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Picture naming tests are widely used to evaluate language impairments in neurodegener-

ative diseases, especially in Primary Progressive Aphasia (PPA). The available tests differ for

many factors affecting the performance, e.g. format of stimuli and their psycholinguistic

properties. We aim to identify the most appropriate naming test to be used on PPA ac-

cording to the clinical and research demands. We investigated the behavioural character-

istics, i.e. proportion of correct responses and error type, and their neural correlates in two

Italian naming tests, CaGi naming (CaGi) and naming subtest of the Screening for Aphasia in

NeuroDegeneration battery (SAND), administered to 52 PPA patients who underwent an
roscience center, Institute for Advanced Studies, IUSS Pavia, Palazzo del Broletto, Piazza

.it (S.F. Cappa).
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FDG-PET scan. We analysed the effectiveness of the tests in distinguishing PPA versus

controls and among PPA variants, considering the psycholinguistic variables affecting per-

formance. We explored the brain metabolic correlates of behavioural performance in the

tests. SAND, differently from CaGi, has time limits for the response and its items are less

frequent and acquired later. SAND and CaGi differed in terms of number of correct re-

sponses and error profile, suggesting a higher difficulty to name SAND items compared to

CaGi. Semantic errors predominated in CaGi, while anomic and semantic errors were

equally frequent in SAND. Both tests distinguished PPA from controls, but SAND out-

performed CaGi in discriminating among PPA variants. FDG-PET imaging revealed a shared

metabolic involvement of temporal areas associated with lexico-semantic processing,

encompassing anterior fusiform, temporal pole, and extending to posterior fusiform in sv-

PPA. Concluding, a picture naming test with response time limit and items which are less

frequent and acquired later in life, as SAND, may be effective at highlighting subtle dis-

tinctions between PPA variants, improving the diagnosis. Conversely, a naming test without

time limit for the response, as CaGi, may be useful for a better characterization of the nature

of the naming impairment at the behavioural level, eliciting more naming errors than

anomia, possibly helping in the development of rehabilitation protocols.

© 2023 Elsevier Ltd. All rights reserved.
stages of the disease both in sv-PPA and in lv-PPA, but they

1. Introduction

Picture naming is a multi-componential process encompass-

ing dissociable yet interacting stages, frommapping the visual

input to the semantic representation, to linking it to the word

form for spoken output (Gleichgerrcht et al., 2015). It entails a

widespread brain network, including the occipital regions,

running along the fusiform and temporal gyri and the tem-

poral pole, and further extending to the inferior frontal

cortices (Catrical�a et al., 2020; Migliaccio et al., 2016). Picture

naming tests are widely used to assess language impairments

in neurological patients, both after cerebrovascular accidents

(McKinnon et al., 2018) and in different neurodegenerative

diseases (Catrical�a et al., 2020), including Primary Progressive

Aphasia (PPA, Gorno-Tempini et al., 2011).

Different kinds of errors, e.g. visual, semantic, phonolog-

ical, and anomia, may arise during the naming process.

Although there is no one-to-one correspondence between the

error type and the impaired processing stage, qualitative

scoring provides relevant information about the neuro-

cognitive components that are likely to be damaged

(Balthazar et al., 2010; Schwartz et al., 2009). In our previous

study on naming across neurodegenerative patients, we

found: a) visual errors to be correlated with hypometabolism

in the occipital lobes, involved in visual processing; b) se-

mantic errors to be correlated with brain metabolism in the

left fusiform and inferior andmiddle temporal gyri, extending

to the temporal pole, regions which are known to be associ-

ated with conceptual knowledge; c) phonological errors to be

correlated with hypometabolism in the left superior and

middle temporal gyri, brain regions involved in the coding for

the phonological forms (Catrical�a et al., 2020).

Impaired naming is among the core diagnostic features of

both the semantic variant of PPA (sv-PPA) and the logopenic

variant PPA (lv-PPA) (Gorno-Tempini et al., 2011). Impaired

naming qualitatively results in lexical-semantic errors and

anomia. These kinds of errors are present since the early
may be attributed to different causes. In sv-PPA, naming er-

rors have been ascribed to the progressive loss of semantic

knowledge, emerging from the progressive involvement of the

anterior temporal lobe (Catrical�a et al., 2021; Jefferies &

Lambon Ralph, 2006; Mion et al., 2010). Coordinate semantic

errors reflect the initial blurring between the boundaries of

concepts belonging to the same semantic category, resulting

from the degradation of relevant distinctive features

(Catrical�a et al., 2015). As the disease progresses, additional

features are lost and superordinate errors and anomia tend to

predominate (Hodges & Patterson, 1995). Impairments at the

lexical level have been also reported in this syndrome

(Mesulam et al., 2013). In lv-PPA, lexico-semantic errors have

been mainly attributed to a dysfunction in the retrieval of

phonological word form, associated with cortical atrophy in

the left middle and superior temporal gyri (Leyton et al., 2012,

2017, 2014; Win et al., 2017; Migliaccio et al., 2016) and

resulting in anomia and phonological errors. Accordingly, lv-

PPA patients may show preserved knowledge of the item, for

example by producing accurate circumlocutions, and their

performance is improved by cueing (Leyton&Hodges, 2013). A

semantic origin of naming errors is however possible also in

these patients (Rohrer et al., 2010; Teichmann et al., 2013).

Phonological errors are associated with cortical thinning in

the left posterior superior temporal gyrus (Leyton et al., 2014).

Naming is also affected in patients with the non-fluent

variant of PPA (nfv-PPA), even though the impairment is

generally less severe as compared to the other variants (Henry

et al., 2016). In nfv-PPA, in addition to articulatory distortions,

errors are mainly phonological, including omission, substitu-

tion, deletion, or insertion of phonemes (Migliaccio et al.,

2016).

Picture naming tests are the most frequently used for the

assessment of word retrieval abilities. The currently available

picture naming tests differ in many factors potentially

affecting the performance, such as the format of the stimuli

https://doi.org/10.1016/j.cortex.2023.04.014
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(e.g., coloured pictures as in Savage et al., 2013 vs black and

white line drawings as in Kaplan et al., 1983, and Mckenna &

Warrington, 1983), the number of stimuli (e.g., from 6 as in

Lindeboom et al., 2002 to 80 as in Deloche&Hannequin, 1997),

the presentation time (e.g., ranging from no limits, as in

Mckenna&Warrington, 1983, and Savage et al., 2013, to 20 s as

in Kaplan et al., 1983), as well as the psycholinguistic prop-

erties, i.e. differences in frequency, familiarity, and typicality.

Previous studies in aphasia reported, although not univocally,

several insights on how different variables may influence not

only performance accuracy but also differences in error types

(Cuetos et al., 2002; Kremin & Arabia, 2003; Kittredge et al.,

2008; Nickels & Howard, 1995). Studies on neurodegenerative

diseases have largely focused on sv-PPA (Barbarotto et al.,

1995; Lambon Ralph et al., 1998; Woollams et al., 2008), and

suggested that naming accuracy is predicted by typicality,

frequency, familiarity, and age of acquisition. Anomic errors

are elicited by items with low typicality, characterized by

unusual features failing to activate any name, whereas se-

mantic errors are more frequent in the case of high typicality

items, whose features overlap among semantically related

exemplars (Woollams et al., 2008).

Of note, different naming tests are used interchangeably,

sometimes according to the usual practice of the clinical and

research centres, without any clear agreement on which test

is preferable in evaluating a specific performance in specific

types of patients.

A recent systematic review reported in fact how not all

naming tests are equally effective in discriminating, for

example, lv-PPA from other PPA variants (Conca et al., 2022).

Indeed, in the majority of cases, the Graded Naming Test

(Mckenna & Warrington, 1983; Warrington, 1997) revealed no

difference in naming accuracy between sv-PPA and lv-PPA,

while other instruments, such as the DO80 naming test

(Deloche & Hannequin, 1997), the Boston Naming Tests

(Kaplan et al., 1983; Mack et al., 1992, pp. P154eP158), and the

Northwestern Naming test (Thompson & Weintraub, 2014),

showed a worse accuracy of sv-PPA patients. All these tests

included black and white line drawings. While the Graded

Naming Test and the Northwestern Naming test have no time

limits for the response, the other two tests have time limits of

6 and 20 s, respectively. Different results have been also re-

ported in comparing lv-PPA and nfv-PPA, with no difference in

the Boston Naming Test (Kaplan et al., 1983), and a worse

performance of lv-PPA than nfv-PPA in SYDBAT (Savage et al.,

2013) and DO80 naming test (Deloche & Hannequin, 1997).

SYDBAT, differently from the Boston Naming and DO80 tests,

includes coloured photographs and has no time limit for the

response. Crucially, the lack of information about the char-

acteristics of the stimuli and the diagnosticmetrics prevents a

straightforward interpretation of the results. In fact, the

characteristics of the naming tests may result in different

weighting on components of the neural networks linked to

specific aspects of language, such as visual perception, lexico-

semantics, and phonology, leading to specific performance

profiles in PPA variants.

The present study aims to investigate the behavioural

characteristics, both in terms of proportion of correct re-

sponses and error type, of two Italian naming tests, i.e. CaGi

naming subtest (CaGi, Catrical�a et al., 2013) and Screening for
Aphasia in NeuroDegeneration naming subtest (SAND,

Catrical�a et al., 2017), administered to a sample of PPA pa-

tients. We investigated the capacity of the two tests in

discriminating PPA versus controls and among PPA variants,

taking also into account the psycholinguistic variables

affecting performances. We also explored the correlation be-

tween naming performance in both tests and regional brain

metabolism as assessed by FDG-PET in PPA cases. Besides the

research purpose, identifying the psycholinguistic character-

istics of different naming tests, which best discriminate

across PPA variants and best unveil the nature of the naming

impairment, may improve themanagement of PPA patients in

both diagnostic and rehabilitation settings.
2. Materials and methods

No part of the study procedures and analyses was pre-

registered prior to the research being conducted. No analysis

code was used. Here we report all data exclusions, all inclu-

sion/exclusion criteria, whether inclusion/exclusion criteria

were established prior to data analysis, all manipulations, and

all measures in the study. No sample size calculation was

performed. The conditions of our ethics approval do not

permit public archiving of raw brain imaging or behavioural

data. Readers seeking access to these data can submit their

queries to the corresponding author. Accessmay be granted in

compliance with the study's procedures regulating the use of

sensitive data. Any eventual reuse should undergo the

completion of a formal agreement on data sharing. The ma-

terials and stimuli of CaGi and SAND naming tests are avail-

able in the Open Science Framework repository (https://osf.io/

ufvge/).

2.1. Participants

Fifty-two PPA patients were retrospectively selected from the

databases of the Neurology Unit of Careggi University Hospital

of Florence (N ¼ 46) and the Clinical Neuroscience Depart-

ment, San Raffaele Hospital of Milan (N ¼ 6). We included 15

sv-PPA, 20 lv-PPA, 7 nfv-PPA (Gorno-Tempini et al., 2011) and

10mixed variants (specifically 6 sv/lv-PPA, 3 nfv/lv-PPA, 1 nfv/

sv-PPA). The clinical diagnoses were made by expert neurol-

ogists (AM, SI, VB, SS, SFC) following the current guidelines

(Gorno-Tempini et al., 2011). Amyloid biomarker data, i.e. CSF

and Amyloid PET, were available only for a subset of patients,

and not used for the diagnosis. In single subjects, behavioural,

neuropsychological, and imaging assessment (i.e., conven-

tional MRI and/or FDG-PET imaging) supported the clinical

classification. Imaging data were visually inspected by an

expert neurologist/neuroradiologist (DP), adhering to the

criteria of Gorno-Tempini et al. (2011) for an imaging-

supported diagnosis, i.e., involvement of the anterior tempo-

ral lobe for sv-PPA, the left posterior fronto-insular regions for

nfv-PPA and the left posterior perisylvian or parietal regions

for lv-PPA. See Table 1 for demographic and clinical

information.

Sex, age, education, disease duration, and MMSE score did

not differ between the three PPA variants (i.e. sv-PPA, nfv-PPA

and lv-PPA) (all P values > .064).

https://osf.io/ufvge/
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Table 1 e Demographic and clinical information for each patients’ group.

Patients group (number of patients) sex, M/F age, years,
mean (SD)

education, years,
mean (SD)

disease duration,
months, mean (SD)

MMSE, Corrected
score, mean (SD)

sv-PPA (15) 6/9 67.93 (6.29) 11.27 (3.54) 20.50 (9.66) 22.51 (5.61)

lv-PPA (20) 12/8 66.75 (7.07) 11.90 (3.93) 23.82 (12.31) 22.78 (3.79)

nfv-PPA (7) 6/1 71.71 (5.88) 11.43 (6.21) 26.50 (20.45) 23.18 (2.37)

PPA (all three variants) (42) 24/18 68.00 (6.69) 11.59 (4.14) 23.00 (12.80) 22.75 (4.29)

sv/lv-PPA (6) 5/1 73.33 (8.52) 12.50 (4.28) 33.67 (21.47) 22.94 (2.63)

nfv/lv-PPA (3) 0/3 71.67 (6.51) 6.67 (1.53) 28.67 (11.85) 23.95 (1.62)

nfv/sv-PPA (1) 0/1 67.00 7.00 24.00 16.90

All PPA patients (52) 29/23 68.81 (6.95) 11.33 (4.19) 24.74 (14.08) 22.73 (4.03)

sv-PPA ¼ semantic variant of Primary Progressive Aphasia, lv-PPA ¼ logopenic variant of Primary Progressive Aphasia, nfv-PPA ¼ nonfluent

variant of Primary Progressive Aphasia, SD ¼ standard deviation, MMSE ¼ Mini-Mental State Examination.

c o r t e x 1 6 6 ( 2 0 2 3 ) 1e1 84
Eighty-four healthy participants were recruited as well; 42

of them were administered the CaGi (18 females,

age ¼ 66.24 ± 10.75; education ¼ 9.74 ± 3.83) and 42 the SAND

battery (18 females, age ¼ 66.71 ± 8.58; education ¼ 11.19 ±
4.35). The PPA group (i.e., sv-PPA, lv-PPA, nfv-PPA) and the

respective control groupwerematched for age, education, and

sex (all P-values at least >.446).
The study complies with all the provisions of Helsinki

Declaration and received approval by the local ethics com-

mittees. All participants gave written informed consent to

participate.

2.2. Picture naming tests

Participants were administered the picture naming tests of

the CaGi (Catrical�a et al., 2013) and SAND (Catrical�a et al., 2017)

batteries, widely used in clinical and research settings in Italy

(Catrical�a et al., 2014; 2015; 2013; 2020; 2021; 2022; Picillo et al.,

2019; Battista et al., 2018). In both tests, participants were

asked to orally name each visually presented stimulus. The

modality of administration and scoring were however

different (Catrical�a et al., 2013; 2017). CaGi test consists of 48

coloured photographs to be named without time limits, and
Table 2 e Properties of CaGi and SAND naming tests; in bold sig
deviation; AoA ¼ Age of Acquisition;e¼ not tested.

Variables CaGi

stimuli Coloured 

photographs

number of items 48

time limit No

number of letters, mean (SD) 7.08 (1.61)

number of phonemes, mean (SD) 6.92 (1.54)

number of syllables, mean (SD) 2.98 (.64)

phonological neighborhood, mean 

(SD)

3.13 (2.65)

frequency, mean (SD) 3.06 (1.38)
AoA, mean (SD) 3.10 (.95)
typicality, mean (SD) 5.88 (1.14)

syllabic complexity, mean (SD)  .55 (.26)
no cue was provided. For the calculation of the total correct

responses, 1 point was given to each correctly named picture,

for a maximum score of 48. SAND test consists of 14 black and

white line drawings, and the participants had to respond

within 6 s. A phonological cue was given only in the case in

which patients produced an anomia, in all the other cases of

incorrect response no cue was given. In the calculation of the

total correct responses, 1 point was given if the correct name

was produced within the 6 s time limit or if the patient self-

corrected, .5 points if the patient named the picture

correctly after the phonological cue, and 0 points if the patient

made an error. The maximum score of correct responses was

14. A slightly different procedure was adopted for the calcu-

lation of the different types of error (semantic, phonological,

visual, anomia), where responses produced after the cue were

not considered, and the respective errors were classified as

anomia.

Values of psycholinguistic variables, namely number of

letters, phonemes, and syllables, phonological neighborhood,

frequency (PhonItalia database, Goslin et al., 2014), Age of

Acquisition (AoA) (Dell’Acqua et al., 2000), typicality (from

Catrical�a et al., 2013 for CaGi and from Dell’Acqua et al., 2000

for SAND), and syllabic complexity, measured as the number
nificant differences (all P-values ≤.002); SD ¼ standard

SAND Mann-Whitney test, U 
(p-value)

Black and white line 

drawings

-

14 -

6 seconds -

6.64 (2.40) 268.50 (.248)

6.57 (2.34) 273.00 (.280)

2.93 (.83) 307.50 (.585)

3.21 (3.07) 323.00  (.823)

1.60 (.82) 115.00 (< .001)
4.15 (.84) 76.50 (.002)
4.06 (1.50) -

 .67 (0.26) 256.50 (.171)
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of consonant-vowel (CV) syllabic structures on the total

number of syllables (Borleffs et al., 2017), are reported in Table

2. The items of the SANDwere less frequent and acquired later

than those of the CaGi (all P-values �.002) (see Table 2). Note

that typicality was not considered as it was taken from two

different databases.

In both CaGi and SAND, the following errors were consid-

ered and classified according to the procedures described in

Catrical�a et al. (2020):

- Visual (VIS) errors: responses visually similar to the target

and from a different semantic category; whole-part re-

sponses where part of the target is named; gestures sug-

gesting a visual error, for instance miming another object

visually similar to the target; circumlocutions indicating an

object visually similar to the target;

- Semantic (SEM) errors: semantic-within category errors,

i.e. visually non-similar responses from the same category,

superordinate, subordinate category errors, and

circumlocutions;

- Phonological (PHON) errors: deletions, transpositions, or

insertions of phonemes of the target word, phonemic

conduites d'approche reaching or not reaching the target,

fragments, neologisms, and verbal pharaphasias phono-

logically similar to target;

- Anomia (AN) errors: no responses.

Articulatory errors, mixed errors, e.g. ambiguous visual/

phonologic or visual/semantic errors, perseverations, non-

classifiable errors, and other errors, e.g. empty circumlocu-

tions, were not included in the analyses.

2.3. Analyses of behavioural data

2.3.1. Correct responses and error type
Separately for CaGi and SAND, the performance of each pa-

tient was classified as impaired or spared according to the

respective normative data, and the percentage of impaired

cases was calculated. In the whole PPA group (i.e. the three

PPA variants andmixed PPA,N ¼ 52), in the three PPA variants

considered together (N ¼ 42), and separately for each variant

(namely sv-PPA, lv-PPA, and nfv-PPA, but not mixed PPA), we

compared the percentage of impaired cases between CaGi and

SAND by means of ChieSquare tests. Mixed PPAs were only

considered for the whole group analyses as this group was

highly heterogeneous.

The proportions of correct responses (the number of

correctly named stimuli), visual, semantic, phonological

errors and anomia were obtained by dividing them by the

number of trials, namely 48 in CaGi and 14 in SAND. In the

whole PPA group, in the three PPA variants considered

together, and separately for each variant, a Friedman test

was performed to explore differences in the proportions of

visual, semantic, phonological errors and anomia, in

CaGi and SAND respectively. The Wilcoxon test using Bon-

ferroni correction (.05/6 ¼ .008) was used for post-hoc ana-

lyses. Differences between CaGi and SAND in terms of

proportion of correct responses, visual, semantic, phono-

logical errors and anomia were computed using Wilcoxon

tests in the whole PPA group, in the three PPA variants
considered together, and separately for each of the three

variants.

Separately for CaGi and SAND, differences in the three PPA

variants in terms of proportion of correct responses, visual,

semantic, phonological errors and anomia were computed by

means of Kruskall Wallis tests. ManneWhitney test with

Bonferroni correction (.05/3 ¼ .017) was used for post-hoc

analyses.

The distribution of the difference in the proportion of se-

mantic and anomic errors between CaGi and SAND (semantic

errors in CaGi-semantic errors in SAND, and anomia in CaGi-

anomia in SAND, respectively) were also plotted at the single

subject level.

2.3.2. Psycholinguistic variables and test length
Separately for CaGi and SAND, we accounted for possible in-

fluences of psycholinguistic variables on naming perfor-

mance, in terms of correct responses and error type, with an

item-level analysis. Considering the correct responses, we

calculated the proportion of patients who named each item

correctly out of the total number of patients (i.e. three PPA

variants and mixed PPA, N ¼ 52). We then used a multiple

linear regression model with the proportion of correct re-

sponses as dependent variable and the psycholinguistic vari-

ables as independent ones. Considering error type, we

calculated the proportion of patients who produced, respec-

tively, a visual, semantic, phonological, and anomic error, out

of the total number of patients (i.e. three PPA variants and

mixed PPA,N¼ 52) for each item. In a general linearmodel, the

proportions of each type of error were entered as dependent

variables and the psycholinguistic variables as independent

ones. Specifically, separately for CaGi and SAND, the following

variables (converted into z-scores) were selected on the basis

of their correlation with the proportion of correct responses

and type of errors (i.e., at least with one error type), respec-

tively, and then entered as independent variables: number of

syllables, phonological neighborhood, frequency, AoA were

entered as predictors of proportion of correct responses and

error type for CaGi; number of syllables and typicality were

entered as predictors of error type for SAND. Note that, to

avoid multi-collinearity, when both the number of syllables

and the number of letters were significantly correlated with

proportion of correct responses and/or error type, we included

only the number of syllables in the model as it displayed a

higher correlation strength.

We further explored the effects of the test length on the

performance, in terms of number of items, i.e. 14 items in

SAND vs 48 items in CaGi. Specifically, we considered the

proportion of correct responses for the first 14 items of CaGi

and for the SAND items, to investigate possible differences.

We thus used an ANCOVA model in order to account for the

effect of test length on the performance, controlling for the

two variables in which the tests differed, namely frequency

and AoA. The proportion of the correct responses was entered

as dependent variable, the test (i.e. CaGi vs SAND) as inde-

pendent variable and the frequency and AoA as covariates.

2.3.3. ROC analysis
Receiver Operating Characteristic (ROC) analysis was used to

assess the ability of CaGi and SAND naming tests, in terms of

https://doi.org/10.1016/j.cortex.2023.04.014
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proportion of correct responses (CR), and proportions of se-

mantic, phonological, visual errors, and anomia, to discrimi-

nate between:

a) PPA (all three variants) and HC;

b) sv-PPA and nfv-PPA;

c) sv-PP and lv-PPA;

d) lv-PPA and nfv-PPA.

To directly compare the proportion of correct responses

and error types, CR was converted into (1-CR) score. For each

ROC analysis, we evaluated the accuracy using the area under

the curve (AUC). When both CaGi and SAND AUCs were sig-

nificant, or when different variables were significant within

the same test, a non-parametric approach based on U-statis-

ticswas used to compare ROC curves (De Long et al., 1988). The

Youden J Index (J), i.e. sensitivity þ specificity �1, was

computed in order to identify the optimal cut-off as a trade-off

between sensitivity and specificity. We considered as accept-

able the values above .5 (Fluss et al., 2005).

2.4. Imaging methods

2.4.1. FDG-PET acquisition and data analysis
Forty out of fifty-two PPA patients underwent [18 F]FDG-PET

scans. The maximum distance between neuropsychological

assessment and [18 F]FDG-PETwas threemonths [18 F]FDG-PET

acquisition was performed according to the EANM guidelines

(Varroneetal.,2009)andfollowing thesameproceduresadopted

in previous studies of our group (see Catrical�a et al., 2020; 2022).

General Electric's Medical Systems Discovery-STE PETscan (in

Milan) or Gemini TF PET/CT (Philips Medical Systems) scan (in

Florence)were used.Wepreviously adoptedamulti-center data

collection approach (Catrical�a et al., 2020; 2022), based on the

reported evidence that the validated optimized FDG-PET-based

procedure is not affected by heterogeneity in the scanners

adopted for image acquisition, thus representing a reliable

methodfor longitudinalandmulti-center studies (Presottoetal.,

2017). TheobtainedFDG-PET imageswere thenanalysedusinga

standardized single-subject procedure implemented in statis-

tical parametric mapping (SPM), involving: 1) spatial normali-

zation adopting a dementia-specific template; 2) smoothing

(isotropic 3D Gaussian kernel with a FWHM of 8 mm in each

direction); and 3) intensity-normalization with a whole-brain

reference region (Perani et al., 2014).

2.4.2. Regions of Interest
Six Regions of Interest (ROIs) were selected considering

existing literature on naming and PPA: left occipital gyrus
Table 3 e List of the 6 ROIs with the respective MNI coordinates

laterality Label

Left Middle Occipital Gyrus

Left Superior Temporal Gyrus (posterior section)*

Left Middle Temporal Pole

Left Fusiform Gyrus (posterior and anterior sections

Left Inferior Frontal Gyrus (triangularis)

* ¼ ROIs divided into anterior and posterior sections, see text for details.
(Catrical�a et al., 2020), posterior superior temporal gyrus

(Migliaccio et al., 2016), posterior fusiform gyrus (Bruffaerts

et al., 2020), anterior fusiform gyrus (Mion et al., 2010), tem-

poral pole (Catrical�a et al., 2020), inferior frontal gyrus (IFG)

pars triangularis (BA 45) (Migliaccio et al., 2016). ROIs were

created from the Automated Anatomical Labelling (AAL) atlas

(Tzourio-Mazoyer et al., 2002), and adopted in previous studies

of our group (Catrical�a et al., 2020; 2022). Anterior and poste-

rior sections of the fusiform gyrus and the posterior section of

the superior temporal gyrus were defined in line with the

boundaries in the AAL atlas and according to Visser et al.

(2012), namely the MNI coordinates of posterior sections

extended from y ¼ �24 to �60 for the fusiform gyrus, and

y ¼ �19 to �51 for the superior temporal area. See Table 3 and

Fig. 1 for the selected ROIs.

Correlation analyses (one-tailed) were used to explore the

relation between the variables resulting as significant in the

ROC analyses, separately for CaGi and SAND, and the meta-

bolic values extracted from each brain ROI. Analyses were

performed in the whole patients’ sample (i.e. three PPA vari-

ants andmixed PPA,N ¼ 40), and then separately for each PPA

variant (sv-PPA, lv-PPA and nfv-PPA), in the latter with the

application of bootstrapping (number of samples: 1000, CI:

95%). Bonferroni correction (.05/6 ¼ .008) was adopted.
3. Results

3.1. Behavioural results

3.1.1. Proportion of correct responses and error type
The percentage of impaired cases, and the proportions of

correct responses, visual, semantic, phonological errors, and

anomia in the whole PPA group, in the three PPA variants

considered together, and in each variant are shown in Table 4.

In the whole PPA group (p¼ .002) and in the three PPA variants

considered together (p¼ .011), a higher percentage of impaired

cases was found in SAND as compared to CaGi, while no dif-

ference emerged when taking into account each variant

separately (all P-values �.070).

Proportion of correct responses. Comparing SAND and CaGi,

the proportion of correct responses was lower in SAND than

CaGi in the whole PPA group, in the three PPA variants

considered together, and also in sv-PPA and lv-PPA (all P-

values �.001). SAND, but not CaGi, showed a lower proportion

of correct responses in sv-PPA compared to lv-PPA (p ¼ .009)

and nfv-PPA (p ¼ .014).

Error types. Using CaGi, in the whole PPA group and in the

three variants considered together, semantic errors was the
taken from AAL atlas.

X Y Z

�32.39 �80.73 16.11

�53.16 �20.68 7.13

�36.32 14.59 �34.08

)* �31.16 �40.3 �20.23

�45.58 29.91 13.99

https://doi.org/10.1016/j.cortex.2023.04.014
https://doi.org/10.1016/j.cortex.2023.04.014


Fig. 1 e Anatomical 3D rendering of the 6 ROIs.
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most frequent error type (all P-values �.001), while using

SAND anomic and semantic errors were equally frequent (all

P-values >.072), and more frequent than both visual and

phonological errors (all P-values �.001); phonological errors

were more frequent than visual errors (all P-values �.002).

Phonological errors and anomiasweremore frequent in SAND

than CaGi (all P-values �.041), while visual errors were more

frequent in CaGi than SAND (all P-values �.014).

Considering separately the three variants using CaGi, se-

mantic errors were the most frequent error type in sv-PPA (P-

values �.001), while using SAND, anomias and semantic er-

rors were equally frequent (p ¼ .379), and more frequent than

phonological errors (P-values �.004). A similar pattern was

reported in lv-PPA, where semantic errors were the most

frequent error type in CaGi (P-values <.001), whereas in SAND

anomia and semantic errors were equally frequent (p ¼ .556),

and more frequent than visual, and in case of anomia, also

than phonological errors (P-values �.001). In nfv-PPA, no dif-

ferences emerged between error types. Comparing SAND and

CaGi, both sv-PPA and lv-PPA showed a higher proportion of

anomia in SAND than CaGi (p � .001), while a higher propor-

tion of semantic errors in CaGi compared to SAND (p ¼ .042)

was found in the case of nfv-PPA.

Comparing the three groups using CaGi, sv-PPA showed a

greater proportion of semantic errors than nfv-PPA (p ¼ .005);

using SAND, sv-PPA had a higher proportion of anomia

(p ¼ .013) and semantic errors (p ¼ .004) than nfv-PPA, see

Fig. 2.

Fig. 3 reports the difference between CaGi and SAND in the

proportion of semantic and anomic errors at the single subject

level in sv-PPA and lv-PPA. The same subject showed pre-

dominantly semantic errors in CaGi, while in SAND anomic

errors were predominant.

3.1.2. Psycholinguistic variables
The proportion of correct responses of CaGi was significantly

predicted by the number of syllables (b ¼ �.368, p ¼ .003) and

AoA (b ¼ �.650, p < .001).

Semantic errors in CaGi were predicted by number of syl-

lables (b ¼ .463, p ¼ .002) and AoA (b ¼ .560, p ¼ .001); anomic

errors were predicted by AoA (b ¼ .563, p ¼ .002) and syllabic

complexity (b ¼ .287, p ¼ .025). AoA predicted visual (b ¼ .485,

p ¼ .016) and phonological errors (b ¼ .581, p ¼ .003). In SAND,
phonological errors were predicted by the number of syllables

(b ¼ .419, p ¼ .022), and visual errors by the typicality

(b ¼ �.697, p ¼ .013).

In addition, concerning the test length, the first 14 items of

CaGi were more frequent and acquired earlier than the items

of SAND (all P-values �.002), and they did not differ from the

remaining CaGi items (all P-values�.186). A higher proportion

of correct responses was reported in the first 14 items of CaGi

than SAND (p < .001), in line with what we found considering

all CaGi items (see above), and thus speaking against potential

length effects. The difference was thus significant also after

controlling for the effect of frequency (p ¼ .953) and AoA

(p ¼ .013), with this last variable showing a significant effect.

3.1.3. ROC
All PPA (three variants) vs controls. PPAwere discriminated from

HC using the proportion of correct responses (CaGi, sensi-

tivity: .83, specificity: .86; SAND, sensitivity: .71, specificity:

.98), and semantic errors of both tests (CaGi, sensitivity: .76,

specificity: .98; SAND, sensitivity: .74, specificity: .95) and

anomia of SAND (sensitivity: .74, specificity: .88), see Table 5.

In CaGi, the proportion of correct responses and semantic

errors equally discriminated PPA from HC (p ¼ .218) and both

performed better than visual and anomic errors (all P-values

<.001). In SAND, the proportion of correct responses, semantic

errors, and anomia discriminated PPA from HC better than

phonological errors (all P values < .001), without difference

among each other (all P-values at least >.101), see Table 5.

Sv-PPA vs lv-PPA. Sv-PPA were discriminated from lv-PPA

using the SAND proportion of correct responses (sensitivity:

.67, specificity: .85), see Table 5.

Sv-PPA vs nfv-PPA. Sv-PPA were discriminated from nfv-

PPA using the proportion of correct responses (CaGi, sensi-

tivity: .73, specificity: .86; SAND, sensitivity: .67, specificity: .86)

and semantic errors (CaGi, sensitivity: .87, specificity: .86;

SAND, sensitivity: .67, specificity: 1) of both CaGi and SAND

and with anomic errors of SAND (sensitivity: .87, specificity:

.71), without differences within tests, see Table 5.

Lv-PPA vs nfv-PPA. Lv-PPA were discriminated from nfv-

PPA only using SAND semantic errors (sensitivity: .70, speci-

ficity: .86), see Table 5.

See Table 5 for the results of the ROC analyses. Significant

AUCs in both tests are represented in Fig. 4.

https://doi.org/10.1016/j.cortex.2023.04.014
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3.2. FDG-PET imaging results

Correlation analyses in the whole PPA sample revealed that

the proportion of correct responses of both CaGi and SAND

positively correlatedwith the brainmetabolism in the anterior

fusiform (CAGI: r ¼ .497, p ¼ .001; SAND: r ¼ .569, p < .001) and

temporal pole (CAGI: r¼ .449, p¼ .002; SAND: r¼ .414, p¼ .004).

Semantic errors in both tests negatively correlated with the

brain metabolism in the anterior fusiform gyrus (CaGi:

r ¼ �.527, p < .001; SAND: r ¼ �.416, p ¼ .004), extending to the

temporal pole in the case of CaGi (r¼�.486, p¼ .001). Anomias

in SAND negatively correlated with brain metabolism in the

anterior fusiform gyrus (r ¼ �.416, p ¼ .004). Considering only

the sv-PPA, the proportion of correct responses (r ¼ .694,

p ¼ .006) and semantic errors of CaGi (r ¼ �.706, p ¼ .005)

correlated with the brain metabolism in posterior fusiform

gyrus, respectively positively and negatively. No other effects

were significant for the other variants. See Fig. 5 for the sig-

nificant results.
4. Discussion

The present study aimed at identifying the psycholinguistic

characteristics of different naming tests, which were most

effective in discriminating among PPA variants and which

could contribute to unveil the nature of the naming impair-

ment in PPA for both research and clinical purposes. To this

aim, we explored the behavioural characteristics and the

neural underpinnings of the performance of PPA patients in

two different tests developed by our group, the CaGi (Catrical�a

et al., 2013) and the SAND naming tests (Catrical�a et al., 2017).

Taken together, the behavioural results indicated that

SAND and CaGi differed in terms of proportion of correct re-

sponses and error profile. SAND is more difficult than CaGi, as

revealed by a reduced proportion of correct responses; more-

over, while in CaGi semantic errors predominated, in SAND

both semantic and anomic errors were equally frequent. Both

tests achieved high sensitivity and specificity in differenti-

ating between PPA and healthy individuals. However, when

considering the distinction among PPA variants, SAND out-

performed CaGi: only SAND indeed allowed to differentiate

between lv-PPA and sv-PPA and nfv-PPA using the proportion

of correct responses and semantic errors, respectively.

There are several differences between the two tests,

possibly accounting for the observed effects, which we

consider in sequence: the format of the stimuli, i.e. coloured

picture in CaGi vs black and white line drawings in SAND, the

time limits for the response, i.e. 6 s in SAND and no time limits

in CaGi; and the psycholinguistic properties of the pictures/

words. Of note, it was not possible to disentangle the specific

contribution of the effects of time limit and of colour, given

the intrinsic characteristics of the two tests.

4.1. Colour

The stimuli are black and white line drawings in SAND and

coloured photographs in CaGi. The amount of visuo-

perceptual information conveyed by the stimuli, e.g. colour,

texture details, has been suggested to affect naming

https://doi.org/10.1016/j.cortex.2023.04.014
https://doi.org/10.1016/j.cortex.2023.04.014


Fig. 2 e Proportions of correct responses (above) and error types (below) in CaGi and SAND in the whole PPA group (i.e., the

three variants considered) and separately for each variant. Note that the results in the whole PPA group including the mixed

cases (n ¼ 52) are comparable to the ones found in the PPA sample including only the three variants, and consequently only

the latter are reported in the figure. Diamonds indicate the most frequent error type in each PPA variant, separately for CaGi

and SAND; bars indicate standard errors; * ¼ significant, see text for details, sv-PPA ¼ semantic variant of primary

progressive aphasia, lv-PPA ¼ logopenic variant of primary progressive aphasia, nfv-PPA ¼ nonfluent variant of primary

progressive aphasia, SEM ¼ semantic errors, PHON ¼ phonological errors, VIS ¼ visual errors, AN ¼ anomia.
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performance, albeit not consistently (Zannino et al., 2010).

Colour is thought to aid the process of perceptual differenti-

ation among exemplars (Humphreys & Price, 2001), especially

in cases where it is diagnostic for identifying the target among

competitors endowed with a similar shape, as in the cases of

fruits (e.g. plum vs apricot; Price & Humphreys, 1989). In

healthy participants the addition of colour to Snodgrass and

Vanderwart's stimuli entailed higher name agreement and

reduced naming latencies, resulting in an advantage of 100ms

compared to the original black and white line drawings

(Rossion & Pourtois, 2004). Mixed evidence emerged from pa-

tients' studies. In post-stroke individuals, line drawings

depicting only the outline of the item elicited more anomic

responses compared to coloured figures (Bisiach, 1966). No

difference was reported between the latter type of stimuli and

real objects by Corlew and Nation (1975), while an advantage
in naming real objects compared to coloured photographswas

reported by Fonseca et al. (2021). Surprisingly, a meta-analysis

suggested that in Alzheimer's Disease (AD) the use of colour

worsened naming performance of living items, while not

affecting non-living ones (Laws et al., 2007), whereas, more

recently, an advantage of colour for living items has been re-

ported (Moreno-Martı́nez & Rodrı́guez-Rojo, 2015). As

mentioned by the authors, these discrepanciesmay arise from

methodological issues. In the studies included in Laws et al.

(2007), the presence of ceiling effects in controls may have

led to an overestimation of the impairments for living items in

AD patients. Coloured images, being easier to name, may be

especially susceptible to this effect. On the other hand, addi-

tional confounds may derive from uncontrolled differences

between coloured and black-and-white stimuli in psycholin-

guistic variables. The higher proportion of correct responses

https://doi.org/10.1016/j.cortex.2023.04.014
https://doi.org/10.1016/j.cortex.2023.04.014


Fig. 3 e Distribution of the difference in error proportion between CaGi and SAND, considering semantic and anomic errors

at the single subject level. Specifically, the bars in the right side of the graph indicated the presence of more errors in CaGi

than SAND, while the ones in the left side indicated the presence of more errors in SAND than CaGi. SEM ¼ semantic errors.
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in naming CaGi coloured stimuli as compared to SAND black

and white stimuli suggests that the presence of color stimuli

in a naming test may represent a factor improving the

performance.

4.1.1. Time limit
Studies in healthy participants suggested a decreased naming

accuracy when time pressure or constraints for response

production were introduced, either in the form of deadline

time limits, e.g.maximumof 600ms (Lloyd-Jones&Nettlemill,

2007; Vitkovitch et al., 1993; Vitkovitch&Humphreys, 1991), or

when target name had to be produced according to a fast

compared to slow tempo (i.e. tempo picture naming task,

Hodgson and Lambon Ralph, 2008). According to some pro-

posals, time limits are thought to constrain lexical selection

(Vitkovitch & Humphreys, 1991), while others suggested an

additional impact on phonological encoding, by reducing the

processing phases devoted to checking and monitoring
spoken output (Cai et al., 2020). Interestingly, in post-stroke

patients a heterogeneous latency of error detection in pic-

ture naming has been found, lasting up to 4.5 s, in turn

inducing either a successful or unsuccessful correction

(Schuchard et al., 2017). Time limit in a naming test, as in the

case of SAND, may prevent the production of the response

(thus inducing anomia), and/or any possible attempts of

correctionwhich, on the contrary,may be possiblewhen there

are no time limits, as in the case of CaGi.

4.1.2. Psycholinguistic variables
The items of SAND are more frequent and acquired earlier in

life than the ones of CaGi.

In CaGi, patients produced a higher number of correct re-

sponses for stimuli acquired early and with a short length. No

variable influenced the proportion of correct responses in

SAND. A greater accuracy and/or faster RTs were found for

those items which were frequent, acquired early and short in

https://doi.org/10.1016/j.cortex.2023.04.014
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Table 5 e Results of the ROC analyses comparing all PPA with controls.

Comparisons Error CaGi SAND CaGi vs SAND

AUC (P value) Cut off J (sens-spec) AUC (P value) Cut off J (sens-spec) Delta AUC (P value)

All PPA vs HC CR .903 (<.001) 44.5 .690 (.833e.857) .852 (<.001) 11.5 .690 (.714e.976) NT

SEM .880 (<.001) 3.4 .738 (.762e.976) .861 (<.001) 1.5 .690 (.738e.952) NT

AN .662 (.001) .5* .309 (.452e.857) .944 (<.001) .5 .619 (.738e.881) NT

PHON .NS .667 (<.001) .5* .333 (.333e1.000) NT

VIS .642 (.001) .5* .286 (.381e.905) NS NT

sv-PPA vs lv-PPA CR NS .760 (.003) 6.5 .517 (.667e.850) NT

AN NS .702 (.037) 2.5* .417 (.667e.750) NT

sv-PPA vs nfv-PPA CR .781 (.034) 39.5 .590 (.733e.857) .829 (.002) 7.5 .524 (.667e.857) �.048 (.448)

SEM .867 (<.001) 5.0 .724 (.867e.857) .876 (<.001) 1.5 .667 (.667e1.000) �.010 (.931)

AN NS .829 (<.001) .5 .581 (.867e.714) NT

lv-PPA vs nfv-PPA SEM NS .807 (<.001) .5 .557 (.700e.857) NT

sv-PPA with nfv-PPA, sv-PPA with lv-PPA, and between lv-PPA and nfv-PPA; AUC ¼ area under the curve, NS ¼ not significant, NT ¼ not tested,

J ¼ Youden J index, sens ¼ sensitivity, spec ¼ specificity, * ¼ explorative cut-off, i.e. when J < .5 (see Methods section for details); CR ¼ correct

responses, SEM ¼ semantic errors, AN ¼ anomias, sv-PPA ¼ semantic variant of primary progressive aphasia, lv-PPA ¼ logopenic variant of

primary progressive aphasia, nfv-PPA ¼ nonfluent variant of primary progressive aphasia.

Fig. 4 e Graphics of the ROC comparing: sv-PPA with lv-PPA, sv-PPA with nfv-PPA, and lv-PPA with nfv-PPA, using correct

responses, semantic errors, and anomia. *¼ significant AUC; CR¼ correct responses, SEM¼ semantic errors, AN¼ anomia,

sv-PPA¼ semantic variant of primary progressive aphasia, lv-PPA¼ logopenic variant of primary progressive aphasia, nfv-

PPA ¼ nonfluent variant of primary progressive aphasia.
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Fig. 5 e Results of the correlation analysis between behavioural data, i.e. proportions of correct responses, semantic and

anomic errors in CaGi and SAND naming tests, and FDG-PET metabolism in the six Regions of Interest (ROIs); the colour of

the border of boxes corresponds to the respective ROI; sv-PPA ¼ semantic variant of Primary Progressive Aphasia;

SEM ¼ semantic errors; AN ¼ anomias.
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several studies in both healthy subjects and patients (Alario

et al., 2004; Krautz & Keuleers, 2021; Barbarotto et al., 1995;

Lambon Ralph et al., 1998; Kremin et al., 2001; Alyahaya et al.,

2020).

There is additional evidence that the psycholinguistic

properties of words/pictures may affect the qualitative as-

pects of naming performance, eliciting one type of error over

the other(s). Our results suggested that in CaGi AoA predicted

all the types of errors, namely visual, phonological, semantic

and anomic errors, with the latter two also predicted by,

respectively, word length and syllabic complexity. In the case

of SAND, phonological errors were predicted by word length,

visual errors by typicality. Notably, we did not find an effect of

frequency in predicting naming performance.

The main discussion focuses on which variable most in-

fluences the naming performance and at which level in the

naming process its effect occurs. Doubts have been cast

regarding the presence of a genuine frequency effect on

naming when the effect of AoA was controlled (Kremin et al.,

2001; Kremin and Arabia 2003; Carrol and ,White 1973; Nickels

& Howard, 1995), whereas other evidence suggested an effect

of both variables (Alario et al., 2004; Cuetos et al., 2002). These

heterogeneous results may arise from a combination of fac-

tors. For instance, frequency effects tend to be more

commonly reported for more updated frequency norms and

larger numbers of items (Alario et al., 2004; Snodgrass &

Yuditsky, 1996). This issue appears however not to be rele-

vant in our case, because frequency values for CaGi and SAND

items were both taken from the recent paper by Goslin et al.

(2014).

Moreover, it is debated at which level in the naming pro-

cess the effects of frequency and AoA operate. Previous evi-

dence in literature is inconsistent. An effect of AoA has indeed

been reported on omissions but not on semantic, phonological

and visual errors (Kremin&Arabia, 2003), or on omissions and

phonological errors but not on semantic errors (Kittredge

et al., 2008), or on semantic and phonological errors but not

on omissions (Cuetos et al., 2002), or on semantic but not on

phonological errors (Nickels & Howard, 1995). Moreover, an

effect of frequency has been found on omissions but not on

visual, semantic and phonological errors (Kremin & Arabia,

2003), or on omissions, semantic and phonological errors

(Kittredge et al., 2008). Some proposals suggested a role of

frequency, but not of AoA, on all the stages of naming process

(Kittredge et al., 2008), while others limited the contribution of

frequency to phonological retrieval (Jescheniak & Levelt,

1994). In our study, an effect of AoA (independent of the

contribution of frequency) on the proportion of correct re-

sponses and error types, i.e., visual, semantic, anomic, and

phonological errors was reported. In agreement with our re-

sults, AoA has been suggested to operate on different naming

stages, i.e. object recognition (Cuetos et al., 2002), semantic

processing (Nickels & Howard, 1995) and lexical-phonological

retrieval (Lambon Ralph et al., 1998).

Of note, the role of AoA and frequency is not easy to be

disambiguated as the two variables are correlated, i.e. words

acquired earlier are usually also more frequent (Montefinese

et al., 2019), and the two factors tend to be grouped together

in dimensionality reduction studies of psycholinguistic prop-

erties (Alyahaya et al., 2020). Exploring the correlation
between AoA and frequency in our two naming tests, a sig-

nificant negative correlation was present in CaGi (r ¼ �.574,

p < .001) but not in SAND, suggesting that the selection of

different sub-samples of items may lead to different re-

lationships, to be explored and not just assumed for each new

sample.

The effects of word length on semantic errors may be

interpreted in light of the qualitative observation of Cuetos

et al. (2002) in three aphasic patients who made a high pro-

portion of semantic errors when presented with items with a

high number of syllables. The authors suggested that when

faced with long and difficult names, patients did not attempt

to say the correct name, but indicated their recognition using

a semantic circumlocution, possibly producing an easier

related word resulting in a semantic error.

The effect of syllabic complexity is controversial, with

some studies reporting a greater number of phonological er-

rors for complex words in naming tasks (Schwartz et al., 2015)

and others claiming that syllabic complexity effects are

spurious, deriving from the lack of control over other psy-

cholinguistic variables (Nickels & Howard, 2004). Specifically,

while an initial study in healthy participants suggested faster

naming latencies for words with a low onset complexity

(Santiago et al., 2000), the result has been subsequently criti-

cised and attributed to the confounding effect of word length

(Roelofs, 2002).

Finally, the effect of word length on phonological errors is

in line with previous data in stroke patients (Kittredge et al.,

2008) and it is compatible with the view that longer words

are more susceptible to errors in the correct organization of

phonemes for spoken output. To the best of our knowledge, no

studies reported the effect of typicality on visual errors,

although converging evidence suggested that typical

compared to less typical items are more accurately named,

thanks to the availability of a higher number of overlapping

and shared features (Rossiter & Best, 2013).

Summarizing, our results suggest that the psycholinguistic

properties of the two naming tests affected patients’ perfor-

mance, both quantitatively and qualitatively. The effects were

limited to the number of syllables and the typicality in the

case of SAND. The low number of items (n ¼ 14) may have

reduced the possibility of finding additional significant re-

sults. Notably, we ruled out any potential effect of test length.

Accordingly, in post-stroke aphasics, adding more than 20

items in a picture naming test did not increase the accuracy in

predicting aphasia severity (Walker et al., 2022).

FDG-PET imaging findings revealed a partially shared

metabolic involvement of temporal areas between the two

naming tests, i.e. the anterior fusiform gyrus and the temporal

pole, extending to the posterior fusiform gyrus in the case of

sv-PPA.

The fusiform gyrus and temporal pole are typically affected

by the pathological conditions responsible for PPA, particu-

larly in sv-PPA (Bisenius et al., 2107; Brambati et al., 2009) and

to a lesser extent also in lv-PPA, nfv-PPA (Lombardi et al., 2021;

Matias-Guiu et al., 2015; Reyes et al., 2018; Tetzloff et al., 2018)

and in mixed cases (Mazzeo et al., 2020). Both regions were

associated with naming accuracy in PPA (Breining et al., 2022;

Iaccarino et al., 2015; Migliaccio et al., 2016; Mion et al., 2010),

with fusiform gyrus implied in semantic errors (Bruffaerts
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et al., 2020) and omissions (Snowden et al., 2019), and tem-

poral pole in semantic errors (Snowden et al., 2019).

These brain regions are crucial components of the network

supporting conceptual knowledge (Catrical�a et al., 2020), with a

progressive increase in computational complexity and speci-

ficity proceeding anteriorly through the ventral pathway along

the temporal lobe (Tyler et al., 2004). Posterior fusiform has

been considered part of the network responsible for visual

processing and colour perception (Howard et al., 1998; Zhang et

al., 2016), and is associated with the features sharedness of

concepts (Tyler et al., 2013). Its involvement in CaGi, but not in

SAND, may be ascribed to the visual characteristics of the

stimuli, which, in the case of CaGi, were endowed with rich

visuo-perceptual details. Anterior fusiform has been involved

in verbal semantics (Mion et al., 2010) as the representational

hub integrating different kinds of information (Ralph, Jefferies,

Patterson, & Rogers, 2017). In turn, the temporal pole has been

implied in the representation of concepts at a high level of

specificity (Bright et al., 2004) and in differentiating among

similar exemplars (Rogers et al., 2006), thus accounting for its

specific involvement in semantic errors in our results.
5. Conclusions

The assessment of language abilities still represents a chal-

lenge in clinical settings. Multiple factors, including the

limited time resources, make the choice of a dedicated test of

pivotal importance. Naming tests have been identified as the

most adequate instrument to differentiate among PPA vari-

ants in some studies, while other failed to support these

findings (Stockbridge et al., 2021). Our results suggest that

these discrepancies may arise from the overlooked properties

of the available naming tests.

The results of the present study, although deriving from

two country-specific (Italian) naming tests, may be general-

ized to other tests sharing similar characteristics. Naming

tests characterized by the presence of time limit (as in SAND)

seem to be more prone to induce anomia, by reducing the

possibility to produce a response, either correct or incorrect.

Although anomic errors may originate from impairments in

multiple stages of the naming process, in this study the brain

metabolic correlates in thewhole PPA sample involved the left

anterior fusiform gyrus, suggesting a prevalent lexico-

semantic origin.

Conversely, naming tests characterized by the absence of

time limit for the response (as in CaGi) allowed participants to

name the picture, either correctly or incorrectly. Brain meta-

bolic correlates, selectively involving the posterior regions of

the temporal lobe, suggest the recruitment of shared color and

conceptual features processing (Tyler et al., 2013), possibly

responsible for the production of a semantic error. Accord-

ingly, behavioural data at the single patient level reveal that

the same individual shows predominantly semantic errors in

the test based on colour pictures and without time con-

straints, while anomic errors aremore easily induced by black

andwhite stimuli presented with time constraints to respond.

In conclusion, when we take into account the imaging data,

the hypometabolic pattern is comparable, although not

completely overlapping, between the two tests. Considering
instead the behavioural data, in line with previous evidence

(Staffaroni et al., 2021), naming tests which are more

demanding given their intrinsic characteristics, i.e. presence of

response time limits and psycholinguistic properties, may

better discriminate among PPA variants, even if the number of

items is limited. As a direct implication in clinical practice, this

type of tests may be particularly suited for initial screening and

diagnosis. On the other hand, naming tests with the availability

of more time for the response offer the possibility to detect

more representative error types (Catrical�a et al., 2020), thus

leading to a better characterization of the nature of the naming

impairment, in contrast to the anomia produced in SAND.

Although anomia is the most frequent error in general, its na-

ture is also the least interpretable, as it could be the conse-

quence of a disruption of several stages of the naming

processes, i.e. phonological, lexical, semantic, visual. In our

case, the uninterpretable anomia in SAND may become, for

example, a clear semantic error in CaGi, shedding light into the

nature of the impairment subtending single patients’ perfor-

mance. The aforementioned characteristics make tests similar

to CaGi the most adequate for an in-depth characterization of

naming deficits, as needed for example in the case of planning

a rehabilitation protocol. Specifically, rehabilitation treatments

aimed at ameliorating naming abilities in PPA usually target a

specific naming sub-process according to the individual patient

difficulties (Pagnoni et al., 2021).

Direct evidence on the effect of time limits in the charac-

terization of the type of error may be obtained from future

research introducing the same time limit in both coloured and

black and white naming tests. Further studies are also needed

to evaluate the different capacities of picture naming tests to

longitudinally monitor language functions, as well as to

extend the present findings to other neurodegenerative dis-

eases. In addition, although, as previously mentioned, our

results may largely apply outside one language-specific

context, cross-linguistic differences need to be taken into

consideration. For example, some factors, such as frequency,

have been suggested to influence naming performance in

several languages, while others may be associated with

language-specific effects, e.g. word length effect is found

Spanish, Italian, Hungarian, but not in English, German,

Bulgarian (Bates et al., 2003).
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