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1. Introduction

Currently, the diagnostic and statistical manual of the American Psychiatric Association
(APA) defines autistic disorder together with Rett syndrome, childhood disintegrative
disorder, Asperger syndrome and Pervasive Developmental Disorder Not Otherwise
Specified (PDD-NOS) as Pervasive Developmental Disorders (APA, 2000). This term implies
disorders that vary in several ways but the term Autism Spectrum Disorders (ASD), which
excludes Rett syndrome and childhood disintegrative disorder, implies that there are shared
clinical and etiological factors among diagnoses (Gabis et al., 2008). It has even been thought
that the diagnosis of PDD-NOS, which does not require all three diagnostic symptoms of
autism, does not deserve to be included as an ASD (Mercadante et al., 2006). On the other
hand, the assumption of a normal early language development in Asperger syndrome has
been challenged (Howlin, 2003).

Three major cognitive theories (theory of mind deficit, weak central coherence and executive
dysfunction) have unsuccessfully attempted to explain the core triadic symptoms of ASD
(impairments in social interaction, communicative capacity and behavioural flexibility)
(Pisula, 2010). On the other hand, the mnesic imbalance theory seems to be a very promising
solution to this problem. This account proposes that all three diagnostic symptoms of autism
may be explained by an imbalance between a faulty procedural memory and a relatively
preserved declarative memory (Romero-Munguia, 2008). The theory of mind is a system
that enables one to infer mental states, central coherence is a tendency to create higher
meanings from samples of data and the executive function is a set of mental processes that
help us control our actions. Besides, it has recently been proposed that the alterations
described by the three dominant theories can be explained by the mnesic imbalance theory.
However, this theory can only be convincing if it is in accordance with data available from
the neurobiological literature. In keeping with this view, this paper begins by reviewing the
neurobiological basis of declarative and procedural memories. Next, it presents
neuropathological, structural and functional imaging data of patients with ASD in order to
support the mnesic imbalance theory.

2. Memory systems

Learning can be defined as a process for acquiring a behavioral change based on
experience; this change is termed memory (Okano et al., 2000). Memory can be divided
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into declarative (explicit) and non-declarative (implicit) memory systems. Declarative
memory can be subdivided into working memory, semantic memory and episodic
memory, whereas non-declarative memory includes procedural memory, conditioned
reflexes, emotional conditioning and priming. Declarative memory involves information
that is subject to conscious recollection and verbal reflection, whereas procedural memory
involves behavioural algorithms that operate at an unconscious level (Budson & Price,
2001). Besides, lesions limited to the hippocampus, located within the medial temporal
lobe, impair the acquisition of declarative knowledge sparing more remote declarative
memory (Squire et al.,, 2004), whereas lesions limited to the cerebellum impair the
acquisition of procedural knowledge, sparing more remote implicit knowledge (Bracha et
al., 1997; Molinari et al., 1997; Quintero-Gallego et al., 2006). There are patients with
severe deficits of declarative memory whose procedural memory is spared (Budson &
Price, 2001; Okano et al., 2000), while there are patients whose procedural learning is
significantly below their declarative learning (Molinari et al., 1997; Quintero-Gallego et
al., 2006). For instance, in a study utilizing the Serial Response Time Task (SRTT), a
procedural learning task, the data suggest that in comparison with control group (C),
children and adolescents with acquired pathology confined to the cerebellum (CE), and
children and adolescents with additional damage due to the chemotherapy and
radiotherapy used (CE+) had faulty procedural learning, while the California Verbal
Learning Test (CVLT) was used to measure declarative learning, which was preserved in
the two groups with cerebellar damage (Fig. 1).
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Fig. 1. Progressive reduction of reaction time during repeated sequence was an index of
procedural learning, while the frequency of words remembered was an index of declarative
learning. The standard error of measurement is also represented. (From Quintero-Gallego et
al., 2000).

It is also important to note that there are neurobiological changes that occur with the
development of memories in healthy human individuals. For instance, it is now accepted
that neurogenesis occurs in the adult human hippocampus and it has been surmised that
adding new neurons helps in acquiring new knowledge without disrupting knowledge that
has already been stored (Appleby et al., 2011), whereas neurogenesis occurs in the human
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cerebellum mainly before the end of the first postnatal year, but its cytoarchitectonical
development is completed subsequently (Abraham et al., 2001; Rakic & Sidman, 1970). On
the other hand, a postmortem study of persons who had developed a complex declarative
memory showed significant reductions of minicolumnar width in six Brodmann areas (BA)
of interests: primary motor cortex (BA 4), prefrontal association cortex (BA 9), primary
visual cortex (BA 17), visual inferotemporal area (BA 21), higher order auditory cortex (BA
22), and parietal-temporal-occipital association cortex (BA 40) (Casanova et al.,, 2007).
Furthermore, a three-dimensional magnetic resonance imaging study (Fig. 2) in people who
had developed a complex procedural memory showed significant morphological
enlargement in the vermal lobules VI-VII (declive, folium, and tuber), which might reflect
an increased glial volume per purkinje cell, a larger volume of the molecular layer, a greater
number of synapses, and/or a dendritic hypertrophy of stellate cells in the cerebellum (Park
et al., 2009).

Fig. 2. 3-D model of the cerebellum.Yellow cerebellar hemisphere, orange vermian lobules I-
V, red vermian lobules VI-VII, purple vermian lobules VIII-X (From Park et al., 2009), with
permission.

Several studies have shown that declarative learning results in gray matter changes. One of
them demonstrates that students in intensive declarative learning showed a significant gray
matter volume increase in the dorsomedial frontal cortex (DMPFC), the orbitofrontal cortex,
and the precuneus (Ceccarelli et al., 2009). Furthermore, after a 3 month period of daily
study sessions, students in extensive declarative learning showed a significant increase in
gray matter volume in the posterior parietal cortex, inferior parietal cortex, and the
hippocampus (Draganski et al., 2006). Another study has reported gray matter volume
increases in temporal lobe, occipital lobe, inferior parietal lobe, middle frontal gyrus, and
middle temporal gyrus after motor procedural learning, while individuals with procedural
learning of motor sequences with objects had gray matter volume increases in the
hippocampus; individuals with procedural learning of complex motor stereotypies had gray
matter volume increases of the insula, and the inferior parietal lobe (Filippi et al., 2010).

Procedural learning is associated with changes in brain activation patterns, such as initial
increases of activity in the prefrontal, bilateral somatosensory and parietal cortices, caudate
nucleus and the ipsilateral cerebellar hemisphere. This activity progressively decreases
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during the subsequent acquisition of procedural knowledge, while there is an increase in
activity in the cerebellar dentate, thalamus and putamen (Floyer-Lea & Matthews, 2004). In
another study, this process was divided into three distinct phases. A first phase, called the
cognitive phase, has been associated with activation of the right frontal cortex (BA
10/11/45/46), right and left posterior cerebellum, left precuneus (BA 7/19), right angular
region (BA 7/19/39), anterior cingulate cortex (ACC), and left frontal regions (BA 9/10). A
second phase, called the associative phase, has shown bilateral activation of the lingual and
calcarine regions (BA 17/18), right middle and right orbitofrontal region (BA 10/11/46),
right thalamus and right caudate nucleus, left occipital region (BA 19), and right posterior
cerebellum (Crus 1 and 2). A last phase, called the autonomous phase, has shown increased
activity of the lingual and calcarine regions (BA 17/18), right anterior cerebellum (vermis
VI-VII/hemisphere IV-VI), bilateral superior and middle frontal areas (BA 10/11) as well as
the left thalamus (Hubert et al., 2007). In addition, data from an experimental study suggest
that during procedural learning, cerebellar stimulation resulted in selective facilitation of
contralateral excitability in the primary motor cortex, but it does not occur if procedural
knowledge has already been acquired (Torriero et al., 2011). Similarly, if a stimulus to be
stored into declarative memory occurs, then a period of increased activation will be
produced in the dorsolateral prefrontal cortex (DLPFC), but there is a decrease in activation
once the declarative knowledge has already been acquired (Leén-Carrién et al., 2010). The
practice in working memory tasks is associated with progressive decrease of activation
mainly in the right superior frontal gyrus/DLPFC (BA 8/9/46), the middle frontal gyrus
bilaterally (BA 10/11), the left precentral gyrus (BA 4/6), and the dorsal part of the right
ACC (BA 32), whereas there is a progressive increase of activation in the posterior
cingulated cortex (PCC) adjacent to the corpus callosum (Koch et al., 2006). These temporal
changes in neural activation might be linked to the efficiency of the declarative memory
function; indeed, the activity of the posterior midline region, which includes PCC and
precuneus, and the activity of the ventral part of lateral posterior parietal cortex, which
includes the supramarginal gyrus and the angular gyrus, have shown reduced activity for
hits relative to misses during encoding, whereas they showed increased activity for hits
relative to misses during retrieval (Daselaar et al., 2009). Moreover, the lateral prefrontal
cortex (LPFC) activity tends to increase with age, which is positively correlated with gains in
declarative memory for details of experiences and reduction of gray matter volume in
children and young adults, whereas medial temporal lobe activations appeared fully
development by eight years of age (Ofen et al., 2007).

In functional magnetic resonance imaging, a number of studies have shown brain regions
that are typically more active during resting states than during demanding cognitive tasks.
This ensemble of cortical regions is called the default mode network (DMN) and it has been
observed that DMN regions are not only more strongly deactivated with a higher cognitive
load relative to a lower cognitive load during a short-term memory (working memory) task,
but also the activation of the DMN is more pronounced at rest after a cognitively
challenging task relative to an easier task, as illustrated in Fig. 3 (Pyka et al., 2009). In
addition, DMN functional connectivity is progressively increased in the medial prefrontal
cortex (MPFC) regions and progressively decreased in PCC regions when moving from
lower to higher short-term declarative memory loads (Esposito et al., 2009).

In the first clinical description of children with autism, Kanner wrote, referring to their
excellent declarative memory, “It is difficult to know for certain whether the stuffing as such

www.intechopen.com



Mnesic Imbalance and the Neuroanatomy of Autism Spectrum Disorders 429

—

% : |
ﬁ,—{ Rest

-

Activation (mean + 95% CI)
o
|

N
o

Working Memory Load

Fig. 3. Means for activation in the DMN were calculated for each n-back (lower values: 0-
back, 1-back, 2-back) and subsequent resting block (upper values: R0-back, R1-back, R2-
back) x-Axis; working memory load, y-Axis (From Pyka et al., 2009).

has contributed essentially to the course of the psychopathologic condition” (Kanner, 1943).
Thereafter, the notion of faulty procedural memory that is compensated for by relatively
preserved declarative memory has been proposed as an account of the savant abilities, as
well as of the symptoms in autism (Goldberg, 1987; Klinger et al., 2007; Mostofsky et al.,
2000; Romero-Munguia, 1998, 2002, 2008). For instance, in a study utilizing the Behavioral
Summarized Evaluation (BSE) to evaluate autistic symptomatology in children with autistic
disorder with non-functional verbal language (NFV) or no spoken language (NSL), as well
as children with mixed receptive-expressive language disorder (RLD). All participants
solved tests for reception of gestural language (Ges), vocabulary (Voc), and verbal
commands (Com). A significant procedural knowledge deficit and a significant positive
correlation between autism symptoms and declarative knowledge were observed only
among the overall group of children with autistic disorder, which indicates an imbalance
between declarative and procedural memory in autism rather than mere faulty procedural
memory, as suggested in Fig. 4 (From Romero-Munguia, 2002).

However, in recent studies the view of a procedural learning deficit has been challenged
(Barnes et al., 2008; Brown et al., 2010, Nemeth et al., 2010), but this discrepancy seems to be
more apparent than real, because each author may be referring to different types of
memories although using the same terms (Romero-Munguia, 2009). For instance, papers
that supports the mnesic imbalance theory have been described as being based on a general
deficit in implicit learning (Brown et al., 2010), but this is inaccurate because procedural
memory is only one type of implicit memory (Budson & Price, 2001). Indeed, papers that
argue against the presence of faulty implicit learning have shown significant decreases in
reaction time, but this was independent of learning about sequences (Barnes et al., 2008;
Brown et al., 2010, Nemeth et al., 2010), which suggests any other type of preserved implicit
learning rather than intact procedural learning (Budson & Price, 2001); however,
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Fig. 4. Percent of the highest score achieved by any participant on every test, x-Axis; the
reception of gestural language was an index of procedural knowledge, while the reception of
vocabulary was an index of declarative knowledge, y-Axis (From Romero-Munguia, 2002).

interestingly, it has been surmised that this faster reaction time may imply an enhancement
of declarative (explicit) memory in autism (Gidley Larson & Mostofsky, 2008; Molinari et al.,
1997; Walenski et al., 2008). Nevertheless, it is important to note that the present paper does
not suggest that procedural learning is entirely absent in autism, but rather its development
is significantly lower in comparison to declarative learning (Gordon & Stark, 2007; Romero-
Munguia, 2008).

According to the mnesic imbalance theory, a cerebellar maldevelopment may cause faulty
procedural memory, as with relatively intact declarative memory as well as a reciprocal
causal interaction, in which some neuroanatomical changes might result from this mnesic
imbalance (Romero-Munguia, 2007). New information has appeared that has increased
knowledge of how this interaction may occur; the present paper is devoted to this matter.

3. Neurobiological findings in autism

At present, it is difficult to avoid the view that a single cognitive theory can explain neither
the neurobiological heterogeneity nor the core triadic symptoms of ASD (Pisula, 2010;
Rajendran & Mitchell, 2007, Waterhouse, 2008). However, this section offers arguments
based on neurobiological findings in favor of the mnesic imbalance theory.

3.1 Neuropathological findings

Purkinje cells are the only output neurons of the cerebellar cortex and loss of them within
the cerebellum is the most replicated finding (72%) according to a review on the
neuropathology of autism (Palmen, 2004). Indeed, some of the negative cases included in
that review might be false negatives. For instance, a study included a case with
encephalopathy of phenylketonuria (Williams et al.,, 1980), and other case could be
diagnosed as childhood disintegrative disorder (APA, 2000; Guerin et al.,, 1996); both
disorders may mimic ASD. In a study of six cases, five cases had low Purkinje cell counts,
but one did not. However, only in that case, eosinophilic inclusions in the perikaryon and
proximal dendrites of 30-40% of Purkinje cells were seen in the cerebellar vermis; they were
less frequent in the cerebellar hemispheres, and they were not observed elsewhere (Bailey et
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al., 1998). These inclusions might have been associated with cerebellar dysfunction.
Moreover, basket and stellate cells (GABAergic interneurons) in the molecular layer of the
cerebellar cortex may influence the output of Purkinje cells (Bao et al., 2010; Rancillac &
Crépel, 2004), so the increase in GAD67 mRNA levels in cerebellar interneurons of persons
with ASD might be related to Purkinje cell dysfunction (Yip et al., 2008).

Abnormally enlarged neurons have been observed in the inferior olive of the brainstem in
young individuals with autism, whereas these neurons are small and pale in adults with
autism (Bauman & Kemper, 2005), which might be explained by the need to keep the scant
procedural knowledge that has been acquired. This assumption is in agreement with
experimental observations involving stimulation of the nucleo-olivary pathway just before
an unconditioned stimulus, which leads to extinction of the conditioned response
(Bengtsson et al., 2007), hence, an interruption in this pathway might prevent procedural
memory loss, but this disruption of neuronal signal to the inferior olive may lead to its
hypertrophy, as well as to olivary atrophy after several years (Akar et al., 2008).

A subgroup of individuals with ASD has an apparently normal early development,
followed by a loss of verbal and/or non-verbal skills prior to 2 years of age. Such a
regression has been found in 30% of children with autistic disorder, whereas it has been
found in 14% of those with PDD-NOS, and none with Asperger syndrome (Meilleur &
Fombonne, 2009). A study found that children with autistic regression show more frequent
use of words and babble compared with typical infants at 12 months of age (Werner &
Dawson, 2005). This might be explained by assuming that basket and stellate cells
established precocious synaptic contacts which could improve the procedural learning,
although thereafter, an increased number of interneurons relative to Purkinje cells could
impair this procedural learning. This hypothesis is in accordance with the report of autistic
cases with a lower density of Purkinje cells in comparison to cerebellar interneurons
(Whitney et al., 2009). In addition, it has been suggested that during the normal
development of the human cerebellum, granule cells influence the survival of interneurons,
they regulate their migration to the molecular layer, and induce their differentiation into
basket and stellate cells after birth, whereas before birth Purkinje cells would induce
differentiation of granular layer interneurons, as proposed in Fig. 5 (Leto et al., 2008). The
aforementioned might be clinically relevant because the source of cerebellar granule cells is
exclusively the external granular layer, which disappears between the end of the first and
the second postnatal year (Abrahém et al.,, 2001; Rakic & Sidman, 1970), hence a delay in the
disappearance of external granular layer might cause the autistic regression since a reduced
density of Purkinje cells in presence of a normal or high density of cerebellar interneurons
has been reported in at least two of six autistic cases (Whitney et al., 2009). The latter might
be associated with dysfunctional synaptic transmission between cerebellar interneurons and
Purkinje cells.

The aforementioned review reported increased cell packing density, reduced cell size, and
simplified dendritic pattern in the hippocampus in 64% of cases with autism (Palmen, 2004).
According to the mnesic imbalance theory, declarative memory replaces faulty procedural
memory in some of its functions in individuals with ASD, which implies an overload for the
declarative memory (Romero-Munguia, 2008). Therefore, it is necessary to use a best
adaptation strategy, and additive neurogenesis seems better than either conventional
synaptic plasticity or neuronal turnover (Appleby et al., 2011),, so this best strategy might
lead to the particularly large number of likely immature cells (newly born neurons) depicted
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Fig. 5. Schematic illustration of the hypothesis that neurons adjacent to the prospective
white matter influence the fate choices of interneuron precursors during prenatal and
postnatal cerebellar development. PCP Purkinje cell plate, WM white matter, IGL internal
granular layer, PCL Purkinje cell layer, ML molecular layer, EGL external granular layer
(From Leto et al., 2008), with permission.

above. Indeed, an increased cell packing density (minicolumns per cortical area) with reduced
cell size also has been reported in several areas of the cerebral cortex of non-autistic
individuals with complex declarative memory, as well as of individuals with ASD (Casanova,
2007; Casanova et al., 2007). The possibility that the human neocortex produces neurons after
birth has been suggested (Gould, 2007). Likewise, increased microglial cell density has been
reported in gray matter of the DLPFC of patients with autism compared to control cases
(Morgan et al., 2010); activity in DLPFC has been associated with declarative memory (Galea et
al., 2010; Koch et al., 2006; Le6én-Carrion et al., 2010). In addition, physiological stimuli such as
environmental enrichment and physical activity lead to production of new glial cells (Ehninger
& Kempermann, 2003). Therefore, it is possible that an overload for the declarative memory is
related to an increase in this type of cells. Furthermore, contrary to other disorders involving
mental retardation, which are associated with loss of dendritic spines, higher spine densities
were found in temporal (BA 21), frontal (BA 9), and parietal (BA 7) lobes of autistic patients
who had suffered moderate to severe mental retardation, as suggested in Fig. 6 (Hutsler &
Zhang, 2010), that is, in some cerebral cortical regions that have been associated with complex
declarative memory (Casanova et al., 2007).

3.2 Structural neuroimaging

A meta-analysis of structural magnetic resonance imaging studies from over 800 individuals
with autism reported generalized enlargement of cerebral hemispheres, cerebellum and
caudate nucleus, whereas reductions in the size were observed in corpus callosum, vermal
lobules VIII-X, midbrain, and vermal lobules VI-VII; a normalization in the size of vermal
lobules VI-VII with increasing age was also reported (Stanfield et al., 2008). The latter is
consistent with a more recent analysis of abnormality in vermis lobules VI-VII, as shown in
Fig. 7 (Courchesne et al., 2011). This increase in vermis size might be a consequence of the
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Fig. 6. (A) An example of a Golgi-impregnated pyramidal cell in layer III of the superior
frontal gyrus (BA 9) in an ASD case. (B and C) Apical dendrite segments showing spine
densities of layer V pyramidal cells in BA 9 of ASD (B) and control subjects (C). Both
examples are approximately 300 pm from the cell soma. Scale bar in A=25 pm; Scale bars in
B and C=20 pm (From Hutsler & Zhang, 2010), with permission.

slow development of procedural memory, a hypothesis that is consistent with previous
research and the mnesic imbalance theory (Gordon & Stark, 2007; Park et al., 2009; Romero-
Munguia, 2008).

A volumetric analysis of the cerebellum in children and adolescents with ASD showed that
total vermis volume was decreased in ASD, but when the ASD groups were examined
separately, only the children and adolescents with higher functioning autism showed a
statistically significant smaller volume of the vermis, compared with that of the typically
developing controls. However, the data showed a trend towards a larger midsagittal area of
vermal lobules VI-VII of individuals with higher functioning autism, compared with
individuals with lower functioning autism, as well as with Asperger syndrome. This
suggests a smaller vermal width in people with higher functioning autism (Scott et al, 2009).
A previous study found a similar trend towards a larger midsagittal area of vermal lobules
VI-VII of preschool children with higher functioning autism, compared with that of
preschool children with lower functioning autism (Akshoomoff et al., 2004). Therefore, a
larger midsagittal area of vermal lubules might be the vestige of an enlargement in vermal
lobules VI-VII that could improve the procedural learning (Park et al., 2009), although
thereafter, the lobules might show a decrease in volume without damaging remote
procedural knowledge (Bracha et al., 1997; Molinari et al., 1997; Quintero-Gallego et al.,
2006). In addition, an inverse correlation between the area of cerebellar vermis lobules VI-
VII and frontal gray matter was found in preschool children with autistic disorder (Carper &
Courchesne, 2000). In concordance with this, a study of monozygotic twins
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Fig. 7. Cerebellum and vermis size from infancy to adulthood in autism. Percent differences
from normal average in each study of autistic subjects are plotted for cerebellar volume (blue
diamonds) and vermis lobule VI-VII cross-sectional area (red squares) against age. Regression
lines are shown for cerebellar volume and vermis lobule VI-VII area. The solid line represents
normal average. Each number represents a separate study that has been cited in the paper
from where this figure has been obtained (From Courchesne et al, 2011), with permission.

discordant for autism reported that DLPFC, amygdala, and vermal lobules VI-VII volumes
were significantly associated with the severity of autistic symptomatology based on scores
from the Autism Diagnostic Observation Schedule-Generic (Mitchell et al., 2009). All these
findings are in accordance with the proposal of overload for declarative memory (Galea et
al., 2010; Koch et al., 2006; Leén-Carrién et al., 2010), as well as faulty procedural memory
(Hubert et al., 2007; Park et al, 2009). On the other hand, brain overgrowth is most
pronounced in the frontal and temporal lobes; this occurs in people with ASD mainly
during the first four years of life, but it is followed by arrest of growth, as illustrated in Fig. 8
(Courchesne et al.,, 2011). According to the mnesic imbalance theory, an overload for
declarative memory might lead to a particularly precocious brain growth that is followed by
a precocious arrest of growth (Romero-Munguia, 2007, 2008).

A recent study has estimated that cortical thickness provided the best classification between
adults with ASD and controls: a pattern of reduced gray matter in frontal regions and
increased gray matter in temporal regions (Ecker et al., 2010). This pattern resembles an
exaggeration of the typical development of declarative memory in the human brain
(Ceccarelli et al., 2009; Ofen et al., 2007). Another study has reported significant correlations
between the volumes of the caudate, frontal lobe, temporal lobe, cerebellum and a measure
of repetitive behaviors, while social and communication deficits in autism were associated
with caudate, cerebellar, precuneus, frontal and temporal lobe regional volumes (Rojas et al.,
2006). The overload for the declarative memory, as well as procedural learning of sequences
and stereotypies might lead to these regional gray matter volumetric changes in autism
(Ceccarelli et al., 2009; Draganski et al., 2006; Filippi et al., 2010). Moreover, a study involving
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Fig. 8. Brain growth in autism through 16 years. Data plot shows larger MRI-based volumes
in autistic 2- to 4-year-old males as compared to normal 2- to 4-year-old males and smaller
overall brain volumes in autistic 8-16 year olds as compared to normal (From Courchesne et
al, 2011), with permission.

boys with high-functioning autism compared to boys with developmental disorder reported
that radiate but not deep white matter volume is increased in autism (Herbert, 2005). This
might imply not only local over-connectivity, but also long-distance disconnection in the
frontal lobe, as well as in other lobes (Courchesne & Pierce, 2005). All of this is in accordance
with the assumption that a faulty procedural memory may complicate the simultaneous
application of procedural knowledge (Romero-Munguia, 2008). So for instance, a study of
children with autism showed that greater gray matter volume was associated with better
communication skills in several regions of the frontal lobe, whereas increased total gray
matter volume was correlated with more severe symptoms of autism (Parks et al., 2009);
another study has reported that amygdala enlargement is correlated with better joint
attention ability at age 4 years in children with autism (Mosconi et al., 2009), whereas this
amygdala enlargement has been associated with more severe social and communication
impairments in toddlers with autism (Schumann et al., 2009). However, the relationship
between neuroanatomy and symptoms may be different across ASD due to cognitive
differences among patients with low-functioning autism, high-functioning autism, and
Asperger syndrome. So, the presence of a history of early speech delay in autistic disorder
may reflect a greater deficit of procedural memory, compared with that in Asperger
syndrome, which may lead to greater overload for declarative memory that might lead to an
increase in gray matter that is smaller in Asperger syndrome (Ceccarelli et al., 2009;
Draganski et al., 2006; Toal et al., 2010), while in high-functioning autism, the cerebral gray
matter volume might have a negative correlation, not only with performance IQ but also
with gains in declarative memory for details of experiences (Lotspeich et al., 2004; Ofen et
al., 2007).

3.3 Functional neuroanatomy
The mnesic imbalance theory suggests a significantly slow development of procedural

learning in ASD (Gordon & Stark, 2007, Romero-Munguia, 2008), which must be in
accordance with data available on functional neuroanatomy of ASD. So for instance, in a

www.intechopen.com



436 Autism — A Neurodevelopmental Journey from Genes to Behaviour

study utilizing functional magnetic resonance imaging, the data showed that in comparison
with the control group, adults with high-functioning autism had increased activity in the
primary somatosensory cortex and the primary motor cortex during the late stages of a
procedural learning task (Miiller et al., 2004), which suggest a delay in procedural learning
(Floyer-Lea & Matthews, 2004; Torriero et al., 2011). In another study, regional cerebral
blood flow was measured in men with high-functioning autism during an emotion-
recognition task, the results showed higher regional cerebral blood flow in the right anterior
temporal lobe, ACC and right thalamus in individuals with autism (Hall et al., 2003); that is,
the autistic group has shown activity of the first phases of procedural learning whereas the
control group has shown activity of its last phase (Hubert et al., 2007). A study found that in
comparison with the control group, males with high-functioning autism had diffusely
increased connectivity of the caudate nuclei during simple visuomotor coordination tasks
(Turner et al., 2006); an experimental study showed that during procedural learning, the
striatum (caudate nucleus and putamen) has a diffuse functional connectivity, but this is
selective if procedural knowledge has already been acquired (Barnes et al., 2005).
Furthermore, the mnesic imbalance theory suggests that procedural memory is required to
infer what a person is feeling from the facial expression, or some other perceptual category
(Romero-Munguia, 2008); hence its deficit might lead to the utilization of alternate neural
pathways dedicated to that task. For instance, a study examined whether successful facial
affect recognition training is associated with increased activation of the fusiform gyrus in
autism. Trained participants showed behavioral improvements with higher activity in the
superior parietal lobe and maintained activation in the occipital cortex, but no significant
activation changes in the fusiform gyrus were shown (Bolte et al., 2006). In contrast, the
results of a study involving expert and novices radiologists during the interpreting of
radiographic images, suggest that the fusiform gyrus becomes more engaged and the
occipital cortex less engaged in interpreting radiographic images over the course of training
(Harley et al., 2009).

Studies of the DMN in autism show several abnormalities. One of them demonstrated that
ASD subjects fail to show the deactivation effect (Kennedy et al., 2006). The overload for the
declarative memory might explain the fail to show the deactivation effect in ASD because
the activation of the DMN is more pronounced at rest, after a cognitively challenging task
(Pyka et al., 2009). In addition, the mnesic imbalance theory has argued that persons with
ASD use explicit mental representations to resolve systemizing problems, while normally
developing individuals do not (Romero-Munguia, 2008; Sahyoun et al., 2010). These explicit
mental representations might not only prevent the deactivation effect but also increasing the
activation of the DMN since the DMN is significantly activated during mental imagery
(Daselaar et al., 2010). Other studies have observed decreased functional connectivity
between posterior regions of DMN and other regions (Assaf et al., 2010; Monk et al., 2009).
This might also be explained by overload for the declarative memory because DMN
functional connectivity is progressively decreased in PCC regions during high short-term
declarative memory loads (Esposito et al., 2009). In addition, association between delays in
the decrease of amygdala activity and the reduction in the number of errors during a second
set of facial recognition memory task was observed in adults with ASD, which was not
present in healthy comparison subjects (Kleinhans et al, 2009). Albeit, a previous study
reported that increased amygdala activation is associated with better face memory
performance in healthy individuals (Kleinhans et al., 2007). Moreover,a significant increase
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of choline/creatine and a significant decrease of N-acetyl-aspastate/creatine in the
hippocampus and amygdala was observed in children with ASD (Gabis et al., 2008), while
in another study healthy elderly subjects had these same results at the hippocampus after
they completed declarative memory training (Valenzuela et al, 2003). Finally, it is interesting
to note that the disruption of the DLPFC improves the consolidation of procedural
knowledge (Galea et al., 2010), which might shed light on its preliminary results in ASD
(Baruth et al., 2010; Sokhadze et al., 2010).

4. Conclusion

The mnesic imbalance theory surmises that a cerebellar dysfunction causes faulty
procedural memory with relatively intact declarative memory, as well as a reciprocal causal
interaction, in which some neuroanatomical changes may result from this mnesic imbalance.
The present work has offered arguments based on neurobiological findings in favour of this
cognitive theory.
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