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Abstract

Based on the assumption that facial mimicry is a key factor in emotional empathy, and clinical observations that children with
disruptive behavior disorders (DBD) are weak empathizers, the present study explored whether DBD boys are less facially respon-
sive to facial expressions of emotions than normal controls. Facial electromyographic (EMG) activity in the zygomaticus major and
corrugator supercilii muscle regions, and heart rate activity were studied in 22 clinically referred 8-12-year-old DBD boys and 22
age-matched normal controls during exposure to dynamic happy and angry expressions. Dispositional emotional empathy was
assessed by a self-report questionnaire for children. The happy and angry facial expressions evoked distinct facial EMG response
patterns, with increased zygomaticus muscle activity to happy expressions and increased corrugator muscle activity to angry expres-
sions. The corrugator (but not the zygomaticus) muscle response pattern was less pronounced for DBD boys than the normal con-
trols. Attending to the emotional expressions was associated with equivalent cardiac deceleration in both groups, reflecting a similar
orienting/attention response. Lower empathy scores were obtained for DBD boys than for normal controls. In conclusion, facial
mimicry responses to angry facial expressions were subnormal in DBD boys, which may be a sign of a deficient early component
in the process of emotional empathy, and thus play a role in impaired empathic responding.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction empathy deficits in clinically identified CD adolescents

(Cohen and Strayer, 1996), and DBD boys (de Wied

In clinical practice, children with oppositional defiant
disorder (ODD) and conduct disorder (CD), also called
disruptive behavior disorders (DBD), are thought to be
poor in empathic skills, that is, the ability to understand
and share another’s emotional state (Cohen and Strayer,
1996). The clinical impression that DBD children are
weak empathizers is given support by studies reporting
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et al., 2005). Starting from the assumption that facial
mimicry is a fundamental component in the process of
empathy, especially emotional empathy (i.e., shared feel-
ings) (Hatfield et al., 1994; Hoffman, 2000; Meltzoff,
1993), the present study explored facial electromyo-
graphic (EMG) responses in clinically referred 8-12-
year-old DBD boys and normal controls, when exposed
to dynamic emotional facial expressions.

An early report by Lipps (1905) first called attention
to the possible role of motor mimicry/imitation in the
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automatic transmission of emotions. Lipps proposed
that people tend to mimic the facial, vocal or postural
expressions of emotions displayed by an interaction
partner, and that such mimicry responses may evoke
corresponding emotions in the observer. Many research-
ers currently consider motor mimicry as the very essence
of emotional empathy, likely to be biologically “hard-
wired” (e.g., Hatfield et al., 1994; Hoffman, 2000; Meltz-
off, 1993; Preston and de Waal, 2002).

According to Hoffman’s (2000) developmental mod-
el of empathy, mimicry is an early component in the
process of empathy. The tendency to automatically
mirror emotional expressions becomes manifest already
in the first days of life by reflexive crying in response to
other babies’ crying. Primitive mechanisms (e.g., mim-
icry) contribute to the development of empathy in the
early preverbal period, but continue to operate past
childhood. As the cognitive system develops, higher-
order cognitive processes (e.g., role-taking) come to
play a more important role. However, mature empathic
responses are generated both by primitive (automatic)
mechanisms and more sophisticated cognitive
processes.

Focusing on facial imitation, Dimberg and colleagues
(Dimberg, 1982, 1988, 1990; Dimberg and Lundquist,
1990) demonstrated that exposure to pictures of happy
and angry faces evoke distinct facial EMG response pat-
terns. Adult subjects react spontaneously with increased
zygomaticus major (cheek) muscle activity when ex-
posed to happy facial expressions, whereas angry facial
expressions evoke increased corrugator supercilii (eye-
brow) muscle activity. These facial EMG reactions are
rapidly evoked (i.e., under 400 ms; Dimberg and Thun-
berg, 1998), also when subjects are unconsciously ex-
posed to facial stimuli (Dimberg et al., 2000), and
hard to restrain voluntarily (Dimberg et al., 2002). The
data support the hypothesis that facial mimicry is an
early, automatic response to others’ facial displays.

Sonnby-Borgstrom and colleagues (Sonnby-Borg-
strom, 2002; Sonnby-Borgstrom et al., 2003) conducted
studies on facial EMG (zygomaticus and corrugator)
and empathic sensitivity in high and low empathic stu-
dents. When pictures of happy and angry expressions
were presented at short exposure times (eliciting auto-
matic reactions), the high-empathy group showed a
stronger mimicry response than the low-empathy group.
Furthermore, a significant correspondence between fa-
cial reactions and subjective feelings was found only
among the high empathic students (Sonnby-Borgstréom,
2002), suggesting that those who show a stronger ten-
dency to mimic other’s facial expressions are more sus-
ceptible to emotional empathy.

The aim of the present study was to determine facial
responsiveness in DBD boys and normal controls.
Respondents were exposed to 5-s moving pictures
showing a male model producing dynamic angry or

happy facial expressions. We used dynamic presenta-
tions because moving images of facial expressions may
constitute a stronger eliciting stimulus than static dis-
plays (Wehrle et al., 2000). Facial EMG activity in the
zygomaticus major and corrugator supercilii muscle re-
gions was assessed during exposure to the facial stimuli.
Dispositional emotional empathy was assessed by a self-
report questionnaire for children. Based on theory and
empirical studies with adults, it was predicted that hap-
py faces would evoke more zygomaticus activity than
angry faces, whereas angry faces would evoke more cor-
rugator activity than happy faces. In fact, corrugator
activity tends to be inhibited during exposure to happy
faces (Dimberg and Lundquist, 1990; Dimberg and
Thunberg, 1998; Dimberg et al., 2000). Furthermore, it
was predicted that this typical response pattern (i.e., in-
creased zygomaticus activity during happy faces and in-
creased corrugator activity during angry faces) would be
less pronounced for DBD boys than for normal con-
trols. Given the preliminary nature of this first study
on facial EMG responses in DBD boys, no more specific
hypotheses were formulated.

Attending to affective pictures or film clips is gener-
ally associated with cardiac deceleration (McManis
et al., 2001; Waldstein et al., 2000), which may be reflec-
tive of an orienting or attention response (Cook and
Turpin, 1997). Cardiac deceleration was also demon-
strated during exposure to happy and angry facial
expressions (Dimberg, 1982, 1990). To control for differ-
ences in heart rate responses during happy versus angry
facial expressions, heart rate was also measured in the
present study.

2. Methods

The Medical Ethics Committee of the University
Medical Center Utrecht approved the study protocol,
and parents gave written informed consent prior to
participation.

2.1. Participants

In the present study, data were collected within the
context of a larger study on empathy in DBD boys.
Only boys were included because DBD is more preva-
lent among boys than girls (Maughan et al., 2004).
The DBD group consisted of 8-12-year-old boys who
had met the criteria for ODD (n=21) or CD (n=4)
as set out in DSM-IV (American Psychiatric Associa-
tion, 1994). In total, 25 DBD boys were recruited from
inpatient (n =12) and day-treatment (n = 12) units of
the Department of Child and Adolescent Psychiatry,
University Medical Center Utrecht, and from a special
school for children with severe behavioral disorders
(n=1). Because the data of three participants were lost
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due to equipment malfunction (r=1) and artifacts
(n =2), the final DBD group contained 22 boys.

Clinical diagnoses of all DBD boys were based on
extensive psychiatric and psychological assessment of
the child, interviews with the parents including discus-
sion of the developmental history, and information from
the child’s teacher. The clinical diagnosis was checked by
the Diagnostic Interview Schedule for Children (DISC-
IV) (Shaffer et al., 2000). Except for the parents of three
children who could not be interviewed at the time, all
parents were interviewed by trained graduate students
to collect DISC data. The DISC confirmed the clinical
diagnoses in 18 out of 19 checked cases. The DISC also
confirmed the comorbid clinical diagnosis of attention
deficit-hyperactivity disorder (ADHD; n =8), in 6 out
of 7 checked cases. Thirteen DBD boys were on psycho-
pharmacological treatment, specifically on methylpheni-
date (n = 8) or risperidone (n = 5).

In total, 30 age-matched normal control boys were
recruited from regular elementary schools in the vicinity
of Utrecht. To control for behavioral problems, their
parents were subjected to the DISC. In addition, the
Child Behavior Checklist (CBCL) (Achenbach, 1991a)
and the Teacher’s Report Form (TRF) (Achenbach,
1991b), in the Dutch translation (Verhulst et al., 1996,
1997), were completed by the children’s parents and
teachers, respectively. Exclusion criteria for the normal
controls were: (1) a DISC diagnosis of ODD or CD,
and/or (2) scores on both the CBCL and TRF in the
clinical range for Total Behavior Problems (7> 63).
Conforming to these criteria, six participants were re-
moved from the sample. In addition, the data of two
participants were lost, due to equipment malfunction

Table 1

(n=1) and artifacts (n = 1). As a result, the final control
group contained 22 boys. None of the normal controls
were on psychopharmacological treatment.

The parents and teachers of the DBD boys also com-
pleted the CBCL and TRF. Aggressive, Delinquent, and
Externalizing behaviors on the CBCL and TRF were
employed as measures of disruptive behavior and used
to confirm group differences. Furthermore, to establish
the IQ of the participating boys, the normal controls
completed two subtests of the Wechsler Intelligence
Scale for Children-Revised (WISC-R) (Wechsler,
1974), namely Vocabulary and Block Design. These sub-
tests have a correlation of 0.90 with the full-scale 1Q
(Sattler, 1992). Full-scale 1Q data of all DBD boys were
collected as part of the screening procedure at intake.
All participants included in the study received 1Q scores
>80.

Descriptive characteristics of the participant samples
are included in Table 1. In the interest of completeness
of reporting on the sample, the table also includes
CBCL and TRF internalizing behavior, anxiety/depres-
sion, and attention problem scores. To examine differ-
ences between groups, the data were subjected to
independent-samples z-tests (two-tailed). The statistical
analyses revealed no age difference, nor a difference in
intelligence between DBD boys and normal controls.
The z-tests performed on the CBCL and TRF aggres-
sive, delinquent, and externalizing scores demonstrated
expected differences between groups, such that DBD
boys obtained higher scores on all measures of disrup-
tive behavior. However, DBD boys also differed from
normal controls on internalizing behavior, anxiety/
depression, and attention problems.

Characteristics of boys with disruptive behavior disorders (DBD) and normal controls

Normal controls (rn = 22) DBD (n=22) t-values (df = 42)

M SD M SD
Child Behavior Checklist
Externalizing behavior 46.68 10.40 76.45 7.79 —10.74™"
Aggressive behavior 52.50 3.50 79.95 10.62 —11.52""
Delinquent behavior 53.32 481 72.18 7.22 -10.20"""
Attention problems 53.36 4.60 68.95 9.74 —6.79""
Internalizing behavior 54.50 8.53 70.59 7.65 —6.56""
Anxiety/depression 56.14 6.40 71.77 9.02 —6.63""
Teacher’s Report Form®
Externalizing behavior 46.10 10.14 68.77 6.54 —8.76""
Aggressive behavior 52.76 4.54 69.23 7.37 -8.77""
Delinquent behavior 53.43 5.55 65.68 7.72 —5.95™""
Attention problems 51.86 3.99 60.91 7.07 —5.14™"
Internalizing behavior 4533 8.85 64.82 7.01 —8.03™"
Anxiety/depression 52.14 477 65.14 8.97 —5.89""
Age 10.18 1.22 10.09 1.27 0.24
IQ 102.86 13.30 99.14 12.78 0.95

% df =41 (scores of one normal control boy were missing).
7 p<0.0001.
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2.2. Stimulus materials

Emotional film clips. Two emotionally loaded film
clips, each with a total duration of 5600 ms, were made
in our institute for use in the present study. A 38-year-
old trained male actor portrayed expressions of happi-
ness and anger. Both expressions were based on the
Facial Action Coding System (FACS) (Ekman and Frie-
sen, 1978). The FACS provides a detailed description of
the muscular basis and the outward manifestation of hu-
man (emotional) facial behavior in terms of so-called ac-
tion units (AUs). The portrayal of happiness consisted
of AUG6 (cheek raiser) and AUI12 (lip corner puller).
The portrayal of anger consisted of AU4 (brow low-
erer), AU7 (lid tightener), AU17 (chin raiser), AU23
(lip tightener), and AU24 (lip pressor). A certified FACS
coder coded the stimulus material on two occasions sep-
arated by a two-year period. Intra-coder reliability was
calculated using the following index of agreement: Num-
ber of AUs coded on both occasions x 2 and divided by
the total number of Aus (see FACS). The intra-coder
reliability was 100%. Each film clip started with a
2000 ms still of the actor’s neutral face (i.e., no facial
activity), followed by a 2600 ms dynamic happy or an-
gry expression, and ended with a 1000 ms neutral still.
The 2000 ms still preceding the dynamic expression
served as baseline to exclude possible confounding of
reactions to the stimulus person with reactions to emo-
tional displays.

Neutral film clip. A third neutral film clip with a total
duration of 4000 ms, showed the same male model with
a neutral facial expression. The neutral face stimulus
served two purposes: first, to examine the temporal pro-
file of facial EMG activity and HR as a function of
attending to the film clips per se, and second, to famil-
iarize the participants with the stimulus person shown
in the emotionally loaded film clips.

2.3. Apparatus and physiological recordings

Participants were individually tested at the clinic in a
dimly lit room equipped with two personal computers,
one for stimulus presentation and one for online control
of data recording. Both computers were connected to a
small portable digital data recorder (Vitaport II system)
that was attached to the participant’s chair. All film clips
were presented using a personal computer with a 17-in.
color monitor (ILYAMA A705MT). A program written
with Authorware 5 Attain was used to control stimulus
presentation and to generate signals marking on- and
offset of each stimulus. The marker signals were stored
on the Vitaport II system.

Bipolar EMG recordings (bandwidth 20-512 Hz)
were made from the left zygomaticus and corrugator re-
gions of the face (Fridlund and Cacioppo, 1986) using
surface Ag/AgCl electrodes (10 mm diameter) filled with

Ten20 conductive EEG paste. Before the electrodes were
attached, the skin was cleaned and slightly rubbed with
alcohol. The electrocardiogram (ECG) was recorded
with disposable electrodes on the chest (sternum-V6
lead; bandwidth 5-30 Hz). The EMG and ECG signals
were relayed through shielded cables to the Vitaport 11
system where they were digitized and stored (sample
rate: 1024 Hz). ECG R-waves were detected offline
and intervals between heart beats were converted into
heart rate (HR), expressed in beats per minute. A proce-
dure was applied for correction of long and short heart
beat intervals that were caused by erroneous R-wave
detection due to excessive movement (Stekelenburg
and van Boxtel, 2001). EMG was bandreject filtered
(bandwidth 48-52 Hz) to remove any influence of 50-
Hz power line interference. Data were then visually in-
spected for remaining artifacts, resulting in the exclusion
of three participants from subsequent analysis, as indi-
cated above.

2.4. Dispositional emotional empathy

Bryant’s (1982) Index of Empathy for Children and
Adolescents (IECA) was used to assess empathic ten-
dencies. The 22-item questionnaire has been designed
to assess emotional responsiveness, rather than cognitive
insight. The items tap a range of affective reactions (e.g.,
“Seeing a (girl/boy) crying makes me feel like crying”,
“It makes me sad to see a (girl/boy) who can’t find any-
one to play with’’). Bryant (1982) has demonstrated sat-
isfactory test-retest reliability and construct validity of
the IECA. The present study used the IECA in a Dutch
translation, with the child two-point (yes—no) response
format. Children were asked to agree or disagree with
each of the 22 statements. Empathic answers were as-
signed the value 1, non-empathic answers the value 0.
An emotional empathy score was computed by adding
the 22 item scores (0-22). The scores were subjected to
an independent-samples #-test (one tailed).

2.5. Procedure

Participants were received in the test room by one of
four female experimenters. The experimenters were
trained and used written protocols detailing the regular
procedure and verbal instructions. Prior to the test ses-
sion, the control boys completed the two WISC-R sub-
tests in a separate room. Upon completion, the child
was guided back to the test room where he was seated
in a chair. After the electrodes were attached to the par-
ticipant’s face and chest, the empathy questionnaire was
administered. The experimenter read the 22 items
aloud, and entered the child’s answers on a sheet. The
participant was then seated at a table facing the moni-
tor of the stimulus computer at approximately 80-cm
distance.
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To foster relaxation and adaptation to the testing
environment, participants were first exposed to a 5-
min aquatic film clip (Piferi et al., 2000). After the lights
were dimmed, the participant was instructed to relax
and enjoy the clip. Next, the participant was told that
he would see a male model producing facial expressions
of emotion. To conceal the main purpose, the experi-
menter explained that we just wanted to check whether
the expressions looked familiar, and that he would be
asked to name the expressions. The happy and angry
film clips were repeated four times in succession (inter-
stimulus interval: 6s), and shown in counterbalanced
order. The neutral film clip was presented prior to each
sequence of emotional film clips (interstimulus interval:
4 s). The participant was asked to name the expression
after each sequence of happy and angry expressions
(nearly all participants correctly identified the emotional
expressions). During film presentation the experimenter
remained in the same room outside the child’s scope of
vision, seated in front of the observation monitor.

2.6. Statistical analysis of physiological responses

To examine the temporal profiles of facial EMG dur-
ing the neutral film clip, mean EMG amplitudes during
subsequent 100-ms time intervals were expressed as a
percentage of the mean amplitude during the entire
4000-ms stimulus. Percentage scores were introduced
to standardize the widely differing absolute EMG ampli-
tudes of individual participants and, thus, to enable
comparison between individuals and groups. Mean
HR was calculated during each 500-ms time interval of
the same stimulus.

Repeated measures MANOVAs were performed on
the EMG percentage scores with intervals (40 100-ms
intervals) and clip presentation (twofold) as within-sub-
jects factors, and group (DBD vs. controls) as a be-
tween-subjects factor. To examine the temporal profile
of HR during the same stimulus, a repeated measures
MANOVA was conducted, with intervals (8 500-ms
intervals) and clip presentation (twofold) as within-sub-
jects factors, and group (DBD vs. controls) as a be-
tween-subjects factor.

To examine facial EMG responses to happy versus
angry faces, mean EMG amplitudes during the 2600-
ms happy and angry expressions were expressed as a
percentage of the mean amplitude during the preceding
2000-ms still of the actor’s neutral face (baseline period).
HR responses were expressed as difference scores, that
is, the difference in mean HR between the 2600-ms emo-
tional expressions and the 2000-ms baseline period.

Repeated measures MANOVAs were performed on
the EMG percentage scores with emotional expression
(happy vs. angry) and trials (4) as within-subjects fac-
tors, and group (DBD vs. controls) as a between-
subjects factor. A similar MANOVA was conducted

on HR difference scores. One-sample #-tests (one-tailed)
were further employed to examine changes from base-
line in facial EMG activity and HR for each group,
and for each emotional expression. A significance level
of 0.05 was used in all analyses.

3. Results

Prior to conducting the main analyses of the study,
the physiological (facial EMG and HR) and self-report
(emotional empathy) data were subjected to indepen-
dent-samples t-tests (two-tailed) comparing DBD boys
who were on medical treatment with DBD boys who
were not; DBD boys with and without ADHD; and
DBD boys from inpatient units with those from day-
treatment units. Except for a significant difference in
HR response during angry faces between DBD boys
with and without ADHD (¢, = —2.53, p <0.05), no sig-
nificant differences emerged on any of the physiological
response measures, nor on emotional empathy. There-
fore, the scores of all DBD subjects were collapsed in
subsequent analyses.

3.1. Temporal profiles of facial EMG and HR during the
neutral face film clip

Facial EMG. For both muscle regions, the MANO-
VAs revealed no significant effect of intervals, nor signif-
icant intervals X group, and intervals X presentation
interactions, indicating a flat profile in zygomaticus
and corrugator EMG activity throughout the 4000 ms
neutral face stimulus for each stimulus presentation
within both groups. Hence, differences in facial EMG
activity during the emotional expressions cannot be
attributed to the effects of attending to the film clips as
such. The temporal profiles for both muscle regions dur-
ing the neutral film clip (collapsed across presentations)
are illustrated in Fig. 1.

HR. The MANOVA revealed a significant effect of
intervals (F736=9.84, p <0.0001), but no significant
intervals X group, or intervals X presentation interaction.
HR significantly decreased across the eight time intervals,
probably reflecting an orienting or attention response.
Moreover, the analysis revealed a significant effect of
group (Fj.4, = 15.85, p <0.001), with higher HR values
for DBD boys (mean = 88.29, SD = 10.23) than for nor-
mal controls (mean = 76.23, SD = 9.86). It is important
to note that higher HR values were also observed in
the DBD group (mean = 89.79, SD = 9.66) relative to
the control group (mean = 75.16, SD = 9.01) during the
aquatic film clip (74, = — 5.19, p <0.0001). Since DBD
boys were rated by parents and teachers as more anxious
than controls (Table 1), it is possible that they exhibited
higher HR values because they experienced more anxiety
in a novel laboratory situation.
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Fig. 1. Mean EMG activity of zygomaticus and corrugator for DBD
boys and normal controls during presentation of the neutral face film
clip.

3.2. Emotional empathy

Consistent with predictions, an independent-samples
t-test yielded a significant difference between groups
(142 =2.04, p <0.05), with lower empathy scores for
DBD boys (mean = 10.77, SD = 2.89) than controls
(mean = 12.55, SD = 2.87).

3.3. Facial EMG responses to dynamic emotional facial
expressions

Zygomaticus. The MANOVA' revealed a significant
effect of emotional expression (Fj4r=13.26,
p <0.001), but no significant effect of group or trials,
nor significant interactions. Consistent with predictions,
happy faces evoked a significantly larger increase in zyg-
omaticus EMG activity than angry faces (Fig. 2).

Since trials had no significant effect, the data were
collapsed across the four trials, and subjected to one-
sample z-tests to further evaluate changes from baseline
within each group. The analyses revealed a significant

' A MANCOVA with clinically diagnosed ADHD as a dichotomous
covariate yielded similar results.
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Fig. 2. Mean zygomaticus EMG responses for DBD boys and normal
controls to dynamic emotional facial expressions collapsed across
presentation trials. Arrows indicate the moment at which maximal
expression is attained.

increase from baseline level in zygomaticus EMG activ-
ity during exposure to happy expressions, both for DBD
boys (t1 =3.30, p<0.01), and normal controls
(t51 = 3.45, p <0.01). There was no significant change

from baseline level during exposure to angry
expressions.

Corrugator. The MANOVA' yielded significant ef-
fects of emotional expression (Fj4p = 35.49,

2 <0.0001) and group (Fj 4, =4.50, p <0.05), but not
of trials. Consistent with predictions, angry faces evoked
a significantly larger increase in corrugator EMG activ-
ity than happy faces, which, in turn, were associated
with EMG inhibition (Fig. 3). Also consistent with pre-
dictions, the EMG response during angry faces was
smaller for DBD boys than for normal controls. Post-
hoc t-tests (one-tailed) revealed a significant group dif-
ference for angry faces (74, = 1.89, p <0.05), but not
for happy faces. Except for a significant emotional
expression X trials interaction (F349 = 3.30, p <0.05),
the analysis yielded no significant interaction effects.
This interaction can be attributed to the fact that corru-
gator EMG activity showed a linearly diminishing inhi-
bition across the four presentations of happy
expressions (F) 43 = 11.82, p <0.01), but tended to show
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Fig. 3. Mean corrugator EMG responses for DBD boys and normal controls to dynamic emotional facial expressions for separate presentation
trials. Arrows indicate the moment at which maximal expression is attained.

a linear reduction in facilitation across the four presen-
tations of angry expressions (Fj43=2.88, p<0.1).
These findings suggest that subjects became habituated
to the repeatedly presented stimuli.

Accordingly, one-sample z-tests were conducted for
each group at each trial, to examine changes from base-
line level. The normal control group showed a signifi-

cant increase in corrugator EMG activity from
baseline during exposure to angry expressions at the first
(151 = 2.38, p <0.05), second (#,; =2.28, p <0.05) and
third trial (z,; = 2.79, p <0.01), but not at the fourth
trial. The pattern was slightly different for the DBD
group. DBD boys showed a significant increase at the
first (£, = 2.44, p <0.05), second (#,; = 2.55, p <0.01),
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and fourth trial (z,; =2.10, p <0.05), but not at the
third trial. Furthermore, corrugator showed a significant
decrease in EMG activity from baseline during exposure
to happy expressions for both groups on the first (con-
trols, t; =—4.86, p<0.0001; DBD, t,;=—6.16,
p<0.0001) and second (controls, 1 =— 2.23,
p <0.05; DBD, t,; =—4.00, p<0.001) trial, but not
on the last two trials. The overall pattern shows that
activity in corrugator is potentiated by angry expres-
sions and inhibited by happy expressions. These findings
match well with earlier findings (Larsen et al., 2003),
demonstrating a linear effect of bipolar emotional va-
lence on corrugator (but not on zygomaticus) EMG
activity, with corrugator activity being potentiated by
unpleasant pictures and inhibited by pleasant pictures.

3.4. HR responses to dynamic emotional facial
expressions

The MANOVA' yielded no significant main effects,
nor significant interactions, indicating that the happy
and angry faces evoked quite similar HR responses
across and within groups. One-sample z-tests further
demonstrated significant cardiac decelerations during
angry and happy faces in both groups, specifically, in
the normal control group during angry (z,; = — 4.36,
2 <0.001) and happy (t; = — 3.60, p <0.001) expres-
sions, as well as in the DBD group during angry
(o1 =—4.92, p<0.0001) and happy (#; =— 3.60,
p <0.001) expressions. These findings suggest that both
expressions equally attracted attention.

4. Discussion

Before addressing the principal findings concerning
facial EMG in DBD boys and normal controls, it is
important to note that DBD boys scored significantly
lower on a self-report measure of emotional empathy
than normal controls. These findings support clinical
observations that DBD children are weak empathizers.

The purpose of the current study was to examine fa-
cial responsiveness in DBD boys and normal controls.
We demonstrated that angry and happy facial stimuli
spontaneously elicit different EMG response patterns.
Angry faces evoked a stronger increase in corrugator
activity than happy faces, while happy faces evoked a
stronger increase in zygomaticus activity than angry
faces. These findings replicate data obtained in studies
with adults in normal populations (Dimberg, 1982,
1988, 1990; Dimberg and Lundquist, 1990). Further-
more, as predicted, the corrugator response to angry
faces was less pronounced for DBD boys than for nor-
mal controls. However, no significant difference between
groups emerged in the zygomaticus response to happy
faces. The present findings match well with studies indi-

cating that facial expressivity to negative slides (but not
to positive slides) relates negatively to externalizing
behaviors for boys (Eisenberg et al., 2001; Zhou et al.,
2002). In the present study, DBD boys showed a smaller
corrugator EMG response, a muscle region principally
associated with negative emotions.

These findings demonstrate that DBD boys are less
facially responsive than normal controls towards angry
faces. Assuming that facial imitation is a factor in the
process of emotional empathy, it can be proposed that
deficits in facial reactivity may play a role in DBD boys’
impaired empathic responding. However, it is uncertain
whether the present findings extend to other negative
emotions most relevant to empathy and prosocial
responding, namely fear and sadness, or whether they
are exclusively associated with facial expressions of an-
ger. Research suggests that children with antisocial
behavior problems show biases and deficits in anger
encoding and interpretation. For example, they focus
more on aggressive cues in the environment (Gouze,
1987), tend to misinterpret emotions as anger (Cadesky
et al., 2000), and are inclined to make hostile attribu-
tions (Quiggle et al., 1992). Accordingly, further re-
search is needed to examine facial EMG responses in
DBD children to a larger range of emotional facial
expressions.

Facial mimicry is thought to have a biologically ‘pre-
wired’ neural basis (e.g., Dimberg et al., 2002; Preston
and de Waal, 2002). Since relatively long exposure times
were used in the present study, it is not possible to de-
cide whether the present facial EMG patterns reflect pre-
conscious mimicking behavior or facial expressions as a
readout of inner feeling states. However, in agreement
with the ‘innate basis’ hypothesis, distinct facial reac-
tions emerged already in the first second of exposure
to dynamic facial expressions. Within corrugator, early
responses to angry expressions decreased over repeated
trials, reflecting habituation which is typical of reflexive
responses. There may be a relationship with the fast
habituation of amygdalar responses to emotional facial
expressions (Breiter et al., 1996; Whalen et al., 1998),
in particular because the amygdala are involved in rela-
tively fast, automatic facial mimicry reactions (Wild
et al., 2003). Interestingly, as seen in Fig. 3, habituation
to angry faces is clearly visible for normal controls, but
not for DBD boys. No significant interaction between
emotional expression, group, and trials was observed,
however, so prudence is called for interpreting these
graphs. Nevertheless, the pattern calls attention to pos-
sible impairments in one of the simplest forms of infor-
mation processing among DBD children, which
certainly deserves further investigation.

To our knowledge, this is the first study using facial
EMG to examine facial responsiveness in school-aged
children with disruptive behavior problems and normal
controls. These two groups showed differences in corru-



120 M. de Wied et al. | Journal of Psychiatric Research 40 (2006) 112-121

gator EMG responses, with DBD boys being less fa-
cially responsive than normal controls towards angry
faces. Assuming that facial imitation is a factor in the
process of emotional empathy, it can be proposed that
deficits in facial reactivity may play a role in DBD boys’
impaired empathic responding. Given the limitations of
the current study, however, this interpretation should be
viewed as provisional awaiting further research.
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