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The functional importance of the anterior temporal lobes (ATLs) has come to prominence in two active, albeit unconnected literatures— 
(i) face recognition and (ii) semantic memory. To generate a unified account of the ATLs, we tested the predictions from each literature 
and examined the effects of bilateral versus unilateral ATL damage on face recognition, person knowledge, and semantic memory. 
Sixteen people with bilateral ATL atrophy from semantic dementia (SD), 17 people with unilateral ATL resection for temporal lobe 
epilepsy (TLE; left = 10, right = 7), and 14 controls completed tasks assessing perceptual face matching, person knowledge and general 
semantic memory. People with SD were impaired across all semantic tasks, including person knowledge. Despite commensurate total 
ATL damage, unilateral resection generated mild impairments, with minimal differences between left- and right-ATL resection. Face 
matching performance was largely preserved but slightly reduced in SD and right TLE. All groups displayed the familiarity effect in 
face matching; however, it was reduced in SD and right TLE and was aligned with the level of item-specific semantic knowledge in 
all participants. We propose a neurocognitive framework whereby the ATLs underpin a resilient bilateral representation system that 
supports semantic memory, person knowledge and face recognition. 
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Introduction 
The role of the anterior temporal lobes (ATLs) has become of 
key interest to cognitive neuroscientists in recent years, resulting 
in two very active but largely distinct research pursuits. There 
is evidence from neuropsychology and functional neuroimaging 
that the ATLs are important for face recognition/person knowl-
edge (Haxby et al. 2000; Gobbini and Haxby 2007; Collins and 
Olson 2014a; Duchaine and Yovel 2015). A separate literature 
implicates the ATLs in multimodal semantic memory, including 
knowledge of familiar faces/people alongside all other concepts 
(Patterson et al. 2007; Lambon Ralph et al. 2017). These two 
research areas and associated theories have remained largely sep-
arate from each other, despite making potentially complementary 
predictions. The aim of the current study was to bridge the two 
literatures and generate a unified neurocognitive framework for 
the role of the ATLs in face recognition, person knowledge and 
semantic processing. Accordingly, a bespoke neuropsychological 
battery was used to assess the effect of bilateral vs. unilateral ATL 

damage on (i) general semantic memory vs. person knowledge and 
(ii) perceptual face matching of famous and unfamiliar faces. To 
identify the effects of bilateral vs. unilateral (left vs. right) ATL 
damage, we compared two patient groups associated with ATL 
damage; semantic dementia (SD, encompassing semantic vari-
ant primary progressive aphasia and “right” SD), associated with 
bilateral ATL atrophy from neurodegeneration (Neary et al. 1998; 
Gorno-Tempini et al. 2011), and people who had undergone left or 
right unilateral ATL resection for temporal lobe epilepsy (TLE). 

There is evidence from positron emission tomography (Sergent 
et al. 1992; Gorno-Tempini et al. 1998; Kuskowski and Pardo 1999; 
Gorno-Tempini and Price 2001), functional magnetic resonance 
imaging (fMRI) (Leveroni et al. 2000; Kriegeskorte et al. 2007; 
Rajimehr et al. 2009; Nasr and Tootell 2012), and intracranial 
electrode recordings (Allison et al. 1999) that the ATLs respond 
to familiar faces, as well as neuropsychological demonstrations 
of impaired face recognition following ATL damage from neu-
rodegenerative disorders or unilateral resection (Evans et al. 1995;
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Glosser et al. 2003; Drane et al. 2013; Hutchings et al. 2017; 
Borghesani et al. 2019; Ding et al. 2020). Based on these findings, 
neurocognitive models of face recognition have broadened to 
include the ATL as part of an extended network critical for linking 
faces with stored semantic knowledge (Haxby et al. 2000; Gobbini 
and Haxby 2007; Collins and Olson 2014a; Duchaine and Yovel 
2015). Indeed, the existence of face-selective patches in the ATL 
has been proposed (Rajimehr et al. 2009; Collins and Olson 2014a), 
thought to be homologous to the anterior face patches identified 
in macaques (Pinsk et al. 2005; Tsao et al. 2006; Hesse and Tsao 
2020). 

In contrast to a face-specific function, there is convergent evi-
dence from neuropsychology, fMRI, transcranial magnetic stimu-
lation (TMS) and grid electrode studies that the ATLs are critical 
for supporting semantic memory more broadly (Mummery et al. 
2000; Lambon Ralph et al. 2009; Binney et al. 2010; Shimotake et al. 
2015; Rogers et al. 2021). Perhaps most strikingly, people with SD, 
associated with bilateral ATL atrophy, display a global degradation 
of conceptual knowledge (Snowden et al. 1989; Hodges et al. 1992; 
Mummery et al. 2000; Gorno-Tempini et al. 2011). This semantic 
degradation occurs for all types of concepts, including but not 
limited to knowledge of familiar faces/people (Mummery et al. 
2000; Snowden et al. 2004; Patterson et al. 2007; Snowden et al. 
2012; Lambon Ralph et al. 2017). Based on these findings, the 
ATLs have been considered to underpin a semantic hub critical 
for the creation of generalizable concepts from the numerous 
multimodal experiences we have of each concept over our life-
times (Rogers et al. 2004a; Patterson et al. 2007; Lambon Ralph 
et al. 2017). To achieve this, the hub interacts with modality-
specific cortical “spokes” and integrates multimodal information 
across experiences to distil coherent concepts. Thus the hub 
is transmodal and trans-category as it supports the activation 
of semantic representations across all modalities and semantic 
categories (Patterson et al. 2007; Lambon Ralph 2014; Lambon 
Ralph et al. 2017). The hub is also crucial for the integration of 
information across time and contexts, allowing for the “transtem-
poral” extraction of semantic structure (Jackson et al. 2021). 

FMRI studies consistently detect strong bilateral ventrolateral 
ATL activation in relation to all types of conceptual knowledge 
(Binney et al. 2010), as long as techniques are utilized to maximize 
ATL signal (Halai et al. 2014). A recent study found that this same 
region activated in response to both the faces and spoken/written 
names of famous people and to specific-level concepts other 
than people, such as famous landmarks. An anterior extension 
to this core ventrolateral ATL region demonstrated weaker yet 
more selective activation for people over the other categories 
(overlapping with the peaks described in the face recognition 
literature) (Rice et al. 2018c). 

ATL damage does not generate the perceptual face processing 
deficits associated with damage to posterior temporal cortex (e.g. 
the fusiform face area) (Barton et al. 2002; Barton 2008). People 
with SD perform at normal levels on tasks of perceptual matching 
of unfamiliar faces, which require distinguishing between faces 
but do not require activation of specific conceptual knowledge 
(Hutchings et al. 2017; Borghesani et al. 2019). Healthy partici-
pants match famous/familiar faces faster and more accurately 
than unfamiliar faces (Bruce 1986; Young et al. 1986; Bruce et al. 
2001; Clutterbuck and Johnston 2002; Megreya and Burton 2006; 
Visconti et al. 2017). This has led some researchers to argue for 
qualitative differences in how familiar and unfamiliar faces are 
processed (Megreya and Burton 2006). One potentially important 
difference is that familiar faces are laden with specific semantic 
knowledge, which may support and facilitate face processing, 

whereas perception of unfamiliar faces can only rely on visual fea-
tures (Collins and Olson 2014b; Rossion 2018). Therefore, although 
not critical, the ATLs may enhance performance in tasks that 
require perceptual matching of faces through feedback activation, 
thus reducing perceptual demands and contributing to the known 
familiarity effect (Collins and Olson 2014b; Rossion 2018). There 
is behavioral evidence for an interaction between perceptual and 
conceptual information in healthy participants, where associating 
previously unfamiliar stimuli with conceptual labels improves 
later recognition (Lupyan and Spivey 2008; Schwartz and Yovel 
2016), and from people with SD who are impaired on tasks which 
require successfully classifying visually different exemplars of 
objects as the “same thing,” or words/objects as real vs. nonreal 
(Rogers et al. 2003; Rogers et al. 2004b; Ikeda et al. 2006). 

The differential function of the left and right ATLs is a key 
area of debate (Gainotti 2015). Face recognition theories have 
generally made no strong claims regarding left/right ATL dif-
ferences (Haxby et al. 2000; Gobbini and Haxby 2007); however, 
the early stages of face perception in ventral occipital-temporal 
regions are thought to be supported bilaterally with a right-sided 
dominance (Kanwisher et al. 1997; Ishai et al. 2005; Rossion et al. 
2012; Behrmann and Plaut 2015). Neuropsychological studies have 
implicated the importance of the right ATL in face recognition, 
based on several case reports of prosopagnosia after right ATL 
damage from either SD or unilateral resection (Evans et al. 1995; 
Seidenberg et al. 2002; Glosser et al. 2003; Joubert et al. 2003; 
Chan et al. 2009). The underlying explanation for this right ATL 
bias is debated, with suggestions that the right ATL is specialized 
for representing multimodal person-specific semantic knowledge, 
rather than faces specifically (Younes et al. 2022) or alternatively 
that the right ATL is specialized for retrieving semantic infor-
mation from visual inputs (i.e. faces) whereas the left ATL is 
important for retrieving verbal semantics (e.g. written and spoken 
names) (Snowden et al. 2004, 2012). The evidence from functional 
neuroimaging is less clear cut, with evidence for bilateral ATL 
activation in response to faces or people’s names (Rice et al. 2015b; 
Rice et al. 2018c). 

A hub-and-spoke model of semantic memory has been pro-
posed in which the bilateral ATLs work in concert to support 
transmodal semantic representations, and that bilateral neural 
implementation can make functional systems more resilient to 
unilateral damage (Schapiro et al. 2013; Jung and Lambon Ralph 
2016; Lambon Ralph et al. 2017). This framework does not deny 
emergent functional differences between the left and right ATLs 
but, in line with various computational modeling demonstrations, 
suggests that these differences could be a consequence of dif-
ferential connectivity of the left/right ATL with modality-specific 
cortical regions (Lambon Ralph et al. 2001; Behrmann and Plaut 
2015; Rice et al. 2015a; Woollams and Patterson 2018). The right 
posterior temporal cortex is more dominant for face processing 
(Behrmann and Plaut 2015; Hoffman and Lambon Ralph 2018) and  
so consequently the face recognition problems associated with 
right ATL damage may be because the right ATL receives increased 
visual input from right posterior temporal areas (Hoffman and 
Lambon Ralph 2018). 

To determine the impact of bilateral vs. unilateral damage and 
the relative contributions of the left/right ATL to semantics and 
face recognition, we directly compared people with SD to people 
with unilateral ATL resection, using the same neuropsychological 
and structural imaging measures. Although ATL abnormalities 
can be somewhat asymmetric in SD patients, especially initially, 
there is always hypometabolism and indeed some atrophy in the 
contralateral ATL (Nestor et al. 2006; Ding et al. 2020); and with
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progression of the disease, damage on the initially less affected 
side catches up (Brambati et al. 2009). Furthermore, the volume 
loss in SD is not restricted to the ATLs; atrophy also occurs in 
posterior temporal and prefrontal cortical regions as the disease 
spreads (Rosen et al. 2002; Gorno-Tempini et al. 2004). In contrast 
to SD, unilateral ATL resection provides a neuroanatomical model 
of purely unilateral ATL resection and the individual contribu-
tions of the left and right ATL (Lambon Ralph et al. 2012; Rice et al. 
2018a). FMRI in ATL-resected TLE participants has demonstrated 
upregulation in the intact contralateral ATL during semantic 
tasks, which suggests that the undamaged ATL is able to maintain 
residual semantic performance (Rice et al. 2018b). 

Materials and methods 
Participants 
Sixteen people with SD were recruited from specialist neurology 
clinics at Addenbrooke’s Hospital, Cambridge (n = 11), John Rad-
cliffe Hospital, Oxford (n = 4) and St George’s Hospital, London 
(n = 1). All SD patients met diagnostic criteria for SD (Neary et al. 
1998). Seventeen people who had undergone unilateral en bloc 
anterior temporal lobectomy for TLE (left TLE = 10, right TLE = 7) 
were recruited from neuropsychology departments at Salford 
Royal NHS Foundation Trust, Manchester (n = 8) and Walton Cen-
tre NHS Foundation Trust, Liverpool (n = 9). All the ATL-resected 
cases had had late-onset, long-standing TLE stemming from uni-
lateral hippocampal sclerosis, were left language dominant based 
on Wada testing and were at least 12 months postsurgery. Nor-
mative data were obtained from fourteen healthy volunteers with 
no history of neurological or psychiatric disorders, recruited from 
the MRC Cognition and Brain Sciences Unit, University of Cam-
bridge. All participants provided written informed consent under 
approval by the National Research Ethics Service Committee. 

General semantic memory 
General semantic memory was assessed using a battery of 
receptive and expressive tasks using verbal and pictorial stimuli. 
Tasks included the modified picture-version of Camel and Cactus 
semantic association test (mCCT) (Bozeat et al. 2000; Moore et al. 
2022), a synonym judgment task (Jefferies et al. 2009; Halai et al. 
2022), the Cambridge Naming (Bozeat et al. 2000; Halai et al. 2022) 
and Boston Naming (Kaplan et al. 2001; Halai et al. 2022) tests  
and a word-to-picture matching task (Rouse et al. 2024). For 
all patients (n = 33), a principal component analysis (PCA) was 
conducted on the mCCT, synonym judgment task and word-to-
picture matching task scores. The PCA generated one component 
with an eigenvalue greater than one (2.69) which explained 89.5% 
of the total variance (Kaiser-Meyer-Olkin statistic = 0.68). All three 
tasks loaded heavily onto this component (mCCT = 0.92, synonym 
judgment task = 0.94, word-to-picture matching task = 0.98), and 
so factor scores were used as a composite score of total semantic 
impairment. The lower bound of normality for the composite 
score was derived by calculating the factor score of a hypothetical 
individual scoring 1.96 standard deviations below the control 
mean on all three tasks. Global cognitive function was assessed 
using the Addenbrooke’s Cognitive Examination-Revised (Mioshi 
et al. 2006) and executive functioning assessed using the Brixton 
Spatial Anticipation Test (Burgess and Shallice 1997) and Raven’s 
Colored Progressive Matrices B (Raven 1962). 

Person knowledge 
Two 44-item tasks were designed to assess person knowledge: 
face-to-name matching and face-to-profession matching. In 

each task, participants were shown a photograph of a famous 
person and instructed to point to the correct name/profession 
from four possible response options. In the face-name matching 
task, distractor items were the names of other famous people 
with the same gender and similar occupation. In the face-
profession matching task, distractor items were alternative 
professions. Participants also completed a difficulty matched 42-
item landmark-to-name matching task, to determine whether 
any person knowledge deficits were selective, or occurred for 
another type of specific-level concept. Participants were shown 
a photograph of a famous landmark (e.g. Taj Mahal) and 
were asked to point to the correct name from four possible 
response options, where the distractor items were the names 
of alternative famous landmarks. Performance accuracy on the 
person knowledge tasks was negatively correlated with age in 
controls (face-name matching; r = −0.63, P < 0.05, face-profession 
matching; r = −0.56, P < 0.05) and so groups were compared using 
Quade’s nonparametric ANCOVA and post hoc Tukey’s range 
tests. Individual patient deficits were determined using one-
tailed modified t-tests. This method tests whether an individual’s 
score on a task is significantly below a control sample, and is 
recommended when comparing against small control samples 
(Crawford and Howell 2010). For the two person knowledge tasks, 
single case deficits were tested using Bayesian methods to control 
for the effect of age (Crawford et al. 2011). 

Perceptual face matching 
A face matching task (Volfart et al. 2022) was administered 
on a laptop using E-prime software (version 1.2, Psychology 
Software Tools). Participants were presented with a triad of 
faces; one at the top of the screen and two below and were 
instructed to select which of the two faces below was the same 
person as the face at the top. Participants performed practice 
trials to ensure they understood the task, and accuracy and 
response times (RT) were recorded. There was no time limit, 
but participants were instructed to respond as quickly as they 
could. There were 44 items in total, where half of the faces were 
famous (using people from the person knowledge tasks as targets 
or foils) and half were unfamiliar. Only trials receiving correct 
responses were included in the RT analysis. Outlier RTs for each 
participant (1.96 standard deviations away from the participant’s 
mean RT) were replaced by their mean RT across all conditions 
(Lavallee et al. 2016). 

Numerous investigations of face processing in healthy partic-
ipants have included and utilized a presentation manipulation 
known as the “inversion effect.” Accordingly, we included the 
same manipulation in this neuropsychological exploration. Faces 
are much more difficult to recognize when they are upside down 
compared to upright, and this “inversion effect” is disproportion-
ately larger for faces than for other visual object categories (Yin 
1969; Valentine 1988). This phenomenon has led to proposals 
that faces are processed holistically, and that inversion disrupts 
holistic/configural processing meaning that identification/recog-
nition must rely more on feature-by-feature comparisons (Freire 
et al. 2000). We explored whether inversion eradicated the 
familiarity effect, or whether conceptual knowledge boosted 
recognition even when famous faces were inverted. Therefore, 
each face was presented both upright and inverted on separate 
occasions. 

To assess the relationship between semantic knowledge and 
perception, each participant’s person knowledge results were 
used to categorize their face perception trials into “fully known” 
(correct in both person knowledge tasks), “partially known”
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Table 1. Demographic and clinical information. 

Control Left TLE Right TLE SD Group effect Effect size Post-hoc tests 

N 14 10 7 16 - - -
Sex (F:M) 7:7 5:5 4:3 9:7 4 V = 0.07∗ -
Age (years) 64.1 (7.5) 45.2 (10.6) 53.1 (9.7) 65.2 (7.8) F(3,43) = 13.9, P < 0.0001 η2 = 0.49† L, R < C, SD 
Education (years) 15.6 (3.3) 13.4 (2.8) 13.7 (2.1) 13.9 (2.9) F(3,43) = 1.4, P = 0.25 η2 = 0.09† -
Years since symptom onset - - - 5.5 (3.3) - - -
Years since surgery 10.9 (3.9) 15.9 (2.4) - t(15) = 3.0, P = 0.01 d = 1.52‡ -
Resection volume (mm3) - 37.6 (10.0) 73.7 (20.1) - t(15) = 4.8, P = 0.0003 d = 2.27‡ -
Number of antiseizure drugs - 2.2 (1.4) 1.6 (1.3) - t(15) = 0.98, P = 0.34 d = 0.49‡ -
ATL magnitude - −5.0 (2.4) −9.7 (2.9) −9.3 (2.9) F(2,29) = 8.3, P = 0.001 η2 = 0.36† L < R, SD 
ATL asymmetry (absolute value) - 27.3 (6.9) 34.1 (4.1) 6.3 (3.1) F(2,29) = 110.6, P < 0.0001 η2 = 0.88† SD < L, R 

ATL = anterior temporal lobe, C = control, L = left TLE, R = right TLE, SD = semantic dementia, TLE = temporal lobe epilepsy. †partial η2: small = 0.01, 
medium = 0.06, large = 0.14. ‡Cohen’s d: small = 0.2, medium = 0.5, large = 0.8. aCramer’s V: small = 0.1, medium = 0.3, large = 0.5. 

(correct in only one person knowledge task) or “unknown” 
(incorrect in both person knowledge tasks). Friedman tests and 
post hoc Wilcoxon tests (corrected for multiple comparisons 
using the Holm method) were conducted to compare RTs across 
different levels of semantic knowledge and to unfamiliar face 
matching RTs. 

Magnetic resonance imaging 
Thirty participants (16 SD, 14 controls) had a 3 T structural MRI 
scan on a Siemens PRISMA at the MRC Cognition and Brain 
Sciences Unit or the Wolfson Brain Imaging Centre (both in Cam-
bridge). The TLE group’s structural MRI scans on a 3 T Phillips 
Achieva scanner were available from a previous study (Rice et al. 
2018a; Rice et al. 2018b). One TLE participant had undergone 
further ipsilateral temporal neurosurgery since his scan and so 
was excluded from the imaging analysis. MRI scans from 20 
controls scanned for the original TLE study were included in the 
imaging analysis, so that TLE groups could be compared to a group 
matched for both age and scanning site (Rice et al. 2018a; Rice 
et al. 2018b). 

Voxel-based morphometry (VBM) was conducted to determine 
gray matter volumetric differences between patient groups and 
controls. A separate general linear model was created for each 
patient group vs. controls, with age, intracranial volume, and 
scanning site included as covariates. An explicit mask was used 
which excluded any voxels for which > 20% of participants had 
an intensity value of < 0.1; this is a method recommended for 
analysis of atrophic brains (Ridgway et al. 2009). Significant clus-
ters were extracted using a voxelwise statistical threshold of 
P < 0.05 (FWE-corrected) with a cluster threshold of 100 voxels. To 
visualize both (i) the total amount and (ii) the distribution of ATL 
volume loss, gray matter intensities in the left and right ATL were 
extracted for each participant, using binarized masks derived 
from a previous ALE meta-analysis (Rice et al. 2015b). For each 
patient, values were z-scored relative to the control sample to 
calculate two indices; (i) ATL magnitude (left ATL volume + right 
ATL volume) and (ii) ATL asymmetry (left ATL volume—right ATL 
volume) (Borghesani et al. 2020; Ding et al. 2020; Ramanan et al. 
2023; Rouse et al. 2024). Structural MRI is insensitive to some 
markers of neurodegeneration such as hypometabolism (Nestor 
et al. 2006) and synaptic loss (Malpetti et al. 2023), and thus VBM 
may underestimate the degree of ATL damage in SD. However, 
this caveat applies to unilateral resection too, where there may 
be additional damage secondary to the site of resection, such 
as white matter connectivity changes consistent with Wallerian 
degeneration (Wieshmann et al. 1999; Busby et al. 2019). 

Results 
Demographic and clinical information 
Table 1 displays demographic and clinical information for par-
ticipants. Groups were matched for sex and years of educa-
tion. In keeping with the inherent aetiological differences, both 
TLE groups were younger on average than the neuropsychology 
controls and SD (P < 0.0001). The right TLE group had longer 
postresection durations than left TLE (P = 0.01). However, both 
groups averaged over ten years since resection meaning that any 
postsurgical plasticity-related differences between the groups are 
unlikely. 

Magnetic resonance imaging 
VBM was conducted to determine the location and extent of 
gray matter volume reduction in each patient group relative to 
age-matched controls. As expected, the SD group had signifi-
cantly reduced gray matter in the bilateral ATLs. In contrast, each 
TLE group had one cluster of volume loss, in either the left or 
right ATL depending on the site of the neurosurgery (Fig. 1A and 
Supplementary Table 1). Individual ATL indices were calculated 
to directly compare SD and TLE groups on total ATL volume loss 
and asymmetry of ATL volume loss. Magnitude and asymmetry 
indices are displayed in Fig. 1B. There were overlapping levels 
of ATL magnitude between SD and TLE; the SD and right TLE 
patients were matched on ATL magnitude (P = 0.96), whereas the 
left TLE cases had higher magnitude indices (i.e. greater ATL 
volume) than both SD (P < 0.01) and right TLE (P < 0.01) (Table 1). 
The difference in ATL magnitude between left and right TLE is in 
keeping with current surgical standards, where resections of the 
left ATL are more conservative to avoid disruption to language 
networks (Wiebe et al. 2001). Despite similar levels of ATL mag-
nitude, there was a large difference in ATL asymmetry between 
SD and TLE (F(2,29) = 110.6, P < 0.0001, η2 = 0.88). Although most of 
the SD group were asymmetric to a degree (with most having left 
> right damage), this was far lower than in TLE, highlighting the 
bilateral atrophy in SD. Significant differences in ATL asymmetry 
were found between SD and left TLE (P < 0.0001) and between 
SD and right TLE (P < 0.0001). Although each TLE group had high 
levels of asymmetry, the right TLE group was more asymmetric 
on average than left TLE (P < 0.05) reflecting the larger resection 
volumes. 

Semantic memory 
Scores on each semantic task are reported in Table 2. Despite com-
parable volumes of overall ATL damage, the SD patients (bilateral 
damage) had considerably worse scores across the full range of
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Fig. 1. Neuroimaging results. (A) Voxel-based morphometry results showing regions of reduced gray matter volume in (i) left TLE, (ii) right TLE, and 
(iii) SD. Images are thresholded using a threshold of P(FWE) < 0.05 with a cluster threshold of 100 voxels. Significant clusters are overlaid on the MNI 
avg152 T1 template. Co-ordinates are reported in Montreal neurological institute space. (B) Scatter plot displaying ATL magnitude and asymmetry indices 
for each patient. Lower magnitude values indicate greater volume loss, and negative asymmetry values indicate left > right ATL volume loss. The points 
forming a diamond represent markers showing from (i) 1-2A/B, the extremity boundary after purely unilateral left/right resection; and (ii) 2A/B-3 being 
the most extreme one could be with additional levels of bilateral damage; until (iii) 3—Complete bilateral resection. The anatomical location of the left 
and right ATL masks used for deriving the magnitude and asymmetry indices is displayed below the scatter plot. 

semantic tasks than either TLE group or age-matched controls 
Generally, the left and right TLE groups were mildly impaired, 
with no left vs. right differences. The comparisons between TLE 
and controls that reached statistical significance after correcting 
for multiple comparisons were between left TLE and controls on 
the Boston Naming task (P < 0.05), Camel and Cactus (P < 0.05) 
and synonym judgment task (P < 0.01). In addition, the majority 
of the TLE sample (both left and right) (70.6%) had a semantic 
composite score below the control-derived lower bound of nor-
mality, consistent with the presence of a mild, global semantic 
impairment. P-values for each of the post hoc tests are reported 
in Supplementary Table 2. 

Person knowledge 
In addition to impaired general semantic processing, the SD group 
displayed a simultaneous degradation of person knowledge. The 
same pattern was found after unilateral damage, where both TLE 
groups were impaired on person knowledge, although this was far 
milder than in SD. There was a significant main effect of group in 
both the face-name matching (F(3,43) = 14.7, P < 0.0001, η2 = 0.51) 
and face-profession matching tasks (F(3,43) = 16.0, P < 0.001, 
η2 = 0.53). Controls performed better than left TLE (P < 0.01), right 
TLE (P = 0.07) and SD (P < 0.0001) on the face-name matching task. 
A similar pattern was found in face-profession matching; SD 
(P < 0.0001), left TLE (P < 0.01) and right TLE (P < 0.05) groups had 
poorer scores than controls, and SD were also worse than left TLE 
(P < 0.05). 

All three patient groups were impaired on the landmark-to-
name matching task, demonstrating that the person knowledge 
deficits found were not selective but generalized to another type 
of specific-level concept. There was a significant group effect on 
landmark-name matching (F(3,16.7) = 63.7, P < 0.0001, η2 = 0.77). 
Post-hoc Games-Howell tests revealed that each patient group 
performed worse than controls (all P < 0.01), and SD performed 
worse than left and right TLE (both P < 0.001). Figure 2 shows 
performance on each task plotted against semantic compos-
ite score for each individual patient. Across each group, most 

patients were impaired on the face-name matching (percentage 
impaired; left TLE = 70%, right TLE = 57.1%, SD = 93,8%) and on 
the difficulty-matched landmark-name matching task (percent-
age impaired; left TLE = 80%, right TLE = 85.7%, SD = 100%). Fewer 
patients were impaired on the face-profession matching task (per-
centage impaired; left TLE = 30%, right TLE = 42.9%, SD = 87.5%). 
As with general semantic memory, there were no left vs. right 
differences. No significant differences between left TLE and right 
TLE were found for face-name matching (P = 0.95), face-profession 
matching (P = 0.99), or landmark-name matching (P = 0.85). 

Perceptual face matching 
Accuracy 
To explore the impact of bilateral vs. unilateral (left vs. right) 
ATL damage on perceptual processes, we first examined face 
matching performance accuracy in the unfamiliar condition only. 
There was a significant main effect of group on unfamiliar face 
matching accuracy (F(3,43) = 6.8, P < 0.001, η2 = 0.32), due to poorer 
performance by the SD group than controls and left TLE (both 
P < 0.01). This effect, however, was driven by a minority of severely 
impaired SD patients who had the greatest degree of overall 
semantic impairment (Fig. 2D). Surprisingly, a few of the right TLE 
patients were also impaired on this task. 

Next, we further explored the contribution of the ATLs to 
perception by comparing perceptual face matching performance 
for famous vs. unfamiliar faces. A familiarity effect was found 
for all groups—a mixed ANOVA yielded significant main effects 
of group (F(3,43) = 6.8, P < 0.001, η2 = 0.32) and face stimulus type 
(F(3,43) = 37.8, P < 0.0001, η2 = 0.47) (Fig. 3A). Each group was more 
accurate at matching famous faces compared to unfamiliar 
faces (controls, P < 0.001; left TLE, P = 0.06; right TLE, P < 0.05; SD, 
P < 0.001). 

Response times 
As a further assessment of a potential contribution of the ATL 
to perception, we compared RTs of correct responses to famous 
vs. unfamiliar faces. To account for differences in baseline RTs
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Table 2. Neuropsychology scores. 

Control Left 
TLE 

Right 
TLE 

SD Group effect Effect size Post-hoc tests 

N 14 10 7 16 - - -
ACE-R Total (100) 97.6 (1.3) 80.3 (10.4) 87.7 (6.1) 55.3 

(15.2) 
F(3,15) = 50.7, P < 0.0001 η2 = 0.75∗ L, R, SD < C 

SD < L, R 
MMSE (30) 29.8 (0.4) 27.3 (1.6) 28.9 (1.1) 22.9 (4.5) H(3) = 32.1, P < 0.0001 η2 = 0.68∗ L, SD < C 

SD < R 
ACE-R Attention (18) 17.9 (0.3) 17.5 (0.8) 17.9 (0.4) 14.9 (3.0) H(3) = 23.6, P < 0.0001 η2 = 0.48∗ SD < C, L, R 
ACE-R Memory (26) 25.0 (1.1) 16.6 (5.8) 19.9 (4.4) 10.6 (5.7) H(3) = 30.3, P < 0.0001 η2 = 0.63∗ L, SD < C 

SD < L, R 
ACE-R Fluency (14) 13.1 (1.2) 8.9 (1.9) 10.9 (2.0) 5.5 (2.9) H(3) = 34.6, P < 0.0001 η2 = 0.73∗ L, SD < C 

SD < R 
ACE-R Language (26) 25.7 (0.5) 21.9 (4.0) 23.4 (1.7) 10.8 (4.2) H(3) = 38.2, P < 0.0001 η2 = 0.82∗ L, SD < C 

SD < L, R 
ACE-R Visuospatial (16) 15.8 (0.6) 15.4 (0.8) 15.6 (0.5) 13.5 (2.8) H(3) = 14.9, P < 0.01 η2 = 0.28∗ SD < C 
Cambridge Naming (32) 31.9 (0.3) 31.1 (1.2) 31.9 (0.4) 15.7 (7.7) H(3) = 37.5, P < 0.0001 η2 = 0.80∗ SD < C, L, R 
Boston Naming (30) 29.8 (0.4) 26.0 (2.5) 27.9 (2.3) 8.2 (4.6) H(3) = 40.2, P < 0.0001 η2 = 0.87∗ L, SD < C 

SD < L, R 
Camel and Cactus (32) 30.5 (1.2) 28.6 (1.7) 29.0 (1.6) 16.3 (4.6) F(3,18.9) = 44.5, 

P < 0.0001 
η2 = 0.83∗ SD < C, L, R 

Synonym Judgment (48) 47.9 (0.4) 42.8 (1.9) 44.9 (2.9) 36.6 (7.1) H(3) = 34.7, P < 0.0001 η2 = 0.74∗ L, SD < C 
SD < R 

Word-picture matching (36) 35.9 (0.3) 35.8 (0.4) 36.0 (0.0) 32.0 (3.4) H(3) = 27.5, P < 0.0001 η2 = 0.57∗ SD < C, R 
Raven’s (12) 10.4 (1.6) 10.5 (1.0) 10.3 (1.9) 8.8 (3.2) H(3) = 2.0, P = 0.58 η2 = 0.02∗ -
Brixton (10) 6.3 (2.2) 7.1 (1.6) 5.7 (2.0) 5.0 (2.9) H(3) = 4.4, P = 0.23 η2 = 0.03∗ -

ACE-R = Addenbrookes Cognitive Examination-Revised, C = control, L = left temporal lobe epilepsy, MMSE = Mini Mental State Examination, R = right temporal 
lobe epilepsy, SD = semantic dementia, TLE = temporal lobe epilepsy. Groups compared using Welch ANOVA tests or Kruskal–Wallis tests. ∗partial η2: 
small = 0.01, medium = 0.06, large = 0.14. 

between groups, a z-score transformation was applied to the raw 
RTs ( Faust et al. 1999). Raw RTs (Supplementary Fig. 1) were  
standardized for each participant by taking the RT for each famil-
iarity condition, subtracting the group mean RT (across both 
conditions) and dividing by the standard deviation of the group 
RT. This method has been used previously to account for slower 
baseline responding in SD (Cumming et al. 2006). All groups 
produced faster responses to famous than to unfamiliar faces, 
although the effect was reduced in SD and right TLE. A mixed 
ANOVA revealed an interaction between group and familiarity 
(F(3,43) = 4.0, P < 0.05, η2 = 0.22) (Fig. 3B). Post-hoc tests revealed 
that although RTs for famous faces were faster across each group, 
this difference only reached significance in controls and left TLE 
(controls, t = 4.8, P < 0.001; left TLE, t = 3.6, P < 0.01, right TLE, t = 1.5, 
P = 0.18; SD, t = 2.0, P = 0.07). 

The effect of inversion on perceptual face 
matching 
To explore whether the familiarity effect remained when faces 
were inverted, three-way mixed ANOVAs were conducted on 
face matching accuracy and standardized RTs separately, with 
group, face stimulus type and face orientation as factors. There 
was a significant three-way interaction between these factors on 
face matching accuracy (F(3,43) = 4.1, P < 0.05, η2 = 0.22) (Fig. 3C). 
Inversion abolished the familiarity effect on accuracy in SD but 
not in patients with unilateral damage or in healthy controls. 
Separate ANOVAs on each group revealed a two-way interaction 
between face stimulus type and orientation in SD (F(1,15) = 9.5, 
P < 0.01, η2 = 0.39), but not in controls (F(1,13) = 0.6, P = 0.47, 
η2 = 0.04), left TLE (F(1,9) = 0.04, P = 0.84, η2 = 0.005) or right TLE 
(F(1,6) = 0.03, P = 0.87, η2 = 0.005). There was no three-way interac-
tion between group, face stimulus type and face orientation on 
standardized face matching RTs (F(3,43) = 1.0, P = 0.39, η2 = 0.07). 

There were significant two-way interactions between group and 
face stimulus type (F(3,43) = 5.9, P < 0.01, η2 = 0.29), group and face 
orientation (F(3,43) = 3.4, P < 0.05, η2 = 0.19), and face stimulus 
type and face orientation (F(3,43) = 22.8, P < 0.0001, η2 = 0.35) 
(Fig. 3D). 

RTs across different levels of person knowledge 
The correspondence between item-specific semantic status 
and perceptual performance was assessed by categorizing 
face matching trials into “fully known,” “partially known” or 
“unknown,” based on semantic performance in the person 
knowledge tasks. This method allows perceptual performance to 
be compared across items and has been used in previous studies 
of visual recognition in SD (Graham et al. 2000; Simons et al. 
2001). As there were very few “unknown” trials in the controls 
and TLE groups, the “unknown” and “partially known” trials were 
combined into a single category. Similarly, “fully known” and 
“partially known” were combined in the SD group due to a lack of 
“fully known” trials. In all groups, face matching RTs were quicker 
for “fully known” trials (i.e. with the most semantic knowledge), 
further highlighting the association between semantic knowledge 
and perception (Fig. 4). Friedman tests revealed a main effect of 
semantic knowledge in controls (χ2(2) = 19.8, P < 0.0001, W = 0.76), 
with faster RTs for “fully known” items compared to “partially 
known”/“unknown” (P < 0.001) and unfamiliar items (P < 0.001). 
There was also a main effect of semantic knowledge in left TLE 
(χ2(2) = 12.6, P < 0.01, W = 0.63) with faster RTs for “fully known” 
than “partially known”/“unknown” (P < 0.05) and unfamiliar items 
(P < 0.01). There was a significant main effect in the SD group also 
(χ2(2) = 6.9, P < 0.05, W = 0.23), with faster RTs for “fully/partially 
known” compared to unfamiliar items (P < 0.05). Surprisingly, 
there was no effect of semantic knowledge on RTs in the right 
TLE group (χ2(2) = 2.6, P = 0.28, W = 0.18).

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://academic.oup.com/cercor/article-lookup/doi/10.1093/cercor/bhae336#supplementary-data


Rouse et al. | 7

Fig. 2. Neuropsychological performance plotted against semantic PCA composite scores. (A) Face-name matching. (B) Face-profession matching. 
(C) Landmark-name matching. (D) Unfamiliar perceptual face matching. The black horizontal line displays chance-level performance. The purple vertical 
line displays the control lower bound of normality. For (A) and (B) the yellow, blue and gray horizontal lines display the minimum score required in each 
group to not be impaired if they were the average age of their group (the line color corresponds to the group membership). For (C) and (D) the purple 
horizontal line displays the score required to not be impaired. 

Discussion 
Parallel theories and literatures have been developed linking the 
ATL with various cognitive functions including face recognition, 
semantic knowledge and social cognition, each supported by evi-
dence from neuropsychology, functional neuroimaging and other 
techniques (Olson et al. 2013; Collins and Olson 2014a; Lambon 
Ralph et al. 2017). This study focused on two prominent branches 
of the literature—(i) face recognition and (ii) semantic memory. 
The discovery that the ATLs respond to familiar faces and that ATL 
damage causes face recognition deficits has led to proposals that 
the ATLs should be considered part of an extended face processing 
network (Haxby et al. 2000; Gobbini and Haxby 2007; Collins and 
Olson 2014a; Duchaine and Yovel 2015). A separate substantial 
literature proposes that the ATLs are crucial to the formation and 
activation of all concepts and at all “levels” from superordinate 
(e.g. animals or objects), to intermediate (e.g. humans or buildings) 
to specific (e.g. Marilyn Monroe, the Eiffel Tower), with increasing 
demands on ATL processing along this succession of levels (Rogers 
et al. 2015). The global aim of this investigation was to bring these 
two parallel literatures together, via both general semantic and 
face processing tasks applied to patients with two different types 
of ATL damage: bilateral atrophy in SD vs. unilateral resection in 
treatment for epilepsy. 

Although most of the SD cases had, as is typical, a degree of ATL 
asymmetry, the distribution of volume loss was clearly bilateral in 
contrast to the unilateral loss following resection. Consequently, 
we were able to explore the impact of bilateral vs. unilateral (left 
or right) ATL damage on (i) general semantic memory, (ii) person 
knowledge, and (iii) the perceptual processes that are primarily 
considered to be functions of ventral occipitotemporal areas. In 
the following sections we integrate the key findings of the study 
within a unified neurocognitive framework for the ATLs in face 
recognition, person knowledge and semantic memory, and discuss 
the implications for the extended face network (Haxby et al. 2000; 
Gobbini and Haxby 2007; Duchaine and Yovel 2015). 

1: The ATLs support a singular, common semantic system 
Bilateral ATL damage generated substantial impairments in 

both general semantic processing and person knowledge. The 
semantic impairment occurred for all types of stimuli and across 
expressive and receptive tasks, in line with the global degradation 
of conceptual knowledge characteristic of SD (Bozeat et al. 2000; 
Mummery et al. 2000). This study highlighted the consequences of 
bilateral ATL damage on person knowledge, supporting previous 
neuropsychological investigations in SD (Snowden et al. 2004, 
2012). Unilateral ATL damage also caused dual impairments in 
general semantic memory and person knowledge, although to a
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Fig. 3. Mean accuracy and standardized RTs on the perceptual face matching task. (A) Face matching accuracy scores for famous vs. unfamiliar faces. 
(B) Face matching standardized RTs for famous vs. unfamiliar faces. (C) Face matching accuracy scores for famous vs. unfamiliar faces in both upright 
and inverted conditions. (D) Face matching standardized RTs for famous vs. unfamiliar faces in both upright and inverted conditions. Bars display 95% 
confidence intervals. 

much milder degree than the bilateral damage in SD. This finding 
mirrors previous studies of ATL-resected patients, which have 
reported a subtle generalized semantic impairment following 
resection of either the left or right ATL ( Wilkins and Moscovitch 
1978; Lambon Ralph et al. 2012; Rice et al. 2018a). Taken together, 
the results from the two patient groups are consistent with a 
semantic system underpinned by the bilateral ATLs that repre-
sents all types of conceptual knowledge, including person knowl-
edge (Patterson et al. 2007; Lambon Ralph et al. 2017). 

Knowledge of famous people was severely impaired by bilateral 
ATL damage, and many SD patients performed around chance-
level on the tasks assessing this cognitive sphere. Bilateral damage 
caused a similarly severe deficit in a landmark knowledge task, 
which was included as it taps into another type of specific-level 
concept/“unique entity” exemplar (Grabowski et al. 2001; Ross 
and Olson 2012). Neuropsychological studies have demonstrated 
that the semantic decline in SD is graded, such that specific-level 
individuations (e.g. differentiating between a dalmatian and other 
breeds of dog) are more vulnerable than more basic semantic dis-
tinctions (e.g. differentiating between a dalmatian and other types 
of mammal) (Warrington 1975; Hodges et al. 1995; Rogers et al. 
2006; Rogers et al. 2015). Consequently, tasks requiring specific-
level distinctions are the most sensitive assessments of semantic 

integrity (Rogers et al. 2006). Clear impairments for the specific-
level concepts were also found after unilateral damage (although 
much milder than in SD), in line with previous findings that the 
semantic deficits from unilateral ATL damage are amplified when 
more challenging tasks or concepts are used (Lambon Ralph et al. 
2010; Lambon Ralph et al. 2012; Rice et al. 2018a). The results here 
indicate therefore that, although all concepts are supported by the 
ATLs, the representations in the semantic system are such that 
specific-level concepts (of which individual people or landmarks 
are examples) are inherently more vulnerable to mild damage (as 
simulated in multiple implemented computational instantiations 
of the hub-and-spoke model) (Rogers et al. 2004a; Chen et al. 2017). 

2: The functionally-unitary semantic system is supported bilaterally 
There were no selective semantic deficits after either left or 

right unilateral ATL damage: both were characterized by a mild 
generalized semantic impairment. This finding implicates the 
bilateral ATLs as important for conceptual knowledge, a pro-
posal which is supported by convergent evidence from studies in 
patients and in healthy participants. FMRI studies consistently 
detect bilateral ventrolateral ATL activation when healthy par-
ticipants engage in semantic processing (provided appropriate 
techniques are used to maximize the otherwise “shy” ventral ATL 
signal) (Binney et al. 2010; Humphreys et al. 2015). Furthermore,
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Fig. 4. Perceptual face matching RTs for different levels of semantic knowledge. (A) Controls, (B) left TLE, (C) right TLE, and (D) semantic dementia.
∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001. 

local field potentials in overlapping bilateral ventrolateral ATL 
regions have been detected from grid electrode recordings during 
semantic tasks in preresected patients ( Shimotake et al. 2015). 
Causal evidence for the ATLs in semantic memory has also been 
derived from neurostimulation studies: both TMS to either the 
left or right ATL in healthy participants (Lambon Ralph et al. 
2009) and direct cortical stimulation of the left or right ventro-
lateral ATL (Shimotake et al. 2015) produce a transient slowing 
of semantic processing but not nonsemantic processing. There is 
evidence that functional connectivity between the ATLs increases 
during challenging semantic tasks in healthy participants with 
the degree of functional connectivity predicting semantic perfor-
mance (Jung et al. 2021) as well as behavioral outcome after stroke 
(Warren et al. 2009). Consequently, it appears that the ATLs work 
together as a single semantic system, where both the (i) integrity 
of the left and right ATL and the (ii) functional connectivity 
between the ATLs are crucial. 

Despite similarities in the quality of the semantic impairment, 
there were differences in the magnitude of the impairment 
from bilateral vs. unilateral ATL damage. The finding of mild 
impairment after unilateral damage vs. severe deficits after bilat-
eral damage mirrors previous neuropsychological investigations 
(Bozeat et al. 2000; Lambon Ralph et al. 2012) and also fits with 
the classical comparative neurology literature, where bilateral 
ATL ablation in macaques (and in one human case) generates a 
severe multimodal associative agnosia, yet unilateral resection 

yields only a mild and transient effect (Klüver and Bucy 1939; 
Terzian and Ore 1955). Strikingly, there was considerable overlap 
in total ATL damage across the two groups, meaning that, whilst 
the level of semantic impairment is governed by the overall level 
of ATL damage (Ding et al. 2020; Ramanan et al. 2023), the uni−/bi-
lateral distribution of damage is also crucial. 

The findings described above are in line with the bilateral 
distribution of semantic representations across the left and right 
ATL. One advantage of a bilateral-implementation is that it makes 
the semantic system more robust to unilateral damage. Building 
on early work by Lambon Ralph et al (Lambon Ralph et al. 2001), 
this hypothesis was captured and formally explored in formal 
computational models (Schapiro et al. 2013) in which the single 
hub-and-spoke semantic model (Rogers et al. 2004a) was  split  
into two partially interconnected “demi-hubs” (mimicking the left 
and right ATLs). Simulated unilateral damage generated a much 
milder impairment than bilateral damage, even when total dam-
age was kept constant. After unilateral damage, the undamaged 
contralateral demi-hub was able to function with higher accuracy 
albeit more slowly than before (Schapiro et al. 2013). Formal 
analyses of this model showed that there were two causes of 
this difference. One factor is some redundancy of representation 
across the two ATL “demi-hubs.” The other is that, when a system 
is damaged, not only is the representation weakened but it also 
becomes noisier, which can be propagated to connected units. 
Thus, after bilateral damage this noise percolates throughout,
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whereas unilateral damage tends to restrict the resultant noise 
just to the damaged side. In addition (following Lambon Ralph 
et al. 2001), differential connectivity of the left and right ATL hubs 
to other systems (e.g. speech output) gives rise to the known dif-
ferences (e.g. left ATL damage produces greater levels of anomia). 
Additional insights into the compensatory neural mechanisms 
underlying the ATL’s resilience to unilateral damage/perturbation 
have been derived from fMRI studies, where, after unilateral dam-
age/perturbation (either from resection or rTMS), the unaffected 
contralateral ATL not only upregulates its activity but increases its 
effective connectivity with the affected ATL (Binney and Lambon 
Ralph 2015; Jung and Lambon Ralph 2016; Rice et al. 2018b). 

Bilateral implementation may be a property of other brain 
regions beyond the ATL. For example, bilateral hippocampal 
removal generates a catastrophic dense amnesia (Scoville and 
Milner 1957; Penfield and Milner 1958), whereas unilateral 
resection yields mild episodic memory deficits (Bell and Davies 
1998). This neuropsychological pattern is redolent of the semantic 
memory literature, and implies that bilateral organization may 
be a more general neurocomputational principle (Schapiro et al. 
2013). 

3: The ATL-semantic system interacts with posterior temporal regions 
to support face perception 

Although the ATL is critical for semantic memory, there was 
no evidence that this region is similarly critical for the ability 
to discriminate between faces based on visual properties. Face 
perception abilities were preserved after either bilateral or uni-
lateral ATL damage (except for a minority of severe SD patients). 
This result aligns with previous findings of intact face perception 
abilities alongside a preservation of perceptual skills broadly in 
SD (Neary et al. 1998; Gorno-Tempini et al. 2011; Hutchings et al. 
2017; Borghesani et al. 2019). The few SD patients who were 
impaired at unfamiliar face matching had the lowest composite 
semantic scores, implying increased levels of disease severity. 
Perceptual deficits in these patients may therefore be explained 
by the spread of atrophy into posterior temporal regions critical 
for face perception (e.g. fusiform face area) rather than from ATL 
damage per se. 

The contribution of ATL-based semantics to face perception 
was explored by assessing the classic face familiarity effect 
(Bruce 1986; Young et al. 1986). The familiarity effect was robustly 
replicated in healthy participants, even when faces were inverted 
(although, as expected in this classic paradigm, to a lesser 
degree than upright). In contrast to the patients’ preserved face-
matching abilities, bilateral ATL damage and associated semantic 
degradation diminished the familiarity effect. The relationship 
between semantic knowledge and face perception was further 
highlighted by the finding of item-specific correspondence 
between the quality of semantic knowledge and the strength 
of the familiarity effect, across all participant groups. Inversion 
completely obliterated the familiarity effect in bilateral ATL cases, 
which implies that the semantic contribution to face perception 
is maintained when faces are inverted but is more subtle and thus 
more sensitive to semantic degradation. 

Although it was not possible from our data to provide 
direct evidence, we speculate that the familiarity effect reflects 
interactivity between the ATL and ventral occipitotemporal cortex 
such that during perception of famous faces, the activated 
semantic system feeds back expectations/predictions about the 
input to support the early stages of visual processing. Bilateral 
ATL damage would result in degraded and diminished semantic 
representations being projected back to posterior perceptual 
areas, thus disrupting any facilitation or acceleration that is 

provided by a healthy semantic system. This proposal can be 
accommodated within the hub-and-spoke model of semantic 
memory where, through its interactivity and connectivity, the 
ATL-semantic hub not only receives inputs from modality-specific 
posterior areas but also projects back to them (Rogers et al. 2004a). 

In line with this proposal, depth electrode recordings have 
detected initial “first-pass” activation in the ATLs during visual 
recognition, which then may feedback activated semantics to 
posterior temporal cortex (Chan et al. 2011). In addition, there is 
electrophysiological evidence that semantic information modu-
lates ERPs associated with early visual processing (Abdel Rahman 
and Sommer 2008; Heisz and Shedden 2009; Herzmann and Som-
mer 2010; Abdel Rahman and Sommer 2012). Further evidence 
for an interaction between conceptual and perceptual systems 
derives from people with SD who are impaired on perceptual tasks 
such as object recognition (Ikeda et al. 2006), word recognition 
(Cumming et al. 2006) and object/lexical decision (Rogers et al. 
2004b) with the perceptual impairment aligning with the level of 
semantic degradation. Most strikingly, when SD patients are asked 
to copy line drawings of real objects/animals a mere 10 s after the 
stimulus pictures have been withdrawn, their degraded semantic 
systems delete item-specific features (e.g. a camel’s hump) and 
include properties that are true more generally of that class but 
not of the specific concept just presented (e.g. drawing a duck with 
four legs) (Bozeat et al. 2003). 

4. Graded functional differences between the ATLs emerge through 
different connectivity strengths with modality-specific regions 

Although there were no significant differences in semantic 
performance after left vs. right ATL resection, people with unilat-
eral right ATL damage performed more poorly at perceptual face 
matching than their left-sided counterparts, in terms of reduced 
accuracy and a diminished familiarity effect. Face recognition 
problems have previously been reported after right ATL damage 
from unilateral resection for TLE (Seidenberg et al. 2002; Glosser 
et al. 2003;Drane et al. 2013 ; Rice et al. 2018a) and also right 
> left ATL atrophy in SD (Evans et al. 1995; Joubert et al. 2006). 
Previous research has found left ATL damage to be associated with 
deficits in naming famous people (Glosser et al. 2003; Drane et al. 
2013; Borghesani et al. 2019) whereas right ATL damage has been 
linked to deficits in familiarity judgments (Borghesani et al. 2019) 
and retrieval of nonverbal semantic information about people 
(Snowden et al. 2004, 2012). 

According to the hub-and-spoke model, although conceptual 
knowledge is represented bilaterally, graded asymmetries may 
emerge from different connectivity strengths of the left and 
right ATL with modality-specific regions. As a result, although all 
aspects of semantic memory would be impaired by ATL damage, 
some types of semantic task may be disproportionately affected if 
the damage is asymmetric (Rice et al. 2015a; Lambon Ralph et al. 
2017; Woollams and Patterson 2018). The most reliable example 
is anomia, which is more severe after left ATL damage in both 
SD (Lambon Ralph et al. 2001; Woollams and Patterson 2018) and  
unilateral resection for TLE (Drane et al. 2013; Rice et al. 2018a). 
The increased anomia from left ATL damage has been attributed 
to the region having stronger connections with left-lateralized 
speech production areas, a proposal which has been captured 
computationally (Lambon Ralph et al. 2001). 

There is a right-sided dominance for face processing in the pos-
terior ventral temporal cortex (Kanwisher et al. 1997; Behrmann 
and Plaut 2015; Hoffman and Lambon Ralph 2018). In the posterior 
ventral temporal cortex, there are graded asymmetries in 
functional organization rather than absolute differences between 
the hemispheres, such that face processing is supported
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bilaterally but more strongly in the right hemisphere (Plaut and 
Behrmann 2011; Behrmann and Plaut 2015). The increased face 
recognition problems after right sided ATL damage might reflect 
downstream effects of this functional asymmetry, i.e. the stronger 
visual input from the right posterior temporal cortex is projected 
to the right ATL (Hoffman and Lambon Ralph 2018). 

Relative specializations within the ATLs may also emerge via 
the same principle of graded connectivity (Visser and Lambon 
Ralph 2011; Binney et al. 2012; Rice et al. 2015a; Lambon Ralph 
et al. 2017). For example, there is fMRI evidence that, in addition to 
activation in a core ventrolateral ATL “hotspot,” person knowledge 
(faces and written names of famous people) elicits weaker yet 
selective activation in a slightly anterior ATL subregion (Rice 
et al. 2018c). The temporal poles are most strongly connected 
to the orbitofrontal cortex via the uncinate fasciculus (Papinutto 
et al. 2016) leading to speculation that the relative preference of 
this ATL subregion for person knowledge reflects its proximity 
to paralimbic regions, which may represent “spokes” particularly 
important for the formation of person knowledge (Rice et al. 
2018c; Riberto et al. 2019). 

Implications for the extended face network 
Our findings have three key implications for the extended face 
network. First, the core function of the ATL in face recognition 
is the representation of semantic memory. Damage to the ATL 
does not impair the perceptual processes necessary for face per-
ception, which instead depend on “core” face recognition areas 
in more posterior temporal regions (Barton et al. 2002; Barton 
2008). Rather, ATL damage degrades the semantic representations 
which are needed to support familiar face recognition through the 
provision of activated semantics. Critically, the ATLs are not face-
selective, but support person knowledge as part of a transmodal 
semantic representational system. 

Second, the extended network is interactive in nature. Rather 
than a purely feedforward hierarchical ventral pathway, the core 
posterior temporal face perception areas interact bidirectionally 
with ATL-semantic regions (that code information about people— 
not just faces, alongside all other concepts). Accordingly, activated 
semantics project back expectations/predictions about the input 
to support the early stages of visual processing via rapid feedback 
along the inferior longitudinal fasciculus. Following this semantic 
feedback from the ATL, perceptual demands are reduced when 
faces are familiar, which leads to a boost or acceleration of 
recognition. 

Third, the extended face network recruits the ATLs bilaterally. 
Existing models of face recognition have not made strong claims 
on the differential roles of the left/right ATL in the extended face 
recognition network (Haxby et al. 2000; Gobbini and Haxby 2007; 
Duchaine and Yovel 2015), although the nature of the discussion 
about core areas of the face recognition network is itself pre-
dominantly “right-lateralized” (Kanwisher et al. 1997; Ishai et al. 
2005; Rossion et al. 2012; Behrmann and Plaut 2015). In this study 
we demonstrated that person knowledge is supported by the left 
and right ATL, as part of a broader conceptual representational 
system. However, the right ATL may be relatively more important 
for face recognition because it receives increased visual input 
from right posterior temporal ventral cortex. 

Limitations 
SD and ATL-resected TLE are clinical entities associated with 
distinct aetiologies and neuropathologies (progressive neurode-
generation versus resection to treat drug-resistant epilepsy) 
meaning there are important factors to consider when making 

direct comparisons. In contrast to SD, where ATL damage occurs 
in the context of a previously intact and typically organized 
semantic system, chronic TLE raises the possibility of presurgical 
changes in functional organization (Goldmann and Golby 2005). 
Indeed, there is evidence of functional and structural connectivity 
alterations to language networks in TLE (Powell et al. 2007; 
Trimmel et al. 2018; Trimmel et al. 2021). According to this 
“functional re-organization” hypothesis, the minimal impact of 
resection on semantic memory in TLE might occur because the 
ATL is no longer supporting this function in these participants. 
Studies have found that functional re-organization in TLE is 
associated with a young-onset of epilepsy, presumably due to 
the greater capacity for plasticity in maturing brains (Duchowny 
et al. 1996; Goldmann and Golby 2005; Trimmel et al. 2018). As 
the TLE participants in the current study were all adult-onset, 
this implies an increased likelihood of typical presurgical brain 
organization in our cohort. Furthermore, there is evidence to 
suggest that the bilateral ATLs remain as core semantic regions 
in presurgical TLE. Grid electrode studies in presurgical TLE have 
found neural activity in the left and right ATLs during semantic 
processing, in exactly same region that shows fMRI activation 
for semantic tasks in healthy participants (Binney et al. 2010), 
while direct stimulation of these regions generates a transient 
semantic impairment in TLE patients (Shimotake et al. 2015; 
Rogers et al. 2021). 

Conclusion 
Taken together, our results demonstrate that the bilateral ATL 
is critical for general semantic memory and person knowledge. 
Perceptual face matching performance is preserved following ATL 
damage, however bilateral ATL damage diminishes the familiarity 
effect, which suggests that conceptual knowledge interacts with 
perceptual processes to support face recognition. Our findings 
converge on a model of the bilateral ATLs as a functionally-
unitary transmodal semantic hub, which supports face perception 
through the provision of activated semantics. 

Acknowledgments 
We thank the patients and their families or caregivers for giving 
up the time to take part in the study. We also thank Prof Masud 
Husain, Thomas Cope, Sian Thompson, and Sofia Toniolo for their 
assistance with recruitment. 

Author contributions 
Matthew Rouse (Conceptualization, Data curation, Formal 
Analysis, Investigation, Methodology, Writing—original draft, 
Writing—review & editing), Siddharth Ramanan (Formal Analysis, 
Methodology, Writing—review & editing), Ajay Halai (Formal 
Analysis, Methodology, Writing—review & editing), Angélique 
Volfart (Methodology, Writing—review & editing), Peter Garrard 
(Resources, Writing—review & editing), Karalyn Patterson 
(Conceptualization, Methodology, Supervision, Writing—review & 
editing), James Rowe (Conceptualization, Methodology, Resources, 
Supervision, Writing—review & editing), and Matthew Lambon 
Ralph (Conceptualization, Funding acquisition, Methodology, 
Supervision, Writing—original draft, Writing—review & editing). 

Supplementary material 
Supplementary material is available at Cerebral Cortex online.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://academic.oup.com/cercor/article-lookup/doi/10.1093/cercor/bhae336#supplementary-data


12 | Cerebral Cortex, 2024, Vol. 34, No. 8

Funding 
This work was supported by the Medical Research Coun-
cil (SUAG/096 G116768 to M.A.R, MR/V031481/1 to A.D.H, 
MC_UU_00030/14 and MR/T033371/1 to J.B.R, MR/R023883/1 
and MC_UU_00005/18 to M.A.L.R), the Université de Lorraine 
(DrEAM/LUE grant to A.V), Wellcome Trust (220258 to J.B.R), and 
the NIHR Cambridge Biomedical Research Centre (NIHR203312 
to J.B.R). The views expressed are those of the authors and not 
necessarily those of the NIHR or the Department of Health 
and Social Care. For the purpose of open access, the UKRI-
funded authors have applied a CC BY public copyright license 
to any Author Accepted Manuscript version arising from this 
submission. 

Conflict of interest statement: None declared. 

References 
Abdel Rahman R, Sommer W. Seeing what we know and understand: 

how knowledge shapes perception. Psychon Bull Rev. 2008:15(6): 
1055–1063. https://doi.org/10.3758/PBR.15.6.1055. 

Abdel Rahman R, Sommer W. Knowledge scale effects in face 
recognition: an electrophysiological investigation. Cogn Affect 
Behav Neurosci. 2012:12(1):161–174. https://doi.org/10.3758/ 
s13415-011-0063-9. 

Allison T, Puce A, Spencer DD, McCarthy G. Electrophysiological 
studies of human face perception. I: potentials generated in 
occipitotemporal cortex by face and non-face stimuli. Cereb Cor-
tex. 1999:9(5):415–430. https://doi.org/10.1093/cercor/9.5.415. 

Barton JJ. Structure and function in acquired prosopagnosia: lessons 
from a series of 10 patients with brain damage. J Neuropsychol. 
2008:2(1):197–225. https://doi.org/10.1348/174866407X214172. 

Barton JJ, Press DZ, Keenan JP, O’Connor M. Lesions of the 
fusiform face area impair perception of facial configura-
tion in prosopagnosia. Neurology. 2002:58(1):71–78. https://doi. 
org/10.1212/WNL.58.1.71. 

Behrmann M, Plaut DC. A vision of graded hemispheric spe-
cialization. Ann N Y Acad Sci. 2015:1359(1):30–46. https://doi. 
org/10.1111/nyas.12833. 

Bell BD, Davies KG. Anterior temporal lobectomy, hippocam-
pal sclerosis, and memory: recent neuropsychological find-
ings. Neuropsychol Rev. 1998:8(1):25–41. https://doi.org/10.1023/ 
A:1025679122911. 

Binney RJ, Lambon Ralph MA. Using a combination of fmri 
and anterior temporal lobe rtms to measure intrinsic and 
induced activation changes across the semantic cognition net-
work. Neuropsychologia. 2015:76:170–181. https://doi.org/10.1016/ 
j.neuropsychologia.2014.11.009. 

Binney RJ, Embleton KV, Jefferies E, Parker GJ, Lambon Ralph MA. The  
ventral and inferolateral aspects of the anterior temporal lobe are 
crucial in semantic memory: evidence from a novel direct com-
parison of distortion-corrected fmri, rtms, and semantic demen-
tia. Cereb Cortex. 2010:20(11):2728–2738. https://doi.org/10.1093/ 
cercor/bhq019. 

Binney RJ, Parker GJ, Lambon Ralph MA. Convergent connectiv-
ity and graded specialization in the rostral human temporal 
lobe as revealed by diffusion-weighted imaging probabilistic 
tractography. J Cogn Neurosci. 2012:24(10):1998–2014. https://doi. 
org/10.1162/jocn_a_00263. 

Borghesani V, Narvid J, Battistella G, Shwe W, Watson C, Binney RJ, 
Sturm V, Miller Z, Mandelli ML, Miller B, et al. "Looks familiar, but 
i do not know who she is": the role of the anterior right temporal 
lobe in famous face recognition. Cortex. 2019:115:72–85. https:// 
doi.org/10.1016/j.cortex.2019.01.006. 

Borghesani V, Battistella G, Mandelli ML, Welch A, Weis E, Younes 
K, Neuhaus J, Grinberg LT, Seeley WM, Spina S, et al. Regional 
and hemispheric susceptibility of the temporal lobe to ftld-tdp 
type c pathology. Neuroimage Clin. 2020:28:102369. https://doi. 
org/10.1016/j.nicl.2020.102369. 

Bozeat S, Lambon Ralph MA, Patterson K, Garrard P, Hodges 
JR. Non-verbal semantic impairment in semantic dementia. 
Neuropsychologia. 2000:38(9):1207–1215. https://doi.org/10.1016/ 
S0028-3932(00)00034-8. 

Bozeat S, Lambon Ralph MA, Graham KS, Patterson K, Wilkin H, Row-
land J, Rogers TT, Hodges JR. A duck with four legs: investigating 
the structure of conceptual knowledge using picture drawing in 
semantic dementia. Cogn Neuropsychol. 2003:20(1):27–47. https:// 
doi.org/10.1080/02643290244000176. 

Brambati SM, Rankin KP, Narvid J, Seeley WW, Dean D, Rosen HJ, 
Miller BL, Ashburner J, Gorno-Tempini ML. Atrophy progression 
in semantic dementia with asymmetric temporal involvement: 
a tensor-based morphometry study. Neurobiol Aging. 2009: 
30(1):103–111. https://doi.org/10.1016/j.neurobiolaging.2007.05. 
014. 

Bruce V. Influences of familiarity on the processing of faces. Percep-
tion. 1986:15(4):387–397. https://doi.org/10.1068/p150387. 

Bruce V, Henderson Z, Newman C, Burton AM. Matching identities 
of familiar and unfamiliar faces caught on cctv images. J Exp  
Psychol Appl. 2001:7(3):207–218. https://doi.org/10.1037/1076-898 
X.7.3.207. 

Burgess PW, Shallice T. The hayling and brixton tests. Bury St Edmunds 
(UK): Thames Valley Test Company; 1997. 

Busby N, Halai AD, Parker GJM, Coope DJ, Lambon Ralph MA. 
Mapping whole brain connectivity changes: the potential 
impact of different surgical resection approaches for tempo-
ral lobe epilepsy. Cortex. 2019:113:1–14. https://doi.org/10.1016/j. 
cortex.2018.11.003. 

Chan D, Anderson V, Pijnenburg Y, Whitwell J, Barnes J, Scahill 
R, Stevens JM, Barkhof F, Scheltens P, Rossor MN, et al. The 
clinical profile of right temporal lobe atrophy. Brain. 2009:132(5): 
1287–1298. https://doi.org/10.1093/brain/awp037. 

Chan AM, Baker JM, Eskandar E, Schomer D, Ulbert I, Marinkovic K, 
Cash SS, Halgren E. First-pass selectivity for semantic categories 
in human anteroventral temporal lobe. J Neurosci. 2011:31(49): 
18119–18129. https://doi.org/10.1523/JNEUROSCI.3122-11.2011. 

Chen L, Lambon Ralph MA, Rogers TT. A unified model of 
human semantic knowledge and its disorders. Nat Hum Behav. 
2017:1(3):0039. https://doi.org/10.1038/s41562-016-0039. 

Clutterbuck R, Johnston RA. Exploring levels of face familiarity by 
using an indirect face-matching measure. Perception. 2002:31(8): 
985–994. https://doi.org/10.1068/p3335. 

Collins JA, Olson IR. Beyond the ffa: the role of the ventral anterior 
temporal lobes in face processing. Neuropsychologia. 2014a:61: 
65–79. https://doi.org/10.1016/j.neuropsychologia.2014.06.005. 

Collins JA, Olson IR. Knowledge is power: how conceptual knowledge 
transforms visual cognition. Psychon Bull Rev. 2014b:21(4):843–860. 
https://doi.org/10.3758/s13423-013-0564-3. 

Crawford JR, Howell DC. Comparing an individual’s test score against 
norms derived from small samples. Clin Neuropsychol. 2010:12(4): 
482–486. 

Crawford JR, Garthwaite PH, Ryan K. Comparing a single case to 
a control sample: testing for neuropsychological deficits and 
dissociations in the presence of covariates. Cortex. 2011:47(10): 
1166–1178. https://doi.org/10.1016/j.cortex.2011.02.017. 

Cumming TB, Patterson K, Verfaellie M, Graham KS. One  bird  
with two stones: abnormal word length effects in pure alexia 
and semantic dementia. Cogn Neuropsychol. 2006:23(8):1130–1161. 
https://doi.org/10.1080/02643290600674143.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://doi.org/10.3758/PBR.15.6.1055
https://doi.org/10.3758/PBR.15.6.1055
https://doi.org/10.3758/PBR.15.6.1055
https://doi.org/10.3758/PBR.15.6.1055
https://doi.org/10.3758/s13415-011-0063-9
https://doi.org/10.3758/s13415-011-0063-9
https://doi.org/10.3758/s13415-011-0063-9
https://doi.org/10.3758/s13415-011-0063-9
https://doi.org/10.1093/cercor/9.5.415
https://doi.org/10.1093/cercor/9.5.415
https://doi.org/10.1093/cercor/9.5.415
https://doi.org/10.1093/cercor/9.5.415
https://doi.org/10.1348/174866407X214172
https://doi.org/10.1348/174866407X214172
https://doi.org/10.1348/174866407X214172
https://doi.org/10.1348/174866407X214172
https://doi.org/10.1212/WNL.58.1.71
https://doi.org/10.1212/WNL.58.1.71
https://doi.org/10.1212/WNL.58.1.71
https://doi.org/10.1212/WNL.58.1.71
https://doi.org/10.1111/nyas.12833
https://doi.org/10.1111/nyas.12833
https://doi.org/10.1111/nyas.12833
https://doi.org/10.1111/nyas.12833
https://doi.org/10.1023/A:1025679122911
https://doi.org/10.1023/A:1025679122911
https://doi.org/10.1023/A:1025679122911
https://doi.org/10.1023/A:1025679122911
https://doi.org/10.1016/j.neuropsychologia.2014.11.009
https://doi.org/10.1016/j.neuropsychologia.2014.11.009
https://doi.org/10.1016/j.neuropsychologia.2014.11.009
https://doi.org/10.1016/j.neuropsychologia.2014.11.009
https://doi.org/10.1016/j.neuropsychologia.2014.11.009
https://doi.org/10.1093/cercor/bhq019
https://doi.org/10.1093/cercor/bhq019
https://doi.org/10.1093/cercor/bhq019
https://doi.org/10.1093/cercor/bhq019
https://doi.org/10.1093/cercor/bhq019
https://doi.org/10.1162/jocn_a_00263
https://doi.org/10.1162/jocn_a_00263
https://doi.org/10.1162/jocn_a_00263
https://doi.org/10.1162/jocn_a_00263
https://doi.org/10.1162/jocn_a_00263
https://doi.org/10.1016/j.cortex.2019.01.006
https://doi.org/10.1016/j.cortex.2019.01.006
https://doi.org/10.1016/j.cortex.2019.01.006
https://doi.org/10.1016/j.cortex.2019.01.006
https://doi.org/10.1016/j.cortex.2019.01.006
https://doi.org/10.1016/j.nicl.2020.102369
https://doi.org/10.1016/j.nicl.2020.102369
https://doi.org/10.1016/j.nicl.2020.102369
https://doi.org/10.1016/j.nicl.2020.102369
https://doi.org/10.1016/j.nicl.2020.102369
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1016/S0028-3932(00)00034-8
https://doi.org/10.1080/02643290244000176
https://doi.org/10.1080/02643290244000176
https://doi.org/10.1080/02643290244000176
https://doi.org/10.1016/j.neurobiolaging.2007.05.014
https://doi.org/10.1068/p150387
https://doi.org/10.1068/p150387
https://doi.org/10.1068/p150387
https://doi.org/10.1068/p150387
https://doi.org/10.1037/1076-898X.7.3.207
https://doi.org/10.1037/1076-898X.7.3.207
https://doi.org/10.1037/1076-898X.7.3.207
https://doi.org/10.1037/1076-898X.7.3.207
https://doi.org/10.1016/j.cortex.2018.11.003
https://doi.org/10.1016/j.cortex.2018.11.003
https://doi.org/10.1016/j.cortex.2018.11.003
https://doi.org/10.1016/j.cortex.2018.11.003
https://doi.org/10.1016/j.cortex.2018.11.003
https://doi.org/10.1093/brain/awp037
https://doi.org/10.1093/brain/awp037
https://doi.org/10.1093/brain/awp037
https://doi.org/10.1093/brain/awp037
https://doi.org/10.1093/brain/awp037
https://doi.org/10.1523/JNEUROSCI.3122-11.2011
https://doi.org/10.1523/JNEUROSCI.3122-11.2011
https://doi.org/10.1523/JNEUROSCI.3122-11.2011
https://doi.org/10.1523/JNEUROSCI.3122-11.2011
https://doi.org/10.1038/s41562-016-0039
https://doi.org/10.1038/s41562-016-0039
https://doi.org/10.1038/s41562-016-0039
https://doi.org/10.1038/s41562-016-0039
https://doi.org/10.1068/p3335
https://doi.org/10.1068/p3335
https://doi.org/10.1068/p3335
https://doi.org/10.1068/p3335
https://doi.org/10.1016/j.neuropsychologia.2014.06.005
https://doi.org/10.1016/j.neuropsychologia.2014.06.005
https://doi.org/10.1016/j.neuropsychologia.2014.06.005
https://doi.org/10.1016/j.neuropsychologia.2014.06.005
https://doi.org/10.1016/j.neuropsychologia.2014.06.005
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.1016/j.cortex.2011.02.017
https://doi.org/10.1016/j.cortex.2011.02.017
https://doi.org/10.1016/j.cortex.2011.02.017
https://doi.org/10.1016/j.cortex.2011.02.017
https://doi.org/10.1016/j.cortex.2011.02.017
https://doi.org/10.1080/02643290600674143
https://doi.org/10.1080/02643290600674143
https://doi.org/10.1080/02643290600674143


Rouse et al. | 13

Ding J, Chen K, Liu H, Huang L, Chen Y, Lv Y, Yang Q, Guo Q, Han 
Z, Lambon Ralph MA. A unified neurocognitive model of seman-
tics language social behaviour and face recognition in semantic 
dementia. Nat Commun. 2020:11(1):2595. https://doi.org/10.1038/ 
s41467-020-16089-9. 

Drane DL, Ojemann JG, Phatak V, Loring DW, Gross RE, Hebb AO, 
Silbergeld DL, Miller JW, Voets NL, Saindane AM, et al. Famous 
face identification in temporal lobe epilepsy: support for a multi-
modal integration model of semantic memory. Cortex. 2013:49(6): 
1648–1667. https://doi.org/10.1016/j.cortex.2012.08.009. 

Duchaine B, Yovel G. A revised neural framework for face process-
ing. Annu Rev Vis Sci. 2015:1(1):393–416. https://doi.org/10.1146/ 
annurev-vision-082114-035518. 

Duchowny M, Jayakar P, Harvey AS, Resnick T, Alvarez L, Dean P, 
Levin B. Language cortex representation: effects of developmen-
tal versus acquired pathology. Annals of Neurology: Official Journal 
of the American Neurological Association and the Child Neurology 
Society. 1996:40(1):31–38. https://doi.org/10.1002/ana.410400108. 

Evans JJ, Heggs AJ, Antoun N, Hodges JR. Progressive prosopag-
nosia associated with selective right temporal lobe atrophy. A 
new syndrome? Brain. 1995:118(1):1–13. https://doi.org/10.1093/ 
brain/118.1.1. 

Faust ME, Balota DA, Spieler DH, Ferraro FR. Individual differences in 
information-processing rate and amount: implications for group 
differences in response latency. Psychol Bull. 1999:125(6):777–799. 
https://doi.org/10.1037/0033-2909.125.6.777. 

Freire A, Lee K, Symons LA. The face-inversion effect as a deficit in 
the encoding of configural information: direct evidence. Percep-
tion. 2000:29(2):159–170. https://doi.org/10.1068/p3012. 

Gainotti G. Is the difference between right and left atls due to the 
distinction between general and social cognition or between 
verbal and non-verbal representations? Neurosci Biobehav 
Rev. 2015:51:296–312. https://doi.org/10.1016/j.neubiorev.2015.02. 
004. 

Glosser G, Salvucci AE, Chiaravalloti ND. Naming and recognizing 
famous faces in temporal lobe epilepsy. Neurology. 2003:61(1): 
81–86. https://doi.org/10.1212/01.WNL.0000073621.18013.E1. 

Gobbini MI, Haxby JV. Neural systems for recognition of familiar 
faces. Neuropsychologia. 2007:45(1):32–41. https://doi.org/10.1016/ 
j.neuropsychologia.2006.04.015. 

Goldmann RE, Golby AJ. Atypical language representation in 
epilepsy: implications for injury-induced reorganization of 
brain function. Epilepsy Behav. 2005:6(4):473–487. https://doi. 
org/10.1016/j.yebeh.2005.03.012. 

Gorno-Tempini ML, Price CJ. Identification of famous faces and 
buildings: a functional neuroimaging study of semantically 
unique items. Brain. 2001:124(10):2087–2097. https://doi. 
org/10.1093/brain/124.10.2087. 

Gorno-Tempini ML, Price CJ, Josephs O, Vandenberghe R, Cappa SF, 
Kapur N, Frackowiak RS. The neural systems sustaining face and 
proper-name processing. Brain. 1998:121 (Pt 11)(11):2103–2118. 
https://doi.org/10.1093/brain/121.11.2103. 

Gorno-Tempini ML, Dronkers NF, Rankin KP, Ogar JM, Phengrasamy 
L, Rosen HJ, Johnson JK, Weiner MW, Miller BL. Cognition and 
anatomy in three variants of primary progressive aphasia. Annals 
of Neurology: Official Journal of the American Neurological Association 
and the Child Neurology Society. 2004:55(3):335–346. https://doi. 
org/10.1002/ana.10825. 

Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A, Mendez 
M, Cappa SF, Ogar JM, Rohrer JD, Black S, Boeve BF, et al. 
Classification of primary progressive aphasia and its variants. 
Neurology. 2011:76(11):1006–1014. https://doi.org/10.1212/WNL.0 
b013e31821103e6. 

Grabowski TJ, Damasio H, Tranel D, Ponto LL, Hichwa RD, Damasio 
AR. A role for left temporal pole in the retrieval of words for 
unique entities. Hum Brain Mapp. 2001:13(4):199–212. https://doi. 
org/10.1002/hbm.1033. 

Graham KS, Simons JS, Pratt KH, Patterson K, Hodges JR. Insights 
from semantic dementia on the relationship between episodic 
and semantic memory. Neuropsychologia. 2000:38(3):313–324. 
https://doi.org/10.1016/S0028-3932(99)00073-1. 

Halai AD, Welbourne SR, Embleton K, Parkes LM. A comparison 
of dual gradient-echo and spin-echo fmri of the inferior tem-
poral lobe. Hum Brain Mapp. 2014:35(8):4118–4128. https://doi. 
org/10.1002/hbm.22463. 

Halai AD, De Dios PB, Stefaniak JD, Lambon Ralph MA. Efficient 
and effective assessment of deficits and their neural bases in 
stroke aphasia. Cortex. 2022:155:333–346. https://doi.org/10.1016/ 
j.cortex.2022.07.014. 

Haxby JV, Hoffman EA, Gobbini MI. The distributed human neural 
system for face perception. Trends Cogn Sci. 2000:4(6):223–233. 
https://doi.org/10.1016/S1364-6613(00)01482-0. 

Heisz JJ, Shedden JM. Semantic learning modifies perceptual face 
processing. J Cogn Neurosci. 2009:21(6):1127–1134. https://doi. 
org/10.1162/jocn.2009.21104. 

Herzmann G, Sommer W. Effects of previous experience and asso-
ciated knowledge on retrieval processes of faces: an erp investi-
gation of newly learned faces. Brain Res. 2010:1356:54–72. https:// 
doi.org/10.1016/j.brainres.2010.07.054. 

Hesse JK, Tsao DY. The macaque face patch system: a turtle’s under-
belly for the brain. Nat Rev Neurosci. 2020:21(12):695–716. https:// 
doi.org/10.1038/s41583-020-00393-w. 

Hodges JR, Patterson K, Oxbury S, Funnell E. Semantic dementia. 
Progressive fluent aphasia with temporal lobe atrophy. Brain. 
1992:115(Pt 6):1783–1806. 

Hodges JR, Graham N, Patterson K. Charting the progression 
in semantic dementia: implications for the organisation of 
semantic memory. Memory. 1995:3(3–4):463–495. https://doi. 
org/10.1080/09658219508253161. 

Hoffman P, Lambon Ralph MA. From percept to concept in the 
ventral temporal lobes: graded hemispheric specialisation based 
on stimulus and task. Cortex. 2018:101:107–118. https://doi. 
org/10.1016/j.cortex.2018.01.015. 

Humphreys GF, Hoffman P, Visser M, Binney RJ, Lambon Ralph 
MA. Establishing task- and modality-dependent dissociations 
between the semantic and default mode networks. Proc Natl 
Acad Sci USA. 2015:112(25):7857–7862. https://doi.org/10.1073/ 
pnas.1422760112. 

Hutchings R, Palermo R, Piguet O, Kumfor F. Disrupted face pro-
cessing in frontotemporal dementia: a review of the clinical and 
neuroanatomical evidence. Neuropsychol Rev. 2017:27(1):18–30. 
https://doi.org/10.1007/s11065-016-9340-2. 

Ikeda M, Patterson K, Graham KS, Lambon Ralph MA, Hodges 
JR. A horse of a different colour: do patients with seman-
tic dementia recognise different versions of the same object 
as the same? Neuropsychologia. 2006:44(4):566–575. https://doi. 
org/10.1016/j.neuropsychologia.2005.07.006. 

Ishai A, Schmidt CF, Boesiger P. Face perception is mediated by a 
distributed cortical network. Brain Res Bull. 2005:67(1–2):87–93. 
https://doi.org/10.1016/j.brainresbull.2005.05.027. 

Jackson RL, Rogers TT, Lambon Ralph MA. Reverse-engineering 
the cortical architecture for controlled semantic cognition. 
Nat Hum Behav. 2021:5(6):774–786. https://doi.org/10.1038/ 
s41562-020-01034-z. 

Jefferies E, Patterson K, Jones RW, Lambon Ralph MA. Compre-
hension of concrete and abstract words in semantic dementia.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://doi.org/10.1038/s41467-020-16089-9
https://doi.org/10.1038/s41467-020-16089-9
https://doi.org/10.1038/s41467-020-16089-9
https://doi.org/10.1038/s41467-020-16089-9
https://doi.org/10.1016/j.cortex.2012.08.009
https://doi.org/10.1016/j.cortex.2012.08.009
https://doi.org/10.1016/j.cortex.2012.08.009
https://doi.org/10.1016/j.cortex.2012.08.009
https://doi.org/10.1016/j.cortex.2012.08.009
https://doi.org/10.1146/annurev-vision-082114-035518
https://doi.org/10.1146/annurev-vision-082114-035518
https://doi.org/10.1146/annurev-vision-082114-035518
https://doi.org/10.1146/annurev-vision-082114-035518
https://doi.org/10.1146/annurev-vision-082114-035518
https://doi.org/10.1002/ana.410400108
https://doi.org/10.1002/ana.410400108
https://doi.org/10.1002/ana.410400108
https://doi.org/10.1002/ana.410400108
https://doi.org/10.1093/brain/118.1.1
https://doi.org/10.1093/brain/118.1.1
https://doi.org/10.1093/brain/118.1.1
https://doi.org/10.1093/brain/118.1.1
https://doi.org/10.1037/0033-2909.125.6.777
https://doi.org/10.1037/0033-2909.125.6.777
https://doi.org/10.1037/0033-2909.125.6.777
https://doi.org/10.1068/p3012
https://doi.org/10.1068/p3012
https://doi.org/10.1068/p3012
https://doi.org/10.1068/p3012
https://doi.org/10.1016/j.neubiorev.2015.02.004
https://doi.org/10.1212/01.WNL.0000073621.18013.E1
https://doi.org/10.1212/01.WNL.0000073621.18013.E1
https://doi.org/10.1212/01.WNL.0000073621.18013.E1
https://doi.org/10.1212/01.WNL.0000073621.18013.E1
https://doi.org/10.1212/01.WNL.0000073621.18013.E1
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
https://doi.org/10.1016/j.yebeh.2005.03.012
https://doi.org/10.1016/j.yebeh.2005.03.012
https://doi.org/10.1016/j.yebeh.2005.03.012
https://doi.org/10.1016/j.yebeh.2005.03.012
https://doi.org/10.1016/j.yebeh.2005.03.012
https://doi.org/10.1093/brain/124.10.2087
https://doi.org/10.1093/brain/124.10.2087
https://doi.org/10.1093/brain/124.10.2087
https://doi.org/10.1093/brain/124.10.2087
https://doi.org/10.1093/brain/121.11.2103
https://doi.org/10.1093/brain/121.11.2103
https://doi.org/10.1093/brain/121.11.2103
https://doi.org/10.1093/brain/121.11.2103
https://doi.org/10.1002/ana.10825
https://doi.org/10.1002/ana.10825
https://doi.org/10.1002/ana.10825
https://doi.org/10.1002/ana.10825
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1002/hbm.1033
https://doi.org/10.1002/hbm.1033
https://doi.org/10.1002/hbm.1033
https://doi.org/10.1002/hbm.1033
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1016/S0028-3932(99)00073-1
https://doi.org/10.1002/hbm.22463
https://doi.org/10.1002/hbm.22463
https://doi.org/10.1002/hbm.22463
https://doi.org/10.1002/hbm.22463
https://doi.org/10.1016/j.cortex.2022.07.014
https://doi.org/10.1016/j.cortex.2022.07.014
https://doi.org/10.1016/j.cortex.2022.07.014
https://doi.org/10.1016/j.cortex.2022.07.014
https://doi.org/10.1016/j.cortex.2022.07.014
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1162/jocn.2009.21104
https://doi.org/10.1162/jocn.2009.21104
https://doi.org/10.1162/jocn.2009.21104
https://doi.org/10.1162/jocn.2009.21104
https://doi.org/10.1016/j.brainres.2010.07.054
https://doi.org/10.1016/j.brainres.2010.07.054
https://doi.org/10.1016/j.brainres.2010.07.054
https://doi.org/10.1016/j.brainres.2010.07.054
https://doi.org/10.1016/j.brainres.2010.07.054
https://doi.org/10.1038/s41583-020-00393-w
https://doi.org/10.1038/s41583-020-00393-w
https://doi.org/10.1038/s41583-020-00393-w
https://doi.org/10.1038/s41583-020-00393-w
https://doi.org/10.1038/s41583-020-00393-w
https://doi.org/10.1080/09658219508253161
https://doi.org/10.1080/09658219508253161
https://doi.org/10.1080/09658219508253161
https://doi.org/10.1016/j.cortex.2018.01.015
https://doi.org/10.1016/j.cortex.2018.01.015
https://doi.org/10.1016/j.cortex.2018.01.015
https://doi.org/10.1016/j.cortex.2018.01.015
https://doi.org/10.1016/j.cortex.2018.01.015
https://doi.org/10.1073/pnas.1422760112
https://doi.org/10.1073/pnas.1422760112
https://doi.org/10.1073/pnas.1422760112
https://doi.org/10.1073/pnas.1422760112
https://doi.org/10.1007/s11065-016-9340-2
https://doi.org/10.1007/s11065-016-9340-2
https://doi.org/10.1007/s11065-016-9340-2
https://doi.org/10.1007/s11065-016-9340-2
https://doi.org/10.1016/j.neuropsychologia.2005.07.006
https://doi.org/10.1016/j.neuropsychologia.2005.07.006
https://doi.org/10.1016/j.neuropsychologia.2005.07.006
https://doi.org/10.1016/j.neuropsychologia.2005.07.006
https://doi.org/10.1016/j.neuropsychologia.2005.07.006
https://doi.org/10.1016/j.brainresbull.2005.05.027
https://doi.org/10.1016/j.brainresbull.2005.05.027
https://doi.org/10.1016/j.brainresbull.2005.05.027
https://doi.org/10.1016/j.brainresbull.2005.05.027
https://doi.org/10.1016/j.brainresbull.2005.05.027
https://doi.org/10.1038/s41562-020-01034-z
https://doi.org/10.1038/s41562-020-01034-z
https://doi.org/10.1038/s41562-020-01034-z
https://doi.org/10.1038/s41562-020-01034-z
https://doi.org/10.1038/s41562-020-01034-z


14 | Cerebral Cortex, 2024, Vol. 34, No. 8

Neuropsychology. 2009:23(4):492–499. https://doi.org/10.1037/ 
a0015452. 

Joubert S, Felician O, Barbeau E, Sontheimer A, Barton JJ, Ceccaldi 
M, Poncet M. Impaired configurational processing in a case of 
progressive prosopagnosia associated with predominant right 
temporal lobe atrophy. Brain. 2003:126(11):2537–2550. https://doi. 
org/10.1093/brain/awg259. 

Joubert S, Felician O, Barbeau E, Ranjeva JP, Christophe M, Didic 
M, Poncet M, Ceccaldi M. The right temporal lobe variant of 
frontotemporal dementia: cognitive and neuroanatomical profile 
of three patients. J Neurol. 2006:253(11):1447–1458. https://doi. 
org/10.1007/s00415-006-0232-x. 

Jung J, Lambon Ralph MA. Mapping the dynamic network interac-
tions underpinning cognition: a ctbs-fmri study of the flexible 
adaptive neural system for semantics. Cereb Cortex. 2016:26(8): 
3580–3590. https://doi.org/10.1093/cercor/bhw149. 

Jung JY, Rice GE, Lambon Ralph MA. The neural bases of resilient 
semantic system: evidence of variable neuro-displacement 
in cognitive systems. Brain Struct Funct. 2021:226(5):1585–1599. 
https://doi.org/10.1007/s00429-021-02272-1. 

Kanwisher N, McDermott J, Chun MM. The fusiform face area: a 
module in human extrastriate cortex specialized for face percep-
tion. J Neurosci. 1997:17(11):4302–4311. https://doi.org/10.1523/ 
JNEUROSCI.17-11-04302.1997. 

Kaplan E, Goodglass H, Weintraub S. Boston naming test. Philadelphia 
(US): Lea and Febiger; 2001. 

Klüver H, Bucy PC. Preliminary analysis of functions of the tempo-
ral lobes in monkeys. Arch Neurol Psychiatr. 1939:42(6):979–1000. 
https://doi.org/10.1001/archneurpsyc.1939.02270240017001. 

Kriegeskorte N, Formisano E, Sorger B, Goebel R. Individual faces 
elicit distinct response patterns in human anterior temporal 
cortex. Proc Natl Acad Sci USA. 2007:104(51):20600–20605. https:// 
doi.org/10.1073/pnas.0705654104. 

Kuskowski MA, Pardo JV. The role of the fusiform gyrus in successful 
encoding of face stimuli. NeuroImage. 1999:9(6):599–610. https:// 
doi.org/10.1006/nimg.1999.0442. 

Lambon Ralph MA. Neurocognitive insights on conceptual knowl-
edge and its breakdown. Philos Trans R Soc Lond Ser B Biol Sci. 
2014:369(1634):20120392. https://doi.org/10.1098/rstb.2012.0392. 

Lambon Ralph MA, McClelland JL, Patterson K, Galton CJ, Hodges 
JR. No right to speak? The relationship between object naming 
and semantic impairment: neuropsychological evidence and a 
computational model. J Cogn Neurosci. 2001:13(3):341–356. https:// 
doi.org/10.1162/08989290151137395. 

Lambon Ralph MA, Pobric G, Jefferies E. Conceptual knowledge is 
underpinned by the temporal pole bilaterally: convergent evi-
dence from rtms. Cereb Cortex. 2009:19(4):832–838. https://doi. 
org/10.1093/cercor/bhn131. 

Lambon Ralph MA, Cipolotti L, Manes F, Patterson K. Taking 
both sides: do unilateral anterior temporal lobe lesions dis-
rupt semantic memory? Brain. 2010:133(11):3243–3255. https:// 
doi.org/10.1093/brain/awq264. 

Lambon Ralph MA, Ehsan S, Baker GA, Rogers TT. Semantic memory 
is impaired in patients with unilateral anterior temporal lobe 
resection for temporal lobe epilepsy. Brain. 2012:135(1):242–258. 
https://doi.org/10.1093/brain/awr325. 

Lambon Ralph MA, Jefferies E, Patterson K, Rogers TT. The neural 
and computational bases of semantic cognition. Nat Rev Neurosci. 
2017:18(1):42–55. https://doi.org/10.1038/nrn.2016.150. 

Lavallee MM, Gandini D, Rouleau I, Vallet GT, Joannette M, 
Kergoat MJ, Busigny T, Rossion B, Joubert S. A qualitative impair-
ment in face perception in alzheimer’s disease: evidence from 

a reduced face inversion effect. J Alzheimers Dis. 2016:51(4): 
1225–1236. https://doi.org/10.3233/JAD-151027. 

Leveroni CL, Seidenberg M, Mayer AR, Mead LA, Binder JR, Rao 
SM. Neural systems underlying the recognition of familiar and 
newly learned faces. J Neurosci. 2000:20(2):878–886. https://doi. 
org/10.1523/JNEUROSCI.20-02-00878.2000. 

Lupyan G, Spivey MJ. Perceptual processing is facilitated by ascrib-
ing meaning to novel stimuli. Curr Biol. 2008:18(10):R410–R412. 
https://doi.org/10.1016/j.cub.2008.02.073. 

Malpetti M, Jones PS, Cope TE, Holland N, Naessens M, Rouse MA, 
Rittman T, Savulich G, Whiteside DJ, Street D, et al. Synaptic 
loss in frontotemporal dementia revealed by [(11) c]ucb-j positron 
emission tomography. Ann Neurol. 2023:93(1):142–154. https://doi. 
org/10.1002/ana.26543. 

Megreya AM, Burton AM. Unfamiliar faces are not faces: evidence 
from a matching task. Mem Cogn. 2006:34(4):865–876. https://doi. 
org/10.3758/BF03193433. 

Mioshi E, Dawson K, Mitchell J, Arnold R, Hodges JR. The adden-
brooke’s cognitive examination revised (ace-r): a brief cogni-
tive test battery for dementia screening. Int J Geriatr Psychiatry. 
2006:21(11):1078–1085. https://doi.org/10.1002/gps.1610. 

Moore K, Convery R, Bocchetta M, Neason M, Cash DM, Greaves C, 
Russell LL, Clarke MTM, Peakman G, van Swieten J, et al. A mod-
ified camel and cactus test detects presymptomatic semantic 
impairment in genetic frontotemporal dementia within the genfi 
cohort. Appl Neuropsychol Adult. 2022:29(1):112–119. https://doi. 
org/10.1080/23279095.2020.1716357. 

Mummery CJ, Patterson K, Price CJ, Ashburner J, Frackowiak 
RS, Hodges JR. A voxel-based morphometry study of 
semantic dementia: relationship between temporal lobe 
atrophy and semantic memory. Ann Neurol. 2000:47(1):36–45. 
https://doi.org/10.1002/1531-8249(200001)47:1<36::AID-ANA8> 
3.0.CO;2-L. 

Nasr S, Tootell RB. Role of fusiform and anterior temporal corti-
cal areas in facial recognition. NeuroImage. 2012:63(3):1743–1753. 
https://doi.org/10.1016/j.neuroimage.2012.08.031. 

Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S, 
Freedman M, Kertesz A, Robert PH, Albert M, et al. Frontotem-
poral lobar degeneration: a consensus on clinical diagnostic 
criteria. Neurology. 1998:51(6):1546–1554. https://doi.org/10.1212/ 
WNL.51.6.1546. 

Nestor PJ, Fryer TD, Hodges JR. Declarative memory impair-
ments in alzheimer’s disease and semantic dementia. NeuroIm-
age. 2006:30(3):1010–1020. https://doi.org/10.1016/j.neuroimage. 
2005.10.008. 

Olson IR, McCoy D, Klobusicky E, Ross LA. Social cognition and the 
anterior temporal lobes: a review and theoretical framework. Soc 
Cogn Affect Neurosci. 2013:8(2):123–133. https://doi.org/10.1093/ 
scan/nss119. 

Papinutto N, Galantucci S, Mandelli ML, Gesierich B, Jovicich J, 
Caverzasi E, Henry RG, Seeley WW, Miller BL, Shapiro KA, et al. 
Structural connectivity of the human anterior temporal lobe: a 
diffusion magnetic resonance imaging study. Hum Brain Mapp. 
2016:37(6):2210–2222. https://doi.org/10.1002/hbm.23167. 

Patterson K, Nestor PJ, Rogers TT. Where do you know what 
you know? The representation of semantic knowledge in the 
human brain. Nat Rev Neurosci. 2007:8(12):976–987. https://doi. 
org/10.1038/nrn2277. 

Penfield W, Milner B. Memory deficit produced by bilateral 
lesions in the hippocampal zone. AMA archives of Neurology 
& Psychiatry. 1958:79(5):475–497. https://doi.org/10.1001/ 
archneurpsyc.1958.02340050003001.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://doi.org/10.1037/a0015452
https://doi.org/10.1037/a0015452
https://doi.org/10.1037/a0015452
https://doi.org/10.1037/a0015452
https://doi.org/10.1093/brain/awg259
https://doi.org/10.1093/brain/awg259
https://doi.org/10.1093/brain/awg259
https://doi.org/10.1093/brain/awg259
https://doi.org/10.1093/brain/awg259
https://doi.org/10.1007/s00415-006-0232-x
https://doi.org/10.1007/s00415-006-0232-x
https://doi.org/10.1007/s00415-006-0232-x
https://doi.org/10.1007/s00415-006-0232-x
https://doi.org/10.1007/s00415-006-0232-x
https://doi.org/10.1093/cercor/bhw149
https://doi.org/10.1093/cercor/bhw149
https://doi.org/10.1093/cercor/bhw149
https://doi.org/10.1093/cercor/bhw149
https://doi.org/10.1093/cercor/bhw149
https://doi.org/10.1007/s00429-021-02272-1
https://doi.org/10.1007/s00429-021-02272-1
https://doi.org/10.1007/s00429-021-02272-1
https://doi.org/10.1007/s00429-021-02272-1
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1001/archneurpsyc.1939.02270240017001
https://doi.org/10.1001/archneurpsyc.1939.02270240017001
https://doi.org/10.1001/archneurpsyc.1939.02270240017001
https://doi.org/10.1001/archneurpsyc.1939.02270240017001
https://doi.org/10.1073/pnas.0705654104
https://doi.org/10.1073/pnas.0705654104
https://doi.org/10.1073/pnas.0705654104
https://doi.org/10.1073/pnas.0705654104
https://doi.org/10.1006/nimg.1999.0442
https://doi.org/10.1006/nimg.1999.0442
https://doi.org/10.1006/nimg.1999.0442
https://doi.org/10.1006/nimg.1999.0442
https://doi.org/10.1098/rstb.2012.0392
https://doi.org/10.1098/rstb.2012.0392
https://doi.org/10.1098/rstb.2012.0392
https://doi.org/10.1098/rstb.2012.0392
https://doi.org/10.1162/08989290151137395
https://doi.org/10.1162/08989290151137395
https://doi.org/10.1162/08989290151137395
https://doi.org/10.1093/cercor/bhn131
https://doi.org/10.1093/cercor/bhn131
https://doi.org/10.1093/cercor/bhn131
https://doi.org/10.1093/cercor/bhn131
https://doi.org/10.1093/cercor/bhn131
https://doi.org/10.1093/brain/awq264
https://doi.org/10.1093/brain/awq264
https://doi.org/10.1093/brain/awq264
https://doi.org/10.1093/brain/awq264
https://doi.org/10.1093/brain/awq264
https://doi.org/10.1093/brain/awr325
https://doi.org/10.1093/brain/awr325
https://doi.org/10.1093/brain/awr325
https://doi.org/10.1093/brain/awr325
https://doi.org/10.1093/brain/awr325
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.1038/nrn.2016.150
https://doi.org/10.3233/JAD-151027
https://doi.org/10.3233/JAD-151027
https://doi.org/10.3233/JAD-151027
https://doi.org/10.3233/JAD-151027
https://doi.org/10.1523/JNEUROSCI.20-02-00878.2000
https://doi.org/10.1523/JNEUROSCI.20-02-00878.2000
https://doi.org/10.1523/JNEUROSCI.20-02-00878.2000
https://doi.org/10.1523/JNEUROSCI.20-02-00878.2000
https://doi.org/10.1016/j.cub.2008.02.073
https://doi.org/10.1016/j.cub.2008.02.073
https://doi.org/10.1016/j.cub.2008.02.073
https://doi.org/10.1016/j.cub.2008.02.073
https://doi.org/10.1016/j.cub.2008.02.073
https://doi.org/10.1002/ana.26543
https://doi.org/10.1002/ana.26543
https://doi.org/10.1002/ana.26543
https://doi.org/10.1002/ana.26543
https://doi.org/10.3758/BF03193433
https://doi.org/10.3758/BF03193433
https://doi.org/10.3758/BF03193433
https://doi.org/10.3758/BF03193433
https://doi.org/10.1002/gps.1610
https://doi.org/10.1002/gps.1610
https://doi.org/10.1002/gps.1610
https://doi.org/10.1002/gps.1610
https://doi.org/10.1080/23279095.2020.1716357
https://doi.org/10.1080/23279095.2020.1716357
https://doi.org/10.1080/23279095.2020.1716357
https://doi.org/10.1002/1531-8249(200001)47:1%3c36::AID-ANA8%3e3.0.CO;2-L
https://doi.org/10.1016/j.neuroimage.2012.08.031
https://doi.org/10.1016/j.neuroimage.2012.08.031
https://doi.org/10.1016/j.neuroimage.2012.08.031
https://doi.org/10.1016/j.neuroimage.2012.08.031
https://doi.org/10.1016/j.neuroimage.2012.08.031
https://doi.org/10.1212/WNL.51.6.1546
https://doi.org/10.1212/WNL.51.6.1546
https://doi.org/10.1212/WNL.51.6.1546
https://doi.org/10.1212/WNL.51.6.1546
https://doi.org/10.1016/j.neuroimage.2005.10.008
https://doi.org/10.1093/scan/nss119
https://doi.org/10.1093/scan/nss119
https://doi.org/10.1093/scan/nss119
https://doi.org/10.1093/scan/nss119
https://doi.org/10.1093/scan/nss119
https://doi.org/10.1002/hbm.23167
https://doi.org/10.1002/hbm.23167
https://doi.org/10.1002/hbm.23167
https://doi.org/10.1002/hbm.23167
https://doi.org/10.1038/nrn2277
https://doi.org/10.1038/nrn2277
https://doi.org/10.1038/nrn2277
https://doi.org/10.1038/nrn2277
https://doi.org/10.1001/archneurpsyc.1958.02340050003001
https://doi.org/10.1001/archneurpsyc.1958.02340050003001
https://doi.org/10.1001/archneurpsyc.1958.02340050003001
https://doi.org/10.1001/archneurpsyc.1958.02340050003001


Rouse et al. | 15

Pinsk MA, DeSimone K, Moore T, Gross CG, Kastner S. Represen-
tations of faces and body parts in macaque temporal cortex: 
a functional mri study. Proc Natl Acad Sci USA. 2005:102(19): 
6996–7001. https://doi.org/10.1073/pnas.0502605102. 

Plaut DC, Behrmann M. Complementary neural representations for 
faces and words: a computational exploration. Cogn Neuropsychol. 
2011:28(3–4):251–275. https://doi.org/10.1080/02643294.2011. 
609812. 

Powell HR, Parker GJ, Alexander DC, Symms MR, Boulby PA, Wheel-
er-Kingshott CA, Barker GJ, Koepp MJ, Duncan JS. Abnormalities 
of language networks in temporal lobe epilepsy. NeuroImage. 
2007:36(1):209–221. https://doi.org/10.1016/j.neuroimage.2007. 
02.028. 

Rajimehr R, Young JC, Tootell RB. An anterior temporal face 
patch in human cortex, predicted by macaque maps. Proc 
Natl Acad Sci USA. 2009:106(6):1995–2000. https://doi.org/10.1073/ 
pnas.0807304106. 

Ramanan S, El-Omar H, Roquet D, Ahmed RM, Hodges JR, Piguet O, 
Lambon Ralph MA, Irish M. Mapping behavioural, cognitive and 
affective transdiagnostic dimensions in frontotemporal demen-
tia. Brain Commun. 2023:5(1):fcac344. 

Raven JC. Coloured progressive matrices, sets a, a_b, b. London (UK): HK 
Lewis; 1962. 

Riberto M, Pobric G, Talmi D. The emotional facet of subjective 
and neural indices of similarity. Brain Topogr. 2019:32(6):956–964. 
https://doi.org/10.1007/s10548-019-00743-7. 

Rice GE, Hoffman P, Lambon Ralph MA. Graded specialization within 
and between the anterior temporal lobes. Ann N Y Acad Sci. 
2015a:1359(1):84–97. https://doi.org/10.1111/nyas.12951. 

Rice GE, Lambon Ralph MA, Hoffman P. The roles of left versus right 
anterior temporal lobes in conceptual knowledge: an ale meta-
analysis of 97 functional neuroimaging studies. Cereb Cortex. 
2015b:25(11):4374–4391. https://doi.org/10.1093/cercor/bhv024. 

Rice GE, Caswell H, Moore P, Hoffman P, Lambon Ralph MA. The roles 
of left versus right anterior temporal lobes in semantic memory: 
a neuropsychological comparison of postsurgical temporal lobe 
epilepsy patients. Cereb Cortex. 2018a:28(4):1487–1501. https://doi. 
org/10.1093/cercor/bhx362. 

Rice GE, Caswell H, Moore P, Lambon Ralph MA, Hoffman P. Reveal-
ing the dynamic modulations that underpin a resilient neural 
network for semantic cognition: an fmri investigation in patients 
with anterior temporal lobe resection. Cereb Cortex. 2018b:28(8): 
3004–3016. https://doi.org/10.1093/cercor/bhy116. 

Rice GE, Hoffman P, Binney RJ, Lambon Ralph MA. Concrete versus 
abstract forms of social concept: an fmri comparison of knowl-
edge about people versus social terms. Philos Trans R Soc Lond 
Ser B Biol Sci. 2018c:373(1752):20170136. https://doi.org/10.1098/ 
rstb.2017.0136. 

Ridgway GR, Omar R, Ourselin S, Hill DL, Warren JD, Fox NC. 
Issues with threshold masking in voxel-based morphometry 
of atrophied brains. NeuroImage. 2009:44(1):99–111. https://doi. 
org/10.1016/j.neuroimage.2008.08.045. 

Rogers T, Hodges J, Patterson K, Lambon RM. Object recognition 
under semantic impairment: the effects of conceptual regular-
ities on perceptual decisions. Language and Cognitive Processes. 
2003:18(5–6):625–662. https://doi.org/10.1080/01690960344000 
053. 

Rogers TT, Lambon Ralph MA, Garrard P, Bozeat S, McClelland JL, 
Hodges JR, Patterson K. Structure and deterioration 
of semantic memory: a neuropsychological and computational 
investigation. Psychol Rev. 2004a:111(1):205–235. https://doi. 
org/10.1037/0033-295X.111.1.205. 

Rogers TT, Lambon Ralph MA, Hodges JR, Patterson K. Natural 
selection: the impact of semantic impairment on lexical and 
object decision. Cogn Neuropsychol. 2004b:21(2–4):331–352. https:// 
doi.org/10.1080/02643290342000366. 

Rogers TT, Hocking J, Noppeney U, Mechelli A, Gorno-Tempini ML, 
Patterson K, Price CJ. Anterior temporal cortex and semantic 
memory: reconciling findings from neuropsychology and func-
tional imaging. Cogn Affect Behav Neurosci. 2006:6(3):201–213. 
https://doi.org/10.3758/CABN.6.3.201. 

Rogers TT, Patterson K, Jefferies E, Lambon Ralph MA. Disorders  
of representation and control in semantic cognition: effects 
of familiarity, typicality, and specificity. Neuropsychologia. 2015: 
76:220–239. https://doi.org/10.1016/j.neuropsychologia.2015.04. 
015. 

Rogers TT, Cox CR, Lu Q, Shimotake A, Kikuchi T, Kunieda T, 
Miyamoto S, Takahashi R, Ikeda A, Matsumoto R, et al. Evidence 
for a deep, distributed and dynamic code for animacy in human 
ventral anterior temporal cortex. elife. 2021:10:e66276. https:// 
doi.org/10.7554/eLife.66276. 

Rosen HJ, Gorno-Tempini ML, Goldman WP, Perry RJ, Schuff N, 
Weiner M, Feiwell R, Kramer JH, Miller BL. Patterns of brain atro-
phy in frontotemporal dementia and semantic dementia. Neurol-
ogy. 2002:58(2):198–208. https://doi.org/10.1212/WNL.58.2.198. 

Ross LA, Olson IR. What’s unique about unique entities? An fmri 
investigation of the semantics of famous faces and landmarks. 
Cereb Cortex. 2012:22(9):2005–2015. https://doi.org/10.1093/ 
cercor/bhr274. 

Rossion B. Humans are visual experts at unfamiliar face recogni-
tion. Trends Cogn Sci. 2018:22(6):471–472. https://doi.org/10.1016/ 
j.tics.2018.03.002. 

Rossion B, Hanseeuw B, Dricot L. Defining face perception areas 
in the human brain: a large-scale factorial fmri face localizer 
analysis. Brain Cogn. 2012:79(2):138–157. https://doi.org/10.1016/ 
j.bandc.2012.01.001. 

Rouse MA, Halai A, Ramanan S, Rogers T, Garrard P, Patterson K, 
Rowe J, Ralph ML. Social-semantic knowledge in frontotemporal 
dementia and after anterior temporal lobe resection. medRxiv. 
2024. 

Schapiro AC, McClelland JL, Welbourne SR, Rogers TT, Lambon Ralph 
MA. Why bilateral damage is worse than unilateral damage 
to the brain. J Cogn Neurosci. 2013:25(12):2107–2123. https://doi. 
org/10.1162/jocn_a_00441. 

Schwartz L, Yovel G. The roles of perceptual and conceptual informa-
tion in face recognition. J Exp Psychol Gen. 2016:145(11):1493–1511. 
https://doi.org/10.1037/xge0000220. 

Scoville WB, Milner B. Loss of recent memory after bilateral hip-
pocampal lesions. J Neurol Neurosurg Psychiatry. 1957:20(1):11–21. 
https://doi.org/10.1136/jnnp.20.1.11. 

Seidenberg M, Griffith R, Sabsevitz D, Moran M, Haltiner A, Bell B, 
Swanson S, Hammeke T, Hermann B. Recognition and identi-
fication of famous faces in patients with unilateral temporal 
lobe epilepsy. Neuropsychologia. 2002:40(4):446–456. https://doi. 
org/10.1016/S0028-3932(01)00096-3. 

Sergent J, Ohta S, MacDonald B. Functional neuroanatomy of face 
and object processing. A positron emission tomography study. 
Brain. 1992:115 Pt 1(1):15–36. 

Shimotake A, Matsumoto R, Ueno T, Kunieda T, Saito S, Hoffman P, 
Kikuchi T, Fukuyama H, Miyamoto S, Takahashi R, et al. Direct 
exploration of the role of the ventral anterior temporal lobe in 
semantic memory: cortical stimulation and local field potential 
evidence from subdural grid electrodes. Cereb Cortex. 2015:25(10): 
3802–3817. https://doi.org/10.1093/cercor/bhu262.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://doi.org/10.1073/pnas.0502605102
https://doi.org/10.1073/pnas.0502605102
https://doi.org/10.1073/pnas.0502605102
https://doi.org/10.1073/pnas.0502605102
https://doi.org/10.1080/02643294.2011.609812
https://doi.org/10.1016/j.neuroimage.2007.02.028
https://doi.org/10.1073/pnas.0807304106
https://doi.org/10.1073/pnas.0807304106
https://doi.org/10.1073/pnas.0807304106
https://doi.org/10.1073/pnas.0807304106
https://doi.org/10.1007/s10548-019-00743-7
https://doi.org/10.1007/s10548-019-00743-7
https://doi.org/10.1007/s10548-019-00743-7
https://doi.org/10.1007/s10548-019-00743-7
https://doi.org/10.1111/nyas.12951
https://doi.org/10.1111/nyas.12951
https://doi.org/10.1111/nyas.12951
https://doi.org/10.1111/nyas.12951
https://doi.org/10.1093/cercor/bhv024
https://doi.org/10.1093/cercor/bhv024
https://doi.org/10.1093/cercor/bhv024
https://doi.org/10.1093/cercor/bhv024
https://doi.org/10.1093/cercor/bhv024
https://doi.org/10.1093/cercor/bhx362
https://doi.org/10.1093/cercor/bhx362
https://doi.org/10.1093/cercor/bhx362
https://doi.org/10.1093/cercor/bhx362
https://doi.org/10.1093/cercor/bhx362
https://doi.org/10.1093/cercor/bhy116
https://doi.org/10.1093/cercor/bhy116
https://doi.org/10.1093/cercor/bhy116
https://doi.org/10.1093/cercor/bhy116
https://doi.org/10.1093/cercor/bhy116
https://doi.org/10.1098/rstb.2017.0136
https://doi.org/10.1098/rstb.2017.0136
https://doi.org/10.1098/rstb.2017.0136
https://doi.org/10.1098/rstb.2017.0136
https://doi.org/10.1016/j.neuroimage.2008.08.045
https://doi.org/10.1016/j.neuroimage.2008.08.045
https://doi.org/10.1016/j.neuroimage.2008.08.045
https://doi.org/10.1016/j.neuroimage.2008.08.045
https://doi.org/10.1016/j.neuroimage.2008.08.045
https://doi.org/10.1080/01690960344000053
https://doi.org/10.1037/0033-295X.111.1.205
https://doi.org/10.1037/0033-295X.111.1.205
https://doi.org/10.1037/0033-295X.111.1.205
https://doi.org/10.1037/0033-295X.111.1.205
https://doi.org/10.1080/02643290342000366
https://doi.org/10.1080/02643290342000366
https://doi.org/10.1080/02643290342000366
https://doi.org/10.3758/CABN.6.3.201
https://doi.org/10.3758/CABN.6.3.201
https://doi.org/10.3758/CABN.6.3.201
https://doi.org/10.3758/CABN.6.3.201
https://doi.org/10.1016/j.neuropsychologia.2015.04.015
https://doi.org/10.7554/eLife.66276
https://doi.org/10.7554/eLife.66276
https://doi.org/10.7554/eLife.66276
https://doi.org/10.7554/eLife.66276
https://doi.org/10.1212/WNL.58.2.198
https://doi.org/10.1212/WNL.58.2.198
https://doi.org/10.1212/WNL.58.2.198
https://doi.org/10.1212/WNL.58.2.198
https://doi.org/10.1093/cercor/bhr274
https://doi.org/10.1093/cercor/bhr274
https://doi.org/10.1093/cercor/bhr274
https://doi.org/10.1093/cercor/bhr274
https://doi.org/10.1093/cercor/bhr274
https://doi.org/10.1016/j.tics.2018.03.002
https://doi.org/10.1016/j.tics.2018.03.002
https://doi.org/10.1016/j.tics.2018.03.002
https://doi.org/10.1016/j.tics.2018.03.002
https://doi.org/10.1016/j.tics.2018.03.002
https://doi.org/10.1016/j.bandc.2012.01.001
https://doi.org/10.1016/j.bandc.2012.01.001
https://doi.org/10.1016/j.bandc.2012.01.001
https://doi.org/10.1016/j.bandc.2012.01.001
https://doi.org/10.1016/j.bandc.2012.01.001
https://doi.org/10.1162/jocn_a_00441
https://doi.org/10.1162/jocn_a_00441
https://doi.org/10.1162/jocn_a_00441
https://doi.org/10.1162/jocn_a_00441
https://doi.org/10.1162/jocn_a_00441
https://doi.org/10.1037/xge0000220
https://doi.org/10.1037/xge0000220
https://doi.org/10.1037/xge0000220
https://doi.org/10.1037/xge0000220
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1136/jnnp.20.1.11
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1016/S0028-3932(01)00096-3
https://doi.org/10.1093/cercor/bhu262
https://doi.org/10.1093/cercor/bhu262
https://doi.org/10.1093/cercor/bhu262
https://doi.org/10.1093/cercor/bhu262
https://doi.org/10.1093/cercor/bhu262


16 | Cerebral Cortex, 2024, Vol. 34, No. 8

Simons JS, Graham KS, Galton CJ, Patterson K, Hodges JR. Seman-
tic knowledge and episodic memory for faces in seman-
tic dementia. Neuropsychology. 2001:15(1):101–114. https://doi. 
org/10.1037/0894-4105.15.1.101. 

Snowden JS, Goulding PJ, Neary D. Semantic dementia: a form of 
circumscribed cerebral atrophy. Behav Neurol. 1989:2(3):167–182. 
https://doi.org/10.1155/1989/124043. 

Snowden JS, Thompson JC, Neary D. Knowledge of famous faces and 
names in semantic dementia. Brain. 2004:127(4):860–872. https:// 
doi.org/10.1093/brain/awh099. 

Snowden JS, Thompson JC, Neary D. Famous people knowledge and 
the right and left temporal lobes. Behav Neurol. 2012:25(1):35–44. 
https://doi.org/10.1155/2012/360965. 

Terzian H, Ore GD. Syndrome of kluver and bucy; reproduced in man 
by bilateral removal of the temporal lobes. Neurology. 1955:5(6): 
373–380. https://doi.org/10.1212/WNL.5.6.373. 

Trimmel K, van Graan AL, Caciagli L, Haag A, Koepp MJ, Thompson PJ, 
Duncan JS. Left temporal lobe language network connectivity in 
temporal lobe epilepsy. Brain. 2018:141(8):2406–2418. https://doi. 
org/10.1093/brain/awy164. 

Trimmel K, Vos SB, Caciagli L, Xiao F, van Graan LA, Winston GP, 
Koepp MJ, Thompson PJ, Duncan JS. Decoupling of functional and 
structural language networks in temporal lobe epilepsy. Epilepsia. 
2021:62(12):2941–2954. https://doi.org/10.1111/epi.17098. 

Tsao DY, Freiwald WA, Tootell RB, Livingstone MS. A cortical region 
consisting entirely of face-selective cells. Science. 2006:311(5761): 
670–674. https://doi.org/10.1126/science.1119983. 

Valentine T. Upside-down faces: a review of the effect of inversion 
upon face recognition. Br J Psychol. 1988:79(4):471–491. https://doi. 
org/10.1111/j.2044-8295.1988.tb02747.x. 

Visconti di Oleggio Castello M, Wheeler KG, Cipolli C, Gob-
bini MI. Familiarity facilitates feature-based face processing. 
PLoS One. 2017:12(6):e0178895. https://doi.org/10.1371/journal. 
pone.0178895. 

Visser M, Lambon Ralph MA. Differential contributions of bilateral 
ventral anterior temporal lobe and left anterior superior 
temporal gyrus to semantic processes. J Cogn Neurosci. 
2011:23(10):3121–3131. https://doi.org/10.1162/jocn_a_00007. 

Volfart A, Yan X, Maillard L, Colnat-Coulbois S, Hossu G, Ros-
sion B, Jonas J. Intracerebral electrical stimulation of the right 
anterior fusiform gyrus impairs human face identity recog-
nition. NeuroImage. 2022:250:118932. https://doi.org/10.1016/j. 
neuroimage.2022.118932. 

Warren JE, Crinion JT, Lambon Ralph MA, Wise RJ. Anterior temporal 
lobe connectivity correlates with functional outcome after apha-
sic stroke. Brain. 2009:132(12):3428–3442. https://doi.org/10.1093/ 
brain/awp270. 

Warrington EK. The selective impairment of semantic memory. Q 
J Exp Psychol. 1975:27(4):635–657. https://doi.org/10.1080/146407 
47508400525. 

Wiebe S, Blume WT, Girvin JP, Eliasziw M, Effectiveness, Efficiency 
of Surgery for Temporal Lobe Epilepsy Study G . A randomized, 
controlled trial of surgery for temporal-lobe epilepsy. N Engl J Med. 
2001:345(5):311–318. 

Wieshmann UC, Symms MR, Clark CA, Lemieux L, Franconi F, Parker 
GJ, Barker GJ, Shorvon SD. Wallerian degeneration in the optic 
radiation after temporal lobectomy demonstrated in vivo with 
diffusion tensor imaging. Epilepsia. 1999:40(8):1155–1158. https:// 
doi.org/10.1111/j.1528-1157.1999.tb00834.x. 

Wilkins A, Moscovitch M. Selective impairment of semantic mem-
ory after temporal lobectomy. Neuropsychologia. 1978:16(1):73–79. 
https://doi.org/10.1016/0028-3932(78)90044-1. 

Woollams AM, Patterson K. Cognitive consequences of the left-right 
asymmetry of atrophy in semantic dementia. Cortex. 2018:107: 
64–77. https://doi.org/10.1016/j.cortex.2017.11.014. 

Yin RK. Looking at upside-down faces. J Exp Psychol. 1969:81(1): 
141–145. https://doi.org/10.1037/h0027474. 

Younes K, Borghesani V, Montembeault M, Spina S, Mandelli 
ML, Welch AE, Weis E, Callahan P, Elahi FM, Hua AY, 
et al. Right temporal degeneration and socioemotional seman-
tics: semantic behavioural variant frontotemporal demen-
tia. Brain. 2022:145(11):4080–4096. https://doi.org/10.1093/brain/ 
awac217. 

Young AW, McWeeny KH, Hay DC, Ellis AW. Matching familiar 
and unfamiliar faces on identity and expression. Psychol Res. 
1986:48(2):63–68. https://doi.org/10.1007/BF00309318.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/article/34/8/bhae336/7731067 by St G

eorge's, U
niversity of London user on 28 August 2024

https://doi.org/10.1037/0894-4105.15.1.101
https://doi.org/10.1037/0894-4105.15.1.101
https://doi.org/10.1037/0894-4105.15.1.101
https://doi.org/10.1155/1989/124043
https://doi.org/10.1155/1989/124043
https://doi.org/10.1155/1989/124043
https://doi.org/10.1093/brain/awh099
https://doi.org/10.1093/brain/awh099
https://doi.org/10.1093/brain/awh099
https://doi.org/10.1093/brain/awh099
https://doi.org/10.1093/brain/awh099
https://doi.org/10.1155/2012/360965
https://doi.org/10.1155/2012/360965
https://doi.org/10.1155/2012/360965
https://doi.org/10.1212/WNL.5.6.373
https://doi.org/10.1212/WNL.5.6.373
https://doi.org/10.1212/WNL.5.6.373
https://doi.org/10.1212/WNL.5.6.373
https://doi.org/10.1093/brain/awy164
https://doi.org/10.1093/brain/awy164
https://doi.org/10.1093/brain/awy164
https://doi.org/10.1093/brain/awy164
https://doi.org/10.1093/brain/awy164
https://doi.org/10.1111/epi.17098
https://doi.org/10.1126/science.1119983
https://doi.org/10.1126/science.1119983
https://doi.org/10.1126/science.1119983
https://doi.org/10.1126/science.1119983
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1111/j.2044-8295.1988.tb02747.x
https://doi.org/10.1371/journal.pone.0178895
https://doi.org/10.1371/journal.pone.0178895
https://doi.org/10.1371/journal.pone.0178895
https://doi.org/10.1371/journal.pone.0178895
https://doi.org/10.1371/journal.pone.0178895
https://doi.org/10.1162/jocn_a_00007
https://doi.org/10.1162/jocn_a_00007
https://doi.org/10.1162/jocn_a_00007
https://doi.org/10.1162/jocn_a_00007
https://doi.org/10.1162/jocn_a_00007
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1093/brain/awp270
https://doi.org/10.1093/brain/awp270
https://doi.org/10.1093/brain/awp270
https://doi.org/10.1093/brain/awp270
https://doi.org/10.1093/brain/awp270
https://doi.org/10.1080/14640747508400525
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1111/j.1528-1157.1999.tb00834.x
https://doi.org/10.1016/0028-3932(78)90044-1
https://doi.org/10.1016/0028-3932(78)90044-1
https://doi.org/10.1016/0028-3932(78)90044-1
https://doi.org/10.1016/0028-3932(78)90044-1
https://doi.org/10.1016/0028-3932(78)90044-1
https://doi.org/10.1016/j.cortex.2017.11.014
https://doi.org/10.1016/j.cortex.2017.11.014
https://doi.org/10.1016/j.cortex.2017.11.014
https://doi.org/10.1016/j.cortex.2017.11.014
https://doi.org/10.1016/j.cortex.2017.11.014
https://doi.org/10.1037/h0027474
https://doi.org/10.1037/h0027474
https://doi.org/10.1037/h0027474
https://doi.org/10.1037/h0027474
https://doi.org/10.1093/brain/awac217
https://doi.org/10.1007/BF00309318
https://doi.org/10.1007/BF00309318
https://doi.org/10.1007/BF00309318
https://doi.org/10.1007/BF00309318

	 The impact of bilateral versus unilateral anterior temporal lobe damage on face recognition, person knowledge and semantic memory
	Introduction
	Materials and methods
	Results
	Discussion  
	Conclusion
	Acknowledgments
	Author contributions
	Supplementary material
	Funding


