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Abstract—Verbal fluency refers to the ability to generate as

many words as possible in a limited time interval, without

repetition and according to either a phonologic (each word

begins with a given letter) or a semantic rule (each word

belongs to a given semantic category). While current litera-

ture suggests the involvement of left fronto-temporal struc-

tures in fluency tasks, whether the same or distinct brain

areas are necessary for each type of fluency remains

unclear. We tested the hypothesis for an involvement of

partly segregated cortico-subcortical structures between

phonologic and semantic fluency by examining with a

voxel-based lesion symptom mapping approach the effects

of brain lesions on fluency scores corrected for age and

education level in a group of 191 unselected brain-

damaged patients with a first left or right hemispheric

lesion. There was a positive correlation between the

scores to the two types of fluency, suggesting that common

mechanisms underlie the word generation independent of

the production rule. The lesion-symptom mapping revealed

that lesions to left basal ganglia impaired both types of flu-

ency and that left superior temporal, supramarginal and

rolandic operculum lesions selectively impaired phonologic

fluency and left middle temporal lesions impaired semantic

fluency. Our results corroborate current neurocognitive

models of word retrieval and production, and refine the role

of cortical-subcortical interaction in lexical search by high-

lighting the common executive role of basal ganglia in both

types of verbal fluency and the preferential involvement of

the ventral and dorsal language pathway in semantic and

phonologic fluency, respectively. � 2016 IBRO. Published

by Elsevier Ltd. All rights reserved.
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INTRODUCTION

Verbal fluency – or word generation – tasks are classically

used for the neuropsychological assessment of language

and executive functions (Moscovitch, 1994). Fluency

tasks consist in generating as many words as possible

over a given time interval, without repetition and accord-

ing to either a phonologic (each word begins with a given

letter) or a semantic rule (each word belongs to a given

semantic category, as e.g. animal or fruit (Bechtoldt

et al., 1962; Hodges et al., 1992; Tombaugh et al., 1999).

Verbal fluency not only requires accessing and

retrieving specific words within lexical memory, but also

monitoring responses to avoid repetitions and

suppressing task-irrelevant words to stick to the task

rules. These tasks thus involve language processing

and the three components of the Miyake’s model of

executive functions (‘Shifting’, ‘Updating’ and ‘Inhibiting’;

(Miyake et al., 2000). Importantly, while both semantic

and phonologic fluency involve a mnesic-associative

and an executive component, their relative contribution

differs between the two types of fluency. Retrieving words

belonging to a given semantic category can indeed be

achieved based on the default semantic organization of

conceptual knowledge (Shapira-Lichter et al., 2013): par-

ticipants might rely on association chains between items

in a given category based on the fact that the brain activity

associated with finding a first item could spread to other

items of the same category (Gruenewald and Lockhead,

1980). In contrast, phonologic fluency requires inhibiting

the default semantic associations to search words

according to the unusual ‘first letter’ association between

them. Phonologic fluency has thus been advanced to load

more strongly on the executive component than semantic

fluency (Perret, 1974; Thompson-Schill et al., 1997;

Thompson-Schill et al., 1998; Katzev et al., 2013),

although control processes are also likely necessary in

semantic fluency to shift between subcategories of items

and resist the interferences from competing alternatives

when a given semantic network is activated (Mummery

et al., 1996; Reverberi et al., 2006).

Since current neurocognitive models of verbal fluency

assume that different processes and strategies are

involved in semantic and phonologic fluency, these two
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tasks should rely on partly segregated brain networks.

These models are supported by functional neuroimaging

evidence for a prominent role of left frontal executive

regions in phonologic fluency (Mummery et al., 1996;

Pujol et al., 1996; Phelps et al., 1997), and of temporal

associative areas during semantic fluency (Martin et al.,

1996; Gourovitch et al., 2000). However, neuropsycholog-

ical literature reports a slightly different pattern of differ-

ence between the neural correlates of the two types of

fluency. A meta-analysis of 30 neuropsychological studies

including tests of verbal fluency in patients with brain

damage indeed reports that while temporal structures

are more important for semantic fluency, frontal damages

impact similarly on phonologic and semantic fluency

(Henry and Crawford, 2004). Of note, dorsal/ventral dis-

sociations for phonologic and semantic processing have

also been found related to other types of language impair-

ments; deficits in oral expression can for example occur at

the lexical–semantic or lexical–phonological levels

(Henseler et al., 2014; Parker Jones et al., 2014).

Frontal and temporal areas have also been advanced

to be involved in both types of fluency by studies focusing

on cluster-switch behaviors; this concept refers to a word-

retrieval strategy generally at play during verbal fluency

tasks, which consists in generating words belonging to a

given subcategory and then shifting between

subcategories. According to this framework, frontal

areas are suggested to be involved in switching and

temporal areas in sweeping within a semantic or

phonological field (e.g. Troyer et al., 1998).

Because of their connections to the cortical structures

supporting verbal fluency, basal ganglia have also been

involved in word production tasks (Fu et al., 2002). In

the ganglia-thalamo-cortical loops, the DLPFC is con-

nected to the dorsolateral caudate nucleus and the inter-

nal globus pallidus. Fluency impairments following basal

ganglia disruption have notably been demonstrated in

clinical studies on HIV (Thames et al., 2012), as well as

in Huntington and Parkinson patients (Lawrence et al.,

1998; Benke et al., 2003), and might follow from a disrup-

tion of the maintenance, monitoring and selection of goal-

relevant representations by prefrontal cortices (Wagner

et al., 2001).

Critically, current lesion data are undermined by a

high degree of inconsistency in the effects of lesions on

verbal fluency performance. These discrepancies most

likely follow from the fact that the lesion studies having

tested the two types of fluency in the same patients

included small sample sizes (e.g. 32 in Martin et al.,

1990, 32 in Vilkki and Holst, 1994, 12 in Baldo and

Shimamura, 1998). In addition to limiting the statistical

power of the analyses, small sample sizes tend to reduce

the portion of the brain in which the effects of lesions are

tested, leaving unresolved the role of many brain areas

(e.g. Baldo et al. (2006), which included only left-

hemispheric patients). Moreover, in most of previous

lesion studies on verbal fluency, patients were selected

based on a priori hypotheses on the role of specific brain

regions or on the association between verbal fluency and

specific neuropsychological syndromes (e.g. studies with

aphasic patients in Grossman (1981), frontal or temporal

patients in Troyer et al. (1998), or cortical lesions in Henry

and Crawford (2004)).

With the aim of identifying the brain structures whose

integrity is necessary for phonologic and/or semantic

fluency, we analyzed statistically the relationship

between verbal fluency performance and focal lesion

locations using Voxel-based Lesion Symptom Mapping

(VLSM; Bates et al., 2003). In contrast to functional neu-

roimaging approach, the analysis of the effects of lesion

allows to establish causal relationships between brain

and behavior and not only correlational associations

between activity in a given brain area and performance

at a given task.

To prevent selection biases, we opted for the most

data-driven approach as possible by focusing on an

unselected group of hemispheric brain damaged patients

without any exclusion criteria at the level of lesion site or

clinical profile. Most notably, we included both left and

right hemispheric patients; while the prominent

involvement of left hemispheric structure in fluency is

clinically obvious, there is indeed lack of direct empirical

evidence for this question. Moreover, we included a very

large sample of 191 patients to optimize the statistical

sensitivity and brain coverage of our analyses. Because

age and education level have been shown to influence

fluency performance (Tombaugh et al., 1999; Katzev

et al., 2013; Marsolais et al., 2015), we used the continu-

ous fluency scores corrected for these factors as behav-

ioral inputs in the analyses. We further analyzed the

correlation between the score at each of the fluency task.

EXPERIMENTAL PROCEDURES

Population

Hundred and ninety-one in-patients from the

Neuropsychology departments of the Hôpital

Fribourgeois and the Centre Hospitalier Universitaire
Vaudois were included retrospectively in the study. All

the patients were hospitalized between 2007 and 2015

for a first unilateral hemispheric lesion. The patients

were aged 62.2 ± 14.9 years (mean ± SD) and the

group included a total of 71 women (see Table 1 for

detailed demographic information). The routine

neuropsychological assessment including the fluency

Table 1. Detailed demographic information.

Group size Sex Damaged hemisphere Education level (/3)

Male Female Left Right

Stroke 134 91 43 77 57 1.7

Tumor 57 29 28 31 26 1.9
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tasks was conducted 2.4 ± 5.3 weeks (mean ± SD) after

the stroke onset or the diagnosis or ablation of the tumor.

Inclusion criteria were: (i) first unilateral hemispheric

lesion without damage to the brainstem or cerebellum

documented by CT-scan and/or MRI (we excluded

patients with bilateral lesions to enable interpreting our

results in terms of hemispheric specialization); (ii) no

prior neurological or psychiatric illness; (iii) sufficient

understanding of the instructions (as clinically assessed

by the neuropsychologists); (iv) assessment of both

semantic and phonologic fluency; (v) right-handedness.

We did not use lesion characteristics or patterns of

behavioral deficits as inclusion criteria. The study was

approved by our local Ethics Committee.

Neuropsychological assessment of phonologic and
semantic verbal fluency

Phonologic fluency was assessed by asking the patients

to report in one minute all the words they could starting

with the sound ‘‘M” (132 patients) or ‘‘S” (59 patients);

the choice of the letter was made arbitrarily by the

clinician; there was no difference in the performance

between the two letters (t(189) = �1.719; p= 0.09).

Semantic fluency was assessed by asking the patients

to report in one minute as many animals as they could.

The patients were instructed that they could report any

French word except private names and that repetitions

were not allowed. Two to three examples were given

before starting the phonologic fluency task (with another

letter than M or S). The total number of correct words

was calculated. Because the age and the educational

level have been shown to impact the performance of the

production in verbal fluency tests (Cardebat et al., 1990;

Ruff et al., 1997; Tombaugh et al., 1999), the scores were

corrected according to norms collected on healthy con-

trols matched in age and educational level (Thuillard

and Assal, 1991). We used data from two groups of

age: 20–69 and from 70 years old. These populations

were also split based on their education level, with level

1 = 1–9 years of school (mandatory school in Switzer-

land); level 2 = 9–12 years (e.g. high-school); level

3 = 12 years (e.g. university). The following corrections

were then applied: For age-group 1, the correction was:

Level 1, +2 points to raw score; Level 2, +1 point; Level

3, �4 points. For age-group 2, with: Level 1, +6 points;

Level 2, +2 points; Level 3, we didn’t change the score.

We opted for this approach rather than for regressing

age and education level as nuisance covariates during

the VLSM analyses because an interaction between

these two factors, and non-linear relationships between

these factors and the fluency scores cannot be excluded.

Voxel-based statistical analyses of
anatomo-functional correlations

Voxel-based lesion-symptom mapping is a method

enabling the statistical assessment of anatomo-clinical

correlations by comparing the performance of patients

at a given neuropsychological test between those with

vs. without a lesion across the brain with a high spatial

resolution (Bates et al., 2003). Brain lesions from each

patient were drawn on the standard Montreal Neurological

Institute’s (MNI) brain template by a trained assistant

naive to the patients’ neuropsychological profile using

the MRICro software (Rorden and Brett, 2000, for similar

approaches see Spierer et al. (2009), or Manuel et al.

(2013)). The manual reconstruction of the lesions on a

template has been demonstrated to be as accurate as

automatic or semi-automatic reconstruction in two com-

parative studies (Fiez et al., 2000; Wilke et al., 2011).

We would further note that the manual procedure was well

adapted to the present retrospective study in which lesion

reconstructions were based on clinical radiologic data that

were not acquired for research purposes and thus

showed variable acquisition parameters. To identify brain

areas whose integrity impacted on verbal fluency perfor-

mance, the lesions and fluency scores were submitted

to statistical mapping analyses using the voxel-based

lesion-symptom mapping (VLSM) algorithms imple-

mented in the NPM software by Rorden et al. (2007).

The VLSM was based on the continuous fluency scores

corrected for education level and age. t-Tests on the

continuous corrected verbal fluency scores were run sep-

arately on each voxel to compare performance in patients

with vs. without lesion at this voxel. The statistical tests

were conducted only on voxels damaged in at least six

patients; this threshold was chosen to ensure a minimal

statistical power while covering with the tests a portion

of the brain as large as possible (Rorden et al., (2007);

Fig. 2A). The results of the t-tests were then color-

coded and projected on the MNI template brain using

MRICro (Rorden and Brett, 2000) for voxels surviving a

significance threshold of p< 0.05 with a False Discovery

Rate (FDR) correction.

Fig. 1. Correlation plot of the corrected scores for the phonologic and
the semantic verbal fluency tasks. RHD: Right hemispheric damage;

LHD: Left hemispheric damage. The lines represent the linear

regressions for the right hemispheric (RHD, red) and the left

hemispheric (LHD, green) group of patients. (For interpretation of

the references to color in this figure legend, the reader is referred to

the web version of this article.)
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Fig. 2. Voxel-based lesion-symptom mapping results. (A) Lesion overlay of the 191 patients. The number of overlapping lesions is coded with

colors ranging from dark red (n= 1) to light yellow (n= 31 patients). (B) Voxel-based lesion-symptom mapping (VLSM) on the 191 patients shows

that phonologic fluency impairments were associated with lesions to brain areas centered on the left putamen, caudate nucleus and pallidum and

left dorsal temporal regions. (C) Voxel-based lesion–symptom mapping shows that semantic fluency impairments were associated with lesions of

the left putamen, caudate nucleus and pallidum and left ventral temporal regions. For Fig 2B, C, only voxels significant at p< .05 (FDR-corrected)

are color-coded from red (pFDR < 0.05) to white (pFDR < 0.001). (D) Summary of the voxel-based lesion-symptom mapping results. In red, regions

associated with phonologic fluency; in green, with semantic fluency; in yellow, with both types of fluency. For Fig. 2A–D, brain slices are displayed

from z-coordinates �4 to 32 of the MNI space, with the left hemisphere on the right side. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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RESULTS

There was a positive correlation between the

performance in the phonologic and semantic fluency

task (r(189) = 0.704; p< 0.001; Fig. 1). The

performance at the semantic fluency task was better

than at the phonologic fluency (t(190) = 19.009;

p< 0.001).

As a control analysis, we examined the relationship

between lesion volume and the fluency scores. We

found no evidence for correlation between total lesion

volume and the fluency scores (phonologic fluency: r
(189) = �0.102; p= 0.16; semantic fluency: r(189)
= �0.021; p= 0.77), suggesting that this factor did not

confound our result.

The VLSM results revealed that both shared and

specific brain areas were involved in phonologic and

semantic fluency.

Both phonologic and semantic fluency were

associated with left subcortical areas including the

putamen, caudate nucleus and pallidum, as well as to

left cortical areas including the superior and middle

temporal gyri, the angular gyri, the insula and parts of

the supramarginal gyri. The lesions associated with

decreases in performance in both types of fluency also

manifested at the level of left hemispheric white matter

tracts: the external capsule, anterior and posterior limbs

of the internal capsule, superior and anterior corona

radiata and the superior longitudinal fasciculus (Fig. 2B–

D). No association was found with right hemispheric

lesions.

Phonologic fluency scores were preferentially

associated with lesions of the anterior middle temporal

and superior temporal areas, largely the rolandic

operculum and the supra-marginal gyrus (Fig. 2B, D).

In contrast, semantic fluency scores were

preferentially associated with lesions of the posterior

middle temporal gyrus and largely the pallidum. In

addition, lesion to larger portions of the internal capsule

and superior longitudinal fasciculus were associated

with decreases of semantic than phonologic fluency

(Fig. 2C, D).

DISCUSSION

We localized the brain lesions statistically associated with

a decrease in phonologic and semantic verbal fluency

performance in a group of 191 unselected patients with

a first left or right hemispheric brain damage. The

effects of age and education level in each type of

fluency and across patients were controlled by using

corrected scores for the anatomo-clinical correlations.

Our results revealed that the scores in the two types of

verbal fluency tasks were positively correlated and that

both tasks depended on the integrity of common

subcortical areas centered on the left basal ganglia.

However, we also found cortical areas preferentially

involved in each type of fluency: superior temporal lobe

regions for phonologic fluency and middle temporal

regions for semantic fluency.

The positive correlation between the scores at the

semantic and phonologic verbal fluency tasks suggests

that the two tasks involve at least partially shared brain

areas. To our knowledge, this is the first direct

behavioral evidence for a relationship between the

scores at the two types of fluency in brain-damaged

patients. Only few studies measured performance in the

two types of fluency in the same neuropsychological

population and none of these studies examined whether

the performance in the two tasks was correlated (Owen

et al., 1990; Vilkki and Holst, 1994; Elliott et al., 1996;

Baldo and Shimamura, 1998; Stuss et al., 1998;

Thomas-Antérion et al., 1998; Baldo et al., 2001, 2006;

Robinson et al., 2012).

Our finding for more words generated in the semantic

than phonologic condition replicates previous evidence

for a higher difficulty of phonologic fluency (Ahola et al.,

1996; Baldo et al., 2001; Robinson et al., 2012). In our

data, we found this pattern in both left and right brain

lesion patients, confirming that the lower performance in

phonologic fluency was independent on lesion site. Differ-

ences in difficulty levels between the two types of fluency

have been explained by the fact that retrieving words

according to a semantic rule relies on the natural seman-

tic organization of conceptual knowledge; this strategy is

thus easier to apply and takes place automatically. By

contrast, the search strategy in phonologic fluency

requires utilizing unusual and thus slower, more con-

trolled associations based on the first letter of the words

(Mummery et al., 1996). Variations in task demands

between the two types of fluency have also been demon-

strated to account for differences in the brain areas

involved in the two tasks, most notably at the level of infe-

rior frontal gyri (Katzev et al., 2013).

Lesions to subcortical brain areas centered on the left

basal ganglia decreased performance in both semantic

and phonologic fluency. This result for a critical

involvement of subcortical structures in verbal fluency

contrasts with previous lesion data suggesting that

fluency primarily depends on the integrity of cortical

structures (Baldo and Shimamura, 1998; Troyer et al.,

1998; Schwartz and Baldo, 2001). This discrepancy could

be accounted for by the fact that previous studies either

focused only on a priori selected cortical regions of inter-

est (e.g. Chapados and Petrides, 2013) or did not include

patients with subcortical lesion in their analyses (Ahola

et al., 1996).

The basal ganglia have been repeatedly involved in

executive functions, notably via its interactions with

dorsolateral prefrontal regions (DLPFC; Alexander et al.,

1986; Mega and Cummings, 1994; Middleton and Strick,

2000). In the fronto-subcortical loop, the DLPFC is con-

nected to the dorsolateral caudate nucleus and the inter-

nal globus pallidus via a pathway eventually projecting to

the thalamus (Alexander et al., 1986). Lesions to the

basal ganglia and the thalamus may thus have led to a

disruption of the DLPFC activity and in turn impaired ver-

bal fluency (Cox and Heilman, 2011).

This hypothesis is consistent with the finding by

Copland and colleagues (2000) that lesions to the basal

ganglia impair executive tasks that – as verbal fluency –
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involve lexical–semantic manipulations, the use of lan-

guage strategies and the selection between alternative

responses to a given linguistic cue (Copland et al.,

2000; Crosson et al., 2003). In the same vein, since both

types of verbal fluency involve cluster-switching behaviors

(i.e. searching within a given field like house pets, and

then switching to a new field like aquatic animals

(Troyer et al., 1998), a deficit at this level induced by

lesions to the basal ganglia could also account for our

VLSM results (e.g. Troyer et al., 2004; Abutalebi et al.

2009; Thames et al., 2012).

Finally, lesions to the basal ganglia may have

decreased verbal fluency performance by impairing

initiation capacities (Pagonabarraga and Kulisevsky,

2012; Del-Monte et al., 2013; Chen et al., 2014). Fabbro

et al. (1996) suggested that the left basal ganglia and

the thalamus play an important role in regulating arousal

and speech initiation, as well as in preverbal semantic

monitoring (Crosson, 1985). A disruption of the left

DLPFC activity has been shown to result in decreases

in switching capacity and in turn in lack of initiation and

perseverations (Troyer et al., 1998). Specifically designed

switching task would be helpful to refine our conclusions

on this issue.

Shared areas between phonologic and semantic

fluency were also evident within ventro-temporal cortical

areas. These regions have been previously associated

with verbal fluency and are thought to support the

storage of semantic knowledge and its role in the

associative processes engaged in both tasks (Troster

et al., 1998; Troyer et al., 1998).

Together with the high positive correlation between the

two tasks in our group of brain-damaged patients, this

result for shared subcortical structures suggests that key

executive components are similarly involved in fluency

tasks, independent of the specific production rules.

In addition to common areas, we found brain regions

whose lesions preferentially impaired one type of

fluency. The integrity of left dorso-lateral temporal areas

was necessary for phonologic but not semantic fluency.

This dissociation putatively follows from the fact that the

word retrieval strategy in phonologic fluency relies more

on auditory representations than semantic fluency.

Lesions to the Wernicke’s area may have impaired

preferentially phonologic fluency because it disrupted

the phonologic processing loop (e.g. Poeppel et al.,

2008). These posterior temporal regions belong to the

associative auditory cortex and mediate the storage of

the auditory representation of words (DeWitt and

Rauschecker, 2012; Schwartz et al., 2012).

Reversely, lesions to more inferior temporal regions

impaired semantic but not phonologic fluency. Inferior

temporal regions have been involved in semantic

memory and in the ‘‘clustering” process likely engaged

to find words belonging to the animal semantic category

(Troyer et al., 1998). As for the role of occipital regions,

it may reflect the fact that the patients relied on a visual

mental imagery strategy to retrieve names of animals

(D’Esposito et al., 1997). Such dorsal/ventral dissociation

between phonological and semantic impairment after

brain lesion has been reported in other modalities of

language and fits with current general models of language

organization (Friederici, 2009; Kummerer et al., 2013).

Dorsal/ventral dissociations have also been found in

aphasic patients, where expressive impairments can

occur at the lexical–semantic or lexical–phonological

levels. Semantic impairments in aphasia can occur at

different levels of language processing but have been

associated with left temporal, and inferior frontal areas,

while lexical–phonological difficulties occur after

supramarginal and arcuate lesions (Henseler et al.,

2014; Parker Jones et al., 2014). Our results suggest that

dorsal/ventral dissociations found in aphasic patients can

also be found in an unselected brain-damaged patients

population and confirm the role of temporal structure in

accessing the meaning of words. While semantic fluency

seemed to be more sensitive to lesions of the internal

capsule and superior longitudinal fasciculus than phono-

logic fluency, our results revealed no clear dissociations

between the role of ventral and dorsal streams when con-

sidering how lesions affected white matter tracts (Saur

et al., 2008).

Of note, while the prominent role of left-hemispheric

structure in verbal fluency is well known by clinicians for

years, by including both left and right hemispheric

patients our study provides direct evidence for this

assumption (Benton, 1968; Pendleton et al., 1982; Martin

et al., 1990; Ahola et al., 1996; Baldo and Shimamura,

1998; Stuss et al., 1998; Troyer et al., 1998; Szatkowska

et al., 2000; Baldo et al., 2011; Robinson et al., 2012).

The present study suffers several limitations. First,

there were biases in the distribution of strokes due to

the differential susceptibility of the cerebral arteries to

stroke (Kobayashi et al., 2009) and to the fact that some

types of strokes increase the probability of meeting an

exclusion criterion. For example, left middle and superior

frontal gyri lesions were underrepresented in our popula-

tion because such lesions are often part of major domi-

nant hemispheric syndromes, associated with dementia

and severe aphasia (Tatemichi et al., 1993) and with early

post-stroke depression. These syndromes typically pre-

vent neuropsychological testing and likely explain the lim-

ited number of such lesions in our population. However,

as compared with previous lesion literature on the topic,

our study is strongly powered and the lesion distribution

still covers left frontal areas. Hence, we feel that this neg-

ative result could still be interpreted and suggests that age

and education level may account for a part of the involve-

ment of these regions in fluency since the main difference

between our and previous lesion studies on fluency is that

we used corrected scores.

Second, different lesion etiologies were mixed in our

VLSM analyses and it cannot be ruled out they affected

differentially the fluency performance. For example,

while Troyer et al. (1998) found the same overall fluency

scores in patients with dementia of the Alzheimer type

as in those with Parkinson’s disease, the two groups dif-

fered at the level of the clustering and switching patterns

of patients’ performance. Recent evidence however indi-

cates that the functional impact of similar lesions but with

different etiologies is comparable, which suggests that

lesions with different etiologies can be mixed in VLSM

6



analyses (Cipolotti et al., 2015). It is not clear, however,

whether the same post-lesional neuroplastic recovery

mechanisms take place in each etiology. While tumors

are progressive processes and possibly induce compen-

satory mechanisms (Yu et al., 2016), stroke damage the

tissues after very short post-stroke delays. In turn, for a

given delay after the diagnostic, functional reorganization

might take place earlier in tumor than in stroke patients.

Related to this issue, since we focused on data collected

during routine neuropsychological assessment, we don’t

have precise information on which words were produced,

which preclude qualitative analyses of e.g. the size and

number of cluster across etiologies and lesion sites

(Reverberi et al., 2006).

In spite of these limitations, our collective results

extend previous literature on verbal fluency by pointing

out the critical role of (left) subcortical structures in both

phonologic and semantic verbal fluency and a

preferential role of dorso-lateral temporal areas in

phonologic but not semantic fluency. At the clinical level,

our study suggests that fluency tasks should be part of

the neurobehavioral evaluation tools to exclude acute

brain lesions -particularly to assess the integrity of

subcortical nuclei; and that assessing the two types of

fluency after subcortical lesions is not necessary since

they depend on largely overlapping networks and their

scores strongly correlate. However, our study cannot

disentangle whether each type of etiology (stroke or

tumor) leads to the same impairments and thus the

clinical implications mentioned above should be applied

with caution. Further studies comparing the fluency

scores between stroke and tumor patients matched at

the level of lesion site are necessary to address this

question.
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