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Movement disorders?

• Ancient greek: dyskinesia

• Dyskinesia:
• Too much movement: hyperkinesia

• Too few movement: hypokinesia



Movement Disorders Phenomenology

“Parkinsonism”

Hypokinetic Hyperkinetic



Too few movement: hypokinesia

• parkinsonism



Too much movement: hyperkinesia

• ataxia
• dystonia
• tremor
• chorea

• ballism
• athetosis

• Myoclonus

• (Tics)
• (Stereotipies)
• (Functional mov disorders)



List of Mov Dis Phenomenologies

Phenomenon Definition

parkinsonism Akinesia +/- rigidity or rest tremor

ataxia Literally “without order”: loss of full control of bodily movements, which 
become clumsy and irregular due to decreased coordination

dystonia sustained muscle contractions, frequently causing twisting and repetitive 
movements or abnormal postures

tremor Rhythmic oscillation around an axis/joint

Chorea (ballism, athetosis)
brief, abrupt, irregular, unpredictable (random), non-stereotyped
movements

Myoclonus Sudden, brief, shock-like involuntary movement caused by muscular 
contraction or inhibition

Myorhythmia (rhythmic 
myoclonus)

Repetitive, semirhythmic, jerky or oscillatory , slow frequency (1-4 Hz) 
rapid movement, at rest and very mildly modulated by actions 

Tics Spontaneous, repetitive, involuntary movements, stereotyped, motor or 
vocal, simple or complex, preceded by a sensation or urge

Stereotipies a non–goal-directed movement pattern that is repeated continuously for a 
period of time in the same form and on multiple occasions, 

Functional Mov Dis abnormal movements incongruent with a known neurologic cause

hypokinetic
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BEHAVIOUR
8

 Range of action made by organisms

 Response of the organism to various stimuli

Internal world

-Homeostasis

-Emotion

-Reward

-Thoughts

External world

-Visual

-Auditory

-Somatosensory

Movement 

planning

-pre-motor 

areas

Movement : 
muscle 

contraction 

-cortico-spinal

-reticulo-spinal

Motor cortex 

M1 Action

Mesial anterior 

areas

-anterior cingulate

-pre-SMA 

Stimuli
?



Prep

Choix
+++++Clic++++++++++
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BEHAVIOUR
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 Range of action made by organisms

 Response of the organism to various stimuli

Internal world

-Homeostasis

-Emotion

-Reward

-Thoughts

External world

-Visual

-Auditory

-Somatosensory

Basal Ganglia

Cerebellum

Movement 

planning

-pre-motor 

areas

Movement : 
muscle 

contraction 

-cortico-spinal

-reticulo-spinal

Motor cortex 

M1 Action

Mesial anterior 

areas

-anterior cingulate

-pre-SMA 

Stimuli
?

-Appropriate selection of 

behavioural fragments

(out of the pool of learned

standard behaviours) :

“which movement to make ?”

Detailed timing and coordination

of the different body parts





Cerebral cortex

+
+

+/- inhibits

Basal ganglia

Thalamus

Motor and non-

motor behaviour

The cortico-BG-thalamo-cortical loop

Striatum

GPiGPe

STN



Striatum 

GPi Thalamus

CORTEX

GPe 

NST 

D1

D2

 tonique
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movement loop (behavioral fragment loop)

Courtesy Dr Matthieu Robitaille - Québec

Direct pathway

Indirect pathway

Hyperdirect pathway
(no dopamine impact)



Direct pathway 

is the 

accelerator

selection of the 

movement

= selection of 

desired 

behavioural 

outputs

Hyperdirect & 

indirect pathways 

are

the brake

inhibition of the 

movement

= inhibition of 

unwanted 

behavioural 

outputs

The car metaphor
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Dopamine : favors movement
17

 1. hyperdirect

 No action of Dopamine

 2. direct

 Dopamine favors the direct pathway, hence favors 
movement

 3. indirect

 Dopamine inhibits the indirect pathway, hence favors 
movement



MPG: Motor pattern generators
18

 Introduction to the concept of “Motor pattern generators”

Example of a learned motor 

pattern

 

Writing using muscles from :

A) The hand, 

B) The forearm, 

C) The arm/shoulder.

Marsden 1982



Selection of a MPG

Ganglions de la base - Cours B2.3-2.3 – 26 Novembre 2020 

19

 Concept of “Multiple parallel-processing sensory, cognitive and affective systems”

 Simultaneously seek access to limited attentional and motor ressources : there is only one
single common effector : an action !

 Need for selection of a MPG !       This is the role of the basal ganglia !!!

Internal world

-Homeostasis

-Emotion

-Reward

--Thoughts

External world

-Visual

-Auditory

-Somatosensory

Movement : 
muscle 

contraction 
Motor cortex M1 Action

Stimuli



Motor circuit Associative circuit Limbic circuit

Rodriguez-Oroz MC et al. Lancet Neurol 2009; 8: 1128–39

Parallel, functionaly segregated BG-thalamo-cortical loops
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Missing slides
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 From «conscious» goal-directed movements to the creation of habits!

 Automatism

◼ Limbic then cognitive then sensori-motor

 Interaction of the different parallel loops

 Via dopamine signaling

 To create the habit



What have I told you ?
22

 Behaviour is the range of actions made in response to various stimuli in a precise 
context

 direct and indirect pathways

 Direct : promoting movement

 Indirect : suppressing undesired motor programs

 Dopamine : modulation of the direct and indirect pathways

 There are many different parallel, functionaly segregated, BG-thalamo-cortical 
loops

 Limbic 

 Associative

 Motor

 These parallel and functionaly segregated loops interact with each others



Conclusion : roles of the BG
23

 The basal ganglia are responsible for the automatic execution of 

learned motor, cognitive and emotional plans

 The BG assist the (pre-frontal) cortex in selecting the most 

appropriate behavioural output (motor, executive, emotional) in a particular 

context

 The “stop” component of their function being as important as the “go” 

component: suppression of unwanted motor/behavioral plans



Today’s
Learning 
Objectives

• Hypokinesia
• Parkinsonism

•Parkinson’s disease
• Atypical parkinsonisms
• Secondary parkinsonisms
• Zebras…



Learning 
Objectives

• Parkinson’s disease
• The syndrome
• Epidemiology
• Etiology
• Pathophysiology

• Substantia nigra compacta - neuronal loss

• Clinical signs & symptoms
• Treatment

• Dopamine & other drugs
• Motor fluctuations
• Advanced therapies 

• Deep brain stimulation (DBS) = stimulation 
cérébrale profonde

• Non-motor symptoms



Parkinsonism

• Association of bradykinesia and
• Rigidity and/or

• Rest tremor

• +/- Postural instability

• Parkinsonism = parkinsonian syndrome
• A syndrome is a set of symptoms and signs

• Syndromes have a DDx (differential diagnosis)



Parkinsonism (PKism) : the “5-2-100 rule”
• DDx: Differential diagnosis

• Parkinson’s disease (PD)
• atypical parkinsonisms

• Multiple System Atrophy MSA
• Progressive Supranuclear Palsy PSP
• Corticobasal Degeneration CBD
• Lewy Body Dementia LBD

• Two main secondary parkinsonisms
• Drug-induced (neuroleptics)
• Vascular parkinsonism

• Zebras… (more than 100, including genetic degenerative & genetic metabolic causes, or 
secondary…)

• A lot of rare diseases, not primarily classified among the parkinsonisms, 
may present with parkinsonism, among other symptoms, e.g.:

• Huntington, Wilson, Brain Iron accumulations, familial brain calcifications, 
some genetic ataxias, metabolic diseases (Niemann-Pick type C), Normal 
pressure Hydrocephalus, toxic causes, infextious causes

Five (main) degenerative 
parkinsonisms

2 thirds of the cases



Atypical Parkinsonian Syndromes 
= “Parkinson-plus”
• Less likely to be levodopa responsive

• Progress faster, more severe, worse prognosis

• Additional clinical features

• Multiple System Atrophy
• Dysautonomia, Ataxia and PKism

• Progressive Supranuclear Palsy
• Supranuclear gaze palsy, falls, axial PKism signs

• Corticobasal Degeneration
• Apraxia, dystonia, unilateral PKism, cortical sensory signs

• Dementia with Lewy Bodies
• Dementia +/- cognitive fluctuations, or PKism, or hallucinations



Multiple System Atrophy

Parkinsonism

Stooped neck early

Autonomic failure

Hypotension

Incontinence

Impotence

Ataxia

Pyramidal involvement

Rather poor med response



Vidéo MSA

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024 31



MSA: colored /discolored hands and feets: 
dysautonomia

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024 32



Brain imaging in MSA
• Parkinson’s disease : fairly 

normal

• Atypical parkinsonisms : 
abnormal

33

MSA: MSA: pontine 
atrophy and putaminal 
T2-hypointensity

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024



Progressive Supranuclear Palsy

Wide open eyes

Neck rigidity

Poor Up & Down gaze

Falls within a year of Dx

Early pharyngeal dysfunction

Dementia early

Very poor med response



Vidéo PSP

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024 35



Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024 36

Vidéo PSP : square wave jerks, supranuclear gaze palsy 
(that gets bnetter after Oculo-cephalic reflex)



Brain imaging in PSP
• Parkinson’s disease : fairly 

normal

• Atypical parkinsonisms : 
abnormal

37

PSP: midbrain atrophy = colibri sign

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024



Vidéo CBD : major dystonia and parkinsonism (unilateral 
at first), ideomotor apraxia

Tremblements et parkinsonismes - Cours B3.4 – 15 mars 2024 38



Anti-vomiting drugs : 
metoclopramide



Neuroleptic-Induced 
Movement Disorders

Oculogyric Crisis Parkinsonism Tardive Dyskinesia

Tardive dystonia



• Bradykinesia, plus
• Rest tremor, 

and/or
• Rigid hypertonia

• Hypomimia (masked facies)

• Micrographia

• Stooped posture

• Diminished arm swing

• Gait difficulty including 
freezing of gait

• Hypophonia (early), 
dysarthria (late)

• Balance isssues & falls

Parkinson Disease – Motor Symptoms



Parkinson’s Disease (PD) - Epidemiology

• Second most common neurodegenerative disease (after 
Alzheimer’s disease)

• More common in men than women

• Worldwide incidence estimates
• 5 to >35 new cases per 100,000 individuals per year

• Rare before 50 years of age
• But exists !!! We follow a dozen of young-onset PD patients in our clinic
• Young-onset PD: almost always genetic PD

• Incidence increases 5-10 fold from the 6th to 9th decades

• Global prevalence 0.3% for all ages
• But >3% in those >80 years of age





PD in Geneva                                                
0.17%



Etiologies in PD

• Multifactorial

• Mysterious

• Genetics:

• Family history increases risk

• 15% have a family history

• 5-10% of cases are 
monogenetic

• >10% are monogenetic if 
’young-onset’ (<45 years)

Lill. Molecular and Cellular Probes 30 (2016) 



Pathophysiology of PD
Substantia nigra





PD = Neurodegenerative 
Disease
• Neuronal loss in the substantia nigra

Pars compacta (dopamine production)

• ⍺-synuclein aggregation forms Lewy 
bodies and lewy neurites

• Extra-nigral brain areas become affected 
over time

Introduction to
non-motor
symptoms





Normal Aging

100 %

0  10  20  30  40  50  60  70  80 90 100

Threshold for 
symptoms 

development

Rate of SN neuron (dopamine neuron) loss 

with aging vs in PD

20-50 %

Parkinson



Nigro-striatal pathway (dopamine!)

From Substantia nigra 
compacta…

…To Striatum



• DaT-scan = Dopamine Transporter ascan = 123I-FP-CIT SPECT

Nigro-striatal denervation ?
Can we see it ?

normal denervation









What does the Patient notice?

Tremor

Unilateral muscle ache

Loss of dexterity

Fatigue

Constipation

Loss of sense of smell

Asked to repeat

Small writing

Excessive salivation



What does the Family notice?

Tremor

Depressed look

Old looking

Quiet voice

Slow gait

Change in writing



What does the MD need for Dx?

Slowness 

and one of:

Tremor at rest   /    Rigidity

Typically starts on one side



Parkinson OFF-med (= no dopamine)



Parkinson’s Disease Treatment



Treatment : only symptomatic ! 
(in 2025 at least…)

= pain killer



Future: disease-modifying treatment

It is still too early to predict what the role of immunotherapies centered on α-synuclein will be in the future, as 
questions regarding efficacy and long-term safety are still open, but at the moment this approach is among the most 
promising ones (Fabbri et al., 2020)



Dopamine binds to 
dopamine receptors

Levodopa is turned into 
dopamine in the brain

Parkinson disease: 
medical treatment





Levodopa Response



But it’s not so easy…
Parkinson’s disease : 3 states 
• OFF-state : 

• = parkinsonian

• ON-state: 
• = normal (thanks to the drug giving extra dopamine)

• Super-ON-state : 
• after a few years into the disease

• involuntary hyperkinetic movements : levodopa-induced dyskinesia



OFF

DYSKINESIES

Disease progression
grey-blue: therapeutic window

Early stage
honeymoon

Mid stage
start of fluctuations

Advanced stage
“ON-OFF”

Alternating OFF-phases and 
hyperkinetic phases

Levodopa intake



© SJ Udow 2018



H3 Tremor vs dyskinesia

l-dopa

Motor fluctuations

Video editing: Christian Lüscher; video footage: Julien Bally



Parkinson ON-med with dyskinesia



Vidéo levodopa-induced chorea



Treatment for PD Motor Fluctuations 

• Increase the number of daily doses & reduce the unitary dose
• “fraction the levodopa intake” !

• Advanced therapies
• Continuous drug delivery

• Apomorphine pump

• Duodopa pump

• Surgical treatment



Advanced therapies !

• Continuous dopaminergic treatment • Deep Brain Stimulation

Duodopa®
Level A

Level A

Apomorphine
Level A



DBS = deep brain stimulation

Prof. Pierre Pollak –DBS pioneer in Grenoble in 1987 Profs A.L. Benabid et P. Pollak, Grenoble
Photo Sept 2020 – Ecublens VD



Striatum 

GPi Thalamus

CORTEX

GPe 

NST 

D1

D2
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What happens in PD? – lack of dopamine
1. No stimulation of direct pathway
2. No inhibition of indirect pathway
3. STN is overactive
4. Net result: no movement

Courtesy Dr Matthieu Robitaille – Québec
Modified by JB

Direct pathway

Indirect pathway

Hyperdirect pathway
(no dopamine impact)
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Deep brain stimulation (DBS)





Placing the stereotactic frame Stereotactic CT Direct targetting

Into the operative room Trephination and stop system Microelectrodes and stereotactic arc

Stimulation and 

clinical testing
Placing the final electrode

Prof. 
Jocelyne 
Bloch



Micro-electrode recording



DBS system in place



Stimulation contacts

Voltage (2.5 – 3.5 V)

Pulse width (60s)

Frequency (130 Hz)

DBS programming



Brain recordings



Streaming

Brain recordings

Marked synchronous activity in the beta range → beta peak



Post-processing



PD patient Post STN-DBS











Poewe et al. Nat Rev Dis Primer, 2017



Poewe et al. Nat Rev Dis Primer, 2017



Non-motor & motor fluctuations









Thank you for your attention !
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