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Behavioral response to tactile stimuli relates to brain response
to affective touch in 12-month-old infants
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1 | INTRODUCTION

Abstract

Affective touch activates a brain network responsible for processing social-emo-
tional stimuli in infants, children, and adults, with a core node in the superior tempo-
ral sulcus (STS). STS is known to be a region highly susceptible to individual variability,
including for tactile stimuli processing. However, little is known about how this re-
gion is recruited to process affective touch in infancy. The aim of this study was to
examine brain activity to affective touch in the temporal region (STS) and under-
stand if it relates to behavioral patterns of sensory-over responsivity (SOR) to touch.
Twelve-month-old infants (n = 24) were given affective and discriminative stimuli to
the forearm while they were watching a silent movie. Brain activation was recorded in
the STS for measures of oxy-hemoglobin (HbO,) and deoxy-hemoglobin (Hbb) using
functional near infra-red spectroscopy (fNIRS). Aversive responses to tactile stimuli
were measured using the Infant-Toddler Sensory Profile. A significant hemodynamic
response increase in HbO, to affective touch was observed in the STS for infants
with less aversive behavioral responses to tactile stimuli. The findings suggest that
brain activity in the STS for affective touch might be related to individual differences

in the affective reaction toward touch.
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infants (Charpak & Ruiz, 2016; Conde-Agudelo & Diaz-Rossello,
2016; Feldman, Eidelman, Sirota, & Weller, 2002; Feldman, Weller,

Touch is the primary source of soothing and comfort offered by a
mother to her newborn. Nurturing touch is present at very early
stages of development (Jean, Stack, & Fogel, 2009), and interven-
tions like skin-to-skin contact (i.e., kangaroo care) suggest that touch
is related to several markers of well-being like reduced mortality,
increased weight/height gain, reduced rates of infection or hypo-

thermia, and better developmental outcomes in term and preterm

Sirota, & Eidelman, 2002). Animal research suggests that maternal
physical care behavior (e.g., licking and grooming) are important for
the development of the central nervous system, having a life-long
impact on the offspring's social-emotional development (Harlow
& Suomi, 1970; Meaney & Szyf, 2005; Weaver et al., 2004). Touch
seems to serve not only an important role in the maturation of the

brain throughout development, but it is critical for the foundation
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of social bonding and emotional communication (Hertenstein,
Verkamp, Kerestes, & Holmes, 2006).

A specific category of tactile fibers that respond to gentle, ca-
ress-like slow skin-stroking, C-tactile (CT) fibers, has been hypoth-
esized to play an important role in socially relevant touch, including
the touch present in affiliative behaviors, such as light stroking from
the mother to her child, a hug between friends, or an intimate ca-
ress in a couple (McGlone, Vallbo, Olausson, Loken, & Wessberg,
2007; McGlone, Wessberg, & Olausson, 2014; Morrison, Loken, &
Olausson, 2010). These fibers are instrumental for encoding the
valence of a stimulus (Loken, Wessberg, Morrison, McGlone, &
Olausson, 2009), but have a weak localization resolution (Olausson
et al., 2002). In addition, CT afferents are tuned to temperature,
and fire more when the tactile stimulus is at skin temperature.
Interestingly, these fibers perceived pleasantness of a tactile stimuli
(Ackerley et al., 2014).

At brain level, the stimulation of these fibers elicits activation
of the social-brain network, including the posterior insula, posterior
superior temporal sulcus (pSTS), medial prefrontal cortex, and dorsal
anterior cingulate cortex (Bjornsdotter, Gordon, Pelphrey, Olausson,
& Kaiser, 2014; Gordon et al., 2013; Kaiser et al., 2015; Olausson et
al., 2002; Voos, Pelphrey, & Kaiser, 2013). There is evidence that this
network is already in place at around 5 years of age (Bjornsdotter et
al., 2014). However, less is known about the emergence of this net-
work in infancy. Few studies have examined affective touch during
the first year of life and, from what exists, there are controversial
findings. Some studies suggest that the brain response to affective
tactile stimuli emerges between 10 and 12 months of age (Kida &
Shinoara, 2013; Miguel, Gongalves, Cruz, & Sampaio, 2018; Miguel,
Lisboa, Gongalves, & Sampaio, 2018), whereas others suggest that
the affective touch system is functional at very early stages of post-
natal life (Jonsson et al., 2018; Tuulari et al., 2017).

Jonsson et al. (2018) and Tuulari et al. (2017) found greater ac-
tivation to CT targeted touch (slow skin stroking compared to fast
skin stroking for Jonsson's study, Tullari's study did not have a con-
trol condition) in the insular cortex in 1- and 2-month-old infants,
suggesting that the network responsible for detecting pleasantness
from tactile stimuli is in place quite early in development. In addition,
both studies found activation in the superior temporal region, but to
a lesser extent, suggesting that the response to slow stroking might
follow a developmental trajectory from deeper brain regions of the
cortex, namely the insular cortex, to more superficial regions, as with
the posterior temporal sulcus (STS). Others have found that the re-
sponse of the STS to affective touch was present in 12-month-olds
(Miguel, Gongalves, et al., 2018), but not in 7-month-olds (Miguel,
Lisboa, et al., 2018), suggesting that this network emerges between
7 and 12 months of age. Consistent with this finding, another study
found that the velocity closest to CT-targeted touch resulted in a
decrease of arousal, but faster and slower velocities did not seem
to affect arousal levels in a sample of 9 month-old infants (Fairhurst,
Loken, & Grossmann, 2014). In sum, the literature suggests that CT
afferents are a strong candidate for mediating interpersonal commu-
nication and social behavior starting in early stages of development.

Particularly, the sense of touch (affective touch) seems to be in-
trinsically related with social cognition and our ability to bond with
others (Dunbar, 1998; Hertenstein et al., 2006). In populations that
lack social and emotional reciprocity, namely autism spectrum disor-
ders (Kaiser et al., 2015) and in healthy adults who present autistic
traits (Bennett, Bolling, Anderson, Pelphrey, & Kaiser, 2014; Voos et
al., 2013), research has shown that the processing of CT fibers is dif-
ferent than healthy controls. Namely, children and adolescents with
ASD show reduced activity in response to CT-targeted touch in brain
regions including bilateral insula and insular operculum, right poste-
rior STS, bilateral temporoparietal junction, right fusiform gyrus and
bilateral ventrolateral prefrontal cortex (Kaiser et al., 2015). In healthy
adults, response to slow touch in brain regions involved in social-emo-
tional information processing including the orbito-frontal cortex or
the right pSTS correlate negatively with autistic traits (Bennett et al.,
2014; Voos et al., 2013).

Interestingly, in children and adults, the response to slow skin
touch in the STS seems to be modulated by individual differences.
Brain activity in STS has been found to correlate with age and gender
(Gordon et al., 2013) and autistic traits (Bennett et al., 2014; Voos et
al., 2013). The STS seems to be not only sensitive to pleasant tactile
stimuli, but also to aversive tactile stimuli in both healthy individuals
and clinical samples (Green et al., 2015). An increase of brain activa-
tion in this region to aversive tactile stimuli in individuals with autism
spectrum disorder (ASD) is heightened by an over-responsivity to
tactile stimuli (Green et al., 2015). It is long acknowledged that indi-
viduals with ASD present aversive reactions to sensory stimuli (Ben-
Sasson et al., 2009; Rogers & Ozonoff, 2005), showing increased
defensive responses and lower pleasantness ratings to tactile stimuli
(Tomchek & Dunn, 2007). These defensive responses to tactile stim-
uli (also referred to as sensory defensiveness or sensory over-respon-
sivity [SOR]) have been documented in the population with ASD at
a behavioral level, but, more recently, at a brain level as well. SOR
to tactile stimuli is related to hyperactivity in brain regions involved
in primary sensory processing (Green et al., 2015), but also affec-
tive-emotional regions such as the posterior cingulate cortex and the
insula (Cascio et al., 2012). Moreover, activity in emotional process-
ing regions, namely the insula, amygdala, and temporal regions, has
been reported to be correlated with parent-reported SOR symptoms
(Green et al., 2015) and social impairment (Cascio et al., 2012).

SOR lies under the clinical umbrella of sensory modulation disor-
der (Miller, Anzalone, Lane, Cermak, & Osten, 2007). SOR is character-
ized by exaggerated, intense, and/or prolonged responses to certain
sensory stimuli that same-age peers find innocuous (Dunn, 1997;
Miller et al., 2007), reflecting an imbalance between noticing a novel
or threatening stimuli (sensitization) and adapting to familiar stimuli
(habituation; Dunn, 1997). It is estimated that the prevalence of SOR
is around 2.5% to 6.5% in typically developing children (Goldsmith,
Van Hulle, Arneson, Schreiber, & Gernsbacher, 2006; Schoen, Miller,
& Green, 2008; Van Hulle, Lemery-Chalfant, & Goldsmith, 2015),
although it co-occurs in many neurodevelopmental disorders, in-
cluding ASD (Kern et al., 2007; Leekam, Nieto, Libby, Wing, & Gould,
2007), fragile X syndrome (Baranek et al., 2002), or attention deficit
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hyperactivity disorder (Yochman, Parush, & Ornoy, 2004). Very little
is known about the etiology of SOR, but recent findings on a popu-
lation-based sample of typically developing twins (Goldsmith et al.,
2006; Schoen et al., 2008; Van Hulle et al., 2015) suggest that risk
factors, such as gestational age, birthweight, and temperament, con-
tribute to the stability of SOR tactile symptoms over time.

Given previous findings that the brain response to affective
stimuli within the STS might be in place during the first year of life
and the variability of the STS activations in response to affective
touch (Bjornsdotter et al., 2014; Davidovic, Jonsson, Olausson, &
Bjornsdotter, 2016; Kaiser et al., 2015; Voos et al., 2013), we studied
the processing of affective touch by the STS at 12 months of age and
examined whether brain activation to affective touch would depend
on distinct behavioral responses to tactile stimuli. As a measure of
brain activity, we used functional near infra-red spectroscopy (fNIRS),
a neuroimaging tool that measures concentration of oxygenated, de-
oxygenated, and total hemoglobin related to neural activity by mea-
suring the absorption of infra-red light projected through the scalp
(Gervain et al.,, 2011; Lloyd-Fox, Blasi, & Elwell, 2010; Vanderwert
& Nelson, 2014). fNIRS is an optimal tool to measure brain activity
in infants, because of its diminished susceptibility to movement and
better spatial resolution compared to an EEG. In comparison with
fMRI, fNIRS yields a higher temporal resolution, is silent, and does not
require that the individual lie still (Lloyd-Fox et al., 2010), allowing the
study of brain activity while individuals are exposed to stimuli of var-
ious natures or even interacting with the environment (Vanderwert
& Nelson, 2014). For a measure of SOR, we used the Infant-Toddler
Sensory Profile, a parent questionnaire that assesses how sensory
processing in various domains affects the child's daily function, in
children from birth to 36 months (Dunn, 2002). Our hypothesis for
the current study was that infants with more frequent SOR behaviors
(stronger negative reaction) to touch stimuli would present less brain

activation in the STS in response to affective touch.

2 | METHODS

2.1 | Participantss

Participants were 24 12-month-old infants (mean age 394.33 +
27.8 days, range 372-512, 11 females). Twenty-one additional in-
fants were tested but excluded due to fussiness (n = 4), not having
the minimum number of trials to be included (n = 7), motion artifacts
and/or noisy data (n = 7), experimental error (n = 2) or not having
completed the Sensory Profile (n = 1). Our attrition rate was 47%,
similar to other NIRS studies conducted with infants (Lloyd-Fox,
Szeplaki-Kollod, Yin, & Csibra, 2015). The study protocol was ap-
proved by the local Ethics Committee, and the mothers provided

informed consent prior to data collection.

2.2 | Stimuli

Stimuli consisted of touching with a 7 cm wide watercolor brush

and 2 x 2 cm squared-shape piece of wood. These stimuli were
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chosen to represent the affective (brush) and discriminative (wood
block) dimensions of touch (Bennett et al., 2014; Kida & Shinohara,
2013). Affective stimuli included slow strokes (8 cm/s) moving the
watercolor brush on the bare forearm of the infant, in a proximal-
distal direction. Stimuli were always delivered in the right fore-
arm of the infant. Stimuli were delivered by hand by one trained
experimenter, as previous findings have shown that skin stroking
by hand or robot are highly comparable (Triscoli, Olausson, Sailer,
Ignell, & Croy, 2013); this velocity is known to target CT fibers
(Loken et al., 2009). Discriminative stimuli consisted of applying
pressure with the wood block in the dorsal forearm in a proximal-
distal direction for the same period to elicit the stimulation of Ap
fibers. These myelinated fibers conduct impulses from low-thresh-
old mechanoreceptors present in the skin and joints. These fibers
conduct high-speed impulses (50 m/s) and are important for dis-
criminative functions like handling objects or exploring surfaces
(McGlone et al., 2007, 2014). To parallel the same distance of the
brush, the wood block was applied three times a second (between
21 and 24 stimuli applied). The discriminative stimuli did not in-
clude any stroking movement, assuring that the fibers stimulated
were the Ap fibers.

There were two blocks for each experimental condition (affective,
discriminative), each block consisting of eight trials each (Bennett et al.,
2014). One trial consisted of 10 s of stimulation followed by a period
of 20 s of rest. Stimuli were pseudorandomized, so that there were no
consecutive blocks of the same stimuli. The baseline stimuli (rest) con-
sisted of a video of the Czech cartoon Krtek playing continuously with
the audio turned off throughout the session (Fairhurst et al., 2014).
Triggers/ events for affective and discriminative touch were created
using the UCL-NTS optical imaging system. The schematic representa-
tion of the paradigm is displayed in Figure 1.

2.3 | Measures

2.3.1 | NIRS recording

Infants were tested using the UCL-fNIRS topography system using
two continuous wavelengths of source light at 780 and 850 nm,
sampled every 100 ms (10 Hz; for a detailed description of fNIRS
methodology, see Lloyd-Fox et al., 2010). The system consisted of 18
channels: nine placed over the left somatosensory region and nine
placed over the right temporal region. This array was used as part of
a broader study (Miguel, Gongalves, et al., 2018; Miguel, Lisboa, et
al., 2018) that examined the brain mechanisms for processing affec-
tive and discriminative touch in infancy. Optodes were placed in the
right temporal region (see Figure 2), because this area has shown to
become activated following affective touch administered to the right
arm (Bennett et al., 2014; Gordon et al., 2013; Voos et al., 2013);
and the left primary somatosensory cortex, a well-established tar-
get region for processing discriminative touch to the contralateral
hand (see Figure S1). The array accounted for the limited number of
channels and distinct somatosensory pathways for affective and dis-
criminative touch (Ap and CT fibers). Based on our hypothesis that
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AFFECTIVE DISCRIMINATIVE AFFECTIVE DISCRIMINATIVE
REST (x8) REST (x=8) REST (x8) REST (x8)
10 s 20 % 10 s 20 s 10 s 20 s 10 = 20 s

FIGURE 1 Experimental design. Each block consisted of a tactile stimulus delivered for 10 s, followed by 20 s of rest. Each tactile
stimulus was repeated 8 times per block. There was a total of 2 blocks per condition (2 affective + 2 discriminative)

FIGURE 2 Display of the functional near infra-red spectroscopy probe in the temporal region. Hemodynamic activity was recorded
from a total of nine channels. Red circles represent sources, and blue squares (schema of the array) and yellow circles (picture of the
array) represent detectors. The near infra-red spectroscopy probe was customized to this experiment using an elastic cap (Easy Cap), with

reference to the 10-5 system

the pSTS is involved in processing CT-targeted touch, only the nine
channels placed over this brain region were used for this study.

The NIRS probe was customized for this experiment using
an elastic cap (Easy Cap), with reference to the 10-5 system (see
Figure 2; Jurcak, Tsuzuki, & Dan, 2007). The inter-optode distance
was 22 mm, except for the two longest channels that crossed the
middle of the array (around 45 mm). The probe was available in caps
of different sizes (46 and 48 cm) according to the head circumfer-
ence of the infants; therefore, there was some variability in inter-
optode distance according to participants’ head circumference.
Measurements of head circumference (M = 46.41 + 1.24, 43-49.5)
and nasion-inion (M = 29.90 + 1.29, 27.5-33) were taken to align the
headgear with the 10-5 system before the experiment started. The
cap was placed in the top of Cz, with channel 11 (correspondent to

TP8) placed above the preauricular point.

2.3.2 | Infant/Toddler Sensory Profile

The Infant-Toddler Sensory Profile is a parent questionnaire that
assesses how sensory processing in various domains affects the
child's daily function in children from birth to 36 months (Dunn,
2002). The tool consists of 48 judgment-based caregiver questions
relative to sensory systems, including auditory, visual, tactile, ves-
tibular, and oral, and sensory patterns, including seeking, avoiding,
sensitivity, and registration. Each item is scored on a 5-point Likert
Scale (1 = “Almost Never”, 2 = “Occasionally”, 3 = “Half of the time”,
4 = “Frequently”, 5 = “Almost Always”). Scores one standard devia-
tion or more from the mean are expressed as More than Others or Less
than Others, respectively. Scores two standard deviations or more
from the mean are expressed as Much More Than Others or Much Less
than Others, respectively. In this study, only the touch section of the
Infant-Toddler Sensory Profile was examined (15 items). The mean

raw scores on the Touch Section for the 12-month-old infants scored
under Just Like the Majority of the others (M = 47.48 + 7.75). To obtain
a measure of aversive behaviors towards tactile stimuli/SOR/tactile
defensiveness, we summed Avoiding and Sensitivity items from the
Touch Section (10 items). This sum has been previously used since
sensitivity and avoidance are highly correlated (Ben-Sasson et al.,
2008; Miguel et al., 2017).

2.4 | Procedure

Sessions were scheduled according to the mother's availability and the
infant's sleeping cycle, preferably after the infant took a nap and was
fed and in quite an alert state. After the mother completed the consent
form, the experimenter administered the demographic questionnaire.
During this time, the infant played and became familiarized with the
setting and with the experimenter. The infant sat in the mother's lap
and a second experimenter played with the infant to direct his/her at-
tention away, while head measurements were taken and the cap was
being placed. The baby was then seated in a baby seat (Jellymom baby
chair) to avoid physical contact with the mother, and the video was
played immediately (Czech cartoon Krtek as in Fairhurst et al., 2014).
The mother and infant sat in front of a computer screen with the
infant placed at approximately 70 cm from the screen. The exper-
imenter sat to the right of the dyad, behind the infant and parent,
administering the stimuli and redirecting the infant's attention to the
screen throughout the experiment. The parents were instructed to
avoid any kind of interaction with the infant and to only interfere
when he/she became fussy. The experimenter also avoided inter-
action with the infant during the experiment. When needed, the
experimenter introduced breaks to keep the infant involved in the
session. The experiment finished when the infant completed all four
blocks (16 min) or when he/she became fussy/hard to sooth. All the
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sessions were videotaped for offline coding. The experiment took

place in a dimly lit room to avoid light-interference.

2.5 | Data processing and analysis

The video from each session was coded offline by an observer who was
blind to the inclusion criteria. Participants were only included if they
completed at least three valid trials (Lloyd-Fox, Wu, Richards, Elwell,
& Johnson, 2015). Trials were considered valid if: (1) the infant did not
move the arm in any direction while the stimulus was being administered;
(2) the infant was not looking at the experimenter or the mother while
the stimulus was being administered; and (3) the infant did not touch
the experimenter or the mother while the stimulus was being delivered.
Participants completed an average of 6.68 + 2.15 affective trials (range
4-13)and 6.32 + 2.52 (3-12) discriminative trials. No statistical difference
was found for the number of trials completed (X2 =31.39,p = 0. 885).

Changes in concentration of oxy-hemoglobin (HbO,) or deoxy-
hemoglobin (Hbb) measured in micromolar (um) were processed using
HOMER2 (MGH—Martinos Center for Biomedical Imaging, Boston,
MA), a MATLAB (The MathWorks, Inc., Natick, MA) software pack-
age. After behavioral coding, only valid trials were kept in Homer2 for
data processing. The attenuated light intensities measured by the de-
tecting optodes were converted to optical density units and assessed
for movement artifact using Principal Component Analysis (PCA) set
at 0.9. (Cooper et al., 2012). We chose to use PCA because we only
included trials in which the infant was not moving the arm; it is pref-
erable to reject trials rather than to correct them as other approaches
do, as with wavelet motion correction. Data were low-pass filtered at
0.5 (Lloyd-Fox, Szeplaki-Kollod, et al., 2015) and used to calculate the
change in concentration of the hemoglobin chromophores accord-
ing to the modified Beer-Lambert Law (Delpy et al., 1988) assuming
a pathlength factor of 5.13 (Duncan et al., 1995). Traces were seg-
mented into 30-s epochs, starting two seconds prior to each stimulus.
Baseline corresponded to the mean time from -2 to O, as in previous
fNIRS studies (Ravicz, Perdue, Westerlund, Vanderwert, & Nelson,
2015). This preliminary analysis allowed us to determine that the long
channels (diagonal channels 12 and 16 in Figure 2) resulted in noisy
data and, therefore, were excluded from further analysis.

A statistical analysis was performed using SAS (Statistical Analysis
Software) 9.4v. Both a significant increase in HbO, or a decrease in
Hbb are accepted as indicators of hemodynamic activity. For each
channel, the maximum change in HbO, (increase in chromophore con-
centration) and Hbb (decrease in chromophore concentration) in re-
sponse to each experimental condition (affective and discriminative)
was assessed relative to the baseline using a mixed-effect regression
model. To include the maximum signal changes of both stimuli, five-
time windows were determined for the analyses: t, =0-5s;t,=5-10s;
t; = 10-15 s; t, = 15-20 s and t; = 20-25 s. The variable time was a
dummy coded to capture non-linear relation over time. Following
this initial analysis, a mixed model was computed for the channels
that showed an increase in HbO, hemodynamic activity and SOR as
a factor. We used only this chromophore for this step of the analy-
sis, as in previous NIRS studies (Lloyd-Fox et al., 2016). Since SOR was

computed from the Touch Section, there are no normative values that
determine whether an infant presents More Behaviors than Others or
Less Behaviors than Others, as there are for the Touch Section (Dunn,
2002). Therefore, infants were divided into two groups using a median
split: high SOR scores and low SOR scores. Reported p values were not
adjusted for type-l error rates.

We first describe the results separately for affective and dis-
criminative touch against the baseline. We then present the effect
of SOR pattern in brain response for channels that presented an in-

crease in HbO,,.

3 | RESULTS

3.1 | Effect of condition against baseline

For affective touch, there was a significant hemodynamic increase
of HbO2 for channel 10 at times two (t (145) = 5.13, p = 0.025) and
three (t (145) = 9.39, p = 0.003), channel 11 at time one (t (145) = 5.26,
p = 0.023), channel 13 at times three (t (145) = 10.08, p = 0.002) and
four (t (145) = 4.69, p = 0.032), channel 14 at time four (t (145) = 5.86,
p = 0.017), and channel 15 at time three (t (145) = 6.60, p = 0.011)
and 4 (t (145) = 5.51, p = 0.020). In addition, marginally significant
responses were also found for channel 11 at time two (t (145) = 3.62,
p = 0.060). A significant Hbb decrease was found for channel 13 at
time four (t (145) = -2.99, p = 0.003) and channel 15 at time four (t
(145) = -2.01, p = 0.05; Figure 3). For discriminative touch, there was
a significant hemodynamic increase in HbO2 over the pSTS region
at time four for channel 17 (t (145) = 4.04, p = 0.040). No significant
changes were observed for Hbb concentration.

3.2 | Effect of SOR pattern in brain response
to touch

The mixed linear model for the hemodynamic activity with SOR as a
factor revealed a significant interaction for affective touch in channel
10, F (1, 120) = 4.90, p = 0.029. Infants with less aversive behaviors
toward tactile stimuli presented a higher hemodynamic response than
children with more aversive behaviors (M = 0.032, SE = 0.015 and
M = -0.014, SE = 0.015, respectively). No interactions were found for
channels 11, F (1, 120) = 1.35, p = 0.274; 13, F (1, 20) = 2.03, p = 0.156;
14, F (1, 120) = 0.07, p = 0.788, or 15, F (1,120) = 0.96, p = 0.328
(Figure 4). Additionally, no interaction was found for discriminative
touch in channel 17, F (1, 120) = 0.09, p = 0.768.

4 | DISCUSSION

In this study, we investigated whether there is an association be-
tween brain response to affective touch in the STS region and in-
fant's behavioral differences to tactile stimuli. Specifically, we used
fNIRS to measure brain activity in the STS region to different types of
tactile stimuli in a sample of infants of 12 months of age. Overall, our
results confirm previous findings observed in adults (Bjornsdotter et
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FIGURE 3 Hemodynamic response function for affective touch in channels 10 (top left), 13 (top right), 14 (bottom left) and 15 (bottom

right)

al., 2014; Gordon et al., 2013; Kaiser et al., 2015; Voos et al., 2013),
children (Kaiser et al., 2015), and infants (Miguel, Gongalves, et al.,
2018), showing that the STS is involved in processing CT-targeted
touch in infancy. More importantly, we found that the emergence of
brain activity to affective touch within the STS at 12 months of age
was related to individual differences regarding affective processing
of tactile stimuli. Infants with a lower SOR (i.e., less aversive reac-
tion) at 12 months of age presented a higher hemodynamic response
to affective touch. Previous studies found that the STS activation to
affective touch is affected by individual variability, for example with
age and gender (Bjornsdotter et al., 2014), perceived pleasantness
(Davidovic et al., 2016), or autistic traits (Bennett et al., 2014; Voos
et al., 2013). However, ours is the first study to report this effect in
such early stages of development.

The right STS seems to be particularly susceptible to inter-indi-
vidual variability, probably due to specific structural and functional
characteristics of this region. In fact, at an anatomical level, asym-
metries between hemispheres in the STS region can be seen as early
as 26 weeks gestation, with the right STS being deeper than the left
(Dubois et al., 2010; Glasel et al., 2011). This rightward bias of the
right STS (one of the few regions that is asymmetric since birth) sug-
gests an anatomical specificity, which may explain its involvement
in several high-order functions, including language and theory of

mind, as well as its abnormal function in some neurodevelopmental
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FIGURE 4 Hemodynamic response (HbO,) to affective touch in
channels placed over the temporal region in infants with more and
less behaviors of sensory-over responsivity.*Statistically significant
difference with p < 0.05

disorders (Glasel et al., 2011). At a functional level, it is known that
regions sub-serving sensory-motor functions mature earlier in de-
velopment, whereas associative high-order regions, including the
temporal lobe, mature later (Lenroot & Giedd, 2006). The temporal
lobe undergoes an increasingly rapid maturation in the first years
of life (Bonte et al., 2013; Tanaka, Matsui, Uematsu, Noguchi, &
Miyawaki, 2012), reaching a peak for gray-matter between the ages

of 9 and 11 years. During this process, the STS region becomes
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gradually more specialized and focal (Bonte et al., 2013), suggest-
ing an increased sensitivity to individual differences. Therefore, our
finding of STS activity differences associated with distinct affective
processing of tactile stimuli is not surprising.

SOR to tactile stimuli is known to be present in 2.5% to 6.5% of
the general population (Goldsmith et al., 2006; Schoen et al., 2008).
Overall, SOR symptoms (exaggerated, intense, and/or prolonged re-
sponses to certain sensory stimuli that same-age peers find innocu-
ous) remain stable over the first years of life (Ben-Sasson, Carter, &
Briggs-Gowan, 2010), although there are inter-individual variations,
with some children decreasing in symptoms and others experiencing
latter onset (Van Hulle et al., 2015). For clinical populations, namely
ASD, the trajectory is more consistent, with children presenting
more stable symptoms across time, which are reported as one of
the most challenging concerns by parents (Rogers & Ozonoff, 2005).
Moreover, retrospective studies show that infants avoidance be-
haviors to tactile stimuli are predictive of social impairments related
with ASD in toddlerhood (Baranek, 1999; Mammen et al., 2015).
Altogether, these findings suggest that sensory processing could be
a valid tool when trying to understand more about ASD, since atypi-
cal sensory symptoms emerge before the onset of language, which is
when the ASD diagnosis is currently made (APA, 2013).

The difficulty in standardizing cap placement because of head
size and shape is a limitation inherent to fNIRS. Although we used
10-5 landmarks, and different cap sizes to fit the head circumfer-
ence of the participant, future studies should incorporate digital
localization to normalize channel placement in a standard space
(Aasted et al., 2015). This would allow further inferences regarding
the activity of each specific channel. The use of a questionnaire
to measure SOR may introduce a subjectivity bias. Future stud-
ies should complement questionnaires with direct observation
of infants’ response to tactile stimuli. Measuring brain activity in
infants using fNIRS is challenging and the attrition rate always re-
sults in a small number of infants included in the analysis. Future
studies should rely on larger samples in order to potentiate vari-
ability in brain and behavioral measures. Additionally, it would be
also interesting to include measures capturing mothers’ behaviors
and attitudes toward touch, as well as instances of touching inter-
actions in mother-infant dyads (Brauer, Xiao, Poulain, Friederici,
& Schirmer, 2016). In conclusion, this study supports the affec-
tive-motivational dimension of CT afferents (McGlone et al., 2007,
2014; Morrison et al., 2010) and provides evidence that this sys-
tem is not only present early in development, but might be also
associated with distinct behavioral profiles of touch processing.
This information can potentially be used in future study of infants

at risk of neurodevelopmental disorders, namely ASD.
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