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Specific learning disorders (SLDs) are neurodevelopmental
disorders that are typically diagnosed in early school-aged
children, although may not be recognized until adulthood.
They are characterized by persistent impairment in at least
one of three major areas: reading, written expression, and/or
mathematics. For almost a century, there has been much
discussion on the neurobiological causes of learning
difficulties. The precise neuroanatomical nature of this
disorder has only recently begun to emerge. In recent years,
researchers have made significant advances in the study of
learning disabilities in particular in terms of comprehension
of cognitive and anatomical mechanisms.

The understanding of neural mechanisms of learning
disabilities is useful for their management and cognitive
treatment. The advent of functional neuroimaging methods
has also identified anatomical networks and neurological
learning systems that have contributed to the knowledge of
the neurobiology of learning deficits. On the other side,
neuropsychological assessment, with comprehensive tests or
specific cognitive tasks, has proved to be useful in analyzing
specific cognitive deficits to find potential targets of
intervention for cognitive compensation.

Recent advances in cognitive neuroscience have shed light
on the intricate neurobiological underpinnings of these
disorders, offering a deeper understanding of their genetic,
neural, and environmental origins. Neuroimaging studies
using techniques such as functional magnetic resonance
imaging (fMRI) have provided crucial insights into the neural
correlates of different types of SLDs.

Dyslexia, characterized by difficulties in reading and
language processing, has been associated with abnormalities
in brain regions such as the left temporoparietal cortex and
the Visual Word Form Area (VWFA).! The VWFA, located in
the left occipitotemporal cortex, plays a pivotal role in word
recognition and phonological processing.!> Dyslexic
individuals exhibit altered activation and connectivity
patterns in these regions, contributing to their reading
challenges.

Dysgraphia, affecting writing skills, has been linked to
disruptions in brain regions such as the premotor cortex and
the parietal cortex.’* The premotor cortex is involved in
planning and executing fine motor movements, while the
parietal cortex contributes to sensorimotor integration
required for handwriting.

Dyscalculia, characterized by difficulties in numerical
processing, has been associated with differences in the
intraparietal sulcus.® This brain region is critical for numerical
cognition and mathematical processing, and its altered
function in dyscalculic individuals contributes to their
challenges in understanding and manipulating numbers.

Genetic factors play a substantial role in the etiology of
SLDs. Twin and family studies have shown heritability
estimates ranging from 30% to 70% for various learning
disorders.® Candidate genes related to neural development,
neurotransmitter regulation, and myelination have been
implicated in SLDs.” However, gene-environment
interactions, including early experiences and educational
interventions, also significantly influence SLD development.®
The neurobiology of SLDs offers hope through the lens of
neuroplasticity.

Targeted interventions, such as phonics-based reading
programs for dyslexia, have demonstrated the brain’s ability
to undergo structural and functional changes.® These
interventions lead to enhanced connectivity and activation in
brain regions crucial for reading, reflecting the brain’s
adaptability in response to training. Interprofessional care
plays vital role in the identification and management of
learning disabilities.!?
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Cognitive neuroscience has illuminated the intricate

interplay between genetic predisposition, neural structures, and
environmental influences in the development of SLDs.
Understanding the neurobiology of SLDs provides a foundation
for tailored interventions and educational strategies that harness
neuroplasticity, ultimately empowering individuals with SLDs
to overcome academic challenges and thrive.
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