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➢ Work over the past 2 decades has led to 
substantial changes in our understanding of 
pathophysiology in dystonia. 

➢ Neurophysiologic studies in humans have 
shown 3 abnormalities which may relate each 
other.



Introduction

➢Loss of inhibition: responsible for the excess of 
movement and for the overflow phenomena in 
dystonia.

➢Sensory dysfunction: related to mild sensory 
findings in focal dystonias responsible of the 
motor dysfunction.

➢Maladaptative plasticity: during motor learning 
it may lead to abnormal sensorimotor integration.



Sensory Dysfunction

The most dramatic symptoms in 
dystonia are motor, but 
somatosensory perceptual deficits 
are also present in this disease 
and might contribute to the 
generation of dystonic 
movements.

BG are involved not only in motor 
control but also in non-motor 
cognitive functions, such as 
sensory functions.

In these last decades, several 
psychophysical, 
neurophysiological and 
neuroimaging studies have 
shown that somatosensory 
functions are compromised in 
several forms of primary dystonia.



Psychophysical Procedures

Spatial discrimination of tactile stimuli
Temporal discrimination and integration of sensory signals 

Kinesthesia (vibration-induced illusion of movements)

Tactile diplopia or diplesthesia (Aristotle’s illusion)

Neurophysiological Procedures
Somatosensory evoked potentials

Somatosensory evoked fields

fMRI, MEG

Neuroimaging Procedures



Sensory Dysfunction - SD

Spatial Discrimination (SD) can be obtained 
by measuring the shortest distance 
between two tactile stimuli which are 
perceived as separate when applied to the 
fingertip or by measuring the sensitivity to 
the orientation of parallel-embossed gratings 
of various widths.

Bara–Jimenez et al. Neurology 2000

Conte et al. Nature Rev Neurol  2019



Abnormalities of SD have been found in 
focal dystonias, including 
blepharospasm, cervical and focal hand 
dystonia, also in body parts far from 
motor symptoms (Bara–Jimenez et al. 
2000; Sanger et al. 2001; Molloy et al. 2003).

It might be the clinical correlate of 
abnormal digit representations in SI 
documented in both humans and 
animals.

SD deficits in adult-onset dystonia

Bara–Jimenez et al. Neurology 2000



Sensory Dysfunction - TDT

TDT is the ability to process 
sequences of tactile stimuli over time 
and is defined as the shortest time 
interval at which two stimuli are 
perceived as being temporally 
separate.

Conte et al. Nature Rev Neurol  2019
Tinazzi et al. Mov Disord 2002



Abnormalities of tactile in body parts 
affected and unaffected by dystonic 
spasms have been found in patients with 
generalized and focal dystonias, including 
blepharospasm cervical, focal hand 
dystonia and recently in psychogenic
dystonia (Tinazzi et al.1999, 2004; Bara–
Jimenez et al. 2000; Sanger et al. 2001; Aglioti et 
al. 2003; Fiorio et al.2003; Tamura et al 2008; 
Scontrini et al. 2009; Morgante et al. in 2011 ).

TDT deficits in adult-onset dystonia 
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A correlation between tactile deficits and severity of motor 
symptoms has been found only in patients with focal hand 
dystonia suggesting that local somesthetic factors may be 
involved in this form.

Tinazzi et al. Mov Disord et al. 2009



Both groups of DYT1 carriers (manifesting 
and non-manifesting) were significantly 
more impaired than non-carrier relatives 
and normal subjects in tactile and visuo-
tactile TDT tasks.



When two or more relatives were 
tested in any one family, 22 of 24 
families had at least one first-
degree relative with an abnormal 
TDT. The frequency of abnormal 
TDT in first-degree relatives of 
patients with sporadic AOPTD is 
compatible with an autosomal 
dominant disorder.



Sensory Dysfunction - Proprioception

Obtained through vibration of the 
muscle tendon (the tonic vibration 
reflex). In this task, subjects are 
asked to reproduce the 
direction and amplitude of the 
movement they perceive in the 
vibrated arm by actively moving 
the tracking arm.

Conte et al. Nature Rev Neurol  2019

Vibrated Arm

Initial position

Final position

28°92°

Initial position

Final position

35° 85°

120°

Tracking Arm

Tonic vibration task



Grunewald et al. Brain 1997

Abnormalities of limb perception 
have been found in patients with 
different forms of focal dystonia 
(Grunewald et al. 1997; Yoneda et al. 
2000) and in asymptomatic first 
degree relatives of patients (Frima 
et al. 2008).

Sensory Dysfunction - Proprioception



This can be obtained by delivering 
pairs of electrical stimuli to the 
motor point of hand or forelimb 
muscles. These stimuli produce 
muscle contraction and passive 
joint movement, and subjects have 
to indicate the shortest interval 
between two electrical stimuli at 
which they perceive two separate 
movements

Temporal discrimination movement threshold

No deficits of timing processing of 
proprioceptive inputs in focal hand 
dystonia patients

(Tinazzi et al. 2006)

Sensory Dysfunction - Proprioception



When the subject crosses two adjacent fingers, and then 
the two crossed fingertips are touched by a small ball, the 
subject will experience a sensation of touching two balls 
(Ponzo 1910, Benedetti 1985).So, there are cutaneous 
areas where the fusion of two cutaneous “images” into a 
single object occurs (functionally correlated), and areas 
where the fusion does not (nonfunctionally correlated).

“One”

Resting

“Two”

Crossed



15 Control subjects
15 FHD Patients

Diplesthesia in focal hand dystonia

Patients with focal hand 
dystonia, only for the affected 
hand and only for the crossed 
condition 4-5 fingers (but not 
for the conditions 2-3 and 2-4), 
showed a lower percentage of 
double stimulus detection than 
normal subjects. This might be 
consistent with recent data 
reported by Nelson et al. 2009.

Tinazzi et al. Brain 2013



Diplesthesia in focal hand dystonia

Decreased activation to vibrotactile 
stimulation in S1 for 2, 3 and 4 fingers but 
not for the 1 and 5 fingers was observed.

Hence, the reduced percentage of illusion in 
4-5 condition we observed, might be due to a 
different level of activation of these two 
fingers in S1.



The search for abnormalities of 
sensation was stimulated by 
the observation in a primate 
model of dystonia (monkeys) 
that showed enlarged and 
overlapped receptive fields of 
the hand in area 3b of S1 after 
stereotypic movements of the 
hand.

Experimental animal model of dystonia

Byl et al. Neurology 1996



Neuroimaging studies (MEG and fMRI)
Abnormal somatotopy in S1

Abnormal representation in S1 
of the fingers involved in 
dystonia: smaller distance 
(fusion) between the S1 
representations of the digits of 
the affected hand in focal-
hand dystonia (Bara-Jimenez et al. 
1998; Meunier et al. 2001; (Butterworth et 
al. 2003; Nelson et al., 2009) and in
dystonic musicians (Elbert et al 
1998).

Bara-Jimenez et al. Ann Neur 1998



Abnormal representations of the 
hand are present on both the 
affected and unaffected side of 
patients with unilateral hand 
dystonia, suggesting that 
sensory abnormalities may 
pre-exist overt manifestation 
of dystonia.



Neurophysiological (SEPs) Studies 
Abnormal surrounding inhibition

One possible pathophysiological 
mechanism for these abnormalities 
could be a loss of surrounding 
inhibition.
In normal subjects when the 
median and ulnar central SEPs are 
produced together the combined 
SEPs amplitude is less than the 
sum of the two individual ones 
because of mutual inhibition. This 
does not happen in dystonia 
suggesting a defect on inhibition 
at multiple levels of the 
somatosensory system.

Tinazzi et al. Brain 2000

Dystonic Patient Normal Subject



Neurophysiological (SEPs) Studies 
Abnormal in-field inhibition

The pathophysiology of 
the temporal discrimination 
abnormality has been 
explored using SEP 
recovery cycles. If two 
SEPs are produced at short 
interval, components of the 
second SEP are inhibited 
by the first one. We also 
showed loss of in-field  
inhibition in several SEP 
components at several 
intervals in dystonia after 
paired stimuli.

Tinazzi et al. Mov Disord 2001

Dystonic Patient Normal Subject



We recently reported that 
these neurophysiological 
abnormalities
(surrounding and in-
field inhibition) 
correlated with increased 
TDT.

2017



A well-established approach to 
test plasticity in the sensori-
motor system in humans in a 
noninvasive way is paired 
associative stimulation (PAS).

Abnormal Plasticity in PTD 
Abnormal inhibition

An abnormality of
plasticity (as assessed 
by the PAS protocol) 
could be secondary to 
the abnormality of 
inhibition because 
plasticity depends on the 
amount of inhibition.



Abnormal Plasticity in writer’s cramp 

Using PAS, TMS evoked 
potential recorded from the 
target muscle, is enhanced in 
controls

Quartarone et al. Brain 2003

In patients with writer’s cramp
MEP is more enhanced and PAS 
tends to also change cortical 
excitability of nearby muscle 
representations.

This abnormal plasticity is not 
confined to the neural circuits 
affected by dystonia but is 
generalized across the entire 
sensorimotor system, 
representing an endophenotypic 
trait of dystonia.





➢ Vibration of the affected arm can induce dystonia in patients with 
focal hand dystonia (Kaji et al. 1995b) and it can be blocked with 
lidocaine indicating that it is mediated by spindle afferents.

➢ Vibration of a muscle leads to an augmentation of its MEP and a 
reduction of its SICI; these effects are lacking in patients with writer's 
cramp (Rosenkranz et al. 2000, 2005).

➢ Patients with primary dystonia have normal SAI (Kessler et al. 2005) and 
those with writer’s cramp have abnormal LAI when TMS is 
conditioned by median-nerve stimulation (Abbruzzese et al. 2001).



Abnormal sensorimotor integration

Recording SEPs before and 
during movement, Murase et al. 
(2000) showed that in normal 
subjects but not in writer’s cramp 
the N30 was gated before 
movement indicating a defect of 
motor area inhibition on 
incoming sensory inputs. This is 
in line with the finding that pre-
movement EEG potentials (CNV 
and BP), are abnormal in 
dystonia (Deuschl et al. 1992; Hamano et 
al.1999; Ikeda et al. 1996; Zeuner et al. 2009 ).

Murase et al. Brain 2000

Normal Subjects

Dystonic Patients



Are sensory abnormalities specific to 
particular types of dystonia?
The observation that SD and TDT abnormalities 
shared by the various forms of dystonia and that 
the degree of TDT increase does not differ between 
patients with different forms of dystonia suggests 
that age-related effects become negligible when a 
dystonic trait is present.

Are sensory abnormalities responsible for 
or secondary to dystonic motor features?
Three  different levels of pathophysiological 
relevance: 
1) a background level that predisposes individuals 
to dystonia: TDT
2) a disease-related level that is present when 
dystonia becomes manifest: SD
3) a causative level that triggers dystonia: TVR

Role of Sensory System

Conte et al. Nature Rev Neurol  2019



The network model entails 
derangements in 
communication among 
cortical areas, the basal 
ganglia and the 
cerebellum, and we believe 
that this model can be used 
to interpret the sensory-
motor abnormalities that are 
present in dystonia.

Sensory Dysfunction 
Neuroanatomical Correlates 

Conte et al. Nature Rev Neurol  2019



Concepts regarding the neuroanatomical 
basis for dystonia have evolved from a 
narrow focus on dysfunction of the 
basal ganglia to a broader motor 
network model in which the basal 
ganglia, cerebellum, cerebral cortex, and 
other brain regions play a key role.

In keeping with this idea, dystonia may 
result from a single-node dysfunction, 
from an involvement of multiple nodes, or 
from aberrant communication among the 
nodes.

Conte et al. Nature Rev Neurol  2019

2017



Combinations of dysfunction 
and compensation could occur 
at one or many levels of the 
extended sensory-motor network. 

For example, it could be that 
various forms of focal dystonias 
emerge at different levels of the 
network: the sensorimotor 
cortex for task-specific dystonia 
involving the upper limb, the 
cerebellum and the brainstem 
for cervical dystonia, and the 
brainstem for blepharospasm.



To improve the current neurophysiological approach to the clinical 
diagnosis of primary dystonia, future studies should aim to: 

-use standardized study designs and methods
-enroll homogeneous and clinically well-defined populations 
-investigate the diagnostic sensitivity and specificity of the available 
neurophysiological tests.

RATHER  than to be addressed for pathophysiological purposes
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