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Incidence and Symptomatology of Vascular
Crossed Aphasia in Bengali

Durjoy Lahiri, MD, DM,* Souvik Dubey, MD, DM,* Vishal M. Sawale, MD, DM,*
Gautam Das, MD, DM,* Biman K. Ray, MD, DM,* Suparna Chatterjee, MD,*

and Alfredo Ardila, PhD†‡

Background: Crossed aphasia (CA) refers to aphasia following a
right-hemispheric lesion in right-handed individuals. It has been
suggested that the prevalence of CA differs with language, al-
though its worldwide incidence, as reported by most studies, is less
than 3%.

Objective: To find the incidence of CA in the Bengali language.

Methods: From 2016 to 2018, in a hospital located in a Bengali-
speaking area of eastern India, 515 cases of first-ever stroke were
documented, out of which 208 patients presented with aphasia
(40.38%) according to their scores on the Bengali version of the
Western Aphasia Battery.

Results: Among the patients with aphasia, 14 (6.73%; 8 men and
6 women) presented with CA. Of these, 10 were diagnosed with
Broca aphasia and four with transcortical motor aphasia. No
patient presented with Wernicke aphasia.

Conclusions: The relatively high incidence of CA in our study
suggests that bi-hemispheric language representation may be
more prevalent in Bengali speakers than in speakers of other
languages. The absence of crossed Wernicke aphasia in our study
participants may represent a left-hemispheric advantage for re-
ceptive language abilities in Bengali speakers. Further studies are
required to clarify whether idiosyncrasies in the Bengali language
may be responsible for the differential brain representation of
language seen in our study participants.

Key Words: crossed aphasia, Bengali, Broca aphasia, transcortical
motor aphasia, vascular

(Cogn Behav Neurol 2019;32:256–267)

BWAB=Bengali version of the Western Aphasia Battery. CA=
crossed aphasia.

The term crossed aphasia (CA) was first used by Bram-
well (1899) to describe an acquired language dysfunction

that manifested secondary to a cerebral lesion that was ip-
silateral to the dominant hand. In subsequent years, im-
proved understanding of the neurobiology of aphasia led to
the definition of CA being modified to an aphasia following
a right-hemispheric lesion in right-handed individuals. Pre-
sumably, the observation that CA in left-handed individuals
is the rule, rather than the exception, was instrumental be-
hind such a revision (Goodglass and Quadfasel, 1954;
Humphrey and Zangwill, 1952).

Studies of patients with brain damage formed the
basis for early research into the relationship between
handedness and language dominance (Alexander and
Annett, 1996), and more recent studies of healthy volun-
teers have improved our understanding of aphasia. The
linear relationship between right language dominance and
left-handedness is applicable to <⅓ of left-handed in-
dividuals, whereas right-handedness is typically associated
with left language dominance (Knecht et al, 2000).
Therefore, left-handed individuals, rather than being
atypical, are now seen to represent a relatively heteroge-
neous group (in terms of language dominance) compared
to right-handed individuals. Thus, right language domi-
nance is less frequent regardless of handedness. However,
right language dominance is seldom observed in right-
handed individuals, making CA in these individuals a rare
phenomenon. As a result, the exact incidence and preva-
lence of CA are difficult to determine, with only very early
studies citing an estimated incidence worldwide of < 3%
(Borod et al, 1985; Carr et al, 1981; Gling et al, 1969;
Hojo, 1999; Kim et al, 2013; Roberts, 1969; Wang, 1996;
Zangwill, 1960).

The prevalence of CA appears to depend on the lan-
guage spoken; for example, speakers of tonal languages are
more likely to experience CA than speakers of nontonal
languages. A particularly high prevalence (15%) of CA has
been reported in the Chinese Han people (Hu et al, 1990),
although the data were subsequently contradicted by an-
other study of the same population (Wang, 1996). A higher
prevalence of CA was also reported in multilingual people.
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A study from southern India suggested that a different
cerebral representation of language in multilingual people
can be an underlying factor of CA, based on the observation
that polyglot aphasics showed a markedly higher prevalence
(25%) of CA than monolinguals with aphasia (Karanth and
Rangamani, 1988). In a more recent study, from northern
India, the incidence of CA was reported as 6.67% among
Hindi speakers with first-ever stroke (Bohra et al, 2015).
Given these statistics, it is clear that comparing the preva-
lence of CA in different language-speaking regions could
significantly advance our understanding of the brain’s or-
ganization of language.

India is known for its language diversity. Bengali, an
Indo-Aryan language, is spoken by approximately 260
million natives, one-third of whom reside in eastern India.
Ethnologue, a database of language descriptions, charac-
terizes Bengali as follows: 35 consonant and five vowel
phonemes; stress on the first syllable; three genders: male,
female, and neuter; subject-object-verb; noun head both
initial and final; postpositions; verb affixes mark person,
number; definite article affix; content q-word initial and
final; clause constituents indicated by case-marking (five
cases) and word order; tense; passives and voice; causa-
tives; comparatives; and nontonal (Eberhard et al, 2019).

We undertook the current observational study, as part
of a larger study on poststroke aphasia (Lahiri et al, 2019a),
to explore the incidence and symptomatology of CA in the
Bengali-speaking population of eastern India. However,
some potential confounding variables have to be taken into
consideration, including not only bilingualism/multi-
lingualism, but also the level of education because literacy
has been shown to affect the aphasia profile (Coppens et al,
1998). In the current study, we aimed to (a) estimate the
incidence of CA in speakers of the Bengali language and (b)
characterize the aphasia profile (symptomatology) of
Bengali-speaking patients presenting with CA. We were also
interested in determining what linguistic variables, if any,
may account for the different CA rates and aphasia profiles
of Bengali-speaking individuals compared to speakers of
other languages.

METHODS
The current study was conducted in the stroke unit

of a tertiary care neurology center in Kolkata (formerly
Calcutta), eastern India. Data were collected between
2016 and 2018. The study was carried out with the
approval of the institutional committee of ethics of
the Institute of Post Graduate Medical Education and
Research, and all participants provided informed consent.

Participants
The inclusion criteria for participation in this

study were as follows: (a) alert at the moment of lan-
guage evaluation, (b) Bengali native speaker, (c) adult
(> 18 years of age), (d) literate, (e) first-ever stroke, and (f)
diagnosis of CA. The exclusion criteria for participation in
the study were as follows: (a) CA associated with intra-
cranial space-occupying pathology, (b) history of psychi-
atric illness, (c) diagnosed or suspected dementia, (d) drug

or alcohol abuse history, and (e) nonlinguistic cognitive
impairment affecting communication.

The participant sample included 515 first-ever stroke
patients, 208 of whom presented with aphasia (40.38%)
(Lahiri et al, 2019a). Among those with aphasia, 14 pa-
tients (6.73%) exhibited CA after the exclusion of two
right-handed patients with right-hemispheric stroke due to
evidence of bilateral multiple subclinical ischemic lesions
upon brain imaging.

All of the participants underwent routine medical,
demographic, radiologic, and neurologic testing. In-
formation about the location and laterality of the stroke,
time poststroke, and history of possible prior stroke were
documented. Assessment was completed according to a
previously prepared standard protocol. CA was diagnosed
according to the criteria of Mariën et al (2004): (a) evi-
dence of an acquired language disturbance (aphasia); (b)
substantiation of natural (ie, not forced) right-handedness,
as established by a laterality test; and (c) confirmation of
lesions restricted to the right cerebral hemisphere. In ad-
dition, we used two extra criteria: negative family history
of left-handedness or ambidexterity, and no history of
brain pathology or epilepsy. These additional criteria were
added to avoid potential confounding factors as far as the
diagnosis of CA is concerned. We used the Edinburgh
Handedness Inventory (Oldfield, 1971) to determine each
participant’s handedness and laterality index. Right-
handed participants (n= 509) represented the majority
(98.8%) of our sample (Figure 1).

The participants in our sample were from rural
backgrounds, had received 2 to 10 years of formal
schooling, and had not been exposed to any language
other than Bengali. Although two participants (Cases 5
and 7) had received some English reading and writing
lessons as teenagers, neither of them had encountered the
language since. According to the definition provided by
Mohanty (1994), none of our participants were bi- or
multilinguals in their premorbid state.

Language Testing
For language assessment, we divided the poststroke

stage into three phases, according to Alexander (1989):
acute (< 3 weeks post-onset), lesion (3 weeks to 4 months
post-onset), and late (> 4 months post-onset). We per-
formed all of the language tests during the lesion phase
because this phase is considered the most stable for eval-
uating the lesion-aphasia relationship (Alexander, 2000).

S.D. and B.K.R., two experienced behavioral neu-
rologists, worked in conjunction with psychologists and
speech-language pathologists to diagnose the type and
severity of each participant’s aphasia. First, they con-
ducted a clinical examination that included a conversa-
tional interview, a language comprehension test (simple
closed-set questions, following instructions, pointing out),
and a speech assessment (including the ability to produce
simple sentences and name objects). Any errors, including
paraphasias, jargon, circumlocutions, and agrammatism,
were recorded.
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Next, they used the Bengali version of the Western
Aphasia Battery (BWAB; Keshree et al, 2013) to assess
each participant’s language. The BWAB includes Spon-
taneous Speech, Repetition, Comprehension, and Naming
subtests. We calculated the aphasia quotient, which mea-
sures the severity of language impairment, from the scores
for the subscales of Spontaneous Speech, Repetition,

Comprehension, and Naming. We also used the BWAB to
evaluate each participant’s reading and writing abilities.

Nonverbal Cognitive Testing
We used the first two subsections of the BWAB to

assess each participant’s oral and limb praxis. Hemi-
neglect was assessed using standard line bisection and

Right hander (509) Left hander (5)

RH Stroke (248) LH Stroke (261)
RH Stroke (3) LH Stroke (2)

Aphasia (16) No Aphasia (232)

Aphasia (190) No Aphasia (71)

Aphasia (2) No Aphasia (1)

Aphasia (0)
No Aphasia (2)

Ambidextrous (1)

RH Stroke (1)

No aphasia (1)

Total first-ever stroke
(N = 515)

2 excluded
(Bilateral
lesion)

Crossed Aphasia
(n = 14)

FIGURE 1. Relationship between handedness, side of lesion, and occurrence of aphasia in the study population. LH= left hemisphere.
RH= right hemisphere. (Figure 1 can be viewed in color online at www.cogbehavneurol.com.)
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daisy drawing tests. Constructional apraxia was assessed
using subsection A (Drawing) of the BWAB (construc-
tional, visuospatial, and calculation tasks). Constructional
praxis was scored out of 30, based on eight drawing tasks.

Brain Imaging
For the diagnosis of ischemic stroke, we took brain

images using a Siemens 3T MRI scanner (Magnetom Verio
DOT, 16 channels) equipped with a standard quadrature
head coil. CT scans (Philips, 16 slice) were taken for initial
brain imaging of the patients with a suspected hemorrhagic
stroke (Figure 2). Neuroradiologists established the location
of the lesions, which were in the right hemisphere only. Any
tissues showing an abnormally high signal on T2-weighted
and/or fluid-attenuated inversion recovery sequences were
considered as infarcted tissues. Diffusion-weighted imaging
was used to localize any acute infarcts. The location and
extent of the infarcted tissue were determined with respect to
the sulcal anatomy.

The lesions were then divided into mirror-image and
anomalous type, according to Alexander et al’s 1989 criteria
whereby analogous perisylvian lesions in the right hemisphere
are classified as mirror image and lesions in unexpected lo-
cations are classified as anomalous. Additionally, we divided
the lesions into those affecting cortical structures and those
restricted to subcortical areas. Superficial gray matter was
considered cortical; subcortical white matter and deep gray
matter were considered subcortical.

RESULTS
In our sample of 14 participants (eight men and six

women), 13 were diagnosed with definite CA and one was
diagnosed with possible CA (due to a history of familial
sinistrality; Case 2). All of the participants were domi-
nantly right handed. The age of the participants ranged
from 20 to 70 years, and 12 participants were ≥ 50 years.
Table 1 lists the participant demographics. The time taken
for the initial language assessment poststroke onset ranged
from 21 to 60 days. Ten participants were diagnosed with
Broca aphasia, four with transcortical motor aphasia, and
five with apraxia of speech. Nine participants had mirror-
image CA, and five had anomalous-type CA. The
incidence of crossed non-aphasia in the present sample
was 27.02% (71/261). Table 2 lists the type, etiology, and
location of the stroke for each participant as well as the
type of aphasia.

The participants’ scores for the different subsections
of the BWAB are presented in Tables 3 and 4, and their
scores for nonverbal cognitive abilities (oral and limb
praxis, left hemineglect, constructional praxis) are
presented in Table 5.

All 14 of our study participants had expressive
language difficulties, and none had Wernicke aphasia. In
the Spontaneous Speech evaluation, 10 participants
scored < 50%, and none scored > 60%. In the Auditory
Comprehension evaluation, six participants scored
≥ 80%, and none scored < 50%. All of the participants
showed a well-preserved ability of simple comprehension
(yes/no questions and auditory word recognition);

however, syntactic comprehension was best preserved in
three participants with mild aphasia (Cases 3, 5, and 10).
In comparison to limb praxis scores, scores for oral
praxis were lower in all of the participants. Although left
hemispatial neglect was infrequent (3/14) in the present
sample, constructional praxis revealed wide variation in
raw scores.

DISCUSSION
This is, to our knowledge, the first observational

account of the CA profile, and its frequency, in Bengali-
speaking first-ever stroke patients. There is a scarcity of
such studies in the Indian subcontinent despite the fact
that, worldwide, there are almost 250 million native
speakers of Bengali (the eighth most spoken language in
the world) (Bhattacharya, 2000); thus, from a neuro-
linguistic perspective, the findings of this study are rele-
vant to a substantial world population.

Similar to the previous two studies from India
(Bohra et al, 2015; Karanth and Rangamani, 1988), the
incidence of CA in our participant sample was com-
paratively high compared to that of other studies around
the world (Borod et al, 1985; Carr et al, 1981; Gling et al,
1969; Hojo, 1999; Kim et al, 2013; Roberts, 1969;
Wang,1996; Zangwill, 1960). Additionally, we observed
an aphasia profile that was strongly inclined toward the
nonfluent type. Our participants showed only mild im-
pairment in comprehension tests, reflecting deficits in
sentence comprehension and semantic access to single
words of different categories. In addition, despite observed
variations in stroke location and participants’ overall
aphasia quotient, no participant in our sample presented
with Wernicke aphasia. This observation is particularly
noteworthy because the incidence of Wernicke aphasia in
CA is considered comparable to that in uncrossed aphasia.
In their review of 180 CA cases, Coppens et al (2002)
reported an incidence of Wernicke aphasia of 13%. In our
study of patients with poststroke aphasia, Wernicke
aphasia was present in 12.5% of the aphasia cases
(n= 208) (Lahiri et al, 2019a), which is in agreement with
previous studies (Azhar et al, 2017; Kang et al, 2010).
Therefore, the relatively high frequency of CA, coupled
with no record of comorbid crossed Wernicke aphasia, in
our participant sample raises a pertinent question: Is CA
different in Bengali speakers?

In studies of poststroke patients with aphasia, the
lesion site has been critical in determining the type of
aphasia. Lesion-aphasia discordance, however, is not un-
common in patients with an acute stroke (Lahiri et al,
2019b). In our sample, discordance was observed in Cases
2, 4, 11, and 13. In each of these patients, the lesion ex-
tended into the right temporal lobe (Figure 3). Although
exact involvement of the analogous Wernicke area (on the
right side) cannot be ascertained from these routine
images, some of the regions shown to be affected are also
important for auditory comprehension. This finding may
be the reason why these four cases exhibited only mild, or
partial, comprehension impairment on BWAB testing
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despite evidence of stroke in the posterior perisylvian areas.
That being said, an alternative explanation for these four
cases could be that receptive functions are governed by
right-hemispheric areas other than the analogous Wernicke
area.

In the context of lesion-aphasia discordance, pub-
lished reviews have shown that 17.4% of cases of uncrossed

aphasia display an anomalous lesion-aphasia correlate
(Basso et al, 1985), whereas in CA, this proportion rises to
35% (Alexander et al, 1989; Coppens and Hungerford,
1998). Therefore, the participants with a posterior lesion and
nonfluent aphasia in our study can be described as cases
of anomalous CA. It is unclear, however, why none of
these anomalous cases presented with fluent aphasia. The

FIGURE 2. Single-slice CT images (for Cases 6 and 13) and MRIs (for all remaining cases) from the patients with crossed aphasia.
Left to right and top to bottom correspond to patients 1 to 14.
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proportion of definite anomalous CA cases also was not
disproportionately high (5/14) in this sample compared to
existing literature (Coppens and Hungerford, 1998). Nev-
ertheless, it must be acknowledged that, in participants with
acute stroke with large lesions on brain imaging, these le-
sions may have led to remote effects (eg, reduced perfusion
and metabolism) in anterior brain regions (ie, frontal lobe),
thereby reducing fluency in spontaneous speech. However,
because this is a cross-sectional study, we were unable to

examine whether nonfluent speech associated with posterior
lesions persisted in the chronic phase.

Diaschisis, a phenomenon of acute stroke, is
thought to be in some part responsible for lesion-aphasia
discordance (Vignolo et al, 1986; Von Monakow, 1914).
The focal diaschisis theory, however, seems less likely in
our cases, as language was only examined beginning 3
weeks poststroke onset. Nevertheless, it is possible that
these patients may have had connectional or chronic di-
aschisis, which could cause a persistent lesion-behavior
disparity. Moreover, the concept that connectional dia-
schisis can consistently correlate to clinical symptoms
is particularly supported in cases of stroke involving
the motor and attentional circuits (Carrera and Tononi,
2014).

Focal diaschisis theory is most applicable to cases
involving persistent neurologic deficits poststroke. How-
ever, in our study, we focused on the relative preservation
of a specific cognitive function (receptive language abil-
ities). In relation to this variability in aphasic syndrome, in
recent years, the network concept has gained attention in
place of modularity (Ardila and Bernal, 2007; Cabeza and
Nyberg, 2000); this concept may also explain some of the
variability seen in aphasic syndromes. Nonetheless, given
the different locations of the lesion, including cortical and
subcortical, in the right hemisphere in our sample of 14
participants, the likelihood that the location of the stroke
spared the simple comprehension abilities in all of the
participants by chance is questionable.

Individual linguistic and educational factors such as
bilingualism, writing system, and literacy have been sug-
gested to affect the prevalence of CA (Coppens and

TABLE 1. Demographic Profile of the Study Participants

Patient
Age

(Years) Gender

Sinistrality
Family
History

Laterality
Index %
(EHI)

Completed
School

Education
(Years)

1 50 F No +100 4
2 70 M Yes +88.9 5
3 55 M No +100 5
4 50 M No +100 5
5 70 M No +100 10
6 70 F No +100 5
7 46 M No +100 10
8 64 F No +89.5 8
9 65 F No +100 6
10 70 F No +100 2
11 20 F No +100 5
12 70 M No +100 5
13 65 M No +100 8
14 60 M No +89.5 5

EHI=Edinburgh Handedness Inventory. F= female. M=male.

TABLE 2. Stroke Type, Etiology and Location, and Aphasia Type in the Study Participants

Patient
Stroke
Type

TOAST
Classification
(Ischemic)

Cortical
vs

Subcortical

Language
Evaluation
(Days)

Location
of Stroke
Lesion

Type
of

Aphasia

Presenting
Motor
Deficit

1 I S SC 30 CG BA Left hemiparesis
2 I L C 21 PT BA —
3 I S SC 36 IC TCM; AOS Left hemiparesis
4 I S C 32 PT BA —
5 I L C 30 Parietal TCM —
6 H — SC 28 CG TCM; AOS Left hemiparesis
7 I CE C 42 FP BA; AOS Left hemiparesis
8 I S SC 34 CG BA; AOS Left hemiparesis
9 I L C 35 F

(Medial)
BA Left crural

monoparesis
10 I U SC 24 CG TCM Left hemiparesis
11 I L C 60 PT BA —
12 I CE C 46 FP BA Left facio-brachial

weakness
13 H — C 24 PO BA —
14 I S SC 38 CG BA; AOS Left hemiparesis

AOS= apraxia of speech. BA=Broca aphasia. C= cortical. CE= cardioembolic. CG= capsuloganglionic. F=
frontal. FP= frontoparietal. H=hemorrhagic. I= ischemic. IC= internal capsule. L= large vessel. PO=parieto-
occipital. PT=parietotemporal. S= small vessel. SC= subcortical. TCM= transcortical motor aphasia. TOAST=
Trial of ORG 10172 in Acute Stroke Treatment. U=undetermined.
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Hungerford, 1998; Demeurisse et al, 1986). However,
these factors do not explain the occurrence of the majority
of CA cases (Coppens et al, 2002). The participants in our
study had low- to middle-level education and were mon-
olingual. Bengali uses a phonological writing system—a
so-called abugida—whereby vowels are represented as di-
acritics rather than independent letters. Bengali is written
from left to right and lacks distinct letter cases. Therefore,
bilingualism, the writing system, and literacy cannot ac-
count for the high prevalence of CA and the absence of
fluent-type aphasias in our sample.

Another individual variable in our sample may have
been an incidence of converted handedness. Left-handedness
was observed in only 1% of our participants, which contra-
dicted existing literature on left-handedness in Indians
(Mandal and Dutta, 2001) but was in agreement with Kar-
anth and Rangamani (1988), who discovered that 1% of
stroke patients in their study were left handed (1/94).There-
fore, the possibility of converted handedness in our sample
must be acknowledged. Siebner et al (2002) previously
documented the distribution of raw scores of the 10-item
Edinburgh Handedness Inventory among converted

TABLE 3. Scores Obtained by Study Participants on the Bengali Version of the Western Aphasia Battery

Patient
Spontaneous
Speech (%)

Auditory
Comprehension

(%)
Naming
(%)

Repetition
(%)

Aphasia
Quotient

Reading
(%)

Writing
(%)

1 0 79 0 0 15.8 81 0
2 0 71 0 0 14.2 69 3
3 60 100 80 100 80 88 33
4 0 73 0 0 14.6 67 2.5
5 60 100 86 100 81.2 86 48
6 50 90 80 80 70 81 45
7 10 52.5 2 0 14.9 53 12
8 25 52.5 4 0 21.3 49 16.5
9 0 69.5 0 0 13.9 65 0
10 60 90 86 100 79.2 82 45
11 0 83 0 0 16.6 75 1
12 20 64.5 4 20 25.7 66 11
13 10 81 3 20 21.2 69 3
14 20 57.5 4 20 24.3 59 14.5

TABLE 4. Scores Obtained by Study Participants on Individual Subtests of the Bengali Version of the Western Aphasia
Battery

Spontaneous
Speech

(10+10= 20)

Auditory
Comprehension
(200/20= 10)

Naming
(100/10= 10)

Patient Gender
SSFC
(10)

SSFL
(10)

CYN
(60)

CWD
(60)

SCO
(80)

OBNA
(60)

WDFL
(20)

SECO
(10)

RESP
(10)

Repetition
(10)

1 F 0 0 60 60 38 0 0 0 0 0
2 M 0 0 54 50 38 0 0 0 0 0
3 M 8 4 60 60 80 60 4 10 6 10
4 M 0 0 48 52 46 0 0 0 0 0
5 M 8 4 60 60 80 60 8 10 8 10
6 F 6 4 60 60 46 60 6 10 4 8
7 M 0 2 48 43 14 0 2 0 0 0
8 F 3 2 42 49 14 0 2 2 0 0
9 F 0 0 48 45 46 0 0 0 0 0
10 F 8 4 60 60 60 60 10 8 8 10
11 F 0 0 60 60 46 0 0 0 0 0
12 M 2 2 48 51 30 2 2 0 0 2
13 M 0 2 54 48 60 2 1 0 0 2
14 M 2 2 48 45 22 0 2 2 0 2

CWD= auditory word recognition. CYN= yes/no questions. F= female. M=male. OBNA=object naming. RESP=
responsive speech. SCO= sequential commands. SECO= sentence completion. SSFC= information content. SSFL=
fluency. WDFL=word fluency (phonemic).
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left-handers and noted that converted left-handers showed
a consistent right-hand preference for writing only; tasks
requiring finer motor coordination yielded less preference for

the right hand in this group. Contrarily, in our study, the raw
scores of the laterality index, as calculated from the Edin-
burgh Handedness Inventory, demonstrated strong right-
handedness among the participants.

Bilateral representation of language abilities may partly
explain the relative preservation of simple comprehension
abilities in our participants. According to Bernal and Ardila
(2013), language representation in the brain is a matter of
hemispheric advantage and, hence, can be considered as a
bilateral brain function. In our participants, the observed
relative sparing of simple comprehension may reflect a left-
hemispheric advantage for receptive function. Duplication
(parallel processing) or distribution (serial processing) of re-
ceptive function with a left-hemispheric advantage, accom-
panied by right lateralization of expressive abilities (in whole
or part), may also explain our findings. Trans-hemispherical
dissociation between the Broca area (to the right) and Wer-
nicke area (to the left)—a relatively simpler model—also
could have been a possible factor in the participants with fully
preserved comprehension. Whatever the situation, the left
hemisphere appears to play a dominant role in language re-
ceptive functions in Bengali-speaking people.

TABLE 5. Nonverbal Cognitive Ability Scores Obtained by the
Study Participants

Patient
Oral

Praxis (15)
Limb

Praxis (15) Hemineglect
Constructional
Praxis (30)

1 2 12 – 17
2 1 11 + 5
3 5 12 – 13
4 3 10 – 4
5 5 9 + 3
6 6 13 – 27
7 4 12 – 9
8 1 11 – 24
9 2 6 – 8
10 8 12 – 21
11 3 11 – 12
12 2 13 – 8
13 2 12 + 4
14 1 11 – 18

FIGURE 3. Additional images of Cases 2, 4, 11, and 13 (from left to right and top to bottom), showing involvement of the right
temporal lobe in each of the patients (MRI for Cases 2, 4, and 11; CT for Case 13).
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Noteworthy, we found that more than half of the
patients with CA had mild impaired auditory compre-
hension, with a performance < 75% in most of the BWAB
comprehension subtests. This mild defect in auditory
comprehension may suggest that, although most of the
lesions were outside the right posterior temporal cortex,
other areas involved in auditory comprehension could
have been affected. This observation suggests that Bengali
speakers may possess bilateral representation of receptive
language, with a relative left-hemispheric advantage for
receptive language abilities.

Cross-linguistic variation in the brain representation
of language is a well-known concept. In their study of Han
patients with uncrossed aphasia, Hu et al (1990) reported a
high incidence of CA and a rare occurrence of pure sen-
sory or posterior aphasia. The distinct features of the
Chinese language were proposed to account for this ob-
servation. Hu et al (1990) suggested that the language
function of the Han people is not localized to the left
hemisphere but is in the right or both hemispheres. They
further proposed that there is no definite Wernicke area in
the left brain of Chinese people, and that their brain or-
ganization of language itself is different from that of
speakers of nontonal languages. Although this ex-
planation is speculative at best, and was contradicted by
the results of a subsequent study by Wang (1996), the
possibility deserves some consideration: Idiosyncrasies in a
spoken language can affect the brain’s organization of
language.

Indeed, the early observation by Hu et al (1990) was
later substantiated by recent studies. For example, Valaki
et al (2004) performed a cross-linguistic MEG (magneto-
encephalographic) study and concluded that the cortical
organization of language comprehension in native Chinese
speakers differs from that of speakers of Indo-European
languages, such as English and Spanish. Moreover, the
differences in the degree of hemispheric asymmetry be-
tween the two groups were shown to be due to differences
in the duration of activation in the right temporoparietal
area, which was longer in the Chinese group. This finding
suggests the need to process suprasegmental cues, which
are crucial in spoken word recognition in Mandarin. On
the other hand, increased participation of the left hemi-
sphere during language reception, as observed in Spanish
speakers in this same study, may explain the exceptional
rarity of CA incidence among the Spanish (Ardila, per-
sonal observation).

In a functional MRI study, Li et al (2010) found
relatively rightward asymmetry in frontoparietal areas in
native Mandarin speakers when they were asked to make
judgments about lexical tones compared to when they
were asked to make judgments about consonants and
rhymes. This finding suggests that Mandarin and other
tonal languages may be bi-hemispherically processed.
A recent study by Bless et al (2015), which included
more than 4000 participants from more than 60 lan-
guage backgrounds, corroborated that the degree of
cerebral lateralization of the language function appears
to be conferred by linguistic background. Although

left-hemispheric dominance is a universal phenomenon,
Bless et al (2015) found that the magnitude of the lat-
erality index for right-ear advantage differed between
languages and language families. Speakers of Mandarin-
Chinese, for example, were found to have a smaller
right-ear advantage compared to speakers of English
and Spanish. The specific linguistic features of Chinese
were, therefore, posited as a plausible explanation for
this difference.

Interestingly, post hoc analysis of the largest language
groups in the study by Bless and colleagues (2015) showed
that all (except for the Hindi group) were associated with
significant right-ear advantage. It is worth noting that Hindi
is a derivative of Devnagari-like Bengali, and, as described
by Ethnologue, the two languages are phonetically similar.
Therefore, the observation of Bless et al (2015) may apply
to our findings here, although confirming this in Bengali
speakers would require functional brain studies. Never-
theless, the findings of this study, and previous work, sug-
gest that linguistic and cultural variability is important
to consider in any human behavioral study (Henrich et al,
2010).

The question remains: Are there any specific idio-
syncrasies in the Bengali language that may explain a
partially different brain organization of language? Con-
sidering that Bengali has a phonetic script (Chatterji,
1921) and is nontonal in spoken form, it should fall in
line with several other similar Indo-European languages.
However, even among Indo-European languages, dif-
ferences in the brain’s organization of language have
been observed. For example, left-hemispheric advantage
in receptive functions has been reported in Greek patients
with vascular CA (Paparounas et al, 2002; Pita et al,
1997; Kasselimis et al, 2018) following analysis of the
lesion-aphasia relationship. Assuming that the vernac-
ular language in these patients was Greek, which has a
phonetic-based writing form, leftward lateralization of
receptive functions may have been expected. In a study of
CA in Italians (another phonologically transparent lan-
guage), Cappa et al (1993) concluded that patients with
CA in general may have a diffuse representation of lan-
guage function in the brain. However, the evidence of
bilateral asymmetric language representation across dif-
ferent language backgrounds in normal participants
(Bless et al, 2015) clearly indicates the importance of
conducting cross-linguistic studies in CA.

According to Evans and Levinson (2009), the accu-
mulation of minor linguistic variables translates into such
wide cross-linguistic differences that it becomes hard to
find even two languages that are similar on all accounts.
Therefore, comparing specific linguistic features, rather
than languages, may be more productive in the context of
cross-linguistic discussions. The rhythmic structure of
language, which is often measured in duration (Loukina
et al, 2011), is one such property that varies across lan-
guages. Whereas Estonian and Finnish languages depend
heavily on vowel duration changes to signal phonetic
distinctions (Kirmse et al, 2008), Bengali speakers mod-
erate vowel duration only when involving morpheme
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boundaries (Bhattacharya, 2000). Long and short vowels
in Bengali can discriminate between otherwise homo-
phonous words; similarly, echo reduplication of vowels is
frequent in the Bengali language. This is because open
words that consist of only one syllable, with that syllable
ending, can have longer vowels than other syllable types
(Ferguson and Chowdhury, 1960). In Bengali, intonation
is of minor significance (Chatterji, 1921), unless in the
context of sentences (Hayes and Lahiri, 1991). Kirmse
et al (2008) showed that vowel duration change is mostly
carried out by the right hemisphere. This finding may
support our speculation that the unique rhythmic property
and musical tone of Bengali sentences involve the right
hemisphere, although this statement needs to be sub-
stantiated by further analysis.

The relatively high prevalence of CA that was ob-
served in our study may be arguable due to the small
sample size. Yet, the study raises a pertinent question of
whether Bengali may involve bi-hemispheric language
representation. To answer this, a further study would re-
quire a larger sample of Bengali speakers. From the per-
spective of CA, however, a sample of 14 cases can be
considered sizable owing to the rarity of the phenomenon
in question. Furthermore, the study population here was
virtually uniform in terms of demographic parameters and
stroke etiology, thus providing adequate experimental
conditions. Our assessment of language in CA partici-
pants, then, provides a good basis for suggesting that the
receptive functions of Bengali are more likely to be sub-
served by the left hemisphere, even if the expressive
function migrates to the right hemisphere.

Although the observed pattern of nonfluent CA in
our sample may be argued by some as an anomaly, it
cannot be dismissed that a trend was found even among
the so-called anomalous cases. Notably, in 22 cases of
crossed Wernicke aphasia that were previously reviewed
by Coppens et al (2002), only six cases (27%) presented
with typical posterior perisylvian lesions, thereby diag-
nosed as mirror-image CA. Therefore, it cannot be
maintained that anomalous lesions do not favor fluent or
Wernicke aphasia. It may also be argued that the analysis
of CA cases in a particular language may not be ex-
trapolated to an entire population because individuals
with CA supposedly have a nonstandard language lat-
eralization. Nevertheless, a population (such as in the
present study) with a relatively high prevalence of aber-
rant language representation with a probable pattern in
the aberrance is worth the experimental effort.

A similar aphasia pattern to the one observed in our
cases was described in early reports of acquired aphasia in
children, which concluded that acquired aphasia in chil-
dren is exclusively nonfluent and that jargon is never
present (Coppens and Hungerford, 1998). Studies in the
1970s maintained a similar view (favoring nonfluent type
aphasia) about the pattern of language dysfunction in CA
(Urbain, 1978); however, it is important to note that these
views were hypothesized at a time when a uniform scale
for language assessment was unavailable. Eventually, both
hypotheses were disproved by subsequent studies. The

importance of the primary observation (about acquired
aphasia in children and the pattern of CA), however,
cannot be undermined. Universality cannot be assumed
for any hypothesis in cognitive science because of the vast
linguistic and cultural divergence across the world. This
may be the fundamental reason why any attempt to ex-
plain the causes of CA by applying a single hypothesis has
so far failed.

The examination of praxis in the current study
revealed worse scores for oral praxis, compared to
limb praxis, in all of the participants. This observation
is in accordance with the cluster-of-functions hypo-
thesis proposed by Castro-Caldas et al (1987), which
states that oral praxis tends to lateralize with expressive
language, unlike limb praxis, which lateralizes with
handedness. Contrary to literature (Coppens and Hun-
gerford, 1998), spatial hemineglect was observed in-
frequently (3/14) in our study population. Our findings
also do not support the existing notion that CA patients
have attentional skills that lateralize more to the right
hemisphere compared to patients with left-hemisphere
language lateralization. Nevertheless, it is noteworthy
that three out of four cases with parietal-predominant
(ie, posterior) lesions had left hemineglect in the pre-
sented data. Furthermore, even though the raw scores in
constructional praxis revealed wide variations among
the participants, the lowest scores were observed in
those participants with parietal-predominant lesions
(Cases 2, 4, 5, and 13). Thus, the observed low frequency
of left hemineglect in our study may be linked to lesion
location, as nondominant parietal lesions are typically
known to cause left spatial hemineglect. However,
our findings suggest that typical right-hemispheric
signs inside one cluster may also lateralize variably,
which is in agreement with existing literature (Ha et al,
2012).

Our study has several limitations. First, functional
neuroimaging was not available so we were unable to
analyze the lesion-aphasia association. Second, because
our sample included only monolingual Bengali speakers,
the findings may not be extrapolated to the bi- or multi-
lingual Bengali population. Functional neuroimaging
studies involving healthy participants should provide a
more definitive view on brain representation of the Bengali
language.

In conclusion, the present study provides the first
documented incidence of, and pattern of language dys-
function in, CA among Bengali speakers with a first-time
stroke. The relatively high incidence of CA in this pop-
ulation may reflect the more prevalent bi-hemispheric
language representation in Bengali. In addition, the ob-
served absence of crossed Wernicke aphasia in our par-
ticipants may be explained by a relative left-hemispheric
advantage for receptive language abilities. Idiosyncrasies
in language are known to affect language organization in
the brain. Whether the same is applicable to our ob-
servations in Bengali individuals can be clarified by
larger studies that include both individuals with aphasia
and healthy individuals.
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