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Abstract---This review analyzes the use of advanced imaging
techniques, specifically high- and ultra-high field MRI, in the
diagnosis of neurodegenerative disorders impacting the cerebellum.
The intricate anatomy of the cerebellum and its positioning in the
posterior cranial fossa pose notable challenges for imaging,
particularly due to susceptibility artifacts arising from bone and blood
flow. Advancements in MRI techniques, such as fluid-attenuated
inversion recovery (FLAIR) and susceptibility-weighted imaging (SWI),
address these challenges, facilitating enhanced resolution
visualization of cerebellar structures. The review outlines the
functional domains of the cerebellum—vestibulocerebellum,
spinocerebellum, and cerebrocerebellum—and examines their
contributions to motor control and cognitive functions. This paper
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discusses the clinical implications of cerebellar involvement in
neurological disorders, including multiple sclerosis, hereditary
ataxias, Parkinson's disease, and Alzheimer's disease. High-field MRI
(3T) and ultra-high-field MRI (27T) provide enhanced signal-to-noise
ratios and spatial resolution, facilitating a comprehensive evaluation
of cerebellar atrophy and structural alterations linked to these
disorders. The review indicates that advanced MRI techniques are
essential for elucidating the cerebellum's involvement in
neurodegenerative processes and for formulating targeted therapies.

Keywords---MRI, high-field MRI, cerebellum, neurodegenerative
diseases, and posterior craniofossa.

1. Introduction

The cerebellum is crucial for normal brain function, contributing significantly to
both motor and non-motor tasks, such as cognition, mood, and behavior. Its role
in neurological disorders, including multiple sclerosis, hereditary ataxias,
Parkinson’s disease, and Alzheimer’s disease, frequently leads to impairments in
these functions (1). The investigation of cerebellar structure and function in
neurological diseases has historically faced limitations due to its intricate
anatomy and difficult positioning within the posterior cranial fossa (2).
Advancements in high-field MRI, along with improved image acquisition and
analysis techniques, have notably enhanced our comprehension of cerebellar
structure and function. This review examines the anatomy and functions of the
cerebellum, emphasizes recent imaging techniques and segmentation tools, and
investigates the cerebellum's involvement in neurological disorders.

2. Cerebellar Anatomy and Functional Domains

The cerebellum, situated in the posterior cranial fossa, is a highly convoluted
structure comprising two hemispheres linked by the central vermis. It is located
dorsal to the brainstem, separated from the cerebral cortex by the tentorium
cerebelli, and bordered by venous sinuses. The cortical structure comprises three
main layers: the molecular layer, the Purkinje cell layer, and the granular layer.
The cerebellar cortex consists of layers, with individual folds referred to as folia
(3). Underneath the gray matter is a central mass of white matter known as the
corpus medullare, which houses the deep nuclei of the cerebellum: the fastigial,
interposed (comprising the emboliform and globose nuclei), and dentate nuclei.
The cerebellum is connected to the brainstem via three pairs of white matter
tracts: the superior, middle, and inferior cerebellar peduncles, which link it to the
midbrain, pons, and medulla oblongata, respectively (4).

The cerebellum can be categorized into several classifications based on
morphological, phylogenetic, and functional perspectives, as well as its structural
framework. The cerebellum is morphologically categorized into three primary
regions: the anterior lobe, posterior lobe, and flocculonodular lobe. The lobes of
the cerebellum each serve specific functions within its overall operations. The
cerebellum is phylogenetically classified into three types: archicerebellum,
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paleocerebellum, and neocerebellum, with the neocerebellum representing the
most recent evolutionary development. The cerebellum is functionally categorized
into three primary regions: the vestibulocerebellum, spinocerebellum, and
cerebrocerebellum, with each region playing distinct roles in motor and cognitive
functions (5).

The vestibulocerebellum, linked to the flocculonodular lobe, predominantly
receives inputs from the vestibular nuclei and the visual cortex. The outputs
project to the vestibular nuclei, which are crucial for balance maintenance and
ocular movement coordination. This region is essential for maintaining stability
and coordination in the body during diverse movement activities (6).

The spinocerebellum comprises the superior and inferior vermis, excluding the
nodule, along with the adjacent paravermian regions. The vermian component
integrates input from the spinal cord and sensory nuclei to coordinate movements
of the head, neck, trunk, and proximal limbs. In contrast, the paravermian
component enhances limb movements via connections to the interposed nucleus.
The coordination between sensory input and motor output is essential for
achieving smooth and precise movements (7, 8).

The cerebrocerebellum comprises the two cerebellar hemispheres and is closely
connected to the cerebral cortex. The structure receives projections from multiple
cortical regions and conveys outputs through the dentate nucleus to the
thalamus and cerebral cortex. This structure is essential for sophisticated motor
planning and learning, facilitating the shift from conscious movement to
automatic execution. The cerebellum's functions encompass more than just motor
control. The cerebrocerebellum plays a crucial role in cognitive functions, with
research indicating that lesions in the cerebellar hemispheres result in cognitive
deficits. Furthermore, changes in the vermis have been associated with behavioral
and emotional disturbances (9).

The connectivity between the cerebellum and the prefrontal cortex enables the
cerebellum to significantly influence executive functions, including rule-based
response selection, independent of direct motor actions. This interaction
underscores the cerebellum's diverse functions in motor and cognitive areas,
highlighting its significance in overall brain activity and behavior (10).

3. Imaging challenges in the posterior cranial fossa

The posterior cranial fossa (PCF) poses distinct imaging challenges attributed to
its limited anatomical space and the presence of dense bone tissue. The
interaction of bone structures, blood flow, and cerebrospinal fluid (CSF) dynamics
can create artifacts that hinder precise imaging of this area. The introduction of
high-resolution imaging techniques has notably enhanced our capacity to
examine the PCF; however, specific artifacts continue to persist and may obstruct
diagnostic clarity (11).

A significant challenge is the occurrence of blood flow artifacts. Pulsatile blood
flow in the transverse sinuses can produce ghost artifacts, manifesting as
erroneous signal shadows on cerebellar tissue (12). Artifacts may result in the
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misinterpretation of imaging results, necessitating that radiologists maintain
vigilance in identifying their occurrence. Furthermore, artifacts from
cerebrospinal fluid flow can complicate imaging processes. The pulsation of
cerebrospinal fluid, especially at the periphery of the posterior cranial fossa, may
lead to signal displacement. Fluid-attenuated inversion recovery (FLAIR)
sequences effectively reduce artifacts by nullifying cerebrospinal fluid (CSF)
signals; however, spatially selective inversion pulses may still result in residual
artifacts that obscure critical anatomical details (13, 14).

Another important issue is the presence of bone-air interface artifacts, especially
in areas like the skull base, petrous bone, and paranasal sinuses (15). Magnetic
susceptibility artifacts pose challenges in these domains, with gradient-echo
sequences exhibiting notable vulnerability. Such sequences can generate
dephased signals that obscure complex anatomical structures. Susceptibility-
weighted imaging (SWI) sequences effectively leverage magnetic susceptibility
effects to improve contrast for particular pathologies, including hemorrhages and
calcifications, thereby facilitating enhanced visualization of specific conditions
(16).

Combining magnetic resonance imaging (MRI) with computed tomography (CT)
effectively addresses the challenges in imaging the PCF, thereby improving
diagnostic accuracy (12, 13). MRI is highly effective in visualizing soft tissues and
delivering detailed information about the cerebellum and other neural structures
within the posterior cranial fossa. Conversely, CT demonstrates superior efficacy
in evaluating bone integrity, rendering it essential for detecting structural
abnormalities in both neoplastic and non-neoplastic conditions of the PCF. This
collaborative method utilizes the advantages of both imaging modalities, thereby
enhancing the diagnostic yield in this intricate area.

4. High- and ultra-high field MRI techniques

The advancement of high-field (3T) and ultra-high-field (=7T) MRI systems has
created new opportunities for cerebellar imaging, particularly in the evaluation of
neurological disorders. Increased field strengths enhance signal-to-noise ratios
(SNR), facilitating quicker image acquisition and superior spatial resolution,
essential for examining the thin cerebellar cortex. For example, 3T MRI provides
twice the signal-to-noise ratio of 1.5T systems, facilitating higher-resolution
imaging crucial for assessing small structures such as cerebellar folia (17).

Ultra-high field MRI at 7T, frequently employed in research, facilitates enhanced
resolution, permitting the visualization of individual cerebellar folia and layers. At
7T, voxel sizes as small as 120 pm enable the differentiation of the granular and
molecular layers of the cerebellar cortex, which are challenging to resolve at lower
field strengths. High magnetic fields present challenges such as increased
susceptibility artifacts, chemical shift artifacts, and a higher specific absorption
rate (SAR). These factors necessitate careful adjustments to sequence parameters
to prevent exceeding SAR safety limits (18).

These artifacts may be utilized for diagnostic purposes. Susceptibility effects at 7T
can improve the separation of metabolites in spectroscopy and enhance the
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visibility of perfusion and blood products. The diagnostic accuracy of ultra-high
field MRI enhances our comprehension of the cerebellum's structure and
function, proving increasingly valuable in research concerning cerebellar
involvement in neuropsychiatric disorders (18).

5. Clinical Implications of Cerebellar Involvement in Neurological Disorders

The cerebellum's involvement in numerous neurological disorders highlights the
significance of advanced imaging techniques. Cerebellar atrophy in diseases such
as multiple sclerosis is associated with motor and cognitive impairment, and
advanced MRI techniques facilitate the monitoring of disease progression.
Hereditary ataxias predominantly impact the cerebellum, and MRI is useful for
distinguishing between types by analyzing specific patterns of cerebellar
degeneration (19).

In Parkinson's disease, the basal ganglia are typically the primary focus; however,
the cerebellum may also contribute to motor symptoms, especially tremor and
postural instability. Research indicates that the connectivity of the cerebellum
with the basal ganglia may affect motor output. Advanced imaging of the
cerebellum and associated circuits may provide valuable insights into Parkinson's
pathology and facilitate the development of targeted therapies (20).

Alzheimer’s disease, typically characterized by cortical atrophy, has been
associated with cerebellar atrophy, especially in the posterior lobes. Imaging
studies have revealed associations between cerebellar degeneration and cognitive
decline in Alzheimer’s, indicating that cerebellar pathology may play a role in the
neuropsychological symptoms of the disease (21).

6. Conclusion

Recent advancements in high-field MRI have transformed the investigation of
cerebellar anatomy and function, facilitating enhanced resolution and artifact
management in the posterior cranial fossa. Examining the cerebellum's functions
in motor and cognitive areas, as well as its association with neurological
disorders, offers important insights for identifying potential therapeutic targets.
Subsequent investigations employing ultra-high field MRI may elucidate the
cerebellum's role in brain function and its influence on diverse neurodegenerative
and neuropsychiatric disorders.
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