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(I) Introduction 

Autism is a pervasive developmental disorder characterized by severe difficulties 

in communication and social interaction and by unusual behaviors (Volkmar 2003). It lies 

on the Autism Spectrum, making it an Autism Spectrum Disorder (ASD) and is 

recognized as a genetic disorder with a profound impact on the development of the 

central nervous system. Affected individuals display a variety of behavioral and 

neuropsychological deficits and strikes before the age of three years (Volkmar 2003). 

Autism is diagnosed when a child or adult has abnormalities
 
in a "triad" of behavioral 

domains: social development, communication,
 
and repetitive behavior/obsessive interests. 

Its early onset, symptom profile, familial pattern and chronicity strongly argue for a 

biological basis, and in fact, there is now substantial data implicating core biological 

mechanisms (Volkmar 2004). 

The high rates of epilepsy, associated mental retardation and various persistent 

neurological signs strongly suggest brain involvement in autism (Volkmar). Fewer 

neurons and reduced dendritic branching has been discovered in certain brain areas as the 

amygdala, hippocampus, septum, anterior cingulated and cerebellum. The overall brain 

size in autism is raised by 2-10% due to an enlargement in gray matter volume, with a 

disproportionate increase in left-sided gray matter volume. Lobe volume enlargements 

are present in frontal and temporal as well. Typically, cognitive skills are uneven and 

deficiencies in “common sense,” planning and insight into other persons’ thinking are 

existent as well (Cody et al). 

Brain areas responsible for emotional and social functions, perceptual systems 

specific to face and affect recognition, and cognitive systems involved in understanding 
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the intentions of others are most salient to research in autism (Hobson et al). The basal 

ganglia are a group of nuclei in the brain interconnected with the cerebral cortex, 

thalamus and brainstem. Mammalian basal ganglia are associated with a variety of 

functions: motor control, cognition, emotions and learning. It is apparent that defalcations 

in the basal ganglia are existent in Pervasive Developmental Disorders such as autism 

due to defalcation in communication, motor control, emotions and learning, which are all 

present in the basal ganglia (Hobson et al). This study focuses on the globus pallidus and 

striatal (putamen and caudate nucleus) parts of the basal ganglia as well as the 

cerebellum. 

In order to visualize the inside of living organisms as well as to detect the 

composition of geological structures, magnetic resonance imaging (MRI) is used. 

Research with modern neuroimaging techniques, such as magnetic resonance imaging 

(MRI) and positron emission tomography (PET), maps out the neural systems affected by 

autism. Functional magnetic resonance imaging (fMRI) is noninvasive and applicable to 

children of all ages efficiently speeding the discovery process. The utilizing of MRI can 

show researchers how much volume a particular structure in the brain may have (Hornak, 

1997). 

MRI is primarily used to demonstrate pathological or other physiological 

alterations of living tissues and is a commonly used form of medical imaging (Critchley 

2000, et al). Magnetic resonance imaging maps out the neural systems affected by autism 

and gives researchers an extraordinary idea of what parts of the brain are primarily 

affected (neural basis of autism). In this study, MRI was used in order for this researcher 

to measure the volumes of the brain that are expected to be affected by autism. 
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According to an MRI study of the basal ganglia in autism performed by Lonnie 

Sears et al at the Mental Health Clinical Research Center and Department of Psychiatry 

University of Iowa College of Medicine and a study of the caudate in autism performed 

by Eric Hollander, Evdokia Anagnostou, et al at the Department of Psychiatry at the 

Mount Sinai School of Medicine, an increased volume of the caudate nuclei in the basal 

ganglia was found in subjects with autism (caudate enlargement was proportional to 

increased total brain volume) (Hollander et al, 2005). Based on evidence of caudate 

abnormalities, an MRI study was completed replicating the finding of caudate 

enlargement in autism using an independent sample (Sears 1999, et al). Because the 

caudate is part of an abnormal distributed neural network in autism and involved in the 

ritualistic repetitive behaviors of the disorder, caudate volume is hypothesized, in this 

study, to be associated with compulsions and rituals, and complex motor mannerisms in 

autism. 

These repetitive behaviors and focused interests, including lower order motor 

stereotypies as well as higher order rituals and compulsions, (Hollander 2004 et al) of 

autistic subjects may include the using of systems of arranging preferred objects. No 

single repetitive behavior is associated with autism, but only autism appears to have an 

elevated pattern of occurrence and severity of behaviors: stereotypy, compulsive 

behaviors, ritualistic behavior, sameness, self-injury and restricted behavior (Bodfish 

2000, et al); athough, such behaviors are also prevalent in obsessive compulsive disorder 

(OCD); findings in other disorders that may be related to the intensity of repetitive 

behaviors of autism may help in diagnosing and treating autism for autism is a young 

disease. 
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These repetitive behaviors are clearly a huge component in diagnosing autism. 

The Autism Diagnostic Interview-Revised (ADI-R) is a clinical diagnostic instrument for 

assessing autism in children and adults. The ADI-R provides a diagnostic “algorithm” for 

autism as described in the DSM-V. The instrument focuses on behavior in three main 

areas: qualities of social interaction, communication and language, and, of course, 

restricted and repetitive, stereotyped interests and behaviors. The ADI-R is appropriate 

for children and adults with mental ages from about 18 months and above and is given as 

an interview to primary “caregivers” or parents of autistic individuals (Coutier 2000 et 

al). 

Definite differences between the brains of autistic children and those of autistic 

adults, point to a delay in the timing of the development of certain brain structures. 

Without a longitudinal study of children, how this affects them over the long run is not 

known. All brains of autistics individuals that have been examined show problems in the 

limbic system and cerebellum. Typical examples of cerebellum-located problems include 

imagery problems, a lack in the ability to imagine; conditioned reflex responses; 

anticipatory planning; some aspects of language processing; aspects of attention; and 

possibly the regulation of the speed, consistency and appropriateness of mental and 

cognitive processes (Bauman et al, 2004). The functions basal ganglia, mentioned 

previously, also demonstrate functions that may be, and are usually, impaired in autistic 

individuals. But why? It is still esoteric and therefore imperative to know what is 

happening in the brains of individuals with autism 
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(II) Hypothesis and Research Questions 

1) Do volumetric differences in the cerebellum versus the basal ganglia account for 

different correlations with different types of repetitive behaviors? Structures in 

the basal ganglia, primarily the caudate nucleus (based on previous studies) will 

account for different correlations with different types of repetitive behaviors. 

 

2) Do volumetric differences exist between the two groups (healthy and affected)? 

This researcher has hypothesized that there will be a volumetric difference and 

that the active group will have a larger volume mean than the healthy control 

group. 

 

 

 

(III) Methods 

Subjects included eleven 

autistic individuals, diagnosed 

by the DSM-IV, Autism 

Diagnostic Interview (ADI-R) 

and Autism Diagnostic 

Observation schedule (ADOS-

G). The eleven subjects 

diagnosed with autism and 
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matched controls completed a 3 T magnetic resonance image (MRI) of the brain. Healthy 

controls were recruited from the Mount Sinai Medical Center community and by 

advertisement. This researcher and one other blinded researcher, both with good inter-

rater reliability, outlined the right and left caudate, putamen, globus pallidus and 

cerebellum. The groups were compared in terms of volumes of these structures, as well as 

corrected volumes for full scale IQ and total brain volume (TBV). In addition to the 

comparison of the two groups’ volumes, volumes within the autistic group were 

correlated with the ADI-R Repetitive Behavior scores (ADI-C domain). 

 

3.1 Imaging Methods and Parameters 

 Axial MRI scans were acquired with a 5 Tesla GE Signa 5x system. The 

structural MRI (3D-MP-RAGE) is a 3D sequence that produces good white/grey matter 

contrast. The following protocol will be used to give us 1mm slices covering the entire 

head: TR: 2.5s, TE=4.3ms, TI=1.1s, Excitation Pulse angle=8 degrees, FOV=256 X 256 

X 208 (to cover the entire head), Matrix, 256 X 256 X 1mm. The orientation of slices is 

transverse. 

 

3.2 Tracing Guidelines 

 The T1 weighted images were imported to Analyze 6.0 (AnalyzeDirect, Inc.). The 

image volume was re-sliced using tri-linear interpolation. Regions of interest were drawn 

manually (caudate, putamen, globus pallidus and cerebellum). This anatomical region of 

interest (ROI) was defined individually for each  subject by adapting the parcellation 

scheme using limiting sulci and coronal planes defined by anatomical landmarks to 

segment cortical regions (See Appendix A for further detail). 
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3.2 a Tracing Guidelines for Caudate Nucleus and Putamen 

The most ventral slice where a strip of white matter divides the caudate and 

putamen was picked as the “starting point”. By using this criteria, the most ventral 

part of both nuclei (caudate), are discarded from volumetric analysis but the 

method allows for precise ability to measure each structure separately. This 

technique was carried out dorsally to the very tip of putamen and the caudate 

nucleus (Hollander et al, 2005). 

3.2 b Tracing Guidelines for Cerebellum 

A three part process resulted in isolated non-cerebellum brain tissue and isolated 

cerebellum tissue. These two structures were added to compute the volume of the 

whole brain. The first step includes the removal of some of the non-brain tissue 

from the image. The second step includes the removal of the cerebellum from the 

image and the calculation of its volume. The third step includes the removal of the 

remaining non-brain tissue from the image and the calculation of the volume of 

the whole brain. 

 

3.3Statistical Methodology 

 The two groups were tested to determine whether there were any significant 

differences in age or IQ. The 2D volumes of the right and left caudate and putamen were 

transformed by means of Analyze 6.0 (AnalyzeDirect, Inc.) software into 3D volumes 

and a total 3D total volume for the caudate and putamen was calculated. This same 

volumetric process was completed for the cerebellum while total brain volume was used 

as a covariate in the analyses. 
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 The primary analysis for this study focused as stated in the hypothesis, and based 

on previous research, was that the right caudate volume would be larger in the autistic 

group than in the control group. Furthermore, it was hypothesized that the right caudate 

volume would correlate with repetitive behaviors within the autistic group. 

 

 

(IV) Results 

 Tables 1, 2 and 3 represent subject information. F represents the size of 

correlation while p represents the significance of the correlation. LP represents the Left 

Putamen; RP represents the Right Putamen; LC represents Left Caudate; RC represents 

Right Caudate; Rcer represents the Right Cerebellum; Lcer represents L Cerebellum; 

RGP represents Right Globus Pallidus. The data in bold represents significance; the data 

italicized represents approaching significance; the data not bolded or italicized represents 

non-significance. 

There were no statistically significant differences 

between groups for basal ganglia and cerebellar volumes. 

There were also no statistical significant differences in full 

scale IQ or total brain volume between groups. Both are 

proved by table 1, which represents the mean volume for 

each structure of each condition – the mean clearly varies 

between structure and there isn’t a consistent finding that 

proves this researcher’s first hypothesis, which states that the 

structures studied would be larger in individuals with autism.  

Table 1 
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 Although the first hypothesis was proven incorrect, within the autism group, left 

and right putamen volumes significantly correlated with the high order repetitive 

behavior score of the ADI and this correlation became stronger when covarying for TBV 

and full scale IQ. In addition, left and right caudate volumes significantly correlated with 

the lower order repetitive behaviors score of the ADI, and this correlation became 

stronger when covarying for TBV and full scale IQ. Lastly, the volume of the right 

cerebellum significantly correlated with lower order repetitive behaviors when controlled 

for total brain volume. 

 Table 2 represents the original correlations with no covariance (within the active 

group [or affected group], putamen volumes correlate with higher order repetitive 

behaviors whereas caudate volumes 

correlate with lower order repetitive 

behaviors), while Table 3 represents 

correlation size and significance when 

covaried for total brain volume and IQ. The volume of the right caudate was correlated 

with higher and lower order repetitive behaviors. There was a substantial correlation with 

higher order repetitive behaviors. Because left caudate volume did not differ between 

autistic subjects and controls, this 

researcher did not correlate the left 

caudate volume with repetitive 

behaviors. Furthermore, the putamen 

volume in the autistic group was larger than that in the control group, although statistical 

significance was not reached. The putamen volume was correlated to the ADI-C domain 

total score and to higher and lower order repetitive behavior scores. 

Table 2 

Table 3 
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Figure 1a 
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Figure 1b  
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 Figures 1a and 1b show the correlation significance of covariance for total brain 

volume and IQ (volume vs. repetitive behavior score). There is clearly significance 

between volume of certain structures (graphed here are the structures that were 

significant (or approached significance), because these structures are the ones that had a 

positive correlation). The putamen and the caudate are graphed in Figure 1, proving that 

there is, in fact, a correlation between volume and repetitive behaviors. The larger the 

volume, the higher the ADI repetitive score will be (which suggests the level of severity 

of repetitive behaviors). 

 

 

(V) Discussion & Conclusion 

 The results of this study suggest the presence of basal ganglic abnormalities in 

those with autism. The increased right caudate volume may be of particular interest 

because of a prior study reporting large right caudate volumes in adults with OCD 

(Scarone et al 1992). This would suggest possible common pathways and abnormalities 

associated with repetitive behaviors in OCD and our group of autistic individuals. In 

addition, it seems that there was a diagnostic condition by hemisphere interaction for the 

caudate in this group. There was an asymmetry of caudate volumes in the normal control 

group (left caudate > right caudate) but not in the autistic group.  It seems that in the case 

of this researcher’s autistic sample, there is a loss of asymmetry between the volumes of 

the two caudate heads, which is likely to be related to functional abnormalities. Indeed, 

the right caudate and putamen volumes correlated with repetitive behaviors, as assessed 
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by the ADI-R. This relationship is highly suggestive of involvement of the striatum in the 

pathophysiology of autism, especially as it pertains to the repetitive behaviors/restricted 

interests domain (Hollander et al, 2005). 

 Because the output of the cerebellum is excitatory, while the basal ganglia are 

inhibitory, the balance between these two systems allows for smooth, coordinated 

movement, and a disturbance in either system will show up as movement disorders. 

Repetitive Behaviors in autism may correlate with this finding in the connection between 

the basal ganglia and cerebellum for repetitive behaviors are considered a “disorder” or 

defalcation in movement. 

There are some limitations to this study. Firstly, the sample size is small, not 

allowing for multiple correlatations to be done with statistical significance and limiting 

our ability to look for specific relationships between volume abnormalities and specific 

symptoms. In addition, this group was characterized by more higher-order than lower-

order repetitive behaviors. This profile is similar to people with OCD, which may explain 

the lateralized finding of increased right caudate in this sample (Scarone et al, 1992). 

In conclusion, the data demonstrates increased right caudate volumes adjusted for 

total brain volume in adults with autism compared to matched controls. In particular, 

there is a loss of expected asymmetry in the head of caudate noted. Data also suggests 

that possible striatal dysfunction is causally related to the generation of repetitive 

behaviors in this population. The caudate and putamen receive most of the input from 

cerebral cortex; in this sense they are the doorway into the basal ganglia. Further research 

could focus on the actual pathway that this input from the cerebral cortex takes and 

possible inhibitions along this pathway that may either cause or relate to repetitive 

behaviors.  
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Appendix A 
 

Cerebellum Extraction Process Protocol 

 

In this section you will remove the cerebellum that you just defined in order to finalize the skull-stripping 

process. 

 

 Load subj_watershed into the Analyze workspace 

 FILE: Load As 

o Press the “File” button 

 Toggle to the cerebellum directory and select subj_cerebellum.obj 

 Press “Open” 

o In the “Intensitites” tab, you will see a box next to “Load Colormap.”  Unselect it. 

o Press”Load” 

 

 Enter Image Algebra (PROCESS: Image Algebra) 

o Right-click on “Ouput,” then select Formulas  by Description  Object to Image 

o Under Variables, press “Obj” 

 Select “Workspace” at the top of the window 

 Click on “Name” and select subj_cerebellum (make sure to change the name 

because another subject’s cerebellum may already be there) 

 Done 

o Press “Grayscale” 

 Select “Workspace” at the top of the window 

 Click on “Name” and select subj_watershed (make sure to change the name 

because another subject’s watershed may already be there) 

 Done 

o Both images should now be displayed under Obj and Grayscale 

o Press “Output” 

 Select “Workspace” 

 Change Name to subj_cergray 

 After “Max/Min Settings,” select “Full Range” 

 Done 

o Press Go 

o When processing is complete, exit Image Algebra 

 

 With subj_cergray highlighted, go to save as (FILE: Save As) 

o Press File and navigate to the cerebellum directory 

o Make sure the name is subj_cergray 

o Change Format to “AnalyzeAVW” 

o Press Save 

 

 Unload everything (right click a highlighted icon and press Unload) except subj_watershed from 

the Analyze workspace 

 Load the new subj_cergray file you just created 

 Enter Image Algebra (PROCESS: Image Algebra) 

o Right-click on “Ouput,” then select Formulas  by Description  Subtract a Piece 

o Under Variables, press “Whole” 

 Select “Workspace” at the top of the window 

 Click on “Name” and select subj_watershed (make sure to change the name 

because another subject’s watershed may already be there) 

 Done 

o Press “Piece” 

 Select “Workspace” at the top of the window 

 Click on “Name” and select subj_cergray (make sure to change the name 

because another subject’s cerebellum may already be there) 
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 Done 

o Press “Output” 

 Select “Workspace” 

 Change Name to subj_nocer 

 After “Max/Min Settings,” select “Full Range” 

 Done 

o Press Go 

o Exit Image Algebra 

 

 With subj_nocer highlighted, save the file 

o FILE: Save 

o Press File to make sure you are in the correct cerebellum directory 

o Save 

Cerebellum Voxel Count 

 Unload everything except subj_watershed 

 With subj_watershed highlighted, enter ROI (MEASURE: Region of Interest) 

 In ROI, load the split object map 

o FILE: Load Object Map 

 Navigate to the /Rotation folder 

 Select subj_split 

o You should see a line down the middle of the display that says “subj_right” on the left of 

the screen and “subj_left” on the right side. 

 Pull up the sample options (GENERATE: Sample Options) 

o Under Sample Type, Select “Object(s)” 

o Press the “Select All” button (this will select both the subj_right and subj_left objects) 

o Under  Minimum enter 1 

o After Summing select On 

o Press Reset Sum (this button keeps the program from adding the values you are currently 

calculated to values previously calculated – even if you are keeping the same sample 

options from volume to volume, you should ALWAYS press this button) 

o After Sample select All Slices 

o After Log Stats Select On 

o Press Configure Log Stats, this will open a new window 

 Unselect everything except “Region Name…” 

 In the Log column, toggle on: 

 <1 = 0 

 >### = 0 

 >=1 & <=### = 0 

 Press Done 

o Press Done in the Sample Options window 

 Press Sample Images 

o A lot of values will start changing.  Make sure that the value for “>=1 & <= ###” only 

increases when there is cerebellum displayed (this is the voxel count of interest, 

measuring the volume of the cerebellum only).  If this value changes while the screen is 

blank, you may have entered something incorrectly in the sample options. 
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