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Abstract

Int roduct ion: The descript ion of bilingual aphasic pat ients goes back to the 19th century. 
Since then, the study of the relat ionship between bilingualism and the brain has 
quest ioned whether the neuroanatomical representat ion of two languages in the same 
brain is similar or dif ferent . The answer to this quest ion has generated erroneous 
interpretat ions based on the results of the invest igat ions carried out  on this topic.
Development : The present  paper will t ry to dist inguish between myth and realit y of the 
following statements: a) the neuroanatomical organizat ion of language in bilinguals is 
dif ferent  from that  of monolinguals, and b) language is less lateralized in bilingual 
speakers.
Result s: There is no reason to believe in the existence of qualitat ive dif ferences in the 
cerebral organizat ion of language between bilinguals and monolinguals. It  is most  likely 
that  two languages are represented as dif ferent  microanatomical subsystems in the same 
cerebral regions.
Conclusions: The dif ferences are quant itat ive rather than qualitat ive, that  is, the degree 
of part icipat ion of the dif ferent  neurofunct ional mechanisms involved in the use of 
language, such as metalinguist ic knowledge and implicit  l inguist ic competence.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Bilingüismo y cerebro: mito y realidad

Resumen

Int roducción: La descripción de pacientes bilingües con afasia se remonta al siglo XIX.  
Desde entonces, el estudio de la relación bilingüismo-cerebro se ha preguntado si la re-
presentación neuroanatómica de las lenguas que habla una misma persona es similar o 
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Introduction

Speaking two or more languages is a common feature for 
millions of people throughout  the world.1,2 Bilingualism is an 
ext remely common phenomenon today and has been in 
existence since humanity developed a spoken language.3 
Despite these facts, bilingualism is a topic that  st il l 
generates signiicant debate about the way in which two or 
more languages are represented in the brain. The aim of 
this study is to dist inguish between myth and realit y in the 
relat ionship between bilingualism and the brain. However, 
before moving on to the cent ral topic of this work, we will 
briely summarise the historical background of the study 
with aphasic bilingual pat ients.

Bilingualism and Aphasia: Historical 
Background

In 1895, Jean-Albert  Pit res published Ét ude sur l ’ aphasie 
chez les polyglot t es (St udy of  Aphasia in Polyglot s),  the 
irst monographic work ever written on the alteration of 
language in bilingual and polyglot  aphasic pat ients.4 In his 
study, Pit res reviewed the literature published so far on the 
subj ect  and described 7 of his own clinical cases. He 
identiied 3 patterns of language following a brain lesion: 1) 
both languages are recovered simultaneously at  the same 
rate, 2) one language is never recovered, and 3) the second 
language begins to recover only once the irst one has been 
recovered. At  present , these pat terns are known, 
respect ively, as parallel,  select ive and successive. Based on 
the language recovery pat terns described, Pit res concluded 
that the language recovered irst was the one the patient 
used more often before the lesion, regardless of whether or 
not  it  was the pat ient ’s mother tongue (this has come to be 
known as Pit res’  law). The studies published by Paradis5,6 on 
aphasia cases in bilinguals increase the number of ways in 
which a language can recover after brain inj ury. Other 
alterat ions described in these pat ients are errors associated 
with the mechanism that  allows a person to choose which 

language to use (code switching and code mixing), as well 
as disorders affect ing the abilit y to t ranslate from one 
language to another.7 These are presented in table 1.

Many factors have been suggested as the causes of non-
parallel recovery pat terns, including the following: the 
order of acquisit ion of the languages,8 the frequency of use 
before the inj ury,4 inj ury locat ion and severity9 the 
emot ional bond established with each language,10 the type 
of bilingualism,11 the level of knowledge of each language12 
and the st ructural distance between the languages spoken.13 
The problem is that  none of these factors on their own can 
account  for all the cases reported to date, or even the 
maj ority of them. Therefore, what  makes one language 
recover faster or in a dif ferent  way to another? This is where 
the legend begins.

Myth 1. The Brains of Bilinguals Are Different 
From the Brains of Monolinguals

The most  logical explanat ion for the dif ferent  degrees of 
affectat ion of each language following a cerebral lesion is 
that  the languages spoken by one individual are associated 
with dif ferent  cort ical areas. It  is a myth, therefore, to 
think that  the cerebral representat ion of language in 
bilinguals is dif ferent  from that  in monolinguals. The results 
obtained from cort ical elect rical st imulat ion12-14 and the 
reported cases of non-parallel recovery15,16 are interpreted 
as evidence of dif ferent  neuroanatomical st ructures for 
each language within the classic language areas.

In 1978, Oj emann and Whitaker14 used cort ical elect rical 
st imulat ion to study the performance of 2 bilingual pat ients 
in a naming task. The authors found brain areas, always 
within the left  hemisphere (LH), that  affected both 
languages in a similar way (Broca’s area and the inferior 
parietal lobe) when st imulated. They also found regions 
that  affected only one of them (the frontal lobe, Wernicke’s 
area) when st imulated. In both cases, the representat ion of 
the second language (L2) was greater than the irst (L1). 
These authors believed that  even if  two languages share 

lenguaj e;

Lateralización del 

lenguaj e

diferente. La respuesta a esta pregunta ha generado interpretaciones erróneas de los 
resultados obtenidos en las invest igaciones realizadas al respecto.
Mat erial  y mét odos: En el presente t rabaj o, se describirá lo que hay de mito y de reali-
dad en las siguientes airmaciones: a) la organización neuroanatómica del lenguaj e en el 
bilingüe es diferente del monolingüe, y b) la lateralización del lenguaj e en el bilingüe es 
menor.
Result ados: No hay mot ivos para creer que haya diferencias cualitat ivas en la organiza-
ción cerebral del lenguaj e en bilingües y monolingües. Lo más probable es que las len-
guas que habla una misma persona estén representadas como subsistemas microanatómi-
cos dist intos en las mismas regiones cerebrales.
Conclusiones: Las diferencias serían más bien de t ipo cuant itat ivo, es decir,  con relación 
al grado de part icipación de los diferentes mecanismos neurofuncionales implicados en 
el uso del lenguaj e, ent re ellos el conocimiento metalingüíst ico y la competencia lingüís-
t ica implícita.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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speciic cortical areas, the least automated language 
depends on addit ional brain areas around the classic 
language areas. These results can also be interpreted as 
result ing from the degree of knowledge of each language.17 
In other words, the cort ical area that  supports spoken 
language is inversely proport ional to the degree of 
knowledge of each language. Consequent ly, the lesser the 
knowledge of a language, the greater the space it  requires 
in the brain. Later studies have found the same results.12,18 
The results derived from this research have been crit icised 
for the type of language task used during cort ical st imulat ion 
as well as for the drawbacks of the actual technique. 
Although the linguist ic paradigm used (naming obj ects) has 
provided interest ing data, the linguist ic system cannot  be 
reduced to this task alone.19 With regards to the technique 
itself ,20-22 irstly, the spatial deinition of cortical stimulation 
lacks accuracy since it is dificult to stimulate the same 
area at  dif ferent  t imes and in dif ferent  subj ects. Secondly, 
the effects of st imulat ion in the areas where one of the 
languages is supposedly located are not  consistent ; in other 
words, st imulat ion of the same area somet imes had an 
effect  on a language, while other t imes it  did not . But  even 
if  that  were the case, how could the alternat ing, antagonist ic 
recovery pat tern be explained?

Some cases of non-parallel recovery have also been used 
to defend the hypothesis of dif ferent  neuroanatomical 

st ructures for each language. Berthier et  al15 described the 
case of a 25-year-old pat ient  with an arteriovenous 
malformat ion located in the right  hemisphere (RH). For this 
pat ient , Spanish was his mother tongue (L1) and English his 
second language (L2). To assess whether there was a 
dif ferent  lateralisat ion for each language, each cerebral 
hemisphere was anesthet ised using the int racarot id sodium 
amytal test  (Wada test ). The temporary LH inact ivat ion 
init ially caused a general aphasia for both languages. The 
irst language to be recovered after anaesthesia wore off 
was English (L2), followed by Spanish (L1). According to the 
study authors, all the languages of a bilingual subj ect  are 
stored within the left  perisylvian region, and while the L2 
language is represented within the sylvian issure, the L1 
language is represented in more distal perisylvian areas. 
This dist inct ion is based on the pat tern followed by amytal 
when leaving the cerebral bloodstream; irst the sylvian 
issure and then the surrounding regions. However, these 
indings have also been questioned. According to Paradis,23 
rather than support ing the hypothesis of a dif ferent  cort ical 
representat ion for each language, the results show the 
exact  opposite. The study authors at t ributed the dif ferences 
observed to the degree of automat isat ion of each language; 
that  is, the less automated a language is, the larger the 
brain surface needed for it s representat ion. In that  case, 
why is it  that  the language that  the pat ient  used the least  

Table 1 Recovery pat terns of language and related disorders *

Language recovery pat t erns
Parallel recovery pat tern: two or more languages are equally affected and recovery occurs at  the same t ime

Non-parallel recovery pat tern: each language recovery occurs separately

Different ial:  involvement  of each language dif fers in degree

Successive: one language does not  begin to recover unt il the other is relat ively restored

Select ive: the pat ient  does not  recover the use of one or more of the languages spoken

Antagonist ic: the two languages are not  available simultaneously, that  is, only one language is available at  the beginning 

and, as the second improves, the irst worsens
Alternat ing antagonist ic: during alternat ing periods, the pat ient  has access to one of the languages spoken

Different ial aphasia: each language presents features that  correspond to dif ferent  types of aphasia. This is a cont roversial 

recovery pat tern, since the dif ference is not  in the nature of aphasic symptoms presented by each language, but  in the 

degree of involvement  of each of them.6

Select ive aphasia: involvement  of one of the languages, while the other remains relat ively preserved

Disorders relat ed t o t he use of  a given language at  wil l
Pathological code-mixing: improper combinat ion of elements from two or more languages in the same word or sentence. 

This interaction can occur in one or more linguistic ields (phonological, morphological, lexical, syntactic, semantic). An 
example would be the formation of words using the lexical rules of another language (lexeme in one language and sufix in 
the other). The result  can lead to a mixture of incomprehensible words and expressions

Pathological alternat ion of codes

Pathological ixation on one of the languages that prevents the switch from one language to another
Uncont rollably and frequent ly alternat ing complete sentences in two or more languages when speaking

Disorders associat ed wit h t he abil i t y t o t ranslat e f rom one language t o anot her
Inability to translate in any direction of translation, that is, from the irst language to the second and vice versa
Spontaneous t ranslat ion. Compulsive need to t ranslate everything said or told (regardless of the language of the 

interlocutor)

Translat ion without  understanding. Pat ients do not  understand verbal commands, but  can t ranslate to another language

Paradoxical t ranslat ion. Abilit y to t ranslate into a language that  is inaccessible for spontaneous use, accompanied by an 

inabilit y to t ranslate the language that  can be used at  that  t ime

* The dif ferent  pat terns of language recovery, code-switching/ mixing and t ranslat ion disorders are not  mutually exclusive, as they 

can be combined and/ or follow each other in t ime.
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(English) was dependent  on the cent ral region of the sylvian 
issure and not on the peripheral structures?

In 1995, Gómez-Tortosa et  al16 presented the case of a 
proicient bilingual woman who, after undergoing an 
operat ion to remove an arteriovenous malformat ion in the 
perisylvian cortex of the LH, showed a selective deicit of 
her mother tongue (Spanish) and not  of her second language 
(English). This pat ient  used most ly her L2 in her daily life. 
According to these authors, the select ive affectat ion of one 
of the languages following surgery shows that  each language 
has a dif ferent  neuroanatomical subst rate within the left  
perisylvian region. Gómez-Tortosa et  al24 later admit ted 
that  the affectat ion of the nat ive language could also be 
explained by the physiological inhibit ion of one of the 
languages, as Paradis had pointed out  in a previous art icle 
in which he discussed the case.21

Funct ional neuroimaging techniques can also be used to 
follow the brain activity of bilinguals. Tables 2 and 3 briely 
describe some of the main studies conducted on healthy 
bilingual cont rols in product ion and verbal comprehension 
tasks, respect ively. The main conclusion drawn from these 
studies is that  the dif ferences in the brain representat ion of 
two languages are minimal when the level of proiciency in 
both languages is high, at  least  on a macroscopic level. 
However, lit t le knowledge or command of a language is 
associated with the act ivat ion of larger brain areas near 
classic language areas. The act ivat ion of addit ional brain 
areas is related to the dif ferent  computat ional demands of 
each language.37,38 These dif ferences are more pronounced 
when the L2 is weak, that  is, in the early stages of acquisit ion 
or when the level of knowledge is low. According to 
Abutalebi,38 the anatomical locat ion of these dif ferences 
may be of two types: 1) increased act ivity in the same 
regions or in areas close to the classic language areas, and 
2) increased act ivity in addit ional brain regions associated 
with execut ive funct ions (e.g., left  prefrontal cortex and 
basal ganglia). These indings are related to Ertl and 
Schafer’s concept of cortical eficiency39:  the greater the 
skill displayed in a speciic cognitive task, the more eficient 
the neural processing; that  is, the smaller the amount  of 
energy required to operate is.

This myth, however, has a second part :  the existence of 
brain areas speciic to bilinguals. In 1925, Pötzl9 described 2 
cases of bilingual aphasics who had t rouble switching from 
one language to another. In both cases, the brain lesion was 
located in the left  supramarginal gyrus. From these data, 
Pötzl suggested that this brain region played a vital role in 
the choice of language to be used. This hypothesis was soon 
disproved in pat ients with lesions of the supramarginal 
gyrus who had no dificulty switching from one language to 
another, and also in other patients who did have dificulty 
switching despite not  having posterior lesions.40 Another 
region in the brain that  has been linked to the neurological 
basis of the switching mechanism is the frontal lobe. As a 
result  of a frontal lesion, one of the cases described by 
Stengel and Zelmanowicz41 not  only had motor aphasia but  
also mixed languages when speaking and doing the applied 
naming task. In 2000, Fabbro et  al42 described the case of a 
pat ient  with a brain tumour located in the white mat ter 
adj acent  to the left  frontal cortex that  later affected the 
anterior cingulate gyrus of the RH. The irst symptom of the 

tumour was a compulsive tendency to switch between the 
two languages spoken (Friulan and Italian), in the absence 
of other aphasic symptoms and with all the other cognit ive 
funct ions that  were assessed remaining intact . Other cases 
present ing pathological switching from one language to 
another have been reported as a result  of t ranscranial 
magnet ic st imulat ion in the dorsolateral prefrontal cortex 
of the LH43 and during elect rocort ical st imulat ion of the left  
inferior frontal gyrus.44 Damage to subcort ical st ructures 
can also lead to dysfunct ion of the mechanisms involved in 
language select ion . For example, after a lesion in LH basal 
ganglia (speciically, capsular-putaminal), patient EM lost 
the abilit y to express himself  in his mother tongue but  could 
st il l do so well in his second language.45,46 However, basal 
ganglia lesions have not  only been associated with a 
pathological ixation on one of the languages, but also with 
uncont rolled switching between them. This was the case 
with pat ient  AH of Abutalebi et  al,  47 who due to a lesion in 
the white mat ter adj acent  to the caudate nucleus, could 
not  maintain a conversat ion in one part icular language, 
even when speciically asked to. Although the patient was 
aware of this problem, she was unable to avoid it .

These indings may also be explained by a dysfunction of 
the dorsolateral prefrontal circuit  described by Cummings.48 
This circuit  is involved in the regulat ion and select ion of 
informat ion to be recovered, as well as in the inhibit ion of 
interferences. In the case of bilingualism, this circuit ,  
especially the caudate head, may be related to the select ion 
and inhibit ion of lexical representat ions of either language 
for their subsequent  use.47 Other neuronal st ructures 
involved in this select ion/ inhibit ion process are the parietal 
cortex (act ivates lexical representat ion of dif ferent  possible 
responses) and the anterior cingulate (detects errors during 
processing of informat ion).49 Both st ructures are involved in 
switching from one task to another.

In reality, we do not know whether there is a speciic 
neuroanatomical or neurofunct ional st ructure that  allows 
bilinguals to tune into one language or another. According to 
Paradis,50 the mechanism for switching from one language to 
another can be either automat ic or deliberate. When it  is 
automat ic, code-switching or code-mixing is related to the 
actual linguist ic system (e.g., the word spoken is that  with a 
lower act ivat ion threshold, and memory is consequent ly not  
subject  to more conscious control). The neuroanatomical 
st ructures involved are the perisylvian cortex, basal ganglia 
and cerebellum. However, a deliberate switch from one 
language to another may depend on the same general 
neuropsychological mechanism of internal choice that  
enables us to speak or remain silent . We would, therefore, 
be talking about  an ability common to all individuals, which 
allows us to react  according to each situat ion. In this case, 
the decision to use a part icular language is related to the 
part icipat ion of at tent ion and execut ive funct ions, regulated 
by the prefrontal cortex and anterior cingulate.

Myth 2. Bilinguals Use Their Right Hemisphere 
More Than Monolinguals 

The irst author to suggest that the languages spoken by the 
same person had dif ferent  lateralisat ions in the brain was 
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Görlitzer von Mundy51 in 1959. This author described the 
case of a pat ient  whose mother tongue was Slovenian. He 
started learning his L2, German, at  the age of 30 when he 
enlisted in the Aust rian infant ry. The pat ient  was ill iterate 
when he j oined the army, but  he learned to read and write 
in German there. At  the age of 94, he suffered a left -
hemisphere st roke and could only speak Slovene (a language 
which he had not  used in decades). According to the author, 
the language that  he had acquired only orally was 
represented in both hemispheres, while the language he 
had learned to speak and write was lateralised in the LH. 
For this reason, the pat ient  described could only speak 
Slovene. In 1978, Albert  and Obler52 returned to this 
hypothesis and, from the bilingual aphasic cases that  had 
been published unt il then, concluded that  cases of non-

parallel recovery could be interpreted as the result  of a 
more symmetrical neuroanatomical representat ion of the 
language between both hemispheres.

In 2007, Hull and Vaid53 conducted a comprehensive 
meta-analysis of the results obtained in healthy bilingual 
subj ects using classic techniques for studying brain 
lateralisat ion: tachistoscopy and dichot ic listening. The 
authors concluded that  in the studies analysed, brain 
lateralisation was strongly inluenced by the age of 
acquisit ion of L2. In bilinguals who had acquired their L2 
before the age of 6, the degree of part icipat ion of both 
hemispheres was much higher; for those who acquired L2 at  
a later age, the dominant  hemisphere for both languages 
was the left  one. Another conclusion reached was that  in 
bilinguals who learned their L2 after the age of 6, LH 

Table 2 Funct ional neuroimaging studies conducted in bilinguals while performing verbal product ion tasks

Study Technique Sample Verbal task Main result

Klein et  al (1995)25 PET 12 late BL: L1 (Eng)/ L2 

(Fr). Acquisit ion of L2: 

from age 5. Command of 

languages: high

Generat ion of words 

(rhymes and synonyms) 

and t ranslat ion of words

Overlapping of brain areas 

act ivated in both languages. 

Greater act ivat ion of left  

putamen during the 

repet it ion of L2 words 

Chee et  al (1999)26 fMRI L1 (Mnd)/ L2 (Eng); 2 

groups: a) 15 subj ects, L2 

acquired before age 6; b) 
9 subj ects, L2 acquired 

from age 12 

Complet ing words with a 

missing part ,  init ial or 

inal

The brain areas act ivated 

were the same despite the 

st ructural dif ference 

between the two languages 

and age of L2 acquisit ion 

Klein et  al (1999)27 PET 7 late BL: L1 (Ch)/ L2 

(Eng). Acquisit ion of L2: 

adolescence

Generat ing verbs and 

repeat ing words

Similar brain act ivity for 

both languages, with no 

dif ferences in the act ivat ion 

of subcort ical st ructures

Hernández et  al (2000)28 fMRI 6 early BL: L1 (Spa)/ L2 

(Eng) Dominant  language: 

English

Denominat ion Similar brain act ivat ion for 

both languages

De Bleser et  al (2003)29 PET 11 late BL: L1 (Du)/ L2 

(Fr). L2 studied for 8 

years, with performance 

between “ good”  and 

“ very good”  in a capacity 

test

Internal generat ion of 

the name of pictures 

presented successively. 

Types of st imulus: 

cognat es a y non-
cognat es b

Few act ivat ion dif ferences 

found between both 

languages, except  for L2 

non-cognates, which 

resulted in increased 

act ivat ion in left  inferior 

frontal area and 

temporoparietal areas 

(associated with an 

increased effort  in the 

recovery of L2 words

Perani et  al (2003)30 fMRI 11 early BL (Cat / Spa) with 

equal command of each 

language and dif ferent  

degree of exposure to 

each (L2 exposure was 

less intense than in BL 

whose L1 was Catalan)

Verbal luency with 
phonet ic pat tern

a) Reduced extent  of brain 

act ivat ion associated with 

the language acquired in the 

irst place, b) less intense 
exposure to L2, greater 

extent  of brain regions 

act ivated in this language

BL: bilinguals; Cat: Catalan; Ch: Chinese; Du: Dutch; Eng: English; fMRI: functional MRI; Fr: French; L1: irst language; L2: second 
language; Mnd: Mandarin; PET: posit ron emission tomography; Spa: Spanish.

a Words with similar form and meaning in both languages.
b Words with the same meaning, but  phonological and orthographic dif ferences.
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involvement  was greater when the subj ect  had less L2 
knowledge. Funct ional neuroimaging studies have also 
found increased act ivat ion of some RH regions during verbal 
comprehension tasks.54,55

But  is it  really t rue that  the degree of RH involvement  in 
bilinguals is greater? Michel Paradis56-60 widely crit icises the 
results of these studies and suggests that  the role of the RH 
is no dif ferent  in monolinguals than in bilinguals. His 
crit icism is directed at  three areas: the inconsistency of the 
results obtained, the role assigned to the RH and the 
conclusions drawn from the results obtained. First ly, the 
results are cont radictory and inconsistent : whereas for one 
same studied variable, one team of researchers inds 
evidence of dif ferent ial lateralisat ion, another team does 
not . Furthermore, the lateralisat ion dif ferences recorded 
so far have been attributed to very speciic subgroups of 
bilinguals in very part icular condit ions (e.g., early or late 
bilinguals, bilinguals with their eyes closed). Not  only is it  
impossible to apply these results to the ent ire bilingual 
populat ion, they cannot  be applied to one subgroup either. 

Consequent ly, if  the experimental paradigm used can be 
considered as a variable that  can account  for the 
cont radictory results, then the validity of these paradigms 
(dichot ic listening, tachistoscopy) should be assessed. The 
authors of these studies, however, explain this inconsistency 
in the results in terms of methodological dif ferences or of 
the nature of the tasks given, and not  of their validity.

Secondly, insofar as RH lesions result  in disorders of 
pragmat ic or communicat ive abilit ies, these do not  necessarily 
have to be different  in bilinguals and monolinguals. Greater 
RH involvement  would not  be related to a different  
lateralisat ion of the language system. Representat ion and 
processing of linguist ic and grammat ical competence cannot  
be forced in the RH if it  does not  naturally belong there 
(except  in the case of an early LH lesion). This is why, 
according to Paradis, greater RH use should not  be interpreted 
as a direct  effect  of bilingualism, but  as the use of 
compensatory st rategies based on pragmat ic t racks when the 
degree of knowledge of one language is lower (a situat ion 
that  occurs when the L2 is learned or acquired).

Table 3 Funct ional neuroimaging studies in bilinguals while performing verbal comprehension tasks

Study Technique Sample Verbal task Main result

Perani et  al (1998)31 PET 2 groups of BL, high 

command of L2: 9 late BL 

(from age 10 years), L1 

(It )/ L2 (Eng); 12 early BL 

(before age 4 years) (Cat /

Spa)

Listening to stories in L1 

and L2

Act ivated areas were the 

same for both L1 and L2. No 

dif ferences with regard to 

age of L2 acquisit ion 

Chee et  al (1999)32 fMRI 9 early BL, high command 

of L2: L1 (Mnd)/ L2 (Eng). 

L2 acquisit ion: before  

age 6 

Comprehension of 

sentences 

Despite the dif ferences 

between studied languages 

(spelling, phonological and 

st ructural),  cerebral 

act ivat ion was similar

Chee et  al (2001)33 fMRI 2 groups: 10 early BL 

(before 5 years), L1 

(Eng)/ L2 (Mnd); 9 late BL 

(after age 12), L1 (Mnd)/

L2 (Eng)

Semant ic j udgement  

(select  the most  similar 

item to the sample 

st imulus)

Less cerebral act ivity in 

prefrontal and parietal 

regions of the dominat ing 

language or L1 of each 

group

Pillai et  al (2003)34 fMRI 8 late BL (from 10 years): 

L1 (Spa)/ L2 (Eng). Average 

knowledge of L2

Semant ic decision 

(associate verb with 

name) and phonological 

(ident ify words which 

rhyme)

Specially for the semant ic 

task, L2 act ivate a greater 

extension of left  prefrontal 

cortex

Tatsuno et  al (2005)35 fMRI L1 (Jap)/ L2 (Eng); 2 

groups: 14 late BL (age, 

13 years), low L2 level;  

15 late BL (age, 19 years), 

high L2 command

Identiication of verbs in 
past  tense

Less act ivity in left  inferior 

frontal gyrus in the group 

with greater L2 dominance 

Yokoama et  al (2006)36 fMRI 36 late BL (from age 8-9 

years), L1 (Jap)/ L2 (Eng)

Processing of sentences 

in passive and act ive 

(decide whether they 

are semant ically correct  

or not )

Similar act ivat ion for both 

languages, except  in the 

processing of complex 

sentences in L2 (act ivat ion 

in addit ional cerebral 

regions)

BL: bilinguals; Cat: Catalan; Eng: English; fMRI: functional MRI; Fr: French; It: Italian; Jap: Japanese; L1: irst language; L2: second 
language; Mnd: Mandarin; PET: posit ron emission tomography; Spa: Spanish.
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Finally, another problem with these studies is the fact  
that inferences are made from indings based on assumptions 
that  we know to be invalid. There is no use explaining the 
cont radict ions found in the various invest igat ions by subt le 
variat ions in the method used, if  the parameter of each 
procedure and the condit ions under which a dif ferent  
language lateralisation occurs are not speciied. It is also 
necessary to j ust ify the reasons why a language variable has 
a dif ferent  cerebral representat ion in bilinguals and 
monolinguals or, in any case, how a procedure that  uses 
st imuli presumably related to LH linguist ic competence 
leads to greater RH use. In addit ion, it  is impossible to 
at t ribute full language lateralisat ion to the RH j ust  from 
the results of a single language task. According to Paradis, 
the results reported so far could be related to other st il l 
undeined aspects or simply to factors unrelated to what is 
being measured. Furthermore, the tasks used do not  serve 
to indicate cerebral lateralisat ion; they instead illust rate 
bet ter hearing in one ear or bet ter vision in one of the visual 
hemiields, respectively.

Paradis57-59 l ikens the search for evidence that  supports a 
greater RH involvement  to the search for the “ Loch Ness 
monster” . As with the mythical monster, dif ferences in 
language lateralisat ion have been observed under certain 
condit ions, but  it  has proved impossible to replicate them 
on many other occasions. Even if  something had been 
observed, it  is possible that  it  had nothing to do with what  
was in fact  being sought . Cont inuing in this line of research 
is believing that  this phenomenon actually exists and that , 
moreover, it  can be proved. However, this is not  the case. 
The fact  that  while some results do support  this hypothesis 
others do not  shows the need to review the validity of the 
paradigms used, and to j ust ify the reasons why each 
procedure produces one result  or another. If  it  were t rue 
that  the RH plays an addit ional role in bilinguals, cases of 
crossed aphasia in these subj ects would be more common 
than in monolinguals, but  clinical61,62 and review63 studies 
suggest  otherwise.

From Myth to Reality…

A neuroanatomical approach is not  enough to explain the 
dif ferent  pat terns of language recovery described. 
Alternat ives to this view are found in the neurophysiological 
approach and the role that  declarat ive and procedural 
memory systems play in language representat ion and 
processing. However, these hypotheses st il l do not  explain 
all the cases of non-parallel recovery.

As early as 1895, Pit res4 believed that  a neurophysiological 
approach should be used to study cerebral language 
organisat ion in bilinguals and polyglots. According to Pit res, 
there were two reasons why the language that  was used 
most before the lesion was the irst to recover: irstly, due 
to st ronger neuronal connect ions, and, secondly, due to the 
temporary inhibit ion of the other language. It  would, 
therefore, be related to the funct ional weakening of one of 
the language systems, rather than to it s physical dest ruct ion. 
This author called this disorder “ inert ia of the cort ical 
language cent res”  and it  is characterised by the temporary 
inhibit ion of the motor or sensory images needed to produce 

or understand words. This funct ional inert ia would have a 
greater impact  on the language with the weakest  neuronal 
associat ions. The arguments support ing this idea were 
based on the fact  that , after some t ime, the language that  
had not  init ially recovered would once again be available. 
Paradis64 took that  idea up again and suggested that  the 
weakening of a linguist ic system cannot  be explained only 
by an increase in the inhibitory processes, it  can also result  
from an increase in the act ivat ion threshold needed for the 
self-act ivat ion of the elements of a language (the threshold 
act ivat ion theory). In aphasic bilinguals, the pathological 
process raises the act ivat ion threshold of one of the 
languages or parts of it  (e.g., items used less frequent ly), 
making it  less accessible for use. This hypothesis is consistent  
with that  of increased inhibitory mechanisms and, in theory, 
explains all the recovery pat terns described in literature. 
Nevertheless, the mechanisms behind the act ivat ion/
deact ivat ion of one language system but  not  of the other 
remain unknown.

According to Paradis,64-66 declarat ive and procedural 
memory systems play a dif ferent  role in language learning, 
representat ion and use. This model argues that  the 
declarat ive memory system is associated with lexicon and 
grammar learning at  school (metalinguist ic knowledge). 
The procedural memory system, however, is needed for the 
automat ic applicat ion of these grammar rules during speech 
(implicit  l inguist ic competence) (table 4). In bilinguals, 
learning and use of L1 grammar depend on procedural 
memory, while memorizat ion and use of vocabulary depend 
on declarat ive memory. With L2, dif ferent  part icipat ion of 
one system or another would depend on the age of 
acquisit ion. While the abilit y to expand vocabulary is not  
lost  over the years, L2 grammar becomes more dependent  
on the declarat ive memory system, since it  must  be 
memorized and applied consciously while talking. That  is, 
the weaker a person’s L2 language skills, the more he/ she 
will depend on metalinguist ic knowledge and on the 
pragmat ic aspects of the language to cont rol producing and 
interpret ing the meaning of a sentence.

From the above and taking into account  that  implicit  
l inguist ic competence and metalinguist ic knowledge are 
independent  systems supported by dif ferent  brain 
st ructures, Paradis makes the following working hypotheses: 
1) lesions in temporary st ructures and LH associat ion areas 
will be linked with greater dificulty using the language that 
is least  used (L2) or was learned at  an adult  age, and 2) 
lesions that  damage LH frontobasal circuits will mainly 
affect  the use of the language that  is used most  or was 
acquired irst (L1) and L2 if the speaker learned it at the 
same t ime as the mother tongue and has a good command 
of it .  For example, in aphasic pat ients, a bet ter performance 
in L2 may be due to the use of a compensatory st rategy 
based on metalinguist ic knowledge of the language. In this 
case, the implicit  l inguist ic competence is affected for both 
languages, but  the metalinguist ic knowledge is available for 
the language that  was learned in a more formal context  or 
at  a lower level.  It  is also important  to dist inguish between 
the spontaneous recovery of a language (disinhibit ion of the 
procedural competence) and the abilit y to cont rol verbal 
product ion through metalinguist ic knowledge (replacement  
of the automat ic use of a language for a more cont rolled 
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use). Reports published in scientiic literature show evidence 
that  supports this dissociat ion. The case described by Ku et  
al67 in 1996 is proof of a worse performance of the second 
language learned, following a left  temporal lesion. In turn, 
lesions in frontal and basal ganglia st ructures have shown 
the cont rary, that  is, greater impairment  of the L1. 45,68

Conclusions

The brain of a bilingual or polyglot  does not  have a separate 
area for each language, nor unique regions. Similarly, the 
cognit ive funct ions t radit ionally associated with each 
cerebral hemisphere are st ill the same for all individuals. 
Believing the contrary would be tantamount  to thinking that  
to learn to type on a keyboard, we would need to grow new 
ingers on our hands. What actually happens is that to learn 
a new task, our exist ing j oints and muscles work together in 
different  ways. Obviously, the more a task is repeated, the 
better the inal execution. Something similar happens in the 
brain when a second language is acquired or learned. In these 
cases, it  is likely that  the languages spoken by one person are 
represented as different  microanatomical subsystems within 
the same cerebral regions.64 These linguist ic subsystems are 
independent  from each other, both in their st ructure and 
funct ion. That  is why, after a brain lesion, they may be 
affected different ly. Paradis64 argues that  there is no reason 
to believe that  there are any qualitat ive differences in the 
processing of two or more languages, either between 
monolinguals and bilinguals, or among different  kinds of 
bilinguals. The differences are more of a quant itat ive nature, 
that  is, with respect  to the degree of use of different  brain 

mechanisms involved in the processing of verbal 
communicat ion (metalinguist ic knowledge, linguist ic and 
pragmat ic competence and mot ivat ion).

Finally, according to Fabbro,7 the relat ionship between 
bilingualism and the brain raises the need to ident ify and 
dist inguish the dif ferent  st ructures involved in the cerebral 
representat ion of language, including biochemical, 
neuroanatomical, neurofunct ional, psychological and 
linguist ic aspects. The representat ion of two or more 
languages in the brain may dif fer in some of these st ructures, 
but  not  in all.  Once we know each of their funct ions, we 
will be in a bet ter posit ion to understand the linguist ic 
problems related to bilinguals and polyglots.69 For this 
reason, an act ivity as complicated as “ language”  cannot  be 
explained solely through a neuroanatomical system.
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