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ABSTRACT
The cerebellum has long been

considered quite separate from the
neocortex, and accordingly the
understanding of its role has been
limited. Recent work has revealed
that the cerebellum interacts
regularly with the forebrain and it is
involved in mood and cognition. In
this article, the authors discuss an
extensive system of neural circuits
connecting the prefrontal, temporal,
posterior parietal, and limbic cortices
with the cerebellum. Language
functions of the cerebellum are
described, as well as cerebellar
syndromes affecting cognition. The
roles of the cerebellum in pain
perception, attention deficit disorder,
autism, dementia, and schizophrenia
are discussed. Practical observations
and tests to assess cerebellar
function in the psychiatrist’s office
are described.

INTRODUCTION
Although the cerebellum has an

important role in gait and motor
function,1 the importance of the
cerebellum to psychiatric disorders
has recently been the subject of
focus and debate.2–4 The cerebellum
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has been implicated in perception5,6

and cognition,7–9 sometimes referred
to as “cerebellar neurocognition.”10

The cerebellum projects to the
prefrontal cortex through
dentatothalamic pathways, and the
prefrontal cortex sends information
back to the cerebellum via the
pontine nuclei.6 In a study of patients
with primary cerebellar lesions,10

cognitive modulation within the
cerebellum to the right cerebellar
hemisphere for logical reasoning and
language and to the left cerebellum
for attention and visuospatial skills
was found. Single photon emission
tomography (SPECT) has supported
a “disconnection” in cerebellar-
cerebral pathways for many patients
who also showed “frontal-like”
behavior or affective instability.
Baillieux et al6 argue that the
cerebellum plays a role in executive
functioning, memory, learning,
attention, visuo-spatial regulation,
language, and behavioral-affective
modulation. 

CEREBELLAR-COGNITIVE
AFFECTIVE SYNDROME

In 1998, a seven-year study of 20
patients with cerebellar lesions was
published by Schmahmann and
Sherman.11 On the basis of this work,
it was proposed that there existed a
“cerebellar-cognitive affective”
syndrome (CCAS), consisting of a)
executive dysfunction (e.g.
disturbances in planning, set-
shifting, abstract reasoning, and
working memory and visual-spatial
organization and memory; 2) mild
language symptoms including
agrammatisms and anomia; and 3)
behavioral-affective disturbances,
consisting of a blunting of affect or
disinhibited and inappropriate
behavior. 

An extensive system of neural
circuits connecting the prefrontal,
temporal, posterior parietal, and
limbic cortices with the cerebellum
has been proposed to account for
these findings (i.e., motor deficits
result from lesions that interrupt
cerebellar communication with
motor systems; cognitive deficits
result from lesions that interrupt

cerebellar communication with
cerebral association cortex; and
psychiatric disorders result from
midline vermis lesions that interrupt
cerebellar communication with the
neocortex and the limbic system).12

DEVELOPMENTAL COORDINATION
DISORDER

Developmental coordination
disorder is a neurodevelopmental
syndrome affecting motor, cognitive,
and affective functions in five
percent of school-age children.13,14

The symptoms are similar to CCAS
(above), and cerebellar involvement
of the vermis has been
demonstrated. In children with
developmental coordination disorder,
cerebellar disorder has also been
proposed to reflect a disruption of
the cerebello-cerebral network
involved in the execution of planned
actions, visuo-spatial cognition, and
affective regulation.9 Children with
this disorder have more abnormal
performance on “traditional” (motor)
cerebellar neurological tests as well.15

POSTERIOR FOSSA SYNDROME
The posterior fossa syndrome

(PFS) is most commonly found in
children or adolescents with a
posterior fossa lesion (e.g., tumor or
stroke). These children have
transient mutism and behavioral
changes. The cause of this syndrome
is unclear. At one time it was
thought that the muteness was due
to damage to the dentate nucleus,
which is normally connected via the
thalamus to the supplementary
motor area.15 However, a more
recent hypothesis for PFS is
cerebello-cerebral “diaschisis”
(disconnectivity), due to “crossed
signals” between the cerebellum and
frontal cortex.16 About 8 to 12
percent of children develop PFS
after otherwise successful posterior
fossa surgery.

LANGUAGE
There are linguistic deficits

associated with disease or damage to
the cerebellum.17 The right
cerebellum normally helps to
modulate nonmotor language

processes and cognitive function to
parts of the brain to which it is
reciprocally connected, i.e., the
cerebellum modulates (rather than
generates) language and cognition,
and acts as an interface between
cognition and execution.18 The
linguistic impairments that occur
with cerebellar lesions are, therefore,
different from those produced by
cortical lesions. Cerebellar lesions
cause a form of “linguistic
incoordination” or crudity.19 A
patient might have difficulty
generating words grammatically.
When asked to generate verbs in
response to nouns, the patient might
produce some associations that are
incorrect responses. For example,
instead of saying “lay” or “throw” in
response to “brick,” the patient
might say “red.”20–22 

AGING
Cerebellar volume declines with

normal aging.23 Cerebellar signs
become more prominent in healthy
older persons.24 The cerebellum has
a role in cognitive associative
learning25 and working memory.26 In a
study of 228 older adults,27 gray
matter volume in the cerebellum
predicted general cognitive ability in
healthy older persons, with a
stronger relationship in men. 

ATTENTION DEFICIT
HYPERACTIVITY DISORDER

Neurologic “soft signs” including
“cerebellar” motor signs have been
described in patients with attention
deficit hyperactivity disorder
(ADHD).28 Persons with ADHD
generally have decreased volume in
the posterior inferior cerebellar
vermis, and the degree of volume
loss has been correlated with
parent- and clinician-rated severity
measures of ADHD. In sibling
comparisons, right cerebellar volume
is reduced in the affected sibling but
not in the unaffected siblings. There
have been recent findings of a
genetic association between ADHD
and single-nucleotide
polymorphisms (SNPs) located in
genes that are expressed in the
cerebellum.29–31
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AUTISM SPECTRUM DISORDERS
Autism is associated with

repetitive and stereotypic movement,
impaired communication, and
profound difficulties with social
reciprocity.32 Patients (adults and
children) with autism have been
found to have a reduction of Purkinje
cell density in the cerebellar cortex.33

Patients with autism also have
cytoplasmic inclusions in their
Purkinje cells, a reduction in the
number of cells, and ectopic grey
matter in the deep cerebellar nuclei,
as well as an intense
neuroinflammatory process extending
to the cerebellar white matter.34

In Aspergers syndrome, there is a
possible abnormality in the
development of the cerebello-frontal
networks, implying a defect in brain
activation during cognitive and motor
tasks. White matter defects have been
found in specific cerebellar neural
pathways with localized abnormalities
in the main cerebellar outflow
pathway that could prevent the
cerebral cortex from receiving
cerebellar feedback inputs necessary
for successful adaptive social
behavior.33, 34

Children with autistic spectrum
disorder have histopathological
abnormalities in the superior
peduncles of the cerebellum
(increased mean diffusivity, indicating
altered microstructural integrity of
this output pathway, using diffusion
tensor imaging technologies).
Children with autistic spectrum
disorder also have alterations in the
organization of the afferent [inflow]
fibers of the middle and inferior
cerebellar peduncles, which
ultimately connect to the frontal
lobe). The fibers are organized
differently, but it is not known
whether this is a primary or
secondary effect of changes in
cortical or subcortical structures.34,35

In general, coordination problems are
a common finding in autism spectrum
disorders, and frank ataxia is a major
feature of Rett syndrome.36

PAIN
The cerebellum responds to

noxious stimuli, as demonstrated by

fMRI studies of pain, which show
activation in the cerebellum5 during
both acute and chronic pain.37,38 Pain
has been described as “a
multidimensional experience that
encompasses sensory discriminative,
affective motivational, and cognitive
evaluative components.”39 Within the
cerebellum, primary afferents
conduct noxious input, and the
cerebellum modulates noxious input
processing and then projects this
modulated input to the cortex. The
cerebellum responds differentially to
innocuous versus noxious stimuli,40,41

processing the input in different
areas of the cerebellum. 

SCHIZOPHRENIA
Schizophrenia may be associated

with a fundamental disturbance in
the timing of neural processes.42–45

At one point, it was proposed that
patients with schizophrenia had
enhanced cerebellar excitability
during conditioning tasks42,43 and this
excitability resulted in motor and
cognitive incoordination due to
temporal processing errors.42,44

Recent reviews46 have not supported
a cerebellar contribution to affective
symptoms, however, and fMRI
studies, in general, have found
cerebellar hypoactivation in
schizophrenia.46

Cerebellar volume alone is not
associated with global cognitive
functioning in schizophrenia47

although severity of incoherence of
speech and the presence of
neologisms has been correlated with
reduced activity in the cerebellar
vermis.48,49 Another study found a
correlation between cerebellar white
matter volume and severity of
thought disorder.50 Patients with
cerebellar neurological motor signs
have been found to have more
severe negative symptoms, poorer
premorbid social adjustment, and
smaller total cerebellar volume.51,52

The presence or absence of
cerebellar neurological soft signs can
discriminate between patients with
schizophrenia versus control groups.
The most common abnormalities are
found on the Romberg test and tests
of tandem gait. Patients with

schizophrenia also have problems
predicting proprioceptive
consequences of self-generated
movements53 and have problems with
smooth pursuit eye movements.54–57 A
recent fMRI study investigating
effects of a CNS selective
cholinesterase inhibitor
(rivastigmine) found that
improvement of behavioral
measurements correlated with
increased rCBF in the cerebellum.58

It is currently being debated whether
this result was due to enhanced
attention, or rather related to a
predominantly sensory role of the
cerebellum,59 with the cerebellum
functioning in the role of error
detection and timing60 as an internal
timing system,61 which is damaged in
patients with schizophrenia.

CEREBELLAR SIGNS AND
SYMPTOMS

Brain disorders that affect the
cerebellum are reflected in a) loss of
muscle tone (especially with an
acute lesion); b) incoordination of
volitional movement, with
abnormalities in the rate, range, and
force of movement, so that there is
irregular acceleration and
deceleration of the movement
resulting in an intention tremor; c)
minor muscle weakness, fatigability,
and impairment of associated
movements; and d) problems
maintaining equilibrium.

Balance. Lesions that involve the
superior cerebellar peduncle, which
ascends to the thalamus, or the
dentate nucleus, which indirectly
projects to the premotor cortex,
cause the most severe and enduring
cerebellar symptoms. However,
lesions of the cerebellar vermis,
which is in the midline, cause more
severe disturbances of equilibrium
and gait. 

Hypotonia. Hypotonia can be
tested by tapping the wrists of the
outstretched arms. The affected limb
will be displaced through a wider
range than normal, due to the
hypotonic muscles reduced ability to
fixate the arms. Pendularity in the
knee-jerk reflex due to defective
tonic contraction of the quadriceps
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and hamstring muscles is also seen in
cerebellar disease.

Volitional movement. The
patient may overshoot the mark
(past-pointing or hypermetria) when
reaching for something and then
correct the error by a series of
secondary movements side-to-side
(intention tremor). This is
demonstrated in the upper
extremities with the finger-to-nose
test, and in the lower extremities
with heel-to-shin.

Tremor. A head tremor of about
3- to 4-second movements in the
anterior-posterior direction
(titubation) may accompany a
cerebellar midline lesion. 

Speech. Cerebellar lesions are
associated with several disorders of
speech. The patient may speak
slowly and with slurring or else have
a scanning dysarthria with variable
intonation, such that the words are
broken up into syllables as if
“scanning” a line of poetry for meter.
There may be explosive speech
where, after an involuntary
interruption, a syllable is spoken with
less or more force than is natural. 

Eye movements. Eye movement
may be impaired, with voluntary gaze
accomplished by a series of jerky
movements (saccadic dysmetria). On
attempted fixation, the eyes may
overshoot the target and then
oscillate through several cycles until
fixation is attained, similar to the
problems the patient has with
volitional movements. 

CONCLUSION
The function of the cerebellum is

relevant to the psychiatrist because
the cerebellum has been implicated
in affect and cognition and is
damaged in important psychiatric
disorders including schizophrenia In
this article we reviewed some neural
circuits connecting the prefrontal,
temporal, posterior parietal, and
limbic cortices with the cerebellum.
Language functions of the
cerebellum were described, as well
as other cerebellar syndromes
affecting cognition. The roles of the
cerebellum in pain perception,
ADHD, autism, dementia, and

schizophrenia were described.
Practical observations and tests to
assess cerebellar function in the
psychiatrist’s office were outlined.  

REFERENCES
1. Sanders RA, Gillig PM. Gait and its

assessment in psychiatry.
Psychiatry (Edgemont).
2010;7(7):38–43.

2. Konarski JZ, McIntyre RS, Grupp
LA, Kennedy SH. Is the cerebellum
relevant in the circuitry of
neuropsychiatric disorders? J
Psychiatry Neurosci.
2005;30:178–186.

3. Schutter DJ, van Honk J. The
cerebellum on the rise in human
emotion. Cerebellum.
2005;4:290–294.

4. Rapoport M, van Reekum R,
Mayberg H. The role of the
cerebellum in cognition and
behavior: a selective review. J
Neuropsychiatry Clin Neurosci.
2000;12:193–198.

5. Apkarian AV, Bushnell, MC, Treede
RD, Zubieta JK. Human brain
mechanisms of pain perception and
regulation in health and disease.
Eur J Pain. 2005;9:463–484.

6. Baillieux H, De Smet HJ, Paquier
PF, et al. Cerebellar
neurocognition: insights into the
bottom of the brain. Clin Neurol
Neurosurg. 2008;110(8):763–773.

7. Gilman S. The spinocerebellar
ataxias. Clin Neuropharmacol.
2000;23:296–303.

8. Schmahmann JD. Disorders of the
cerebellum: ataxia, dysmetria of
thought, and the cerebellar
cognitive affective syndrome. J
Neuropsychiatry Clin Neurosci.
2004;16:367–378.

9. Marien P, Wackenier P,
DeSurgeloose D, et al.
Developmental coordination
disorder: disruption of the
cerebello-cerebral network
evidenced by SPECT. Cerebellum.
2010 May 12. [Epub ahead of print]

10. Baillieux H, De Smet HJ, Dobbeleir
A, et al. Cognitive and affective
disturbances following focal
cerebellar damage in adults: a
neuropsychological and SPECT
study. Cortex. 2010 Jul-

Aug;46(7):869–879. Epub 2009 Oct
1.

11. Schmahmann JD, Sherman JC. The
cerebellar cognitive affective
syndrome. Brain.
1998;121:561–579.

12. Stoodley CJ, Schmahmann JD.
Evidence for topographic
organization in the cerebellum of
motor control versus cognitive and
affective processing. Cortex.
2010;46:831–844.

13. Zwicker JG, Missiuna C, Boyd LA.
Neural correlates of developmental
coordination disorder: a review of
hypotheses. J Child Neurol.
2009;24:1273–1281.

14. Green D, Baird Gk, Sugden D. A
pilot study of psychopathology in
developmental coordination
disorder: a review of hypotheses. J
Child Neurol. 2009;24:1273–1281.

15. Kashiwagi M, Suzuki S. [Simple and
useful evaluation of motor
difficulty in 9–12 year old children
by interview score on motor skills
and soft neurological signs—aim
for the diagnosis of developmental
coordination disorder]. No To
Hattatsu. 2009;41:343–348.

16. Crutchfield JS, Sawaya R, Meyers
C, Moore BD. Postoperative
mutism in neurosurgery. J
Neurosurg. 1994;81:115–121.

17. De Smet HJ, Baillieux H,
Wackenier P, et al. Long-term
cognitive deficits following
posterior fossa tumor resection: a
neuropsychological and functional
neuroimaging follow-up study.
Neuropsychology.
2009;23(6):694–704. 

18. Murdoch BE. The cerebellum and
language: historical perspective
and review. Cortex.
2010;46(7):858–868.

19. Silveri MC, Misciagna S. Language,
memory and cerebellum. J
Neurolinguistics.
2000;13:129–143.

20. Cook M, Murdoch BE, Cahill L,
Whelan B-M: Higher-level language
deficits resulting from left primary
cerebellar lesions. Aphasiology.
2004;18:771–784.

21. Fiez JA, Petersen SE, Cheney MK,
Raichle ME. Impaired non-motor
learning and error detection



Psychiatry 2010  [ V O L U M E  7 ,  N U M B E R  9 ,  S E P T E M B E R ]42

associated with cerebellar damage.
Brain. 1992;115:115–178.

22. Leggio MG, Silveri MC, Petrosini L,
Molinari M. Phonological grouping
is specifically affected in cerebellar
patients: A verbal fluency study. J
Neurol Neurosurg Psychiatry.
2000;69:102–106.

23. Fabbro F, Moretti R, Bava A.
Language impairments in patients
with cerebellar lesions. J
Neurolinguistics.
2000;13:173–188.

24. Raji CA, Lopez OL, Kuller LH, et al.
Age, Alzheimer disease, and brain
structure. Neurology.
2009;73:1899–1905.

25. Kodama T, Nakagawa M, Arimura
K, et al. Cross-sectional analysis of
neurological findings among
healthy elderly: study in a remote
island in Kagoshima, Japan.
Neuroepidemiology.
2002;21:36–43.

26. Drepper J, Timmann D, Kolb FP,
Diener HC. Non-motor associative
learning in patients with isolated
degenerative cerebellar disease.
Brain. 1999;122:87–97. 

27. Ravizza SM, McCormick CA,
Schlerf JE, et al. Cerebellar
damage produces selective deficits
in verbal working memory. Brain.
2006;129:306–320.

28. Hogan MJ, Staff RT, Bunting BP, et
al. Cerebellar brain volume
accounts for variance in cognitive
performance in older adults.
Cortex. 2010 Jan 18. [Epub ahead
of print]

29. Pasini A, D’agati E.
Pathophysiology of NSS in ADHD.
World J Biol Psychiatry.
2009;10:495–502.

30. Castellanos FX, Lee PP, Sharp W,
et al. Developmental trajectories of
brain volume abnormalities in
children and adolescents with
attention-deficit/hyperactivity
disorder. JAMA.
2002;288(14):1740–1748. 

31. Durston S, Hulshoff Pol HE,
Schnack HG, et al. Magnetic
resonance imaging of boys with
attention-deficit/hyperactivity
disorder and their unaffected
siblings. J Am Acad Child Adolesc
Psychiatry. 2004;43(3):332–340.

32. Lantieri F, Glessner JT, Hakonarson
H, et al. Analysis of GWAS top hits
in ADHD suggests association to
two polymorphisms located in
genes expressed in the cerebellum.
Am J Med Genet B
Neuropsychiatr Genet. 2010
Sep;153B(6):1127-33.

33. Catani M, Jones DK, Daly E, et al.
Altered cerebellar feedback
projections in Asperger syndrome.
Neuroimage.
2008;41(4):1184–1191.

34. Palmen SJ, van Engeland H, Hof
PR, Schmitz C. Neuropathological
findings in autism. Brain.
2004;127(12):2572–2583.

35. Sivaswamy L, Kumar A, Rajan D, et
al. A diffusion tensor imaging study
of the cerebellar pathways in
children with autism spectrum
disorder. J Child Neurol. 2010
Feb 22. [Epub ahead of print]

36. Dunn HG, MacLeod PM. Rett
syndrome: review of biological
abnormalities. Can J Neurol Sci.
2001;28:16–29.

37. Moulton EA, Schmahmann JD,
Becerra L, Borsook D. The
cerebellum and pain: Passive
integrator or active participator?
Brain Res Rev. 2010 Oct
5;65(1):14–27. Epub 2010 May 27.

38. Saab CY, Willis WD. The
cerebellum: organization, functions
and its role in nociception. Brain
Res Brain Res Rev.
2003;42(1):85–95

39. Melzack R, Casey KL. Sensory,
motivational and central control
determinants of chronic pain: a
new conceptual model. In:
Kenshalo DDR (ed.) The Skin
Senses. Charles C. Thomas,
Springfield, 1968: 423–443.

40. Helmchen C, Mohr C, Erdmann, C,
et al. Differential cerebellar
activation related to perceived pain
intensity during noxious thermal
stimulation in humans: a functional
magnetic resonance imaging study.
Neurosci Lett. 2003;335:202–206.

41. Helmchen C, Mohr C, Erdmann C,
et al. Cerebellar neural responses
related to actively and passively
applied noxious thermal
stimulation in human subjects: a
parametric fMRI study. Neurosci

Lett. 2004;361:237–240. 
42. Bolbecker AR, Mehta CS, Edwards

CR, et al. Eye-blink conditioning
deficits indicate temporal
processing abnormalities in
schizophrenia. Schizoph Res.
2009; 111(1-3):182–191.

43. Andreasen NC, Paradiso S, O’Leary
DS. Cognitive dysmetria as an
integrative theory of schizophrenia:
A dysfunction in cortical-
subcortical-cerebellar circuitry?
Schizophr Bull.
1998;24(2):203–218.

44. Sears LL, Andreasen, NC, O’Leary
DS. Cerebellar functional
abnormalities in schizophrenia are
suggested by classical eyeblink
conditioning. Biol Psychiatry.
2000;48(3):204–209.

45. Andreasen NC, Pierson R. The role
of the cerebellum in schizophrenia.
Biol Psychiatry.
2008;64(2):81–88.

46. Picard H, Amado I, Mouchet-Mages
I, et al. The role of the cerebellum
in schizophrenia: an update of
clinical, cognitive and functional
evidence. Schizophr Bull.
2008;34(1):155–172.

47. Antonova E, Sharma T, Morris R,
Kumari V. The relationship
between brain structure and
neurocognition in schizophrenia: a
selective review. Schizophr Res.
2004;70:117–145.

48. Kircher TT, Liddle PF, Brammer
MJ, et al. Neural correlates of
formal thought disorder in
schizophrenia: preliminary findings
from a functional magnetic
resonance imaging study. Arch
Gen Psychiatry. 2001;58:760–774.

49. Kircher TT, Bulimore ET, Brammer
MJ, et al. Differential activation of
temporal cortex during sentence
completion in schizophrenic
patients with and without formal
thought disorder. Schizophr Res.
2001;50:27–40.

50. Levitt JJ, McCarley RW, Nestor PG
et al. Quantitative volumetric MRI
study of the cerebellum and vermis
in schizophrenia: clinical and
cognitive correlates. Am J
Psychiatry. 1999;156:1105–1107.

51. Ho BC, Mola C, Andreasen NC.
Cerebellar dysfunction in



[ V O L U M E  7 ,  N U M B E R  9 ,  S E P T E M B E R ]  Psychiatry 2010 43

neuroleptic naïve schizophrenia
patients: clinical, cognitive and
neuroanatomic correlates of
cerebellar neuologic signs. Biol
Psychiatry. 2004;55:1146–1153. 

52. Thomann PA, Roebel M, Dos
Santos V, et al. Cerebellar
substructures and neurological soft
signs in first-episode
schizophrenia. Psychiatry Res.
2009;173:83–87.

53. Sukhwinder S, Samson G, Bays P,
et al. Evidence for sensory
prediction deficits in
schizophrenia. Am J Psychiatry.
2005;162:2384–2386.

54. Broerse A, Crawford TJ, den Boer
JA. Parsing cognition in
schizophrenia using saccadic eye
movements: a selective overview.

Neuropsychologia.
2001;39:742–756.

55. Karoumi B, Ventre-Dominey J,
Dalery J. Predictive saccade
behaviour is enhanced in
schizophrenia. Cognition.
1998;68:B81–B91.

56. Camchong J, Dyckman KA,
Chapman CE, et al. Basal ganglia-
thalamocortical circuitry
disruptions in schizophrenia during
delayed response tasks. Biol
Psychiatry. 2006;60(3):235–241.

57. Harris MS, Reilly JL, Keshavan MS,
Sweeney JA. Longitudinal studies
of antisaccades in antipsychotic-
naïve first episode schizophrenia.
Psychol Med. 2006;36:485–494.

58. Aasen I, Kumari V, Sharma T.
Effects of rivastigmine on

sustained attention in
schizophrenia: an fMRI study. J
Clin Psychopharmacol.
2005;25:311–317.

59. Ojeda N, Ortuno F, Arbizu J, et al.
Functional neuroanatomy of
sustained attention in
schizophrenia: contribution of
parietal cortices. Hum Brain
Mapp. 2002;17:116–130.

60. Wolpert DM, Kawato M. Multiple
paired forward and inverse models
for motor control. Neural Netw.
1998;11:1317–1329

61. Ivry RB, Keele SW. Timing
functions of the cerebellum. J
Cogn Neurosci. 1989;1:136–152


