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Definitions of movement disorders phenotypes

Bradykinesia | dlowness of initation of voluntary movements with progressive reduction in speed
and amplitude of repetitive actions.

Chorea Irregular, purposeless, abrupt, rapid, brief, jerky. un-sustained movements that flow
randomly from one part of the body to another.

Drystonia sustained muscle contractions which frequently cause twisting, repetitive, and
patterned movements or abnormal postures.

Myoclonus | Sudden, brief, shock-like movements caused by muscle contractions.

Ties simple or co-ordinated, repetitive or sequential movements, gestures, and
utterances that mimic fragments of normal behaviour.

Tremor Involuntary, rhythmie, oscillatory movement of a body part.




Consistent movement statistic defines each phenotype
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Ties simple or co-ordinated, repetitive or sequential movements, gestures, and
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Clinical definition of task-specific dystonia

“Task specific dystonia is a movement disorder that
interferes with the performance of a particular task or skill such as
writing, playing a musical instrument or participating in a sport”?

'NIH - US National Library of Medicine
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Studying plasticity in humans

Non-invasive brain stimulation (NIBS)
Plasticity paradigms that predictably and consistently modify corticospinal excitability

Nomenclature:

MEP = motor evoked potential

rTMS = repetitive transmagnetic stimulation

PAS = paired associative stimulation

PAS25 or PAS10 = interstimulus interval separated by 25ms or 10ms
TBS = theta burst stimulation

TDCS = transcranical direct current stimulation

Fischer P, Pifla-Fuentes D, Kassavetis P, Sadnicka A. Physiology of dystonia: Human studies. Int Rev Neurobiol. 2023;169:137-162.
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Sadnicka A, Hamada M. Plasticity and dystonia: a hypothesis shrouded in variability. Exp Brain Res. 2020 Aug;238(7-8):1611-1617. doi: 10.1007/s00221-020-05773-3.



Sources of variability
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Lopez-Alonso V, Cheeran B, Rio-Rodriguez D, Fernandez-Del-Olmo M. Inter-individual variability in response to non-invasive brain stimulation paradigms. Brain Stimul. 2014 May-
Jun;7(3):372-80. doi: 10.1016/j.brs.2014.02.004. Epub 2014 Feb 15. PMID: 24630849.

Modulation of corticospinal excitability by paired associative stimulation: Reproducibility of effects and intraindividual reliability . Fratello, 2006



Is plasticity causally related to dystonia?

Dystonia is a hyperkinetic movement disorder in which there is too much movement.

The motor cortex as the common final output that controls movement is therefore likely to be comparatively
hyperexcitable as too much movement for given context is being produced.

Fischer P, Pifia-Fuentes D, Kassavetis P, Sadnicka A. Physiology of dystonia: Human studies. Int Rev Neurobiol. 2023;169:137-162. doi: 10.1016/bs.irn.2023.05.007..
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Re-examining the ‘homunculus’ ...

Sadnicka A, Wiestler T, Butler K, Altenmdller E, Edwards MJ, Ejaz N, Diedrichsen J. Intact finger representation within primary sensorimotor cortex of musician's dystonia. Brain. 2023 Apr
19;146(4):1511-1522.
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Re-examining the ‘homunculus’ ...

Sadnicka A, Wiestler T, Butler K, Altenmuller E, Edwards MJ, Ejaz N, Diedrichsen J. Intact finger representation within primary sensorimotor cortex of musician's dystonia. Brain. 2023 Apr
19;146(4):1511-1522.
Makin T, Krakauer J. Against cortical reorganization (2023) elLife 12:e84716.
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Environment risk factor profile

Sadnicka, A., Kornysheva, K., Rothwell, J. C., & Edwards, M. J. (2018). A unifying motor control framework for task-specific dystonia. Nature Reviews Neurology, 14(2), 116-124.
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Skill learning in health

Adapted from Diedrichsen, J. Kornysheva K. Motor skill learning between selection and execution. Trends Cogn. Sci. 19, 227-233 (2015).



Skill learning in health

Adapted with permission from Sakai, K., Kitaguchi, K. & Hikosaka, O. Chunking during human visuomotor sequence learning. Exp. Brain Res. 152, 229-242 (2003),



Skill learning in health

Kornysheva K, Sierk, A., Diedrichsen, J. Interaction of temporal and ordinal representations in movement sequences. J Neurophysiol. 109, 1416-1424 (2013).
Kornysheva K. Diedrichsen, J. Human premotor areas parse sequences into their spatial and temporal features. elife. 3 e03043 (2014).
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Environment risk factor profile

Sadnicka, A., Kornysheva, K., Rothwell, J. C., & Edwards, M. J. (2018). A unifying motor control framework for task-specific dystonia. Nature Reviews Neurology, 14(2), 116-124.



Repetitive practice

Limitations of neural network supporting skill likely to
be contributory factor

» Repetitive practice leads to progressively longer
motor chunks

e Performance gains become increasingly contextual
and tied to individual task with poor transfer to
other tasks noted

Ramkuma, P et al., Chunking as the result of an efficiency computational trade-off. Nat Commun. 7, 12176 (2016)
Wau et al., Learning to combine high variability with high precision: lack of transfer to a different task. J. Mot. Behav. 47. 153-165 (2015)



Overtrained skills

Sadnicka A, Kornysheva K, Rothwell JC, Edwards M. A unifying motor control framework for task-specific dystonia. Nat Rev Neurol. 2018 Feb;14(2):116.


https://www.ncbi.nlm.nih.gov/pubmed/29104291

Onset often marked by unresolved mismatch between capacity of motor system and task requirements
Capacity : limits of the neural control network and the periphery

Requirement : exact movement required of the body to achieve desired movement goals

Leijnse, J.N., Hallet, M. & Sonneveld, G.J. A multifactorial conceptual model of peripheral neuromusculoskeletal predisposing factors in task-specific focal hand dystonia in musicians: etiological and therapeutic
implications. Biol. Cybern. 109, 109-123 (2015).



lll-equipped corrective mechanisms

Sadnicka A, Kornysheva K, Rothwell JC, Edwards M. A unifying motor control framework for task-specific dystonia. Nat Rev Neurol. 2018 Feb;14(2):116.


https://www.ncbi.nlm.nih.gov/pubmed/29104291

‘Where’ is the neural representation then?

Sadnicka A, Wiestler T, Butler K, Altenmdller E, Edwards MJ, Ejaz N, Diedrichsen J. Intact finger representation within primary sensorimotor cortex of musician's dystonia. Brain. 2023 Apr
19;146(4):1511-1522.
Makin T, Krakauer J. Against cortical reorganization (2023) eLife 12:e84716.



‘Where’ is the neural representation then?

traditional distorted somatotopy model
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Sadnicka A, Wiestler T, Butler K, Altenmdller E, Edwards MJ, Ejaz N, Diedrichsen J. Intact finger representation within primary sensorimotor cortex of musician's dystonia. Brain. 2023 Apr
19;146(4):1511-1522.



Patient #4

A 52-year-old right-handed Caucasian man presented with an eight year history of trouble
writing. He was an accountant and cartographer for the National Guard. He participated in
daily drills where he had to make a dot on a map and circle the dot and then write a couple
of words where bombing practice was to occur. Although these were just practice drills, they
were very tense situations. He started having difficulty making the dot. He would try to make
a dot but could not place the pen on the map. His superiors told him the problem was stress-
related. He soon developed difficulty writing words. He then sought the help of physicians,
psychiatrists, and orthopedic surgeons without any answers. He was also a banjo player and
subsequently noticed that his fingers would curl while playing. He was diagnosed with FHD

about 11 years after onset.



Choking under pressure

Smoulder AL, Marino PJ, Oby ER, Snyder SE, Miyata H, Pavlovsky NP, Bishop WE, Yu BM, Chase SM, Batista AP. A neural basis of choking under pressure. Neuron. 2024 Oct
23;112(20):3424-3433.e8. doi: 10.1016/j.neuron.2024.08.012. Epub 2024 Sep 12. PMID: 39270654; PMCID: PMC11791831.
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Reset plasticity?

Cerebellar Stimulation Fails to

Modulate Motor Cortex Plasticity
in Writing Dystonia

Anna Sadnicka, MD,"* Masashi Hamada, MD, PhD,"**
Kailash P. Bhatia, MD, FRCP,? John C. Rothwell, PhD?
and Mark J. Edwards, MD, PhD*

'Shared first authorship; “Sobell Department of Motor Neuroscience
and Movement Disorders, University College London, London,
United Kingdom, “Department of Neurofogy, Graduate Schoal of
Medicine, The University of Tokyo, Tokyo, Japan



Re-train digit representations?

Passive finger lift
S1 (right hand)

multidimensional scaling
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Butler K, Sadnicka A, Freeman J, et al. Sensory—motor rehabilitation therapy for task-specific focal hand dystonia: A feasibility study. Hand Therapy. 2018;23(2):53-63.
doi:10.1177/1758998318764219


https://doi.org/10.1177/1758998318764219

Botulinum toxin injections

David Steven
Simpson Frucht
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Differential learning

Schollhorn

Skill improves not by repeating an “ideal” pattern but by adding structured variability

Learners explore many sensorimotor states rather than converging on one solution

Noise and fluctuations become informational, guiding self-organisation of stable, adaptable control

No explicit corrections, minimal repetition; practice uses continuous perturbations to expand the motor repertoire

Produces robust, flexible, context-resilient skill through exploration rather than prescription






Differential learning

Sadnicka A, Rosset-Llobet J. A motor control model of task-specific dystonia and its rehabilitation. Prog Brain Res. 2019;249:269-283.



Differential learning

Examples of parameters to vary:
Joint combinations, positions, directions
Size of movements
Speed of movements
Place of contact of finger with instrument
Amount of pressure applied by fingers

Accentuations of notes

Sadnicka A, Rosset-Llobet J. A motor control model of task-specific dystonia and its rehabilitation. Prog Brain Res. 2019;249:269-283.



differential learning

Sadnicka A, Rosset-Llobet J. A motor control model of task-specific dystonia and its rehabilitation. Prog Brain Res. 2019;249:269-283.



Creating Clinical Tools

Glenn

Kate
Nielsen

Holt

Cameron Moss, gait retraining

Rosset-Llobet J, Fabregas-Molas S. Rehabilitation and Plasticity of Task-Specific Focal Hand Dystonia. Treatment of Dystonia edited by Dressler, Altenmuller, Krauss. Cambridge University Press. 2018.
Sadnicka A, Rosset-Llobet J. A motor control model of task-specific dystonia and its rehabilitation. Prog Brain Res. 2019;249:269-283.



Collaborative Clinical
Academic Networks



Prevention



Summary 1

Skilled movement is a pinnacle of human development, but the demands of mastery come with
vulnerability.

By integrating risk factors with the neuroscience of skill learning, we can build a motor-control
framework that explains how precision fails.

Reintroducing variability through Differential Learning can restore flexibility, stability, and performance.



Summary 2

Rethinking mechanism: Different neurological disorders demand different notions of “mechanism.” Systems-level motor control
models align naturally with modern neuromodulatory interventions.

Measuring real change: Emerging technologies enable naturalistic movement capture, opening the door to quantifying and
understanding with contemporary analytical methods

Axes and units of mechanism in neurorehabilitation: We can finally quantify and unpack complex interventions such as
neurophysiotherapy.

Sadnicka A, Edwards MJ. Between Nothing and Everything: Phenomenology in Movement Disorders. Mov Disord. 2023 Oct;38(10):1767-1773.
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Come and see lab posters!
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