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Objective: Behavioral and social im-
pairments have been frequently reported
after damage to the prefrontal cortex in
humans. This study evaluated social per-
ception in patients with prefrontal cortex
lesions and compared their performance
on a social perception task with that of
healthy volunteers.

Method: Thirty-three patients with pre-
frontal cortex lesions and 31 healthy
volunteers were tested with the Interper-
sonal Perception Task. In this task, sub-
jects viewed videotaped social interac-
tions and relied primarily on nonverbal
cues to make interpersonal judgments,
such as determining the degree of inti-
macy between two persons depicted in
the videotaped scene. Patients with pre-
frontal cortex lesions were classified ac-
cording to lesion involvement of specific
regions, including the orbitofrontal cor-
tex, dorsolateral prefrontal cortex, and
anterior cingulate cortex.

Results: Relative to the comparison sub-
jects, patients whose lesions involved the
orbitofrontal cortex demonstrated im-
paired social perception. Contrary to pre-
dictions, patients with lesions in the dor-
solateral prefrontal cortex also showed
deficits in using social cues to make inter-
personal judgments. All patients, particu-
larly those with lesions in the dorsolateral
prefrontal cortex, showed poorer insight
into their deficits, relative to healthy
volunteers.

Conclusions: These findings of deficits in
social perception after damage to the or-
bitofrontal cortex extend previous clinical
and experimental evidence of damage-
related impairment in other aspects of so-
cial cognition, such as the ability to accu-
rately evaluate emotional facial expres-
sions. In addition, the results suggest that
the dorsolateral prefrontal cortex is re-
cruited when inferences about social in-
teractions are made on the basis of non-
verbal information.

(Am J Psychiatry 2004; 161:1247-1255)

Behavioral changes and disturbances in social inter-
action occur frequently after lesions of the prefrontal cor-
tex, particularly those that involve the ventromedial pre-
frontal cortex or orbitofrontal sectors. Case reports of
patients with orbitofrontal cortex lesions, such as those of
Phineas Gage (1, 2) and E.V.R. (3), described striking be-
havioral changes leading to social dysfunction. These dys-
functions include inappropriate affect, disinhibition and
lack of restraint, impaired insight and self-monitoring, so-
cial withdrawal, and failure to perceive and respond to in-
terpersonal cues. Patients who exhibit impaired social be-
havior may have preserved intellectual functions, such as
language, memory, and perception, and may perform with
limited or no deficits on standard neuropsychological
tests that are believed to be sensitive to frontal lobe dys-
function (3, 4).

Various mechanisms have been proposed to explain the
aberrant social behavior observed after orbitofrontal cor-
tex lesions. These explanations have focused on deficits in
decision making because of lack of a “somatic marker” (5,
6), inability to alter behavior appropriately in response to
a change in reinforcement contingencies (7, 8), difficulties
in representing the mental states of others or in “theory of
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mind” (9, 10), and impaired ability to gain access to social
knowledge (11-13). In the current study, we investigated
whether patients with orbitofrontal cortex lesions show
deficits in social perception, or the ability to use verbal
and nonverbal cues to interpret social interactions. Defi-
cits in perception of social cues have been demonstrated
in other neuropsychiatric disorders that involve prefrontal
cortex abnormalities, such as schizophrenia (for a recent
review, see reference 14).

In this study, we used a standardized task of social cog-
nition, the Interpersonal Perception Task (15), to compare
the performance of patients with prefrontal cortex lesions
with that of healthy volunteers. The Interpersonal Percep-
tion Task consists of 30 different videotaped social interac-
tions for which subjects are required to make judgments
regarding different aspects of the relationships of the per-
sons depicted, such as level of intimacy and social status.
This task is unique in that the scenes in the Interpersonal
Perception Task show unrehearsed, spontaneous behavior
of nonactor individuals. Thus, the Interpersonal Percep-
tion Task is more representative of real-life social situa-
tions, compared with other social cognitive tasks such as
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FIGURE 1. Composite Images of Damaged Brain Regions in Four Groups of Patients With Lesions in the Prefrontal Cortex
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evaluating depictions of emotions in static pictures of
faces.

Studies of patients with lesions confined to the frontal
lobes demonstrate involvement of the ventromedial/orbito-
frontal prefrontal sectors in socially relevant behaviors (5,
6, 8,9, 12, 13, 16-29). Inability to monitor behavior and de-
creased insight have also been reported after prefrontal
cortex damage (e.g., reference 30), but there is little empir-
ical support for these clinical observations (but see refer-
ences 30, 31). We hypothesized that, relative to healthy vol-
unteers, patients with lesions involving the orbitofrontal
cortex would demonstrate deficits in social perception on
the Interpersonal Perception Task. No differences in per-
formance were expected between the healthy volunteers
and patients with prefrontal cortex lesions that did not in-
volve the orbitofrontal cortex. We also hypothesized that
patients with lesions in the prefrontal cortex would have
decreased awareness of their social cognitive ability, rela-
tive to healthy comparison subjects. To better understand
any observed deficits in social cognition, we compared
performance on the Interpersonal Perception Task with
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standard neuropsychological measures and scores on the
Neurobehavioral Rating Scale (32), an observer-rated mea-
sure of neuropsychiatric symptoms. We were specifically
interested in the relationship between Interpersonal Per-
ception Task performance and measures of executive func-
tion and working memory, because some studies have
demonstrated an association between executive function
and performance on social cognitive tasks (22, 26). We hy-
pothesized that the ability to shift attention from one indi-
vidual to another or from one conceptualization of a situa-
tion to another on the basis of new information would
facilitate accurate interpersonal perception.

Method

Subjects

Thirty-three consecutive outpatients (30 male patients, three
female patients) with nonprogressive prefrontal cortex lesions
and 31 healthy comparison subjects (23 male subjects, eight fe-
male subjects) matched for age and educational level were in-
cluded in the study. The patients had a mean age of 52.5 years
(SD=7.5) and 14.1 years of education (§D=2.5), and the compari-
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TABLE 1. Sample Scenarios and Questions From Subscales of the Interpersonal Perception Task

Interpersonal
Perception
Task Subscale Sample Scenario Sample Question Reply Choices
Kinship A group consisting of an adult man, Who is the child of the two adults? Only the little boy.
an adult woman, a boy child, and a girl Only the little girl.
child is depicted. Neither the boy nor the girl.
Deception A man presents two consecutive and differ- ~ Which is the lie, and which is the  The first is a lie; the second is the truth.
ent accounts of an event to the viewer. truth? The first is the truth; the second is a lie.
Competition The conclusion of a racquetball game Who won the racquetball game?  The man on the left.

in which two men are competing
is depicted.

A man and a woman engaged
in conversation are depicted.

Social status

Intimacy
another are depicted.

Who is the higher status person?

Two women and a man conversing with one  Which woman is engaged to be
married to the man?

The man on the right.

The man.

The woman.

The woman on the left.
The woman on the right.
Neither woman.

son subjects had a mean age of 54.5 years (§D=9.8) and 14.9 years
of education (§D=2.0). The patients and the comparison subjects
did not differ in age (t=0.91, df=62, p=0.37) or number of years of
education (t=1.40, df=62, p=0.17).

Lesion Analysis

All patients had cerebral lesions restricted to the frontal lobes.
Most of the patient group had acquired prefrontal cortex lesions
secondary to penetrating head injury from missiles or shrapnel
during the Vietnam War (N=29). Other etiologies were similarly
nonacute and included tumor resection (N=1) and stroke from
aneurysmal subarachnoid hemorrhage (N=3). The latter group
was tested between 9 months and 11 years after the neurological
event (mean=6.25 years, SD=5.17).

Lesion analyses were performed by using the program Analysis
of Brain Lesions (ABLe) implemented in Medx (Medical Numer-
ics, Sterling, Va.). ABLe characterizes brain lesions in magnetic
resonance imaging (MRI) and computerized tomography (CT)
scans of the adult human brain by spatially normalizing the le-
sioned brain into Talairach space using the Montreal Neurologi-
cal Institute template brain. It reports anatomical structures in
the normalized brain by using an interface to the Talairach Dae-
mon (33) and quantifies Brodmann’s area involvement. CT scans
were used for patients who had penetrating head injuries in Viet-
nam because these patients had retained ferromagnetic particles
from shrapnel in their brains; MRI scans were used for the re-
maining subjects. Images were available for 26 of the 33 patients;
data for the remaining seven patients were not included in analy-
ses based on specific anatomical regions but were included in
analyses comparing the entire group of patients with prefrontal
cortex lesions with the healthy volunteers. Registration accuracy
of the scans to the Montreal Neurological Institute template ranged
from 90.40% to 95.34%, with a mean of 93.19% (SD=1.34).

Three prefrontal cortex sectors were identified as regions of in-
terest and were quantified by using ABLe: 1) the ventromedial/or-
bitofrontal cortex (Brodmann’s area 25, lower 24, 32, medial as-
pect of 11, 12, and 10, and 13, 14, 47) (34-36), 2) the dorsolateral
prefrontal cortex (Brodmann'’s area 9/46) (37), and 3) the anterior
cingulate cortex (Brodmann’s area 24, 25, 32). The dorsolateral
prefrontal cortex was selected as a prefrontal cortex control re-
gion. The anterior cingulate cortex was identified because many
of the lesions involved this region and previous studies have indi-
cated a role for the anterior cingulate cortex in social cognition
(29, 38-40). Because the majority of patients had damage involv-
ing all three regions, lesion groups were arbitrarily formed so that
the prefrontal cortex region (orbitofrontal cortex, dorsolateral
prefrontal cortex, or anterior cingulate cortex) made up at least
two-thirds of the lesion volume and neither of the other two re-
gions of interest contributed more than one-fourth of the total
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lesion volume. Twelve patients formed the orbitofrontal cortex le-
sion group, and four patients were included in the dorsolateral
prefrontal cortex lesion group. Two other groups were formed.
One included patients whose lesions involved primarily orbito-
frontal cortex and anterior cingulate cortex regions (N=5). The re-
maining patients (N=5) included those with lesions involving all
three areas in roughly equal proportions and one patient with
both dorsolateral prefrontal cortex and anterior cingulate cortex
lesions but no ventromedial/orbitofrontal damage. Composite
images of the brain regions affected in the four lesion groups are
presented in Figure 1. The volume of lesions ranged from 7.43
cm3 to 120.53 cm?® (mean=56.57 cm?, SD=35.37) and did not differ
among the four lesion groups (F=1.06, df=3, 22, p=0.39). There
were also no differences in age, number of years of education, or
IQ among the four groups. Lesion groups were not studied ac-
cording to laterality, because the numbers of subjects were too
small to allow meaningful analyses. Because most patients had
damage to all three regions of interest (orbitofrontal cortex, dor-
solateral prefrontal cortex, anterior cingulate cortex), they were
also studied according to the percentage of volume each region of
interest contributed to the total lesion volume.

All participating subjects understood the study procedures and
gave their written informed consent to participate in the study.
This work was approved by the Institutional Review Board of the
National Institute of Neurological Disorders and Stroke, Be-
thesda, Md.

Measures

Interpersonal Perception Task. The Interpersonal Perception
Task (41) is a standardized method of assessing the accuracy of
social judgments regarding videotaped interpersonal situations.
Validation studies demonstrate that performance on the Inter-
personal Perception Task correlates with self- and peer-ratings of
sociability and social competence (41-44). Test-retest reliability
for the Interpersonal Perception Task over a 5-week period was
0.70 (41).

In the Interpersonal Perception Task, subjects view 30 brief,
real-life scenes. Each scene is preceded by a question that re-
quires the subject to reach a conclusion about the people who are
interacting with one another in the scene. The Interpersonal Per-
ception Task was designed to assess perception of nonverbal as-
pects of social exchange, including facial expression and body
language, as well as the social meaning of statements. In the de-
velopment of the Interpersonal Perception Task, videotaped
scenes were edited to omit specific verbal content that would lead
the viewer to the correct answer without the need to attend to
other aspects of the exchange. For example, a scene with two
adult women and a child would not include the child addressing
one of the women as “mother,” if the question required subjects
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TABLE 2. Scores on Subscales of the Interpersonal Perception Task of Patients With Prefrontal Cortex Lesions and Healthy

Comparison Subjects

Score of Patients With Prefrontal Cortex Lesions?

Dorsolateral

Orbitofrontal Cortex Prefrontal Cortex

Interpersonal

Orbitofrontal/Anterior
Cingulate Cortex

Orbitofrontal/Dorsolateral
Prefrontal/Anterior
Cingulate Cortex

Score of Healthy
Comparison Subjects

Perception (N=12) (N=4) (N=5) (N=5) (N=31)2

Task Subscale Mean SD Mean SD Mean SD Mean SD Mean SD
Kinship 2.50 1.62 2.75 0.96 3.40 1.82 2.20 0.45 3.39 1.23
Deception 2.50 117 1.75P 0.50 1.80°¢ 0.84 2.00 0.71 3.06 1.44
Competition 3.75 1.22 3.75 0.96 3.80 1.30 3.00 0.71 423 0.88
Social status 3.16 1.11 2.50 0.58 2.80 0.45 3.20 1.10 3.13 0.99
Intimacy 2.42 1.16 2.00 0.82 3.20 1.30 3.00 0.71 3.00 0.93
Total 14.584 3.73 12.754 1.89 15.00 3.08 13.40d 1.14 16.90 2.99

2 Maximum score on each subscale is 6; maximum total score is 30.

b Nonsignificantly different from healthy comparison group (p=0.06, Dunnett’s test).
¢ Nonsignificantly different from healthy comparison group (p=0.051, Dunnett’s test).
d Significantly different from healthy comparison group (p<0.05, planned independent t test).

to determine which woman was the mother of the child. Thus,
subjects need to “read between the lines” of verbal dialogue and
interpret nonverbal cues to accurately make interpersonal judg-
ments on the Interpersonal Perception Task.

Five different aspects of social interaction are assessed in the In-
terpersonal Perception Task—social status, intimacy, kinship, com-
petition, and deception. Each area is depicted in six scenarios.
Each scenario is preceded by a question requiring subjects to make
ajudgment about the relationship between individuals involved in
the interaction, and two or three response options are provided.
Sample scenarios and questions are presented in Table 1.

To assess the accuracy of self-judgments of social cognitive
ability, we asked subjects to estimate their score on the Interper-
sonal Perception Task after they completed the task. Estimates
were obtained for 25 of the 33 patients with prefrontal cortex le-
sions and 26 of the 31 healthy comparison subjects. There were
no significant differences in Interpersonal Perception Task per-
formance between subjects for whom we had estimates of perfor-
mance and those for whom we did not.

Additional neuropsychological measures. We examined the
relationship between social cognitive deficits and other neurop-
sychological variables in the patients with prefrontal cortex le-
sions by using the following tests: 1) the WAIS-R (45) or WAIS-III
(46), 2) Wechsler Memory Scale—Revised (WMS-R) (47) or Wech-
sler Memory Scale, 3rd ed. (WMS-III) (48), and 3) Wisconsin Card
Sorting Test (49). Subjects enrolled before 1997 (N=8) received the
WAIS-R and WMS-R; the remaining subjects (N=25) received the
WAIS-III and WMS-IIIL. There were no differences in performance
on the Interpersonal Perception Task for subjects who received
earlier versus more recent versions of the intelligence and mem-
ory tests.

To examine the relationship between Interpersonal Perception
Task performance and measures of executive function and work-
ing memory, we calculated correlation coefficients between In-
terpersonal Perception Task scores and both the number of cate-
gories completed on the Wisconsin Card Sorting Test and scores
on the working memory factor of the WMS-III.

Behavioral measures. To determine whether performance on
the Interpersonal Perception Task was indicative of observable,
everyday behavior, patients were assessed with the Neurobehav-
ioral Rating Scale (32). The Neurobehavioral Rating Scale is a val-
idated measure of neuropsychiatric symptoms resulting from
head injury, including loss of insight, disinhibition, and impaired
attention. The behavior of the patients with prefrontal cortex le-
sions was observed and rated with the Neurobehavioral Rating
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Scale by the research assistant over a 1-week evaluation period.
Data were available for 28 of the 33 patients. There were no differ-
ences in performance on the Interpersonal Perception Task for
patients who had a Neurobehavioral Rating Scale score and those
who did not.

All tasks were administered individually.

Statistical Analysis

Scores for each of the five subscales of the Interpersonal Per-
ception Task (kinship, deception, competition, social status, and
intimacy) and a total Interpersonal Perception Task score based
on the number of correct items on all subscales were submitted
for analysis. In addition, a discrepancy score—the difference be-
tween the actual and estimated Interpersonal Perception Task
scores—was calculated. The maximum score for each subscale
was 6, and the maximum total Interpersonal Perception Task
score was 30. Individual subscale and total Interpersonal Percep-
tion Task scores were rank-transformed for between-group com-
parisons because the scores were not normally distributed and
there were unequal variances between groups.

Differences in the ranked total Interpersonal Perception Task
scores between lesion groups and the healthy comparison group
were analyzed by using planned independent t tests (each pa-
tient group versus the comparison group). To determine differ-
ences on individual Interpersonal Perception Task subscales,
analysis of variance of ranked scores was performed. Post hoc
analyses were conducted only if the omnibus F value was signifi-
cant. Dunnett’s test was used to reduce the number of compari-
sons and control for family-wise error. The probability threshold
for group comparisons was set at p<0.05, one-tailed, because the
patients were expected to perform more poorly than the healthy
comparison subjects.

The patients with prefrontal cortex lesions were also studied
according to the extent of orbitofrontal cortex, dorsolateral pre-
frontal cortex, and anterior cingulate cortex damage, quantified
as the percentage of each region involved in the entire lesion. The
percentages were calculated by using volumes from ABLe (vol-
ume of the specific region/total lesion volume x 100). The associ-
ation between these measures and Interpersonal Perception Task
scores was analyzed by using Spearman’s correlation coefficient,
because these data were not normally distributed. Spearman’s
correlation coefficient was also used to examine correlations be-
tween Interpersonal Perception Task scores, neuropsychological
measures, and the Neurobehavioral Rating Scale rating. The al-
pha level was set at 0.05, two-tailed, for these analyses.
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TABLE 3. Correlations Between Percentage of Volume Contributed to the Total Lesion Volume by Regions of Interest and
Performance on Interpersonal Perception Task of 26 Patients With Prefrontal Cortex Lesions

Correlation (rs)

Percentage of Lesion Volume Contributed

Interpersonal Perception Task Score

Dorsolateral Orbitofrontal ~ Anterior Cingulate Deception

Variable Prefrontal Cortex Cortex Cortex Total Subscale
Percentage of lesion volume contributed

Dorsolateral prefrontal cortex 1.00 -0.38 -0.02 -0.49* —0.53**

Orbitofrontal cortex -0.38 1.00 -0.11 0.15 0.11

Anterior cingulate cortex -0.02 -0.11 1.00 -0.06 -0.21
Interpersonal Perception Task score

Total —0.49* 0.15 -0.06 1.00 0.62%*

Deception subscale —0.53%* 0.11 -0.21 0.62*%* 1.00
*p=0.05. **n=0.01.
Results Task subscale scores, which did not differ statistically

Effects of Lesion Location on Interpersonal
Perception Task Performance

Between-group comparisons. Scores on the Interper-
sonal Perception Task and its subscales for the patient
groups and the healthy comparison subjects are summa-
rized in Table 2. The comparison subjects had a mean total
score of 16.90 (SD=2.99) of a possible 30 on the Interper-
sonal Perception Task. Their average score was consistent
with published norms (41). The mean total scores for the
patient groups showed that all patient groups performed
at alevel greater than chance (16 Interpersonal Perception
Task scenes with three response options and 14 Interper-
sonal Perception Task scenes with two alternatives=12.3/
30 by chance).

As hypothesized, the patients with lesions in the orbito-
frontal cortex had a lower mean total Interpersonal Percep-
tion Task score (mean=14.58, SD=3.73) than the healthy
comparison subjects (t=—1.98, df=41, p<0.03). However, the
patients with lesions in the dorsolateral prefrontal cortex
also performed significantly more poorly than the healthy
subjects (t=—2.80, df=33, p<0.005), as did the patients with
lesions in the orbitofrontal/dorsolateral prefrontal/ante-
rior cingulate cortex (t=—2.83, df=34, p<0.004). Patients
with lesions in the orbitofrontal/anterior cingulate cortex
also scored lower than the comparison subjects on the In-
terpersonal Perception Task, but this difference fell short of
statistical significance (t=-1.42, df=34, p=0.08). Analysis of
variance of ranked Interpersonal Perception Task subscale
scores for the comparison subjects and the four lesion
groups showed that only the deception subscale score was
significantly different among the groups (F=2.81, df=4, 52,
p<0.04). In post hoc tests for the deception subscale scores,
the group with lesions in the dorsolateral prefrontal cortex
and the group with lesions in the orbitofrontal/anterior
cingulate cortex were impaired relative to the comparison
group, but the differences only approached statistical sig-
nificance (dorsolateral prefrontal cortex group: p=0.06,
Dunnett’s test; orbitofrontal/anterior cingulate cortex
group: p=0.051, Dunnett’s test). Post hoc comparisons
were not conducted for the other Interpersonal Perception
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among the groups according to the overall F value.

Thus, contrary to hypotheses, all four lesion groups, in-
cluding patients with dorsolateral prefrontal cortex lesions
only, showed poorer performance on the Interpersonal
Perception Task, relative to the healthy comparison group.
In particular, patients with lesions in the dorsolateral pre-
frontal cortex and patients with lesions in the orbitofron-
tal/anterior cingulate cortex had difficulty detecting lies
(as measured by the score on the deception subscale).

Correlational analyses. Correlations were calculated
between the percentages of lesion volume contributed by
each of the three prefrontal cortex regions and total Inter-
personal Perception Task scores for all patients. The re-
sults are presented in Table 3. Consistent with the finding
of poorer performance in the dorsolateral prefrontal cor-
tex group on the Interpersonal Perception Task, relative to
the comparison subjects, greater dorsolateral prefrontal
cortex damage predicted lower Interpersonal Perception
Task scores (p<0.02). In addition, lesions with greater dor-
solateral prefrontal cortex involvement were associated
with poorer performance in detecting lies (p=0.005). In
contrast, the extent of orbitofrontal cortex or anterior cin-
gulate cortex involvement was not correlated with perfor-
mance on the overall Interpersonal Perception Task or the
deception subscale.

Effects of Lesion Location on Awareness
of Social Perception Deficits

Self-estimates of Interpersonal Perception Task perfor-
mance and actual scores by group are illustrated in Figure
2. All patients with prefrontal cortex lesions overestimated
their performance on the Interpersonal Perception Task,
relative to the healthy volunteers (t=3.38, df=49, p=0.0007).
The patients with lesions in the dorsolateral prefrontal
cortex and those with lesions in the orbitofrontal/dorso-
lateral prefrontal/anterior cingulate cortex overestimated
their Interpersonal Perception Task scores, relative to the
healthy comparison subjects. The healthy comparison
subjects had a mean discrepancy score of 3.42 (SD=4.39),
compared with 9.33 (§SD=5.86) for the patients with lesions
in the dorsolateral prefrontal cortex (t=2.15, df=27, p=0.02)
and 13.0 (SD=5.35) for the patients with lesions in the
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FIGURE 2. Actual and Self-Estimated Total Scores on the Interpersonal Perception Task in Four Groups of Patients With
Lesions in the Prefrontal Cortex and Healthy Comparison Subjects
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a Significantly different from healthy comparison group (p<0.05, planned independent t test).
b Overestimation of score is significantly different from overestimation in the healthy comparison group (p<0.05, t test).

orbitofrontal/dorsolateral prefrontal/anterior cingulate
cortex (t=3.96, df=28, p=0.002). The patients with lesions
in the orbitofrontal cortex were also less accurate in esti-
mating their score on the Interpersonal Perception Task
(mean discrepancy score=6.00, SD=4.91), relative to the
comparison group, but this difference fell short of signifi-
cance (t=1.27, df=30, p=0.11). In contrast, there was no dif-
ference in discrepancy score between the patients with le-
sions in the orbitofrontal/anterior cingulate cortex (mean
discrepancy score=4.00, SD=3.81) and the healthy volun-
teers (t=0.27, df=29, p=0.39).

Relationship Between Interpersonal Perception
Task and Other Measures

As hypothesized, performance of all patients with pre-
frontal cortex lesions on the Interpersonal Perception Task
was significantly correlated with measures of working
memory (WMS working memory score) (1rs=0.58, df=23, p=
0.003) and executive function (number of categories com-
pleted on the Wisconsin Card Sorting Test) (1,=0.60, df=24,
p=0.001). These results suggest that some cognitive pro-
cesses involved in interpreting social and emotional cues
may be shared with working memory and problem-solv-
ing ability.

The performance on the Interpersonal Perception Task
of the patients with prefrontal cortex lesions was nega-
tively correlated with ratings of behavior on the Neurobe-
havioral Rating Scale (rs=—0.53, df=26, p=0.003). These re-
sults indicate that deficits in social perception in the
patients with prefrontal cortex lesions were associated
with greater psychopathology.

Discussion

The objective of this study was to examine the effects of
prefrontal cortex lesions on perception of social cues. De-
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tailed lesion analysis of brain images with computer soft-
ware (ABLe) allowed us to identify specific Brodmann’s ar-
eas and to quantify the extent of damage to structures
involved in the lesion. As hypothesized, we found that pa-
tients with damage involving the orbitofrontal sectors
were impaired on the Interpersonal Perception Task, rela-
tive to healthy volunteers. However, contrary to hypothe-
ses, we also found that patients with primarily dorsolateral
prefrontal cortex damage showed significantly poorer per-
formance on the Interpersonal Perception Task. This find-
ing was supported by an association between extent of
dorsolateral prefrontal cortex damage across all patient
groups and poorer social perception ability, as measured
by the Interpersonal Perception Task. As expected, pa-
tients with lesions in the orbitofrontal/anterior cingulate
cortex and patients with lesions in the orbitofrontal/dor-
solateral prefrontal/anterior cingulate cortex also showed
deficits on the Interpersonal Perception Task, relative to
healthy comparison subjects. Analyses of Interpersonal
Perception Task subscale scores showed that patients with
dorsolateral prefrontal cortex or orbitofrontal/anterior
cingulate cortex lesions were most impaired in detection
of lies. Across the group with prefrontal cortex lesions, so-
cial perceptual ability was correlated with measures of
working memory and executive function. In addition,
their performance on the Interpersonal Perception Task
was associated with observer ratings of neuropsychiatric
symptoms. Finally, consistent with clinical observations,
subjects with prefrontal cortex lesions were poorer at
judging their ability to interpret social behavior. In partic-
ular, patients with lesions involving dorsolateral prefron-
tal cortex regions had marked impairment in awareness of
social perception ability.

Our findings for the patients with lesions in the orbito-
frontal cortex are consistent with previous studies that
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have demonstrated other deficits in social perception in
patients after ventral frontal damage, namely, deficits in
identifying emotional expression by using face or voice
stimuli (12, 50). Other investigators have proposed that so-
cial cognitive deficits after orbitofrontal cortex damage are
attributable to impairment in complex processes that in-
volve the manipulation or control of thoughts and behav-
iors, such as decision making (5, 6, 51), appropriate alter-
ation of behavior in response to environmental cues (7, 8),
or representation of the mental states of others (theory of
mind) (9, 10, 16). However, our results and those of other
studies suggest that the behavioral disturbances observed
in patients with lesions in the orbitofrontal cortex may be
partly caused by a disruption in more fundamental pro-
cesses that involve the perception of social cues or emo-
tional cues and that misinterpretation of these cues results
in inappropriate behavioral responses. Our finding of an
association between impaired social perceptual ability, as
measured by the Interpersonal Perception Task, and
greater observer-rated neuropsychiatric disturbance pro-
vides support for this notion.

Contrary to our hypotheses, the patients with dorsolat-
eral prefrontal cortex lesions also had impaired Interper-
sonal Perception Task performance and had specific defi-
cits in detection of lies. Across all patients with prefrontal
cortex lesions, greater dorsolateral prefrontal cortex dam-
age was associated with poorer performance on the Inter-
personal Perception Task, but the extent of orbitofrontal
cortex or anterior cingulate cortex damage was not corre-
lated with performance on this measure. Other studies
have demonstrated that patients with dorsolateral or dor-
somedial damage are impaired on measures of social cog-
nition, including the Gambling Task, a decision-making
task considered to be sensitive to orbitofrontal cortex
damage (22, 26). In further support of social cognitive def-
icits in patients with dorsolateral prefrontal cortex dam-
age, we found a moderate to strong association between
Interpersonal Perception Task performance and cognitive
deficits associated with dorsolateral prefrontal cortex le-
sions, including deficits in working memory and execu-
tive function. Similarly, other investigators have con-
cluded that working memory ability and other executive
skills appear to influence decision making in the Gam-
bling Task both in patients with lesions in the orbitofron-
tal cortex and in patients with lesions in the dorsolateral
prefrontal cortex (22, 26).

The poorer performance on the Interpersonal Percep-
tion Task of patients with lesions in the dorsolateral pre-
frontal cortex may also be interpreted as reflecting deficits
in socio-cognitive skills necessary for theory of mind. The-
ory of mind, or the ability to attribute mental states to self
and others, has been reported to be impaired in patients
with prefrontal cortex lesions (9, 10, 16, 52, 53). The Inter-
personal Perception Task requires subjects to use primar-
ily nonverbal cues to make inferences about the nature of
relationships between individuals; thus, it requires both
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accurate perception of social cues as well as perspective-
taking (e.g., the subject must have knowledge of how a
mother would behave toward her own child and must be
able to accurately interpret the observed behavior). Previ-
ous investigators have suggested that ventromedial or or-
bitofrontal cortex lesions are associated with theory-of-
mind deficits (e.g., reference 10), but few studies have an-
alyzed prefrontal cortex lesions by specific subregions.
One study of the effect of damage to specific prefrontal
cortex regions on theory of mind showed that patients
with bilateral orbitofrontal cortex lesions were impaired
on tasks that required more subtle social reasoning (i.e.,
detecting a social faux pas) but not on typical false-belief
theory-of-mind tasks (9). In contrast, patients with unilat-
eral left dorsolateral prefrontal cortex lesions were not im-
paired on these tasks. In the current study, patients with
strictly left-sided lesions were not included in the study
group. However, our data, together with previous investi-
gations, suggest that damage to the bilateral or right unilat-
eral prefrontal cortex contributes to impairment in theory
of mind. Analyses of Interpersonal Perception Task sub-
scale scores showed that patients with lesions involving
dorsolateral prefrontal cortex regions were particularly im-
paired in detection of lies, a process requiring intact theory
of mind. Our finding of an association between perfor-
mance on the Interpersonal Perception Task and measures
of working memory and executive function is also consis-
tent with findings from studies of children that indicate
that the acquisition of theory of mind coincides with the
development of executive control (54) (although there are
conflicting reports regarding the relation between execu-
tion function and theory of mind; e.g., references 16, 55).
Our findings suggest that cognitive flexibility and the abil-
ity to keep concepts in mind may contribute to the percep-
tion or utilization of social cues to make interpersonal
judgments regarding a dynamic social interaction.

We also compared the self-assessment of social cogni-
tive ability in patients with prefrontal cortex lesions with
that in healthy comparison subjects. Disturbances in self-
awareness and level of insight have frequently been re-
ported in case studies of patients with prefrontal cortex le-
sions (30), but these clinical observations have received
little systematic evaluation. One study demonstrated that
patients with prefrontal cortex damage were impaired in
estimating their performance on a temporal ordering task
(31). In the current study, we found evidence for deficits in
judging social perceptual ability in patients with prefron-
tal cortex lesions. In particular, patients with lesions
involving the dorsolateral prefrontal cortex (both the
group with lesions in the dorsolateral prefrontal cortex
and the group with lesions in the orbitofrontal/dorso-
lateral prefrontal/anterior cingulate cortex) were sig-
nificantly poorer at estimating their scores on the Inter-
personal Perception Task, compared with the healthy
volunteers. In contrast, patients with lesions that did not
involve dorsolateral prefrontal cortex regions (the group
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with lesions in the orbitofrontal cortex and the group with
lesions in the orbitofrontal/anterior cingulate cortex)
were not significantly impaired in monitoring their social
cognitive skills. Thus, it appears that patients with pre-
frontal cortex lesions are impaired in their self-judgments
of social cognitive, as well as general cognitive, ability (31)
and that the deficit may be specific to damage to dorsolat-
eral prefrontal cortex areas. Our finding, while requiring
replication, implicates the dorsolateral prefrontal cortex
in mediating awareness of self and the ability to self-mon-
itor social cognitive skills.

As in most studies of human brain lesions, the patients
in our study had prefrontal cortex damage that was not re-
stricted to one subregion of the prefrontal cortex. How-
ever, a major strength of our study is that we were able to
identify specific Brodmann’s areas and quantify damaged
regions by analyzing structural brain images with com-
puter software. In addition to providing greater accuracy
in classifying lesions, quantification of specific structures
allowed us to study the patients with prefrontal cortex
damage as a group in order to examine associations be-
tween social perceptual ability and the extent of damage
in specific prefrontal cortex subregions. Using the Inter-
personal Perception Task, we found that patients with le-
sions in the orbitofrontal cortex showed deficits in social
perceptual ability, or the capacity to perceive social and
emotional cues to make interpersonal judgments or in-
ferences. Our findings extend previous explanations for
disrupted social behavior that focus on the control or ma-
nipulation of thoughts and behavior (decision making, re-
sponse reversal) and support the idea that impaired per-
ception of emotional cues contributes to inappropriate
social responses in patients with orbitofrontal cortex le-
sions. Our study also showed that dorsolateral prefrontal
cortex lesions were associated with deficits in social per-
ception and with decreased awareness of impairment in
social cognition. These findings may be interpreted within
the context of theory of mind and its association with ex-
ecutive control. Although the dorsolateral prefrontal cor-
tex has traditionally been ascribed “nonsocial” higher cog-
nitive functions, our results, and those of others, suggest
that this brain region may also be involved in social cogni-
tive processes, including perception of emotional cues, in-
terpersonal judgments, and self-awareness of social cog-
nitive ability.
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