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Abstract. Behavioural problems are a key feature of frontotemporal lobar degeneration (FTLD). Also, FTLD patients show
impairments in emotion processing. Specifically, the perception of negative emotional facial expressions is affected. Generally,
however, negative emotional expressions are regarded as more difficult to recognize than positive ones, which thus may have been
a confounding factor in previous studies. Also, ceiling effects are often present on emotion recognition tasks using full-blown
emotional facial expressions. In the present study with FTLD patients, we examined the perception of sadness, anger, fear,
happiness, surprise and disgust at different emotional intensities on morphed facial expressions to take task difficulty into account.
Results showed that our FTLD patients were specifically impaired at the recognition of the emotion anger. Also, the patients
performed worse than the controls on recognition of surprise, but performed at control levels on disgust, happiness, sadness and
fear. These findings corroborate and extend previous results showing deficits in emotion perception in FTLD.
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1. Introduction mood changes, changes in eating pattern, disinhibition,
apathy and mental rigidity [18]. Furthermore, a deficit
Frontotemporal lobar degeneration (FTLD) is aneu- in emotion processing may represent a core problem
rodegenerative disorder characterized by atrophy of the in patients with FTLD [5], since the neuropathology
frontal cortex and the anterior parts of the temporal involves circuits that are highly important in emotion
lobes, and is a relatively common cause of dementia, processing, such as orbitofrontal cortex, amygdala and
accounting for about twenty percent of cases of demen- temporal cortex [1,2].
tia with pre-senile onset [14]. The earliest neurobe- A number of studies have recently examined emo-
havioural changes in FTLD often relate to changes in tion processing in patients with FTLD. Lavenu et al. [7]
personality and social conduct. Clinical findings in-  were the first to examine a group of patients on recogni-
clude loss of insight, reduced empathy, poor self care, tion of facial expressions and used the seven emotions
anger, sadness, disgust, happiness, fear, surprise and
contempt. Their patients performed worse than healthy
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half of the patients with FTLD, emotion perception
worsened with disease progression [8]. This finding
was replicated by Fernandez-Duque et al. [5] who also
showed that FTLD patients performed worse on neg-
ative emotions than controls and AD patients. In ad-
dition, a distinction can be made between FTLD pa-
tients with predominantly frontal atrophy (frontal vari-
ant) and patients with predominantly temporal lobe
pathology (temporal variant). The two types of FTLD
patients have been demonstrated to have equal diffi-
culty in recognizing negative emotions, but the patients
with the frontal variant also displayed impaired recog-
nition of happiness [15]. These deficits in FTLD have
been linked to pathology especially in the right inferior
temporal lobe including the amygdala [16,17]. There
is additional evidence that emotion recognition deficits
are supramodal, since FTLD patients showed impaired
perception of vocal emotions as well [6]. Clinically,
these findings may be useful in the assessment of pa-
tients in whom FTLD is suspected. Moreover, the per-
formance on emotion perception tasks may aid to fol-
low the course of the disease [16].

Until now, most studies on facial expression recog-
nition in FTLD have used static photographs of actors
that mimic full-blown facial expressions, such as the
Ekman and Friesen stimuli [4]. However, it has been
suggested that the finding of a specific FTLD impair-
ment in negative emotions was due to differences in
task difficulty. That is, negative emotions are gener-
ally less easily recognized than positive emotions, even
by healthy subjects [5]. Possibly, a ceiling effect may
explain the intact recognition of positive emotions in
previous FTLD studies. In the present study, morphed
dynamic facial expressions (i.e., video clips) of differ-
ent emotional intensities were used to investigate dif-
ferent levels of difficulty across emotion types. That
is, a full-blown emotion, such as happiness at 100%
intensity, may be easy to recognize even by patients
with cognitive impairment, but lowering the intensity
of the emotion increases the difficulty, making them
better comparable with the other emotion types. By
examining the performance of FTLD patients on this
paradigm, more subtle emotion deficits may possibly
be identified that have not been detected in previous
studies using static images, which are probably less
sensitive. If task difficulty indeed plays a role in the
performance of FTLD patients on emotion perception,
it can be hypothesised that FTLD patients are impaired
at all emotion types at lower intensities, compared to
age-matched controls. Alternatively, it may be ex-
pected that the present paradigm results in selective im-
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pairments in the perception of negative emotions, es-
pecially anger, sadness and disgust, that are not due to
differences in difficulty across emotion types.

2. Methods
2.1. Participants

Ten FTLD patients (4 males) with amean age of 64.5
(SD = 7.9, range 43-74) were recruited from the neu-
rology department of Ludwig-Maximilians-Universit
Munich and the psychiatric clinic of Technische Uni-
versitat Munich. The diagnosis of FTLD was based
on the results of neuropsychological testing, laboratory
investigations and on behavioural observation in accor-
dance with the Neary criteria [14]. Neuroimaging data
(MRI and PET where available) supported the clinical
diagnosis; four patients had the frontal variant, three
the temporal variant and three patients had a mixed
frontotemporal atrophy pattern. Mean duration of ill-
ness was 3.8 year§ 0 = 2.0). Mean performance
on the Mini-Mental State Examination (MMSE) was
25.0 (8D = 2.16; range 22—28). Thirty-eight healthy
subjects (23 males) served as controls, with a mean age
of 59.5 (§D = 8.1, range 47—-75). None of the control
participants had a history of neurological or psychi-
atric disease. Written informed consent was obtained
according to the declaration of Helsinki. There were
no group differences between patients and controls for
distribution of age #(46) = 1.7, p = 0.26) or gender
(male vs. female, patients vs. controls: Mann-Whitney
U =189.0,Z = —0.03,p = 0.98).

2.2. Materialsand procedure

2.2.1. Neuropsychological testing

All patients were examined using the CERAD Neu-
ropsychological Battery [13] that incorporates the
MMSE (scoring range 0—30) and included the follow-
ing subtests: Verbal Fluency (animal naming, 60 s,
scoring range 0 on up), Modified Boston Naming Test
(15 items; scoring range 0-15), Word List Learning
(10 items in 3 trials, scoring range 0-30), Construc-
tional Praxis (copying circle, diamond, two rectan-
gles and cube, scoring range 0-11), Word List Recall
(recall of previously learned words, scoring range 0—
10), Word List Recognition (recognition of previously
learned words from ten new distracter items, scoring
range 0-20). An individual test performance was re-
garded as “impaired” if more than 2 standard deviations
below the mean of the normative sample [19]. Table 1
shows the CERAD performance for the FTLD patients.
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Table 1
Test results for the FTLD group on the CERAD battery [19] 2.3. Analyses
Neuropsychological test Mean SD  Number of First, in order to compare the data of the present
Ve TIEY 'mpa'redspa“e”ts study with previous findings, the performance on the
: i 100% emotion trials was analysed using t-tests for
Verbal Fluency 6.6 26 10 . . ,
Modified Boston Naming Test 9.3 3.9 5 each emotion type with group as b_etween—subj_ect fac-
Word List Learning 131 47 4 tor (Bonferroni-corrected for multiple comparisons,
Word List Recall 31 23 8 a = 0.0083). Subsequently, data were analyzed using
Word List Recognition 154 35 2 a multivariate general linear model (GLM) repeated-
Constructional Praxis 6.7 3.5 6 . . ..
measures analysis for the Emotion Recognition Task,
with Emotion Type (6 levels: anger, happiness, sur-
Table 2

Number of correct responses for the FTLD patients and the controls
(means and standard deviations, SD) on the facial expressions with

100% emotional intensity (maximum score per emotiod)

prise, fear, sadness and disgust) and Emotion Inten-
sity (9 levels: 20%-100%) as within subject fac-

tors and Group (patient vs. control) as between-
subject variable. Subsequently, Bonferroni-corrected

FTLD patients Controls

Mean  SD Mean SD (a = 0.0083) repeated-measures GLM analyses were
Anger 17 1.2 29 11 p<0.005 performed for the six emotions separately (with Emo-
Disgust 1.8 1.9 29 11 n.s. tion Intensity as within-subject factor and Group as
Fear 06 08 13 11 n.s. between-subject factor).
Happiness 3.6 0.8 3.9 0.5 n.s.
Sadness 1.0 0.9 1.7 1.0 n.s.
Surprise 15 1.1 2.4 1.3 n.s.

2.2.2. Emotion recognition task

3. Results

Table 2 shows the performance of both groups on

This task [11,12] was developed to measure the per- the 100% emotion trials (i.e., morphs changing from

ception of facial emotional expressions using the six a neutral expression to 100% emotional intensity) for
universal emotions anger, sadness, surprise, happinessthe six emotions. The FTLD patients performed worse
fear and disgust [10]. A computer-generated program than the controls on the emotion anggr() = 2.97,
was devised to enable a real-time interactive morphing p < 0.005). No significant group differences were
between two endpoint facial expressions (0% emotion, foundonany of the other emotions (all t-value®.26).

i.e., neutral, and 100% emotion, i.e. anger, happiness, Figure 2 shows the performance on the nine levels
sad, fear, surprise, disgust) of the same identity [3]. Of emotional intensities (20-100%) for the six emo-
Each morph was made with 21 images between 0% and tions. Overall, main effects were found for Emotion

100% that were used to construct video clips that in-

crementally increased the degree of expression by 10%

steps, starting at a 20% intensity level (see Fig. 1 for
an example). The video clips were presented begin-
ning with the lowest intensities (i.e., first all video clips
showing expressions changing from neutral into 20%
emotion, subsequently all clips changing from neutral
into 30% emotions, and so on until the full-blown 100%
expressions). Following three practice trials, the dif-
ferent types of emotion of the same intensity were pre-
sented in pseudo-random but fixed order to control for
possible order effects of previously encountered emo-
tion types that may influence the response [18]. In each
trial, subjects had to indicate which expression was be-
ing presented by pointing at one of the six text-labelled
icons (i.e., forced choice). The duration of the video
clips was approximately 1 to 3 seconds, depending on
the number of steps. The performance on each trial
was recorded (i.e. correct/incorrect).

Type (F(5,42) = 62.7, p < 0.0005), Emotion In-
tensity (8, 39) 10.1, p < 0.0005) and Group
(F(1,46) = 15.2, p < 0.0005). This indicates that
the performance improved when faces with a higher
level of emotion intensity were presented. Overall, the
FTLD patients performed worse than the controls. Ad-
ditionally, an Emotion Typex Group interaction effect
was found £(5,42) = 2.8, p < 0.03), showing that
the impairments of the FTLD group was not equal for
all emotions. Subsequent analyses for the six emotion
types were performed separately, showing a Group ef-
fect for Anger ¢'(1,46) = 19.4; p < 0.0005) and Sur-
prise F'(1,46) = 10.3, p < 0.002), but not for Sad-
ness §'(1,46) = 1.5), Disgust ¢'(1,46) = 3.7), Fear
(F'(1,46) 1.7) and HappinessH(1,46) = 3.9).
Significant main effects for intensity were found for all
emotions (all F-values- 3.1, p < 0.009), except for
the emotion FearH (8, 39) = 1.8). None of the Group

x Emotion Intensity interactions was significant (all
F-values< 2.4).
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Fig. 1. The Emotional Recognition Task. Picture shows the nine end points of emotional intensity for the angry face. In the actual test, video

clips were shown morphing from neutral to one of these end points for all emotion types.

4. Discussion

The aim of the present study was to examine the per-
ception of emotional facial expressions in patients with
FTLD. The results on the full-blown facial expressions
showed that the FTLD patients were impaired at the
recognition of the emotion anger, but performed equal
to controls on the other emotions. This is in agree-
ment with a recent study in which morphed emotional
facial expressions (from neutral to the full-blown emo-
tion) were presented to FTLD patients and controls [9].
These patients also performed more poorly than con-
trols on the full-blown emotion anger, whereas, when
corrected for multiple comparisons, the performance
on the other full-blown emotion types did not signif-
icantly differ from the control performance. Further-
more, in that study the data on sensitivity (perception of
the expressions at lower intensities) could not be anal-
ysed. Although participants were prompted to name
the target emotion as quickly as possible during the
presentation of the morphs with increasing emotional
intensity, the patients performed at floor level: they
did not name the emotion until the presentation was
completed [9]. Since patients with frontotemporal de-
mentia show impairments in speed of information pro-
cessing compared to healthy controls [21], timed tasks
disproportionally hamper the performance in these pa-
tients. In the present study, we therefore did not in-
vestigate reaction times, but presented different video
clips that morphed from neutral into different intensity
levels for the separate emotions, after which patients
responded. Additionally, participants had to respond

by selecting one out of six emotions, that is, a forced
choice paradigm was used in our study rather than nam-
ing.

The trials with different end points of emotional in-
tensity demonstrated that the FTLD patients performed
worse than the controls on anger and surprise, but did
not differ from healthy age-matched controls on dis-
gust, happiness, sadness, surprise and fear. In addition,
while the patients had more difficulty overall in cor-
rectly recognizing emotions at lower intensities com-
pared to full-blown facial expressions, this difficulty
was equally present in the controls. Thus, the present
results corroborate and extend previous findings show-
ing a selective deficit in emotion perception, indicat-
ing that previous results were reliable and not due to
differences in task difficulty. The finding that FTLD
patients were specifically impaired at the recognition of
anger is again in agreement with previous findings [5,7,
9,15]. Impaired surprise recognition has been demon-
strated in some patients with FTLD [6]. Furthermore,
it was demonstrated that recognition of surprise sub-
stantially decreased with disease progression and that
FTLD patients performed even worse than AD patients
on this emotion [8]. However, more studies are needed
to replicate this result.

Previous studies have also reported deficits on sad-
ness [5,7,15] and disgust [5,7,9], while our patients
performed equally to controls. However, a follow-up
study of Lavenu et al. [8] showed that the recognition
of sad emotional expressions, although impaired at ini-
tial testing [7], actually improved with progression of
the disease, both in FTLD patients as well as in AD. It
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Fig. 2. Mean performance (y-axis, number correctly identified emotions) of the FTLD patients (grey triangles) and the healthy controls (black
circles) on nine end points of emotional intensity (x-axis, 20—100%) for the six different emotions (maximum score for each intensity per emotion

type = 4); Levels of significance: < 0.002, ** p < 0.0005.

should be noted, however, that their sample consisted susceptible to cognitive decline due to a neurodegener-

of only six FTLD patients. In turn, Rosen et al. [17]
showed that impairments in the recognition of sadness
were correlated with atrophy in the temporal cortex, but
this conclusion was not only based on FTLD patients,
but also on patients with AD who generally show pro-
found temporal-lobe atrophy [20]. In line with previ-
ous results, we did not find an impaired performance on
the emotion fear [6,7]. In some studies though, FTLD
patients have been found to be impaired at the recog-
nition of fearful emotional expressions as well [15,16].
These mixed results may be due to task difficulty, in
that fearful facial expressions are regarded as difficult
by healthy participants as well and thus may be most

ative disease.

Differences in patient characteristics or brain pathol-
ogy may also explain the variability of emotion recog-
nition in FTLD. For example, impairment in disgust
recognition in FTLD has specifically been linked to at-
rophy of the insularcortex [9]. Due to the small sample
size, we unfortunately could not systematically com-
pare patients with frontal variant and temporal vari-
ant FTLD. Future studies should focus in more detail
on the neural substrates involved in emotion recogni-
tion. Additionally, with respect to cognitive function-
ing in general, patients performed only a limited neu-
ropsychological test battery, the CERAD battery, which
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mainly focuses on verbal functions. Thus, it was not [8]
possible to relate the deficits in emotion perception to

the performance in other cognitive domains in which
FTLD patients often show impairments, such as ex- [g]
ecutive functioning. Future studies should address in
more detail the relation between emotion perception
and other cognitive functions.

In summary, the present study is the first to examine
the perception of dynamic morphed facial expressions [11]
in FTLD patients without restrictions in response time.
The results demonstrated that FTLD patients display
a robust impairment in recognizing the emotion anger
and agree with previous findings. We also demon-
strated a deficit in recognizing the emotion surprise.
Clearly, the current paradigm is sensitive to demon-
strate selective impairments in FTLD, even in small
sample sizes. In the clinical assessment of individ-
ual patients, it may be useful to include measures of
emotion perception, along with other tasks sensitive to
frontotemporal pathology.
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