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ABSTRACT: Background: Dystonia may have
different neuroanatomical substrates and pathophysi-
ology. This is supported by studies on the motor sys-
tem showing, for instance, that plasticity is abnormal
in idiopathic dystonia, but not in dystonia secondary
to basal ganglia lesions.

Objective: The aim of this study was to test whether
somatosensory inhibition and plasticity abnormalities
reported in patients with idiopathic dystonia also
occur in patients with dystonia caused by basal gang-
lia damage.

Methods: Ten patients with acquired dystonia as a
result of basal ganglia lesions and 12 healthy control
subjects were recruited. They underwent electrophysi-
ological testing at baseline and after a single
45-minute session of high-frequency repetitive
somatosensory stimulation. Electrophysiological test-
ing consisted of somatosensory temporal discrimina-
tion, somatosensory-evoked potentials (including
measurement of early and late high-frequency oscilla-
tions and the spatial inhibition ratio of N20/25 and

P14 components), the recovery cycle of paired-pulse
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somatosensory-evoked potentials, and primary motor
cortex short-interval intracortical inhibition.

Results: Unlike previous reports of patients with idio-
pathic dystonia, patients with acquired dystonia did
not differ from healthy control subjects in any of the
electrophysiological measures either before or after
high-frequency repetitive somatosensory stimulation,
except for short-interval intracortical inhibition, which
was reduced at baseline in patients compared to con-
trol subjects.

Conclusions: The data show that reduced somato-
sensory inhibition and enhanced cortical plasticity are
not required for the clinical expression of dystonia,
and that the abnormalities reported in idiopathic dys-
tonia are not necessarily linked to basal ganglia dam-
age. © 2020 International Parkinson and Movement
Disorder Society
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Dystonia is a heterogeneous disorder with variable
distribution (from focal to generalized), phenomenology
(isolated or combined to additional signs), and etiology
(inherited, acquired, or idiopathic).! Treatment strate-
gies and their outcomes also differ between dystonia
subtypes.”™ Such features are consistent with the con-
cept that different dystonias may have different neuro-
anatomical substrates® and pathophysiology.® Evidence
for the latter comes from studies in the motor system.
Although some physiological features are common to
many types of dystonia, such as reduced intracortical
inhibition in motor cortex, others, such as motor cortex
plasticity, are not.””'? Plasticity is abnormal in idio-
pathic dystonia'®'? but does not seem to be required
for the clinical expression of dystonia secondary to
basal ganglia lesions,'® even though dystonia normally
develops months after the brain insult, suggesting an
underlying plastic reorganization.

Although clinical symptoms of dystonia relate to disor-
ders of movement, there are clear abnormalities in the
somatosensory system, at least in idiopathic dystonia. One
of the most consistent findings is an increased threshold
for somatosensory temporal discrimination (STDT).!*1
Physiologically, this is associated with reduced excitability
of the inhibitory circuits in the primary somatosensory
cortex (S1) that are required to heighten temporal
acuity,'®'” as reflected by reduced inhibition of paired-
pulse somatosensory-evoked potentials (PP-SEPs) and
decreased area of high-frequency oscillations (HFOs).'®
Patients with idiopathic dystonia also show abnormal
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inhibition in the spatial domain, as demonstrated by defec-
tive suppression of SEPs obtained by simultaneous stimu-
lation of the median and ulnar nerves'” and of contiguous
fingers.'® In healthy volunteers, STDT and S1 inhibition
are improved by a period of high-frequency repetitive
somatosensory stimulation (HF-RSS), whereas it has the
opposite effect in idiopathic dystonia.’® This has been
attributed to abnormal somatosensory plasticity akin to
that observed in the motor system.

In this article, we tested whether the abnormalities of
STDT, S1 inhibition, and S1 plasticity that are seen in
patients with idiopathic dystonia also occur in patients
with dystonia acquired after basal ganglia damage. In addi-
tion, to evaluate the interaction between somatosensory
and motor systems, we also investigated the inhibitory cir-
cuitry within M1 before and after HF-RSS. Our hypothesis
was that the findings in secondary dystonia (SD) would dif-
fer from those previously reported in idiopathic dystonia,
providing further evidence that dystonia can arise from dif-
ferent, probably independent, mechanisms.

Subjects and Methods

Ten patients affected by acquired dystonia secondary
to structural brain lesions (here named SD) were con-
secutively recruited from the National Hospital for
Neurology and Neurosurgery, Queen Square, London,
United Kingdom. Inclusion criteria comprised: (1) uni-
lateral distribution of dystonia, with clear involvement
of the upper limb; (2) no significant pyramidal signs or
sensory abnormalities of the limbs affected by dystonia;
and (3) structural brain lesion involving the basal gang-
lia, contralateral to the clinically affected side, con-
firmed by brain MRI. All patients were assessed at least
3 months after their last set of botulinum toxin injec-
tions and off medications that act on the central ner-
vous system (such as trihexyphenidyl or clonazepam).
Disease severity was assessed with the Unified Dystonia
Rating Scale.*! Clinical features are summarized in
Supporting Information Table S1. A control group of
12 age-matched, healthy control subjects (HCs) was
also enrolled in the study. All experimental procedures
were performed as previously reported in the litera-
ture.'®'%2%22 In summary, all participants underwent
electrophysiological and behavioral testing at baseline
(TO) and after (T1) a single 45-minute session of HF-
RSS, which consists of 20-Hz trains of square wave
electrical pulses of 200 ps duration delivered for
1 second, with 5-second intertrain intervals, applied on
the tip of the index finger [test finger (TF)] of the dys-
tonic hand and of the right hand in HCs (test hand).
Measures collected included: (1) STDT, tested on the
TF and three control fingers (thumb of the test hand
and thumb and index finger of the contralateral hand,
named, respectively, F1, F2, and F3); (2) several

variables derived from SEPs obtained by stimulation of
TF and F1, that is, N20/P25 and P14 latencies and
amplitudes, area of early and late parts of HFOs (e-
HFO and I-HFO, respectively), recovery cycle of PP-
SEPs, and spatial inhibition ratio (SIR) of N20/25
(Q20) and P14 (Q14); and (3) short-interval intra-
cortical inhibition (SICI), measured from the abductor
pollicis brevis and abductor digiti minimi muscles, and
obtained with a test motor-evoked potential of approxi-
mately 1 mV. The methods used are detailed in the
Supporting Information. The experimental protocol
was approved by the local institutional review board
and conducted in accordance with the Declaration of
Helsinki after each participant signed a written
consent form.

Details about statistical analysis are given in the
Supporting Information. In brief, age, HF-RSS thresh-
old and stimulation intensity, SEP intensity for TF and
F1, resting motor threshold, and 1 mV intensity were
compared between patients with SD and HCs by means
of unpaired # tests. Sex was compared with the Fisher’s
exact test. Mixed analyses of variance were used to
compare other variables across the two groups (STDT
intensities and values, SEP N20/P25 and P14 latencies
and amplitudes, Q20, Q14, area of e-HFO and I-HFO,
N20/P25 and P14 recovery cycle, SICI).

Results

There were no differences in age, sex, transcranial
magnetic stimulation (TMS) thresholds, and electrical/
magnetic stimulation intensities between groups
(Supporting Information Table S2). Unlike the typically
elevated STDT in idiopathic dystonia, there was no sig-
nificant difference in STDT values between HCs and
patients. HF-RSS had no effect on the stimulation inten-
sity used for STDT, N20, and P14 latencies and test
motor-evoked potentials (raw values for these variables
are listed in Supporting Information Table S3). Main
effects and interactions of all analyses of variance are
listed in Supporting Information Table S4.

Significant results are shown in Figures 1 and 2.
Except from SICI, all baseline values were not statisti-
cally different between patients and HCs.

Overall, there were no significant differences in the
effects of HF-RSS in HCs and patients with SD. In both
groups, HF-RSS increased the amplitude of the subcorti-
cal P14 and cortical N20/P25 components of the SEP and
decreased (i.e., improved) STDT in the TF, but not F1 (all
P <0.01) (Fig. 1A-C). Baseline SICI was less effective in
patients with SD than in HCs but was enhanced in the
abductor pollicis brevis muscle to the same degree in both
groups after HF-RSS and for all conditioning stimulus
intensities (all P < 0.05). There was no change in SICI in
the distant abductor digiti minimi muscle.
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FIG 1. (A) STDT values obtained from the thumb (F1) and the index finger [test finger (TF)] of the test hand, and thumb (F2) and index finger (F3) of the
contralateral hand, before (T0) and immediately after (T1) high-frequency repetitive somatosensory stimulation (HF-RSS) was applied on the TF, in
healthy control subjects (HCs) and patients with secondary dystonia (SD). HF-RSS produced a significant decrease of STDT in TF only (P < 0.01). (B,
C) Amplitude of N20/P25 (B) and P14 (C) components of somatosensory-evoked potentials obtained by stimulation of the thumb (F1) and the index fin-
ger (TF) of the test hand in HCs and patients with SD, before (TO) and after (T1) HF-RSS applied on the TF. HF-RSS induced a significant increase of
N20/P25 amplitude (P < 0.01 in both cases), as well as an increase in P14 (both P < 0.01). (D) Effect of HF-RSS on SICI on abductor pollicis brevis
(APB) and abductor digiti minimi (ADM) at different intensities of the conditioning TMS stimulus (CS) (70%, 80%, and 90% of active motor threshold
(AMT)), in HCs and patients with SD, at TO and T1. HF-RSS induced an increase in SIClI, irrespective of the strength of the conditioning TMS pulse, in
the APB, but not in the ADM (all P < 0.05). Asterisks indicate statistical significance. Error bars indicate standard error. MEP, motor-evoked potential.

Figure 2 shows that the effectiveness of somatosen-
sory intracortical inhibition was enhanced after
HEF-RSS in both groups, as indicated by the increase in
e-HFO and [-HFO areas (P < 0.01), and the increased
amount of inhibition in the N20/P25 and P14 PP-SEP
recovery cycle, in both groups and at all interstimulus
intervals (all P < 0.01). SIR was also improved in HCs
and patients with SD, as indicated by the decrease in
Q14 and Q20 (both P < 0.01).

Discussion

The main finding of this study is that patients with
SD caused by lesions in the basal ganglia did not differ

from HCs in any of the electrophysiological variables
tested either before or after HF-RSS, except for SICI,
which was reduced at baseline in patients with SD com-
pared with HCs. This means that STDT and somato-
sensory inhibition, investigated by PP-SEP, SIR, and
HFOs, as well as cortical plasticity induced by HF-RSS,
are normal in SD, whereas motor inhibitory mecha-
nisms are defective, as previously described.'®

This is the first study to report that STDT is normal
in SD. STDT reflects the ability to discriminate two
consecutive cutaneous electrical stimuli; it relies on
inhibitory mechanisms within S1'7>'%*32* and on func-
tional integrity of the basal ganglia.>® Increased STDT
is the most consistent behavioral abnormality observed
in idiopathic dystonia.'®?%*¢"2% Indeed, it has been
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FIG 2. Recovery cycle of N20/P25 (A) and P14 (B) components of somatosensory-evoked potentials at interstimulus intervals (ISls) of 5, 20, and 40 ms
before (T0) and immediately after (T1) high-frequency repetitive somatosensory stimulation (HF-RSS) applied on the test finger (TF). HF-RSS signifi-
cantly increased the amount of inhibition on both the N20/P25 (all P < 0.001) and P14 (all P < 0.01) components, in both groups and at all ISIs.
Depicted in the lower row is the spatial inhibition ratio of N20/P25 (Q20) (C) and P14 (Q14) (D), before (T0) and after (T1) HF-RSS, in healthy control sub-
jects and patients with secondary dystonia (SD). HF-RSS increased the spatial inhibition ratio in both groups by decreasing the Q20 (both P < 0.01)
and the Q14 (both P < 0.01). Asterisks indicate statistical significance. Error bars indicate standard error.

proposed to be an endophenotypic trait of dystonia****’

because of its lack of correlation with disease manifes-
tation and treatment.>*>? In view of this evidence, the
finding of normal STDT in SD indicates that, although
all our patients displayed basal ganglia lesions, this is
not sufficient to affect temporal discrimination.”>*” In
addition, increased STDT in idiopathic dystonia is asso-
ciated with reduced excitability of inhibitory circuits in
§1,18:293133 whereas in this study, S1 inhibitory excit-
ability was normal in patients with SD.

The measures of somatosensory inhibition applied in
this study have never been investigated in SD, other
than in SD caused by lesions in the somatosensory
pathways.>**> None of our patients presented with
lesions involving the somatosensory system, which
was functionally intact. However, the results differed
from those in idiopathic dystonia, in which there is
reduced PP-SEP suppression,”®*® impaired SIR,'®~*°
and reduced HFO.'®?° This implies that, although the
loss of somatosensory inhibition has a role in the

pathophysiology of idiopathic dystonia, it is of less rel-
evance in patients affected by SD as a result of basal
ganglia lesions.

In contrast with the preserved inhibition in the
somatosensory system, we found that, as reported by
others, M1 SICI is reduced in SD.'®3¢ Reduced SICI is
considered a hallmark feature of dystonia, although this
notion has been recently questioned and its pathophysi-
ological significance is still not clear.’” In this case,
reduced SICI, which is mediated by M1 inhibitory
interneurons, might be a direct consequence of
deranged basal ganglia output to M1, because of struc-
tural lesions; however, the causal relationship between
abnormal SICI and dystonia is difficult to ascertain.
Indeed, SICI can be reduced also in other basal ganglia
diseases,*®*” in functional dystonia,'"'? and in unaf-
fected DYT1 gene mutations carriers.” It is therefore
suspected that other abnormalities, together with the
lack of inhibition, are required for dystonia to
manifest.>”
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Disordered control of plasticity has been a frequent
finding in M1 and also, more recently, in S1 of patients
with idiopathic dystonia.'®!3*%*" However, our pre-
sent results in S1 indicate that, as previously reported in
MT1,'° plasticity may be normal in SD. Thus, HF-RSS
induced the same amount of plasticity as controls: it led
to a short-term increase in the excitability of inhibitory
circuitry within S1 and M1, which was similar to that
in HCs.'® This result is in striking contrast with the
opposite effect of HF-RSS on S1 inhibition in idiopathic
dystonia,?” and there are a number of possible explana-
tions for it. First, in our previous study,”® HF-RSS was
applied over a body part not affected by dystonia.
However, this would be unlikely to account for the nor-
mal STDT and homeostatic plasticity found in SD,
because similar abnormalities are seen when testing
body parts uninvolved in dystonia.>*>*! Second, our
patients with SD were affected by hemidystonia and
not focal dystonia, and it is possible that their patho-
physiological mechanisms are different.® Indeed, there
is growing evidence that the causative mechanisms of
dystonia might differ according to the subtypes (for
instance, generalized versus focal), but also according
to the presence of specific clinical features such as
tremor or task specificity.*? Finally, and more impor-
tantly, in idiopathic dystonia, HF-RSS acted on top of
a defective somatosensory system (as a result of lack
of inhibition), and this could contribute to the para-
doxical response. Whatever the explanation, the data
show that abnormally enhanced cortical plasticity is
not required for the clinical expression of all types of
dystonia, and that it is not necessarily linked to basal
ganglia damage.

Linking basal ganglia dysfunction and somatosensory
abnormalities in dystonia is a conundrum yet to be
resolved. One line of evidence of this connection comes
from the findings that STDT relies on a complex net-
work of brain structures, including the basal gang-
lia.?®*3 The neuroanatomical basis of this interaction is
not clear, but one possibility is represented by direct
connections between the striatum and the somatosen-
sory cortex.”> However, other lines of evidence might
suggest that alterations in the basal ganglia and
somatosensory function in dystonia are relatively inde-
pendent. In patients with idiopathic cervical dystonia,
Antelmi and coworkers'® found that electrophysiologi-
cal markers of S1 inhibition and dystonia were indepen-
dently associated with abnormal STDT, leading to
speculation that other factors beyond alterations in S1
computation might contribute to increased STDT, such
as basal ganglia dysfunction. This would be in line with
the current results, which suggest that structural dam-
age in the basal ganglia does not necessarily lead to
somatosensory dysfunction. However, given the exis-
tent controversy, we acknowledge that both interpreta-
tions are possible.

r DEVELOPMENT OF ACQUIRED

DYSTONIA

Do our results have an impact on the clinical man-
agement of patients with SD? The most obvious clinical
evidence of the sensory system involvement in dystonia
is the sensory trick, that is, the relief of dystonic activity
by tactile stimulation of the affected body part.
Although the sensory trick prevalence is variable in idi-
opathic dystonia,*** it is certainly higher compared
with SD.*¢ The mechanisms underlying sensory trick
are not well understood, but it has been proposed that
tactile stimulation provides additional input to the
brain that normalizes a preexisting abnormal gating of
sensory input to motor circuits.*” This might be one
reason why the sensory trick is more common in idio-
pathic dystonia, where abnormal somatosensory
processing has been demonstrated,”® than in SD, in
which sensory processing may be normal, as suggested
by the present findings. It has been proposed that mod-
ulation of somatosensory deficit via repetitive periph-
eral stimulation might be a suitable treatment option
for idiopathic dystonia?’; however, because somatosen-
sory inhibition and plasticity are not affected in SD,
addressing these abnormalities in SD would probably
not be justified.

The present results should, however, be considered in
light of some limitations, including the small sample
size and the heterogeneity of the patients’ group,
because of the variable degree of dystonia and different
involvement of the basal ganglia (Supporting Informa-
tion Table S1).

Although classically considered a basal ganglia disor-
der, dystonia has more recently been framed as a net-
work dysfunction, involving the thalamus, cerebellum,
and sensorimotor cortices.'**® Albeit the present data
suggest normal sensorimotor plasticity and altered M1
inhibition in SD, they do not exclude that other nodes
of the network might play a role. For instance, the cere-
bellum appears to have a crucial function in this con-
text.*” The integrity of the olivo-cerebellar circuit was
previously investigated in SD using an associative learn-
ing paradigm called eyeblink classic conditioning
(EBCC),>° with normal results. However, this form of
learning represents only part of the computation usu-
ally performed by the cerebellum, and a normal EBCC
might not necessarily reflect a normal cerebellar physi-
ology from a more general perspective.”’ We assume
that abnormalities in the computation underlying other
cerebellar functions (such as regulation of corticomotor
excitability and grip force, sensorimotor synchroniza-
tion, and control of movement-related sensory data
acquisition’?) might be relevant to dystonia; however,
it is not known to what extent the cerebellar circuits
mediating different aspects of motor control, including
the EBCC, overlap. Therefore, we believe that a cerebel-
lar dysfunction in dystonia cannot be excluded only on
the basis of an intact EBCC, but this might be the
object for future research. @
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