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Delineating the electrophysiological signature of dystonia

Anna Latorrel® . Lorenzo Rocchi?l - Kailash P. Bhatia’

Table 1 Electrophysiological characteristics of dystonia

Motor system Motor system Cerebellum

Somatosensory system

spinal cord, brainstem, cortex basal ganglia

Reduced inhibition: Firing pattern: Impaired associative motor learning:

@ RI (spinal cord) @ Low GPi and GPe discharge  {® Abnormal EBCC
@ BRC (brainstem) rate

(@ SICIL, HI and SP (cortex) @ Irregular discharges with
intermittent pauses

Increased cortical plasticity: ~ Excess of synchronized activity: Normal motor adaptation:

(@ PAS (spike-timing- @ Low frequency (4-10 Hz) (@ Normal visual and propriocep-
dependent plasticity) tive sensorimotor integration
@ rTMS/tDCS and HF-RSS tasks

(homeostatic plasticity)

Impaired cerebellar modulation on
the motor cortex:

Absent CBI

Increased vibration-induced movement
perception:
@ Enhanced sensitivity of the TVR

Increased temporal discrimination:
@ Increased STDT
Reduced activity of inhibitory circuits
within S1:

(@ Reduced suppression of the SEP
recovery cycle and reduced area of
HFO

Abnormal somatotopic digital repre-
sentation

TVR tonic vibration reflex

BRC blink recovery cycle, CBI cerebellar brain inhibition, EBCC eyeblink classic conditioning, GP#/e internal/external globus pallidus, HF-RSS
high-frequency repetitive somatosensory stimulation, HFO high-frequency oscillations, IHI interhemispheric inhibition, RI reciprocal inhibition,
rTMS repetitive transcranial magnetic stimulation, S7 primary somatosensory cortex, SEP somatosensory-evoked potentials, SICI short-interval
intracortical inhibition, SP silent period, STDT somatosensory temporal discrimination threshold, tDCS transcranial direct current stimulation,
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Unstable sensorimotor
cortex plasticity fails in
compensating the
excitability imbalance

(reduced sensory and
motor inhibition)

Deranged processing of
the somatosensory input
contributes to scarce
spatial and temporal
discrimination and
abnormal sensorimotor
integration

Reduced inhibition
destabilises
circuits’ control and
causes eXcess
muscles activity




Definizione e fenomenologia della distonia
e0000

La distonia e un disturbo del movimento caratterizzato da contrazioni muscolari
sostenute o intermittenti che causano movimenti ripetitivi, posture anormale, o
entrambi.

| movimenti distonici sono tipicamente «patterned», talvolta con caratteristiche di
torsione, puo esservi associato il tremore.

La distonia e spesso elicitata o peggiorata dal movimento volontario ed associata ad
un «overflow» della attivazione muscolare.
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Infantile (0-2 anni)

Pediatrica (3—12 anni)
Adolescenziale (13—-20 anni)
Giovane eta adulta (21-40 anni)
Tarda eta adulta (40 years and
older)

* Focale

* Segmentale

*  Multifocale

* Emidistonia

* Generalizzata
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Classificazione della distonia l%"*ﬁm
Asse |- Caratteristiche cliniche

Eta di
esordio

Distribuzione
corporea

Pattern
temporale

Condizioni
associate
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* Decorso clinico— statica
— progressiva
* Variabilita a breve termine — persistente
— azione specifica
— diurna
— parossistica

Isolata (con o senza tremore)
Combinata (con altre condizioni sitemiche o
neurologiche)
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Classificazione della distonia lémg
Asse |I- Classificazione eziologica BESTA
‘XXX X

Processo degenerativo Lesione strutturale Patologia non
degenerative non strutturale

Condizione patologica
interessante il SNC

Ereditaria Acquisita Idiopatica (causa
(e.g., X-linked, AD, AR, (e.g., traumatica, tossica, sconosciuta)
mitocondriale) indotta da farmaci, vascolare,  (Sporadica vs Familiare)

neoplastica)
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Primary (Isolated) dystonia. DYT1 BESTA

Generalized Dystonia- Dystonic movements, Gait Dystonia-Onset
postures, overflow










Generalized Dystonia Primary (Isolated) Dystonia. DYT6. Dystonic movements and postures
Involvement of cranio-cervical muscles. Dystonic tremor
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Writing Dystonia
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Hemidystonia l







Distonia - Polimiografia

Pattern polimiografici della distonia:

* Spasmi tonici, quasi continui, della durata di diversi secondi che terminano con brevi periodi di
silenzio elettrico

* Burst mioclonici di durata >50 ms e < 500 ms

* Pattern oscillatorio

Questi tre pattern possono essere presenti singolarmente o associati tra loro.
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Estensore radiale del carpo

MANTENIMENTO POSTURALE PROTRATTO: attivita tonica prolungata prevalente ai muscoli flessori, sincrona su

antagonisti
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Distonia - Polimiografia

* CO-CONTRAZIONE

L"attivita muscolare non rispetta il principio di inibizione reciproca muscoli agonisti e
antagonisti sono attivati in modo sincrono ai muscoli antagonisti.

* OVERFLOW

La contrazione muscolare si diffonde a muscoli che non sono coinvolti nello specifico atto
motorio.

Si osservano a volte dei gesti antagonisti (“trucchi sensoriali”, tattili o propriocettivi) che
riducono la contrazione muscolare patologica.
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Combined Dystonia. Myoclonus Dystonia DYT11
Progression of the disease










CARLO
BESTA

Combined Dystonia. l
Myoclonus Distonia DYT11 negative
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Myoclonus Dystonia
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Movement Disorders
Vol 23, No. 1. 2008, pp. 28-34
© 2007 Movement Disorder Society

Myoclonus—Dystonia Syndrome: Clinical Presentation, Disease
Course, and Genetic Features in 11 Families

Nardo Nardocci, MD," Giovanna Zorzi, MD.' Chiara Barzaghi. MSc,? Federica Zibordi, MD,'
Claudia Ciano, MD,? Daniele Ghezzi, MSc,” and Barbara Garavaglia, PhD?
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Movimento volontario

Mantenimento postura

Morvement Disorders
Vol 23, Na. |, 2008, pp. 2834
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Myoclonus—Dystonia Syndrome: Clinical Presentation, Disease
Course, and Genetic Features in 11 Families

Nardo Nardocci, MD,' Giovanna Zorzi, MD,! Chiara Barzaghi, MSc,? Federica Zibordi, MD,!
Claudia Ciano, MD,” Daniele Ghezzi, MSc,? and Barbara Garavaglia, PhID
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Original article
Polymyography in the diagnosis of childhood onset
movement disorders

C. Canavese®, C. Ciano®, G. Zorzi® F. Zibordi®, C. Costa®, N. Nardocd™*

U0 Meurapsichiatria Infontile, Fondaziome I R.CC S, Istituto Neumlogio Carlo Besta, Milana, Ttaly
B0 Neumfiziclogia Qinim, Fondazione IR.C.CS. Istitne Neurnlogio Carlo Besta, Milama, Italy I I

1.

3.3. Clinical-polymyographic comparison

Polymyographic features were compared with clinical classi-
fication in order to evaluate the role of polymyography in the
identification of MD:

IV.

R{

. Patients in which polymyography confirmed the clinically

classified MD

25 patients: five dystonia, four myoclonic-dystonia,
five subcortical myoclonus, ten tremors and one
dystonia+tremor.

. Patients in which polymyography disclosed an associated MD

not clinically evident

12 patients: subcortical myoclonus in seven patients
with dystonia, tremor in three patients with dystonia,
dystonia in two patients with myoclonus.

Patients in which polymyography permitted to characterize
the clinically unclassified MD (isolated or associated to a
definite MD)

17 patients: five myoclonic dystonia (one of them
with associated ataxia), six subcortical myoclonus
(four associated with dystonia and one assoclated
with ataxia), four tremor and two subcortical
myoclonus+tremor.

Others

Seven patients clinically defined as having dystonia
(isolated in one, assodated with myoclonus in four or
with unclassified MD in two): polymyographic findings
of subcortical myoclonus in six, normal in one.
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Distonia — Polimiografia: limiti

Limite nella collaborazione o esecuzione di un atto motorio che coinvolga un singolo distretto:
co-contrazione e overflow per difficolta a limitare I'atto motorio ad una sola coppia di muscoli
agonisti-antagonisti.

Studi polimiografici in bambini con distonie geneticamente determinate possono non
evidenziare chiari fenomeni di co-contrazione (registrazione di superficie talora inefficace per
la valutazione di gruppi muscolari piu profondi).

La polimiografia non permette di chiarire I'eziologia della distonia
anche la distonia di origine funzionale puo mostrare la co-contrazione e l'overflow
Non ci sono aspetti polimiografici distintivi della distonia funzionale.
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Functional MD l

Myoclonus-Dystonia phenotype




Functional movement disorders

TOTAL NUMBER OF PATIENTS ADMITTED FROM

2010 TO 2021 WITH THE DIAGNOSIS OF MDS: 469
Total patients with functional movement disorders

(FMD): 37/136 (21%)
- 25 (68%) Functional
. (0}
MDs: 37 Other MDs:
M: 12 (32%) . .
8 A) 92%
Incidence of Functional movement
disorders among total diagnoses of
. . . Age of onset Age at admission Temporal latency between onset and
fU n Ctl O na | n e U rO | Oglca | d ISO rd e rS Sex (years) (years) hospita"zation (years)

Mean F 13.8 151 1.37
M 1.5 12.8 1.31
Median F 14.0 15.6 0.800
M 12.5 12.9 0.800
Standard F 2.60 2.10 1.60

deviation
Oth;;;ND M 3.48 3.11 1.50
’ Minimum F 7.00 9.50 0.00
M 5.00 6.90 0.00
Maximum F 18.0 18.3 6.20
M 16.0 16.8 5.00




Functional movement disorders

Phenomenology duration

14

12

10

B Paroxysmal (min - hours) B Transient (days) ® Chronic (months)

(o]

(<))

F

N

B ISOLATED FMD

B FMD ASSOCIATED
WITH OTHER
FUNCTIONAL
DISORDERS
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Functional movement disorders _

VIDEO-POLIGRAPHY

Total number of video-poligraphies: 19

OOOOOOOOOO

CARLO . .
BESTA *8-9 Hz regular tremor, without features of functional tremor.
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sl e s Results: Abnormal CMCTs and SEPs were found in 19% and 47% of children respectively and were
Clinical Neurophysiology —€)- . . . . .

observed more frequently in secondary than primary dystonia. Of children proceeding to DBS, better out-
come was seen in those with normal (n = 78/89) versus abnormal CMCT (n =11/89) (p = 0.002) and those
Somatosensory Evoked Potentials and Central Motor Conduction Times | 3 with normal (n = 35/51) versus abnormal SEPs (n=16/51)(p = 0.001). These relationships were indepen-
in children with dystonia and their correlation with outcomes from Deep % dent of dystonia aetiology and cranial MRI findings.
Brain Stimulation of the Globus pallidus internus Conclusions: CMCTs and SEPs provide objective evidence of motor and sensory pathway dysfunction in

journal homepage: www.elsevier.com/locate/clinph

Verity M. McClelland *°, Doreen Fialho, Denise Flexney-Briscoe©, Graham E. Holder cde Markus C. Elze,

Hortensia Gimeno ¢, Ata Siddiqui™, Kerry Mills?, Richard Selway’, Jean-Pierre Lin®* Chlldl‘El'l WIth dystﬂmﬂ and l‘ElatE to DBS outcome,
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The neurophysiology of paediatric movement

disorders

Verity M. McClelland®"®©

Curr Opin Pediatr 2017, 29:683-690

KEY POINTS

e The neumphysiohgy of puedi{lhic movement disorders
is an underresearched area, with most studies focusing
on hemiplegic cerebral palsy and few on
other conditions.

o Neurophysiological studies have provided significuni
insights into the pathophysiology of

movement disorders.

e TMS has been used to demonstrate changes in
corticospinal connectivity and excitability in movement
disorders and evidence of neuroplasticity in the
developing or injured brain.

e Evoked potentials and eventrelated changes in speciral
EEG activity have provided evidence of abnormal
sensory pr{x:essingf sensorimotor infegration in a range
of paediatric movement disorders.

o Neurophysiological tools provide objective evidence of
nervous system function and have great potential for

use as biomarkers and/or for biofeedback as
iechno|ogies deve|op.
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Table 2. Complementarity of imaging and neurophysiology techniques

Neurophysiology Imaging
TMS, EEG, MEG, EMG MRI, fMRI, DTI, PET
Provide information on nervous system function Provide information on nervous system structure (MRl and DTI) or
function (fMRI and PET)
Record brain activity (EEG) or muscle activity (EMG) directly Assesses function via changes in blood flow ([MRI) or metabolic
activity (PET] in relafion to brain activity.
Mo requirement for sedation or general anaesthetic Sedation or general anaesthetic often needed in children with
movement disorders to avoid contamination by movement artefact
Mo radioactivity PET requires injection of radicactive tracer
Relatively inexpensive Expensive scanning time
Acquisition time less of a problem Scan time limited by cost and requirement for sedation
TMS activates predominantly the fastest conducting corticospinal DTl not limited to fastest conducting corticospinal tract fibres
tract fibres
Temporal resolution very good (ms) Temporal resolution less good (s— min)
EEG spatial resolution less good [can be better with MEG) Spatial resolution very good
Cerebellum and deep struciures not easily accessible Imaging can provide good information about posterior fossa and
deep siructures
EEG data are recorded in realtime and ambulatory recording is Data are acquired at a specific time-point, providing a snap-shot of
feasible, making neurophysioclogical signals ideal candidates for brain siructure or iransient measure of fundion

biofeedback in closedloop neuromodulation systems

Both imaging and neurophysiology techniques have advantages ond disadvantages, including those listed here. A multimodal assessment is therefore ideal.
DT, diffusion tensor imaging; EEG, electroencephalogaphy; EMG, electromyography; fMRI, functional MRI; MEG, mognetoencephlogrpahy; TMS, transcranial
magnetic stimulation.
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Paola Lanteri
Claudia Ciano

Mikael Gianandrea lzzo
SS Diagnostica epilettologica integrata

Neurofisiopatologia
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