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Social cognition impairments are pervasive in the frontotemporal dementias (FTD). These

deficits would be triggered by (a) basic emotion and face recognition processes as well as

by (b) higher level social cognition (e.g., theory of mind, ToM). Both emotional processing

and social cognition impairments have been previously reported in the behavioral variant

of FTD (bvFTD) and also in other versions of FTDs, including primary progressive

aphasia. However, no neuroanatomic comparison between different FTD variants has

been performed. We report selective behavioral impairments of face recognition,

emotion recognition, and ToM in patients with bvFTD and progressive non-fluent aphasia

(PNFA) when compared to controls. Voxel-based morphometry (VBM) shows a classical
impairment of mainly orbitofrontal (OFC), anterior cingulate (ACC), insula and lateral

temporal cortices in patients. Comparative analysis of regional gray matter related to social

cognition deficits (VBM) reveals a differential pattern of fronto-insulo-temporal atrophy in

bvFTD and an insulo-temporal involvement in PNFA group. Results suggest that in spite of

similar social cognition impairments reported in bvFTD and PNFA, the former represents

an inherent ToM affectation whereas in the PNFA these deficits could be related to more

basic processes of face and emotion recognition. These results are interpreted in the

frame of the fronto-insulo-temporal social context network model (SCNM).

Keywords: PNFA, bvFTD, theory of mind, voxel-based morphometry, social context network model, fronto-insulo-

temporal network

INTRODUCTION

Frontotemporal dementia (FTD) is a neurodegenerative disease

commonly characterized by behavioral changes, as well as emo-

tional and cognitive impairments (Neary et al., 1998; Perry and

Miller, 2001; Ritchie and Lovestone, 2002). These symptoms

present differently in each variant of FTD, namely the behavioral

variant FTD (bvFTD), semantic dementia (SD), and progressive

non-fluent aphasia (PNFA). Here we compare the structural neu-

roimaging of social cognition impairments in the bvFTD and

PNFA variants.

Facial information (Baron-Cohen et al., 1997; Flombaum and

Santos, 2005; Itier and Batty, 2009) and emotion recognition

(Sollberger et al., 2010; Shany-Ur et al., 2012; Shany-Ur and

Rankin, 2011) are crucial for social cognition (Ibanez et al.,

2013a,b). Together with agency perception, they allow for the

emergence of inferences about others’ affective and cognitive

mental states (theory of mind, ToM; Baron-Cohen et al., 1997).

Impaired social cognition and ToM have been shown in

bvFTD (Rankin et al., 2003; Torralva et al., 2007, 2009; Manes

et al., 2011). Voxel-based morphometry (VBM) studies in

bvFTD patients have related those deficits to specific cortical

and subcortical atrophy (Eslinger et al., 2007, 2011; Rankin

et al., 2009). Furthermore, bvFTD is generally associated with

atrophy of the frontal lobe (medial prefrontal, gyrus rectus,

orbitofrontal/subgeneual cortices), amygdale, insula, right tem-

poral pole, and white matter tracts, including the anterior corpus

callosum, uncinate and arcuate fasiculus, and superior and infe-

rior longitudinal fasciculi (Rosen et al., 2002a; Seeley, 2008;

Whitwell et al., 2009; Hornberger et al., 2011; Agosta et al., 2012;

Mendez and Shapira, 2013). These areas are engaged in emotion

and affective states (Piguet et al., 2011) and also in the social cog-

nition networks (Ibáñez and Manes, 2012; Couto et al., 2013a).

Emotion processing deficits have been also reported in SD

(Rosen et al., 2004) and patients suffering from linguistic vari-

ants of FTD appear to have deficits in negative emotions (Rosen

et al., 2004; Omar et al., 2011). However, no VBM analysis of ToM

assessment in PNFA has been reported. This temporal variant

of FTD is characterized by left perisylvian, insular and tempo-

ral atrophy (Rosen et al., 2002b; Gorno-Tempini et al., 2004;

Whitwell et al., 2005; Mesulam et al., 2009).
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There are some studies on the morphometry of PNFA related

to deficits in emotion recognition (Kumfor et al., 2011; Rohrer

et al., 2012; Zhang et al., 2013). However, no previous report

has compared the specific atrophy of bvFTD and PNFA related

to ToM and none has shown the differences between these sam-

ples in the domains of face recognition, basic emotion processing

and their interaction with social cognition. Consequently, more

research needs to be conducted in this area.

In this study, we describe the differential patterns of brain

atrophy that are associated with face recognition, emotional pro-

cessing, and ToM deficits in a sample of PNFA in comparison

with bvFTD patients and control subjects. First, we assessed the

profiles of behavioral performance on social cognition. We also

compared the atrophy patterns in both FTD groups regarding

controls. In addition, a VBM analysis was done on a priori selected

regions of interest associated with social cognition impairments

in FTD (Ibáñez and Manes, 2012), including the orbitofrontal

(OFC), insular, amygdaline areas, and temporal pole. The identi-

fication of possible deterioration of this network in PNFA would

help to clarify whether similar neural correlates for ToM are

shared in both FTD groups.

MATERIALS AND METHODS

PARTICIPANTS

We recruited 22 patients who fulfilled criteria for diagnoses of

behavioral variant of FTD (n = 12, 45% male; mean age = 69.81,

SD = 7.35; mean years of education = 16, SD = 6.51) and PNFA

(n = 10, 55% male; mean age = 64.9, SD = 8.68; mean years of

education = 12.3, SD = 4.49). All patients were in early (mild)

stages of the disease.

Patients were assessed and diagnosis was initially made by

two experts in FTD (Patricia Montañés and Facundo Manes).

Each patient was reviewed in the context of a multidisciplinary

clinical meeting, where cognitive neurologists, psychiatrists, and

neuropsychologists discussed each patient’s case under the cur-

rent criteria (Gorno-Tempini et al., 2011; Rascovsky et al., 2011).

All FTD patients were recruited as part of a broader ongoing study

on fronto-temporal dementia and underwent a standard exami-

nation battery including neurological, neuropsychiatric, and neu-

ropsychological examinations, and in a separate session, a MRI.

They all showed frontal or temporal atrophy on MRI, hence,

they belong to probable FTD under the new diagnostic criteria

(Gorno-Tempini et al., 2011). Inter-rater reliability for diagnosis

was assessed (Cohen’s κ = 0.91). The patients described in the

present study presented with prominent changes in personality

social behavior verified by a caregiver and did not meet criteria

for any other psychiatric disorder.

Two groups of controls were assessed. Eighteen healthy con-

trols were recruited for the behavioral assessment and were

matched in age (mean, 6.24; SD, 7.24), gender (70% male) and

years of education (mean, 14.5; SD, 3.71; see Table 1). They were

recruited from a large pool of volunteers who did not have a his-

tory of drug abuse or a family history of neurodegenerative or

psychiatric disorders. A second group of 12 healthy controls, age

(mean, 60.63; SD, 4.59) and education (mean, 15.5; SD, 3.13)

matched were scanned with a structural MRI to be compared with

patients (See Table 1). All participants provided written informed

consent in agreement with the declaration of Helsinki and the

institution’s ethics committee approved the study.

BEHAVIORAL ASSESSMENT

Patients and behavioral controls’ sample received a series of tasks

previously reported by Torralva et al. (2009) that were designed

to assess face recognition, facial emotion recognition, and ToM

(Reading the mind in the eyes test, RMET; Baron-Cohen et al.,

1997).

Face recognition

This test assesses the ability to discriminate permanent facial fea-

tures and a person’s identity. The task consists of 10 sheets, each

one with 7 black and white pictures of faces of people of different

age and gender, who are not facing the camera. The target picture

is located at the top of each sheet and is repeated among other six

options located at the bottom of the sheet. Participants are asked

to match the target face with the option that corresponds to the

same person. Performance was expressed as the number of correct

responses out of the total, 10.

Facial emotion recognition

The task consists of a sheet with cartoons showing the face of a

child with 8 different expressions including 5 different basic emo-

tions (anger, sadness, surprise, fear, and happiness). The three

remaining expressions were envy, rage, and crying. Participants

Table 1 | Demographic data and results of cognitive state and language assessments.

bvFTD (n = 12) PNFA (n = 10) Controls (n = 18) bvFTD vs. Controls PNFA vs. Controls bvFTD vs. PNFA

DEMOGRAPHIC DATA

Age (years) 69.8 (7.3) 64.9 (8.6) 69.8 (7.3) N.S N.S N.S

Gender (F:M) (5:7) (4:6) (6:12) N.S N.S N.S

Education (years) 16.0 (6.5) 12.3 (4.4) 14.7 (3.7) N.S N.S N.S

GENERAL COGNITIVE STATE AND LANGUAGE

MMSE 21.7 (8.2) 21.1 (6.2) 29.4 (0.6) 0.002 0.001 N.S

Naming 48.7 (7.3) 29.5 (19.1) 57.6 (3.6) 0.05 0.0001 0.02

Phonological fluency 6.4 (3.6) 7.8 (2.4) 14.5 (4.9) 0.001 0.004 N.S

Semantic fluency 5.5 (3.9) 8.8 (3.9) 16.3 (3.0) 0.0001 0.0002 N.S

Note: The results are shown as the mean (SD). MMSE, Mini-mental state examination; bvFTD, behavioral variant FTD; PNFA, progressive non-fluent aphasia.
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were asked to identify which one of these pictures corresponded

to the expression that the examiner indicated. Negative emotions

were grouped in a single global score for VBM correlations. The

total score (8) was derived from the number of correct responses.

Reading the mind in the eyes test (RMET)

This test (Baron-Cohen et al., 1997) assesses the ToM’s emotional

inference. This is a computerized test of 17 pictures of the eye

region. Participants were asked to choose which of four words

best described what the person was thinking or feeling in each

photograph. The total score (17) was derived from the number of

correct responses.

Imaging recordings

Both groups of patients (bvFTD and PNFA) and 12 controls par-

ticipants were scanned in a 1.5 T Phillips Intera scanner with

a standard head coil. A T1-weighted spin echo sequence was

used to generate 120 contiguous axial slices (TR = 2300 ms; TE =

13 ms; flip angle = 68◦; FOV = rectangular 256 mm; matrix size

= 256 × 240 ×120; slice thickness = 1 mm) which covered all the

brain surface and tissue.

Voxel-based morphometry (VBM)

Images were preprocessed for VBM analysis using DARTEL

Toolbox and following procedures previously described

(Ashburner and Friston, 2000). Following, modulated, 12 mm

full-width half-maximum kernel smoothed as suggested in other

reports (Good et al., 2001) and normalized to MNI space, images

were analyzed within general linear models in SPM-8 2nd level

analyses (http://www.fil.ion.ucl.ac.uk/spm/software/spm8).

First, a two-sample t-test between controls and the whole

FTD group was performed in order to account for global atro-

phy pattern in patients, correcting by total intracranial vol-

ume. Second, we performed region of interest (ROI) analyses

based on a fronto-insulo-temporal network to describe differ-

ential patterns of atrophy on these areas related to the social-

context network (Ibáñez and Manes, 2012). The differential

patterns of fronto-insulo-temporal atrophy associated with each

specific behavioral impairment (face recognition, emotion, and

ToM scores separately) in PNFA relative to bvFTD, were eval-

uated by testing the interaction terms in three different SPM

regression designs. This has been shown to be powerful for

assessing between-group differences in brain-behavior associa-

tion slopes when adjusting for interaction terms which in our

case, was intracranial volume (O’Brien et al., 2011). Following

previous reports, statistical threshold was set at the p < 0.05

voxel level, besides small-volume corrected (Grossman et al.,

2004) and cluster size corrected (Forman et al., 1995). The GM

ROIs were defined a priori using the WFU-Pick Atlas (http://

www.nitrc.org/projects/wfupickatlas/) in SPM8. Selected ROIs

were lateral and medial OFC (Brodmann Area, BA 47/11),

gyrus rectus (BA 11), fusiform gyrus (BA 37), bilateral tem-

poral pole (BA 37–38), bilateral amygdale and bilateral insula

(BA 13). It should be noted that correlation scatter plots of

all tests reported here were assessed for the presence of out-

liers which may have affected the results, which revealed no

outliers.

RESULTS

GENERAL COGNITIVE STATUS AND LANGUAGE ASSESSMENT

Compared with behavioral control sample, patients had no signif-

icant differences in age [F(2, 36) = 1.16, p = 0.32], gender [X2
(2)

Kruskal–Wallis = 1.29, p = 0.25], or education [F(2, 36) = 1.36,

p = 0.27]. Similarly, regarding MRI control sample, there were

no significant differences in age [F(2, 36) = 0.27, p = 0.76], gen-

der [X2
(2)

Kruskal–Wallis = 6.41, p = 0.72], nor in education

[F(2, 36) = 2.10, p = 0.14]. See Table 1.

As expected, differences among bvFTD and PNFA groups

[F(2, 36) = 10.19, p < 0.01] were observed in MMSE total score.

Post-hoc bivariate comparisons (Tukey HSD, MS = 30.74, df =

36) showed that both bvFTD (p < 0.01) and PNFA (p < 0.01)

patients had lower scores than controls. Furthermore, the per-

formance on the naming task differed among groups [F(2, 36) =

21.15, p < 0.01]. Post-hoc analysis (Tukey HSD, MS = 103.85,

df = 36) evidenced that both patient groups, bvFTD (p < 0.01)

and PNFA (p < 0.01) showed impairments compared to controls,

and that PNFA scored lower than the bvFTD group (p < 0.01).

Differences among groups were also observed in the phonolog-

ical fluency task [F(2, 36) = 17, p < 0.01]. According to post-hoc

analysis (Tukey HSD, MS = 17.50, df = 0 36), both bvFTD

(p < 0.01) and PNFA (p < 0.01) performed lower than controls’

group. Finally, groups also differed on the semantic fluency task

performance [F(2, 36) = 33.14, p < 0.01]. Post-hoc comparisons

(Tukey HSD, MS = 12.31, df = 36) revealed that both bvFTD

(p < 0.01) and PNFA (p < 0.01) patients exhibited lower fluency

than controls (see Table 1).

BEHAVIORAL RESULTS

Compared to controls, the bvFTD were not impaired on the face

recognition task (t = 1.18, p = 0.24). However, bvFTD showed

impairment in total emotion recognition score (t = 2.28, p =

0.03), and ToM (t = 2.93 p < 0.01) in comparison to normal

subjects. The PNFA group showed significant impairments in face

recognition (t = 2.69, p = 0.01). Furthermore, they also showed

a trend to misrecognize emotions (t = 1.93, p = 0.06) and a sig-

nificant deficit in ToM (t = 4.80, p < 0.001) when compared to

healthy subjects (See Figure 1 and Table 2).

FIGURE 1 | Scores of three behavioral tasks of face and emotion

recognition and ToM. PNFA patients in light blue, bvFTD patients in green,

and controls in beige.
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Table 2 | Behavioral results descriptive and difference statistics.

bvFTD (n = 12) PNFA (n = 10) Controls (n = 18) bvFTD vs. Controls PNFA vs. Controls bvFTD vs. PNFA

Face recognition 9.6 (0.8) 7.2 (4.2) 9.8 (0.3) N.S 0.01 N.S

Emotion recognition 3.3 (2.8) 4 (1.7) 5.5 (2.0) 0.03 0.06 N.S

Theory of mind 10.3 (4.0) 7.7 (4.7) 13.3 (1.1) 0.006 <0.001 N.S

The results are shown as the mean (SD). bvFTD, behavioral variant FTD; PNFA, progressive non-fluent aphasia. VBM, voxel-based morphometry, bvFTD, behavioral

variant FTD; PNFA, progressive non-fluent aphasia; BA, Brodman Area; IFG, inferior frontal gyrus; OFC, orbitofrontal cortex.

FIGURE 2 | (A) Main VBM results, atrophy of all FTD patients compared to

controls, p < 0.05, α = 0.2 FDR corrected. (B) Atrophy of bvFTD group

compared to controls in the frontal, insular, and temporal regions, p < 0.05,

small volume corrected. (C) Atrophy of PNFA group compared to controls in

the frontal, insular, and temporal regions, p < 0.05, small volume corrected.

VBM RESULTS

Global atrophy of patients compared to controls

The VBM analysis revealed a pattern of global atrophy in the FTD

group (both versions) in frontal and temporal lobe structures, as

expected from and reported in previous studies (Rankin et al.,

2006; Seeley et al., 2009; Garibotto et al., 2011). These included

orbital (OFC) and motor cortices, right superior and mid tem-

poral gyri, bilateral insula, right anterior cingulate cortex (ACC)

and left parietal cortex (p < 0.05, α = 0.2 FDR corrected. See

Figure 2A and Table 3A).

Furthermore, regional analysis of the fronto-insulo-temporal

sites in the bvFTD group relative to controls showed atrophy

in bilateral anterior insula, lateral OFC bilaterally, left inferior

frontal gyrus (IFG), left superior and right mid temporal pole

regions (p < 0.05, small volume corrected, see Figure 2B). On the

other hand, the same procedure revealed diminished GM in the

PNFA group in right mid temporal pole and left IFG (p < 0.05,

small volume corrected. See Figure 2C and Table 3B).

In sum, main GM loss was evidenced for FTD patients mainly

in OFC, ACC, insula, and lateral temporal cortices. In addition,

regional small volume corrected atrophy was greater for bvFTD,

in frontal inferior, bilateral insula, and right temporal pole than

for PNFA, where only left IFG and temporal pole atrophy was

observed.

Relative atrophy of PNFA to bvFTD associated to face recognition,

emotion, and social cognition

In a second stage, the specific engagement of the fronto-insulo-

temporal network on emotions and social cognition was assessed

through ROI analyses. Face recognition in bvFTD was associated

with GM decreasing in bilateral OFC (r = 0.45; p < 0.05), IFG

(r = 0.19; p < 0.05), right gyrus rectus (r = 0.36; p < 0.05), and

right insula (r = 0.45; p < 0.05). Bilateral fusiform gyrus involve-

ment (r = 0.56; p < 0.05), temporal pole (r = 0.55; p < 0.05),

insula (r = 0.35; p < 0.05) and IFG (r = 0.46; p < 0.05) were

observed in PNFA (see Figures 3A–F and Table 4A).

Emotion recognition in bvFTD correlated with bilateral OFC

(r = 0.74; p < 0.05), right gyrus rectus (r = 0.46; p < 0.05), and

right insula (r = 0.26; p < 0.05). In PNFA, emotion recogni-

tion was associated with atrophy of bilateral insula (r = 0.38;

p < 0.05), temporal pole (r = 0.72; p < 0.05) bilateral amygdala

(r = 0.23; p < 0.05) and left rolandic opercula (r = 0.62; p <

0.05; see Figures 4A–F; Table 4B). The recognition of negative

emotions correlated with bilateral OFC (r = 0.51; p < 0.05), and

fronto-insular cortex (FIC, r = 0.66; p < 0.05) and right gyrus

rectus (r = 0.44; p < 0.05) in bvFTD; and in PNFA with right

insula (r = 0.72; p < 0.05) and right temporal pole (r = 0.50;

p < 0.05).

Finally, ToM correlated with gyrus rectus (r = 0.49; p <

0.05) in the bvFTD group; and with bilateral insula (r = 0.54;

p < 0.05), temporal pole (r = 0.36; p < 0.05) and amygdale

(r = 0.36; p < 0.05) in the PNFA group (see Figures 5A–E and

Table 4C).

Summarizing, face recognition was associated in bvFTD with

atrophy in bilateral orbitofrontal regions, and right rectus gyrus,

while in PNFA face recognition was related to right insula and

bilateral fusiform gyrus. Emotion deficits were associated to rel-

ative atrophy of FIC (bvFTD) and of right temporal pole plus

bilateral insula (PNFA), whereas ToM impairments correlated

with fronto-insular areas (bvFTD) and with right insula and

temporal pole (PNFA; See Figures 3–5; and Table 4).

DISCUSSION

This work compared the structural neuroimaging signatures asso-

ciated with face recognition, emotional processing and ToM

impairments in bvFTD and PNFA. Compared to controls, impair-

ments in face recognition (PNFA), emotion recognition and ToM

(PNFA and bvFTD) were observed. VBM analysis showed the

expected atrophy of orbital, medial, and lateral frontal struc-

tures, insula, temporal, and parietal cortices in both FTD ver-

sions compared to age and gender matched healthy controls.

Furthermore, behavioral deficits were associated with different
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Table 3 | VBM results of whole brain atrophy of patients.

Region BA Coordinates Z -peak

x y z

(A) VBM MAIN EFFECT*

Superior Frontal Gyrus L 6 −22.62 0.73 60.02 1.69

Inferior Frontal Gyrus R 44 56.24 7.19 21 3.42

Precentral gyrus L 4 −62 −7.5 22.5 1.93

Supplementary Motor Area R 6/9 66 9 13.5 3.14

Supplementary Motor Area L 6/9 −15 0.73 63.9 2.81

Anterior Cingulate R 32 5.82 39.5 0 3.01

Frontal Superior Medial R 8 7.11 45.94 45.80 2.49

Frontal Inferior Triangular L 8 −9 36.90 57.43 2.37

Frontal Superior Orbital R 11/47 13.57 42.06 −18.85 2.65

Frontal Superior Orbital L 11/47 −34.26 30.79 −21.43 1.79

Rectus gyrus R 11 3 22.5 −22.5 2.34

Rectus gyrus L 11 −4.5 49.5 −22.5 2.07

Insula R 13 40.7 18 −11 2.14

Insula L 13 −31.67 21.8 3 1.83

Superior Temporal Gyrus R 22 67.5 −21 −1.5 2.93

Temporal Mid gyrus R 21 51 25.10 −4.63 1.73

Inferior Temporal Gyrus R 20 65.29 −36.73 −24 2.07

Parahippocampal Gyrus L – −29 −25.10 −16.50 2.03

Fusiform Gyrus L 37 −37.5 −69 −18 4.78

Postcentral gyrus L 3. 1. 2 −60 −2252 28 2.56

Supramarginal gyrus L 40 −60 −21.23 39.33 3.32

(B) SPECIFIC bvFTD AND PNFA ATROPHY**

bvFTD Anterior insula R 13 45.90 7.19 −2.04 2.58

Anterior insula L 13 −40.73 9.77 −4.63 2.69

Lateral OFC R 47 45.90 36.90 −12.38 1.85

Lateral OFC L 47 −49.77 27.85 −12.38 2.56

Temporal pole sup L 38 47.19 11.06 −43.41 1.97

Temporal pole mid R 38 −37.17 10.09 −43.09 2.35

PNFA Temporal pole mid R 38 52.36 18.81 −29.19 2.73

IFG L 45/46 −56.24 26.56 16.06 2.68

*p < 0.05, FDR corrected α = 0.2;

**p < 0.05, Small volume corrected.

patterns of atrophy in each FTD variant. ROI analysis looking

at the fronto-insulo-temporal network in bvFTD revealed a pat-

tern of bilateral orbitofrontal and gyrus rectus, right fronto-insula

and insula associated with emotion and social cognition deficits

respectively, whereas in PNFA these impairments were related

to right insula and right temporal pole atrophy. This is the first

report unraveling the structural correlates of face recognition,

emotion, and ToM in both variants of FTD. We discuss these find-

ings in the light of relatively differential (low level) emotion-face

recognition processes vs. (higher level) social cognition impair-

ments in these disorders.

ATROPHY PATTERNS IN PNFA AND bvFTD AND THEIR RELATION WITH

EMOTION/SOCIAL COGNITION PERFORMANCE

The general pattern of atrophy found in our FTD patients

described above is in coincidence with previous morphometric

evidence and distinct methodological techniques (Seeley et al.,

2008; Zamboni et al., 2008; Rohrer et al., 2010). Moreover,

functional and structural connectivity studies have shown

atrophy in similar regions (Seeley, 2008; Zhou et al., 2010; Agosta

et al., 2012; Mendez and Shapira, 2013) although the struc-

tural correlates of face recognition, emotion recognition, and

ToM in both groups reveal different levels of social cognition

impairments.

Face recognition

When analyzing the bvFTD fronto-insulo-temporal pattern

of atrophy, face recognition performance correlated with

orbitofrontal cortex. This region is associated with covert face

recognition in prosopagnosia (Valdes-Sosa et al., 2011), with

visual encoding of face stimuli (Frey and Petrides, 2003; Henson

et al., 2003) and with familiar faces (Taylor et al., 2009). Hence,

in bvFTD, OFC can be traced as a region subserving face

perception.
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FIGURE 3 | Contrast vectors of bvFTD (red-yellow) and PNFA (light

blue) atrophy that correlates with face recognition. p < 0.05, small

volume corrected. (A) Right insular (PNFA) and IFG (bvFTD) correlations; (B)

Bilateral posterior fusiform and temporal pole correlations for PNFA; (C)

Bilateral insular and temporal pole (PNFA) and mid frontal gyrus (bvFTD)

correlations; (D) Bilateral temporal pole in PNFA; (E) and (F). Most lateral

right (E) and left (F) frontal and temporal pole associations for PNFA and

bvFTD. PNFA, progressive non-fluent aphasia, bvFTD, behavioral variant

FTD; IFG, inferior frontal gyrus.

On the other hand, face recognition impairments in PNFA

were related to atrophy of bilateral posterior fusiform gyrus, bilat-

eral insular cortex, and anterior temporal lobe (ATL). Specifically,

atrophy of the posterior fusiform is not an unexpected result,

since the Fusiform Face Area (FFA) selectively engaged on early

stages of face recognition, was initially described by Kanwisher

et al. (1997) less than 10 mm further from our PNFA atrophy peak

(MNI x, y, z coordinates, left: −35.35 −64.35 −15.63; right: 40.40

−56.11 −15.16, see Table 4 to compare with atrophy coordi-

nates). On the other hand, an influential macaque study (Freiwald

and Tsao, 2010) describes a network for face recognition with

its ATL patches located in ventral and superior temporal pole as

well as in the anterior bank of the STS, which has been recently

confirmed in humans by a combination of fMRI meta-analytic

and empirical results (Von Der Heide et al., 2013). In addition,

a recent review by Gainotti (2007) shows that patients with right

temporal pole damage are more prone to familiar face recogni-

tion deficits and poorer naming from facial (visual) stimuli than

those who have left temporal pole lesions. This work also points

to models of continuity between multimodal perceptual features

and conceptual activities, leading to the emergence of familiarity

feelings (Bruce and Young, 1986). In line with this wealth of evi-

dence, we found a pattern of posterior fusiform gyrus and right

temporal pole atrophy associated to face recognition scores in

PNFA that would suggest an engagement of both early discrimi-

native and person-specific stages of face recognition and supports

their role in indexing semantic/biographical knowledge (Zahn

et al., 2007; Mion et al., 2010; Ross and Olson, 2010; Simmons

et al., 2010). Nonetheless, the process of face recognition includes

the extraction of emotional expression (Haxby et al., 2000), which

contributes to familiarity feelings and person perception (Young

and Bruce, 2011). In the classical Bruce and Young model (1986),

semantic processing is an integral part of the face structural pro-

cessing which indexes the attribution of meaning, valence, and

salience to facial expressions. With respect to this, we found bilat-

eral insular atrophy in PNFA associated to face recognition, which

we speculate may be accounting for the conveyed emotional com-

ponent of this task (Nakamura et al., 2000; Josephs et al., 2008;

Nielson et al., 2010). Furthermore, the structural connectivity of

anterior insula, temporal pole, and orbitofrontal regions points to

a dynamic interaction among these areas in ascribing emotional

salience to perceived stimuli (Cloutman et al., 2012). Hence, we

propose that the neuroanatomical correlates of PNFA’s face recog-

nition would engage both basic face recognition and emotional

processing areas.

Emotion recognition

In bvFTD, the fronto-insulo-temporal pattern of atrophy that cor-

related with emotion recognition included orbitofrontal, gyrus

rectus and right posterior insula atrophy, regions which have

been known to participate in assigning emotional valence to facial

stimuli (Gobbini and Haxby, 2007). In addition, these emotion

recognition deficits in PNFA involved some of the same regions

related to face recognition deficits (insula, right temporal pole,

and rolandic opercula). These are structures engaged in the bind-

ing of perception and visceral emotional responses (Olson et al.,

2013; Visser et al., 2012). Additionally, we found that emotion

recognition deficits in PNFA also related to specific atrophy in the

left amygdale, a structure classically engaged in emotional pro-

cessing (Kennedy and Adolphs, 2012) and previously related to

emotion deficits in PNFA and SD (Whitwell et al., 2005; Garibotto

et al., 2011; Yang et al., 2012). This corresponds to the temporo-

insular (but not frontal) atrophy associated with ToM observed in

PNFA, and it leads us to posit that lower level recognition of basic

emotions in PNFA together with the face recognition impair-

ments might represent basic deficits which could be triggering

ToM deficits in these patients.

ToM

Similarly, in bvFTD the ToM deficit was mainly associated with

two core regions for social skills such as OFC and gyrus rectus

bilaterally. These areas index high level social cognition processes

(Viskontas et al., 2007; Nestor et al., 2012). Moreover, previous

morphometric reports related OFC atrophy to ToM deficits in

bvFTD (Mesulam et al., 2009; Eslinger et al., 2011).

Second, we found that the ToM deficit in PNFA was associ-

ated with temporal pole and insular cortex degeneration. These

regions are engaged in semantic knowledge and in the integration

of emotional body states and external milieu information respec-

tively, two processes closely related to social cognition (Olson

et al., 2007; Craig, 2009; Ibanez et al., 2010; Couto et al., 2013b;
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Table 4 | Patterns of trophy correlated with task performance in bvFTD and PNFA.

Regional GM-task Region BA Coordinates Z -peak

x y z

(A) FACE RECOGNITION

bvFTD > PNFA Inferior frontal (IFG) R 45 39 33 12 3.22

Orbitofrontal 11/47 21.33 16.67 −21.43 2.17

11/47 −34.26 30.79 −21.43 1.79

PNFA > bvFTD Insula R 13 49.77 1.26 0 3.22

40.7 18 −11 2.14

Insula L −31.67 21.8 3 1.83

Fusiform L 37 −37.5 −69 −18 4.78

Fusiform R 37 42 −66 −18 2.25

Temporal Pole L 38 −53.65 12.35 −16.26 1.85

Temporal Pole R 38 56.24 11 −29.19 2.32

Inferior frontal (IFG) R 45 55.5 12.35 17.35 2.10

(B) EMOTION RECOGNITION

bvFTD > PNFA Rectus 11 −4.5 22.5 22.5 2.34

11 3 49.5 −22.5 2.07

Orbitofrontal R 11/47 15 57 −13.5 3.28

Insula R 13 45.9 −17.35 16 1.82

PNFA > bvFTD Insula 13 43 −12 7 3.07

13 −38.14 7.19 −2.04 4.67

Temporal Pole 38 −31.68 5.9 −22.72 2.15

38 35.55 6 −22.5 2.95

Amygdale − −25.21 2.02 −18.85 2.95

− 35.55 6 −22.5 2.95

Rolandic Opercula L 46 −47.19 4.6 12.18 1.92

(C) ToM

bvFTD > PNFA Rectus R 11 5 50 −22 1.98

PNFA > bvFTD Insula 13 40.7 18 −11 1.83

13 −38.14 11.06 −4.5 2.42

Amygdale − −26.5 4.6 −18.85 2.86

− 25.21 0.73 −19.5 2.44

Temporal pole 38 −40.73 3.31 −17.55 2.31

38 34 11 8 1.99

VBM, voxel-based morphometry; BA, Brodmann area; PNFA, progressive non-fluent aphasia; bvFTD, behavioral variant-FTD; ToM, theory of mind; R, rigth; L, left;

GM, gray matter.

Melloni et al., 2013). As mentioned above, biographical and emo-

tional knowledge contribute to the recognition of faces. Further

evidence suggests that temporal pole atrophy in SD could be

related to ToM deficits (Duval et al., 2012) and right temporal

pole atrophy has been associated to prosopagnosia in SD (Josephs

et al., 2008). Therefore, right temporal pole and insular cor-

tex atrophy in PNFA could be related to ToM deficits as they

are associated with specific emotional and face recognition pro-

cesses crucial for this social domain. This is convergent with the

anatomical correlations of face and emotion recognition deficits

described above. In other words, we suggest that the lower level

emotional and face recognition deficits associated with the right

temporal pole and insular atrophy could be the roots of sub-

tle ToM impairments in PNFA, rather than a sui generis frontal

involvement as is the case of bvFTD (Olson et al., 2007, 2013;

Visser et al., 2012).

Although on the basis of these results we cannot rule out

the possibility that concomitant loss of executive functions, lan-

guage, and semantic memory may be the cause of social skills

deployment in our PNFA sample, the hypothesis outlined above is

also consistent with the multifactorial nature of emotional deficits

proposed in FTD (Miller et al., 2012). Indeed, the fact that these

recognition impairments impact the processing of social mean-

ingful features on PNFA could be considered an extension of the

semantic phenotype to the social and emotional domains. This

parallels what has been shown to occur in bvFTD, in which the

same ToM would be associated with other cognitive domains

such as executive functions (Torralva et al., 2009). This has two
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FIGURE 4 | Contrast vectors of bvFTD (red-yellow) and PNFA (light

blue) atrophy correlated with emotion recognition. p < 0.05, small

volume corrected. (A) Right insular and temporal correlations; (B,D,F)

Orbitofrontal and mid temporal regions; (C) Bilateral insular correlations of

PNFA emotions; (E) Right gyrus rectus for bvFTD. PNFA, progressive

non-fluid aphasia, bvFTD, behavioral variant FTD.

clinical implications: first, it suggests that different assessment

batteries should be designed and applied for targeting divergent

cross-domains associations in each variant (Torralva et al., 2009);

second, the possible impact of more basic cognitive processes

on social domains should be considered for the neuropsycho-

logical assessment of PNFA and bvFTD patients. Finally, our

results suggest that different cognitive and neuroanatomic path-

ways would affect ToM performance, in a relationship that is

not only restricted to executive functions as reported in many

papers, but also extended to basic face recognition and emotion

processing (Ibanez et al., 2013a,b).

A limitation of this study is that although they are age, gender,

and formal education matched, MRI control subjects were not

the same as the ones in which task impairments were compared.

Therefore, there is an indirect relationship between patients and

controls’ brain morphology on the one hand, and specific VBM

associations with behavioral impairments, on the other hand.

However, as the neural underpinnings of social cognition impair-

ment in bvFTD are well-characterized and a common substrate

of atrophy is present in both versions of FTD, we intended here to

use bvFTD patients as a comparison sample to reveal the neural

correlates of social cognition deficits in PNFA as done in previ-

ous reports (Seeley et al., 2008). Hence, we posit this is a more

straightforward way of comparing both variants of this neurode-

generative disease. Another limitation is the small sample size

which could be susceptible of spurious correlation and may have

FIGURE 5 | Contrast vectors of bvFTD (red-yellow) and PNFA (light

blue) atrophy that correlates with ToM. p < 0.05, small volume

corrected. (A) Right insulo-temporal correlations for PNFA; (B,D,F) Temporal

pole and amygdaline correlations for PNFA; (C) Bilateral insular correlations

of PNFA; (E) Right gyrus rectus for bvFTD. PNFA, progressive non-fluid

aphasia, bvFTD, behavioral variant FTD.

biased the results of regression analyses. However, several previ-

ous studies cited in this paper have used a similar sample size

(Eslinger et al., 2007; Seeley et al., 2008; Zamboni et al., 2008).

CONCLUSIONS

In brief, our results suggest that primary face and emotion recog-

nition impairments would impact on ToM in PNFA, whereas in

bvFTD the ToM deficits seem to be a sui generis impairment, with

preservation of basic face recognition. Both results point to possi-

ble existence of alternative pathways to ToM impairment in these

conditions. Hence, although not behaviorally dissociable, ToM

seems to be dissociable neuroanatomically and this would suggest

extended circuits that support this function.

Although relatively similar impaired performance in social

cognition was observed in both FTD groups, those similar

impairments can be related to different processes and atro-

phy patterns in PNFA and bvFTD. Particularly, the develop-

ment of social cognition signatures in PNFA would not be

solely related to the typical atrophy of frontal social nodes as

in bvFTD. The basic recognition and emotion stages of face

recognition impairments in PNFA patients (related to right tem-

poral pole and insular cortex atrophy), could account for the

processing of social skills such as ToM. In addition, different

regions of the so called social context network model (SCNM;

Ibáñez and Manes, 2012) are selectively affected in both FTD

groups, suggesting their participation on the dynamic interplay
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between invariant-specific and context-dependent variables and

stimuli.

ACKNOWLEDGMENTS

We thank the patients, their families and to the control sub-

jects, as well as the research group of the Memory and Cognition

San Ignacio Hospital - Javeriana University Ageing Institute and

all the National University researchers. This research was par-

tially supported by grants CONICET, CONICYT/FONDECYT

Regular (1130920), PICT 2012-0412; PICT 2012-1309, Javeriana

University PUJ-2009; Colciencias: 545-2011 and 537-2011; and

INECO Foundation. Any opinions, findings, and conclusions

or recommendations expressed in this material are those of the

authors and do not necessarily reflect the views of those grants.

REFERENCES
Agosta, F., Scola, E., Canu, E.,

Marcone, A., Magnani, G., Sarro,

L., et al. (2012). White mat-

ter damage in frontotemporal

lobar degeneration spectrum.

Cereb. Cortex 22, 2705–2714. doi:

10.1093/cercor/bhr288

Ashburner, J., and Friston, K. J. (2000).

Voxel-based morphometry–the

methods. Neuroimage 11, 805–821.

doi: 10.1006/nimg.2000.0582

Baron-Cohen, S., Jolliffe, T.,

Mortimore, C., and Robertson,

M. (1997). Another advanced test

of theory of mind: evidence from

very high functioning adults with

autism or asperger syndrome.

J. Child Psychol. Psychiatry 38,

813–822. doi: 10.1111/j.1469-

7610.1997.tb01599.x

Bruce, V., and Young, A. (1986).

Understanding face recog-

nition. Br. J. Psychol. 77,

305–327. doi: 10.1111/j.2044-

8295.1986.tb02199.x

Cloutman, L. L., Binney, R. J.,

Drakesmith, M., Parker, G.

J., and Lambon Ralph, M. A.

(2012). The variation of func-

tion across the human insula

mirrors its patterns of struc-

tural connectivity: evidence from

in vivo probabilistic tractography.

Neuroimage 59, 3514–3521. doi:

10.1016/j.neuroimage.2011.11.016

Couto, B., Sedeno, L., Sposato, L.

A., Sigman, M., Riccio, P. M.,

Salles, A., et al. (2013a). Insular

networks for emotional processing

and social cognition: comparison

of two case reports with either

cortical or subcortical involve-

ment. Cortex 49, 1420–1434. doi:

10.1016/j.cortex.2012.08.006

Couto, B., Salles, A., Sedeño, L.,

Peradejordi, M., Barttfeld, P.,

Canales-Johnson, A., et al. (2013b).

The man who feels two hearts:

different pathways of interoception.

Soc. Cogn. Affec. Neurosci. doi:

10.1093/scan/nst108. [Epub ahead

of print].

Craig, A. D. (2009). How do you

feel–now. The anterior insula

and human awareness. Nat. Rev.

Neurosci. 10, 59–70. doi: 10.1038/

nrn2555

Duval, C., Bejanin, A., Piolino, P.,

Laisney, M., De La Sayette, V.,

Belliard, S., et al. (2012). Theory

of mind impairments in patients

with semantic dementia. Brain 135,

228–241. doi: 10.1093/brain/awr309

Eslinger, P. J., Moore, P., Anderson, C.,

and Grossman, M. (2011). Social

cognition, executive functioning,

and neuroimaging correlates of

empathic deficits in frontotemporal

dementia. J. Neuropsychiatry

Clin. Neurosci. 23, 74–82.

doi: 10.1176/appi.neuropsych.

23.1.74

Eslinger, P. J., Moore, P., Troiani, V.,

Antani, S., Cross, K., Kwok, S.,

et al. (2007). Oops! Resolving

social dilemmas in frontotemporal

dementia. J. Neurol. Neurosurg.

Psychiatry 78, 457–460. doi:

10.1136/jnnp.2006.098228

Flombaum, J. I., and Santos, L.

R. (2005). Rhesus monkeys

attribute perceptions to others.

Curr. Biol. 15, 447–452. doi:

10.1016/j.cub.2004.12.076

Forman, S. D., Cohen, J. D., Fitzgerald,

M., Eddy, W. F., Mintun, M. A.,

and Noll, D. C. (1995). Improved

assessment of significant acti-

vation in functional magnetic

resonance imaging (fMRI): use

of a cluster-size threshold. Magn.

Reson. Med. 33, 636–647. doi:

10.1002/mrm.1910330508

Freiwald, W. A., and Tsao, D. Y. (2010).

Functional compartmentaliza-

tion and viewpoint generalization

within the macaque face-processing

system. Science 330, 845–851. doi:

10.1126/science.1194908

Frey, S., and Petrides, M. (2003).

Greater orbitofrontal activity pre-

dicts better memory for faces. Eur.

J. Neurosci. 17, 2755–2758. doi:

10.1046/j.1460-9568.2003.02714.x

Gainotti, G. (2007). Different patterns

of famous people recognition

disorders in patients with right

and left anterior temporal lesions:

a systematic review. [Review].

Neuropsychologia 45, 1591–1607.

doi: 10.1016/j.neuropsychologia.

2006.12.013

Garibotto, V., Borroni, B., Agosti,

C., Premi, E., Alberici, A.,

Eickhoff, S. B., et al. (2011).

Subcortical and deep cortical

atrophy in Frontotemporal Lobar

Degeneration. Neurobiol. Aging

32, 875–884. doi: 10.1016/j.

neurobiolaging.2009.05.004

Gobbini, M. I., and Haxby, J. V. (2007).

Neural systems for recognition of

familiar faces. Neuropsychologia

45, 32–41. doi: 10.1016/

j.neuropsychologia.2006.04.015

Good, C. D., Johnsrude, I. S.,

Ashburner, J., Henson, R. N.,

Friston, K. J., and Frackowiak,

R. S. (2001). A voxel-based

morphometric study of ageing

in 465 normal adult human

brains. Neuroimage 14, 21–36. doi:

10.1006/nimg.2001.0786

Gorno-Tempini, M. L., Dronkers, N.

F., Rankin, K. P., Ogar, J. M.,

Phengrasamy, L., Rosen, H. J., et al.

(2004). Cognition and anatomy

in three variants of primary pro-

gressive aphasia. Ann. Neurol. 55,

335–346. doi: 10.1002/ana.10825

Gorno-Tempini, M. L., Hillis, A. E.,

Weintraub, S., Kertesz, A., Mendez,

M., Cappa, S. F., et al. (2011).

Classification of primary pro-

gressive aphasia and its variants.

Neurology 76, 1006–1014. doi:

10.1212/WNL.0b013e31821103e6

Grossman, M., McMillan, C., Moore,

P., Ding, L., Glosser, G., Work, M.,

et al. (2004). What’s in a name:

voxel-based morphometric analyses

of MRI and naming difficulty in

Alzheimer’s disease, frontotemporal

dementia and corticobasal degen-

eration. Brain 127, 628–649. doi:

10.1093/brain/awh075

Haxby, J. V., Hoffman, E. A., and

Gobbini, M. I. (2000). The dis-

tributed human neural system for

face perception. Trends Cogn. Sci.

4, 223–233. doi: 10.1016/S1364-

6613(00)01482-0

Henson, R. N., Goshen-Gottstein,

Y., Ganel, T., Otten, L. J.,

Quayle, A., and Rugg, M. D.

(2003). Electrophysiological and

haemodynamic correlates of face

perception, recognition and prim-

ing. Cereb. Cortex 13, 793–805. doi:

10.1093/cercor/13.7.793

Hornberger, M., Geng, J., and Hodges,

J. R. (2011). Convergent grey

and white matter evidence of

orbitofrontal cortex changes related

to disinhibition in behavioural

variant frontotemporal demen-

tia. Brain 134, 2502–2512. doi:

10.1093/brain/awr173

Ibanez, A., Aguado, J., Baez, S., Huepe,

D., Lopez, V., Ortega, R., et al.

(2013a). From neural signatures

of emotional modulation to social

cognition: individual differences

in healthy volunteers and psy-

chiatric participants. Soc. Cogn.

Affect. Neurosci. doi: 10.1093/scan/

nst067. [Epub ahead of print].

Ibanez, A., Huepe, D., Gempp, R.,

Gutierrez, V., Rivera-Rei, A., and

Toledo, I. (2013b). Empathy, sex

and fluid intelligence as pre-

dictors of theory of mind. Pers.

Individ. Dif. 54, 616–621. doi:

10.1016/j.paid.2012.11.022

Ibanez, A., Gleichgerrcht, E., and

Manes, F. (2010). Clinical effects of

insular damage in humans. Brain

Struct. Funct. 214, 397–410. doi:

10.1007/s00429-010-0256-y

Ibáñez, A., and Manes, F. (2012).

Contextual social cognition

and the behavioral variant

of frontotemporal dementia.

Neurology 78, 1354–1362. doi:

10.1212/WNL.0b013e3182518375

Itier, R. J., and Batty, M. (2009). Neural

bases of eye and gaze processing: the

core of social cognition. Neurosci.

Biobehav. Rev. 33, 843–863. doi:

10.1016/j.neubiorev.2009.02.004

Josephs, K. A., Whitwell, J. L., Vemuri,

P., Senjem, M. L., Boeve, B.

F., Knopman, D. S., et al., Jr.

(2008). The anatomic correlate of

prosopagnosia in semantic demen-

tia. Neurology 71, 1628–1633.

doi: 10.1212/01.wnl.0000334756.

18558.92

Kanwisher, N., Mcdermott, J., and

Chun, M. M. (1997). The fusiform

face area: a module in human

extrastriate cortex specialized for

face perception. J. Neurosci. 17,

4302–4311.

Kennedy, D. P., and Adolphs, R.

(2012). The social brain in psychi-

atric and neurological disorders.

Trends Cogn. Sci. 16, 559–572. doi:

10.1016/j.tics.2012.09.006

Kumfor, F., Miller, L., Lah, S., Hsieh,

S., Savage, S., Hodges, J. R., et al.

Frontiers in Human Neuroscience www.frontiersin.org August 2013 | Volume 7 | Article 467 | 9

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive


Couto et al. Brain morphometry and social cognition in FTD

(2011). Are you really angry. The

effect of intensity on facial emo-

tion recognition in frontotemporal

dementia. Soc. Neurosci. 6, 502–514.

doi: 10.1080/17470919.2011.620779

Manes, F., Torralva, T., Ibanez,

A., Roca, M., Bekinschtein, T.,

and Gleichgerrcht, E. (2011).

Decision-making in frontotempo-

ral dementia: clinical, theoretical

and legal implications. Dement.

Geriatr. Cogn. Disord. 32, 11–17.

doi: 10.1159/000329912

Melloni, M., Lopez, V., and Ibanez,

A. (2013). Empathy and contextual

social cognition. Cogn. Affect. Behav.

Neurosci. doi: 10.3758/s13415-013-

0205-3

Mendez, M. F., and Shapira, J. S. (2013).

Hypersexual behavior in frontotem-

poral dementia: a comparison with

early-onset Alzheimer’s disease.

Arch. Sex Behav. 42, 501–509. doi:

10.1007/s10508-012-0042-4

Mesulam, M., Rogalski, E., Wieneke,

C., Cobia, D., Rademaker, A.,

Thompson, C., et al. (2009).

Neurology of anomia in the seman-

tic variant of primary progressive

aphasia. Brain 132, 2553–2565. doi:

10.1093/brain/awp138

Miller, L. A., Hsieh, S., Lah, S., Savage,

S., Hodges, J. R., and Piguet, O.

(2012). One size does not fit all: face

emotion processing impairments

in semantic dementia, behavioural-

variant frontotemporal dementia

and Alzheimer’s disease are medi-

ated by distinct cognitive deficits.

Behav. Neurol. 25, 53–60.

Mion, M., Patterson, K., Acosta-

Cabronero, J., Pengas, G.,

Izquierdo-Garcia, D., Hong, Y.

T., et al. (2010). What the left

and right anterior fusiform gyri

tell us about semantic mem-

ory. Brain 133, 3256–3268. doi:

10.1093/brain/awq272

Nakamura, K., Kawashima, R., Sato,

N., Nakamura, A., Sugiura, M.,

Kato, T., et al. (2000). Functional

delineation of the human occipito-

temporal areas related to face and

scene processing. A PET study.

Brain 123(Pt 9), 1903–1912. doi:

10.1093/brain/123.9.1903

Neary, D., Snowden, J. S., Gustafson,

L., Passant, U., Stuss, D., Black,

S., et al. (1998). Frontotemporal

lobar degeneration: a consensus

on clinical diagnostic criteria.

Neurology 51, 1546–1554. doi:

10.1212/WNL.51.6.1546

Nestor, P. G., Nakamura, M.,

Niznikiewicz, M., Thompson,

E., Levitt, J. J., Choate, V., et al.

(2012). In search of the functional

neuroanatomy of sociality: MRI

subdivisions of orbital frontal

cortex and social cognition. Soc.

Cogn. Affect. Neurosci. 8, 460–467.

doi: 10.1093/scan/nss018

Nielson, K. A., Seidenberg, M.,

Woodard, J. L., Durgerian, S.,

Zhang, Q., Gross, W. L., et al.

(2010). Common neural systems

associated with the recognition

of famous faces and names:

an event-related fMRI study.

Brain Cogn. 72, 491–498. doi:

10.1016/j.bandc.2010.01.006

O’Brien, L. M., Ziegler, D. A., Deutsch,

C. K., Frazier, J. A., Herbert, M. R.,

and Locascio, J. J. (2011). Statistical

adjustments for brain size in volu-

metric neuroimaging studies: some

practical implications in methods.

Psychiatry Res. 193, 113–122. doi:

10.1016/j.pscychresns.2011.01.007

Olson, I. R., Mccoy, D., Klobusicky, E.,

and Ross, L. A. (2013). Social

cognition and the anterior

temporal lobes: a review and

theoretical framework. Soc. Cogn.

Affect. Neurosci. 8, 123–133. doi:

10.1093/scan/nss119

Olson, I. R., Plotzker, A., and Ezzyat,

Y. (2007). The Enigmatic tem-

poral pole: a review of findings

on social and emotional process-

ing. Brain 130, 1718–1731. doi:

10.1093/brain/awm052

Omar, R., Henley, S. M., Bartlett, J.

W., Hailstone, J. C., Gordon, E.,

Sauter, D. A., et al. (2011). The

structural neuroanatomy of music

emotion recognition: evidence from

frontotemporal lobar degeneration.

Neuroimage 56, 1814–1821. doi:

10.1016/j.neuroimage.2011.03.002

Perry, R. J., and Miller, B. L.

(2001). Behavior and treatment

in frontotemporal dementia.

Neurology 56, S46–S51. doi:

10.1212/WNL.56.suppl_4.S46

Piguet, O., Hornberger, M., Mioshi,

E., and Hodges, J. R. (2011).

Behavioural-variant frontotem-

poral dementia: diagnosis,

clinical staging, and management.

Lancet Neurol. 10, 162–172. doi:

10.1016/S1474-4422(10)70299-4

Rankin, K. P., Gorno-Tempini, M.

L., Allison, S. C., Stanley, C. M.,

Glenn, S., Weiner, M. W., et al.

(2006). Structural anatomy of

empathy in neurodegenerative

disease. Brain 129, 2945–2956. doi:

10.1093/brain/awl254

Rankin, K. P., Kramer, J. H., Mychack,

P., and Miller, B. L. (2003).

Double dissociation of social

functioning in frontotemporal

dementia. Neurology 60, 266–271.

doi: 10.1212/01.WNL.0000041497.

07694.D2

Rankin, K. P., Salazar, A., Gorno-

Tempini, M. L., Sollberger,

M., Wilson, S. M., Pavlic, D.,

et al. (2009). Detecting sar-

casm from paralinguistic cues:

anatomic and cognitive correlates

in neurodegenerative disease.

Neuroimage 47, 2005–2015. doi:

10.1016/j.neuroimage.2009.05.077

Rascovsky, K., Hodges, J. R., Knopman,

D., Mendez, M. F., Kramer, J.

H., Neuhaus, J., et al. (2011).

Sensitivity of revised diagnos-

tic criteria for the behavioural

variant of frontotemporal demen-

tia. Brain 134, 2456–2477. doi:

10.1093/brain/awr179

Ritchie, K., and Lovestone,

S. (2002). The dementias.

Lancet 360, 1759–1766. doi:

10.1016/S0140-6736(02)11667-9

Rohrer, J. D., Ridgway, G. R., Crutch,

S. J., Hailstone, J., Goll, J. C.,

Clarkson, M. J., et al. (2010).

Progressive logopenic/phonological

aphasia: erosion of the language

network. Neuroimage 49, 984–993.

doi: 10.1016/j.neuroimage.2009.

08.002

Rohrer, J. D., Sauter, D., Scott, S.,

Rossor, M. N., and Warren, J.

D. (2012). Receptive prosody in

nonfluent primary progressive

aphasias. Cortex 48, 308–316. doi:

10.1016/j.cortex.2010.09.004

Rosen, H. J., Gorno-Tempini, M. L.,

Goldman, W. P., Perry, R. J., Schuff,

N., Weiner, M., et al. (2002a).

Patterns of brain atrophy in fron-

totemporal dementia and semantic

dementia. Neurology 58, 198–208.

doi: 10.1212/WNL.58.2.198

Rosen, H. J., Kramer, J. H., Gorno-

Tempini, M. L., Schuff, N., Weiner,

M., and Miller, B. L. (2002b).

Patterns of cerebral atrophy in pri-

mary progressive aphasia. Am. J.

Geriatr. Psychiatry 10, 89–97.

Rosen, H. J., Pace-Savitsky, K., Perry,

R. J., Kramer, J. H., Miller, B.

L., and Levenson, R. W. (2004).

Recognition of emotion in the

frontal and temporal variants of

frontotemporal dementia. Dement.

Geriatr. Cogn. Disord. 17, 277–281.

doi: 10.1159/000077154

Ross, L. A., and Olson, I. R.

(2010). Social cognition and

the anterior temporal lobes.

Neuroimage 49, 3452–3462. doi:

10.1016/j.neuroimage.2009.11.012

Seeley, W. W. (2008). Selective func-

tional, regional, and neuronal

vulnerability in frontotem-

poral dementia. Curr. Opin.

Neurol. 21, 701–707. doi:

10.1097/WCO.0b013e3283168e2d

Seeley, W. W., Crawford, R., Rascovsky,

K., Kramer, J. H., Weiner, M.,

Miller, B. L., et al. (2008). Frontal

paralimbic network atrophy

in very mild behavioral vari-

ant frontotemporal dementia.

Arch. Neurol. 65, 249–255. doi:

10.1001/archneurol.2007.38

Seeley, W. W., Crawford, R. K., Zhou,

J., Miller, B. L., and Greicius, M.

D. (2009). Neurodegenerative dis-

eases target large-scale human brain

networks. Neuron 62, 42–52. doi:

10.1016/j.neuron.2009.03.024

Shany-Ur, T., Poorzand, P., Grossman,

S. N., Growdon, M. E., Jang, J.

Y., Ketelle, R. S., et al. (2012).

Comprehension of insincere com-

munication in neurodegenerative

disease: lies, sarcasm, and theory of

mind. Cortex 48, 1329–1341. doi:

10.1016/j.cortex.2011.08.003

Shany-Ur, T., and Rankin, K. P.

(2011). Personality and social

cognition in neurodegenerative

disease. Curr. Opin. Neurol. 24,

550–555. doi: 10.1097/WCO.0b013e

32834cd42a

Simmons, W. K., Reddish, M.,

Bellgowan, P. S., and Martin,

A. (2010). The selectivity and

functional connectivity of

the anterior temporal lobes.

Cereb. Cortex 20, 813–825. doi:

10.1093/cercor/bhp149

Sollberger, M., Rankin, K. P., and

Miller, B. L. (2010). Social cogni-

tion. Continuum (Minneap Minn)

16, 69–85.

Taylor, M. J., Arsalidou, M., Bayless,

S. J., Morris, D., Evans, J. W., and

Barbeau, E. J. (2009). Neural cor-

relates of personally familiar faces:

parents, partner and own faces.

Hum. Brain Mapp. 30, 2008–2020.

doi: 10.1002/hbm.20646

Torralva, T., Kipps, C. M., Hodges, J.

R., Clark, L., Bekinschtein, T., Roca,

M., et al. (2007). The relationship

between affective decision-making

and theory of mind in the frontal

variant of fronto-temporal demen-

tia. Neuropsychologia 45, 342–349.

doi: 10.1016/j.neuropsychologia.

2006.05.031

Torralva, T., Roca, M., Gleichgerrcht,

E., Bekinschtein, T., and Manes, F.

(2009). A neuropsychological bat-

tery to detect specific executive

and social cognitive impairments

in early frontotemporal demen-

tia. Brain 132, 1299–1309. doi:

10.1093/brain/awp041

Valdes-Sosa, M., Bobes, M. A.,

Quinones, I., Garcia, L.,

Valdes-Hernandez, P. A.,

Iturria, Y., et al. (2011). Covert

face recognition without the

fusiform-temporal pathways.

Neuroimage 57, 1162–1176. doi:

10.1016/j.neuroimage.2011.04.057

Viskontas, I. V., Possin, K. L., and

Miller, B. L. (2007). Symptoms

Frontiers in Human Neuroscience www.frontiersin.org August 2013 | Volume 7 | Article 467 | 10

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive


Couto et al. Brain morphometry and social cognition in FTD

of frontotemporal dementia pro-

vide insights into orbitofrontal

cortex function and social behav-

ior. Ann. N.Y. Acad. Sci. 1121,

528–545. doi: 10.1196/annals.

1401.025

Visser, M., Jefferies, E., Embleton, K.

V., and Lambon Ralph, M. A.

(2012). Both the middle tempo-

ral gyrus and the ventral ante-

rior temporal area are crucial for

multimodal semantic processing:

distortion-corrected fMRI evidence

for a double gradient of infor-

mation convergence in the tem-

poral lobes. J. Cogn. Neurosci. 24,

1766–1778. doi: 10.1162/jocn_a_

00244

Von Der Heide, R. J., Skipper, L. M.,

and Olson, I. R. (2013). Anterior

temporal face patches: a meta-

analysis and empirical study.

Front. Hum. Neurosci. 7:17. doi:

10.3389/fnhum.2013.00017

Whitwell, J. L., Przybelski, S. A.,

Weigand, S. D., Ivnik, R. J.,

Vemuri, P., Gunter, J. L., et al.

(2009). Distinct anatomical sub-

types of the behavioural variant

of frontotemporal dementia: a

cluster analysis study. Brain 132,

2932–2946. doi: 10.1093/brain/

awp232

Whitwell, J. L., Sampson, E. L., Watt,

H. C., Harvey, R. J., Rossor, M.

N., and Fox, N. C. (2005). A

volumetric magnetic resonance

imaging study of the amyg-

dala in frontotemporal lobar

degeneration and Alzheimer’s

disease. Dement. Geriatr. Cogn.

Disord. 20, 238–244. doi: 10.1159/

000087343

Yang, J., Pan, P., Song, W., and

Shang, H. F. (2012). Quantitative

meta-analysis of gray matter abnor-

malities in semantic dementia.

J. Alzheimers Dis. 31, 827–833.

Young, A. W., and Bruce, V. (2011).

Understanding person percep-

tion. [Review] Br. J. Psychol. 102,

959–974. doi: 10.1111/j.2044-8295.

2011.02045.x

Zahn, R., Moll, J., Krueger, F., Huey,

E. D., Garrido, G., and Grafman,

J. (2007). Social concepts are rep-

resented in the superior anterior

temporal cortex. Proc. Natl. Acad.

Sci. U.S.A. 104, 6430–6435. doi:

10.1073/pnas.0607061104

Zamboni, G., Huey, E. D., Krueger,

F., Nichelli, P. F., and Grafman,

J. (2008). Apathy and disinhibi-

tion in frontotemporal dementia:

insights into their neural cor-

relates. Neurology 71, 736–742.

doi: 10.1212/01.wnl.0000324920.

96835.95

Zhang, Y., Tartaglia, M. C., Schuff, N.,

Chiang, G. C., Ching, C., Rosen,

H. J., et al. (2013). MRI signa-

tures of brain macrostructural atro-

phy and microstructural degrada-

tion in frontotemporal lobar degen-

eration subtypes. J. Alzheimers Dis.

33, 431–444.

Zhou, J., Greicius, M. D., Gennatas,

E. D., Growdon, M. E., Jang,

J. Y., Rabinovici, G. D., et al.

(2010). Divergent network con-

nectivity changes in behavioural

variant frontotemporal demen-

tia and Alzheimer’s disease.

Brain 133, 1352–1367. doi:

10.1093/brain/awq075

Conflict of Interest Statement: The

authors declare that the research

was conducted in the absence of any

commercial or financial relationships

that could be construed as a potential

conflict of interest.

Received: 02 June 2013; accepted: 26 July

2013; published online: 16 August 2013.

Citation: Couto B, Manes F, Montañés

P, Matallana D, Reyes P, Velasquez M,

Yoris A, Baez S and Ibáñez A (2013)

Structural neuroimaging of social cog-

nition in progressive non-fluent aphasia

and behavioral variant of frontotemporal

dementia. Front. Hum. Neurosci. 7:467.

doi: 10.3389/fnhum.2013.00467

This article was submitted to the journal

Frontiers in Human Neuroscience.

Copyright © 2013 Couto, Manes,

Montañés, Matallana, Reyes, Velasquez,

Yoris, Baez and Ibáñez. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the orig-

inal author(s) or licensor are credited

and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permit-

ted which does not comply with these

terms.

Frontiers in Human Neuroscience www.frontiersin.org August 2013 | Volume 7 | Article 467 | 11

http://dx.doi.org/10.3389/fnhum.2013.00467
http://dx.doi.org/10.3389/fnhum.2013.00467
http://dx.doi.org/10.3389/fnhum.2013.00467
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

	Structural neuroimaging of social cognition in progressive non-fluent aphasia and behavioral variant of frontotemporal dementia
	Introduction
	Materials and Methods
	Participants
	Behavioral Assessment
	Face recognition
	Facial emotion recognition
	Reading the mind in the eyes test (RMET)
	Imaging recordings
	Voxel-based morphometry (VBM)


	Results
	General Cognitive Status and Language Assessment
	Behavioral Results
	VBM Results
	Global atrophy of patients compared to controls
	Relative atrophy of PNFA to bvFTD associated to face recognition, emotion, and social cognition


	Discussion
	Atrophy Patterns in PNFA and bvFTD and their Relation with Emotion/Social Cognition Performance
	Face recognition
	Emotion recognition
	ToM


	Conclusions
	Acknowledgments
	References


