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The study of language disturbances in subcor-
tical lesions represents a challenge due to the di-
versity of symptoms that can be found. This hap-
pens not only because of the heterogeneity of the
structures involved (basal ganglia, different parts
of white matter and diverse thalamic nuclei), but
also because of the functional complexity of whi-
chever circuits are damaged in these lesions. Ad-
ditionally, several studies have shown secondary cor-
tical dysfunction (diaschisis or extended cortical
ischemia), which contributes to this diversity.

Language alterations in striatocapsular vascular
lesions are heterogeneous and can affect several
aspects of voice, speech, language and other cog-
nitive functions, in multiple combinations: hypo-
phonia, dysarthria, speech latency, perseverations,
lexical access difficulties, comprehension deficits for
complex material1-4. Posterior lesions (putamen and
posterior limb of internal capsule) can produce
symptoms related to a cortical-thalamic disconnec-
tion or may sometimes compress the adjacent tem-
poral cortex, leading to a fluent aphasia, with com-
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prehension disturbances and phonemic parapha-
sias1,4,5. More recently, the basal ganglia have been
implicated in the lexical selection mechanisms6,
while another point of view stresses the concur-
rence of hemodynamic factors (associated cortical
ischemia) as the main factor leading to aphasia in
such lesions7. Thalamic lesions, on the other hand,
are recognized as having an effect that is related,
for the most part, to the cortical activation and
modulation roles exerted by the thalamus8-11.

Frontal-subcortical circuits, which are composed
from the frontal lobes, neostriatum, globus pallidus,
substantia nigra, and thalamus, are effector mech-
anisms involved in the animal and human interac-
tions with their environment. The dorsolateral pre-
frontal-subcortical circuit organizes the informa-
tion in order to optimize a behavioral response;
the anterior cingulate-subcortical circuit is concer-
ned with the motivation to a certain behavior;
and the orbitofrontal circuits integrate the limbic
and emotional information into behavioral respons-
es. Dysfunction in this circuit leads to apathy, impul-
siviness (abnormal motivation responses) and dysex-
ecutive symptoms. Mood disorders were also des-
cribed in frontal-subcortical circuit dysfunction,
especially obsessive-compulsive behavior when
orbitofrontal-subcortical structures are affected12,13.
In the large-scale cognitive networks proposed by
Mesulam14, Broca’s and Wernicke’s areas are the epi-
centers of the language circuit, being interconnect-
ed with the striatum, the thalamus and some fron-
tal, temporal and parietal regions. The basal gan-
glia and the thalamus participate in all cognitive
networks described in Mesulam’s model, in the
so-called “state” functions (attention, working /
short term memory) and in the executive func-
tions; their lesion has a multifactorial effect in the
mental processing.

Clinical data obtained from patients with sub-
cortical lesions rarely disclose a classic aphasia syn-
drome when performing standardized linguistic
tests some time after injury (usually months), but
the patients may still complain that their language
skills are not the same when compared to pre-
morbid situation, frequently impairing their pro-
fessional and social lives. Thus, the additional eval-
uation of the performance of these patients with
complementary language tests and the simultane-
ous evaluation of executive functions and atten-
tion may be helpful to a better understanding of
the language deficit and its possible reciprocal in-
terference with the other cognitive impairments.
The aim of this study is to contribute to the eval-

uation of language dysfunction in subcortical le-
sions considering its interrelation with attention
and executive impairments.

METHOD
Participants - The study included 14 subjects with

exclusively subcortical lesion: eight predominantly in
basal ganglia (seven left-sided and one right-sided, num-
bered from 1 to 8 and denominated BG group) and six
predominantly in the thalamus (three left-sided and
three right-sided, numbered from 9 to 14 and denom-
inated T group). All were native Portuguese speakers and
right-handed, except for subject 7 whose native tongue
was Japanese but spoke Portuguese fluently. There were
not antecedents of neurological or psychiatric diseases,
hearing deficiency, use of CNS acting drugs or difficul-
ties in language acquisition. All the participants were
informed about the procedures and purpose of the
study and signed an agreement form. The study was
approved by the Commission of Ethics for Analysis of Re-
search Projects - Hospital das Clínicas – University of São
Paulo School of Medicine. The demographic, clinical
and neuroimaging data of these patients can be seen
in Table 1.

Procedure - The language evaluation was performed
through the Boston Diagnostic Aphasia Examination
(BDAE)15, the Boston Naming Test16 and the Token Test17.
A frontal scripts test, translated to Portuguese from the
original publication of Allain18 was applied in 10 patients.
This evaluation aims to investigate the ability of recov-
ering information about familiar action sequences pre-
sumed to be sensitive to frontal lobe dysfunction. The
subjects were asked to arrange six scripts (“Going to the
supermarket”, “Making a cake”, “Going to the movies”,
“Going to a wedding”, “Going to the restaurant” and
“Taking the subway”). Each script is composed from 10
to 17 actions written on cards that must be placed in
order. The title of each script is presented on a separat-
ed card that can be assessed by the subject during the
performance of the task. Distractors (irrelevant actions)
are introduced in three scripts, and must be recognized
and excluded. The number of ordination (subversion of
the correct sequence of actions), intrusions errors (addi-
tion of actions that do not belong to the script) and omis-
sion (subtraction of actions belonging to the script) are,
then, counted. Patients 2 and 13 did not perform this
test because they were illiterate and patients 3 and 11
had comprehension and reading disturbances that inter-
fered with its execution. Thirteen patients were submit-
ted to attention, memory and executive function eval-
uation through Benton Visual Retention Test (BVRT)19,
Trail Making20 and Wisconsin Card Sorting Test (WCST)21

(patient 2 was excluded because she could not compre-
hend the commands). MRI was performed in all patients
and 12 underwent SPECT exams (exception: cases 6 and
10), after at least two months from symptom onset.
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Data analysis - Intra and inter-groups (BG and T)
comparison in both linguistic and neuropsychological
tests was performed through one-way ANOVA. In the
frontal scripts task, statistical analysis was not carried out
due to the small number of patients in the T group; the
patients were compared to a group of eight normal
subjects using unpaired t-test, Welch corrected; in the
Token Test, they were compared to a group of 17 nor-
mal subjects using the Mann Whitney test. Brazilian ref-
erence scores were used for the BDAE results22. Scoring
and interpretation of the results obtained in the Trail

Making, WCST and BVRT were performed according to
the respective reference guide. We used the GraphPad
InStat® software version 3.05 to execute statistical analy-
sis; a p value of less than 0.05 was considered significant.
Patient 2 was excluded from inter-group statistical analy-
sis because she had very poor scores in all tests and her
clinical picture resembled that of global aphasia.

RESULTS
The patients’ performance in the language and

neuropsychological tests is shown in Tables 2 to 4.

Table 1. Demographic, etiological and neuroimaging data.

Patient Gender Age Schooling time  elapsed from MRI (type / location of stroke) SPECT (pattern of

(yrs) (yrs) stroke to evaluation hypoperfusion)

1 M 65 4 8 mo H / left putamen, internal bilateral cortical

capsule and claustrum

2 F 64 0 10 mo H / left putamen plus left left fronto-

fronto-temporal cortical temporo-parietal

atrophy (18 months after 

stroke)

3 M 56 16 3 mo H / left putamen and left fronto-

claustrum temporo-parietal

4 F 48 9 2 mo H / left putamen, globus palli left fronto-

dus and anterior limb temporo-parietal

of internal capsule plus left basal ganglia

5 M 53 5 9 mo I / left caudate nucleus and bilateral cortical

anterior limb of internal

capsule

6 M 53 5 1 yr I / left caudate nucleus, NP

putamen, posterior limb of 

internal capsule and frontal

centrum semiovale

7 M 81 10 2 yrs and 5 mo I / left internal capsule normal

8 M 73 3 3 yrs I / right putamen, globus right striatum and

pallidus and internal capsule fronto-temporo-parietal

9 F 64 4 6 mo I / left thalamus normal

10 F 22 11 3 yrs I / left thalamus, posterior NP

limb of internal capsule and 

globus pallidus

11 M 27 8 3 yrs H /  left thalamus left thalamus, caudate

nucleus and temporo-

parieto-occipital

12 M 65 4 11 yrs I / right thalamus and right thalamus 

posterior limb of internal and parietal

capsule

13 M 49 0 3 mo H / right thalamus right thalamus

plus right hemispheric

14 M 65 5 3 yrs H / right thalamus normal

H, hemorrhagic stroke; I, ischemic stroke.



We verified mild anomia in 10 patients (six in the
BG group and four in the T group), repetition al-
terations in 5 cases (three in the BG group and two
in the T group) and reduced animal fluency in 12
patients (seven in the BG group and five in the T
group). Comprehension deficits were found in 12
patients, when considering BDAE and the Token
Test together (seven in the BG group and five in
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the T group). The statistical analysis did not show
any significant inter or intra-group differences in
the BDAE. In the Token Test, there were also no dif-
ferences in inter and intra-group analysis; the com-
parison of the two groups with controls disclosed
a worse performance of the former in the fourth
and fifth parts (p = 0.01 and 0.002) (Table 3).

The analysis of groups in the frontal scripts task
presented some difficulties, as there are no stan-
dardized reference values in Portuguese. In a sam-
ple of eight normal individuals, we observed an ave-
rage of 2.6 errors of ordination and 0 of intrusion.
Our results showed a tendency of both subcorti-
cal groups in presenting more ordination mistakes
than normal subjects, with relatively fewer intru-
sion errors (Table 3). There were no omission errors.

The evaluation of attentional deficits disclosed
a low performance in the BVRT (5 moderate and
8 severe); in the subtest of visual discrimination,
the average performance was better (being 3 nor-
mal, 8 moderate and 2 severe). Dysexecutiveness
was found in the performance of the Trail Making
test: only two patients had normal scores in part
A and 1 in part B; the remaining had a severe de-
lay in the execution time. The executive dysfunction
was verified in the WCST results. Again, we did not
find any statistically significant differences between
performances inter or intra – groups (Table 4).

Table 2. Performance of patients on the BDAE and BNT.

Patient 1 2† 3 4 5 6 7 8 9 10 11 12 13 14 p* 

Subtest (NB X T)

Word Discrimination 68.5 26.5 70 71 72 67.5 72 69.5 61 72 65 72 62 62 ns

Commands 9 3 10 10 10 11 11 10 9 10 6 11 10 10 ns

Complex Ideational Material 9 0 5 7 6 9 11 9 6 10 4 12 10 7 ns

Repetition of Low- 7 2 2 6 6 8 5 7 7 8 0 7 6 6 ns

Probability Phrases

Responsive Naming 27 8 27 27 27 27 27 27 26 27 22 27 26 25 ns

Visual Confrontation Naming 104 35 79 101 103 110 109 101 83 111 87 106 93 95 ns

Animal Fluency 11 3 7 6 13 13 17 10 3 13 8 21 8 14 ns

BNT 37 10 21 38 36 43 41 32 28 45 14 34 33 26 ns

Sentences and 8 NP 4 9 10 9 10 8 4 10 4 10 NP 8 ns

Paragraphs Reading

Written Confrontation 9 NP 8 9 10 10 10 10 8 10 8 10 NP 10 ns

Naming

Narrative 3 NP NP 2 4 4 4 3 4 5 2 5 NP 3 ns

† patient 2 was excluded from statistical analysis; NP, not performed; * one-way ANOVA; ns, not significant.

Table 3. Performance of patients on the Token Test and fron-

tal scripts.

Test Patients Controls

(n=13) (n=17) p*

M (SD) M (SD)

Token Test

Part 1 9.7 (0.6) 9 (2.7) ns

Part 2 5,5 (0,9) 5.9 (0.5) ns

Part 3 9.1 (1.1) 9.5 (1.9) ns

Part 4 6.5 (2.7) 8.9 (1.8) 0.01

Part 5 12 (3.8) 17.6 (4) 0.002

Frontal Scripts

Ordination errors 11 (10.5) 2.6 (3) 0.013**

Intrusion errors 0.5 (1) 0 (0)

*Mann-Whitney test; **unpaired t-test, Welch corrected; ns, not signif-
icant.
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DISCUSSION

In our series, both groups (BG and T) behaved
similarly in most of the tests, and it was not possi-
ble to discriminate the groups based on their per-
formance (Table 4). The neuropsychological eva-
luation shows attention, memory, planning, stra-
tegy, ordination and execution disabilities. We can
speculate that the alteration of these cognitive
domains contribute significantly to the observed
language disorders in these patients. The similar-
ity between BG and T groups reinforces the idea
that several anatomical lesions can produce con-
gruent symptoms, as long as they are inserted in
the same “cognitive network”. Lesions in the dor-
solateral frontal-caudate circuit can affect the gen-
erative aspects of language (executive function);
lesions in the caudate-MSA-cingulate circuit affect
speech initiation (the bilateral lesion causing aki-
netic mutism); the putamenal circuit damage will
cause speech latency23. In our series, hypophonia,
speech apraxia, speech latency and dysarthria was
found only in the BG group, probably due to the
caudate nucleus and putamen damage24.

The lexical-semantic access is made of multiple
processing that requires caudate integrity, with
its multiple afferents pathways from cortical asso-
ciation areas25. Lesions of the anterior limb of in-
ternal capsule can interrupt thalamic-frontal con-
nections and frontostriatothalamicfrontal loops12.

Phonological disturbances are less frequent in the-
se cases due to temporal cortex preservation. Our
patients had lexical-semantic difficulties which
could be seen in tasks such as verbal fluency and
naming; eleven patients were below the percen-
tile 10 for Brazilians in the verbal fluency subtest,
despite being above the cut-off score for aphasics22;
ten patients were below the percentile 10 in the
naming subtests. Lexical access difficulties were mo-
re evident as there were a greater number of errors
in the visual confrontation than in the responsive
naming task (which always has a semantic clue).

In the Token Test, the whole BG-T group diffe-
rentiated statistically from the control group in the
fourth and fifth parts (performing worse), and this
alteration had correlation with the extension of
stimuli, when there is a need for a greater verbal
short-memory memory span26. However, other pri-
mary deficits in the understanding of the grammat-
ical features of a sentence might as well contribute
to comprehension deficits, these ones related to
frontal dysfunction27.

Frontal scripts: Frontal lesions impair the sub-
ject’s ability to integrate sequential information and
to organize them temporally; moreover, they inter-
fere with the capacity of recognizing and eliminat-
ing distractors and elements that are irrelevant to
the main action18,28. Hypotheses to explain this
fact vary: frontal lesions might weaken the asso-

Table 4. Neuropsychological evaluation results. 

Patient 1 2† 3 4 5 6 7 8 9 10 11 12 13 14 p* 

Subtest (NB X T)

WCST

Wrong answers (64) 30 NP 24 47 31 26 20 52 23 13 48 34 40 47 ns

Categories (3) 1 NP 1 0 1 1 3 0 1 3 0 1 1 0 ns

Perseverative answers 23 NP 20 60 17 28 21 56 19 4 52 40 54 46 ns

Perseverative errors 18 NP 18 45 15 23 17 46 14 4 42 29 40 35 ns

Non-perseverative errors 11 NP 6 1 16 3 2 6 8 9 6 5 14 12 ns

BVRT

Memory score 17 NP 23 13 17 21 18 16 13 27 22 20 10 15 ns

Discrimination score 21 NP 29 20 21 26 23 17 25 32 28 20 15 20 ns

Trail Making

Part A (sec) 148 62 83 44 92 69 116 92 43 220 96 102 ns

Part B (sec) 300 154 291 140 247 145 368 300 85 316 ns

† patient 2 was excluded from statistical analysis; NP, not performed; ns, not significant.
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ciations between elements within the working
memory (the task of maintaining these associations
is a pre-frontal attribution)29. Another possibility
is that the frontal lesion may provoke sensitivity
reduction in perceiving the relations between the
actions of scripts30 noticeable finding is that the
number of ordination errors greatly surpasses tho-
se of intrusion (110 versus 5), suggesting selective
sequencing impairment, with relative preserva-
tion of the control mechanisms over distractors.
Ordination errors in our patients (M = 11; SD = 10.5)
were much more frequent than those found in
Allain’s group of 23 patients with frontal cortical
lesions (M = 2.4; SD = 3.4). The number of intru-
sion errors, however, was lower in our group (M
= 0.5; SD = 1) when compared to the same Allain’s
frontal patients (M = 3.3; SD = 2.7)18.  Lesions in dif-
ferent parts of the frontal lobe produce different
combinations of neuropsychological symptoms,
especially when comparing the orbitofrontal and
dorsolateral portions31, which is compatible with
the existence of multiple functional executive sys-
tems32. For Allain18, the ability of performing a se-
quential ordination and that of eliminating irrel-
evant elements can represent two distinct execu-
tive processes accomplished by the frontal region.

Neuroimaging findings: The cortical hypoper-
fusion patterns found in these cases give a dimen-
sion of the functional repercussion of subcortical
lesions, showing that a cortical involvement is pres-
ent, even when the MRI scans does not show any
alterations in the cortex. The idea that the under-
lying mechanism in the aphasias caused by basal
ganglia lesions might be secondary cortical ischemia
due to the occlusion of the internal carotid and its
bifurcation (junction T) or the M1 portion of the
middle cerebral artery7,35 is highly provocative,
and finds some support not only in the vascular ana-
tomy, but also in the positive correlations between
clinical improvement and involution of these
hypoperfusion areas. Another important finding
is the cortical atrophy encountered in MRI exams
performed in later phases34. A question that emer-
ged in our study, however, is related to the simi-
lar patterns of hypoperfusion found in the thala-
mic patients, that can not be primarily justified by
ischemia, since thalamic lesions are frequently the
result of injury in terminal arteries of the posteri-
or circulation (vertebral-basilar system). A possible
explanation for the occurrence of cortical ischemia
in some of our thalamic cases might be the small
vessel compression by the hematoma, similar to

what happens in some putamenal hemorrhages35.
In our series, we had one patient (case 2) that could
be considered an example of this mechanism, as
she showed fronto-temporal cortical atrophy in an
MRI performed 18 months after her stroke.

In conclusion, we believe that the language al-
terations in subcortical lesions must be considered
in the context of a dysexecutive syndrome (of plan-
ning, working memory and attention). The mech-
anisms by which this dysfunction occurs are mul-
tiple, and may include a disconnection at any point
of frontostriatothalamocortical loops, vascular
alterations leading to secondary ischemia in the lan-
guage cortex, or white matter and adjacent cortex
compression, especially in hemorrhagic injuries.
Although it has been a frequent practice to classi-
fy the subcortical aphasias in “thalamic” and “non-
thalamic”, we were not able to find such a clear dif-
ferentiation in our patients if only the clinical pic-
ture was taken into account, and a great overlap-
ping of symptoms could be found36. Our view is that
the difficulty in making such a distinction is due
to the fact that the lesions themselves are not “pu-
re”, and that the pathways involved belong to the
same frontal-subcortical circuits, although each
particular lesion may lead to specific symptoms. It
is our belief that a more widespread evaluation of
other cognitive domains, as described in this study,
might contribute to the understanding of the com-
plaints presented by these patients, and that the
characterization of these associated deficits can
help in the rehabilitation efforts.
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