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A  role  for rostral  prefrontal  cortex  (BA10)  has  been  proposed  in multitasking,  in  particular,  the  selection
and  maintenance  of higher  order  internal  goals  while  other  sub-goals  are  being  performed.  BA10  has  also
been implicated  in the  ability  to infer  someone  else’s  feelings  and  thoughts,  often  referred  to  as  theory
of mind.  While  most  of the  data  to support  these  views  come  from  functional  neuroimaging  studies,
lesion  studies  are  scant.  In the  present  study,  we  compared  the performance  of  a  group  of  frontal  patients
whose  lesions  involved  BA10,  a group  of frontal  patients  whose  lesions  did  not  affect  this  area  (nonBA10),
and  a group  of  healthy  controls  on  tests  requiring  multitasking  and  complex  theory  of  mind  judgments.
Only  the  group  with  lesions  involving  BA10  showed  deficits  on multitasking  and  theory  of  mind  tasks
when  compared  with  control  subjects.  NonBA10  patients  performed  more  poorly  than  controls  on  an
executive  function  screening  tool,  particularly  on  measures  of  response  inhibition  and  abstract  reasoning,

suggesting  that  theory  of  mind  and  multitasking  deficits  following  lesions  to  BA10  cannot  be  explained  by
a  general  worsening  of  executive  function.  In addition,  we  searched  for correlations  between  performance
and volume  of  damage  within  different  subregions  of BA10.  Significant  correlations  were  found  between
multitasking  performance  and  volume  of damage  in  right  lateral  BA10,  and  between  theory  of  mind  and
total BA10  lesion  volume.  These  findings  stress  the  potential  pivotal  role  of  BA10  in  higher  order  cognitive
functions.
. Introduction

The prefrontal cortex (PFC) is the cortical region in the frontal
obe anterior to the primary and association motor cortices. This
rain area increases in size with phylogenetic development and,
t least in humans, it is thought to be involved in planning com-
lex cognitive behavior and in the expression of personality and
ppropriate social conduct. The prefrontal cortex is an anatom-
cally and functionally heterogeneous structure and comprises
ytoarchitectonically distinct regions, accounting for about 30% of
ur total cortical area (Fuster, 1997). Understanding the functional

rganization of the prefrontal cortex and the specific roles played
y each of its distinct subregions (e.g. dorsolateral or rostral
reas) is an essential issue in human cognitive neuroscience. Large
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volumes of data derived from functional neuroimaging have led
to the statement of multiple influential theories regarding these
issues. In order to draw stronger inferences, human lesion studies,
which highlight the critical regions within brain networks, are
crucial to complement functional neuroimaging approaches.

Brodmann Area 10 (BA10), also known as the frontal pole or
rostral/anterior prefrontal cortex, is the largest and most anterior
region within the human PFC (Semendeferi, Armstrong, Schleicher,
Zilles, & Van Hoesen, 2001). Having experienced remarkable evolu-
tionary expansion, this brain region also shows higher spine density
than other areas of the human cortex and is highly interconnected
with supramodal areas within the PFC in which information is
believed to be represented at its most abstract level (Ramnani &
Owen, 2004). All of the above suggests that BA10 plays an important
role in human cognition. Accordingly, several authors have placed
this brain region at the top of a frontal processing hierarchy (Badre

& D’Esposito, 2007; Koechlin, Ody, & Kouneiher, 2003).

One function attributed to the anterior PFC is multitasking, in
particular, the selection and maintenance of higher order inter-
nal goals while other sub-goals are being performed (e.g. Badre

dx.doi.org/10.1016/,DanaInfo=ac.els-cdn.com.pallas2.tcl.sc.edu+j.neuropsychologia.2011.09.003
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Table  1
Patient characteristics.

Patient Age Sex Aetiology Side Estimated
premorbid IQ

Years POST
Onset

Total lesion
volume in ml

BA10 lesion
volume in ml

BA10 group
1 IB  39 F Tumor Bilateral 120 1 62.25 17.79
2  MS  64 F Tumor Right 111 5 9.50 2.66
3  DP 41 M Tumor Bilateral 115 1 66.83 7.21
4  SV 41 F Tumor Bilateral 128 2 60.02 14.95
5  SS 54 F Tumor Right 97 11 71.63 11.76
6 PM 54 M Tumor Left 121 9 31.34 9.4
7 ET 57  F Infarct Right 126 12 57.93 9.37
NonBA10 group
1  PP 67 F Tumor Left 103 11 18.15 –
2  LB 29 F Tumor Right 88 8 months 78.76 –
3  AD 71 F Infarct Left 120 13 26.21 –
4 MS 77 M Infarct Right 121 11 12.95 –
5  GB 51 M Tumor Right 100 17 47.24 –
6 FG  47 F Tumor Right 106 9 87.65 –
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8 RH 75 F Tumor Right 

 D’Esposito, 2009; Burgess, Dumonheil, & Gilbert, 2007; Gilbert,
rith, & Burgess, 2005; Gilbert et al., 2006, 2007; Koechlin &
ummerfield, 2007). Maintenance and flexible retrieval of higher
rder goals enable us to orient our behavior to internal plans,
ather than merely responding to the external environment. Most
f the supporting data come from functional neuroimaging studies,
nd while multitasking and planning deficits have been described
n patients with extensive frontal cortex damage (e.g. Goldstein,
ernard, Fenwick, Burgess, & McNeil, 1993; Hebb & Penfield, 1940;
hallice & Burgess, 1991), there are only a few lesion studies
hat have systematically assessed the specific role of BA10 in this
omain. In a pioneering study, Burgess, Veitch, de Lacy Costello, and
hallice (2000) showed that damage to the more medial and polar
spects of BA8, 9 and 10, in the left hemisphere, was  associated
ith more internal task switching deficits than right dorsolat-

ral prefrontal lesions. However, the specific role of BA10 was
ot assessed, and the deficits found could also be related to sim-
le rule breaking behavior, which was indeed part of the overall
core reported. Recently, Dreher, Koechlin, Tierney, and Grafman
2008) also showed that in a group of patients with frontal lesions,
eficits in multitasking correlated with the extent of damage in
A10. However, patients with closed head injuries were included in
heir study, making it hard to distinguish the effects of focal lesions
nd more diffuse damage. Two more recent lesion studies (Umeda,
urosaki, Terasawa, Kato, & Miyahara, 2011; Volle, Gonen-Yaacovi,
e Lacy Costello, Gilbert, & Burgess, 2011) have related rostral pre-
rontal cortex to prospective memory (the capacity to carry out
ntended actions after a delayed period of time), perhaps a critical
lement of multitasking.

Besides the maintenance and retrieval of higher order goals,
unctional neuroimaging has also linked BA10 to the ability to
nfer someone else’s feelings and thoughts, demanding a complex
et of functions collectively referred to as theory of mind. In fact,
everal functional neuroimaging studies have shown rostral PFC
ctivation when the ability to infer other people’s thoughts and
motions was assessed (e.g. Gilbert et al., 2006, 2007; Sommer et
l., 2007). Again, while some lesion studies have shown that frontal
amage can impair performance on theory of mind tasks (Narvid
t al., 2009; Rowe, Bullock, Polkey, & Morris, 2001; Shamay-Tsoory,
ibi-Elhanany, & Aharon-Peretz, 2006; Shamay-Tsoory & Aharon-
eretz, 2007; Stone, Baron-Cohen, & Knight, 1998; Stuss, Gallup, &
lexander, 2001), no studies have yet investigated the role of BA10
n particular.
Based on neuroimaging findings, functional specialization

ithin BA10 has been proposed both in the lateral-medial
nd anterior–posterior axes (Gilbert et al., 2007). Medial BA10,
06 8 3.29 –
18 27 32.57 –

especially its posterior part, is supposed to play a major role in
mentalizing and theory of mind (Gilbert et al., 2006, 2007). On the
other hand, lateral BA10 seems necessary in human multitasking
when attending to the outside world is not enough, and an internal
goal is needed to direct behavior; that is, when cognition must be
directed by stimulus-independent thought (Burgess et al., 2007;
Dumontheil, Gilbert, Frith, & Burgess, 2010; Gilbert et al., 2005;
Koechlin & Summerfield, 2007).

In the present study, we  examined the role of BA10 both in mul-
titasking and in theory of mind by comparing a group of frontal
patients whose lesions affected BA10, a group of frontal patients
whose lesions did not affect that area and a group of normal con-
trols. We  hypothesized that, if BA10 indeed plays a role in these
cognitive functions, patients with lesions affecting this area would
have impaired performance on tasks of multitasking and theory
of mind relative to controls and patients with nonBA10 lesions.
Moreover, given the findings from neuroimaging studies suggest-
ing functional specialization across different BA10 subregions, we
examined correlations between behavioral deficits and volume of
damage within specific BA10 regions.

2. Material and methods

2.1. Subjects

Fifteen patients with chronic focal frontal lesions were recruited from the Cam-
bridge Cognitive Neuroscience Research Panel at the MRC  Cognition and Brain
Sciences Unit in Cambridge, UK (n = 11) and from the INECO Research Data Base
in  Buenos Aires, Argentina (n = 4). All patients had a single focal lesion, verified by
MRI, confined to frontal structures. Lesion aetiology was mostly tumor resection
or cerebrovascular disease (Table 1). Exclusion criteria were current/previous psy-
chiatric diagnosis, color blindness, additional neurological disease and history of
diffuse brain damage. All patients gave informed consent prior to inclusion. Patients
were selected from a larger cohort described in greater detail elsewhere (Roca et al.,
2010)  and were divided into groups on the basis of whether (“BA10” group) or not
(“nonBA10” group) their lesions involved BA10 (see below).

Twenty-five healthy control volunteers were recruited from the volunteer panel
of  the MRC  Cognition and Brain Sciences Unit (n = 7) and through advertisement in
Buenos Aires (n = 18) and were matched with patients for age and estimated pre-
morbid IQ. Premorbid intelligence was  estimated using the revised National Adult
Reading Test (NART; Nelson & Willison, 1991) for British subjects and the WAT-BA
(Burin, Jorge, Arizaga, & Paulsen, 2000; Del Ser, González-Montalvo, Martínez-
Espinosa, Delgado-Villapalos, & Bermejo, 1997) for Argentineans. Since patients
were predominantly recruited from the UK, but controls from Argentina, British
and  Argentinean control subjects were compared on all measures in the study. No
significant differences were found.
2.2. Neuroradiological assessment

MRI scans were performed for all patients and interpreted by a neurologist with
experience in structural neuroimaging, who  was blind to the experimental results
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ig. 1. Lesion overlaps for patients for patients with BA10 damage and with nonBA1
or  each brain voxel. Numbers (bottom) represent z co-ordinates (mm)  of each slice

FM). Lesions were traced using MRIcro (Rorden & Brett, 2000) and normalized
o a standard template using SPM5 software (Wellcome Department of Imaging
euroscience, London, England; www.fil.ion.ucl.ac.uk) with cost-function masking

o  mask the lesion from the calculation of the normalization parameters (Brett,
eff, Rorden, & Ashburner, 2001). Using the Brodmann Area (BA) maps provided
ith MRIcroN (http://www.sph.sc.edu/comd/rorden/mricron), volume of damage

n  BA10 was  calculated for each patient. Patients were then classified as having
n  = 7) or not having (n = 8) BA10 damage (Table 1). Lesion overlaps for both groups
re shown in Fig. 1.

For the purposes of a more detailed examination of BA10 lesions, separate lesion
olumes were calculated for medial and lateral sub-divisions of BA10 in each hemi-
phere. To separate lateral from medial BA10, we used a fixed X coordinate of ±15 in
ontreal Neurological Institute (MNI) atlas space (−15 < = x < = 15 for medial BA10,

 < −15 or x > 15 for lateral BA10).

.3. Neuropsychological assessment

.3.1. The INECO Frontal Screening (Torralva, Roca, Gleichgerrcht, López, &
anes, 2009)

The INECO Frontal Screening (IFS) is a brief, sensitive, and specific tool designed
o  detect executive dysfunction which includes eight subtests. The design of the IFS
epresents three groups of tasks, as follows: (a) response inhibition (IFSRI), which
ncludes motor programming, sensitivity to interference, motor inhibitory control
nd verbal inhibitory control subtest (maximum 15); (b) abstract reasoning (IFSAR),
btained from the proverb interpretation task (maximum 3) and; (c) working mem-
ry  (IFSWM), including backwards digit span, verbal working memory and spatial
orking memory (maximum 12). All three of these components as well as the IFS

otal score (maximum 30) were calculated. (For further description of these sub-
ests, see Torralva, Roca, Gleichgerrcht, López, et al., 2009 and Roca et al., 2010). For
he IFS, data were available for 11/15 patients.

.3.2. Hotel Task (Manly, Hawkins, Evans, Woldt, & Robertson, 2002; Torralva,
oca, Gleichgerrcht, Bekinschtein, & Manes, 2009)

The Hotel Task was developed from an earlier test that was designed to detect
eficits in strategy production and multitasking among frontal patients with
therwise good executive test scores (Shallice & Burgess, 1991). The task requires
aintenance of a higher-level goal while allocating time to a number of component

ub-tasks. The task comprised five primary activities related to running a hotel:
ompiling bills, sorting coins for a charity collection, looking up telephone numbers,
orting conference labels, and proofreading. Subjects were told to try at least some
f  all five activities during a 15-min period, so that, at the end of this period,
hey would be able to give an estimate of how long each would take to complete.

ubjects were explicitly told that there was not enough time to complete any of
he  five tasks. They were instructed that, instead, the main goal was  to ensure that
very task was  at least partly sampled. Scoring for this task included (a) the total
umber of tasks performed for each subject, and (b) time allocation, calculated
s  the summed total deviation in seconds from the 3 min  per task optimal time
age including white matter damage. Color scales show numbers of affected patients
I  space.

allocation. Total deviation was given a negative sign so that higher scores meant
better performance. Data were available for 15/15 patients

2.3.3. Faux Pas (Stone et al., 1998)
The Faux Pas was  originally designed to detect subtle theory of mind deficits in

adults with Asperger syndrome. The test comprised 20 trials. In each of them, sub-
jects were read a short, one-paragraph story. To reduce working memory demands,
a  written version of the story was also placed in front of the subjects. In 10 stories
there was  a Faux Pas, involving one person unintentionally saying something hurt-
ful  or insulting to another. In the remaining 10 stories there was no Faux Pas. After
each story, subjects were asked whether something inappropriate was  said, and if
so,  why  that was  the case. If the answer was incorrect, additional memory questions
were asked to check that basic facts of the story had been retained. If they were not,
the  story was presented again and all questions repeated. The score was 1 point
for  each Faux Pas correctly identified, or non-Faux Pas correctly rejected. Data were
available for 15/15 patients.

2.4. Statistical analysis

Variables were compared across the groups using one-way ANOVA with Tukey’s
post hoc method when relevant. Correlations were carried out using Pearson’s r.

3. Results

Mean estimated premorbid IQ was 107.8 (SD = 11.4) for patients
without damage in BA10, 117.0 (SD = 10.5) for patients with dam-
age in BA10, and 114.0 (SD = 12.0) for control subjects (see Table 2).
Differences between groups in premorbid IQ were not significant
(F2,37 = 1.3, p = 0.28). Mean total lesion volume was not significantly
different (t12 = 0.74, p = 0.48) between BA10 (56.84 ± 26.94 ml)  and
nonBA10 (43.33 ± 40.33 ml) patients. Within BA10 patients, no
significant differences were found between volumes of lateral and
medial BA10 damage (t6 = 1.04, p = 0.34). Fig. 2 provides scores for
each individual within the group and the groups’ means for the IFS
total score, the Hotel Task and the Faux Pas (see also Table 2).

For the IFS total score, ANOVA showed a significant effect
of group (nonBA10, BA10, control) (F2,33 = 5.03, p = 0.01), with
the nonBA10 group showing a significantly worse performance

than control subjects (p = 0.01), but with no significant differ-
ence between the BA10 group and control subjects (p = 0.48)
nor between the BA10 and nonBA10 groups (p = 0.51). When the
response inhibition, abstract reasoning and working memory

https://sslvpn.sc.edu/,DanaInfo=www.fil.ion.ucl.ac.uk+
https://sslvpn.sc.edu/comd/rorden/,DanaInfo=www.sph.sc.edu+mricron
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Table  2
Mean performance scores (standard deviation in brackets). p Values represent ANOVA group differences for each task.

BA10 group NonBA10 group Control subjects p

Premorbid intelligence 117.0 (10.5) 107.8 (11.4) 114.0 (12.0) 0.28
IFS 24.7  (3.7) 22.9 (3.7) 26.4 (2.0) 0.01
Response inhibition (max. 15) 12.5 (2.4) 11.7 (2.0) 13.8 (9.2) <0.01
Working memory (max. 12) 10.0 (1.4) 9.6 (1.4) 9.9 (1.4) 0.85
Abstract reasoning (max. 3) 2.3 (0.9) 1.6 (1.1) 2.7 (0.4) <0.01
Hotel  Task

Attempted tasks 3.6 (1.2) 4.1 (0.8) 4.7 (0.6) <0.01
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Deviation from the optimal time (s) −585.6 (337.3) 

Faux  Pas 17.3 (2.8) 

ubcomponents were compared between the three groups, sig-
ificant differences were found both in the response inhibition
p < 0.01) and in the abstract reasoning subcomponents (p < 0.01).
o significant differences were found for working memory

p = 0.85). In this regard, the nonBA10 group was outperformed by
ontrol subjects both in the response inhibition (p < 0.01) and in
he abstract reasoning subtests (p < 0.01), while no significant dif-
erences were found between the BA10 group and control subjects
or between the BA10 and nonBA10 group for any of the variables.

For the Hotel Task, ANOVA also showed a significant effect
f group both in the number of tasks attempted (F2,37 = 6.17,

 < 0.01) and the deviation from the optimal time spent on each
ask (F2,37 = 4.57, p = 0.02). On both measures, the BA10, but not
he nonBA10 group, was significantly outperformed by control
ubjects (both, p < 0.05), while no significant difference was  found
etween the lesion groups (p > 0.36 for both cases). Similar results
ere observed for performance on the Faux Pas (F2,37 = 3.39,

 = 0.04). Again, only the BA10 group showed significant deficits
hen compared with control subjects (p = 0.04), while no signifi-

ant differences were found between the lesion groups (p = 0.34).
otel Task performance, as measured by time deviation (F2,32 = 4.0,

 = 0.03) and the number of tasks attempted (F2,32 = 6.58, p < 0.01)
iffered significantly between the three groups when the IFS

as introduced as a covariate. In both cases, BA10 patients were

utperformed by nonBA10 patients (time deviation: p < 0.05; tasks
ttempted: p = 0.14) and controls (time deviation: p < 0.01; tasks

ig. 2. Individual performance of participants in the nonBA10 (circles), BA10 (squares) a
otel  Task (time deviation), and (D) Hotel Task (tasks attempted). Horizontal bars repres
−492.7 (278.1) −319.3 (169.5) 0.02
18.5 (1.2) 19.1 (1.4) 0.04

attempted: p = 0.02). For the Faux Pas, however, no significant
differences between the groups were found with IFS as a covariate
(F2,32) = 0.05, p = 0.96).

In order to further analyze the difference in performance
between the two  lesion groups, patients’ raw scores were con-
verted to z-scores based on the data from normal controls. The IFS
z-score was  then subtracted from the Hotel Task z-score to provide
an index of relative deficit in the two tasks, and a one-tailed t-test
was used to compare relative deficits in the two patient groups.
The test showed a significant difference in relative deficit between
BA10 and nonBA10 groups, reflecting relatively worse performance
on the Hotel Task/relatively better performance on IFS for the BA10
group. This was true for both Hotel Task scores: number of tasks
attempted (t(9) = 2.1, p = 0.03) and deviation from optimal time
allocation (t(9) = 2.44, p = 0.02). However, a similar test examining
relative deficits on IFS vs. Faux Pas showed no significant difference
between groups (t(9) = 0.82, p = 0.22).

Within the patient group as a whole, no significant correla-
tions were found between total lesion volume and performance
on any of the cognitive tasks (IFS: r = −0.22, p = 0.54; Faux Pas:
r = −0.25, p = 0.39; Hotel Task number attempted: r = −0.16, p = 0.58;
Hotel Task deviation from the optimal time: r = −0.12, p = 0.67).
Within the BA10 group no significant correlations were found

between total BA10 lesion volume and performance on the IFS or
any of its subcomponents, or between total BA10 lesion volume
and the Hotel Task (IFS total score: r = 0.06, p = 0.93; IFSRI: r = 0.05,

nd control (triangles) groups on the (A) INECO Frontal Screening, (B) Faux Pas, (C)
ent group means.
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 = 0.88; IFSAR: r = 0.16, p = 0.63; IFSWM:  r = 0.35, p = 0.28; Hotel
ask number attempted: r = −0.17, p = 0.72; Hotel Task deviation
rom the optimal time: r = −0.10, p = 0.84). Significant correlations
ere found between total BA10 lesion volume and performance

n the Faux Pas (r = −0.53, p = 0.04). Lesion volume outside BA10
as correlated with worse abstract reasoning performance (IFSAR:

 = −0.66, p = 0.02), but with none of the remaining cognitive mea-
ures (IFS total score: r = −0.24, p = 0.46; IFSRI: r = −0.30, p = 0.36;
FSWM:  r = 0.31, p = 0.35; Faux Pas r = −0.18, p = 0.51; Hotel Task
umber attempted: r = −0.14, p = 0.61; Hotel Task deviation from
he optimal time: r = −0.13, p = 0.63).

When lateral and medial regions were separated within the
A10 group, significant correlations were found between volume
f damage in right lateral BA10 and both variables of the Hotel
ask (tasks attempted: r = −0.95, p < 0.01; time allocation: r = −0.94,

 < 0.01). Scatterplots are shown in Fig. 3A and B. No correlations
ere found for Hotel Task variables and volume of damage in
edial BA10. Performance on the Faux Pas did not show significant

orrelations with lesion volume in any of the BA10 subregions.
. Discussion

In the present study, we examined the role of BA10 in the abil-
ty to maintain higher order goals and in theory of mind. We  also
ia 49 (2011) 3525– 3531 3529

searched for correlations between task performance and volume of
damage across different regions within BA10.

The present investigation shows that prefrontal lesions involv-
ing BA10 produce deficits both in theory of mind tasks and in
multitasking, while frontal lesions not involving BA10 produced
no such deficits. In particular, deficits in multitasking were specif-
ically related to the extent of damage in right lateral BA10, while
deficits in theory of mind were related to BA10 damage in general.
On the other hand, nonBA10 patients showed worse performance
than BA10 patients on an executive screening tool, particularly in its
response inhibition and abstract reasoning subcomponents, which
suggests that theory of mind and multitasking deficits following
damage to BA10 cannot be explained simply by worse executive or
general functioning.

The activation of BA10 during neuroimaging studies has
prompted researchers to propose different models aimed at
explaining the contribution of this brain region to cognition
(Ramnani & Owen, 2004). BA10 has been associated with the ability
to hold in mind goals while performing secondary objectives, allow-
ing the subject to guide actions by internal or overarching plans,
rather than merely responding to the external environment (Badre
& D’Esposito, 2009; Burgess et al., 2007; Gilbert et al., 2005, 2006,
2007; Koechlin, Basso, Pietrini, Panzer, & Grafman, 1999; Koechlin,
Corrado, Pietrini, & Grafman, 2000; Koechlin et al., 2003; Koechlin
& Summerfield, 2007). Even more distinctively, it has been pro-
posed that this brain region supports mechanisms that enable us
to switch attention from external stimuli to self-generated internal
representations, which has been known as the “gateway hypothe-
sis” of BA10 (Burgess et al., 2007). This model proposes that lateral
BA10 is particularly important when cognition must be directed
by stimulus-independent thought and when an internal represen-
tation needs to be activated to achieve optimal behavior (Burgess
et al., 2007; Dumontheil et al., 2010; Gilbert et al., 2005). In the Hotel
Task, this function is captured by the requirement to make sponta-
neous switches between sub-tasks, guided by the higher-level goal
of sampling each one.

Consistent with these accounts of rostral PFC activity, in
our study, patients with damage to BA10 – but not patients
whose lesions did not involve BA10 – made fewer task switches
than control subjects in the Hotel Task, as evidenced by the
decreased number of tasks sampled. Even more distinctively, our
results showed that the extent of damage in right lateral BA10
significantly correlated with performance on the Hotel Task, sup-
porting the suggestion that lateral BA10 might be particularly
related with multitasking ability and goal/sub-goal management
(Burgess et al., 2007; Dumontheil et al., 2010; Gilbert et al.,
2005).

While rostromedial PFC has also been linked to the ability to
infer someone else’s feelings and thoughts, the exact role of BA10 in
this ability has been less characterized. In this regard, rostromedial
PFC is mainly understood as one part of a widely distributed neural
network, including both right and left temporo-parietal junction
as well as the precuneus, that supports the ability to infer another
person’s intentions (Ciaramidaro et al., 2007; Frith & Frith, 2003).
In particular, medial BA10 has been associated with the ability to
reflect on one’s own mental states (Gusnard, Akbudak, Shulman,
& Raichle, 2001; Johnson et al., 2002; Kelley et al., 2002), an abil-
ity which seems also to be necessary in order to make inferences
about the mental states of others (Decety & Grezes, 1999; Frith &
Frith, 2003; Mitchell, Banaji, & Macrae, 2005). In contrast, other
authors have proposed that, while BA10 may  be unnecessary to
understand intentions related to private goals, it is responsible for

the comprehension of social intentions (Ciaramidaro et al., 2007).
A third view integrates theory of mind and multitasking models
of BA10, proposing that the activation of BA10 during theory of
mind tasks might be linked to the stimulus-independent cognitive
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rocessing required to perform properly in such tests (Sommer
t al., 2007).

While our results do not resolve these contradictory views, they
o confirm the general importance of BA10 in social cognition.
atients with lesions involving BA10 showed deficits in their ability
o detect when someone said something inappropriate and hurtful.
his deficit was not shared by patients whose lesions did not involve
A10, though the lack of significant difference between the two
atient groups cautions against too strong a conclusion of speci-
city. Unlike performance on the Hotel Task, no correlations were

ound between lesion volume in specific subregions of BA10 and
erformance on the Faux Pas. Thus, our data are not sufficient to
upport a particular association of medial BA10 with mentalizing
r theory of mind.

Turning to the executive deficits that are measured by the IFS,
t seems unlikely that BA10 lesions leave these entirely unaffected.
n functional imaging, for example, left rostral PFC has been consis-
ently associated with analogical reasoning, (Bunge, Wendelken,
adre, & Wagner, 2005; Green, Fugelsang, Kraemer, Shamosh, &
unbar, 2006; Volle, Gilbert, Benoit, & Burgess, 2010; Wendelken,
akhabenko, Donohue, Carter, & Bunge, 2008), an ability which is
rguably necessary to resolve the proverb interpretation task. Our
ata allow no firm conclusions on this question: though nonsignif-

cant, there was a clear trend for worse IFS scores in BA10 patients
han in controls (Fig. 2), but its meaning is unclear since the lesions
f these patients also extended outside BA10 (Table 1). It remains
elling, nevertheless, that BA10 patients were outperformed by
ontrols on multitasking and theory of mind tasks, but not on the
FS, while nonBA10 patients showed the reverse pattern. Our find-
ngs indicate that BA10 deficits cannot be entirely explained by a
eneral worsening of executive functioning and that, at least for
ultitasking, they seem to be specific rather than general.
Several limitations of our results might be addressed in future

tudies. Though comparing favorably with other work in this area
e.g. Bird, Castelli, Malik, Frith, & Husain, 2004; Shallice & Burgess,
991; Stone et al., 1998; Tranel, Hathaway Nepple, & Anderson,
007), our study is still limited by a relatively small sample size. In
his regard, it is possible that the lack of significant differences on
he Faux Pas between the two patient groups might be addressed
sing larger sample sizes. Limited separation between damage
o different areas within BA10 also makes it difficult to draw
trong conclusions about functional specialization within this brain
egion. That said, strong associations between volume of damage of
ateral BA10 and performance on the Hotel task is in striking agree-

ent with recent neuroimaging reports relating lateral BA10 with
ultitasking abilities (Burgess et al., 2007; Dumontheil et al., 2010;
ilbert et al., 2005).

While functional neuroimaging data are merely correlational,
tudies of neurological patients are important to determine asso-
iation. To the best of our knowledge, this is one of the few lesions
tudies to address the specific functions of BA10 and the first to
how that lesions following damage to this brain area produce
eficits in human multitasking and in theory of mind that cannot be
xplained by worsening of general performance. This is also the first
esion study to indicate a specific association of the lateral aspects
f BA10 with the ability to maintain and retrieve higher inter-
al goals, and to separate these cognitive functions from broader
spects of frontal executive control. In this regard, with the limita-
ions outlined above, we believe that our study makes an important
ontribution to the understanding of a field otherwise dominated
y functional neuroimaging.
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