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Abstract

The postauricular reflex is a relatively new psychophysiological measure of appetitive emotional
processing during picture viewing. However, the degree to which other auricular (i.e., superior and
anterior auricular) muscles might exhibit reflexive activity congruent with that found in the
postauricular muscle has not been investigated, nor has the robustness of postauricular reflex
modulation across stimulus modality. In this study, postauricular reflexes were the only reflexes
that showed consistent emotional modulation across ears and genders. Additionally, postauricular
reflexes were significantly modulated for both emotional pictures and sounds; in both cases,
postauricular reflexes were greatest during pleasant stimuli.
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The postauricular reflex is a vestigial muscle response in humans that acts to pull the ear
upward and backward (Berzin & Fortinguerra, 1993; Gray, 1901/1995) and is recorded from
electrodes positioned over the postauricular muscle behind the ear (O’Beirne & Patuzzi,
1999). Kiang, Crist, French, and Edwards (1963) first isolated the postauricular reflex as an
electrical potential evoked by noise clicks in awake humans. This potential was also shown
to be myogenic in origin, suggesting that the moniker “postauricular reflex” is an
appropriate one: Its magnitude increased with forward pressure on the back of the scalp to
tense the postauricular muscle, decreased substantially with backward pressure on the
forehead to relax the muscle, and was abolished when the postauricular muscle was injected
with the muscular paralytic curare (Bickford et al., 1964). Further supporting the myogenic
origin of the postauricular reflex is the finding that the magnitude of the postauricular reflex
recorded over the skin is proportional to the number of postauricular muscle motor units
activated, as measured by transdermal recordings (De Grandis & Santoni, 1980).
Nevertheless, it is important to note that this reflex is vestigial and does not generate
movement of the pinna.

Based on studies of individuals with severe sensorineural hearing loss, the postauricular
reflex appears to originate from the cochlea, not the vestibular system (Yoshie & Okudaira,
1969; but see Cody, Jacobson, Walker, & Bickford, 1964, for data regarding the possible
vestibular origin of the similar inion response to clicks). The facial nerve also appears to be
the efferent pathway to the postauricular muscle in generating the postauricular reflex, as
postauricular reflexes are abolished on the side ipsilateral to intracranial facial nerve palsies
of various etiologies but not in patients with extracranial facial nerve palsies (Bochenek &
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Bochenek, 1976). Indeed, postauricular muscle activity can be used as an indicator of facial
nerve conduction velocities (De Meirsman, Claes, & Geerdens, 1980), and postauricular
reflexes are often the first EMG responses to recover from facial Bell’s palsy (Serra,
Tugnoli, Cristofori, Eleopra, & De Grandis, 1986). However, the circuitry of the
postauricular reflex between the cochlea and the facial nerve remains unstudied.

Benning et al. (2004) investigated the effects of emotional picture presentation on the
postauricular reflex in undergraduate males. The magnitude of the postauricular reflex was
generally smaller during pictures than during intertrial intervals (1TIs), indicating that
perceptual engagement with a foreground stimulus generally inhibited the reflex (cf.
Hackley et al., 1987). In opposition to this effect, the magnitude of the postauricular reflex
was potentiated during pleasant pictures and inhibited during aversive pictures, yielding a
linear pattern of emotional modulation opposite that observed for the startle blink reflex.
These results were not attributable to differences in baseline postauricular EMG activity, as
baseline postauricular EMG activity did not differ during pleasant, neutral, and aversive
pictures. Additionally, these modulatory effects were stronger for high-intensity affective
pictures than for low-intensity pictures (cf. Cuthbert et al., 1996).

These effects have been replicated in undergraduates (Gable & Harmon-Jones, 2009; Sandt,
Sloan, & Johnson, 2009) and late pubertal (but not early pubertal) adolescents (Quevedo,
Benning, Gunnar, & Dahl, 2009). They have also been extended in a study demonstrating
that only happy facial expressions posed by women significantly potentiated postauricular
reflex magnitudes, congruent with a functional equivalence hypothesis of facial expressivity
(Hess, Sabourin, & Kleck, 2007). Additionally, postauricular reflexes are greater during
anticipation of gustatory reward than punishment (Hackley, Mufioz, Hebert, Valle-Inclan, &
Vila, 2009), indicating that postauricular reflexes may be measures of appetitive processing
in the absence of a foreground emotional stimulus. Nevertheless, the validity of the
postauricular reflex as a measure of appetitive processing during emotional sounds has yet to
be studied.

This pattern of valence modulation is also counterintuitive, given that the postauricular
muscle may have acted defensively to pull the ear back to protect hearing when the muscle’s
function was more than vestigial (Berzin & Fortinguerra, 1993; Cassella & Davis, 1986),
and decreased tonic postauricular muscle activity is involved in the orienting response
(Stekelenburg & van Boxtel, 2001). Thus, postauricular reflex activity may be an artifact of
cross-talk from another auricular muscle, the function of which is more obviously appetitive
than the postauricular muscle. The two additional extrinsic auricular muscles may be
promising targets. The superior auricular muscle acts to perk up the ear rather than flatten it
against the head, and the anterior auricular muscle also pulls the ear forward (Gray,
1901/1995), it would be sensible to expect that these auricular muscles might also show
appetitive reflexive modulation. It is notable that of the three extrinsic auricular muscles, the
superior auricular muscle is largest, followed by the postauricular muscle, with the anterior
auricular muscle being smallest. Thus, there may be mean level differences in reflex
magnitude based on the sheer area of the muscles.

Assessing the reflexive activity of these muscles may also narrow which branch of the facial
nerve is responsible for generating the appetitive modulation of the postauricular reflex.
Whereas the postauricular muscle is innervated by the postauricular branch of the facial
nerve, the superior and anterior auricular muscles are instead innervated by the temporal
branch of the facial nerve (Sataloff & Selber, 2003). Thus, if only postauricular reflexes are
potentiated during pleasant vs. neutral pictures, then a relatively restricted branch of the
facial nerve (namely, its postauricular branch) would be implicated in its emotional
modulation. Conversely, if other auricular reflexes are also potentiated during pleasant vs.
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neutral pictures, then either multiple branches of the facial nerve conduct activity related to
appetitive processing, or the neural activity responsible for potentiating the auricular
reflexes arises at a point upstream from the postauricular branch of the facial nerve.

There have been no reports in the literature about the reflexive activity of the superior
auricular or anterior auricular muscles. Thus, the current study explored whether the
superior auricular and anterior auricular muscles also show reflexive activity to noise
probes, and whether reflexes observed in these muscles would show a pattern of modulation
by emotional stimuli similar to that for the postauricular reflex. This study also explored
whether these auricular muscles had comparable patterns of modulation during emotional
pictures and sounds.

Participants in this study were 38 undergraduates (21 women) from an introductory
psychology course. Four participants were excluded because they failed to show significant
reactivity to the startle probes (n = 2) or due to equipment failure (n = 2), leaving a final
sample of 34 participants (19 women).

The startle probe was a bilateral 50 ms, 105 dB white noise probe with nearly instantaneous
rise time; startle probes were presented 3000, 4000, or 5000 ms after picture onset. A total of
55 pictures from the International Affective Picture System (IAPS; CSEA-NIMH, 1999)
were used in the experiment.l Maximally intense exemplars of pleasant and aversive picture
contents depicting stimuli that are directly (pleasant: erotic, food; aversive: mutilation,
threat) or indirectly (pleasant: adventure, nurturant; aversive: disgust, victim) related to an
organism’s survival were included, and all picture contents were gender balanced on
dimensions of normatively rated valence (median t(6) between men and women = 0.35, p =.
735) and arousal (median t(6) between men and women = 0.13, p = .897).

The first three pictures (IAPS numbers 4650, 7080, and 9252) were startled at the beginning
of the experiment to habituate abnormally large initial startle magnitudes (Graham, 1979);
data from these pictures were not analyzed. Startle probes were not presented during four
pictures during the experiment (IAPS numbers 2220, 5460, 7233, and 8485); instead, probes
were presented during the inter-trial interval (ITI) after these pictures to examine the
magnitude of postauricular reflexes in the absence of a visual foreground and to reduce the
predictability of the startle probes.

Furthermore, 16 sounds from the IADS were presented throughout the experiment. Because
there are many fewer sounds in the IADS than there are pictures in the IAPS, examining
content categories of sounds was not possible. Therefore, four sounds of each valence
(pleasant, neutral, and aversive) were used. Additionally, four sounds (IADS numbers 115,
311, 352, and 425) were presented during the ITI. All sounds were gender-balanced on
normative ratings of valence (median t(6) = 0.17, p = .874) and arousal (median t(6) = 0.35,

IThe following IAPS pictures comprised each content category: adventure: 5623, 8034, 8180, 8210; nurturant: (1811, 2071, 2160,
2340/ 1463, 1722, 2341, 2655); erotic: 4640, 4660, 4680, (4255 / 4572); food: 7200, 7230, 7260, 7460; buildings: 5731, 7180, 7490,
7491; humans: 2190, 2393, 2870, 2890; landscapes: 5120, 5390, 5740, 9210; objects: 7002, 7004, 7034, (7031 / 7038); disgust: 9342,

9520, 9560, 9830;

mutilation: (3051, 3061, 9253, 9420 / 9042, 9265, 9440, 9490); threat: 6250, 6260, 9630, (6243 / 6190); victim:

6570, 9920, (6312, 6540 / 6530, 6561). Pictures not in parentheses were presented to participants of either gender; pictures within
parentheses to the left of the slash were presented only to men, and those within parentheses to the right of the slash were presented
only to women. Likewise, the following IADS stimuli comprised each sound valence: pleasant: 215, 815, (205, 226 / 201, 220);

neutral: 358, 704,

708, 726; aversive: 286, 290, (277, 600 / 261, 501).
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p = .735). Pleasant and aversive sounds were chosen to be maximally extreme in valence
and high in arousal, and neutral sounds were chosen to be near the midpoint of the valence
scale and low in arousal.

A total of eight run orders were used in this study: Four different serial positions of the
stimuli were used, with appropriate stimulus substitutions made for women and men in the
study. In each run order, no more than two stimuli of the same valence occurred
contiguously, and pictures of the same content did not follow each other.

Psychophysiology

Procedure

All physiological channels were sampled at 2000 Hz with a Neuroscan NuAmps
bioamplifier at DC with a 500 Hz lowpass filter to avoid aliasing of the physiological
signals. Recordings of the EMG activity in the postauricular, superior auricular, and anterior
auricular muscles were taken from each ear. Postauricular electrodes were placed according
to locations detailed in O’Beirne and Patuzzi (1999). Superior auricular and anterior
auricular electrode placements were guided by Berzin and Fortinguerra (1993) and Gray
(1901/1995). Superior auricular muscle activity was recorded with one electrode on the
scalp by the tendon of insertion of the muscle and the other electrode placed immediately
posterior to it. Anterior auricular muscle activity was recorded with one electrode placed
anterior to the tragus (the cartilaginous protrusion over the ear canal), and the other electrode
was placed immediately anterior to the first electrode.

Because the postauricular reflex is a microreflex, reflexive auricular muscle activity was
assessed using aggregate rectified waveforms. Auricular EMG activity to noise probes was
averaged across all pictures of a given content category, yielding average waveforms
composed of 4 trials. In each aggregation, auricular reflex magnitudes were assessed as the
peak EMG activity occurring 8-30 ms after the onset of the startle probe minus the mean 50
ms pre-probe EMG baseline activity (Benning et al., 2004). Visual inspection confirmed the
appropriateness of this window for scoring these reflexes (cf. Sandt et al., 2009). Because of
the large inter-individual variation in responses to startle probes, auricular reflex magnitudes
were then z-scored within each participant for valence and content analyses.

Participants completed a consent form and a biographical questionnaire to screen for hearing
and visual impairments before being escorted into the laboratory. They then completed the
study questionnaires in the order noted above as the electrodes were attached. Once hookups
were completed, participants were told to follow the directions on the screen, keeping as still
as possible at all times. Participants were instructed to watch each picture the entire time it
appeared on the screen and to keep their gaze directed toward the fixation cross whenever no
picture was on the screen. They were also told that they would hear brief noises through the
headphones which they could simply ignore. They were then presented with the three
habituation pictures and given a demonstration of the ratings procedure they would use to
rate each picture. After the demonstration, participants attended to each stimulus in the
sequence determined by the run order.

Pictures and sounds were preceded by a 3 s baseline consisting of a blank screen with a
fixation point; each was presented for 6 s, followed by a 3 s recovery period, during which
the ITI startle probes were presented halfway through. After each trial, participants
completed valence and arousal ratings of their current emotional state using the Self-
Assessment Manikin (SAM; Bradley & Lang, 1994) via computer keyboard, and the ratings
were followed by a blank screen lasting 3 s to allow participants to prepare for the next
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picture or sound. After participants viewed and rated all pictures and sounds, they received
experimental debriefing and compensation.

Data Analysis

Results

To investigate the relative strength of each auricular response to the noise probes, the mean
raw peak magnitude for the anterior, superior, and posterior auricular reflexes of each ear
during pictures were entered into a mixed ANOVA, with gender as the between-subjects
factor and ear and auricular muscle as the within-subjects factors. Only the auricular Muscle
main effect was significant, F(2,29) = 7.01, p = .002, partial n2 = .350 (all other Fs < 2.5, ps
> .1, partial n%s < .15). Helmert contrasts revealed that postauricular reflexes (M = 13.9 pV,
SE = 3.16) were larger than superior auricular reflexes (M = 2.74 uV, SE = 0.41) and
anterior auricular reflexes (M = 1.68 pV, SE = 0.08), F(1,30) = 14.3, p = .001, partial n2 = .
322; superior auricular reflexes were also greater than anterior auricular reflexes, F(1,30) =
6.78, p = .014, partial n2 = .184. However, as evidenced in Figure 1A, visual inspection of
the grand average waveforms for each auricular reflex by ear revealed that only the
postauricular and superior auricular waveforms had reflexive activity that could be discerned
from that of the background EMG.2 Thus, only these reflex magnitudes were analyzed
further.

Postauricular and superior reflex magnitudes were entered into mixed ANOVAs, with
gender as the between-subjects factor and ear and valence as the within-subjects factors with
planned follow-up polynomial contrasts. A critical a level of .05 was used for all analyses,
and within-subjects degrees of freedom were adjusted using the Huyhn-Feldt correction for
non-sphericity.

Postauricular Reflexes

As shown in Figure 1B, there was a significant effect of picture valence on postauricular
reflex magnitude, F(1.92,61.3) = 4.67, p = .014, partial n2 = .127. In particular, postauricular
reflexes were greater during pleasant pictures than during aversive pictures, linear F(1,32) =
9.81, p = .004, partial n2 = .235 (quadratic F(1,32) = 1.97, p = .170, partial n2 = .058). None
of the other main effects or interactions were significant, Fs < 1.1, ps > .35. Compared to
those during neutral pictures (M = —0.03, SE = 0.06), postauricular reflexes were larger
during erotic pictures (M = 0.39, SE = 0.14), t(33) = 2.52, p =.017, and during nurturant
pictures (M = 0.28, SE = 0.13), t(33) = 2.09, p = .044. There were no significant differences
between postauricular reflexes during any aversive picture contents and those during neutral
pictures, ts< 1, ps > .3.

Likewise, postauricular reflexes during sounds were modulated by sound valence,
F(1.99,63.8) = 4.03, p = .023, partial n2 = .112. Postauricular reflexes were greater during
pleasant sounds than during aversive sounds, linear F(1,32) = 6.05, p = .020, partial n2 = .
159; postauricular reflex magnitudes during pleasant and aversive sounds also tended to be
greater than those during neutral sounds, quadratic F(1,32) = 3.52, p = .070, partial n2 = .
099. Across both stimulus modalities, all other main effects and interactions were not
significant, Fs < 1.5, ps > .2. Thus, in the following analyses, postauricular reflexes were
averaged across ears and genders.

Analyses of the consistency of the observed valence modulation pattern for pictures (cf.
Benning et al., 2004) revealed that 82% of participants (95% confidence interval 66%—92%)
had numerically larger postauricular reflexes during pleasant than during aversive pictures.
However, only 62% of participants (95% confidence interval 45%-76%) had greater
postauricular reflexes during pleasant than during neutral pictures. During emotional sounds,
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65% of participants (95% confidence interval 48%—79%) showed numerically greater
postauricular reflexes during pleasant sounds than either neutral or aversive sounds.

An ANOVA in which mean postauricular reflexes during stimuli and during ITls were
compared showed that postauricular reflexes during ITIs (M = 0.14, SE = 0.09) were greater
than those during stimuli (M = —0.13, SE = 0.04), F(1,33) = 5.23, p = .029, partial n2 = .137.
Postauricular reflexes during or after pictures (M = 0.20, SE = 0.08) were also greater than
those during or after sounds (M = —0.19, SE = 0.09), F(1,33) = 7.40, p = .010, partial n2 =.
183. However, there was no interaction between probe time (during stimulus vs. ITI) and
stimulus modality (picture vs. sound), F(1,33) = 0.08, p = .785, partial n2 = .002.

Superior Auricular Reflexes

For superior auricular reflexes during pictures, the strongest effect was the three-way
Valence x Ear x Gender interaction, F(2.00,62.0) = 6.68, p = .002, partial n2 = .177. For
men, the left ear’s superior auricular reflexes were greater during pleasant (M = 0.16, SE =
0.09) than during aversive pictures (M = —0.19, SE = 0.09), linear Valence F(1,13) = 7.48, p
=.017, partial n2 = .365, with those during neutral pictures falling in between (M = —0.10,
SE = 0.11), quadratic Valence F(1,13) = 0.29, p = .601, partial n2 = .022. However, in the
right ear, the opposite pattern was found, with superior auricular reflexes greater during
aversive pictures (M = 0.35, SE = 0.13) than during pleasant pictures (M = —0.16, SE =
0.12), linear Valence F(1,13) = 5.14, p = .041, partial n2 = .283, with those during neutral
pictures (M = —0.14, SE = 0.12) falling in between, quadratic Valence F(1,13) =2.75,p =.
121, partial n2 = .174.

For women, left superior auricular reflexes were greater during pleasant (M = 0.21, SE =.
10) and aversive pictures (M = 0.10, SE = 0.11) than during neutral pictures (M = —0.22, SE
=0.09), quadratic Valence F(1,18) = 8.44, p = .009, partial n2 = .319. However, there was
no effect of Valence in the right ear, F(2.00,36.0) = 1.63 p = .211, partial n2 = .083 (pleasant
M =0.10, SE = 0.09; neutral M = 0.13, SE = 0.08; aversive M = —0.08, SE = 0.08). Thus,
these effects substantially qualified the significant Valence x Ear effect, F(2.00,62.0) = 3.91,
p = .031, partial n2 = .106. No other effects were significant for superior auricular reflexes
during pictures, Fs < 2.2, ps > .12.

There were no significant effects for superior auricular reflexes during sounds, Fs < 2.5, ps
> .13

Discussion

Because superior auricular muscle reflexes were at best inconsistently modulated by
emotional stimuli and because anterior auricular muscle reflexes seemed absent, it appears
that it is the postauricular muscle, innervated by the postauricular branch of the facial nerve,
whose reflex is responsible for the observed patterns of emotional modulation. Furthermore,
the postauricular reflex appears to be a measure of appetitive processing during both pictures
and sounds, indicating that this reflex may be used to study emotional processing across
stimulus modalities. Additional attentional work should be performed to confirm that
postauricular reflexes are smaller during sounds than during pictures, which may be an
intriguing method of studying unimodal vs. cross-modal attention inhibition. It is possible
that electrodes measuring the superior and anterior auricular muscles were not optimally
placed to record a signal from them. However, this seems unlikely as even suboptimally
placed postauricular electrodes yield interpretable signals (O’Beirne & Patuzzi, 1999),
Furthermore, the superior auricular muscle is relatively large compared to the postauricular
muscle, so its reflexive activity should be comparatively easy to record.

Psychophysiology. Author manuscript; available in PMC 2012 March 1.
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Nevertheless, it should be reiterated that the neural pathways underlying each of the
auricular reflexes remain unclear. Thus, the interpretation of potentiation of the postauricular
reflex remains ambiguous. Bickford et al. (1964) reported that “preliminary studies on
unanesthetized monkeys, cats, rabbits, and dogs have failed to reveal a similar response to
that recorded in the human” (p. 213), implying that finding animal models of this reflex may
be difficult. There is also reason to doubt that the pinna reflex is an appropriate analog of the
postauricular reflex, as pinna reflex magnitudes were greater in mice during presentation of
a CS+ than at baseline in a single-cue conditioning experiment (Casella & Davis, 1986).
Dissection of human cadavers or anterograde tracing may be needed to confirm the neural
circuitry of the postauricular reflex (as has been done in examinations of the anatomy of the
postauricular muscle; Guerra et al., 2004).
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Panel A: Grand average auricular reflex magnitude by picture and sound valence, separated
by ear of recording. Panel B: Mean within-subject z scored postauricular reflex magnitude

by picture and sound valence, separated by ear of recording. Error bars represent the
standard error of the mean.
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