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Luria published two major books on brain 

organization of language and aphasia: 

“Traumatic Aphasia”, initially published in 

Russian in 1947and translated to English in 

1970. 

Almost 30 years later, and towards the end of his 

life he published “Basic Problems of 

Neurolinguistics” (Luria, 1976)
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I shall refer to:

(a) his interpretation of aphasia

(b) Luria’s classification of aphasia

(c) his attempt to establish clinical/anatomical 
correlations using the method of 
superimposing the lesion drawings.

Initial proposal (Luria, 1947/1970)



(a) his interpretation of aphasia

He criticizes both the “localizationist” point of 
view and the “holistic” position

Luria concludes that psychological processes 
are highly differentiated functional systems 

Initial proposal (Luria, 1947/1970)



(a) his interpretation of aphasia

Luria followed the theoretical positions of Lev 

Vygotsky and Peter Anokhin. 

Vygotsky proposed the concept of “psychological system” 

to describe “higher psychological functions” 

Anokhin suggested the concept of “functional system” as a 

model to describe the structure of behavior. 

Initial proposal (Luria, 1947/1970)



(a) his interpretation of aphasia

Luria states that language has a social origin. 

Language appears as a result of the social 

division of work. 

The emergence of language is related with 

important changes in the functional system 

structures of psychological processes. 

Initial proposal (Luria, 1947/1970)



(b) Luria’s classification of aphasia

Language is a complex functional system including different factors. Diverse 

language impairments are associated with left hemisphere lesions: (1) 

disturbances in phonemic discrimination; (2) impairments in verbal-acoustic 

memory; (3) difficulties in understanding of quasi-spatial relations and word-

retrieval (semantic associations);(4) disturbances in articuleme selection; (5) 

speech kinetic apraxia and agrammatism; (6) adynamia of verbal processes. 

Initial proposal (Luria, 1947/1970)



(b) Luria’s classification of aphasia

Initial proposal (Luria, 1947/1970)
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Figure 1. According to Luria, language is a complex functional system including 

different factors. Diverse language impairments are associated with left 
hemisphere lesions: (1) disturbances in phonemic discrimination; (2) impairments 

in verbal-acoustic memory; (3) difficulties in understanding of quasi-spatial 

relations and word-retrieval (semantic associations);(4) disturbances in articuleme 

selection; (5) speech kinetic apraxia and agrammatism; (6) adynamia of verbal 
processes.   

 

He distinguished six different types of aphasia, three of a sensory/understanding type 

and three of a motor/production type. Each one of these forms of aphasia is related with 

the impairment at a specific level of language functional system (Table 1) 

 

------------------------- -----------------------------------------------------------------------------------------  

Type of aphasia    Impaired factor 

------------------------------------------------------------------------------------------------------------------  

Disorders of language reception 

Sensory (acoustic-gnosic)   Phoneme discrimination 

Acoustic-mnesic    Verbal memory 

Semantic     Semantic-based selection of word 

      Understanding of logic-grammatical  

      Quasi-spatial relations 
----------------------------------- -------------------------------------------------------------------------------  

Disorders of expressive language 

Afferent motor     Articuleme selection 

 

Efferent motor     Kinetic melody of speech    
      Grammatical structure 
 

Dynamic     Verbal planning and initiative 

------------------------------------------------------------------------------------------------------------------  

Table 1. Different types of aphasia distinguished by Luria (1947/1970) and the 

specific level of language processing component (“factor”) that is impaired. 

 



(c) his attempt to establish 
clinical/anatomical correlations using the 
method of superimposing the lesion 
drawings.
Luria used a quite ingenious procedure: considering that his 

patients had in most cases bullet wounds in the brains, to 

determine the site of the bullet entrance to the skull was not 

particularly difficult. 

It was possible to overlap the wound diagrams in a standard 

drawing of the skull –as it will be done several decades later with 

CT scans— (Ardila, Rosselli & Pinzon, 1989; Damasio & Damasio, 1989; Kertesz, 1983).

.
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(c) his attempt to establish 
clinical/anatomical correlation using the 
method of superimposing the lesion 
drawings.
.

.

Initial proposal (Luria, 1947/1970)



Later, with the introduction of computerized 

tomography this procedure was used again
.

.

Initial proposal (Luria, 1947/1970)
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The major differences in aphasia interpretation 

between his original proposals (1947) and his 

final proposals (1976) involved:

(a) A critical analysis to some contemporary

western interpretations of aphasia, basically 

derived from Wernicke’s ideas. 

How was aphasia in the 1970s?

Final proposal (Luria, 1976)



Three major research groups:

A.R. Luria: former Soviet Union 

H. Hecaen: France

N. Geschwind (Boston Group) USA 

Aphasia in the 1970s



Three major research groups:

A.R. Luria former: Soviet Union 
Theoretically-oriented

H. Hecaen: France
Clinically-oriented

N. Geschwind (Boston Group) USA 
Theoretically-oriented

Aphasia in the 1970s



Three major research groups:

N. Geschwind (Boston Group) USA 

Norman Geschwind   Edith Kaplan   Harold Googlass      Frank Benson

“Neo-Wernickean”

Influence in USA and western countries

Aphasia in the 1970s



One major aim of this book was to integrate Luria’s 

and Boston Group’s approaches to aphasia

Much later in 1996



The major differences in aphasia interpretation 

between his original proposals (1947) and his 

final proposals (1976) involved:

(a) A critical analysis to some contemporary 

western interpretations of aphasia, basically 

derived from Wernicke’s (1874) ideas. 

Final proposal (Luria, 1976)



The major differences in aphasia interpretation 

between his original proposals (1947) and his 

final proposals (1976) involved:

(b) Luria seems to suggest that the original 

semantic aphasia is partially separated into two 

different aphasia syndromes. 

Final proposal (Luria, 1976)



The major differences in aphasia interpretation 

between his original proposals (1947) and his 

final proposals (1976) involved:

z (c) A significant emphasis in linguistic issues is 

observed in his last publications.

Final proposal (Luria, 1976)



(a) Aphasia re-analyzed

Half of the Luria’s book (the whole Second Section) is 

devoted to analyze  

conduction aphasia

transcortical motor aphasia

amnesic (nominal) aphasia. 

Final proposal (Luria, 1976)



(b) The fate of semantic aphasia

Semantic aphasia has been kind of neglected and confusing 

aphasia in the western aphasia literature. 

Firstly, it is not included in the Wernicke’s and derived 

classifications of aphasia; it was initially described only in 

1926 by Head. 

During the 21st century apparently only some few cases of 

semantic aphasia, as described by Luria, have been 

published in western literature

Final proposal (Luria, 1976)



(b) The fate of semantic aphasia

Final proposal (Luria, 1976)

However, the name “semantic aphasia” 

has been re-introduced by some 

authors, but not exactly in the same 

way it was used by Head and Luria. 





(c)The linguistic approach

Roman Jakobson published a series of 

papers (1964, 1971) proposing that there are 

two basic linguistic operations: selecting 

(language as paradigm) and sequencing 

(language as syntagm). 

Final proposal (Luria, 1976)

.



(c)The linguistic approach

Luria further developed Jakobson’s ideas in his 

paper ‘‘On the two basic kinds of aphasic 

disturbances’’ (1973). 

Luria emphasized that the selection disorder can be 

observed at different levels of language, 

corresponding to different aphasia subtypes: 

phoneme selection (aphasia acoustic agnosic), 

word selection (aphasia acoustic amnesic), and 

meaning selection (amnesic aphasia). 

Final proposal (Luria, 1976)

.



(c)The linguistic approach

. 

Final proposal (Luria, 1976)

.



(c) The linguistic approach

Syntagmatic disorders

z kinetic motor aphasia 

z dynamic aphasia

z deep brain damage

z agrammatism 

z complex forms of efferent motor aphasia. 

Final proposal (Luria, 1976)

.



(c) The linguistic approach

Paradigmatic disorders

z afferent motor aphasia

z sensory (acoustic-gnosic) aphasia

z acoustic -mnesic aphasia

z paradigmatic disturbances in fronto-temporal 

damage

z semantic aphasia

Final proposal (Luria, 1976)

.
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The fundamental and clinical understanding 

on brain organization of language has 

continued advancing during the last 

decades after Luria’s publications. 

Many of his ideas has been maintained and 

developed; some other proposals have 

been forgotten or remain controversial.

Luria’s fundamental contribution



The idea that the language and in general, 

psychological processes represent brain 

functional systems has been integrated in 

contemporary cognitive neurosciences. 

Today it is considered as a basic idea, not as a 

specific author’s proposal. Contemporary brain 

research has emphasized that cognitive 

processes are supported by brain systems or 

brain circuits. 

Luria’s fundamental contribution



Luria’s fundamental contribution

Bernal et al. Broca’s area language network

Two additional studies have focused in parceling Broca’s

area relating structure to function. The first study utilized

probabilistic tractography and included BA45. Three segregated

areas were identified: BA44, BA45, and deep opercular area

abutting the anterior insula (Anwander et al., 2007); the

second study utilized a method based on patterns of co-

activation on several distinct cognitive tasks. In this work

the authors describe five subdivisions of the Broca’s area,

two posterior areas related to phonology (dorsal) and

rhythmic sequencing (ventral), and three anterior areas

related to working memory, switching control and semantics

(Clos et al., 2013). It is not clear how this parcellation

harmonizes with prior findings describing a dorso-ventral

differentiation of BA44, allocating in the dorsal aspect the

observation-related mirror neuron system (Molnar-Szakacs

et al., 2005).

Our method although new is not completely novel.

Sundermann and Pfleiderer (2012) conducted a study utilizing

the same methodology as our study. These authors, however,

did not target language. Instead, they focused their study in

the “ inferior frontal junction” (an area encompassing inferior

frontal gyrus, caudal aspect of the middle frontal gyrus, and

anterior insula), and its role in cognitive control. They applied

meta-analytical connectivity modeling (MACM) based on

the ALE method. As we did in our approach, they did their

analysis aggregating all articles in which the left or right

inferior frontal gyri were reported as activated. Like us they

also made the area of activation the independent variable with

no specific assumptions regarding functional specialization

of the target area. All the co-activation areas were thought

to be connected with the core area (selection criteria for the

MACM).

The importance of characterizing the language network

of BA44 lies in the aforementioned fact of multimodality

involvement of this area across different domains in cognition.

Broca’s area as the core of expressive language, seems to have

other many functions. In addition to the functions already

mentioned, BA44 appears involved in verbal working memory

tasks (Rämä et al., 2001; Sun et al., 2005), particularly memory

of syntactic type (Fiebach et al., 2005; Wang et al., 2008); mirror

neuron system (Manthey et al., 2003; Lawrenceet al., 2006; Lotze

et al., 2006); motor programing (Amunts et al., 2004); tactile

imagery (Yoo et al., 2003); arithmetic processing (Rickard et al.,

2000); and even music enjoyment (Koelsch et al., 2006). This

multifunctionality of Broca’s area may be explained in part by

theanatomical subdivision described before, but still specificsub-

areas should connect in a specific manner producing distinct

task-related network configurations.

Broca’ssub-anatomical differentiation hypothesisissupported

by a recent histological autoradiography study demonstrating

different populations of cell receptors (Amunts et al., 2010). The

main assumption in this work is that the differentiation in cell

receptor segmentsalso the function. Therearesix receptor types

parcelingBroca’sin a(1) ventral precentral transitional cortex, (2)

dorsal BA44, (3) ventral BA44, (4) anterior BA45, (5) posterior

BA45, and (6) middlefrontal gyrusfrontal operculum. Of note is

thebroader meaning of Broca’sareain thiswork, including BA45

or par triangularisof the IFG.

FIGURE 1 | Functional connectivity map of BA44 by Meta-analytic

connect ivity modeling. (Left) Transversal descending cuts of the brain MRI

template. Left hemisphere appears on the right side (Radiological convention).

Clusters of activation are color coded for statistical significance from dark blue

(lowest) to red (highest). Cluster numbers of the automatic activation likelihood

estimate (ALE) report are associated with the main clusters of image. Arrows

point approximately to their isocenters. Within the yellow oval, cluster 7

corresponds to the left thalamus, with medial localization, and cluster 8,

lenticular nucleus, with lateral and rostral position. The cerebellar activation

shown in the middle inset of the lower row is part of cluster 5. It is most likely

explained by the smoothing effect of the adjacent activation of the left fusiform

gyrus. (Right) 3D volumetric rendition of the brain showing activation on the left

hemisphere surface. Red color zone identifies BA44. Deep and midline

activations are not shown.
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Broca’s area network in language
function: a pooling-data connectivity
study

Byron Bernal1*, Alfredo Ardila2 and Monica Rosselli3

1 Brain Institute – Department of Radiology, fMRI and Neuroconnectivity, Miami, FL, USA, 2 Department of Communication

Sciences and Disorders, Florida International University, Miami, FL, USA, 3 Neuropsychology, Florida Atlantic University,

Davie, FL, USA

Background and Objective: Modern neuroimaging developments have demonstrated

that cognitive functions correlate with brain networks rather than specific areas. The

purpose of this paper was to analyze the connectivity of Broca’s area based on language

tasks.

Methods: A connectivity modeling study was performed by pooling data of Broca’s

activation in language tasks. Fifty-seven papers that included 883 subjects in 84

experiments were analyzed. Analysis of Likelihood Estimates of pooled data was utilized

to generate the map; thresholds at p < 0.01 were corrected for multiple comparisons

and false discovery rate. Resulting images were co-registered into MNI standard space.

Results: A network consisting of 16 clusters of activation was obtained. Main clusters

were located in the frontal operculum, left posterior temporal region, supplementary

motor area, and the parietal lobe. Less common clusters were seen in the sub-cortical

structures including the left thalamus, left putamen, secondary visual areas, and the right

cerebellum.

Conclusion: Broca’s area-44-related networks involved in language processing were

demonstrated utilizing a pooling-data connectivity study. Significance, interpretation,

and limitations of the results are discussed.

Keywords: BA44, Broca, fMRI, connectivity, language, functional connectivity, ALE, MACM

Introduction

One way to describe functional cortical organization is through maps that parcel the entire

cortex into small regions, each one having specific brain functions. The most popular map was

first described by Brodmann (1909) who subdivided the cortex of each hemisphere into 52

areas. These areas are segmented on the basis of histological differences, and do not have any

concordance with the anatomical sub-divisions of the brain into lobesand gyri. Brodmann’sarea

44 (BA44) is one of the few functional areas that has a precise correspondence with one of the

anatomical subdivisions of the cortex. Indeed, BA44 is contained and limited by pars opercularis

of the left inferior frontal gyrus, the core of the expressive language function described by Broca

(1861).

Brodmann’sarea44isinvolved in verbal fluency, phonological processing, grammar processing,

attention in speech, sentence comprehension (e.g., Benson and Ardila, 1996; Kang et al., 1999;

Frontiers in Psychology | www.frontiersin.org 1 May 2015 | Volume 6 | Article 687



Some Luria’s interpretations in aphasia have 

been clearly supported in contemporary 

research. 

For instance, his point of view that language 

understanding defects in cases of left temporal 

damage are due to phoneme discrimination 

disturbances, verbal memory defects, and 

impairments in semantic associations 

represents today kind of basic knowledge in 

aphasia 

Luria’s fundamental contribution



By the same token, his interpretation of dynamic 

aphasia as a disturbance in planning expressive 

language, and hence, close to a prefrontal 

(dysexecutive) syndrome affecting the language 

activity has been supported by different authors (e.g., 

Alexander, 2006). 

Luria’s fundamental contribution



.

On the other hand, his interpretation of other 

aphasia syndromes remain polemic; for instance, 

should the language defects observed in cases 

of left parietal damage be interpreted as a 

segmentary Ideomotor apraxia or a 

disconnection syndrome? is a question that 

remains controversial. 

Similarly, a clear definition of semantic aphasia is 

required in the area. 

Luria’s fundamental contribution



An attempt to advance Luria’s classification of 

aphasia was presented by Ardila (2010) using as 

well the distinction between paradigmatic and 

syntagmatic language disturbances (posterior 

lexical/semantic disturbances; and anterior 

syntagmatic defects), and suggesting that certain 

forms of aphasia indeed do not represent primary 

language disturbances. 

.

Luria’s fundamental contribution
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Thank you very much for your attention

Большое спасибо за внимание


