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Abstract Evidence suggests that children with selective
mutism (SM) display significant aberrations in auditory
efferent activity at the brainstem level that may underlie
inefficient auditory processing during vocalization, and lead
to speech avoidance. The objective of the present study was
to explore auditory filtering processes at the cortical level in
children with SM. The classic paired-click paradigm was
utilized to assess suppression of the P50 event-related
potential to the second, of two sequentially-presented
clicks, in ten children with SM and 10 control children. A
significant suppression of P50 to the second click was
evident in the SM group, whereas no suppression effect was
observed in controls. Suppression was evident in 90% of
the SM group and in 40% of controls, whereas augmentation
was found in 10% and 60%, respectively, yielding a
significant association between group and suppression of
P50. P50 to the first click was comparable in children with SM
and controls. The adult-like, mature P50 suppression effect
exhibited by children with SM may reflect a cortical
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mechanism of compensatory inhibition of irrelevant repetitive
information that was not properly suppressed at lower levels
of their auditory system. The current data extends our previous
findings suggesting that differential auditory processing may
be involved in speech selectivity in SM.
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Introduction

Selective mutism (SM) is characterized by consistent failure to
speak in specific social situations, where speaking is expected,
despite ability to speak normally in other situations (DSM-IV-
TR). Notwithstanding the large corpus of research, the etiology
of SM is still unknown (Sharkey and McNicholas 2008).
Recently we hypothesized that deficient auditory pro-
cessing during vocalization may underlie the impaired
ability of children with SM to simultancously speak and
process incoming auditory signals (Bar-Haim et al. 2004).
Our working premise was that speech avoidance by
children with SM may be the result of inefficient auditory
processing during vocalization due to excessive masking of
external stimuli and desensitization of the auditory pathway
to incoming sounds. We tested this hypothesis by assessing
auditory afferent and efferent functionality from the
periphery (i.e., cochlea) to the brainstem level, focusing
on specific auditory neural systems implicated in efferent
regulation of incoming and self-produced sounds. Results
showed that relative to healthy controls, children with SM
displayed significant aberrations in middle-ear acoustic
reflex (MEAR) function and a diminished suppression
effect of transient otoacoustic emissions (TEOAE). During
vocalization, activity of the MEAR results in decreased
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masking effect of the speaker’s own voice, thereby
improving the ability to process external signals (Borg et
al. 1984). Efferent activity of the medial olivocochlear
bundle results in improved signal-to-noise ratio thus
preventing desensitization of the auditory system during
vocalization (Giraud et al. 1997; Micheyl and Collet 1996).
Based on these notions and our own findings we concluded
that reduced auditory efferent activity during self-
vocalization may hinder SM children’s ability to simulta-
neously process incoming auditory signals. Further support
for this notion was provided by data from a behavioral study
showing impaired auditory processing during vocalization in
children with SM who presented aberrations in auditory
efferent activity compared to that of children with SM
without auditory efferent deficiency, and healthy control
children (Arie et al. 2007).

Our previous study (Bar-Haim et al. 2004) focused on
brainstem level auditory function of children with SM.
Here, we further explore auditory processing in children
with SM at higher cortical levels. We focused on the P50
middle-latency event-related potential known to reflect
neural encoding of auditory information at the primary
auditory cortex (Pratt 2007). We utilized the classic paired-
click paradigm (Adler et al. 1982) to assess suppression of
the P50 potential. In this paradigm, two clicks are presented
sequentially 0.5 s apart. Healthy adults typically display
suppressed P50 amplitude to the second click relative to a
first click. This suppression of P50 amplitude has been related
to the inhibitory ‘gating’ effects of the first click (Adler et al.
1982). Impaired suppression to the second click is thought to
reflect poor sensory gating, which may be associated with an
influx of irrelevant auditory information causing perceptual
and attentional deficits (Braff and Geyer 1990; Ghisolfi et al.
2006; Hashimoto et al. 2008; Knight et al. 1999). Here we
investigated whether cortical sensory gating (P50 suppression)
is aberrant in children with SM relative to healthy control
children. Two competing hypotheses were entertained. The
first proposes that the aberrant efferent activity detected in
children with SM at the brainstem level is in fact a reflection
of a broader deficiency in auditory suppression mechanisms
that will manifest also in higher cortically driven mecha-
nisms. In contrast, the second hypothesis restricts the aberrant
processing in children with SM to the brainstem level and
thus either a normative or a compensatory process should be
expected at cortical levels of processing.

Methods
Participants

Twenty children participated in the study. Ten were diagnosed
with SM, and 10 were healthy, normally speaking children
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matched for age (2 months) and gender. Table 1 provides
children’s characterization data by group. Children with SM
were recruited through advertisement and through referrals
from affiliated clinics informed of the study. The control
group was randomly recruited from mainstream public
schools in the same district as the SM group. DSM-IV-TR
criteria for SM or lack thereof were determined by means of
a semi-structured clinical interview with the parents. In
addition, three questionnaires were utilized: (1) The Selective
Mutism Questionnaire (SMQ) (Bergman et al. 2001; Bergman
et al. 2002), a 19-item parent-report measure of children’s
speaking behavior in three settings: at school, with family,
and in social situations outside of school; (2) The Social
Phobia and Anxiety Inventory for Children (SPAI-C) (Beidel
1996; Beidel et al. 1995), a 26-item inventory assessing
social phobia as reflected in DSM-IV criteria. Subjective
distress is assessed in a variety of social settings and
cognitive, somatic, and behavioral aspects of the disorder
are measured; and (3) Screen for Child Anxiety Related
Emotional Disorders (Birmaher et al. 1999; Birmaher et al.
1997), a 41-item child and parent self-report instrument used
to screen for childhood anxiety disorders. Homemade video-
or audio tapes were used to confirm parental reports of
normal and fluent speech production ability of children with
SM. Finally, comorbid psychiatric diagnoses were assessed
using a structured research diagnostic interview with the
parents (K-SADS-PL, Kaufman et al. 1997). Children that
exhibited developmental delays, mental retardation, perva-
sive developmental disorder, or were receiving medication,
were excluded from the study. All subjects had normal
hearing (air conduction thresholds at 0.5, 1, 2, and 4 kHz<
15dBHL) in both ears.

The study was approved by the Institutional Review
Board of Tel Aviv University and written informed consent
was obtained from parents and children.

Stimuli

On each trial two identical clicks (4 ms in duration) were
presented binaurally at 63 dBSPL via headphones, with a
500 ms inter-stimulus interval. A total of fifty pairs were
presented, with an inter-pair interval of 10 s. The task lasted
8 min.

P50 Recordings

Brain electrical activity was recorded from 9 sites on the
scalp using Electrocap tin electrodes. The electrodes were
placed according to the 10-20 system (Jasper 1958) at the
following locations: F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4,
all referenced to the chin. Sampling rate was 256 Hz, and
bio-amplifier filter settings were 0.1 Hz high pass and
100 Hz low pass. Vertical and horizontal EOG were
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Table 1 Characteristics of

Study Participants SM Control p values for between-groups contrasts
n=10 n=10
Mean age (sd) 9.35 (2.59) 8.85 (1.57) 0.61 (ns)
Male / female 3/7 3/7
2 Selective Mutism SMQ* 3.93 (1.38) 7.22 (2.56) 0.002
Questionnaire- low scores indi- SPAI-C® 20.82 (8.30)  4.63 (3.97) 0.0001
cate more severe SM symptoms. g \Rpp._pe 23.06 (6.72)  10.10 (6.65)  0.0001

®Social Phobia and Anxiety
Inventory for Children- high
scores represent greater social
anxiety.

¢Screen for Child Anxiety Re-
lated Emotional Disorders- high
scores represent more anxiety.

Comorbidity, No. of cases
Social phobia
Separation anxiety disorder
Enuresis
ADHD

—_— = = O\

recorded from above and below the left eye, and at the
right and left outer canthi, respectively. Processing and
analysis of the EEG signal was carried out offline using
the Brain Performance Measurement (BPM) System
(Orgil ™, Ein-Ayala, Israel). EEG data exceeding +100
uV were automatically removed from further analysis.
Eye blinks that appeared in the EOG signal were
regressed out of the EEG using a procedure based on
methods described in the literature (Lins et al. 1993;
Miller and Tomarken 2001).

Procedure

Following electrode application participants were seated in
a comfortable armchair in a sound-treated room. They were
instructed to sit quietly and to keep their eyes closed during
the auditory stimulation.

Data Analysis

EEG data was segmented to epochs of 250 ms consisting
of a pre-stimulus baseline period of 100 ms, and post-
stimulus period of 150 ms and mean ERP waveforms to
the first and second clicks were computed for each
participant. Record-by-record inspection was utilized to
identify and exclude epochs contaminated with artifacts.
Over all, the mean number of non-contaminated records
per subject was 87, SD=12. ERP waveforms were
baseline corrected and band-pass filtered between 10
and 50 Hz prior to measurement of P50 latency and
amplitude for each subject and each click. ERP data was
analyzed for the Cz electrode, the site at which P50
suppression was the strongest in the current study and in
previous datasets (Clementz et al. 1998; Marshall et al.
2004; Nagamoto et al. 1991). P50 to the first click was
identified as the most positive peak in the 40—80 ms range
post stimulus onset. This latency window was based on
visual inspection of the individual waveforms. P50 to the

second click was identified as the most positive peak
within £12 ms of the P50 peak to the first click. P50
amplitude was measured as the absolute difference
between the P50 peak and the preceding negative trough
occurring. Following Cadenhead et al. (2000), percent P50
suppression was calculated using the following formula:
(1 — S2 amplitude/S1 amplitude) x 100.

Multivariate analysis of variance for repeated measures
was used to evaluate the effects of group (SM, control)
and stimulus (first click, second click) on the amplitude
and latency of the P50 component. T tests were employed
to detect significant differences between stimuli and
groups.

Results

The P50 ERP was elicited in all subjects to the first and
second click. Figure la depicts individual waveforms of
the SM and control subjects elicited by the first and
second clicks. The main effects of group and stimulus on
P50 amplitudes and latencies were not significant
(Table 2). For P50 amplitude, however, a trend towards a
Group by Stimulus interaction immerged, F(1, 18)=3.14,
p=0.09. Follow-up contrasts revealed a significant sup-
pression of P50 amplitude to the second click in the SM
group, t(9)=2.33, p=0.04, whereas no such suppression
was observed in the control group, t(9)=—0.27, p=0.79
(Fig. 1b).

Individual P50 suppression percentage scores and group
medians are presented in Fig. 2. Of the 10 children with
SM, nine exhibited P50 suppression (percentage greater
than zero, indicating smaller P50 amplitude to the second
click compared to the first click), and one exhibited P50
augmentation (percentage smaller than zero indicating
greater P50 amplitude to the second click compared to the
first click). Of the 10 control children, four exhibited
suppression whereas six exhibited augmentation. The
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«Fig. 1 a Individual waveforms elicited by the first click (black) and

second click (red) of all SM and control children. The grey shadowed
area depicts the 40—-80 ms post-stimulus onset range where P50 to the
first click was identified. P50 to the second click was identified as the
most positive peak within £12 ms of the P50 peak to the first click.
P50 amplitudes are depicted by the tics pointing at the positive peak
and preceding negative trough (first click- black, second click- red).
Black arrows point to subjects that exhibited augmentation of P50 to
the second click in both groups b Mean amplitudes and standard error
bars of the P50 components to the first and second clicks by group.
Note the significant suppression of P50 to the second click in the SM

group

association between group and P50 suppression/augmentation
was significant, x*=4.87, p=0.03.

Discussion

The results of the present study indicate that cortical neural
encoding of auditory information manifested by the P50
response to the first click was comparable in children with SM
and healthy controls. Nonetheless, auditory sensory gating as
manifested by the P50 suppression effect was different
between the groups. While children with SM exhibited
mature, adult-like, P50 suppression effects, healthy controls
showed highly variable responses (i.e. either suppression or
augmentation) that on average did not yield a P50 suppression
effect.

The finding that the latency and amplitude of P50 to the
first click was similar in children with SM and controls,
together with our previous reports showing comparable
auditory brainstem responses in the two groups (Bar-Haim
et al. 2004; Arie et al. 2007) indicates that the arrival of
auditory information via the ascending afferent pathways,
from the cochlea to the primary auditory cortex, is intact in
children with SM. The P50 suppression effect, on the other
hand, distinguished between children with SM and healthy
controls. On average, a suppression effect was not evident
in healthy controls with 60% of them exhibiting augmen-
tation of the P50 to the second click and only 40%

Table 2 P50 Amplitudes (uV) and Latencies (ms) Elicited by the
First and Second Clicks in the SM and Control Groups

SM Control
Mean (SD) Mean (SD)
Amplitude
Click 1 3.76 (2.80) 3.64 (3.42)
Click 2 1.93 (2.03) 3.87 (3.44)
Latency
Click 1 64.06 (10.77) 64.45 (11.82)
Click 2 59.77 (8.65) 67.58 (16.27)

*P50 was measured at Cz electrode
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Fig. 2 Individual percentages of P50 suppression in the SM
and control groups. Medians are depicted by the horizontal lines.
P50 suppression was calculated using the formula:
(I — S2 amplitude/S1 amplitude) x 100. Values greater than zero
indicate P50 suppression whereas values smaller than zero indicate
P50 augmentation

exhibiting P50 suppression. Of the few studies that utilized
the paired-click paradigm in children, P50 augmentation to
the second click was indeed reported (Freedman et al. 1987;
Marshall et al. 2004). Marshall et al. (2004), for example,
reported that 30% of their cohort, with a similar age range
to that of the present cohort (7-13 years), exhibited
augmentation. Across their entire sample, the magnitude
of P50 suppression scores remained smaller than is
commonly seen in healthy adults [i.e., approximately 60%
suppression (Cadenhead et al. 2000)]. Our cohort of healthy
children also exhibited smaller suppression scores relative
to the scores of healthy adults. This result is in agreement
with the reported maturational course of P50 suppression
characterized by increasing suppression effects and dimin-
ished variability with age (Brinkman and Stauder 2007,
Freedman et al. 1987; Marshall et al. 2004; Davies et al.
2009). The frontal cortex has been implicated as one of the
key brain areas contributing to P50 suppression (Brinkman
and Stauder 2007; Grunwald et al. 2003; Knight et al. 1999;
Weisser et al. 2001), and it has been speculated that the
maturation pattern of the of P50 suppression effect is
related to the documented maturation processes of the
frontal cortex during childhood and preadolescence.
Compared to adults, children between 8 and 12 years
often fail to activate regions in the ventrolateral prefron-
tal cortex during suppression of irrelevant environmental
stimuli (Bunge et al. 2002). It is therefore possible that
the relatively large percentage of healthy children exhibit-
ing a lack of P50 suppression, or even augmentation is
related to variability in maturation of prefrontal systems
that mediate sensory gating.

The adult-like, mature P50 suppression effect exhibited
by children with SM is a somewhat counterintuitive finding
that should be followed up by additional research. We
tentatively propose that this early maturation of P50 gating
in children with SM may reflect a mechanism of compen-
satory inhibition of irrelevant repetitive sensory information
that these children cannot properly suppress at lower levels
of the auditory system. It is possible that the diminished
efferent activity at the brainstem level (Bar-Haim et al.
2004; Arie et al. 2007) spurs early maturation of the P50
suppression effect in children with SM.

Despite the informative pattern of the present findings,
interpretation of the results should be viewed in light of
some important limitations. First, the small number of
participants in this preliminary study advice caution in
statistical inference. This caution applies not so much to the
SM group, in which nine out of ten children showed a P50
suppression effect, but rather to the instability of the P50
suppression effect in the healthy control children. Although
such instability has been previously reported in child and
adolescent samples, it appears that more work in normative
and preferably longitudinal samples is still needed. Second,
during ERP recordings participants were instructed to keep
their eyes closed and relax in order to reduce eye-movement
artifacts. Although this strategy has its advantages, ERP
recordings while participants are focusing with their eyes open
may reduce the risk of drowsiness. Future studies could clarify
whether this methodological aspect is of actual significance.
Finally, although dysfunctional efferent activity at the
brainstem level has been documented in two independent
samples of children with SM (Bar-Haim et al. 2004; Arie et al.
2007), in the present sample due to experimental constrains
we were unable to collect MEAR and TOAE. Thus, to
directly test our conjecture that enhanced P50 gating in
children with SM serves as an auditory compensatory
mechanism for deficient efferent activity at the brainstem
level, both types of measures should be recorded in a within
subject design. An inverse correlation between P50 suppres-
sion effect and MEAR or TOAE amplitudes could serve as a
more direct proof of this hypothesis in future studies.

In conclusion, the present study further solidifies the
notion that functional anomalies in the auditory system
of children with SM should be considered as part of the
nosology of this disorder. The interplay between defi-
cient efferent brainstem activity and enhanced cortical
suppression should be further studied to clarify the full
nature of auditory aberrations in SM. Future research on
the developmental course of P50 suppression, and
possibly other auditory cortical potentials such as Nl
(Davies et al. 2009), in children with SM may shed light
on the potential contribution of inhibitory mechanisms to
the process of outgrowing SM during adolescence and
early adulthood.
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