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LANGUAGE

• A human-specific cognitive capacity

« What is human in humans is syntactic recursion, (…), that is language »   

(Chomsky, 1975)

• An innate capacity

Poverty of the stimulus argument: children do not only learn language from their 

environment, but are innately programmed with language-specific 

processes/computations   (Chomsky, Fodor, …)

• Language - a cognitive module: unconscious 

computations acting on mental representations

(rules and words)
Jerry Fodor (1981; 1983). Representations: Philosophical Essays on the Foundations of 

Cognitive Science. Cambridge Mass: MIT Press.



Language - structure and anatomy

Broca’s area

Wernicke’s area

19th centuryLichtheim (1884)



Language - structure and anatomy
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DRoutier et al., 2018, Front Neurol

Lehéricy et al., 2004; Ann Neurol Catani et al., 2012, Cortex
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Adapted from Indefrey & Levelt, 2004, Cognition



Motor Systems

(motor cortex -> 

nerfs/muscles) 

Linguistic Computations

Executive functions

Focalizing attention

Speech

- Programming

articulation gestures

- Articulation

LANGUAGE – ‘language performance’



CRMR ‘Narcolepsies 
et hypersomnies 
rares’

CRMR ‘Syndrome 
Gilles de la Tourette’
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‘Primary Progressive aphasia’ AND ‘language’ or ‘speech’ > 2000 articles

‘Frontotemporal dementia’ AND ‘language’ or ‘speech’ > 1700 articles 

‘Progressive supranuclear palsy’ AND ‘language’ or ‘speech’ > 500 articles 

‘Corticobasal syndrome’ AND ‘language’ or ‘speech’ > 150 articles 

‘Huntington’s disease AND ‘language’ or ‘speech’ > 600 articles

‘Alzheimer’s disease’ AND ‘language’ ≈ 7200 articles

‘Gilles de la Tourette syndrome’ AND ‘language’ or ‘speech’ ≈ 200 articles

Exploring language with patients – using language
models to understand patients

DD
*

V

Frontal-Temporal lobar degenerations (FTLD) ≈ 5000 articles 



A major lesion model of language structure and anatomy:                 

Primary Progressive Aphasias

The PPA lesion model is less heterogeneous

than vascular/stroke models. It covers the 

entire brain-language network, including the 

Anterior Temporal Lobes (ATL)                          

(usually not affected by stroke, artefacts on fMRI)

First descriptions

‘Birth’ of Primary Progressive Aphasias

The concept of ‘Semantic Dementia’

ATL

postrior-
inferior pFC TPJ

C

Semantic hub

Lambon Ralph et al. , 2017     

Nature Reviews Neuroscience



Language Phenomenology of PPA variants

nonfluent/agrammatic variant

hypofluent

Phonemic paraphasias

Agrammatism

 Comprehension of complex

sentences

Apraxia of speech

Weintraub et al, 1990 ; Grossman et al., 1996 ; 

Kertesz et al., 2003; Thompson et al., 1997

Breakdown of combinatory computations 

(phonology/syntax)                                  

Impaired programming of articulation 

gestures

Logopenic variant

fluent with pauses

 word-finding

Verbal Paraphasias

 Comprehension/repetition of 

long sentences

Gorno-Tempini et al., 2004; 2008; 2011 

- Lexical breakdown                                             

- breakdown of verbal short-term memory

Semantic variant / Semantic Dementia

fluent 

Semantic paraph asias

 word-finding

 Single-word comprehension

Grossman et al., 1996 ; Woollams et al., 2008; Hodges

& Patterson, 2007

Breakdown of the 

semantic hub



Indefrey & Levelt, 2004

PPA - anatomy

Gorno-Tempini et al., 2004

NFPA = APP nonfluent/agrammatic (N=11)                               

SD = semantic dementia / semantic PPA (N=10)    

LPA = logopenic PPA (N=10)



Neary et al., 1998

.

Fronto-temporal Dementia
(behavioural variant FTLD)

Breakdown of executive functioning 
(behavioural and cognitive)

- Inertia (behaviour/language)
- Breakdown of excutive-controlled 
research mechanisms in the 
lexical/semantic systems

Adynamic aphasia



Progressive supranuclear palsy (PSP) and Cortico-basal Degeneration (CBD)

Armstrong et al., 2013    

Breakdown of executive functionning
- Inertia (behaviour/language)
- Breakdown of controlled research me      

+  genuine language disorders
phonological and/or syntactic disorders, apraxia
of speech (≈ nonfluent/agrammatic PPA)

Adynamic aphasia

PSP DCB
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Huntington – Lesion Model

of the striatum

Parallel and segregated organisation frontal-striatal circuits  

(Alexander et al., 1968)

Lehéricy et al., 2004

Huntington’s Disease:                                                               
Basal ganglia / striatum AND Language



v

Jacquemot & Bachoud-Lévi, 
2021

Temporal 
cortex

Frontal-striatal 
circuitry

Lexicon Rule computation 
(syntax)

Ullman, 2001

Impaired language processing
Impaired executive capacities

impacting on language



Language disorders are present in various 

neurodegenerative diseases

They represent major diagnostic and follow-up markers, 

and endpoints in therapy trials, and they should be 

therapy targets in such trials



Secondary aphasia syndroms

with underlying AD

Alzheimer’s Disease             
and its variants

Primary aphasia syndroms with

possible underlying AD



Secondary aphasias in AD

Typical amnestic AD: lexical + semantic disorders
(Schnyder et al., 1999; Perri et al., 2011)

Visual Variant / PCA: logopenic profile                  
(Crutch et al., 2013)

Frontal variant: adynamic aphasia

Primary aphasias (‘language variants of AD’)



~10 % 

without

effects

~40 % 
improvement

maintained for > 
1 month

heterogenous

results

Therapy using non-invasive brain stimulation (NIBS) ?



tDCS in the semantic variant of PPA

- double-blind, sham-controlled design 

- single-shots (single sessions) tDCS - crossover procedure 

..(left excitatory-anodal, right inhibitory-cathodal, sham)  

inter-hemispheric rivalry

sv-PPA

Anterior temporal lobes

MNI coordinates

Left (x=-52, y=2, z=-28)

Right (x=53, y=4, y=-32)



a) radial electric field 

b) current density magnitude

c) hypometabolic regions in the 12 semantic PPA patients

Teichman
n et al., 
2016

Stimulation trans-crânienne (tDCS) dans l’APP sémantique (N = 12)Semantic Dementia study (N=12)
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N = 15 N = 12

Semantic matching

task

Dimensions

verbal / non-verbal [pictures]

‘living’ / ‘non-living’



verbal modality

t-DCS effects - gain of function

‘living’ category

‘verbal’ x ‘living’



verbal modality

t-DCS effects - gain of function

‘living’ category

‘verbal’ x ‘living’

→ intra-semantic effects

→ validation studies needed with larger patient cohorts using

…..multi-day tDCS regimes (     brain plasticity – therapy effects) 


