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Background and purpose: Traditionally dystonia has been considered a disor-

der of basal ganglia dysfunction. However, recent research has advocated a

more complex neuroanatomical network. In particular, there is increasing

interest in the pathophysiological role of the cerebellum. Patients with cervical

and focal hand dystonia have impaired cerebellar associative learning using

the paradigm eyeblink conditioning. This is perhaps the most direct evidence

to date that the cerebellum is implicated in patients.

Methods: Eleven patients with DYT1 dystonia and five patients with DYT6

dystonia were examined and rates of eyeblink conditioning were compared

with age-matched controls. A marker of brainstem excitability, the blink reflex

recovery, was also studied in the same groups.

Results: Patients with DYT1 and DYT6 dystonia have a normal ability to

acquire conditioned responses. Blink reflex recovery was enhanced in DYT1

but this effect was not seen in DYT6.

Conclusions: If the cerebellum is an important driver in DYT1 and DYT6

dystonia our data suggest that there is specific cerebellar dysfunction such that

the circuits essential for conditioning function normally. Our data are contrary

to observations in focal dystonia and suggest that the cerebellum may have a

distinct role in different subsets of dystonia. Evidence of enhanced blink reflex

recovery in all patients with dystonia was not found and recent studies calling

for the blink recovery reflex to be used as a diagnostic test for dystonic tremor

may require further corroboration.

Introduction

Dystonia is a challenging group of syndromes to

define pathophysiologically. Traditionally linked to

dysfunction of the basal ganglia, more recent research

defines dystonia as a network disorder within which

the cerebellum may be an important node [1–4].
DYT1 and DYT6 are typically generalized dystonias

with identified genes (TorsinA and THAP1). The case

for cerebellar involvement is perhaps particularly

strong in DYT1 dystonia due to the ability to investi-

gate the disease using animal models which are

increasingly refined in their ability to probe and impli-

cate the cerebellum [5]. In humans, neuroimaging sug-

gests that both DYT1 and DYT6 have reduced

integrity of the cerebello-thalamo-cortical tract and

metabolic cerebellar abnormalities have been identified

in functional imaging studies [6]. Eyeblink condition-

ing (EBC) is a form of associative learning that has

been shown to be critically dependent on the cerebel-

lum in both animal [7] and human studies [8]. Patients

with cervical and focal hand dystonia have lower rates

of conditioning compared with controls [9], and this is

perhaps the most direct evidence in humans that there

is cerebellar dysfunction in focal dystonia.

In this study DYT1 and DYT6 dystonia were

examined to determine if these patients also demon-

strate impairments in EBC or changes in the blink
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reflex recovery cycle (BRR) (a marker of brainstem

excitability). These two paradigms provide a unique

window into the function of the cerebellum and brain-

stem in these genetic dystonias.

Method

Eleven DYT1 and five DYT6 patients were recruited

from the National Hospital for Neurology and Neuro-

surgery, London. Patients were individually age

matched to controls as the ability to acquire EBC

changes significantly with age [10]. All patients who

received botulinum toxin injections were tested at least

3 months after their last treatment. Clinical details

and medications are given in Table 1. The study was

approved by the local ethics committee and written

informed consent was obtained.

Electrical stimulation (square wave, 200 ls) of the

supraorbital nerve was applied using chloride disc sur-

face electrodes (cathode, right supraorbital foramen;

anode, 2 cm above). Eyeblinks were captured by sur-

face electromyography (EMG) electrodes over the

right and left orbicularis oculi muscles and the signal

was amplified (gain 2000), bandpass filtered (20–
30 000 Hz), digitized (5 kHz) and stored for offline

analysis using Cambridge Electronic Design (CED)

1401 hardware and Signal software (CED).

The EBC paradigm was identical to previous publi-

cations [9]. The conditioning stimulus (CS) was a loud

(�70 dB), 2000 Hz, 400 ms tone via binaural head-

phones. The unconditioned stimulus (US) was an elec-

trical stimulus (200 ls, five times sensory threshold) to

the supraorbital nerve at the termination of the CS

which elicited a blink reflex (US). Repeated pairs of

CS and US yielded conditioned blink responses (CRs)

occurring before the US (Fig. 1a). EMG bursts were

regarded as CRs if latency was >200 ms after onset of

the CS but before the US. Six blocks of 11 trials

(9 9 CS-US, 1 9 US and 1 9 CS) were performed.

US-only detects rates of spontaneous blinks and CS-

only confirms that CRs are acquired independent of

US. The seventh block measured extinction with 11

CS-only trials in which EMG bursts occurring 200–
600 ms after the CS were considered CRs.

BRR was measured by applying pairs of electrical

stimuli at five times sensory threshold to the supraor-

bital nerve at inter-stimulus intervals (ISIs) of 200,

300, 400 and 1000 ms [11] in a pseudo-randomized

manner. The bilateral R2 component of the EMG

response to the second stimulus is typically suppressed

at ISIs of 200, 300 and 400 ms [11]. In subtypes of

dystonia the lack of R2 suppression at these intervals

is generally regarded as a marker of the increased

brainstem excitability [12]. For each trial, EMG data

from the non-stimulated left orbicularis oculi were

rectified and the area ratio of the first and second R2

responses was calculated following subtraction of the

mean pre-stimulus background activity (R2 duration

9 mean background activity). This was necessary to

compensate for the higher levels of resting EMG in

Table 1 Clinical characteristics of patients

Dur, duration of disease at time of testing; Trem, tremor; Meds, medications at time of study; BTX, botulinum toxin injections; THP, trihexy-

phenidyl; CLZ, clonazepam; S&S, speech and swallowing; RA, right arm; LA, left arm; RL, right leg; LL, left leg; Max, maximum possible

total score of Burk�Fahn�Marsden motor score is 120. Topography represented with ‘hot’ shading (red indicating severely affected). None of

the patients had blepharospasm.
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patients with dystonia of the face. Mean values were

calculated from the eight trials for each ISI.

Rates of CRs during EBC were assessed using

repeated measures ANOVA (SPSS for Windows, ver-

sion 21; IBM, New York, NY, USA) with block as

the within-subject factor (block 1�6) and group as

the between-subjects factor (dystonia, normal).

Extinction rates in subjects who successfully condi-

tioned (defined as >40% CRs in any block) were

examined using paired Student t tests comparing the

percentage of CRs in block 6 to the percentage of

CRs in the extinction block. BRR was assessed

using repeated measures ANOVA with ISI as the

within-subject factor (200, 300, 400, 1000 ms) and

group (dystonia, normal) as the between-subjects

factor. The Greenhouse�Geisser method was used to

correct for non-sphericity and Bonferroni correction

was used with multiple comparisons. Otherwise sta-

tistical significance was P < 0.05.

Results

Patients with DYT1 dystonia (Fig. 1b–d) had compa-

rable rates of conditioning to controls: effect of block

F(3.16, 63.3) = 11.62, P < 0.001; but no block 9

group interaction F(3.16, 63.3) = 1.17, P = 0.33, or

effect of group F(1, 20) = 0.128, P = 0.725. Seven

DYT1 patients and nine controls acquired the CR to

a level of 40%. Both patients (P = 0.0068) and con-

trols (P = 0.0094) exhibited extinction.

(a)

(b) (c) (d)

(g)(f)(e)

Figure 1 (a) Rectified EMG traces from orbicularis oculi demonstrating the EBC paradigm and responses before and after condition-

ing has developed. See methods section for explanation of abbreviations. (b) EBC over six conditioning blocks comparing DYT1 to

controls. (c ) evidence of extinction in controls (black bars) and DYT1 (clear bars), (d) BRR at different ISIs demonstrated a different

time profile of inhibition in DYT1 compared to controls with greater recovery of R2 at later ISIs. (e) EBC over six conditioning

blocks in DYT6 and controls. (f) evidence of extinction in controls (black bars) but not DYT6 (clear bars). (g) No difference in BRR

between DYT6 and controls.
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Eyeblink conditioning was also comparable in

patients with DYT6 dystonia (Fig. 1e–g) and controls:

effect of block F(5, 40) = 15.4, P < 0.001; but no

effect of block 9 group F(5, 40) = 0.752, P = 0.60, or

group F(1, 8) = 0.16, P = 0.903 (Fig. 1e). The fact

that all patients with DYT6 conditioned to high lev-

els, despite the small group numbers, suggests that

there is no impairment in acquisition of EBC in this

genetic group. All DYT6 patients and controls

acquired CR to a level of 40%. Unlike controls

(P = 0.030), DYT6 patients failed to show significant

extinction (P = 0.525).

Although EBC appears to differ between DYT1

and DYT6, this is likely to be due to a greater pro-

portion of younger people in the DYT6 group (80%

of DYT6 patients <40 years old, 18% of DYT1

patients). The ability to acquire EBC is critically

dependent on age [10] and therefore a comparison

between the dystonia groups was not performed. A

majority of patients in both groups were receiving

treatment for dystonia when the study was performed

(oral medications or botulinum toxin injections). It is

proposed that EBC is within normal limits in both

genetic groups. As none of these treatments should

enhance the ability to acquire EBC [13,14], the fact

that patients were receiving treatment is not thought

to be obscuring a deficit in EBC.

One DYT1 patient, one DYT6 patient and two

controls did not complete BRR as they found the par-

adigm uncomfortable. BRR differed between DYT1

patients and controls: effect of ISI F(1.56,

25.0) = 12.0, P = 0.001, and ISI 9 group F(1.56,

25.0) = 3.83, P = 0.045, but no effect of group F(1,

16) = 2.11, P = 0.166. Post hoc analysis did not show

significant differences at an individual ISI. No differ-

ence in BRR was seen between DYT6 patients and

controls: effect of ISI F(1.41, 9.86) = 5.15, P = 0.038,

but not ISI 9 group F(1.41, 9.85) = 0.828, P = 0.425,

or group F(1, 7) = 0.432, P = 0.532.

Discussion

In this study it is shown that patients with DYT1 and

DYT6 have EBC rates comparable with controls. In

addition, patients with DYT1 have differences in their

BRR to controls, which suggests reduced inhibition

within brainstem circuits, and this effect was not

observed in DYT6.

Eyeblink conditioning is critically dependent on

intact olivo-cerebellar function, and is abnormal in

patients with focal hand and cervical dystonia [9,15].

The normal EBC seen in DYT1 and DYT6 is thus in

contrast to these focal dystonias and suggests that

the different forms of primary dystonia may have dif-

ferent neuroanatomical correlates. It is intriguing to

hypothesize what this signifies. Most obviously our

data may have their origins in the phenotypical dif-

ferences associated with subtypes of dystonia. The

genetic background of most focal dystonias is still

unknown, the disease occurs later in life and there is

a greater influence of environment factors. Perhaps

the cerebellum takes a greater compensatory role in

focal dystonia to counteract the dystonic motor activ-

ity and due to competing demands on its net func-

tion this impairs the ability of the cerebellar

networks to acquire CRs. However, this is unlikely

to be the whole story. EBC is normal in patients

with secondary dystonia [16] caused by basal ganglia

lesions, arguing against a straightforward compensa-

tory role of the cerebellum in alleviating symptoms

of dystonia.

Our results are surprising as evidence in support of

cerebellar deficits in DYT1 dystonia, in particular, is

perhaps stronger than for focal dystonia. Whilst histo-

logical studies do not demonstrate clear structural

abnormalities of the cerebellum in humans with

DYT1 dystonia [17], or in rodent models [5], subtle

microstructural defects (such as thinner dendrites and

fewer dendritic spines) are observed in the Purkinje

cells of DYT1 mouse models [18]. Furthermore, by

reducing cerebellar output by knocking out Purkinje

cells, motor symptoms improve in a DYT1 knock-in

animal model [19]. As yet there are no animal models

of DYT6. However, the gene is widely expressed in

the central nervous system including cerebellar neu-

rons [6] and neuropathological changes such as

reduced Purkinje cell density in post-mortem studies

of humans with cervical dystonia have been linked to

THAP1 sequence variations [20]. Human imaging

studies using fractional anisotropy demonstrate

reduced integrity of the cerebello-thalamo-cortical

pathway in patients with DYT1 and DYT6 dystonia.

Other studies have examined cerebellar functional

activity during the motor task of sequence learning.

Interestingly a genotypic effect was found, such that

carriers of the DYT1 mutation (both manifesting and

non-manifesting) had impaired sequence learning and

an associated excessive activation of the left lateral

cerebellar cortex whereas DYT6 carriers (irrespective

of clinical penetrance) did not demonstrate the impair-

ment in sequence learning or the abnormal cerebellar

activation [21].

The absence of clinical signs of cerebellar dysfunc-

tion in patients with primary dystonia highlights that

if the cerebellum is implicated in the pathophysiol-

ogy it is likely to be a selective impairment of a per-

tinent feature of motor control. Our patients with

genetic dystonia, at least in the circuits essential to

© 2014 The Author(s)
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EBC, seem to have normal cerebellar function. Fur-

thermore this type of associative learning with its

clear dependence on recognizing salient sensory

inputs within millisecond timing intervals is not

impaired.

The BRR in DYT1 patients showed hyperexcit-

ability (Fig. 1d) in line with previous experimental

results that have tested the BRR in generalized dys-

tonia, segmental dystonia, focal cervical dystonia

and dystonic hand tremor [9,12,22]. In contrast

DYT6 patients did not differ from controls

(Fig. 1g), a finding which has previously been

observed in focal arm and hand dystonias [9,12].

This was surprising as the DYT6 patients had clini-

cal involvement of cranio-cervical muscles (although

none had blepharospasm) and this has previously

been thought to be a factor in determining the

extent of abnormal brainstem interneuron function

[12]. Our findings add further complexity to the need

to define a specific electrophysiological abnormality

of the BRR and its functional significance in dysto-

nia pathophysiology. The BRR is also disinhibited

during voluntary eye musculature contraction in

healthy controls, peripheral disorders that evoke

facial muscle contractions and other movement dis-

orders [23–25]. It is currently unclear what the dif-

ferences in BRR profiles across the subtypes of

dystonia signify. Recently the BRR has shown sur-

prising ability (100% sensitivity and specificity) to

dissociate between tremor subtypes that have been

first classified clinically as dystonic tremor or essen-

tial tremor [22] and has been proposed as a poten-

tial test for dystonic tremor. Our results and those

of others suggest that caution should be taken when

proposing a single electrophysiological abnormality

as diagnostic of dystonia.

The main limitation of our study is the small num-

ber of available subjects with DYT6 dystonia which

reflects the lower prevalence of this genetic dystonia

and further multicentre studies are encouraged.

Conclusions

The cerebellum has received increasing attention as

an important neuroanatomical structure involved in

the pathophysiology of dystonia. However, this

research is still at an early stage and it remains diffi-

cult to obtain direct evidence in humans to specifi-

cally implicate the cerebellum in dystonia. Our data

suggest that the circuits involved with EBC within

the cerebellum maintain normal function in DYT1

and DYT6 dystonia. Thus, current disease models

discussing dystonia from a neuroanatomical perspec-

tive need to incorporate emerging differences between

subtypes of primary dystonia and be able to explain

any results that currently appear at odds across ani-

mal and human research modalities.
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