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ABSTRACT
Recent studies have suggested that there may be
functional and structural changes in the cerebellum of
patients with adult onset primary focal dystonia. The aim
of this study was to establish whether there is any
neurophysiological indicator of abnormal cerebellar func-
tion, using the classic eyeblink conditioning paradigm. This
paradigm at short intervals is dependent on the olivo-
cerebellar circuit and does not require cerebral and basal
ganglia structures. Eyeblink conditioning was performed
by pairing an auditory tone with a supraorbital nerve
stimulus with a delay interval of 400 ms in 12 patients
with primary focal dystonia (seven cervical dystonias, five
focal hand dystonias) and eight healthy controls. Healthy
controls produced more conditioned eyeblink responses
than patients with focal dystonia, indicating an abnorm-
ality of associative learning in this patient population. This
study provides neurophysiological evidence for functional
changes in the olivo-cerebellar pathway of patients with
primary focal dystonia. Further work needs to be done to
determine if these changes are primary, secondary or
epiphenomenal to the disease.

Recent voxel based morphometry studies have
shown structural grey matter abnormalities in the
cerebellum in patients with upper limb dystonia,1

cervical dystonia2 3 and blepharospasm.2

Furthermore, there are reports of cerebellar lesions
producing dystonia in humans,4 and dystonia is
associated with cerebellar atrophy.5 6 Functional
imaging studies have shown increased activation in
the cerebellum in writer’s dystonia,7 blepharo-
spasm8 and DYT1 dystonia,9 all this providing
evidence for the cerebellum playing a role in a
condition traditionally thought to be related to the
basal ganglia.

Eyeblink classical conditioning is a well char-
acterised experimental paradigm that is highly
conserved across species and is dependent on the
cerebellum.10 It has been demonstrated to occur in
decerebrate animals, indicating that only brain-
stem (inferior olive) and cerebellar structures are
needed for this paradigm.11 The paradigm consists
of pairing a weak conditioning stimulus (CS) with
a strong unconditioned stimulus (US) repeatedly.
After repeated pairings, healthy humans produce
conditioned responses (CRs) consisting of an eye-
blink starting before the US. Patients with
cerebellar atrophy are less able to produce CRs12

as are patients with superior cerebellar infarction13

and patients with essential tremor.14 Significantly,
patients with Parkinson’s disease perform as well as
healthy controls,15 indicating that nigrostriatal
degeneration and basal ganglia dysfunction do not
have a significant impact on this learning paradigm.

Thus we sought to establish if eyeblink classical
conditioning was abnormal in patients with adult
onset focal dystonia.

METHODS

Subjects
Twelve patients with adult onset focal dystonia
were recruited. Seven patients had cervical dysto-
nia (spasmodic torticollosis) and five patients had
focal, task specific hand dystonia (three writer’s
dystonia, two musician’s dystonia). Patient details
are summarised in table 1. Eight healthy age
matched controls were also recruited (mean age
60.4 (19.9) years; three females). All participants
gave their written informed consent. The experi-
ments conformed to the standards set by the
Declaration of Helsinki and were carried out with
approval of the local ethics committee.

Eyeblink conditioning
The CS was a loud (,70 dB) 2000 Hz auditory
tone lasting 400 ms played via binaural head-
phones. The CS inconsistently produced an acous-
tic startle response (‘‘alpha blink’’) occurring
within 200 ms after the CS.16 An electrical stimulus
(200 ms pulse width at 56 sensory threshold,
,1.0 mA) was given to the supraorbital nerve
400 ms after the CS, to elicit a blink reflex (US).

Repeated pairs of CS and US at 400 ms intervals
(ie, delay eyeblink conditioning) yield conditioned
blink responses (CRs) occurring within 200 ms
before the US.16 Eyeblink conditioning at this
interval is independent of the basal ganglia and
cerebral function.15 17 Examples of conditioned and
unconditioned responses are demonstrated in
fig 1A.

Conditioning consisted of six learning blocks of
11 trials: trials 1–9 were always CS-US pairs, trial
10 was US only and trial 11 was CS only. The US
only trial was for detecting spontaneous blinks and
the CS only trial was to confirm that CRs were
being acquired, independent of the US. A seventh
block consisted of 11 CS only trials to measure
extinction. The inter-trial interval was randomised
between 10 and 30 s to reduce habituation. To
detect any spontaneous blinks, we recorded 400 ms
before the CS (800 ms before the US). For patients
with dystonia, the unaffected side was condi-
tioned. For normal subjects, the left obicularis oculi
(ie, non-dominant side) was conditioned. Subject
P11 had a right hearing impairment, but auditory
tone volume adjusted for his hearing threshold
(50 dB above the auditory threshold, ie, ,90 dB)
was sufficient to produce ‘‘alpha blinks’’. There
were no statistically significant gender or side
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differences found (see supplementary data online) and none has
been described in the literature.

Electromyographic (EMG) activity was recorded as standard
from both obicularis oculi muscles. Blink reflex latency and
blink reflex recovery was measured before conditioning bilat-
erally using a pseudo-random paired pulse technique at 200, 300,
400 and 1000 ms inter-stimulus intervals.

Data and statistical analysis
For measurement of R2 and the blink reflex recovery cycle, EMG
data were rectified and averaged over eight trials. R2 latency
was measured from the first EMG deflection 30 ms after the
stimulus. The blink reflex recovery was represented as condi-
tioned R2 area normalised to unconditioned R2 area.

For measurement of the eyeblink conditioning, the CRs were
counted manually. EMG bursts were regarded as ‘‘alpha blinks’’ if
their amplitude exceeded 50 mV and if latency was ,200 ms after
the CS. EMG bursts were regarded as CRs if latency was .200 ms
after the CS but before the US. For the CS only trials, EMG bursts
occurring 200–600 ms after the CS were considered CRs.

Statistical analysis was performed using SPSS 12.0 (SPSS for
Windows, USA). To analyse CRs, two factorial repeated
measures ANOVA was used with the within subject factor
block (block1, block2, block3, block4, block5, block6) and the
between subject factor group (dystonia, normal). For the
extinction block, only subjects who were successfully condi-
tioned (.40% CRs in any block) were analysed. Statistical
significance was defined as p,0.05.

RESULTS
Mean R2 latency was 33.4 (0.7) ms in patients and 34.1 (1.1) ms
in controls. Blink reflex excitability was raised in patients with
cervical dystonia compared with normal controls (fig 1B) with
an effect of group (F(1,13) = 4.82, p = 0.047). The blink reflex
excitability in hand dystonia however was not significantly
raised (group effect: F(1,11) = 0.075, p = 0.790).

Comparing CRs produced per block, patients had a lower rate
of CRs as the blocks progressed (fig 1C). This was confirmed by
analysis with a two factorial ANOVA of block (within subject
factor) and group (between subject factor) showing an
interaction of block 6 group (F(5,90) = 2.54, p = 0.034). The
effect of block was also significant (F(5,90) = 6.43, p,0.001)
but not group (F(1,18) = 3.45, p = 0.080). Latencies of CRs,

spontaneous blink rates and ‘‘alpha blinks’’ were not signifi-
cantly different between patients and healthy controls (see
supplementary table online).

Only five patients and six controls acquired the CR and the
extinction phase of these subjects were analysed. Controls
exhibited statistically significant extinction (Student’s paired t
test, p = 0.013) but the patients did not (fig 1D). However, a
two factorial ANOVA of block6 and block7 showed no
significant effect of the group factor (F(1,9) = 0.83, p = 0.39)
or group 6 block interaction (F(1,9) = 3.37, p = 0.099).
However, this may be due to insufficient statistical power as
few patients acquired the responses.

There was no correlation between blink reflex excitability of
the conditioned side and the proportion of CRs in patients with
dystonia (Spearman’s rho = 20.346, p = 0.270 for mean of all
interstimulus intervals (ISIs); Spearman’s rho = 20.311,
p = 0.325 for 400 ms ISI).

DISCUSSION

Blink reflex hyperexcitability in dystonia
The impaired eyeblink conditioning could possibly be due to the
R2 blink reflex circuit that is known to be abnormally
hyperexcitable in cervical and cranial dystonia but not focal
hand dystonia,18–20 and is also shown in fig 1B. However,
patients with focal hand dystonia have normal blink reflex
excitability but were similarly impaired in producing CRs
(fig 1C). Also, the blink reflex abnormalities and total number
of CRs produced were not statistically correlated. Thus the
abnormal blink reflex excitability seen in patients with cervical
dystonia would not account for the impairment in eyeblink
conditioning in this study.

Localisation of the olivo-cerebellar dysfunction in primary focal
dystonia
The inferior olive and the deep cerebellar nuclei are well established
as being involved in eyeblink conditioning.7 The role of the
cerebellar cortex in this paradigm, however, is still debated.
Human studies of cerebellar stroke have suggested that lesions
affecting lobule VI of the cerebellar cortex are particularly linked
with impairments in eyeblink conditioning.12 13 Thus the impair-
ment in eyeblink conditioning may be due to either abnormalities
in the inferior olive, the cerebellar nuclei or abnormalities in the
cerebellar cortex. The finding on structural imaging of grey matter
abnormalities in lobules V and VI of the cerebellar cortex of
patients with focal dystonia1 3 is very striking as it coincides
spatially with the areas of the cerebellar cortex linked with reduced
CRs in eyeblink conditioning.12 13 Thus it would be parsimonious
(although unproven) to suggest that lobule VI of the cerebellar
cortex is the source of the impairment found in this study.

A shortcoming might be the inclusion of two forms of adult
onset primary focal dystonia, as (in theory) different underlying
mechanisms might be involved. However, recent functional
imaging studies have indicated altered cerebellar activity in
writer’s dystonia7 and blepharospasm,9 suggesting a shared
pathophysiology in the various primary focal dystonia subtypes.
This combined with changes in functional activity in the
cerebellum of non-manifesting DYT1 carriers8 suggests a role for
the cerebellum in both primary adult onset focal and early onset
generalised dystonia.

CONCLUSION
Our study provides neurophysiological evidence for a role of the
cerebellum in the pathophysiology of adult onset, primary focal

Table 1 Summary of patient characteristics

Patient
No Gender

Age
(years) Dystonia details

Disease
duration
(years) Handedness

P1 M 46 R writer’s dystonia 2 Right

P2 M 48 R cervical dystonia 8 Right

P3 M 49 L musician’s dystonia 12 Right

P4 M 54 R writer’s dystonia 20 Right

P5 F 61 R cervical dystonia 10 Right

P6 M 61 L cervical dystonia 40 Left

P7 M 61 R writer’s dystonia 6 Right

P8 F 68 R cervical dystonia 10 Right

P9 F 73 L cervical dystonia 17 Right

P10 M 78 R cervical dystonia 6 Right

P11 M 78 R cervical dystonia 25 Right

P12 M 82 R musician’s dystonia 15 Right

Mean age 63.3 Mean disease
duration

14.3

SD 12.6 SD 10.4
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dystonias. As yet it is unclear whether these functional
abnormalities in the cerebellum are causative, secondary or
epiphenomenal to the disease, and further work will be needed
to establish this.

Funding: JTHT was supported by the Wellington Fund, Institute of Neurology. SAS
was supported by the Brain Research Trust. BPCvdeW was supported by the Niels
Stensen Foundation and the Dr Jan Meerwaldt Foundation.

Competing interests: None.

Ethics approval: The study was carried out with the approval of the local ethics
committee.

REFERENCES
1. Delmaire C, Vidailhet M, Elbaz A, et al. Structural abnormalities in the cerebellum

and sensorimotor circuit in writer’s cramp. Neurology 2007;69:376–80.
2. Obermann M, Yaldizli O, De Greiff A, et al. Morphometric changes of sensorimotor

structures in focal dystonia. Mov Disord 2007;22:1117–23.

3. Draganski B, Thun-Hohenstein C, Bogdahn U, et al. ‘‘Motor circuit’’ gray matter
changes in idiopathic cervical dystonia. Neurology 2003;61:1228–31.

4. Rumbach L, Barth P, Costaz A, et al. Hemidystonia consequent upon ipsilateral
vertebral artery occlusion and cerebellar infarction. Mov Disord 1995;10:522–5.

5. Le Ber I, Clot F, Vercueil L, et al. Predominant dystonia with marked cerebellar
atrophy: a rare phenotype in familial dystonia. Neurology 2006;67:1769–73.

6. van de Warrenburg BP, Giunti P, Schneider SA, et al. The syndrome of
(predominantly cervical) dystonia and cerebellar ataxia: new cases indicate a distinct
but heterogeneous entity. J Neurol Neurosurg Psychiatry 2007;78:774–5.

7. Odergren T, Stone-Elander S, Ingvar M. Cerebral and cerebellar activation in
correlation to the action-induced dystonia in writer’s cramp. Mov Disord 1998;
13:497–508.

8. Hutchinson M, Nakamura T, Moeller JR, et al. The metabolic topography of
essential blepharospasm: a focal dystonia with general implications. Neurology
2000;55:673–7.

9. Carbon M, Ghilardi MF, Argyelan M, et al. Increased cerebellar activation during
sequence learning in DYT1 carriers: an equiperformance study. Brain
2008;131:146–54.

10. Gerwig M, Kolb FP, Timmann D. The involvement of the human cerebellum in
eyeblink conditioning. Cerebellum 2007;6:38–57.

Figure 1 (A) Example of an unconditioned and conditioned response. (B) Blink reflex excitability curve of the conditioned side showing that patients
with cervical dystonia had raised blink reflex excitability but not patients with hand dystonia. (C) Patients with adult onset focal dystonia produced less
conditioned eyeblink responses compared with normal controls.(D) Extinction phase after eyeblink conditioning in subjects who produced consistent
conditioned responses (five patients, six controls). *p,0.05. CS, conditioning stimulus.

Short report

82 J Neurol Neurosurg Psychiatry 2009;80:80–83. doi:10.1136/jnnp.2008.144626

 group.bmj.com on November 23, 2009 - Published by jnnp.bmj.comDownloaded from 

http://jnnp.bmj.com/
http://group.bmj.com/


11. Jirenhed DA, Bengtsson F, Hesslow G. Acquisition, extinction, and reacquisition of a
cerebellar cortical memory trace. J Neurosci 2007;27:2493–502.

12. Gerwig M, Hajjar K, Dimitrova A, et al. Timing of conditioned eyeblink responses is
impaired in cerebellar patients. J Neurosci 2005;25:3919–31.

13. Gerwig M, Dimitrova A, Kolb FP, et al. Comparison of eyeblink conditioning in
patients with superior and posterior inferior cerebellar lesions. Brain 2003;126:71–94.

14. Kronenbuerger M, Gerwig M, Brol B, et al. Eyeblink conditioning is impaired in
subjects with essential tremor. Brain 2007;130:1538–51.

15. Sommer M, Grafman J, Clark K, et al. Learning in Parkinson’s disease: eyeblink
conditioning, declarative learning, and procedural learning. J Neurol Neurosurg
Psychiatry 1999;67:27–34.

16. Gormezano I. Classical conditioning. In: Sidowski JB, ed. Experimental methods and
instrumentation in psychology. New York: McGraw-Hill, 1966:385–420.

17. Clark RE, Squire LR. Classical conditioning: the role of awareness. Science
2008;280:77–81.

18. Tolosa E, Montserrat L, Bayes A. Blink reflex studies in focal dystonias: enhanced
excitability of brainstem interneurons in cranial dystonia and spasmodic torticollis.
Mov Disord 1988;3:61–9.

19. Pauletti G, Berardelli A, Cruccu G, et al. Blink reflex and the masseter inhibitory reflex
in patients with dystonia. Mov Disord 1993;8:495–500.

20. Nakashima K, Rothwell JC, Thompson PD, et al. The blink reflex in patients with
idiopathic torsion dystonia. Arch Neurol 1990;47:413–16.

Quality & Safety in Health Care

Quality & Safety in Health Care is a leading international peer-review journal in the growing area of
quality and safety improvement. It provides essential information for those wanting to reduce harm and
improve patient safety and the quality of care. The journal reports and reflects research, improvement
initiatives and viewpoints and other discursive papers relevant to these crucial aims with contributions
from researchers, clinical professionals and managers and experts in organisational development and
behaviour.

qshc.bmj.com

Short report

J Neurol Neurosurg Psychiatry 2009;80:80–83. doi:10.1136/jnnp.2008.144626 83

 group.bmj.com on November 23, 2009 - Published by jnnp.bmj.comDownloaded from 

http://jnnp.bmj.com/
http://group.bmj.com/

