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How to Use This Document
This review covers the anatomy, histology, and phylogeny of the cerebellum with emphasis on 
the  vestibulocerebellum  —  the  subdivision  of  greatest  clinical  relevance  to  the  vestibular 
physician. Spinocerebellum and Cerebrocerebellum are addressed briefly to provide topographic 
and functional context.

Physiology is intentionally abbreviated throughout. The vestibulocerebellum's physiology — VOR 
gain adaptation, velocity storage, tilt/translation disambiguation — has been described in detail in 
the companion document. Where physiology is relevant, the text cross-references that document 
rather than repeating mechanistic derivations.

📖 Green boxes = cross-references to the Physiology companion document

♥ CLINICAL PEARL boxes = bedside application of the anatomy described

Grey/purple tables = Key Facts for rapid review at each section end

Self-assessment questions appear at the close of the document
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Learning Objectives
On completing this review, the reader should be able to:

• Describe the gross anatomy of the cerebellum — lobes, fissures, vermis, hemispheres, 
and deep nuclei — and map each subdivision to its phylogenetic tier.

• Explain the three-layer cortical histology of the cerebellum, identify all neuronal cell 
types, and describe the two afferent fibre systems (mossy fibre and climbing fibre) and 
their divergent synaptic targets.

• Articulate the phylogenetic relationship between the vestibulocerebellum and the 
vestibular nuclei, including the unique status of the vestibulocerebellum as the only 
cerebellar zone that receives direct primary vestibular afferent input.

• Identify the specific lobules comprising the vestibulocerebellum (flocculus, paraflocculus, 
nodulus, uvula), their afferent and efferent connections, and the distinct functional roles 
of the floccular versus nodular divisions.

• Provide a concise but accurate account of the Spinocerebellum and Cerebrocerebellum, 
sufficient to contextualise lesion localisation.

• Describe the cerebellar examination relevant to a vestibular clinic — eye movement 
testing, gait, coordination, and dynamic balance — and interpret abnormalities within a 
lesion-localisation framework.

• Recognise and differentiate the clinical presentations caused by vestibulocerebellar 
pathology: downbeat nystagmus, periodic alternating nystagmus, direction-changing 
positional nystagmus, impaired VOR suppression, and the acute vestibular syndrome 
masquerading as peripheral disease.

• Apply the HINTS examination and its cerebellar components to distinguish posterior 
fossa stroke from vestibular neuritis.
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1.  Introduction
The cerebellum is an indispensable node in the neural circuitry of balance, gaze stabilisation, and 
motor coordination. Though it constitutes only ~10% of total brain volume, it houses more than 
half of all  CNS neurons — a reflection of the computational complexity it  manages. For the 
vestibular physician, its importance is disproportionate to its size: the vestibulocerebellum is the 
principal modulator of the vestibulo-ocular reflex (VOR) and velocity storage, two mechanisms 
whose clinical testing forms the backbone of the bedside vestibular examination.

Cerebellar pathology generates some of the most diagnostically challenging presentations in 
vestibular medicine. Posterior fossa stroke can mimic vestibular neuritis precisely because the 
vestibulocerebellum and the vestibular nuclei share primary afferent input, shared circuitry, and 
overlapping symptomatology. Recognising the distinctive ocular motor signatures of cerebellar 
disease — downbeat nystagmus, gaze-evoked nystagmus with rebound, periodic alternating 
nystagmus, impaired VOR suppression — is a core clinical competency.

This  document  provides  a  structured  review of  cerebellar  anatomy from gross  morphology 
through  histology  to  connectivity,  with  particular  depth  on  the  vestibulocerebellum.  Clinical 
examination and pathological presentations are addressed in the final sections.

2.  Gross Anatomy of the Cerebellum

2.1 External Morphology
The cerebellum occupies the posterior cranial fossa, dorsal to the pons and medulla, separated 
from the occipital lobes by the tentorium 
cerebelli. Its superior surface is relatively 
flat and closely applied to the tentorium; 
its inferior surface is convex and related 
to the inner table of the occipital bone.

The surface is folded into parallel ridges 
called folia, separated by fissures. The 
most  prominent  fissure  — the  primary 
fissure — runs transversely across the 
superior surface, dividing the cerebellum 
into  anterior  and  posterior  lobes.  The 
posterolateral  fissure,  on  the  inferior 
surface,  separates  the  flocculonodular 
lobe from the  body of  the  cerebellum. 
The  prepyramidal  fissure  marks  the 
boundary  between  the  uvula  and  the 
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pyramid.  These fissures  define  the  three  major  lobes  and are  the  anatomical  basis  of  the 
phylogenetic classification (Section 4).

2.2 Vermis and Hemispheres
The  cerebellum  is  divided  into  a  central  strip  — the  vermis  — and  two  lateral  cerebellar 
hemispheres. The vermis is phylogenetically older and functionally related to axial musculature 
and vestibular integration. The hemispheres are phylogenetically newer and more concerned with 
limb coordination and motor planning.

The vermis is subdivided into named lobules (I–X using the Larsell classification), a system now 
standard in both anatomical and clinical literature. The flocculonodular lobe (lobule X plus the 
flocculus) is the anatomical substrate of the vestibulocerebellum.

2.3 Lobule Nomenclature — Larsell System
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Key Point Detail

Lobules I–V Anterior lobe (Spinocerebellum — leg and trunk 
representation)

Lobules VI–VII Posterior lobe, lateral (Cerebrocerebellum — VIIB = crus I and 
II)

Lobule VIII Biventer / posterior inferior lobule

Lobule IX — Uvula Vestibulocerebellum: velocity storage, tilt/translation 
disambiguation

Lobule X — Nodulus Vestibulocerebellum: velocity storage, periodic alternating 
nystagmus

Flocculus Vestibulocerebellum: VOR gain adaptation, gaze holding

Paraflocculus (tonsil) Vestibulocerebellum / accessory optic: smooth pursuit, 
optokinetic

2.4 Deep Cerebellar 
Nuclei
Embedded  within  the  white 
matter of each hemisphere are 
four  paired  deep  cerebellar 
nuclei, arranged from lateral to 
medial:

• Dentate nucleus — the 
largest; receives 
Purkinje cell axons 
from the lateral 
hemispheres 
(cerebrocerebellum); 
projects via the superior cerebellar peduncle to the contralateral thalamus and red 
nucleus.

• Emboliform nucleus (anterior interposed) — receives input from the intermediate 
hemisphere, projects to the red nucleus.

• Globose nucleus (posterior interposed) — similar connections to emboliform; the two are 
collectively termed the interposed nuclei in primates.

• Fastigial nucleus — most medial; receives Purkinje cell axons from the vermis and 
vestibulocerebellum; projects bilaterally to the vestibular nuclei, reticular formation, and 
spinal cord. The fastigial nucleus is the deep nucleus of the vestibulocerebellum.

♥ CLINICAL PEARL: Fastigial Nucleus Lesion
A lesion isolated to the fastigial nucleus produces ipsilateral ipsipulsion (falling toward the side 
of the lesion) and a characteristic contraversive ocular tilt reaction — findings that localise 
precisely to the medial  cerebellum. This pattern cannot arise from peripheral  labyrinthine 
pathology.
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2.5 Cerebellar Peduncles
The cerebellum connects to the brainstem via three paired peduncles — the principal conduits of 
afferent and efferent traffic:

• Inferior  cerebellar  peduncle 
(ICP)  —  comprises  the 
restiform  body  and  the 
juxtarestiform  body.  The 
juxtarestiform  body  is  the 
exclusive route for vestibulo-
cerebellar  and  cerebello-
vestibular  fibres.  Primary 
vestibular afferents enter via 
this  peduncle;  Purkinje  cell 
axons from the flocculus and 
nodulus exit through it.

• Middle  cerebellar  peduncle 
(MCP,  brachium  pontis)  — 
the largest peduncle; carries pontocerebellar fibres from the cortex to the hemispheres. 
Not involved in vestibular circuitry.

• Superior  cerebellar  peduncle  (SCP,  brachium  conjunctivum)  —  the  main  efferent 
peduncle; carries dentate and interposed nucleus projections to the contralateral thalamus 
and red nucleus. Decussates in the midbrain at the level of the inferior colliculus.

♥ CLINICAL PEARL: Juxtarestiform Body and CPA Lesions
The juxtarestiform body is the anatomical bridge between primary vestibular afferents and the 
cerebellar  cortex.  Lesions  at  the  cerebellopontine  angle  —  vestibular  schwannoma, 
meningioma — may compromise both the vestibular nerve and the adjacent juxtarestiform 
body, producing combined peripheral and central vestibular signs and complicating lesion 
localisation.

Key Point Detail

ICP — restiform body Spinocerebellar tracts, olivocerebellar fibres, reticulocerebellar 
fibres

ICP — juxtarestiform Primary vestibular afferents IN; flocculus/nodulus Purkinje 
axons OUT

MCP Pontocerebellar: cerebral cortex → pons → lateral 
hemispheres

SCP Main efferent: dentate nucleus → decussates → contralateral 
thalamus/red nucleus

3.  Histology of the Cerebellar Cortex
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3.1 Three-Layer Architecture
The cerebellar cortex has a uniform three-layer architecture throughout all  lobules — a key 
distinction  from  the  cerebral  cortex, 
which  has  highly  variable 
cytoarchitecture.  From  superficial  to 
deep:

• Molecular layer (outermost) — 
sparse in cell bodies; 
dominated by parallel fibres 
(axons of granule cells 
running perpendicular to 
Purkinje cell dendrites), 
Purkinje cell dendrites, basket 
cell and stellate cell bodies.

• Purkinje cell layer (middle) — 
a single row of Purkinje cell 
somata, approximately 50–80 
μm in diameter. The most 
distinctive layer on histological section.

• Granular layer (innermost) — densely packed with granule cells (the most numerous 
neurons in the CNS, ~50 billion), Golgi cells, and cerebellar glomeruli.

3.2 Neuronal Cell Types

3.2.1 Purkinje Cells

Purkinje cells are the sole output neurons of the cerebellar cortex. Their axons project exclusively 
to the deep cerebellar nuclei — and, in the vestibulocerebellum, directly to the vestibular nuclei, 
bypassing the deep nuclei. Each Purkinje cell receives two qualitatively distinct afferent systems:

• Climbing fibre input (from 
the contralateral inferior 
olive): a single climbing 
fibre wraps extensively 
around the Purkinje cell 
dendrite producing a 
complex spike — a brief 
high-frequency burst (1–4 
Hz tonic rate). This signal 
encodes a motor error 
signal.

• Parallel fibre input (from 
~200,000 granule cells): 
produces simple spikes at 
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40–100 Hz. Each Purkinje cell integrates input across a vast population of granule cells 
sampled along the folium.

Purkinje cells are GABAergic and therefore inhibitory to their targets. The output of the cerebellar 
cortex  is  inhibitory.  Cerebellar  learning  (long-term depression,  LTD)  reduces  this  inhibition, 
thereby increasing the firing of deep cerebellar nuclear neurons.

3.2.2 Granule Cells

Granule cells receive mossy fibre input at cerebellar glomeruli. They project their axons into the 
molecular layer, where each bifurcates into two parallel fibres running in opposite directions along 
the long axis of a folium. The glutamatergic parallel fibres activate Purkinje cell dendrites en 
passant.

3.2.3 Inhibitory Interneurons

• Basket cells — molecular layer; form pericellular baskets around Purkinje cell somata; 
produce fast, precise lateral inhibition.

• Stellate cells — outer molecular layer; synapse on Purkinje cell dendrites; fine-grained 
dendritic inhibition.

• Golgi cells — granular layer; receive parallel fibre input and feedback-inhibit granule 
cells at glomeruli, regulating timing of granule cell activation.

3.3 Afferent Fibre Systems

3.3.1 Mossy Fibres

Mossy fibres are the principal afferent input, originating from the spinal cord, pontine nuclei, 
reticular formation, and — critically — the vestibular nuclei and directly from Scarpa's ganglion 
(primary vestibular afferents). Mossy fibres terminate in the granular layer at cerebellar glomeruli, 
where a single mossy fibre rosette contacts ~20 granule cell dendrites enclosed within a glial 
sheath.  Mossy  fibres  also  send  collaterals  directly  to  the  deep  cerebellar  nuclei,  providing 
continuous excitatory drive that is modulated by Purkinje cell inhibition.
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♥ CLINICAL PEARL: Primary Vestibular Afferents as Mossy Fibres
Primary vestibular afferents project as mossy fibres directly to the nodulus and uvula — the 
only part of the cerebellum to receive direct (non-relayed) primary vestibular input. All other 
cerebellar zones receive vestibular input relayed through the vestibular nuclei. This direct link 
is the anatomical basis of the intimate phylogenetic bond between the vestibulocerebellum and 
the vestibular nuclei.

3.3.2 Climbing Fibres

Climbing  fibres  originate  exclusively  from  the 
inferior  olivary  nuclear  complex  (ION)  in  the 
medulla. Each climbing fibre establishes 500–1000 
synaptic  contacts  with  a  single  Purkinje  cell's 
proximal  dendrite — the most  powerful  synaptic 
relationship  in  the  CNS.  For  the 
vestibulocerebellum,  the  dorsal  cap  and 
ventrolateral outgrowth of the ION relay retinal slip 
signals from the accessory optic system — error 
signals used to calibrate VOR gain.

📖 See Physiology document, Section 9 (VOR Adaptation) for the cellular mechanism by which 
climbing-fibre-mediated LTD at the parallel fibre–Purkinje cell synapse underlies VOR gain 
adaptation in the flocculus.

Key Point Detail

Purkinje cell neurotransmitter GABA (inhibitory) — sole cortical output neuron

Granule cell neurotransmitter Glutamate (excitatory)

Mossy fibre neurotransmitter Glutamate (excitatory)

Climbing fibre origin Contralateral inferior olivary nucleus

Climbing fibre function Error signal for motor learning; produces complex spikes in 
Purkinje cells

Most numerous CNS neuron Granule cell (~50 billion)

LTD location Parallel fibre → Purkinje cell synapse; requires concurrent 
climbing fibre activity
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4.  Phylogenetic Organisation and Relationship 
with Vestibular Nuclei

4.1 The Three Phylogenetic Divisions
The cerebellum is conventionally divided into three phylogenetic zones reflecting the evolutionary 
sequence of acquisition. This classification has direct functional and clinical correlates:

• Archicerebellum (vestibulocerebellum) — phylogenetically oldest; present in all 
vertebrates including 
jawless fish. Comprises the 
flocculonodular lobe: 
nodulus (lobule X), uvula 
(lobule IX), flocculus, and 
paraflocculus. Develops 
from the pars vestibularis of 
the rhombic lip in direct 
anatomical proximity to the 
developing vestibular nuclei.

• Paleocerebellum 
(Spinocerebellum) — 
appeared with the evolution 
of limbs; comprises the 
vermis (lobules I–V, VIII) 
and intermediate 
hemispheres. Receives 
somatosensory input from spinocerebellar tracts.

• Neocerebellum (cerebrocerebellum/pontocerebellum) — the most recent addition, 
expanding dramatically in primates. Comprises the lateral hemispheres (lobules VI–VII). 
Receives input predominantly from the neocortex via the pontine nuclei.

4.2 Phylogenetic Relationship of Vestibulocerebellum with Vestibular 
Nuclei
The intimate relationship between the vestibulocerebellum and the vestibular nuclear complex 
(VNC)  reflects  a  deeply  conserved  co-evolutionary  bond.  Several  features  distinguish  this 
relationship:

• Shared developmental origin: both structures derive from the rhombic lip of 
rhombomeres 1–2. The vestibulocerebellum essentially grew out of, and remains 
functionally coupled to, the vestibular nuclei.

• Direct primary afferent input: Purkinje cells in the nodulus and uvula receive mossy fibre 
input directly from primary vestibular afferents — a feature unique among cerebellar 
zones.

• Reciprocal connections without deep nuclear relay: Purkinje cells of the flocculus and 
nodulus project directly to the vestibular nuclei (particularly the superior and medial 
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vestibular nuclei), bypassing the deep cerebellar nuclei. The vestibular nuclei function as 
the 'deep cerebellar nuclei' for the vestibulocerebellum — they receive inhibitory Purkinje 
cell output and provide the excitatory collateral drive.

• The vestibular nuclei project back to the vestibulocerebellum as mossy fibres, creating a 
closed loop underlying adaptation and velocity storage.

♥ CLINICAL PEARL: HINTS Examination — Cerebellar Circuit Logic
Because vestibular neuritis and cerebellar infarction both disrupt the vestibulo-cerebellar circuit 
at different points, the ocular motor output can be superficially similar. The HINTS examination 
exploits precisely the cerebellar components of this circuit to distinguish peripheral from central 
disease.

📖 See Physiology document, Section 7 (Vestibular Nuclear Complex) and Section 9 (Velocity 
Storage) for the functional physiology of this loop.

Key Point Detail

Archicerebellum Vestibulocerebellum: flocculonodular lobe + uvula. Oldest. All 
vertebrates.

Paleocerebellum Spinocerebellum: vermis + intermediate hemisphere. Spinal 
input.

Neocerebellum Cerebrocerebellum: lateral hemispheres. Cortex → pons → 
hemisphere.

Deep nucleus: vestibulocerebellum Fastigial nucleus (+ direct projection to vestibular nuclei)

Deep nucleus: spinocerebellum Interposed nuclei (emboliform + globose)

Deep nucleus: cerebrocerebellum Dentate nucleus

5.  The Vestibulocerebellum — Detailed Anatomy

5.1 Components and Boundaries
The vestibulocerebellum comprises the flocculonodular lobe plus the uvula (lobule IX). These four 
structures form a functionally unified zone defined by shared vestibular connectivity, though with 
important internal functional differentiation:

• Flocculus — a small lobule on the inferior cerebellar surface lateral to the choroid plexus 
attachment of the fourth ventricle. Particularly well developed in primates. Connected to 
brainstem via the juxtarestiform body.

• Paraflocculus (tonsil) — immediately adjacent to the flocculus; connections overlap with 
those of the flocculus but additionally include optokinetic and smooth pursuit circuitry.
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• Nodulus (lobule X) — the most rostral part of the inferior vermis, forming the roof of the 
fourth ventricle. Connected to 
the uvula superiorly and to 
the flocculus via the inferior 
medullary velum.

• Uvula (lobule IX) — 
immediately superior to the 
nodulus; larger in humans 
than in most non-primates. 
Receives both primary and 
secondary vestibular 
afferents.

5.2 Afferent Connections

5.2.1 Mossy Fibre Inputs to the 
Flocculus

• Secondary vestibular afferents from the ipsilateral superior and medial vestibular nuclei 
(relayed semicircular canal signals).

• Accessory optic nuclei and nucleus of the optic tract — providing visual motion (retinal 
slip) signals.

• Nucleus prepositus hypoglossi and medial vestibular nucleus — providing eye velocity 
and gaze velocity signals relevant to gaze holding.

• Y-group (superior vestibular nucleus region) — important for vertical VOR signals.

5.2.2 Mossy Fibre Inputs to the Nodulus and Uvula

• Direct primary vestibular afferents (Scarpa's ganglion) — unique feature; raw, 
unprocessed semicircular canal and otolithic signals.

• Secondary vestibular afferents from all four vestibular nuclei.

• Otolithic signals (utricular and saccular) are particularly prominent in the uvula; the 
nodulus emphasises canal signals.

• Retinal slip signals via the inferior olive.

5.2.3 Climbing Fibre Inputs — via Inferior Olive

• Dorsal cap of Kooy — receives retinal slip from the contralateral accessory optic system; 
projects to the flocculus. Carries error signals for VOR calibration.

• Ventrolateral outgrowth (VLO) — receives input from the nucleus of the optic tract; 
projects to the nodulus/uvula.

• Dorsomedial cell column — spinal and reticular input; projects to the fastigial nucleus 
zone.
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5.3 Efferent Connections

5.3.1 Flocculus Efferents

Purkinje cell axons from the flocculus travel via the juxtarestiform body to:

• Superior vestibular nucleus — inhibits the vertical VOR pathway.

• Medial vestibular nucleus — inhibits horizontal VOR interneurons; modulates velocity 
storage.

• Y-group — modulates vertical smooth pursuit.

• Nucleus prepositus hypoglossi — contributes to the neural integrator for gaze holding.

5.3.2 Nodulus and Uvula Efferents

• Medial and superior vestibular nuclei (direct inhibition of velocity storage neurons).

• Fastigial nucleus (more prominent from uvula than nodulus).

The  fastigial  nucleus  in  turn  projects  bilaterally  to  the  vestibular  nuclei,  reticular  formation, 
contralateral inferior olive, and via the uncinate fasciculus of Russell to the contralateral thalamus 
and spinal cord.
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5.4 Internal Functional Segregation

Key Point Detail

Flocculus VOR gain adaptation (error-driven learning); gaze holding / 
neural integrator support

Paraflocculus Smooth pursuit; optokinetic reflex

Nodulus Velocity storage regulation; periodic alternating nystagmus 
suppression; spatial reorientation of nystagmus axis

Uvula Tilt/translation disambiguation; otolith–canal interaction; 
gravity estimation

📖 See Physiology document, Sections 9.2 (VOR Adaptation — flocculus), 9.3 (Velocity Storage 
— nodulus), and 9.4 (Tilt/Translation Disambiguation — uvula/otolith) for mechanistic detail.

♥ CLINICAL PEARL: Downbeat Nystagmus — Floccular Failure
Downbeat  nystagmus  (DBN)  in  the  primary  position  is  the  hallmark  sign  of 
flocculus/paraflocculus dysfunction. The flocculus normally provides tonic inhibitory drive to 
the vertical neural integrator, suppressing upward drift. When this inhibition fails — through 
Purkinje  cell  loss  —  upward  drift  produces  downward  corrective  saccades:  downbeat 
nystagmus. DBN in the primary position should prompt MRI of the posterior fossa before any 
other diagnosis.

6.  Spinocerebellum — Brief Overview
The spinocerebellum comprises the vermis (lobules I–V, VIII) and the intermediate hemispheres. 
Its primary role is online correction of ongoing movement through somatosensory feedback from 
the spinal cord.

6.1 Afferent Connections
• Dorsal spinocerebellar tract (DSCT) and cuneocerebellar tract — ipsilateral 

proprioceptive signals from lower and upper limbs respectively; enter via the ICP.

• Ventral spinocerebellar tract (VSCT) — encodes spinal cord interneuron activity 
(efference copy); enters via the SCP.

• Trigeminocerebellar fibres — head and face proprioception.

6.2 Efferent Connections and Deep Nuclei
• Vermis Purkinje cells → fastigial nucleus → reticulospinal and vestibulospinal tracts → 

axial and proximal musculature (postural control).

• Intermediate hemisphere Purkinje cells → interposed nuclei → contralateral red nucleus 
(rubrospinal tract) and thalamus → distal limb control.
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6.3 Vestibular Relevance
Spinocerebellar degeneration — MSA-C, SCA6, SCA3 — is frequently encountered in vestibular 
practice. Despite the disease label implying a 'spinal' focus, floccular Purkinje cell involvement 
produces downbeat nystagmus and VOR suppression failure in these conditions.

♥ CLINICAL PEARL: SCA6 and DBN
In  SCA6,  downbeat  nystagmus  is  common  despite  the  condition  being  classified  as  a 
spinocerebellar  ataxia  —  caused  by  prominent  floccular  Purkinje  cell  involvement.  This 
illustrates the importance of thinking in terms of functional cerebellar zones rather than disease 
labels.

7.  Cerebrocerebellum — Brief Overview
The  cerebrocerebellum  (neocerebellum)  comprises  the  lateral  hemispheres  —  the  largest 
subdivision in humans — dedicated to motor planning, timing, and the internal simulation of 
movement.
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7.1 Afferent Connections
• Cerebral cortex (motor, premotor, prefrontal, parietal) → pontine nuclei → contralateral 

lateral hemisphere via MCP (cortico-ponto-cerebellar tract).

• Inferior olive → climbing fibres → lateral hemisphere Purkinje cells (error signals for 
skilled task learning).

7.2 Efferent Connections and Deep Nucleus
• Lateral hemisphere Purkinje cells → dentate nucleus → SCP decussation → 

contralateral VL/VA thalamus → motor and premotor cortex.

• Also, projects to the contralateral red nucleus (magnocellular portion).

7.3 Vestibular Relevance
The cerebrocerebellum does not directly process vestibular signals. However, dentate nucleus 
lesions produce ipsilateral limb ataxia and intention tremor — helpful for lateralising cerebellar 
hemisphere infarcts.  Cerebellar  cognitive affective syndrome (Schmahmann syndrome) from 
posterior  hemisphere  lesions  may produce spatial  disorientation  misconstrued as  vestibular 
cortical dysfunction.
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8.  Physiology of the Vestibulocerebellum — 
Summary and Cross-References
The physiology of the vestibulocerebellum is described extensively in the companion physiology 
document. This section provides a framework and pointer structure only.

8.1  VOR Gain Adaptation — Flocculus
The flocculus calibrates VOR gain over time. Retinal slip signals (climbing fibres from the inferior 
olive's dorsal cap) coinciding with vestibular drive (parallel fibres from granule cells) induce LTD 
at the parallel fibre–Purkinje cell synapse, reducing inhibition of the medial vestibular nucleus and 
thereby increasing VOR gain.

📖  See Physiology document, Section 9.2: VOR Adaptation — climbing fibre error signals, LTD 
mechanism, and the Marr-Albus-Ito model.

8.2  Velocity Storage — Nodulus
The velocity storage mechanism prolongs VOR time constant beyond the biomechanical limit of 
the semicircular canals (~7 seconds). The nodulus actively regulates velocity storage duration — 
nodular lesions produce exaggerated velocity storage with prolonged post-rotatory nystagmus.

📖   See  Physiology  document,  Section  9.3:  Velocity  Storage  —  neural  circuit,  nodular 
regulation, and spatial reorientation of nystagmus axis.

8.3  Tilt/Translation Disambiguation — Uvula
Otolith organs cannot distinguish gravitational from linear acceleration (Einstein's equivalence 
principle). The uvula integrates canal and otolithic signals to disambiguate tilt from translation, 
exploiting the differential time constants of canal (short) and otolithic (sustained) signals.

📖  See  Physiology  document,  Section  9.4:  Otolith–Canal  Interaction  and  Tilt/Translation 
Disambiguation.

8.4  Gaze Holding — Flocculus and Paraflocculus
The neural integrator for gaze requires cerebellar inputs to remain stable. The flocculus and 
paraflocculus provide a leaky-integrator correction signal preventing centripetal drift at eccentric 
gaze positions (gaze-evoked nystagmus).

📖  See Physiology document, Section 8.3: The Neural Integrator and Gaze Holding.
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9.  Clinical Examination of the Cerebellum in 
Vestibular Practice
The clinical  examination of a patient presenting with dizziness or imbalance must include a 
systematic  cerebellar  assessment.  The  following  battery  detects  vestibulocerebellar, 
spinocerebellar, and cerebrobellar dysfunction with varying localising precision.

9.1 Ocular Motor Examination

9.1.1 Spontaneous Nystagmus — Type and Direction

In primary gaze with fixation available,  document the presence, direction, and plane of  any 
spontaneous nystagmus. The key features distinguishing central from peripheral are summarised 
below:

Key Point Detail

Feature Peripheral (e.g., Vestibular Neuritis) vs Central (Cerebellar)

Direction Unidirectional, horizontal-torsional vs May be vertical, 
direction-changing, or multidirectional

Fixation suppression Suppressed by fixation vs May not suppress with floccular 
lesion

Gaze direction Increases ipsilesionally (Alexander's Law) vs Bidirectional or 
no clear Alexander's Law

Plane Horizontal-torsional vs Vertical nystagmus (up/downbeat) 
strongly suggests central

9.1.2 Gaze-Evoked Nystagmus and Rebound Nystagmus

Ask the patient to fix on a target held 30° to the right, left, up, and down. Gaze-evoked nystagmus 
(GEN) — nystagmus beating away from centre in the direction of gaze — indicates failure of the 
neural  integrator  from floccular  or  parafloccular  pathology.  Rebound nystagmus (nystagmus 
beating in the opposite direction when gaze returns to centre after sustained eccentric gaze) is 
highly specific for cerebellar disease.

♥ CLINICAL PEARL: Gaze-Evoked Nystagmus with Rebound
Bilateral gaze-evoked nystagmus with rebound nystagmus is a reliable indicator of cerebellar 
(specifically  floccular/parafloccular)  pathology.  It  does  not  occur  in  isolated  peripheral 
vestibular disease and is therefore a powerful discriminator in the initial assessment of a dizzy 
patient.

9.1.3 Downbeat and Upbeat Nystagmus

Downbeat nystagmus (DBN) — fast phase directed downward, typically most prominent in lateral 
gaze — is strongly associated with floccular/parafloccular pathology. Assess in primary gaze, 
lateral gaze, and convergence. Common causes: SCA6, MSA-C, Chiari I  malformation, anti-
VGCC antibodies, medications (lithium, anticonvulsants), magnesium deficiency.
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Upbeat nystagmus — fast phase upward — localises to the anterior vermis or medulla rather than 
the flocculus. Causes include Wernicke's encephalopathy, brainstem demyelination, and anterior 
inferior vermis infarction.

9.1.4 Smooth Pursuit

Test  smooth  pursuit  with  a  slowly  moving  target  (0.3  Hz,  peak  velocity  ~20°/s).  Saccadic 
(cogwheel)  pursuit  indicates dysfunction of  the paraflocculus,  dorsolateral  pontine nuclei,  or 
cerebral cortex. Distinguish from saccadic pursuit due to poor attention or normal ageing.

9.1.5 VOR Suppression — Cancellation Test

Ask the patient to fix on their own extended thumb while you rotate them (or use head impulse 
with fixation on examiner's nose while target moves with the head). Normal subjects suppress the 
VOR entirely when tracking a head-fixed target. Failure of VOR suppression — continued ocular 
drift despite attempted fixation — is a robust sign of floccular pathology. Quantitative assessment 
uses the VOR suppression protocol on rotational chair.

♥ CLINICAL PEARL: VOR Suppression Failure
VOR suppression failure is one of the most sensitive indicators of floccular dysfunction and 
does not occur in peripheral vestibular disease alone. In a clinic with video-Frenzel goggles or 
VNG, document VOR suppression in any patient with suspected cerebellar disease — it may 
be the only positive finding in early floccular degeneration.

9.1.6 Saccades

Test saccades with rapid shifts of gaze between two targets. Cerebellar saccade abnormalities: 
hypermetria  (overshoot  —  dorsal  vermis/fastigial  nucleus);  hypometria  (undershoot  —  less 
specific); macrosaccadic oscillations about the target (fastigial nucleus). Slow saccades suggest 
brainstem pathology (PPRF, riMLF) rather than cerebellar.

9.1.7 Head Impulse Test

The HIT tests VOR integrity. In peripheral vestibular disease, a corrective saccade is visible 
(positive HIT). In pure cerebellar pathology, the VOR arc is typically intact — the HIT is negative 
— a key finding in HINTS. However, AICA territory infarction may involve the labyrinthine artery, 
producing a positive HIT alongside central signs.

📖  See Physiology document, Section 8.1: VOR Three-Neuron Arc and Head Impulse Test 
Physiology.

9.1.8  Skew Deviation and Ocular Tilt Reaction

Skew deviation — vertical misalignment of the eyes — occurs with disruption of otolith–ocular 
pathways in the brainstem or cerebellum. Test with the cover-uncover test. The full ocular tilt  
reaction (OTR) — skew deviation + head tilt  + cyclorotation — localises to the utricle–VOR 
pathway and is a central sign in HINTS.



www.australiandizzinessclinics.com

Page 23 of 28

9.2 Gait and Stance
• Tandem gait (heel-to-toe walking) — highly sensitive for spinocerebellar and 

vestibulocerebellar dysfunction.

• Romberg test — cerebellar patients may fall with both eyes open and closed (unlike 
proprioceptive/vestibular Romberg positive who fall only with eyes closed).

• Observation of spontaneous sway — lateral ipsipulsion from fastigial nucleus pathology; 
broad-based ataxic gait from spinocerebellar disease.

9.3  Coordination
• Finger–nose–finger — tests intention tremor and dysmetria; relevant for cerebellar 

hemisphere (dentate nucleus) disease.

• Heel–shin test — lower limb coordination; sensitive for spinocerebellar ataxia.

• Rapid alternating movements — dysdiadochokinesis is a cerebellar hemisphere sign.

• Rebound test — failure of cerebellar braking after resistance release, hemisphere sign.

Note: standard coordination tests are relatively insensitive to pure vestibulocerebellar pathology, 
which manifests primarily in ocular motor and vestibular-specific testing.

10.  Clinical Presentations to the Vestibular 
Clinician
The following syndromes represent the major cerebellar presentations encountered in vestibular 
practice, grouped by acuity and aetiology.

10.1 Acute Cerebellar Syndrome Mimicking Peripheral Vestibular 
Disease
The most dangerous diagnostic pitfall in vestibular medicine is the posterior fossa stroke (PICA 
or  AICA  territory)  presenting  as  isolated  vertigo  mimicking  vestibular  neuritis.  The  HINTS 
examination was specifically designed to detect this syndrome:

• Normal HIT + Direction-changing nystagmus + Any skew deviation = HIGH RISK for 
central pathology → urgent MRI.

• Positive HIT + Unidirectional horizontal nystagmus + No skew deviation = reassuring for 
peripheral disease — but not absolute.

♥ CLINICAL PEARL: HINTS Sensitivity for Stroke
The HINTS battery has sensitivity >96% for stroke in the acute vestibular syndrome when 
performed by trained examiners — exceeding early MRI diffusion-weighted imaging, which 
misses up to 20% of posterior fossa strokes in the first 24–48 hours due to DWI false negatives 
in the brainstem and cerebellum.

PICA infarction: labyrinth usually spared (labyrinthine artery arises from AICA); HIT negative; 
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no hearing loss.

AICA infarction: may involve labyrinthine artery; HIT positive; ipsilateral hearing loss; facial 
numbness — a deceptive combination of peripheral and central signs.

10.2 Downbeat Nystagmus Syndrome
DBN in the primary position or in lateral gaze is the most common chronic central vestibular 
nystagmus presenting  to  a  vestibular  clinic.  It  indicates  flocculus/paraflocculus  Purkinje  cell 
dysfunction. Aetiologies:

• Cerebellar degeneration — SCA6 (CACNA1A) is particularly associated; also, MSA-C, 
SCA3.

• Chiari I malformation — tonsillar compression of the flocculus/paraflocculus at the 
foramen magnum.

• Paraneoplastic cerebellar degeneration — anti-Yo (ovarian/breast), anti-Hu (small cell 
lung), anti-VGCC.

• Medication-induced — lithium, amiodarone, anticonvulsants, alcohol.

• Nutritional — magnesium deficiency; thiamine deficiency.

• Idiopathic cerebellar ataxia (IDCA) — significant proportion of DBN cases.

Management: 4-aminopyridine (4-AP) reduces DBN, particularly in SCA6, by increasing Purkinje 
cell excitability via potassium channel blockade. Gabapentin may also reduce severity.

10.3 Periodic Alternating Nystagmus
Periodic  alternating nystagmus (PAN) is  a  spontaneous horizontal  nystagmus that  reverses 
direction approximately every 90–120 seconds (cycle ~4 minutes). It results from loss of nodular 
inhibition of velocity storage — without this inhibition the system oscillates.

PAN  is  characteristically  suppressed  by  baclofen  (GABA-B  agonist),  substituting 
pharmacologically for lost nodular inhibition. Baclofen-responsive PAN = nodular dysfunction until 
proven otherwise. Causes: cerebellar degeneration, posterior fossa tumours, Chiari malformation, 
anticonvulsant toxicity.

♥ CLINICAL PEARL: Diagnosing PAN — Observe Long Enough
PAN is missed if the examiner does not observe the patient for at least 4–5 minutes. In any 
patient with apparent spontaneous nystagmus that 'disappears and reappears,' consider PAN 
and observe through a full alternation cycle before concluding the nystagmus has resolved.

10.4 Direction-Changing Positional Nystagmus — Nodular
Nodulus/uvula lesions produce central positional nystagmus characterised by:

• Direction-changing nystagmus across positions of the Dix-Hallpike and roll tests — not 
conforming to the plane of any single semicircular canal.

• Prolonged positional nystagmus without fatigability (BPPV fatigues with repeated 
testing).
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• No latency, no crescendo-decrescendo envelope.

♥ CLINICAL PEARL: Central Positional Nystagmus vs BPPV
The single most important clinical rule in positional testing: BPPV nystagmus has latency, 
fatigues, and lasts <1 minute. Any nystagmus that does not fit this pattern — especially vertical 
downbeat in the Dix-Hallpike — should be considered central until MRI is performed. Central 
positional nystagmus is present in ~15% of patients referred for atypical BPPV.

10.5 Cerebellar Ataxia Syndromes with Vestibular Features
• SCA6  (CACNA1A)  —  autosomal  dominant;  P/Q-type  calcium  channel  mutation; 

predominantly  affects floccular/nodular  Purkinje cells.  Classic presentation:  late-onset 
pure cerebellar ataxia, DBN, impaired VOR suppression. Often misdiagnosed as BPPV or 
Menière's disease in early stages. Responds to 4-AP.

• SCA3 (Machado-Joseph disease) — most common SCA worldwide; involves brainstem 
and cerebellar nuclei; produces gaze-evoked nystagmus, saccadic pursuit, and square-
wave jerks alongside peripheral neuropathy.

• MSA-C — olivopontocerebellar  degeneration;  DBN, autonomic failure,  poor levodopa 
response. Distinguish from idiopathic late-onset cerebellar ataxia (ILOCA) by autonomic 
dysfunction.

• Episodic ataxia type 2 (EA2, CACNA1A) — autosomal dominant; attacks of ataxia lasting 
hours with DBN; responds to acetazolamide. Allelic with SCA6 and familial hemiplegic 
migraine type 1.

• Paraneoplastic cerebellar degeneration — rapid onset, profound ataxia; screen for anti-
Yo, anti-Hu, anti-VGCC; MRI may be normal early.

10.6 Chiari I Malformation
Tonsillar herniation >5 mm below the foramen magnum compresses the flocculus/paraflocculus. 
Clinical vestibular features:

• Downbeat nystagmus (most common ocular motor sign).

• Gaze-evoked nystagmus; oscillopsia with head movement.

• Positional nystagmus — often non-geotropic, non-fatiguing.

• Cough-induced vertigo (Valsalva-triggered — raised intraspinal pressure momentarily 
displaces the tonsils).

10.7 Clinical Summary Table

Key Point Detail

DBN in primary position Flocculus/paraflocculus: SCA6, MSA-C, Chiari I, drugs, 
idiopathic

Periodic alternating nystagmus Nodulus: baclofen-responsive; degeneration, tumour, Chiari

Direction-changing positional 
nystagmus

Nodulus/uvula lesion — central positional nystagmus

GEN + rebound nystagmus Flocculus/paraflocculus — highly specific for cerebellar

VOR suppression failure Flocculus — test with VOR cancellation on rotary chair
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Normal HIT + vertical nystagmus + 
skew

HINTS pattern -high probability of posterior fossa stroke

Ipsipulsion + OTR Fastigial nucleus or uvula lesion; also, Wallenberg syndrome

EA2 / SCA6 CACNA1A gene; EA2 responds to acetazolamide; SCA6 
responds to 4-AP
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