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ARTICLE INFO ABSTRACT

Affective touch has been associated with affiliative behavior during early stages of infant development; however,
its underlying brain mechanisms are still poorly understood. This study used fNIRS (functional near-infrared
spectroscopy) to examine both affective and discriminative touch in 7- month-old infants (n= 35). Infants were
provided affective stimuli on the forearm for 10 sec followed by a 20 sec rest period. The protocol was repeated
for discriminative touch, and both affective and discriminative stimuli were given in a counterbalanced order.
Brain activation (oxy-hemoglobin and deoxy-hemoglobin levels) in the somatosensory and temporal regions was
registered during administration of the stimuli. There was an increase in oxy-hemoglobin and decrease in deoxy-
hemoglobin only in the somatosensory region in response to both affective and discriminative touch. No other
activations were found. Seven-month-old infants’ brain activation in the somatosensory cortex was similar for
both discriminative and affective touch, but the stimuli did not elicit any activation in the temporal region/
pSTS. Our study is the first to suggest that 7-month-old infants do not yet recruit socio-emotional brain areas in
response to affective touch.
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1. Introduction

Skin is the largest human body sensory system, while touch is the
first sensory system to develop in utero (Field, 2001; Montagu, 1986).
These two systems interact in major development processes, and skin
touch represents the major communication channel between a mother
and her newborn (Barnett, 2005; Field, 2001, 2010), playing a core role
in attachment processes (Hertenstein et al., 2006).

The critical role of touch in developmental processes is well illu-
strated in previous studies examining touch deprivation. These studies
have found that infants from depressed mothers, who reported de-
creased contact interactions with their child (i.e., less touching), exhibit
more self-touch behaviors as compared to infants whose mothers re-
ported higher levels of touching (Herrera et al., 2004). Another study
found that infants who received less touch from their mothers also
exhibit a greater prevalence of touching behaviors such as grabbing,
patting, or pulling when exposed to stressful situations (Moszkowski
et al., 2009). Only a few studies have examined the benefits of touching
during early development stages. These studies also showed benefits of
touch or physical contact with caregivers including: reduced weight/
height, reduced rates of infection or hypothermia, and a reduction in
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the risk of premature mortality (Conde-Agudelo and Diaz-Rossello,
2016). Interestingly, touch has also been shown to positively impact
important neurodevelopmental outcomes, such as better sleep-wake
cycles, arousal modulation, and sustained exploration, during the post-
partum period (Feldman et al., 2014; Feldman et al., 2002). A study by
Feldman et al. also found long term benefits in the infanfs stress re-
sponse, organized sleep, and cognitive control (Feldman et al., 2014).

To date, research on touch has mostly focused on a class of receptors
responsible for transducing information regarding pressure/vibration,
temperature, itch, and pain. These low-threshold mechanoreceptors
(LTMs) present in the skin and joints are innervated by myelinated Af
fibers that conduct high-speed impulses (50 m/s) and subserve dis-
criminative functions (e.g., handling objects, exploring surfaces)
(McGlone et al., 2007; McGlone et al., 2014). The discriminative system
responds quickly and is responsible for detecting and discriminating
external stimuli, needed for human survival. However, findings that
mammals, such as cats and monkeys, present a more primitive system
constituted by unmyelinated low-threshold mechanoreceptors (C tactile
— CT afferents) existent in hairy skin led some researchers to test this
mechanism in humans (Olausson et al.,, 2010). Studies with
adults showed that CT fibers respond poorly in the processing of
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discriminative components of touch (linked instead to myelinated Ap
fibers) such as vibration and force/pressure (Olausson et al., 2002,
2008a,b). CT fibers are, however, quite effective coding low-velocity/
force stroking movements, with maximum firing at velocities between 1
and 10cm™}, a speed consistent with that of the human caress (Essick
et al., 2010; Loken et al., 2009; Olausson et al., 2010). Considering
these properties, it has been hypothesized that CT fibers might be tuned
to affiliative behaviors or affective touch present in mammals, in-
cluding mother and infant.

Neuroimaging studies conducted with adults have shown that CT
afferents activate a particular network of brain regions including the
posterior insula, posterior superior temporal cortex (pSTS), medial
prefrontal cortex, and dorsal anterior cingulate cortex (dACC) (Gordon
et al., 2013; Olausson et al., 2002; Olausson et al., 2008a, 2008b; Voos
et al., 2013). According to recent studies, this network is already in
place during childhood, with research showing that five year-olds have
similar pSTS activations in response to affective touch when compared
to both adolescents and adults (Bjornsdotter et al., 2014; Van de
Winckel et al., 2013).

Although touch plays an important role early in infancy, the brain
response to touch in infants is still poorly understood. Limited research
in this area is partially justified by the lack of feasible neuroimaging
techniques available for this population (Lloyd-Fox et al., 2010). The
emergence of functional near-infrared spectroscopy (fNIRS) has, how-
ever, opened the opportunity to address this gap (Lloyd-Fox et al., 2010,
2014a, 2016; Papademetriou et al., 2014; Lloyd-Fox et al., 2015), but,
to our knowledge, only one study has looked into the effects of dis-
criminative and affective touch among infants (i.e., 3-, 6- and 10
months of age) (Kida and Shinohara, 2013b), reporting that 10-month-
old-infants, but not younger infants, present activations in the anterior
prefrontal cortex in response to affective touch. This finding suggests
that the period between 6 and 10 months might be critical for the de-
velopment of the social-network involved in the processing of affective
touch. However, in Kida and Shinoharas study, the administered stimuli
(both discriminative and affective) were targeted at the palm of the
infant’s hand (glabrous skin), a region where CT afferents are less
prevalent and, therefore, brain responses to affective touch on the CT
targeted areas are rather limited. The study also examined a single
region of interest (anterior prefrontal cortex), which limits the ability to
extrapolate findings to other regions likely to be recruited at these ages.

Empirical research suggests that affective touch, in both children
and adults, activates key-nodes of the social brain, namely, the pos-
terior insula, pSTS, medial prefrontal cortex, and dACC (Bjornsdotter
et al., 2014; Gordon et al., 2013; Olausson et al., 2008a, 2008b;
Olausson et al., 2002; Voos et al., 2013). In summary, a review of re-
levant literature shows that research examining affective touch in in-
fants is still quite scarce, despite advances in neuroimaging techniques,
as we were only able to find one study involving infants as young as 10
months of age. Therefore, the present study examines the brain me-
chanisms associated with the processing of both affective and dis-
criminative touch in 7-month-old infants using fNIRS. We used a
paradigm that targets both the CT afferents (affective touch) and the A
fibers (discriminative touch), while examining two distinct regions of
interest: the pSTS and the somatosensory cortex. We chose 7-month old
infants to not only fill the population gap in the literature, but also
because it is around this age that core social behaviors emerge, like
discrimination of emotional displays (Leppanen and Nelson, 2006,
2009) and attachment (Zeanah et al., 2011). Regarding the ROI, we
chose to investigate the somatosensory region as the primary sensory
region and the temporal region as the “social” region. Brain activity in
the somatosensory region has been recorded previously following tac-
tile stimulation in infants (Verriotis et al., 2016) and the temporal re-
gion, in particular the pSTS, has shown to be activated following af-
fective touch in adults (Bennett et al., 2014). We hypothesized that 7-
month-old infants would elicit a significant haemodynamic response in
the somatosensory region in response to both affective and
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Table 1
Sample demographics.

Characterization of the sample (n = 35)

Age at birth (weeks):39.074 + 1.
Age at study (days): —228.770 =
Female infants: 14

Weight at birth (g): 3384.235 + 459.592 (2350-4390)
Height at birth (cm): 48.9 * 2.64 (43-54)

Cesarean deliveries: 7 (20%)

Apgar 1: 9.33 + 1.10 (5-10)

Apgar 10: 9.96 = 0.19 (9-10)

220 (36.6-41)
9.197 (214-244)

discriminative stimuli. In addition, we also hypothesized that the he-
modynamic response to affective touch would also occur in adult-like
areas, specifically the pSTS.

2. Methods
2.1. Participants

This study included 35 7-month-old infants (mean age
228.77 * 89.19, range 214-244; 14 females) born full term (mean
time in weeks 39.07 = 1.22, range 36.6-41) with a normal birth
weight (> 2500 g, there was one infant who weighted 2350 g), and
who had no reported hearing problems or neurological conditions.
Fourteen additional infants were tested, but then excluded due to fus-
siness (n = 2) or not having at least 3 valid trials (n = 12). The total
attrition rate was 28.6%. Infant demographics and developmental data
are shown in Table 1.

Infants were recruited from early parenting classes, social networks,
and daycare centers. Mothers signed an informed consent prior to the
start of the experiment and the experimental protocol was approved by
the University of Minho Ethics Committee.

2.2. Stimuli

The study protocol included two types of stimuli: affective and
discriminative touch. The administration of affective stimuli consisted
of touching the infants with a 7 cm wide watercolor brush (Bennett
et al., 2014; Kaiser et al., 2016) while the discriminative stimuli was
administered using a squared-shape piece of wood 2 x 2 cm (Kida and
Shinohara, 2013a). The affective stimulus was administered at a slow
stroke speed (8 cm/s) and from a proximal-distal direction to the in-
fant’s forearm. This velocity has been used in previous experiments and
shown to adequately elicit CT fibers (Loken et al., 2009). Our selected
protocol for manual administration of the affective stimuli has also
been previously validated against automatic stimulation by a robot
(Triscoli et al., 2013). The discriminative stimuli consisted of applying
pressure on the forearm at 3 different points and from the proximal to
the distal part of the arm for the same period of time (resulting in 21-24
stimuli per trial). The discriminative stimuli did not include any
stroking movement, assuring that the fibers stimulated were the Af
fibers. Both discriminative and affective stimuli were delivered to the
right dorsal forearm of the infant (bare arm) and by one trained staff
member.

Our protocol used a within-subject block design procedure. More
specifically, there were two alternating blocks of each experimental
condition (affective and discriminative), and each was administered 8
times (i.e., 8 trials) (Bennett et al., 2014). Blocks were counterbalanced
between the subjects. One full trial consisted of 10s of stimulation
followed by a baseline period of 20s of rest. Baseline stimuli (rest)
consisted of the infant watching a silent movie (Czech cartoon Krtecek)
(Fairhurst et al., 2014) that played continuously throughout the session.
See Fig. 1 for schematic representation of the paradigm.
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Fig. 1. Conceptual scheme of the experimental design. Each complete block was done 8 times (i.e., 8 trials) and consisted of 1) tactile stimulus delivered for 10's, and 2) 20 s of rest. The
complete set of 8 trials was applied twice to each affective and discriminative conditions (2 affective + 2 discriminative) in a counterbalanced order. The order of the experimental
conditions was randomized across participants.

Fig. 2. NIRS data were recorded from 18 channels, 9
placed over the right temporal region (top left panel)
and 9 placed over the left somatosensory region
(bottom left panel). Red circles represent the sources
and blue squares represent the detectors. (For inter-
pretation of the references to colour in this figure
legend, the reader is referred to the web version of
this article.)

2.3. NIRS recording 2.4. Procedure

Hemodynamic responses were recorded using the UCL — fNIRS to- Infants were first familiarized with the setting for about 10 min,
pography system (Everdell et al., 2005) with 12 sources and 6 detectors. while the mother completed the consent form. Staff then performed
This system uses 2 continuous wavelengths of source light at 780 and head measurements of the infants and fitted the cap accordingly. The
850 nm to make spectroscopic measurements. Data were sampled every infant sat on a baby seat throughout the experiment in order to avoid
100ms (10 Hz) (for a detailed description of fNIRS methodology see physical contact with the mother.
Lloyd-Fox et al., 2010). The infant was seated approximately 70 cm away from the com-

NIRS data were recorded from 18 channels. Nine channels were puter screen (screen size: 53*30). The experimenter sat in the right back
placed over the left somatosensory region, while the remaining 9 were hand side of the infant and parent, administered the stimuli, and re-
placed over the right temporal region (See Fig. 2). This asymmetric directed the infant’s attention to the screen when needed. No visual
sensor array was placed in a position so as to cover the left somato- contact took place between the experimenter and the infant during the
sensory cortex, as the contralateral primary somatosensory cortex (SI) is course of the entire experiment. Parents were instructed to avoid any
a well-established target region for processing discriminative touch (Af interaction with the infant unless he/she became fussy. The light of the
fibers). To target affective touch (CT fibers), we chose the right tem- room where the experiment took place was also adjusted (i.e., dimmed
poral region, because it has shown to be activated following affective light) to avoid light interference with the screen. Breaks were in-
touch administered to the right arm (Bennett et al., 2014; Gordon et al., troduced when needed to keep the infant engaged throughout the ex-
2013; Voos et al., 2013). The sensory array accounted for the limited periment. The experiment ended when the infant completed the 4
number of channels and distinct somatosensory pathways for A and CT blocks (16 min) or when he/she became fussy. All the sessions were
fibers. The NIRS probe was customized for this experiment using an videotaped for data processing.

elastic cap (Easy Cap; reference 10-5 system) (See Fig. 2b) (Jurcak
et al., 2007). The inter-optode distance was placed at 22 mm from the

temporal region (except for the two longest channels that crossed the 2.5. Data processing

middle of the array, around 45 mm) and between 20 and 25 mm in the

somatosensory region (except for the two longest channels that crossed All experimental sessions were videotaped and coded offline by a
the middle of the array, around 45 mm). Before the experiment, mea- trained observer. Participants were only included if they completed at
surements of head circumference (44.16 cm = 1.17) and nasion-inion least 3 good quality trials out of the 16 total as included in our protocol
(28.84 + 2.74cm) were taken to align the headgear with the 10-5 (Lloyd-Fox et al., 2015). More specifically, we considered a trial of good
system. The cap was adjusted for head circumference and was placed quality when the following conditions were met: 1) the infant did not
centrally in the top of Cz, with channel 11 (correspondent to TP8) move the arm in any direction while the stimulus was being adminis-
placed above the peri-auricular point. tered; 2) the infant was not looking at the experimenter or the mother

22



H.O. Miguel, et al.

while the stimulus was being administered; 3) the infant did not touch
the experimenter or the mother while the stimulus was being delivered.
Infants completed an average of 6.7 + 3.1 affective trials (range 3-14)
and 7.3 * 2.8 (3-17) discriminative trials. There was no statistical
difference in the number of trials completed & =119.79, p = 0.09).

Concentration changes in oxy-hemoglobin (HbO,), deoxy-he-
moglobin (Hbb), and total hemoglobin (HbT) (umol) were used as in-
dicators of hemodynamic activity. Hemodynamic activity data were
processed using HOMER2 (MGH - Martinos Center for Biomedical
Imaging, Boston, MA, USA), a MATLAB (The MathWorks, Inc., Natick,
MA, USA) software package. The attenuated light intensities measured
by the detecting optodes were converted to optical density units and
assessed for movement artifact using Principal Component Analysis
(PCA) set at 0.9. No artifact correction was applied. We also chose not
to perform artifact corrections and instead rejected trials as previously
described, a method that has been considered more preferable than
correction approaches (Cooper et al., 2012). Data were then low-pass
filtered at 0.5Hz (Lloyd-Fox et al., 2015) and used to calculate the
change in concentration of the hemoglobin chromophore according to
the modified Beer-Lambert Law (Delpy et al., 1988) and assuming a
pathlenght factor of 5 (Duncan et al., 1995). Traces were segmented
into 30 s epochs, starting 2 s prior to each stimulus. Similar to previous
studies, the baseline was set as the mean concentration recorded be-
tween —2 to 0s. (Ravicz et al., 2015). Following visual inspection of
the data, we identified abnormal patterns in the 4 long channels (s-d
distance 40 and 45 mm, channels 3, 7, 12 and 16) and therefore, these
channels were not considered for analysis. No additional trials were
rejected.

2.6. Statistical analysis

Statistical analysis was performed using SAS (Statistical Analysis
Software) 9.4 v. For each channel, the maximum change in HbO, and/
or HHb was first assessed relative to the baseline using a linear mixed
model. A significant increase in HbO and significant decrease in Hbb
have been considered as indicators of cortical activation in NIRS studies
with infants (Lloyd-Fox et al., 2010), but similar to previous research,
we decided to limit our analysis in the changes observed only in HbO,
(Lloyd-Fox et al., 2014; Lloyd-Fox et al., 2016). After visual inspection
of the grand mean concentration changes of each chromophore for each
condition, we realized that the discriminative stimuli resulted in earlier
hemodynamic responses when compared to the affective response.
Based on this observation and to include the maximum signal changes
of both stimuli, 3 time windows were determined for our second set of
analyses: t1 = 10 to 15s; t2 = 15-25s, and t3 = 25 to 28s. We com-
puted linear mixed-models separately for each channel to test the dif-
ferences between condition (2 levels) and time (3 levels), on HbO,
activity. The variable time was dummy coded to capture non-linear
relations between HbO, concentration and stimuli over time, and re-
ported p values were not adjusted for type-I error rates.

3. Results

3.1. Discriminative touch. The analyses revealed significant he-
modynamic increases in HbO, centered over the somatosensory cortex
for channel 1 at time 1 (t (102) = 3.86, p < 0.001) and time 2 (t
(102) = 2.45, p = 0.016); for channel 2 at time 1 (t (102) = 3.04,
p = 0.003) and time 2 (t (102) = 1.97, p = 0.051); and for channel 5 at
time 1 (t (102) = 2.18, p = 0.032). There was also a significant he-
modynamic increase in HbO, over the temporal region/area corre-
spondent to the STS, at time 1 for channel 13 (t (102) = 2.60,
p =0.010) (Table 2). Hemodynamic response function for dis-
criminative touch in channel 1 is illustrated in Fig. 3.
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3.1. Affective touch.

Analysis of all the individual channels revealed a significant he-
modynamic increase in HbO, over the somatosensory cortex for
channel 1 at time 2 (t (102) = 1.97, p = 0.051). There was no sig-
nificant hemodynamic response over the temporal region/area corre-
spondent to the STS (Table 2). Fig. 3 shows the hemodynamic response
function for affective touch in channel 1.

3.2. Effect of condition and time

These analyses were limited to channels previously identified as
capturing a statistically significant hemodynamic response against the
baseline. For the discriminative > affective contrast in channels placed
over the somatosensory region, channel 2 showed greater activation for
discriminative stimuli compared to affective stimuli at time 1 (mean =
0.064, standard error = 0.024; t (170) = 2.64, p = 0.009), time 2
(mean = 0.055, standard error = 0.024; t (170) = 2.25, p = 0.026),
and channel 5 at time 1 (mean= 0.033, standard error = 0.014; t (172)
= 2.36, p = 0.019) (mean = 0.064, standard error = 0.024; t (170) =
2.64, p = 0.009) and time 2 (mean = 0.055, standard error = 0.024; t
(170) = 2.25, p = 0.026); and channel 5 at time 1 (mean= 0.033,
standard error = 0.014; t (172) = 2.36, p = 0.019). There were no
statistically significant differences for channels placed over the tem-
poral region. Hemodynamic response function for the channels 2 and 5
is illustrated in fig. 4.

4. Discussion

This study examined brain responses elicited by affective and dis-
criminative touch in 7-month-old infants. As hypothesized, results
showed that 7-month-old infants process both affective and dis-
criminative components of touch in the somatosensory cortex.
However, results did not support our second hypothesis that affective
touch would further activate the right temporal region in infants, spe-
cifically the posterior STS, a critical region associated with social cog-
nition (Bennett et al., 2014; Bjornsdotter et al., 2014). Both the acti-
vation of somatosensory region and lack of activation of the temporal
region suggest that there are unique patterns in this age group and that
activation in the brain as a result of affective touch follows a specific
developmental trajectory.

Interestingly, no hemodynamic response function was found in any
of the channels that have an approximate location to pSTS in response
to the affective stimuli. These findings are similar to those of Kida and
Shinohara (2013a), who found no activation in other social-related
brain regions (e.g., anterior prefrontal cortex) when 3 and 6-month old
infants were subject to a pleasant stimulus. Instead, this study found
that activation at the anterior prefrontal cortex activation only occurred
among 10-month old infants (Kida and Shinohara, 2013a). To the best
of our knowledge no other study has looked at cortical response tra-
jectories for affective touch during infancy; however, the combined
findings of our study with Kida and Shinohara, (2013a) suggest that
activation in response to affective touch in the temporal region does not
occur until after the age of 7 months. One additional study that has
looked at physiological responses to affective touch in 9-month-olds
confirmed that infants are sensitive to affective touch (Fairhurst et al.,
2014). Fairhurst et al. (2014) replicated findings from adult experi-
ments (Loken et al., 2009) by showing that infants presented a lower
heart rate when exposed a stimuli at a medium velocity and when
compared to slower or faster velocities of touch. These results indicate
that the medium velocity (CT optimal velocity) can lead to an increased
parasympathetic activity and, consequently, a decrease in arousal. In
this study, we used brush stroking to elicit stimulation of CT afferents,
as used by other researchers (Bennett et al., 2014; Bjornsdotter et al.,
2014; Olausson et al., 2002). Yet, it could be that in young ages, the
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Table 2
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Contrasts between discriminative and affective stimuli deemed statistically significant against baseline for HbO,.

Discriminative > Baseline

Affective > Baseline

Channel Time Window B SE p value Channel Time Window B SE p value
1 1 0.034 0.009 < 0.001 1 2 0.021 0.011 0.051
2 0.021 0.009 0.016
2 1 0.049 0.016 0.003
2 0.031 0.016 0.051 Discriminative > Affective
5 1 0.026 0.012 0.031 2 1 0.064 0.024 0.009
2 0.055 0.024 0.026
13 1 0.035 0.014 0.010 5 1 0.033 0.014 0.019

time window 1: 10-15 seg; time window 2: 15-25 seg; channels 1, 2, and 5 are located in somatosensory region; channel 13 is located in temporal region. 3 value refers to relative

hemodynamic change; SE refers to standard error.

stimulation needs to occur at human arm skin temperature (32°)
(Ackerley et al., 2014), a condition that has been found to best activate
the CT system. The temperature could represent the necessary condition
to promote the sense of interpersonal touch and affiliative behavior.
These findings might also be explained by social-cognitive develop-
mental patterns that occur at these ages. Although infants are tuned to
stimuli with social relevance from the time they are born (Johnson,
2005; Johnson et al., 1991), it is not until 9 months that they start
presenting a group of core social behaviors like joint attention, social
referencing, and implicit mental state attribution (Carpenter et al.,
1998; Striano and Reid, 2006). See Happe and Frith (2014) for a review
on the neurodevelopmental trajectory of social cognition (Happe and
Frith, 2014).

Another important finding of this study was that both affective and
discriminative components of touch elicited activation on contralateral
somatosensory cortex. This finding goes along with other fNIRS studies
reporting activations in contralateral somatosensory region in response
to non-noxious tactile stimuli in infants aged 0-19 days (Verriotis et al.,
2016). The cortical response to touch with this type of stimuli has been
reported in infants as young as 28 weeks gestation (Bartocci et al.,
2006). Our study is the first to report activation at the somatosensory
cortex resultant from both discriminative and affective stimuli in in-
fants. This work demonstrates that infants (i.e., 7-month-olds), similar
to children and adolescents (Bjornsdotter et al., 2014), and adults
(Gordon et al., 2013; Kaiser et al., 2016; Morrison, 2016), already

process affective touch in the contralateral primary somatosensory
cortex (SI).

We also found that at the somatosensory region, the discriminative
stimuli resulted in an increased hemodynamic response and in a greater
number of activated channels when compared to the affective stimuli.
These patterns were unexpected, because affective and discriminative
touch share a common pathway (the lemniscal pathway) responsible for
carrying information from low-threshold mechanoreceptors with large
myelinated (AP) afferents that conduct impulses relative to stimuli
discrimination/detection. The majority of neuroimaging studies with
adults have examined specifically both affective and discriminative
stimuli separately and, therefore, do not allow for direct comparison
between these two stimuli. However, a recent study by Morrison (2016)
used an activation likelihood estimate (ALE) meta-analysis to compare
both stimuli and concluded that although the affective and dis-
criminative touch activations overlap in primary and secondary cor-
tices, the activation likelihood between the two is distinct. Morrison
and colleagues specifically found that primary somatosensory cortices
(SI) are more likely to be activated for discriminative touch while the
posterior insula is more likely to be activated in response to affective
touch (Morrison, 2016). These results showed that although there
might be a dissociation for affective and discriminative touch in some
brain regions, the two kinds of touch share somatosensory co-activa-
tions.

Our study also found that there was some variability associated with

Fig. 3. Hemodynamic response function in a channel
0.050 \ placed in the somatosensory region (channel 1) for
" discriminative (DS) and affective stimuli (AS).
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Fig. 4. Hemodynamic response function in channels
2 (C2) and 5 (C5) placed over the somatosensory
region for discriminative (DS) and affective stimuli
(AS).
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the timing of the activation pattern for affective and discriminative
touch. The peak of the activation of oxy-hemoglobin in the somato-
sensory cortex that was associated with discriminative touch occurred
between 10 and 15s, while the activation associated with affective
touch occurred later, between 15 and 25 s. No other study has looked at
this region for affective touch, and the study that examined affective
touch in infants did not report peak activation (Kida and Shinohara,
2013a). Studies with adults have shown that affective touch in the pSTS
peaks between 8.4 and 9.7 s for a stimulus presented for 6s (Bennett
et al., 2014). The differences in peak latency between our study and
that of Bennett, can be explained by the differences in the paradigm
used. Another possible explanation for the differences in latency is that
the developmental trajectory for hemodynamic response to visual, au-
ditory, and tactile (pain) seems to become more rapid with age (Lloyd-
Fox et al., 2016; Slater et al., 2006). For discriminative touch, most
activations occurred earlier, between 10 and 15s. This replicates other
studies using an exclusively tactile paradigm (Verriotis et al., 2016) or
sensorimotor paradigm combining touch and movement (Kusaka et al.,
2011). Furthermore, our differential temporal responses for dis-
criminative and affective touch support the hypothesis that these two
kinds of touch are subserved by distinct fibers: 1) myelinated fibers that
are fast and responsible for the discriminative aspects of touch, and 2)
unmyelinated fibers that are slow and have a smaller preponderance in
human survival. It is likely that the timing of processing at the cortical
level occurs faster for the discriminative touch (Loken et al., 2009;
McGlone et al., 2014; Morrison et al., 2010).

An unexpected result was the hemodynamic response to dis-
criminative touch in an optode placed over the temporal region
(channel 13) that showed activation between 10 and 15 s. Although our

18 20 22 24

25

26 28

aim was to target the STS, the channels placed over the temporal region
cover a broader area that goes beyond the STS (Lloyd-Fox et al., 2014).
This might explain the activation in channel 13, the location of which is
close to the temporo-parietal region (Lloyd-Fox et al., 2014), where the
secondary somatosensory cortex is located; it is likely that this region is
also sensitive to discriminative touch (Morrison, 2016). Other dis-
criminative stimuli, namely vibrotactile stimuli, are known to activate
the temporal lobe (Beauchamp et al., 2008; Davidovic et al., 2016),
which suggests that the region is not only sensitive to affective touch.

In addition, there was also a time and channel interaction worth
mentioning. For the one channel placed over the somatosensory cortex,
no differences were found between the two types of stimuli, confirming
that the primary somatosensory cortex processes both kinds of stimuli
(Morrison, 2016). However, for the two other channels placed in the
same region, discriminative touch resulted in greater activation com-
pared with affective touch between 10 and 25s, which was probably
related to a deactivation observed for the affective touch. Finally, the
lack of differences between stimuli in the channels placed over the
temporal region reinforces that at the age of 7 months, it is possible that
tactile stimuli are mainly processed in primary sensory regions.

To the best of our knowledge, this is the first study examining the
differential effects of discriminative and affective touch in infants.
However, there were a few methodological constraints worth men-
tioning. The use of different types of stimulation (brush and wood
block) might have led to different volumes of touch. Still, we defined
the same touch contact time per stimuli for both brush and wood block.
An important limitation of the study was the use of an asymmetric
sensor pad, which limits the interpretation regarding the recruitment of
pSTS for the processing of affective touch. Future studies should target
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both hemispheres to fully understand the role of this brain region in
touch processing mechanisms. Another limitation of the study was that
we selected a baseline stimulus (i.e., silent video) that had previously
been used in a touch paradigm with infants (Fairhurst et al., 2014).
Thus, this might not induce a true baseline state, though we found this
to be an effective approach to capture the infant’s attention and im-
prove the signal-to-noise-ratio. Future studies should test the utility of
different baseline paradigms (e.g., sound movies instead of silent mo-
vies for example) and identify how these interfere with the hemody-
namic responses. Finally, although our design minimized exclusion and
non-compliance with the protocol, there was still a small number of
participants that were not included in the final sample due to fussiness
or for not enduring the minimum number of good trials. Future research
needs to address brain activation profiles that are likely to differ be-
tween non-compliant and compliant infants.

In conclusion, the role of touch for mammals’ survival is undeniable.
Touch is a critical modality for affiliative behaviors and dyadic re-
ciprocity between the caregiver and the offspring. However, little is
known about what happens at the brain level when infants are subject
to different kinds of tactile stimulation. Our study contributes to a
better understanding of the brain mechanisms underlying the proces-
sing of affective and discriminative touch among 7-month-olds. Future
research should examine these mechanisms among infants of various
age groups and using longitudinal designs to account for parallel de-
velopmental processes that take place as infants age. Researchers
should also consider including observational measures to understand
how brain responses to affective touch relate to individual infant dif-
ferences and maternal care in infancy. Such studies can contribute to an
enhanced understanding of how affective touch is linked to social-
emotional development in infancy and childhood, and ultimately con-
tribute to a heightened awareness of sensory processes in some neu-
rodevelopmental disorders, namely on autism spectrum disorder.
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