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Abstract

Neurodegenerative diseases frequently affect brain regions important for emotional processing, offering a valuable opportunity to study the
effects of brain injury on emotion. The current study examined the neuroanatomical correlates of impaired recognition of emotions in patients
with neurodegenerative disease. Performance on recognition of facial expressions, as measured by the Florida Affect Battery, was correlated
with regional changes in gray matter tissue content in 50 patients with neurodegenerative disease using voxel-based morphometry. Recognition
accuracy in the group was poor for negative emotions (fear, anger and sadness) and good for happiness, consistent with previous studies. Fo
negative emotions, a region in the right lateral inferior temporal gyrus (Brodman'’s area (BA) 20) extending into the right middle temporal
gyrus (BA 21) was correlated with accuracy. This effect appeared to be strongest for sadness, which was also independently correlated with
atrophy in the superior temporal gyrus. These data suggest that regions in the right lateral and inferolateral temporal lobe are important for
visual processing of negative emotions from faces and that functioning of this right temporal network is most critical for recognition of sad
faces.
© 2005 Published by Elsevier Ltd.
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1. Introduction roimaging studiesolan, 2002 Phan, Wager, Taylor, &
Liberzon, 2002 While such studies are critical for exam-
The past few years have seen a substantial increase in théning task-related activity in the entire system of regions
number of studies examining the neural basis of emotions.involved in emotional processing, studies examining the
As research in this area expands in the future, it is likely to be effects of brain injury on emotion are necessary to iden-
enhanced by increased inclusion of patients with neurological tify which regions are most critical for particular aspects of
disease. emotion.
Much of the recent work examining the neural corre- Many recent studies examining the effects of brain injury
lates of human emotion has been done with functional neu-on emotional processing have been conducted in patients
with focal brain lesions. For instance, several investiga-
* Corresponding author. Tel.: +1 415 476 6880; fax: +1 415 476 4800.  tOrs have examined the relationship between emotional pro-
E-mail address: howie@itsa.ucsf.edu (H.J. Rosen). cessing and lesions in the right and the left hemispheres
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and demonstrated that certain aspects of emotional process2. Methods
ing are dependent on the right hemispheBerpd et al.,
1998 Bowers, Bauer, Coslett, & Heilman, 1985occolotti, 2.1. Participants
Scabini, & Violani, 1982. Other studies have focused on
specific structures such as the anterior temporal cortex Neuroimaging and behavioral data were analyzed from
(Anderson, Spencer, Fulbright, & Phelps, 2ROl par- 50 individuals who had undergone cognitive testing at the
ticular the amygdalaAdolphs et al., 1999 and frontal UCSF Memory and Aging Center (MAC), MRI scanning at
regions such as the orbitofrontal cortéiofnak, Rolls, & the San Francisco Veteran's Administration Hospital Mag-
Wade, 1995 and the anterior cingulate region and adja- netic Resonance Unit and whose assessment included testing
cent medial prefrontal cortexdprnak et al., 2008 These of emotion recognition using the Florida Affect Battery (FAB,
studies have indicated that all these regions play a role see below). Evaluation at the MAC includes a neurological
emotion recognition. However, a recent study indicated that history and examination, and nursing and neuropsychological
amygdala damage does not produce inability to recognize evaluation. Memory, executive function, visuospatial ability,
emotions per se, but rather it causes inability to analyze language and mood are assessed using a previously described
faces to extract emotion-specific information. This impair- standard protocoKramer et al., 2008 Individuals included
ment can be circumvented, which highlights the importance in this analysis were either normal control subjecis §)
of other brain regions in the recognition processi@lphs or patients with cognitive impairment from suspected neu-
et al., 200%. A few studies have examined emotional pro- rodegenerative disease. The diagnoses included Alzheimer’s
cessing in large groups of patients with lesion locations disease (ADy =15), mild cognitive impairment (MCh =1),
throughout the brain to identify locations that are impor- frontotemporal lobar degeneration (FTLR=25, which
tant for emotional processing, and again implicated the includes the syndromes of frontotemporal dementia, seman-
right hemisphereAdolphs, Damasio, Tranel, & Damasio, ticdementiaand progressive non-fluentaphasia) and progres-
1996 Rapcsak et al., 20Q00Focal lesion studies usually sive supranuclear palsy (PSP 4). Diagnoses were based
depend on recruiting patients with lesions from stroke, on the clinical impression of the attending neurologist (BLM
tumor, trauma or other types of injury, but these types of or HIR) using published research criterizoéve, Lang, &
injuries (in particular strokes) do not commonly affectregions Litvan, 2003 Litvanetal.,1996; McKhannetal., 1984; Neary
such as the amgydala, temporal pole, anterior cingulate andet al., 1998; Petersen et al., 2Q0Patients were excluded
orbitofrontal cortex, which appear to be critical for emotional who had impairment in visual perceptual abilities for faces
processing. as indicated by performance greater than one standard devi-
Patients with neurodegenerative disease offer anotheration below published norms for this age group on subtest 1
valuable opportunity to advance our understanding of emo- of the FAB.
tional processing. These disorders commonly affect regions

important for emotional processing, including those noted , » Recognition of facial expressions of emotion
above Rosen, Gorno-Tempini et al., 2002nd frequently

result in abnormalities of social and emotional function Recognition of emotion was assessed using the Florida
(Hamann, Monarch, & Goldstein, 200Keane, Calder,  affect Battery Bowers, Blonder, & Heilman, 1992which
Hodges, & Young, 2002Lavenu, Pasquier, Lebert, Petit, .onsists of photographs of faces (all females) depicting one
& Van der .Llnden, 1999 Mychac!<, Kramer, Boone, & ot five expressions: happiness, sadness, anger, fear or neutral
Miller, 2001, Rosen et al., 2004; Sprengelmeyer et al., (no emotion). The first five subtests involve recognition of

1999. Emerging techniques for quantification of cere- f5cia) expressions of emotion. The formats of FAB subtests
bral atrophy, such as voxel-based morphometry (VBM), 1_5 are as follows:

allow correlation of behavioral changes with tissue loss
in patients with dementiaAshburner & Friston, 2000 1. Facial identity discrimination: Two photographs of faces

Boxer et al., 2003; Gorno-Tempini et al., 2Q0assubek, of individuals, both with a neutral expression, are dis-
Juengling, Ecker, & Landwehrmeyer, 200Mummery played on each trial. Subjects are required to indicate
et al., 2000 Williams, Nestor, & Hodges, 2005 Recent whether the two faces are of the same person or differ-

studies have quantitatively examined the neuroanatomical ent people.

correlates of emotional deficits in patients with demen- 2. Facial emotion discrimination: Two facial photographs,

tia (Keane et al.,, 2002 Rosen, Perry et al., 20p2 each with a different identity and varying facial expres-
but the potential of these techniques to inform our sions, are displayed on each trial. Subjects are required to
understanding of emotional processing has hardly been indicate whether the two faces are depicting the same or
tapped. different emotions.

The goal of the present study was to use VBM to identify 3. Facial emotion naming: A single photograph depicting a
regional changes in brain tissue content that correlate with  facial expression is presented on each trial. Subjects are
impaired recognition of emotions in patients with neurode- required to name the emotion depicted. Four trials of each
generative disease. emotion are presented.
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4. Facial emotion selection: Five photographs of faces ofthe  been used to study several brain disorders, including demen-
same individual, each with a different facial expression, tia (Abell et al., 1999 Ashburner & Friston, 2000Boxer
are displayed on each trial. Subjects are required to selectet al., 2003; Burton et al., 2002; Critchley et al., 2003;
the face depicting the emotion requested by the examiner.Good et al., 2001; Gorno-Tempini et al., 2004; Krams et al.,
Four trials of each emotion are presented. 1999; Mummery et al., 2000Rosen, Gorno-Tempini et al.,

5. Facial emotion matching: Two cards are presented simul- 2002 Williams et al., 2003 The procedures used for image
taneously for this trial: one with a single photograph pre-processing, which includes spatial normalization, seg-
of an individual depicting a particular emotion and the mentation, modulation and smoothing, have been described
other with five photographs of faces of different individ- recently Gorno-Tempini et al., 20040One additional proce-
uals, each with a different facial expression. Subjects are dure in this analysis was the use of study-specific templates
required to choose the face on the second card depictingand prior probability tissue maps, comprised of all the images
the emotion shown on the first card. Four trials of each to be analyzed, for spatial normalization and segmentation.
emotion are presented. This procedure minimizes bias introduced by variations in

morphology between individual images to be analyzed and

For this analysis, performance accuracy was expresseq e spatial normalization template. Study-specific images
the percent O.f responses thqt were correct for each emotloqure created by normalizing all subjectimages using the MNI
across the third, fourth and fifth subtests of the battery (the | . provided with SPM, segmenting the images into gray,
subtests in which a single emotion was tested on each trial)., .o -4 csE compartrr;ents and averaging the normalizéd
Accuracy scores (percent correct) were averaged across thesﬁ‘nages to create new averagéd whole brain, gray, white and
three subtests, yielding a mean accuracy score for each emopgp images. The original images were the,n re-n,ormalized

tion and creat_mg four varlab!es (one for each emotion) that and segmented using the new images as templates and
were entered into the analysis. Data from subtest 2 were not

vzed. b h trial invol th ¢ rior probability maps for the final segmentation. All image
analyzed, because each trial INvolves more than one argegre—processing steps and statistical analysis were imple-

emotion. mented in the SPM2 software packagengv.fil.ion.ucl.ac.
uk/spm.

2.3. Correlation of emotion recognition abilities with In order to better interpret the results, a variance image was

other measures of behavior created to illustrate variability in gray matter tissue content

_ ) ) across the study group at every voxel in the brain. Regions of

In order to account for potential confounds in the inter- |4,y variance would be less likely to correlate with behavioral
pretation of the results, correlations (Pearsontsio tailed)  measures, even if they accounted for significant behavioral
between emotion recognition ability and other factors were effects. The variance image was created by running a one-
examined. Variables examined included general intellectual samples-test in SPM2 using the 50 subject images. The
function/dementia severity (MMSE score), naming ability (& ResMms image created by SPM2 represents pixel intensity
15-item version of the Boston Naming Tek@plan, Good- 4t each voxel according to the formuta 1) x Var, where
glass, & Wintraub, 1983, visuospatial processing ability sy is the variance in the group andis the number of
(score on copy of a modified Rey—Osterrieth (Rey—0O) figure subjects.
(Boxeretal., 200Bas well as performance on subtest 1 ofthe  por statistical analysis, the images and the mean per-
FAB) and depression (Geriatric Depression Scds@vage  cent correct scores for each emotion in each participant
etal., 1983). These analyses were carried outusing the SPSS,yere entered into a “covariates only” design matrix, and
software package (Version 10.0.5 for Windows, SPSS Inc., the relationship between changes in gray matter content and

Chicago, IL). recognition of facial expressions of emotion was analyzed
using the general linear model. The significance of each

2.4. Acquisition of MRI and neuroimaging analysis effect of interest was determined using the theory of Gaus-
sian fields. Total intracranial volume was used as a covariate,

2.4.1. MRI scanning and age and MMSE score for each subject were entered into

Structural MR imaging was accomplished using a 1.5-T the design matrix as nuisance variables. Analyses included
Magnetom VISION system (Siemens Inc., Iselin, NJ), a stan- the main effect across emotions (for four emotions, neglect-
dard quadrature head coil and previously described sequencemg nuisance variables, this would be &1[1 1] --contrast)
(Rosen, Gorno-Tempinietal., 2002 obtain: (1) scoutviews  as well as the effect for each emotion independent of the
of the brain for positioning subsequent MRl slices, (2) proton others (L 000], [0100], [001 0] and [00 0 1}contrasts).
density and T2-weighted MRIs and (3) T1-weighted (MP- We set a statistical threshold pk 0.05 after multiple com-

RAGE) images of the entire brain. parisons correction. However, in order to convey a more
complete picture of the data, specifically regions that may
2.4.2. Voxel-based morphometry have a meaningful correlation with behavior but not sur-

Voxel-based morphometry is a technique for voxel-wise passing our statistical threshold, we also displayed the data
analysis of local changes in brain tissue content, which hasat ap<0.5. For the regions that were significant for the
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main effect across emotionsscores at these locations were 3.2. Recognition of emotion and other behavioral

also examined in statistical images representing the relation-measures

ship between tissue content and each individual emotion.

Region identification was accomplished by overlaying the =~ MMSE score was correlated with recognition of happy
t-maps on the study-specific template and using the AAL (r=0.37, p<0.01) and fearful {(=0.35, p<0.05) facial

and Brodmann’s atlases that accompany the MRIcro soft- expressions. There were no correlations between naming
ware packageRorden & Brett, 2000 Tzourio-Mazoyer et ability, the ability to copy the modified Rey—O figure, perfor-
al., 2003. Because of previous findings relating amygdala mance on subtest 1 of the FAB, or GDS score and recognition
atrophy in dementia to impaired emotion recognitiBogen, of any emotions. Because of these findings, MMSE was
Perry et al., 200R we also examined the statistical images entered into the VBM design matrix as a nuisance variable
after the application of a region of interest for small volume (see SectioR).

correction that included the amygdala bilaterally using the
AAL brain atlas Tzourio-Mazoyer et al., 200Zand WFU-

X > e 3.3. Variability in tissue content across the study group
pickatlas Maldjian, Laurienti, Kraft, & Burdette, 2003

Fig. lillustrates the variance in gray matter tissue content
across the group at each voxel. The variance is highest in the

3. Results temporal lobes, in particular the amygdala, in part reflecting
the inclusion of patients with semantic dementia (SD), who
3.1. Recognition of individual emotions have severe tissue loss in this region, well beyond that seen

in other dementia subtypeki( et al., 2004.
Table 1shows the demographics and statistics for per-

formance across the group on selected behavioral measure
(top) and on each of the individual emotions (bottom). On
average, performance was lower with a larger variance for
all the negative emotions than for happiness, on which per-
formance was at ceiling in over half the subjects. Because of
this near ceiling performance, happiness was left out of the
neuroimaging analysis.

3.4, Anatomical correlates of emotion recognition
abilities

3.4.1. Main effect across fear, anger and sadness
emotions

VBM analysis revealed several regions where gray mat-
ter tissue content was correlated with recognition of negative
emotions Table 2 Fig. 2A, in red). The largest and most sig-

Table 1 nificant cluster of voxels was in the lateral portion of the right
Behavioral and emotional features of the study group inferior temporal gyrus involving Brodman’s area (BA) 20.
Mean S.D. Range This region of correlation extended anteriorly into the right
Demographics and cognition middle temporal gyrus (BA 21). A small cluster of voxels
Age (years) 69.8 9.39 52-84 more anteriorly in the inferior temporal gyrus and a small
MMSE 24.42 4.99 9-30 cluster of voxels in the right lateral orbitofrontal cortex also
BNT (maximum 15) 9.78 4.14 1715 survived the statistical threshold. At a lower statistical thresh-
Rey figure copy (maximum 17) 14.8 2.47 7-17 . . .
GDS (maximum 30) 8.33 6.46 0—22 old(Fig. 2B), the regions described above grew larger, but no

regions of correlation were revealed in the medial portion of

Emotion recognition performante the right temporal lobe or in the left temporal lobe. No sig-

Happiness 92.79 11.30 50-100 o .

Sadness 71.04 21.35 g—100 hificant voxels were found in the amygdala even after small
Anger 72.60 21.07 17-100  volume correction. When the peak temporal voxels related
Fear 74.13 22.00 17-100  to negative emotion recognition were probed in the models
2 Percent correct. examining each emotion separately, the highestores for

Fig. 1. Map of variability in tissue content at each brain voxel across the study group.



H.J. Rosen et al. / Neuropsychologia 44 (2006) 365-373 369

Table 2

Regions where gray matter tissue content was correlated with emotion recognition ability

Anatomical regiof BAP X, Y, 7¢ z-Scoré Cluster siz& z-Sad z-Angef +-Feaf

Negative emotiong; <0.05, corrected
RITG 20 64,—31,-19 5.03 1142 5.04 3.05 2.82
RITG 20 60,—6, —42 4.71 49 5.31 3.03 2.35
R IFG, lateral OFC 47 33, 35;4 4.69 6 3.88 3.79 3.25

Sadness (vs. other emotions) 0.05, corrected
R STG 48/22 51-7,-2 493 156 5.43 2.86 <1

@ Based on the AAL brain, R: right/L: left, ITG: inferior temporal gyrus, STG: superior temporal gyrus, IFG: inferior frontal gyrus, OFC: orbitcfydeta
b BA: Brodman's area.

¢ Coordinate for peak voxel in the cluster.

d z-Score for the effect of interest (e.g. negative emotions or happiness).

€ In voxels.

f 2-Scores for this location in the statistical image for the effect of each individual emotion.

the correlations between tissue content and emotion recognitask separately in order to verify that all tasks showed similar

tion was for sadness. effects. For all three tasks, the largest cluster of voxels with
correlated tissue loss included the rightinferolateral temporal
3.4.2. Emotion-specific effects cortex, although the effect was not significant for any of the

For fear and anger, no significant regional effects were tasks alonez-Scores for the first inferolateral temporal peak
seen independent of the other emotions. For sadness, a regiolt Table 2(64, —31 and—19) were 3.44, 4.39 and 3.44 for
in the right superior temporal gyruJgble 2 Fig. 2A, in naming, selection and matching, respectively.
green) showed a significant correlation with performance
independent of the effects for other emotions.

4. Discussion
3.5. Variability across emotion tasks
The goal of the current study was to identify brain regions

The three emotions tasks (naming, selection and match-where tissue loss is correlated with impaired recognition of
ing of emotional faces) were significantly correlated with emotions in a group of patients with neurodegenerative dis-
each other, with Pearson correlation coefficients ranging from ease. The main finding was that decreased tissue content in
0.61 to 0.66. In the main analysis, these tasks were averagedhe lateral portion of the right inferior and middle temporal
together to perform the emotion—anatomy correlation. How- gyri was associated with impaired comprehension of negative
ever, we also examined the relationship between impairedemotions, in particular sadness. This association was inde-
recognition for negative emotions and tissue loss for each pendent of mood, overall cognitive function, naming ability

Fig. 2. (A) Regions where tissue content was correlated with recognition of negative emotions (in red) and sadness, independent of other eemjtidtis (gr
voxelsp <0.05 corrected. (B) Correlations with negative emotigrns0.5 corrected.
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and visual processing abilities. Recognition of happy faces 2002, the role of the inferior temporal gyrus has rarely been

was relatively unimpaired, consistent with previous stud-
ies indicating that many brain injuries have a very limited
effect on recognition of happines&dolphs et al., 1996,
1999 Adolphs & Tranel, 2004Bowers et al., 1985; Rapcsak
et al., 2000. These data suggest that specific regions within
the inferolateral temporal lobe are utilized for identification
of facial expressions conveying negative emotions, in partic-
ular sadness.

The current results add to the growing literature examin-
ing social and emotional functions in patients with dementia.
Early studies documented impaired emotion recognition in
AD (Brosgole, Kurucz, Plahovinsak, Sprotte, & Haveliwala,
1983 and suggested that such impairments could be
explained by other neuropsychological impairmeatbért,
Cohen, & Koff, 199). However, subsequent studies have

examined patients with other dementia subtypes, in particu-

lar frontotemporal dementia (FTD), where social and emo-

addressed in previous studies. Earlier studies using the FAB
showed that patients with right hemisphere lesions are worse
than patients with left hemisphere lesions at facial expres-
sion recognition, but the effect of lesion location within the
right hemisphere was not assessBdwers et al., 19865 A
subsequent analysis, using a different set of pictures of facial
affect, suggested that emotion recognition abilities are most
impaired with injury to the right parietal region, with the
effect being strongest for feaAdolphs et al., 1996 That
analysis included relatively few patients with lesions in the
inferior temporal region described here. Similarly, studies
of patients with temporal lobectomy have demonstrated the
importance of the right anterior temporal region (including
the amygdala) for processing of some negative emotions, but
temporal lobectomy usually involves regions anterior to the
temporal region identified in the current analyds¢lerson

et al., 2000. Accordingly, beyond the specific findings, the

tional impairments are a central feature of the disorder and current results suggest that studying patients with dementia,
emotion recognition impairments are more profound than in particularly through the use of more advanced approaches
AD (Lavenu et al., 1999 Such studies demonstrated that for measuring brain volumes, provides a potentially unique
impaired emotion recognition abilities were not accounted window into the functions of some brain regions infrequently
for by other domains of cognitive impairment, as was true affected by pathology from other causes.

in the current studyKeane et al., 20QZRosen, Perry et al., The temporal region identified here is also rarely identi-
2002. Based on visual inspection of images and region-of- fied in activation studies of emotional processing, almost all
interest based measurements of selected cerebral volumes)f which have been performed using fMRI. One reason for
prior studies suggested that impaired recognition of emo- this may be thatthe anterior, inferior and lateral portions of the
tions is related to disease in the ventromedial frontal cortex temporal lobe are regions where a large degree of magnetic
and amygdalaeane et al., 20QRosen, Perry et al., 20D2 susceptibility artifact results in loss of BOLD sign@dgrno-

The current analysis included a larger group than previous Tempini et al., 2002; Ojemann et al., 199vaking fMRI
studies and included patients with more varied pathology. relatively blind to neuronal activity in this region. On the
More importantly, it assessed the relationship between emo-other hand, PET studies are not affected by the suscepti-
tion recognition and focal pathology across the whole brain, bility artifacts characteristic of MRI. A recent PET study
revealing the importance of a temporal lobe region that was identified a region in the inferolateral temporal lobe/BA 20
not assessed in previous studies. that showed activation during viewing of sad facgsa(r,

The fact that emotion recognition in this analysis was not Morris, Frith, Perrett, & Dolan, 1999Given that both struc-
associated with amygdala pathology is consistent with our tural MRl and PET activation studies have suggested an
recent finding that emotion recognition is equally impaired important role for the inferolateral temporal lobes in pro-
in SD and FTD Rosen et al., 2004 despite the fact that cessing emotional faces, it is important that fMRI studies
the latter group has much less amygdala dambmeet al., interested in neural processing of emotional stimuli (particu-
2004. That analysis suggested the possibility that other larly visual ones—see below) attempt to develop methods to
regions could account for emotion recognition impairments recover activation in these regions.
in these patients. A recent case study indicated that emo- Of the three negative emotions evaluated in this study,
tion recognition impairment from amygdala damage is due sadness was most reliably correlated with temporal lobe atro-
to impaired visual exploration of faces, rather than inability phy. Recent studies have indicated that fear recognition is
to recognize the emotion per se, highlighting the importance impaired with a lesion in any location in the brain, and even
of non-amygdala regions in the recognition procésin(phs with normal aging (which also affects anger and sadness to
et al., 200%. Also, some studies have suggested that amyg- a lesser degreelC@lder et al., 2003; Rapcsak et al., 2R00
dala damage may cause impaired emotional recognition onlyThus, impaired recognition of fear and anger in our group

when it occurs relatively early in developmemnderson
etal., 2000; Hamann et al., 199&vhich is unlikely to be the
case in patients with neurodegenerative disease.

may have been attributable to normal aging to some degree
(mean age in this group was 69.8 years), as well as to atro-
phy in several different brain regions, while sadness was best

Although many lesion-behavior analyses have suggestedaccounted for by tissue loss in a relatively circumscribed por-
the importance of the right hemisphere in the processing tion of the temporal lobe. A particular role for this region in

of emotions Adolphs et al., 1996; Anderson et al., 2000;
Borod et al., 1998; Bowers et al., 19880sen, Perry et al.,

the processing of sadness is supported by the aforementioned
PET study, which demonstrated stronger activation in infe-
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rior temporal region/BA 20 with viewing of sad, as compared from the main area of correlation. Many of the same issues
with angry facial expression8lair et al., 1999. regarding the temporal region discussed above apply to this

It seems most likely that this region is part of the network area, including its vulnerability to artifactual signal loss with
of cortical regions important for face processing. The region MRIand its likely involvement in visual processing, although
identified in the current analysis is anterior and lateral to more anterior temporal structures likely process more multi-
the fusiform region responsible for general face processing, modal information esulam, 1998 Temporal polar struc-
which also shows enhanced activation during processing oftures are very likely to be involved in emotional processing
emotions \Vinston, Henson, Fine-Goulden, & Dolan, 2004  based on their connectivitAtaral & Price, 1984Amaral,
However, we would assert that the observed correlations arePrice, Pitkanen, & Carmichael, 199@nd functional activ-
unlikely to be related directly to general face processing ity (Lane et al., 1997; Reiman et al., 199%imilarly, OFC
abilities, because patients with impaired face processing forhas been implicated in emotional processing, particularly
identity were excluded from this analysis, and the included when explicit processing of facial expressions of emotion
patients’ emotion recognition abilities were not correlated is required Gorno-Tempini et al., 2001 We have inferred
with measures of facial identity discrimination or visual con- that, because of its large area, the more posterior temporal
structive ability. We hypothesize that some temporal regions region is the most likely to contain neurons that contribute to
have specialized functions for processing facial expressions,emotion recognition in this group of patients. We have inter-
and that these functions may be more critical for identifying preted the other small clusters as being related to generalized
negative emotions, in particular sadness. In fact, neurons sentemporal and orbitofrontal atrophy in patients with poor emo-
sitive to facial expression as opposed to facial identity have tion recognition. However, all voxels irig. 2A survived the
been identified in monkeys, though these neurons were in thesignificance threshold, and cluster size appears to be an inap-
superior temporal sulcus rather than inferolateral temporal propriate criterion for assessment of statistical significance in
cortex Hasselmo, Rolls, & Baylis, 19§9The factthattissue ~ VBM (Ashburner & Friston, 2000 Thus, we cannot exclude
loss in inferolateral temporal cortex did not affect recogni- the fact that these more anterior temporal and/or orbitofrontal
tion of happiness may relate to the relative ease with which regions participate or will ultimately prove more relevant
happy faces can be detectdtber & Ekman, 1979 Con- for emotion recognition in patients with neurodegenerative
ceivably, a picture set using subtler positive expressions maydisease. However, given the low-threshold image shown in
have demonstrated associations between recognition of pos¥ig. 2B, our data provide very strong evidence thatright infer-
itive emotions and this region or other brain regions. olateral temporal structures, rather than medial temporal or

While the temporal regions described here appear to beleft hemisphere structures, provide the best account for emo-
important for visual processing of emotions, they are unlikely tion recognition impairments in this group of patients with
to be critical for emotional processing in general because widely varying degrees of anatomical injury across the brain.
many emotional stimuli provide other features (movement  In conclusion, the current results highlight the importance
and sound) that can be used to identify specific emotions. A of right inferolateral temporal region in the recognition of
recent case study of a patient with diffuse anterior and inferior facial expressions conveying negative emotion, likely reflect-
temporal injury that was more prominent on the right provides ing its role in visual processing. More careful study of emo-
support for this hypothesis. This patient showed intact recog- tional processing in patients with neurodegenerative disease
nition of nearly all emotions from dynamic facial displays is likely to provide further insights into the roles of this and
and stories describing actions. However, he showed severether regions in emotional functioning.
impairments in recognition of negative emotion with intact
recognition of positive emotions from static pictures, consis-
tent with the current findingsAdolphs, Tranel, & Damasio, = Acknowledgements
2003.
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