx.doi.org/10.1016/j.envres.2016.07.030. 

29.  Sandin S, Kolevzon A, Levine S, Hultman C, Reichenberg A. Parental and Perinatal 

Risk Factors for Autism: Epidemiological Findings and Potential Mechanisms. In: 

Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum Disorders. First 

ed. Oxford: Elsevier; 2013. p. 195–202.  



                                                     

 

 

49 

How ASD is reflected in the fractal dimensionality of multiparametric MRI 

30.  Akintude ME, Heuer L, Van de Water J. Immune Abnormalities and Autism 

Spectrum Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism 

Spectrum Disorders. First ed. Oxford: Elsevier; 2013. p. 233–48.  

31.  Cowan M, Petri WA. Microglia: Immune regulators of neurodevelopment. Front 

Immunol. 2018;9:2576. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6234957/ doi: 

10.3389/fimmu.2018.02576.  

32.  Hughes HK, Mills Ko E, Rose D, Ashwood P. Immune Dysfunction and 

Autoimmunity as Pathological Mechanisms in Autism Spectrum Disorders. Front 

Cell Neurosci. 2018;12:405. Avaiblable from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6242891/ doi: 

10.3389/fncel.2018.00405.  

33.  Huang Y, Zhao Y, Ren Y, Yi Y, Li X, Gao Z, et al. Identifying Genomic Variations in 

Monozygotic Twins Discordant for Autism Spectrum Disorder Using Whole-

Genome Sequencing. Mol Ther - Nucleic Acids. 2019;14:204–11. Available from: 

https://doi.org/10.1016/j.omtn.2018.11.015. 

34.  American Psychiatric Association. Diagnostic and Statistical Manual of Mental 

Disorders. Fifth ed. Arlington, VA; 2013.  

35.  Barton ML, Orinstein A, Troyb E, Fein DA. Early Manifestations of Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 39–53.  

36.  Lai MC, Lombardo M V., Baron-Cohen S. Autism. Lancet. 2014;383(9920):896–910. 

Available from: https://pubmed.ncbi.nlm.nih.gov/24074734/ doi: 10.1016/S0140-

6736(13)61539-1.  

37.  Rubenstein E, Chawla D. Broader autism phenotype in parents of children with 

autism: A systematic review of percentage estimates. J Child Fam Stud. 

2018;27(6):1705–1720. Available from: https://pubmed.ncbi.nlm.nih.gov/29731598/ 

doi: 10.1007/s10826-018-1026-3.  

38.  McPartland JC, Volkmar FR. Asperger Syndrome and its Relationships to Autism. In: 

Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum Disorders. First 

ed. Oxford: Elsevier; 2013. p. 55–67.  

39.  Soorya L V, Carpenter LA, Warren Z. Behavioral and Psychosocial Interventions for 

Individuals with ASD. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism 



  

 

50 
 

THE NEUROGEOMETRY PROJECT 

Spectrum Disorders. First ed. Oxford: Elsevier; 2013. p. 69–84.  

40.  Kolevzon A. Current Trends in the Pharmacological Treatment of Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 85–101.  

41.  Hill E, Berthoz S, Frith U. Brief Report: Cognitive Processing of Own Emotions in 

Individuals with Autistic Spectrum Disorder and in Their Relatives. J Autism Dev 

Disord. 2004;34(2):229–35. Available from: 

https://pubmed.ncbi.nlm.nih.gov/15162941/ doi: 

10.1023/b:jadd.0000022613.41399.14.  

42.  Heasman B, Gillespie A. Perspective-taking is two-sided: Misunderstandings 

between people with Asperger’s syndrome and their family members. Autism. 

2018;22(6):740–50. Available from: https://pubmed.ncbi.nlm.nih.gov/28683569/ 

doi: 10.1177/1362361317708287.  

43.  Stigler K, McDougle C. Structural and Functional MRI Studies of Autism Spectrum 

Disorders. In: Buxbaum JD, Hof PR, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 251–66.  

44.  Bauman M, Kemper T. The Cerebellum in Autism Spectrum Disorders. In: Buxbaum 

J, Hof P, editors. The Neuroscience of Autism Spectrum Disorders. First ed. Oxford: 

Elsevier; 2013. p. 289–95.  

45.  Di Martino A, Kelly C, Grzadzinski R, Zuo XN, Mennes M, Mairena MA, et al. 

Aberrant striatal functional connectivity in children with autism. Biol Psychiatry. 

2011;69(9):847–56. Available from: http://dx.doi.org/10.1016/j.biopsych.2010.10.029. 

46.  Morgan J, Nordahl C, Schumann C. The Amygdala in Autism Spectrum Disorders. 

In: Buxbaum J, Hof P, editors. The Neuroscience of Autism Spectrum Disorders. First 

ed. Oxford: Elsevier; 2013. p. 297–312.  

47.  Jang JH, Kim JH, Yun JY, Choi SH, An SC, Kang DH. Differences in Functional 

Connectivity of the Insula Between Brain Wave Vibration in Meditators and Non-

meditators. Mindfulness (N Y). 2018;9(6):1857–66. Available from: 

https://doi.org/10.1007/s12671-018-0928-x.  

48.  Casanova M. The Minicolumnopathy of Autism Spectrum Disorders. In: Buxbaum 

J, Hof P, editors. The Neuroscience of Autism Spectrum Disorders. First ed. Oxford: 

Elsevier; 2013. p. 327–33.  



                                                     

 

 

51 

How ASD is reflected in the fractal dimensionality of multiparametric MRI 

49.  Blatt G. Inhibitory and Excitatory Systems in Autism Spectrum Disorders. In: 

Buxbaum J, Hof P, editors. The Neuroscience of Autism Spectrum Disorders. First 

ed. Oxford: Elsevier; 2013. p. 335–46.  

50.  Wegiel J, Schanen N, Cook E, Brown W, Kuchna I, Nowicki K, et al. 

Clinicopathological Stratification of Idiopathic Autism and Autism with 15q11.2-q13 

Duplications. In: Buxbaum J, Hof P, editors. The Neuroscience of Autism Spectrum 

Disorders. First ed. Oxford: Elsevier; 2013. p. 347–59.  

51.  Ajram LA, Pereira AC, Durieux AMS, Velthius HE, Petrinovic MM, McAlonan GM. 

The contribution of [1H] magnetic resonance spectroscopy to the study of 

excitation-inhibition in autism. Vol. 89, Progress in Neuro-Psychopharmacology 

and Biological Psychiatry. 2019. p. 236–44. Available from: 

https://doi.org/10.1016/j.pnpbp.2018.09.010.  

52.  Wilkinson M, Wang R, van der Kouwe A, Takahashi E. White and gray matter fiber 

pathways in autism spectrum disorder revealed by ex vivo diffusion MR 

tractography. Brain Behav. 2016;6(7):1–12. Available from: 

https://pubmed.ncbi.nlm.nih.gov/27247853/ doi: 10.1002/brb3.483.  

 

 

 

 

 

 

 

 

 

 

 

 



  

 

52 
 

THE NEUROGEOMETRY PROJECT 

2. HYPOTHESIS AND OBJECTIVES    

2.1 Hypothesis 

People with ASD have different neural tracts due to neurodevelopment if it is compared 

with neurotypical people. Therefore, clinical differences in young adults can be 

quantified with multiparametric MRI and analysed with fractal geometry – in order to 

validate new imaging biomarkers.  
 

2.2 Main objective 

 To determine imaging biomarkers based on the structural and functional brain 

connectivity in a first stage – as fractal imaging biomarkers related to the severity 

of the clinical presentation – and to validate these new imaging biomarkers in a 

second stage.  

2.3 Specific objectives of the first stage 

 To quantify the functional brain connectivity differences between spectrum and 

neurotypical people – as imaging biomarkers associated to the severity of the 

clinical presentation. 

 To describe the structural brain connectivity pattern in the fractal dimensionality 

of MRI diffusion-based tractography – as imaging biomarkers based on the 

severity of the clinical presentation.  

2.4 Specific objectives of the second stage 

 To evaluate the feasibility of these imaging biomarkers to define the spectrum. 

 To discuss whether the combined use of clinical presentation and imaging 

biomarkers can improve diagnostic management in young adults.  

 To formulate a diagnostic algorithm based on clinical and imaging data oriented 

to young adults.  
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3. MATERIALS AND METHODS              

3.1 Study design and setting  

For objectives consecution, the more convenient study design is a multicentre 

analytical transversal study – so, what is wanted is to evaluate the association between 

MRI and clinical presentation. Therefore, the study setting in the first stage is to realise a 

standardized assessment protocol in order to collect the data of the independent variable 

and covariates. Then, in a maximum period of two weeks after completing the clinical 

evaluation, it will be performed an MRI to collect the data of dependent variables. At this 

moment, there will not be more follow-up and all this data will be available in a database. 

Thus, in the second stage, this data will be used to discuss the validation of new imaging 

biomarkers. 

 
Fig.16 Simplified description of the project with block diagram. Designed with infogram.com. 
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In this way, data will be collected among four defined health networks of Catalonia 

(see Annex 1). Broadly, this project brings together reference hospitals, the Àrea Bàsica de 

Salut (ABS), and the Xarxa de Salut Mental (XSM) – this last one could be a service located 

in other institutions – e.g., in a hospital, primary care centre, or others. These health 

networks will be composed according to four focal points of data:  

 In general, the Centre de Salut Mental d’Adults (CSMA) of the Xarxa de Salut 

Mental (XSM) will perform the assessment of ASD diagnosis when the person does 

not have an intellectual disability.  

 Usually, the Servei Especialitzat en Salut Mental i Discapacitat Intel·lectual 

(SESMDI) of the Xarxa de Salut Mental (XSM) will complete the assessment of ASD 

diagnosis when the person has an intellectual disability. 

 From the Àrea Bàsica de Salut (ABS), it will be looked for neurotypical people who 

meet the criteria. 

 Finally, all participants will be derived to reference hospitals to realize an MRI.  

  

Fig.17 Map of reference hospitals of project’s health networks. Designed by the author. 

For every health network mentioned, main investigators will be appointed to 

obtain good communication, to elaborate the post-process techniques, to share the 

interpretation of results, to write the paper, and to present results.  

HEALTH NETWORK OF 

BARCELONA PROVINCE  

Hospital Universitari Vall 

d’Hebron 

HEALTH NETWORK OF 

LLEIDA PROVINCE  

Hospital Universitari Arnau 

de Vilanova 

HEALTH NETWORK OF 

GIRONA PROVINCE  

Hospital Universitari de 

Girona Doctor Josep 

Trueta  

HEALTH NETWORK OF 

TARRAGONA PROVINCE  

Hospital Universitari  

Joan XXIII 
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3.2 Participants  

Participants of the project will be divided into people of the spectrum and 

neurotypical people as equal as possible.   

3.2.1 Criteria of the study population 

INCLUSION CRITERIA 

 To have signed informed consents. 

 Young adults between 21-29 years old – both ages and sexes included.  

 People with ASD must have the idiopathic entity. 

EXCLUSION CRITERIA  

 Presence of another neurological or psychiatric entity – except in some cases of 

comorbidity of ASD (i.e., anxiety, depression, attention deficits, hyperactivity, and/or 

obsessive-compulsive behaviours). 

 People with syndromic ASD.  

 Pregnancy, suspected pregnancy, or up to two years after giving birth – although the 

contrast is not used, and the MRI is a non-invasive technique, it has been considered 

that this process can be stressful. However, the most distinguished basis is some 

literature that affirms changes in brain connectivity.  

 To wear medical devices or conditions that contraindicate MRI. 

WITHDRAWAL CRITERIA   

 A person who has signed informed consents and has done the desensitization 

process, but he/she is not able to enter the MRI machine due to emotional struggle. 

MATCHING CRITERIA 

For each person of the spectrum, another neurotypical person will be included 

with the following matching criteria:  

 Age between the following ranges: from 21 to 23 years old, from 24 to 26 years old, 

and from 27 to 29 years old.  

 Same sex.  
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3.2.2 Sample 

SAMPLE SIZE 

In a bilateral test, with a significance level or alpha risk (α) of 5%, a statistical power 

(1-β) of 80%, an assumption of maximum indeterminacy, and assuming a drop-out rate 

of 20%, it should be considered a sample size of 419 young adults. Therefore, also, it will 

be considered 419 neurotypical young adults (people without ASD). 

 

Computations were carried out with Prof. Dr. Marc Saez’s software based on the “pwr” 

library of the free statistical environment R (version 4.0.3).  

 

SAMPLE SELECTION AND ESTIMATED TIME OF RECRUITMENT  

Based on the existent bibliography, the incidence of ASD is not reliable. 

Nevertheless, the study is focused on people with ASD diagnosis or suspected diagnosis 

and it is used an extensive mental health network. In this way, each time a person with 

ASD is going to enter the project, some known neurotypical person will be offered entry 

to the project – in this case, the lineage will have to be checked. Neurotypical people who 

do not take a relation to people with ASD will be able to participate. 

It has been estimated that each province would include two people a week. That 

would be about a hundred people a year for each province – about four hundred people 

a year. Then, in two years there could be 838 participants – so, at this moment, the 

procedure of data collection will be ended. 
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3.3 Procedures of the first stage  

3.3.3 The setting of data collection  

In this first stage, the aim is to describe fractal imaging biomarkers related to the 

severity of the clinical presentation. So, these biomarkers will be divided into functional 

and structural connectivity.  

 

 

Fig.18 Description of the first stage with block diagram. Designed with infogram.com. 

 

3.3.2 Study variables  

Broadly, note that dependent variables in the first stage will be independent 

variables in the second stage. Then, the independent variable in the first stage will be the 

dependent variable in the second stage. 
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DEPENDENT VARIABLES 

 The group of image biomarkers contains different quantitative variables in general 

called as ROI size – every variable will change “ROI” for the specific name of the 

region of interest. ROI size will be acquired with MRI analysis. Moreover, ROI size 

variables will be divided in functional and structural brain connectivity.  

 

INDEPENDENT VARIABLES  

 This variable is the presence or absence of ASD – so, it is a dichotomous variable. 

The presence or absence of ASD is related to its diagnosis, so it will be collected 

at the first stage with its specific standardized method.  

 There will be different ordinal qualitative variables generally named clinical 

presentation – every variable will adopt its specific clinical domain name. Clinical 

presentation will be measured with its specific standardized test at the first stage.

 

COVARIATES  

Here are defined confounding factor that are related to brain connectivity.

 Sex. Not just for clinical differences, also may influence the appearance of 

connectivity brain patterns both spectrum and neurotypical people. These are a 

dichotomous variable: Male, and Female. 

 Age. It will be considered three ranges of age – so, neurodevelopment is a 

continuous process that shows differences in connectivity patterns between ages. 

These ranges are defined in an ordinal qualitative variable: from 21 to 23 years old, 

from 24 to 26 years old, and from 27 to 29 years old. 

 Hand-dominance. There are brain differences according to this nominal variable: 

Right-handed, Left-handed, but it could be considered Undefined in some cases.  

 Educational level. It is clear that the level of education influences brain 

connectivity, so it is considered a nominal variable: Without studies, Primary school 

education, Secondary school education, Professional studies, and University or 

higher studies. 
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 Cognitive abilities. In some way, it relates to the level of education and, therefore, 

it is related to the severity of ASD. Although there is no single type of intelligence 

– and the most appropriate would be to do a general cognitive exploration –, it is 

needed an intellectual coefficient score in order to have a measure related to brain 

connectivity. These are an ordinal qualitative variable: Below average intelligence 

(for scores below 89), Average intelligence (for scores between 90-110), and Above 

average intelligence (for scores above 111). 

 

Fig.19 Distribution of intelligence quotient scores. Designed by the author. 

 Severity of ASD. It is related to communication impairments and restricted and 

repetitive behaviours and interests. These are a nominal variable: Grade 1, Grade 

2, and Grade 3. 

 Comorbidity. The behaviour associated with the spectrum without leading to 

another disorder will be defined as a nominal variable: Anxiety, Depression, 

Attention deficits, Hyperactivity, and Obsessive-compulsive behaviour.   

 Therapy received. Due to the brain plasticity, it must be assessed how it is shown 

on MRI according to this nominal variable: Without therapy, Psychosocial and 

behavioural interventions, Pharmacological treatment, and New treatments.  

 Province. There are no known possible differences in the spectrum between 

provinces, but MRI machines are not the same throughout Catalonia. For this 

reason, it will be differentiated between this nominal variable: Barcelona, Girona, 

Tarragona, and Lleida. 

 Area. Living in more or less urbanized areas has changes in brain connectivity 

related to possible social interactions and stimuli. Therefore, depending on where 

it has been living the last year predominantly, it will be defined this nominal 

variable: Urban area (density equal or greater than 150 inh/km2), Rural area 

(density less than 150 inh/km2), and Social institution.  
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3.3.3 Data acquisition  

PROTOCOL APPROVALS AND INFORMED CONSENT 

The project will be conducted in accordance with The Code of Ethics of the World 

Medical Association – Declaration of Helsinki –, and the protocol will have to be approved 

first by the Clinical Research Ethics Committee (CEIC) of University Hospital of Girona 

Doctor Josep Trueta – then, permission will be asked in each health network distributed 

by provinces. This section will be explained in more detail below at 6.1 Ethical 

considerations. 

Participants or legal guardians will complete the first written informed consent (see 

Annex 2) – about the introduction into the project.  

CLINICAL ASSESSMENT AND REGISTRATION INTO THE DATABASE 

A quick-fill sheet will be available (see Annex 3) to be used to collect the covariates 

of sex, age, hand-dominance, educational level, therapy received, province, and area. This 

sheet will be useful too in case of internet network problems – then facilitating data entry 

into the database. If any participant ends to be part of the study, then all data that cannot 

be included in his/her medical history should be destroyed.  

 

Professionals involved in drafting project results will have access to the database via a 

username and password – i.e., psychiatrists, neuroradiologists, and scientific researchers 

(defined below at 5.1 Research team). Database intends to prevent possible loss of 

information of a spreadsheet program (e.g., Microsoft Excel). However, having access 

to the database would mean having signed the confidentiality agreement (see Annex 

4). 
 

An exhaustive clinical and neuropsychological assessment protocol will be applied 

to all participants – i.e., spectrum and neurotypical people. All participants will pass a 

standardized ASD evaluation – to avoid including any undiagnosed ASD as neurotypical. 

This assessment will be based on professional clinical judgment and will be aided with 

other validated tests and scales – all these are used in daily medical practice.  
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The diagnosis of ASD will require the module 4 of Autism Diagnostic Observation 

Schedule-Second Edition (ADOS-2; see Annex 5) with a duration of 35-40 minutes. Some 

participants may have already had the Autism Diagnostic Interview-Revised (ADI-R), but 

it is not considered strictly necessary for the study. At this moment, it will be defined the 

presence or absence of ASD (independent variable) of the first stage. Then, for the people 

with ASD diagnosis, it will be defined the covariate severity according to DSM-V criteria 

(see Table 1).  

The covariate cognitive abilities will be assessed to all participants with the 

Kaufman Brief Intelligence Test (K-BIT; see Annex 6) with a duration of 15-30 minutes – if 

it would be necessary, it will be applied a broad neuropsychological evaluation.  

The clinical presentation (independent variables) will be assessed to all participants 

in order to define the ordinal level. So, they will pass the Repetitive Behaviour 

Questionnaire (RBQ, see Annex 7) for the restricted and repetitive behaviours and 

interests; the Aberrant Behaviour Checklist (ABC-ECA, see Annex 8) for the temperament 

and regulatory difficulties; the Empathy Quotient (EQ, see Annex 9) for the emotional 

intelligence; and the Koynos sensory profile (see Annex 10) for the sensory reactivity. 

Table.3 Clinical presentation variables and its measurement. Designed by the author. 

VARIABLE ASSESSMENT TEST ORDINAL QUALITATIVE LEVELS 

Restricted and repetitive 

behaviours and interests (RRB) 

Repetitive Behaviour 

Questionnaire (RBQ) 

Until 12 for stereotyped behaviour.  

Until 24 for compulsive behaviour.  

Until 12 for limited preferences.  

Until 12 for repetitive speech.  

Until 8 for insistence on sameness.  

Temperament and regulatory 

difficulties  

Aberrant Behaviour 

Checklist (ABC-ECA) 

Until 45 for agitation items. 

Until 48 for lethargy items.  

Until 21 for stereotypy items.  

Until 48 for hyperactivity items.  

Until 12 for loquacity items. 

Emotional intelligence Empathy Quotient (EQ) 0–32 Low (mean for people with Asperger's 

syndrome or high-functioning autism is 20). 

33–52 Average (the female average is 47 and 

the male 42). 

53–63 Above average. 

64–80 Very high. 

Sensory reactivity  Koynos sensory profile 0-20 Hyposensitivity. 

21-40 Regulated sensitivity.  

41-60 Hypersensitivity.  
 



  

 

62 
 

THE NEUROGEOMETRY PROJECT 

Then, participants or legal guardians will complete the second written informed 

consent – about the realization of the MRI. Moreover, there will be evaluated if people 

need to undergo a process of systematic desensitization of the MRI. This process will be 

done in an adapted room in a simulation of an MRI. 

MRI ACQUISITION AND EXPERIMENTAL PROCEDURE   

All participants will perform a High-Performance multiparametric MRI of the brain 

– without contrast – with resting state scan and diffusion tensor imaging (for tractography 

purposes). Being a multicentre study, each hospital will have slightly different 

specifications – note that there are certain algorithms to minimize these differences. 

However, brain images will be acquired using a 1.5 Tesla scanner. 

Image acquisition example from Hospital de Girona Doctor Josep Trueta  

All participants will be scanned using a 1.5 Tesla scanner (Achieva dStream Philips 

Medical Systems, Eindhoven, The Netherlands).  
 

They will perform a 10-min resting-state scan and will be instructed to lie with their eyes 

closed. A T2*-weighted echo-planar imaging (EPI) will be obtained (time of repetition 

[TR] = 2500 ms, time of echo [TE] = 50ms, flip angle = 90º, field of view [FOV] = 230, 

1.8 x 1.8 pixel matrix, 28 axial slices with a thickness of 4 mm, 240-volumes).  
 

The sequence will include four additional volumes to allow the magnetization to reach 

equilibrium. Also, it will be acquired a T1-weighted turbo-field echo sequence 

anatomical image for each subject with 250 slices (time of repetition [TR] = 8.4 ms, time 

of echo [TE] = 3.9 ms, flip angle= 8º, field of view [FOV] = 230 x 190, in-plane resolution 

= 1 x 1 x 1, slice thickness of 1mm) to discard gross radiological alterations and for pre-

processing purposes.  
 

Diffusion Tensor Imaging (DTI) will be acquired in 16 non-collinear diffusion directions, 

with b-values of 1000 s/mm2 and 0 s/mm2, with the following echo planar acquisition 

protocol: time of repetition [TR] = 3148 mm, time of echo [TE]: 86 ms, flip angle = 90º, 

field of view [FOV] = 230 mm, without gap, voxel size: 2 x 2 x 2.5 mm. A T1-weighted 

3D gradient recalled (GR) morphological sagittal scan will be performed for each subject 

for anatomical localization of fibre tracts. 
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3.3.4 Data processing 

IMAGE PROCESSING  

Imaging data will be pre-processed and analysed using the FMRIB Software Library 

FSL v6.0 implemented in C++ (Bell Laboratories Inc., Murray Hill, NJ).  

Brain images will be spatially normalized. All image sequences will be realigned – 

that is, to search for potential acquisition and normalization artefacts such as motion. 

Then, it will be performed the corresponding analyses to define the imaging biomarkers. 

 

   

Fig.20 Normalization images with FSL software. Extracted from https://fsl.fmrib.ox.ac.uk/fsl/fslwiki. 

 

It will be selected different regions of interest (ROI) according to previous 

researches. These ROI will be related to ROI size variables that will be divided in functional 

and structural brain connectivity. 

 

Table.4 Regions of interest (ROI) as potential image biomarkers. Designed by the author. 

fMRI VARIABLE sMRI VARIABLE 

Caudate Nucleus size Corpus Callosum size 

Amygdala size External Capsule size 

Insula size Internal Capsule size 

Cingulate cortex size Superior Longitudinal Fasciculus size 

Temporal lobe size Inferior Longitudinal Fasciculus size 

Frontal lobe size  

Occipital lobe size  
 

In the obtained connectivity, volumes and diffusion parameters will be calculated 

using different tools.  
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3.3.5 The Neurogeometry Project 

METHODOLOGY OF FRACTAL ANALYSIS 

The fractal dimension (FD) is often introduced by the Hausdorff dimension, a 

mathematical definition of fractals that cannot be directly solved. An approximation is 

possible, using the concept of self-similarity. An object with (N) segments scales with a 

length (r) thereby formulating a power law: 

𝑁 = 𝑟−𝐹𝐷 

therefore, 

𝐹𝐷 = −
𝑙𝑜𝑔𝑁

𝑙𝑜𝑔𝑟
 , 

where FD is the dimension of the scaling law. For non-fractal objects, FD equals 

the Euclidean dimension (D = 1, 2, 3, … n) that is one for a line, for two for an area, and 

three for a volume. Fractal objects obey a metric scaling relation, where the exponent FD 

is not equal to the Euclidean dimension and is usually not an integer. In nature, a single 

exponent is often not enough to describe a complex structure and different exponents 

are needed. The generalized dimensions or Rényi-dimensions Dq are defined according 

to:  

𝐷𝑞 = − lim
𝜀→0

𝑙𝑜𝑔 ∑ 𝜇(𝐵𝑖)𝑞 
𝑖

(1 − 𝑞)log (𝜀)
=  −

𝐼𝑞(𝜀)

log (𝜀)
 

where 𝜇 is the probability density of elements in the ith Box Bi, with a side length 

of 𝜀. For q = 0, D0 is usually referred to as the capacity dimension that equals the box-

counting dimension in that 𝜇 is the probability that the ith Box Bi is populated. For q = 1, 

D1 is called the information dimension where the number of elements is counted for every 

Box Bi. For q = 2, D2 is called the correlation dimension. These dimensions are theoretically 

related by the inequality  

𝐷𝑞 ≥ 𝐷𝑞+1 𝑓𝑜𝑟 𝑞 = [−∞, ∞] 
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All calculations of the fractal dimension will be done in a three dimensional space 

by covering the high-resolution tractograms with cubes. The multifractal spectrum will be 

defined within a range q using cube side lengths 𝜀 in a range of n given 𝜀 = 2𝑛. This range 

will be determined by simulations and will be evaluated for its linear fit in the double 

logarithmic plot 1/(1 − 𝑞)𝑙𝑜𝑔 ∑ 𝜇(𝐵𝑖)𝑞 
𝑖  versus log (𝜀) for all q. The root mean square error 

(RMSE) will be evaluated for every q to reveal q showing the highest linearity. The higher 

linearity in the double logarithmic plot, the closer the data to the power law (see the first 

equation) and, therefore, it will provide the best fractal description of the structure. 

Multifractal analysis will be implemented with MATLAB software (V 2015b, The 

MathWorks, Inc., MA, USA). 

 

 

Fig.21 Principle of evaluating the fractal dimension using the box counting method. Extracted from (7). 
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3.4 Procedures of the second stage  

3.4.1 The setting of data collection  

In this second stage, the aim is to discuss if the combined use of clinical 

presentation and imaging biomarkers can improve diagnostic management in young 

adults. This purpose will consist of the validation pipeline of new imaging biomarkers. 

Then, the last objective is to formulate a diagnostic algorithm based on clinical and 

imaging data oriented to young adults. So, the question will be the definition of 

indications and how it would help supporting diagnostic tests.  

 

Thus, using the multicentre analytical transversal study of the first stage, this data from 

the database will be used for this second stage.     
 

 

 

Fig.22 Description of the second stage with block diagram. Designed with infogram.com. 
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3.4.2 Study variables  

Broadly, note that dependent variables in the first stage will be independent 

variables in the second stage. Then, the independent variable in the first stage will be the 

dependent variable in the second stage. 

DEPENDENT VARIABLE 

 This variable is the presence or absence of ASD – so, it is a dichotomous variable 

that will be retrieved from the database. The presence or absence of ASD is related 

to its diagnosis, so it will be collected from the first stage with its specific 

standardized method.  

INDEPENDENT VARIABLES  

 The group of image biomarkers contains different quantitative variables in general 

called as ROI size – every variable will change “ROI” for the specific name of the 

region of interest. ROI size will be acquired from the first stage with MRI analysis. 

Moreover, ROI size variables will be divided in functional and structural brain 

connectivity.  

 Finally, the last group consists of different ordinal qualitative variables generally 

named clinical presentation – every variable will adopt its specific clinical domain 

name. Clinical presentation will be measured with its specific standardized test 

from the first stage. 

COVARIATES 

Here are defined confounding factor that are related to brain connectivity.

 Sex. Not just for clinical differences, also may influence the appearance of 

connectivity brain patterns both spectrum and neurotypical people. These are a 

dichotomous variable: Male, and Female. 

 Age. It will be considered three ranges of age – so, neurodevelopment is a 

continuous process that shows differences in connectivity patterns between ages. 

These ranges are defined in an ordinal qualitative variable: from 21 to 23 years old, 

from 24 to 26 years old, and from 27 to 29 years old. 
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 Hand-dominance. There are brain differences according to this nominal variable: 

Right-handed, Left-handed, but it could be considered Undefined in some cases.  

 Educational level. It is clear that the level of education influences brain 

connectivity, so it is considered a nominal variable: Without studies, Primary school 

education, Secondary school education, Professional studies, and University or 

higher studies. 

 Cognitive abilities. In some way, it relates to the level of education and, therefore, 

it is related to the severity of ASD. Although there is no single type of intelligence 

– and the most appropriate would be to do a general cognitive exploration –, it is 

needed an intellectual coefficient score in order to have a measure related to brain 

connectivity. These are an ordinal qualitative variable: Below average intelligence 

(for scores below 89), Average intelligence (for scores between 90-110), and Above 

average intelligence (for scores above 111). 

 Severity of ASD. It is related to communication impairments and restricted and 

repetitive behaviours and interests. These are a nominal variable: Grade 1, Grade 

2, and Grade 3. 

 Comorbidity. The behaviour associated with the spectrum without leading to 

another disorder will be defined as a nominal variable: Anxiety, Depression, 

Attention deficits, Hyperactivity, and Obsessive-compulsive behaviour.   

 Therapy received. Due to the brain plasticity, it must be assessed how it is shown 

on MRI according to this nominal variable: Without therapy, Psychosocial and 

behavioural interventions, Pharmacological treatment, and New treatments.  

 Province. There are no known possible differences in the spectrum between 

provinces, but MRI machines are not the same throughout Catalonia. For this 

reason, it will be differentiated between this nominal variable: Barcelona, Girona, 

Tarragona, and Lleida. 

 Area. Living in more or less urbanized areas has changes in brain connectivity 

related to possible social interactions and stimuli. Therefore, depending on where 

it has been living the last year predominantly, it will be defined this nominal 

variable: Urban area (density equal or greater than 150 inh/km2), Rural area 

(density less than 150 inh/km2), and Social institution.  
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3.4.3 Data acquisition  

PROTOCOL APPROVALS AND INFORMED CONSENT 

The second stage data will come from the database. Therefore, for this stage, the 

approval of the protocol and the informed consent will have already been controlled 

before and during the first stage, respectively. 

3.4.4 Data processing 

The database will require the full inclusion of the data to validate the entry of 

participants. Therefore, the data will not require exhaustive control and the project will be 

continued with the statistical analysis. 

VALIDATION PROCESS OF NEW IMAGING BIOMARKERS  

The validation process of biomarkers will need the precision of the first stage – 

that is, variability control in the image acquisition (due to different centres and 

equipment). In the precision control, it will also be necessary to take into account the 

variability of the methodology – that are, related to algorithms of image standardization. 

The accuracy is not mandatory for the validation of imaging biomarkers. However, 

the method accuracy can be evaluated by comparing the calculated results to a reference 

pattern – that is, the Gold Standard diagnostic (psychiatric assessment, ADOS-2, or ADI-

R). To evaluate the accuracy, it must be calculated the relative error of the imaging 

biomarker compared to the Gold Standard – so, the relative error must be below 15%, 

considering a maximum error of 20% as the Maximum Limit Of Quantification (MLOQ). 

About clinical feasibility, it must be evaluated the relationship between imaging 

biomarkers and clinical presentation. In this project, fractal imaging biomarkers will have 

a short-term value – that is, for a diagnostic purpose. In this way, the type and degree of 

relationship – between imaging biomarkers and clinical variables – will be assessed 

through statistical analysis. 
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4. STATISTICAL ANALYSIS               

4.1 Descriptive analysis  

Dependent variables of the first stage – i.e., ROI size variables –, all of them 

quantitative, will be summarized and stratified by the presence or absence of ASD and 

the clinical presentation. As these variables are quantitative, they will be summarized 

through means, standard deviations, and medians – i.e., interquartile range. 

In the second stage, apart from the bivariate descriptive analyses of the first stage, 

a cross table will be performed in order to describe the presence or absence of ASD – i.e., 

dependent variable – and the clinical presentation variables (ordinal qualitative). As these 

variables are qualitative, they will be summarized using proportions – i.e., relative 

frequencies.   

 

Moreover, all these analyses will be stratified by covariates. 

 

4.2 Bivariate inference  

About quantitative variables – i.e., ROI size variables –, according to the presence 

or absence of ASD, the difference in means will be tested by the Student’s t-test and the 

difference in medians will be tested by the Mann-Whitney U test. 

The association between the presence or absence of ASD and clinical presentation 

variables – i.e., qualitative variables – will be assessed by the Chi-squared test – in the case 

in a cell there will be an expected count lower than five, the Fisher’s exact test will be used. 

 

Again, all these analyses will be stratified by covariates. 
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4.3 Multivariate inference   

The relationship between dependent variables of the first stage – i.e., ROI size 

variables – and independent ones – i.e., presence or absence of ASD and clinical 

presentation – will be adjusted in linear regressions and controlling for covariates.  

In the second stage, the association between the dependent variable – i.e., 

presence or absence of ASD – and independent variables – i.e., ROI size and clinical 

presentation variables – will be assessed by logistic regressions and controlling for 

covariates.  

 

In this way, estimation results of this last logistic regression will be used to validate 

imaging biomarkers and to formulate a diagnostic algorithm based on clinical and 

imaging data oriented to young adults. 
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5. FEASIBILITY    

5.1 Research team  

 PSYCHIATRISTS from XSM for clinical data collection (for each province). Specific 

psychiatrists will be part of the main researchers in order to share the interpretation 

of results, to write the paper, and to present results. 

 RADIOLOGIST TECHNICIANS from hospital reference for the acquisition of MRI (for each 

province). Specific radiologist technicians will elaborate post-process techniques.  

 NEURORADIOLOGISTS. Specific neuroradiologists will be part of the main researchers in 

order to share the interpretation of results, to write the paper, and to present results. 

 SCIENTIFIC RESEARCHER for the quantification and description of imaging biomarkers. 

Specific scientific researchers will be part of the main researchers in order to share the 

interpretation of results, to write the paper, and to present results.  

 STATISTICIAN for the analysis of results.  

 

5.2 Work plan  

STEP I: PROTOCOL DESIGN AND ETHICAL EVALUATION  

Timeline: approximately seven months.  

1.1 Literature review and protocol elaboration.  

1.2 Presentation of the protocol to the Clinical Research Ethics Committee (CEIC) of the 

University Hospital of Girona Doctor Josep Trueta – then, permission will be asked in 

each health network distributed by provinces.  

 

STEP II: PREPARATION AND INITIAL COORDINATION  

Timeline: approximately two months.  

2.1 Database elaboration.  

2.2 Meeting of psychiatrists and radiologist technicians – there will be four encounters, 

one in every province at the hospital of reference. It will be provided details and the 

timeline of the project – including information about the database’s use. 
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STEP III: DATA COLLECTION  

Timeline: approximately two years (twenty-four months). 

3.1 Clinical assessment: introduction of participants into the database according to 

whether they meet the defined criteria.  

3.2 MRI acquisition and post-process techniques elaboration.  

 

STEP IV: DATA ANALYSIS AND INTERPRETATION  

Timeline: approximately three years (twenty-eight months). 

4.1 Quantification and description of the fMRI. 

4.2 Quantification and description of the sMRI. 

4.3 Statistical analysis of the first and the second stage. 

4.4 Meeting of psychiatrists, neuroradiologists, and scientific researchers – to share the 

interpretation of the results, to write the paper, and to present the project results.  

 

STEP V: PAPER ELABORATION AND RESULTS PUBLICATION  

Timeline: approximately three months.  

5.1 Final paper elaboration and publication  
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Table.5 Representation of the study timeline with a Gantt diagram. Designed by the author. 

TASKS 
2020 2021 2022 2023 

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 

S
T
E
P
 I
 

1.1 Protocol 

design   

                                    

1.2 Ethical 

evaluation  

                                       

S
T
E
P
 I
I 2.1 Database 

 

                                        

2.2 Meeting 

 

                                       

S
T
E
P
 I
II 3.1 Clinical 

assessment 

                 

3.2 MRI and 

post-process 

                 

S
T
E
P
 I
V

 

4.1 To 

quantify fMRI  

                

4.2 sMRI 

description 

                

4.3 Statistical 

analysis 

                                       

4.4 Meeting 

 

                                      

S
T
 V

 

5.1 Paper – 

publication 
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5.3 Budget     

It should take into care that public health personnel will be volunteers – i.e., 

psychiatrists, radiologist technicians, and neuroradiologists –; therefore, they will perform 

the project during their work.  

Usually, people with ASD do not receive an MRI; for this reason, the study cost 

predominates for the realization of multiparametric MRI to all participants. 

 

Table.6 Budget of the project. Designed by the author. 

 PRICE QUANTITY SUBTOTAL 

PERSONNEL  

Statistician 45 €/h 50 hours 2.250 € 

MATERIALS AND SERVICES 

Database – creation, 

domain, physical server, 

and software  

- -  7.500 € 

Multiparametric brain MRI  276 € 838 participants  231.288 € 

Post-process techniques, 

and quantification and 

description of biomarkers 

- - 8.000 € 

PUBLICATION AND DISEMINATION 

Meetings expenses  500 € 2 1.000 € 

International publication 

in scientific journal (open 

access) 

1.800 € 1 1.800 € 

National congress – 

inscription fee, travel, and 

accommodation   

1.800 € 1 1.800 € 

International congress – 

inscription fee, travel, and 

accommodation   

2.800 € 1 2.800 € 

TOTAL                                                                                                                                 256.438 € 
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6. DISCUSSION  

6.1 Ethical considerations 

This project will be executed according to The Four Principles of Beauchamp and 

Childress – i.e., autonomy, beneficence, non-maleficence, and justice –, will respect the 

criteria expressed in the Declaration of Helsinki of Ethical Principles for Medical Research 

Involving Human Subjects signed and revised by the World Medical Association in 

October 2013 and will be according “Ley 14/2007, de 3 de julio, de Investigación 

biomédica”. 

For this reason, this research protocol will be submitted to the Clinical Research 

Ethics Committee (CEIC) of the University Hospital of Girona Doctor Josep Trueta – then, 

permission will be asked in each health network distributed by provinces –, and only will 

be initiated after receiving their approval. Furthermore, committee recommendations will 

be considered to proceed with the study.  

Before starting any study procedure, every participant or his/her legal guardian 

will have to be informed correctly, have time to read and decide the participation, and 

sign voluntarily the informed consent (see Annex 2) about the introduction into the project 

– according to the “Ley 41/2002, de 14 de noviembre, básica reguladora de la autonomía 

del paciente y de derechos y obligaciones en materia de información y documentación 

clínica”. However, at any step, the participant's autonomy will be respected – so, if people 

want to leave the study, they will be able to do it without prejudice to future visits. 

Professionals who have access to the database would it mean having signed the 

confidentiality agreement (see Annex 4). Therefore, the aim will be to collect data of 

participants guaranteeing its confidentiality and anonymity according to the “Ley 

Orgánica 3/2018, de 5 de Diciembre, de Protección de Datos Personales y garantía de los 

derechos digitales (LOPD-GDD)”. 
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6.2 Study limitations and strengths  

STUDY LIMITATIONS 

 The diagnosis period is long, so in some cases, it would be difficult to control that the 

MRI will be performed in a maximum of two weeks – in these cases, changes in the 

clinical presentation should be assessed to reduce the information bias. However, it is 

expected to be able to include also people whose diagnosis of ASD is already known 

– so the assessment will be faster and better known.  

 There may be a memory bias for those people who arrive without a childhood medical 

history – in these cases, the diagnosis period could be longer.  

 There will be selection bias when defining neurotypical participants. So, since it is a 

new research field, it is still difficult to predict what parameters need to be controlled 

– even in control participants. 

 It will be interobserver bias due to the data collection through psychiatric assessment. 

Therefore, it will be used the same standardized diagnostic method in all participants, 

and clinical variables will be defined as ordinal qualitative. 

 It is difficult to control that all reference hospitals could have the same MRI machine 

– so it will be measurement bias. For this reason, the fewer hospitals to get the MRI, 

the lower the measurement bias will be – for that, it will be defined four reference 

hospitals, one for each province. However, this is a typical bias of multicentre studies, 

but there are certain algorithms to minimize these differences. Besides, there will be 

defined a covariate of provinces in order to control in some way this bias.  

 There will be interobserver bias due to the process of normalizing the image. So, 

technicians who will be in charge of this process will work together through a protocol 

to reduce the bias.  

 In the second stage, it would be more appropriate to build a cohort study, but this 

project would be longer, costly, and there would be two projects. Therefore, it has 

been decided to use the same transversal study with the data from the first stage. 

 This project has a high cost given that a multiparametric MRI has to be done on every 

participant. 
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STUDY STRENGTHS 

 The sample size is large enough to work with consolidated results of the spectrum. 

 Database intends to prevent possible loss of information of a spreadsheet program 

(e.g., Microsoft Excel) – without to forget the confidentiality and security. 

 This study increases knowledge about brain physiology and radiological profile both 

men and women – with the proposal of taking a rigorous definition of ASD.   

 This protocol structure serves as an example to expand image biomarkers in other 

psychiatric or neurological entities – e.g., in drug addiction, depression, eating 

disorders, sleep disorders, schizophrenia, dementia, and other neurodevelopmental 

entities. Until the full description of the brain areas – differentiated by age, sex, and 

the entity – and controlling according to relevant covariates. Therefore, it will help in 

the differential diagnosis.  

 This type of study will allow to guide other studies – not just to propose a diagnosis – 

, also for doing researches to follow-up therapeutic options, investigations to predict 

the prognosis, along with other studies.  

 Then, it could be defined a typical neurodevelopment that allows programming 

models for research and adjusting them to the specific entity. 

 

6.3 Impact on the National Health System  

 If clinical visits were helped with complementary proves, it would be reduced the very 

high cost and time of diagnosing ASD – not just in the NHS, but also for the people 

who have to take that cost. 

 It could better define the female clinical profile of the spectrum. 

 Over time, it would allow a better study of the prevalence and incidence of the 

spectrum – also about the prevalence of women with ASD. 

 There will be anatomical knowledge to make an active divulgation of avoiding social 

stigma in psychiatric entities – in this case, in ASD. 

 

 

 



                                                     

 

 

79 

How ASD is reflected in the fractal dimensionality of MRI diffusion-based tractography 

7 ANNEXES  

7.1 Health networks by provinces  

 

 

HEALTH NETWORK OF 

GIRONA PROVINCE 

 CSMA (ABS): Gironès i 

Pla de l’Estany, Alt 

Empordà, Baix 

Empordà, Selva Interior 

i Marítima, Garrotxa, 

Ripollès.  

 SESMDI: Parc 

Hospitalari Martí i Julià 

(Edifici Els Til·lers). 

 Hospital Universitari de 

Girona Doctor Josep 

Trueta. 

 

 

HEALTH NETWORK OF 

LLEIDA PROVINCE 

 CSMA (ABS): Alt 

Urgell, Alta Ribagorça, 

Garrigues, Noguera, 

Pallars Jussà, Pallars 

Sobirà, Pla d’Urgell, 

Segarra, Segrià, 

Urgell, Vall d’Aran.  

 SESMDI: Hospital Sant 

Joan de Déu Terres de 

Lleida (associat amb 

Federació Allem).  

 Hospital Universitari 

Arnau de Vilanova.  

 HEALTH NETWORK OF 

TARRAGONA PROVINCE 

 CSMA (ABS): 1 al 8, 

Constantí, El Morell, 

Torredembarra, Salou, 

Vila-seca. 

 SESMDI: Institut Pere 

Mata.  

 Hospital Universitari 

Joan XXIII. 

 HEALTH NETWORK OF 

BARCELONA PROVINCE 

 CSMA (ABS): Les Corts, 

Montjuïc, Sants, Sarrià-

Sant Gervasi, Dreta de 

l’Eixample, Guinardó, 

Horta, Hospital 

Universitari Mútua de 

Terrassa. 

 SESMDI: CAP La Salut, 

Hospital de Mataró, 

Parc Sanitari Sant Joan 

de Déu. 

 Hospital Universitari 

Vall d’Hebron. 
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7.2 Informed consent of the project  

HOJA DE INFORMACIÓN DEL ESTUDIO 

Título del estudio: The Neurogeometry Project 

Bienvenid@, nos dirigimos a usted para la invitación a participar de forma voluntaria en 

un estudio que se realiza en diferentes puntos de Cataluña, a cargo de las unidades de 

Psiquiatría y Radiología junto con otros investigadores en ciencia. 

Con este documento, queremos que disponga de la información necesaria para que 

pueda evaluar si desea participar en este estudio. Con este objetivo, lea detenidamente 

el documento y en caso de tener alguna duda, consúltela con el equipo para poder 

aclarársela.  

El equipo agradecería su colaboración en el estudio.  

PROPÓSITO Y OBJETIVO DEL ESTUDIO 

El propósito del estudio es describir cuantitativamente la geometría fractal del cerebro 

para definir biomarcadores de imagen asociados a la clínica. Todo esto para contribuir en 

el diagnóstico del Trastorno del Espectro Autista (TEA) en adultos jóvenes.  

Con este estudio, se quiere evaluar si estos biomarcadores son cuantitativamente 

proporcionales a la clínica. Así pues, se analizaría la viabilidad de los biomarcadores para 

definir el espectro y definir un algoritmo diagnóstico juntamente con la clínica.  

PARTICIPACIÓN 

La participación en este estudio es totalmente voluntaria, de forma que, si decide no 

formar parte del mismo, su atención sanitaria no variará en ningún aspecto.  

Si desea abandonar el estudio en cualquier momento, es totalmente libre de hacerlo sin 

dar explicaciones y sin que varíe su atención sanitaria. 

Si el equipo investigador lo considera, usted podría ser excluido del estudio durante la 

duración del mismo, si en algún momento cumpliese alguno de los criterios de exclusión 

del proyecto.  
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La realización del proyecto ha sido analizada y aprobada por el Comité Ético de 

Investigación del Hospital Universitario de Girona Doctor Josep Trueta (y con el permiso 

del resto de centros participantes), dictaminando que es ético y no perjudicará en ningún 

momento ni a usted ni a su salud.  

PROCEDIMIENTOS DEL ESTUDIO  

El protocolo de evaluación por psiquiatría constará de seis escalas validadas en la práctica 

clínica. Una vez acabado este proceso, en un período máximo de dos semanas, se 

realizará una resonancia magnética cerebral SIN contraste. El resto de procesos de análisis 

se harán bajo investigación científica y sin la necesidad de su presencia.  

INCONVENIENTES Y BENEFICIOS 

El principal inconveniente del estudio es la realización de una resonancia magnética fuera 

de su seguimiento médico habitual; técnica no invasiva que NO necesitaría el uso de 

contraste. A pesar de este, su participación en el estudio sería de gran ayuda para poder 

estudiar el objetivo del proyecto, lo cual podría aportar diversos beneficios en el futuro.  

CONFIDENCIALIDAD  

Todos los datos que nos proporcione y obtengamos durante el estudio, tanto médicos 

como personales serán tratados con la más absoluta confidencialidad como establece la 

Ley Orgánica 3/2018, de 5 de diciembre, de Protección de Datos Personales y garantía de 

los derechos digitales. En ningún momento sus datos personales serán publicados en 

ningún sitio.  

CONTACTO  

En caso de cualquier duda, o deseo de comunicar algún evento durante la realización de 

este estudio podrá ponerse en contacto con el equipo a través de los siguientes datos de 

contacto. 

Teléfono: ________________________________________________________________________________ 

Email: ____________________________________________________________________________________ 
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HOJA DE CONSENTIMIENTO INFORMADO 

 

Yo, ___________________________________________________, con DNI/NIE _____________________                                            

Acepto voluntariamente participar en el estudio y confirmo que:  

 He sido informado por: Dr/Dra ___________________________________________________ 

 He leído atentamente la hoja de información del estudio y he entendido el contenido. 

 He planteado cualquier duda que me ha surgido respecto al estudio y los 

responsables me la han resuelto. 

 He entendido los posibles beneficios y riesgos del estudio.  

 He recibido el papel de información para el participante.  

 

Comprendo que mi participación en el estudio es voluntaria, pudiendo abandonar el 

estudio en cualquier momento sin consecuencia negativa alguna ni variación de la 

atención médica habitual que recibo.  

 

     Firma del Participante                                                                      Firma del Médico 

 

Lugar y fecha _______________________________, a _____ de ____________________  del _________ 

 

REVOCACIÓN DEL CONSENTIMIENTO 

 

Yo (nombre y apellidos), _________________________________________________________________, 

revoco el consentimiento de participación al estudio encima indicado.  

 

 

Firma  

Lugar y fecha _______________________________, a _____ de ____________________  del _________ 
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7.3 Quick-fill sheet for the registration into the database 

FULL D'EMPLENAMENT RÀPID PER AL REGISTRE A LA BASE DE DADES 

DADES DE CARÀCTER PERSONAL  

Nº HC: Sexe: 

 Home  

 Dona  

Edat: 

 

INFORMACIÓ GENERAL  

Mà dominant:  

 Dreta  

 Esquerra 

 Indefinit  

Nivell d’educació:  

 Sense estudis  

 Educació primària  

 Educació secundària  

 Estudis professionals  

 Estudis universitaris i superiors  

 

TERÀPIA REBUDA  

(es pot marcar més d’una opció) 

 Sense teràpia (marcar-la en cas de no-diagnòstic previ o altres) 

 Intervencions psicosocials i del comportament  

 Farmacològic (adreçat al comportament) Quin/s? _____________________________ 

 Nous tractaments Quin/s? _____________________________________________________ 

 

DADES DE CARÀCTER GEOGRÀFIC   

Província:  

 Barcelona 

 Girona  

 Tarragona 

 Lleida  

Àrea: (marcar segons el predomini on s’ha 

viscut l’últim any) 

 Àrea urbana  

 Àrea rural  

 Institució social  
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7.4 Confidentiality agreement (for professionals)  

ACORD DE CONFIDENCIALITAT I SECRET PROFESSIONAL 

 

 PERSONA AUTORITZADA PER AL TRACTAMENT DE LA BASE DE DADES  

En/Na ................................................, amb DNI ......................, amb càrrec ........................................., 

a la província ......................................., i per a l’ús de la base de dades de l’estudi “The 

Neurogeometry Project”.  

 

CONFORME 

1. A l’acord de conformitat amb el que disposen les normatives vigents en protecció de 

dades personals, “Ley Orgánica 3/2018, de 5 de Diciembre, de Protección de Datos 

Personales y garantía de los derechos digitales (LOPD-GDD)”.  

2. Que en virtut de la prestació de serveis laborals o professionals, la PERSONA tindrà 

accés al tractament de dades personals i a informació confidencial.  

3. Que la PERSONA coneix i accepta que mantenir la confidencialitat d'aquesta informació 

és essencial en el sector en què desenvolupa les seves activitats i que, per això, no 

respectar aquesta confidencialitat causa un perjudici gravíssim.  

4. Que en compliment del que disposa l'article de la LOPD-GDD, la PERSONA és conscient 

que està obligada al secret professional respecte de les dades personals que tracti i al 

deure de protegir-les, obligacions que subsistiran fins i tot després de finalitzar les seves 

relacions amb el projecte. 

 Se subscriu l’acord dels anteriors punts sobre la confidencialitat. 

Firma   

 

Lloc i data ___________________________________, a _____ de ____________________  del _________ 
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7.5 ADOS-2  

Although the ADOS-2 test will be used in the project, the ADOS test is shown here 

as an example. 
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7.7 RBQ 

Cuestionario de Conductas Repetitivas (RBQ) 

0 1 2 3 4 

N
u

n
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se
m

an
a 

1
 v
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l 
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M
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e 

1
 

ve
z 

d
ía

 

1. Estereotipia con objetos: movimiento repetitivo, 
aparentemente sin sentido, de los objetos de una manera 
inusual Por ejemplo, dando vueltas o haciendo girar los 
objetos, torcer o sacudir objetos, golpear objetos. 

 

Comportamiento estereotipado 

2. Estereotipia corporal: movimiento repetitivo, 
aparentemente sin sentido, de todo el cuerpo o parte de 
éste (sin incluir las manos) de una manera inusual. Por 
ejemplo mecer, balancear, girar, saltar, agitar la cabeza, 
posturas corporales. No incluye conductas autoagresivas. 
 

 

3. Estereotipia de las manos: movimiento repetitivo, 
aparentemente sin sentido, de las manos de una manera 
inusual. Por ejemplo girar el dedo, aleteo de manos, 
chasquido de dedos, realizar posturas con las manos. No se 
incluyen comportamientos autolesivos. 
 

 

4. Limpieza: limpieza excesiva, lavado o pulido excesivo de 
objetos o partes del cuerpo, por ejemplo pule ventanas y 
superficies en exceso, se lava las manos y la cara en exceso. 
 

Comportamiento compulsivo 

5. Ordenar: guardar cualquier objeto que haya sido dejado 
fuera de su lugar. Esto puede ocurrir en situaciones en las 
que es inadecuado guardar dichos objetos porque se 
necesitan. Los objetos pueden ser guardados en lugares 
inapropiados. Por ejemplo guardar los cubiertos que se han 
preparado para la cena en la basura, quitar todos los objetos 
de las superficies. 
 

 

6. Conducta de acumulación: recoger, almacenar u ocultar 
objetos en exceso, incluyendo basura, trozos de papel y 
trozos de cuerda o cualquier objeto fuera de lo común. 
 

 

7. Clasificación de objetos: clasificar objetos en categorías en 
función de diversas características, tales como color, tamaño 
o función. Por ejemplo ordenar las revistas según el tamaño, 
ordenando los coches de juguete en función de su color u 
ordenar los libros por temas. 
 

 

12. Rituales: llevar a cabo una secuencia de acciones inusuales 
o extrañas antes, durante o después de una tarea. La 
secuencia siempre se llevará a cabo al realizar esta tarea y 
siempre se producirá de la misma manera. Por ejemplo 
dando la vuelta tres veces antes de sentarse, encender las 
luces y apagarlas dos veces antes de salir de una habitación, 
tocar el marco de la puerta dos veces al pasar a través de él. 
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16. Alineación de objetos: disposición de los objetos en líneas. 
Por ejemplo: colocación de los coches de juguete en una 
patrón simétrico,  alineación precisa de libro,… 

 

 

18. Finalización de comportamiento: Insiste en tener objetos u 
actividades completas. Por ejemplo, debe tener puertas las 
puertas abiertas o cerradas, pero no entreabiertas; la 
historia debe ser leída de principio a fin, sin dejarla a medias. 
 

 

19. Conducta inmaculada: extracción de restos casi 
imperceptibles de pelusa, migas o la suciedad de superficies 
como ropa y objetos. Por ejemplo eliminar las migajas de la 
mesa de la cocina. 

 

 

8. Fijación por una persona en particular: pedir continuamente 
ver, hablar o contactar con personas favoritas. Por ejemplo 
continuamente solicita ver u hablar con un amigo en 
particular, cuidador, niñera o maestra. 

 

Preferencias limitadas 

10. Apego a los objetos: preferencia por un determinado objeto 
que debe estar presente en todo momento. Por ejemplo, 
llevar un trozo particular de cuerda a todas partes, llevar un 
determinado coche de juguete de color rojo a todas partes, 
mostrar un apego especial a la suavidad de un juguete o de 
una determinada sábana. 

 

 

13. Conversación limitada: habla de forma repetida sobre 
temas inusuales con gran detalle. Por ejemplo conversación 
exclusiva de: trenes, autobuses, dinosaurios, una película, 
país, o deporte en particular. 

 

 

9. Preguntas repetitivas: Hacer preguntas específicas una y otra 
vez. Por ejemplo preguntar continuamente a la gente cuál es 
su color favorito, preguntar quién les va a llevar a la escuela 
el día siguiente una y otra vez. 

 

Discurso repetitivo 

 

11. Frases repetitivas / hacer señas: repetición de sonidos 
particulares, frases o signos que no están relacionados con 
la situación una y otra vez. Por ejemplo en varias ocasiones 
hacer el signo de la palabra "teléfono". 

 

 

14. Ecolalia: repetición del discurso que bien acaba de ser 
escuchado o se ha oído un minuto antes. Por ejemplo: 
Mamá: "Jack no hagas eso 'Jack:" Jack no hagas eso'. 
 

 

15. Preferencia por la rutina: insistir en tener el mismo 
horario/programa en la casa, escuela todos los días. Por 
ejemplo le gusta tener las mismas actividades en el mismo 
día a la misma hora cada semana, refiere comer el almuerzo 
exactamente a la misma hora cada día,… 
 

Insistencia en la monotonía 

 

17. Conducta rígida/unívoca: insistencia en que los objetos, 
muebles y juguetes deben permanecer siempre en el mismo 
lugar. Por ejemplo todas las sillas, cuadros y juguetes tienen 
un lugar muy específico que no se puede cambiar. 
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7.8 ABC-ECA 
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INTERPRETACIÓN DE RESULTADOS 

 

VALORACIÓN 
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7.9 EQ 

COCIENTE DE EMPATÍA 
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7.10 Koynos sensory profile 

 

V (Visión) Sistema Visual, O (Oído) Sistema Auditivo, T (Tacto) Sistema Táctil, OLF (Olfato) Sistema Olfactivo, 

G (Gusto) Sistema del Gusto, PR (Propiocepción ) Sistema Propioceptivo, VB (Vestibular) Sistema Vestibular 
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