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THE BASAL GANGLIA SYSTEM 

• caudate nucleus

• external pallidum

Subthalamic nucleus

Substantia nigra :
• pars reticulata 
• pars compacta

• putamen

• internal pallidum

Noyau
lenticulaire

Striatum

Globus pallidus :

The basal ganglia in monkeys



3

The basal ganglia in humans

The basal ganglia
The direct pathway
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The basal ganglia
The indirect pathway

The basal ganglia
The dopaminergic control

Global functioning level
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Smith et Bolam 1990

Reinforced learning

1 – The dual-circuit model

2 – The triple-circuits model

1 – THE BOX AND ARROWS MODELS

THE BASAL GANGLIA SYSTEM  
(Yelnik, Rev. Neurol., 2008)

1 – The three functional territories

2 – THE INSIDE OF THE BOXES

2 – The integrative properties of the basal ganglia
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1 – The dual-circuit model 

2 – The triple-circuits model

1 – THE BOX AND ARROWS MODELS

THE BASAL GANGLIA SYSTEM 

1 – The three functional territories

2 – THE INSIDE OF THE BOXES

2 – The integrative properties of the basal ganglia

Functioning in the normal state
Albin et al., 1990
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Functioning in the normal state
Albin et al., 1990

CEREBRAL CORTEX

GPe

STRIATUM 
D2                          D1

STN SNc

Thal

Gpi/SNr

Functioning in the
Parkinsonian state

CEREBRAL CORTEX

GPe

STRIATUM 
D2                          D1

STN SNc

Thal

Gpi/SNr

1 – The dual-circuit model

2 – The triple-circuits model

1 – THE BOX AND ARROWS MODELS

THE BASAL GANGLIA SYSTEM 

1 – The three functional territories

2 – THE INSIDE OF THE BOXES

2 – The integrative properties of the basal ganglia
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The hyperdirect pathway

The triple circuit: a spatial model (Mink, 1996)
Focused selection of action and inhibition of competing 
programs
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Desired planed 
Program

Competing 
Program

Cerebral cortex

ST

GPi

TH-CX

Activation

Inhibition

STN

= =
Slow focalised Rapid divergent
inhibition excitation

CX-STN
Frontal CX
Excitatory 
Rapid
Divergent

CX-ST
All CX
Inhibitory
Slow (powerful)
Focal

In the GPi : Focal Inhibition and lateral activation

In the TH-CX : focal facilitation and lateral inhibition

The triple circuit : a sequential temporal model (Nambu 2002)
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Hyperdirect pathway = Inhibition of competing programs
Direct pathway = Execution of desired program
Indirect pathway = End of execution

The Go NoGo model
Michael Frank
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Hyperdirect pathway = 
initial NoGo ‘Hold your 
horses’ preventing 
impulsive response

Direct pathway = Go 
unit = selection of 
selected action

1 – The dual-circuit model

2 – The triple-circuits model

1 – THE BOX AND ARROWS MODELS

THE BASAL GANGLIA SYSTEM 

1 – The three functional territories

2 – THE INSIDE OF THE BOXES

2 – The integrative properties of the basal ganglia
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SENSORIMOTOR
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Sensorimotor :
MOTRICITY

Associative :
COGNITION

Limbic :
MOTIVATION/EMOTION
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Grabli et al., Brain, 2004

Abnormal Movements
Hyperactivity

Stereotypies

1 – The dual-circuit model

2 – The triple-circuits model

3 – The five-circuits model

1 – THE BOX AND ARROWS MODELS

THE BASAL GANGLIA SYSTEM 

1 – The three functional territories

2 – THE INSIDE OF THE BOXES

2 – The integrative properties of the basal ganglia
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Integrative role of the STN

Mallet et al., PNAS, 2007

Then ?….

What the basal ganglia have to do with speech ?

What do the basal ganglia do ?
- Dopamine reinforced learning of behavioral sequences
- Automatic execution of learnt sequences
- Action selection

Which is typically what occurs in speech production

3 – THE BASAL GANGLIA SYSTEM 
AND SPEECH CONTROL
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Speech productionis a behavioral activity that includes:
- A motor content= motricity of the larynx, tongue, 

facial muscles etc…leading to articulation, phonation, verbal 
expression

- A cognitive content= the semantic significance of 
speech

- An emotional content= positive or negative 
emotions that are associated and can be expressed with 
speech

The BG system is specifically involved in the automatic 
processing of these three components

Stuttering

The Go NoGo processing could explain the pathophysiology
of stuttering by a deficiency of the Go signal (Per Alm, The 
Stuttering foundation)

But also:
Exaggerated impulsivity and emotion… A role for the STN ?....
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