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ARTICLE

Infant brain response to affective and discriminative touch: A longitudinal study
using fNIRS
Helga O. Miguel a,b, Óscar F. Gonçalves b,c, Sara Cruzb and Adriana Sampaiob

aDivision of Imaging, Behavior, and Genetic Integrity, Section on Analytical and Functional, National Institute of Child and Human
Development, NIH, Bethesda, MD, USA; bNeuropsychophysiology Lab, CiPsi, School of Psychology, University of Minho, Campus de Gualtar,
Braga, Portugal; cSpaulding Neuromodulation Center, Spaulding Rehabilitation Hospital, Harvard Medical School, Charlestown MA, USA

ABSTRACT
The affective-motivational component of touch has been shown to consistently activate the
social- brain network in children, adolescents and adults, including the posterior superior tem-
poral sulcus (pSTS). However, very little is known about the neural mechanisms of affective touch
processing during the first year of life. The objective of the present study was to analyze brain
response to affective and discriminative touch in a sample of seven-month-old infants (N = 35)
who were followed longitudinally at 12 months of age (N = 25). Infants were given affective and
discriminative touch to the bare forearm while their brain response was recorded using func-
tional near-spectroscopy (fNIRS). Seven-month-olds presented brain activation for affective and
discriminative stimuli in channels placed over the somatosensory region, but no activation was
recorded in channels placed in the temporal region for affective touch. At 12 months of age,
infants presented a significant increase in hemodynamic activity in channels placed over the
temporal region for affective touch, compared to seven-month-olds. Our study presents evidence
of a developmental trajectory for distinct aspects of touch brain processing in the first year of life,
with the recruitment of the temporal region for the affective component of touch, maturing in
the second semester of life.
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1. Introduction

Touch is one of the most developed sensory systems at
birth. Behavioral responses to touch can be observed as
early as 7 weeks of gestation when the fetus moves
after being touched on the lips (Hooker, 1952), or a few
weeks later when the grasping and rooting reflexes
emerge (Fifer & Moon, 2003; Humphrey, 1964).
Compared to other sensory modalities, namely vision
and audition, touch receptors are matured and func-
tionally developed in a newborn (see Bremner &
Spence, 2017; Gallace & Spence, 2010 for reviews).
Touch is the primary channel of communication
between the mother and the newborn (Field, 2001;
Hertenstein, Verkamp, Kerestes, & Holmes, 2006), con-
veying soothing and comforting experiences during the
first months of life (Jean & Stack, 2012; Jean, Stack, &
Fogel, 2009). However, in contrast to the importance of
touch early on in development, very little is known
about how the brain processes touch during infancy.

Cutaneous information is sent to the central nervous
system by a variety of tactile receptors. Low-threshold

mechanoreceptors (LTMs) transduce information
regarding properties of touch that include pressure,
vibration, slip, and texture, and are instrumental in
performing discriminative functions in everyday life
such as handling objects and using tools (c.f., Abraira
& Ginty, 2013; McGlone, Vallbo, Olausson, Loken &
Wessberg, 2007; McGlone, Wessberg, & Olausson,
2014). These receptors are innervated by myelinated
Aβ fibers that enable fast conduction of the nerve
impulses, needed to quickly detect, discriminate and
identify external stimuli (McGlone et al., 2014). LTMs
are present in the entire body, but especially dense in
the glabrous skin of the hand, particularly the digits
(Kandel, Schawartz, & Jessell, 2000; Mountcastle, 2005).
C low-threshold mechanoreceptors (C-tactile afferents
or CTs), present only in hairy skin, are responsible for
transducing information regarding slow touch (Abraira
& Ginty, 2013). Microneurography experiments in
humans have shown that these fibers are maximally
activated by stimuli that move slowly, with maximum
firing at velocities between 1 −10 cm−1 (Essick et al.,
2010; Loken, Wessberg, Morrison, McGlone, & Olausson,
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2009; H. Olausson, Wessberg, Morrison, McGlone, &
Vallbo, 2010). CT fibers are related to stimulus (plea-
santness/unpleasantness) valence encoding and carry
an important role in social behavior (Morrison, Loken,
& Olausson, 2010).

In contrast to the abundant research regarding Aβ
fibers (Mountcastle, 2005), only recently have CT
fibers started gaining attention in neuroscience
research. It has been proposed that these fibers are
functionally distinct, and sub serve different aspects
of touch behavior. Whereas Aβ are responsible for
the sensory-discriminative aspects of touch, CT fibers
are hypothesized to be involved in affective-motiva-
tional behaviors (McGlone et al., 2007; McGlone
et al., 2014; Morrison et al., 2010). At a cortical
level, affective touch activates a brain network that
includes the posterior insula, posterior superior tem-
poral cortex (pSTS), medial prefrontal cortex (mPFC),
and dorsal anterior cingulate cortex (dACC), along
with the primary somatosensory cortex (S1) and sec-
ondary somatosensory cortex (S2) (Gordon et al.,
2013; Olausson et al., 2002, 2008; Voos, Pelphrey, &
Kaiser, 2013). This network (insular cortex, pSTS,
mPFC, dACC) is activated following stimuli that are
social-emotional in nature. In neuropathy patients
who lack Aβ afferents (i.e., are not able to sense
when they were touched), pure CT stimulation
evoked activation in the dorsal posterior insular cor-
tex, but not somatosensory areas S1 and S2. By
contrast, pure Aβ-fiber stimulation (glabrous skin in
healthy controls) activated S1 and S2, as did a com-
bined stimulation of Aβ and CT stimulation to the
forearm. These findings suggest that the CT system
does not provide discriminative aspects of touch and
probably holds distinct connections to cortical areas
(Olausson et al., 2008, 2002).

Studies on the developmental trajectory of affective
touch suggest that an extensive brain network, includ-
ing the posterior insula, pSTS, medial prefrontal cortex,
dACC, and also S1 and S2, is already in place in child-
hood during touch processing tasks (Bjornsdotter,
Gordon, Pelphrey, Olausson, & Kaiser, 2014; Van de
Winckel et al., 2013). Additionally, there is evidence
that the S2 continues to mature with age
(Bjornsdotter et al., 2014). In infancy, the few studies
conducted in the subject are somehow inconclusive.
Whereas some studies failed to find activation in social
brain regions before ten months of age in response to
affective touch (Kida & Shinohara, 2013; Miguel,
Lisboa, Gonçalves, & Sampaio, 2017), others were
able to find brain activity in response to the same
stimuli as early as one month of age (Jönsson et al.,
2017; Tuulari et al., 2017).

Kida and Miguel’s study used functional near infra-
red spectroscopy (fNIRS) to measure brain activity in
response to different types of touch (affective versus
discriminative). Kida and Shinohara (2013) looked at
activation in the anterior prefrontal cortex and found
that ten-month-old infants, but not three- or six-
month-olds, showed an activation to affective touch,
but not to discriminative touch. This study was limited
by the few number of fNIRS channels used (two) and
the fact that affective stimuli was delivered to the palm
of the hand (lacking hairy skin), not specifically target-
ing CT fibers (Bennett, Bolling, Anderson, Pelphrey, &
Kaiser, 2014; Bjornsdotter et al., 2014; Gordon et al.,
2013). The study by Miguel et al. (2017) looked at
seven-month-olds’ brain activation to affective and dis-
criminative touch in a primary sensory region (SI) that
processes both affective and discriminative stimuli, and
an associative region (pSTS) known to process only
affective touch. Interestingly, infants presented greater
hemodynamic function in the channels placed over the
somatosensory region for the two types of stimuli, but
no activation was found over the right pSTS.
Nevertheless, the conclusions from these studies are
limited to superficial cortical regions of the brain,
since fNIRS only provides the spatial resolution of
about 1cm2.

In contrast, the findings from Jönsson et al. (2017)
and Tuulari et al. (2017) suggest that the affective touch
system is functional at very early stages of postnatal life.
Both studies found significantly greater activation to CT
targeted touch in the insular cortex, suggesting that the
network responsible for detecting pleasantness from
tactile stimuli is already in place when we are born. In
addition, both studies found activation in the superior
temporal region, but to a lesser extent (uncorrected
threshold), suggesting that the response to slow strok-
ing might follow a developmental trajectory from dee-
per brain regions of the cortex, namely the insular
cortex, to more superficial regions, as with the posterior
temporal sulcus. This would be consistent with the fact
that brain regions responsible for sensory motor func-
tions mature earlier in development, whereas associa-
tive high-order regions, including the temporal lobe,
mature later (Lenroot & Giedd, 2006).

Given the inconclusive findings for the brain mechan-
isms that underlie the processing of affective touch in
infants and the maturation evidenced in the second
semester of life, namely social behaviors including gaze
following (Tomasello, Carpenter, & Liszkowski, 2007) and
emotional face processing (Leppanen & Nelson, 2009),
we selected a group of seven-month-old infants and
followed them longitudinally until 12 months of age in
order to understand how the brain evolves in response
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to affective touch. fNIRS was used to measure brain
activity in response to CT stimulation (affective touch)
and Aβ stimulation (discriminative touch), focusing on
two distinct regions of interest, the STS and the somato-
sensory cortex. The STS was chosen because it has been
reported to activate in response to CT targeted stimuli
using fNIRS (Bennett et al., 2014) and is a brain region
associated with earlier processing of social cues like
biological motion and face or voice processing. The
somatosensory cortex was selected because it is a well-
researched primary sensory region that activates in
response to tactile stimuli in infants (Verriotis et al.,
2016). We hypothesized that both seven- and 12-
month-old infants would present brain activity in the
somatosensory cortex, for discriminative and affective
touch. Additionally, we also hypothesized increased
activity for affective touch in pSTS for 12-month-olds,
but not for seven-month-olds.

2. Methods

2.1. Participants

Infants were recruited from local parenting classes,
social networks, and daycare centers. Thirty-five infants
at seven months of age were included in the study
(mean age 228.77 ± 89.19 days, range 214 −244; 14
females), and all but one were born full term (mean
time in weeks 39.07 ± 1.22, range 36.6–41) with a
normal birth weight (>2750 g, except for one infant
who weighted 2350g). Initially, 49 infants were tested,
but fourteen of the initial infant sample were excluded
due to fussiness (n = 2) or not undergoing the mini-
mum number of three acceptable trials to be included
(n = 12), leaving 35 viable infants in the empirical
sample. From the viable sample of 49 infants (all who
met the selection criteria), 25 12-month-old infants
were included in the second phase of the longitudinal
study (mean age 387.15 ± 9.33 days, range 372–406).
Twenty additional infants were tested but excluded due
to fussiness (n = 4), not undergoing the minimum
number of three acceptable trials to be included
(n = 7), motion artifact and/or noisy data (n = 7), and

experimental error (n = 2). In addition, 4 infants were
not present at the follow-up visit. The total attrition rate
was 29% for the seven-month-olds and 45% for the 12-
month-olds, which is comparable to other NIRS studies
in infancy (Lloyd-Fox, Szeplaki-Kollod, Yin, & Csibra,
2015). Infant demographics and developmental data
are shown in Table 1. Demographics refer to infants
included in the final samples at seven and 12 months
of age. Mothers signed an informed consent prior to
the start of the experiment. The experimental protocol
was approved by the local ethics committee.

2.2. Stimuli

Two stimuli were used to represent the affective and
discriminative dimensions of touch. The affective stimuli
incorporated a 7 cmwide watercolor brush (Bennett et al.,
2014; Kaiser et al., 2016) and the discriminative stimuli a
squared-shape piece of wood 2 × 2 cm (Kida & Shinohara,
2013). Affective stimuli comprised slow strokes (8 cm/s)
with the watercolor brush, administered in a proximal-
distal direction by a trained experimenter (Triscoli,
Olausson, Sailer, Ignell, & Croy, 2013). This velocity was
used in previous experiments and has been shown 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 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 include any stroking movement, assuring that the
fibers stimulated were the Aβ fibers.

Both discriminative and affective stimuli were deliv-
ered to the right dorsal forearm of the infant (bare arm)
in a within-subject block design procedure resulting in
two alternating blocks of each experimental condition
(affective, discriminative) of eight trials each (Bennett
et al., 2014). One trial consisted of ten seconds of
stimulation followed by a baseline period of 20 seconds
of rest. Stimuli were presented in an alternating way.
Baseline stimuli (rest) consisted of the infant viewing a
silent movie (Czech cartoon Krtecek) that played

Table 1. Sample demographics.
Characterization of the sample 7 months 12 months

Number of infants 35 25
Age at birth (weeks) 39.07 ± 1.22 (36.6–41) 39.167 ± 1.167 (37–41)
Age at study (days) 228.77 ± 9.20 (214–244) 387.15 ± 9.33 (372–406)
Female infants 14 11
Weight at birth (g) 3384.24 ± 459.59 (2350–4390) 3245.96 ± 457.27 (2420–4390)
Height at birth (cm) 48.90 ± 2.64 (43–54) 48.58 ± 1.51 (44–52.90)
Cesarean deliveries 7 (20%) 8 (32%)
Apgar 1 9.33 ± 1.10 (5–10) 9.33 ± .96 (6 −10)
Apgar10 9.96 ± .19 (9–10) 9.96 ± .20 (9–10)
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continuously throughout the session and simulta-
neously with the task, as used previously in research
(Fairhurst, Loken, & Grossmann, 2014). See Figure 1 for
a schematic representation of the paradigm.

2.3. NIRS recording

Hemodynamic responses were recorded using the UCL–
fNIRS topography system (Everdell et al., 2005) with 12
sources and six detectors using two continuous wave-
lengths of source light at 780 and 850 nm. Data were

sampled every 100 ms (10 Hz) (for a detailed description
of fNIRS methodology see Lloyd-Fox, Blasi, & Elwell,
2010).

NIRS data were recorded from 18 channels, nine of
which were placed over the left somatosensory region
and nine placed over the right pSTS (see Figure 2). The
NIRS probe was customized for this experiment using
an elastic cap (Easy Cap) with reference to the 10–5
system (see Figure 2(b)) (Jurcak, Tsuzuki, & Dan, 2007).
Depending on the head circumference at seven- and at
12 months of age, caps for different head-

Figure 1. Experimental design. Each block consisted of a tactile stimulus delivered for ten seconds, followed by 20 seconds of rest,
repeated eight times. There was a total of two blocks per condition (two affective + two discriminative).

Figure 2. NIRS data were recorded from 18 channels: nine placed over right pSTS (left panel) and nine placed over the left
somatosensory region (right panel). The top panel depicts the fNIRS headgear on a seven-month-old and the bottom panel on a 12-
month-old. Red circles represent sources and blue squares represent detectors. The NIRS probe was customized to this experiment
using an elastic cap (Easy Cap), with reference to the 10–5 system.
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circumferences were used (44 and 46 cm). Inter-optode
distance was 22 mm in the pSTS region (except for the
two longest channels that crossed the middle of the
array and were around 45mm) and between 40 and
45 mm in the somatosensory region. Before the experi-
ment, measurements of head circumference and
nasion-inion were taken to align the headgear with
the 10–5 system (see Table 1 for head measurements).
The cap was placed centrally in the top of Cz, with
channel 11 (correspondent to TP8) placed above the
peri-auricular point.

2.4. Procedure

While the mother completed the consent form and the
experimenter completed the demographic question-
naire, infants were allowed to familiarize themselves
with the setting and play with toys in the experimen-
ter’s room. During this time, infants were held in their
mother’s lap and head measurements were taken. An
experimenter continued to play with the infant to direct
his/her attention away while the cap was being placed.
The baby was then seated in a baby seat (Jelly Mom
Baby Chair) to avoid physical contact with the mother,
and the silent movie was started (Czech cartoon Krtecek
as in Fairhurst et al., 2014).

The infant was seated at approximately 70 cm away
from a computer screen (screen size: 53*30). The experi-
menter sat to the back right-hand side of the infant and
parent, administered the stimuli, and re-directed the
infant’s attention to the screen when needed. No visual
contact took place between the experimenter and the
infant during the course of the experiment. Parents
were instructed to avoid any interaction with the infant,
unless he/she became fussy. The experiment took place
in a dimmed-light room to avoid light-interference.
Breaks were introduced when needed to keep the
infant involved throughout the experiment. The experi-
ment ended when the infant completed the four blocks
or when he/she became fussy. All the sessions were
videotaped for offline coding.

2.5. Data processing and analysis

The videos from the individual sessions were coded
offline by an observer who was blind to the inclusion
criteria. Each participant engaged in a maximum of 16
trials per experimental condition. Participants were only
included if they successfully completed at least three
quality trials (Lloyd-Fox, Wu, Richards, Elwell, & Johnson,
2015). To be considered an acceptable trial, the follow-
ing criteria needed to be met: (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; (3) the infant did not touch the
experimenter or the mother while the stimulus was
being delivered. Seven-month-olds completed an aver-
age of 6.65 ± 3.06 affective trials (range 3 −14) and
7.25 ± 2.82 (3–17) discriminative trials; 12-month-olds
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 at seven (χ2 = 119.79, p = 0.09) nor
at 12 months of age (χ2= 31.39, p = 0. 885).

Hemodynamic activity data was 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. (Cooper et al., 2012). Both a
significant increase in oxy-hemoglobin (HbO2) or a
decrease in deoxy-hemoglobin (Hbb) are accepted as
indicators of hemodynamic activity and were used for
data analysis. Since we only included trials in which the
infant was not moving his/her arm, rejecting trials (PCA)
is a preferable method over correction (e.g., wavelet
motion correction). Data were then low-pass filtered at
.5 (Lloyd-Fox et al., 2015) and used to calculate the
change in concentration of the hemoglobin chromo-
phore according to the modified Beer-Lambert Law
(Delpy et al., 1988), assuming a pathlenght factor of
5.13 (Duncan et al., 1995). Traces were segmented into
30 second epochs, starting two seconds prior to each
stimulus. The baseline corresponded to the mean time
from −2 to 0, as in previous fNIRS studies (Ravicz, Perdue,
Westerlund, Vanderwert, & Nelson, 2015).

Statistical analysis was performed using SAS
(Statistical Analysis Software) 9.4v. Grand average hae-
modynamic response (µm) was calculated for the two
conditions (affective and discriminative). For each chan-
nel, the maximum change in HbO2 (increase in chro-
mophore concentration) and Hbb (decrease in
chromophore concentration) in response to each
experimental condition was assessed relative to the
baseline using a mixed-effect regression model. After
visual inspection of the grand mean concentration
changes of each chromophore for each condition, we
realized there were differences in the latency of the
response; for this reason, and also to include the max-
imum signal changes of both stimuli, five-time windows
were determined for the analyses: t1 = 0 to five sec-
onds; t2 = five to ten seconds; t3: ten to 15 seconds; t4:
15 to 20 seconds and t5: 20 to 25 seconds. The variable
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time was dummy coded to capture non-linear relation
over time. This preliminary analysis allowed us to deter-
mine that the long-channels (diagonal channels three,
seven, 12 and 16 in Figure 2) resulted in noisy data and,
therefore, were excluded from the analysis. We com-
puted linear mixed-models separately for each of the
remaining channels to test the differences between
condition (2 levels), time (1–5 levels), and age (2 levels:
seven and 12 months of age), on HbO2 and Hbb con-
centrations. The variable time was dummy coded to
capture non-linear relations between HbO2 concentra-
tion and stimuli over time. Reported p values were not
adjusted for type-I error rates.

3. Results

We first describe the results separately for seven- and
12-month-old infants (discriminative and affective
touch against baseline). We then present the contrasts
between the two age groups for the different
conditions.

3.1. Effects of condition against baseline

3.1.1. Seven-month-old infants
Discriminative touch. To assess the response to discrimi-
native stimuli for each channel, the brain’s hemodynamic
response to the discriminative condition (wood block) was
analyzed relative to a baseline (the silent movie). This
analysis revealed a significant increase in HbO2 centered
over the somatosensory region for channel one at times 3
(t (1, 205) = 12.91, p < 0.001) and 4 (t (1, 205) = 7.21,
p = 0.008), channel two at time 3 (t (1, 205) = 6.52,
p = 0.011) and channel five at time 3 (t (1, 205) = 4.56,
p = 0.034). Marginally significant increases were found for
channel eight at time 3 (t (1, 205) = 3.04, p = 0.08). Over the
pSTS region, discriminative touch elicited a significant
increase in channel 13 at times 2 (t (1, 205) = 9.84,
p = 0.002) and 3 (t (1, 205) = 15.75, p < 0.001), and in
channel 15 at times 2 (t (1, 205) = 8.65, p= 0.004) and 3 (t (1,
205) = 5.07, p = 0.025). Significant Hbb decrease was also
observed in channels 1 at times 2 (t (1, 205) = −2.42,
p = 0.016), 3 (t (1, 205) = −3.43, p < 0.001) and
4 (t (1, 205) = −2.07, p = 0.039), channel 2 at time
2 (t (1, 205) = −2.22, p = 0.028) and 3 (t (1, 205) = −2.11,
p = 0.036), channel 8 at time 2 (t (1, 205) = −1.98, p = 0.048)
and 3 (t (1, 205) = −2.52, p < 0.012), and channel 9 at time
3 (t (1, 205) = −2.06, p = 0.041). Over the pSTS region,
significant Hbb decrease was observed in channel 14 at
time 1 (t (1, 205) = −1.97, p = 0.050) and channel 15 at time
2 (t (1, 205) = −2.43, p = 0.016). Additionally, marginally
significant results were found for channel 2 at times
4 (t (1, 205) = −1.81, p = 0.072) and 5 (t (1, 205) = −1.83,

p = 0.069), channel 13 at time 2 (t (1, 205) = −1.83,
p = 0.069) and channel 14 at time 1 (t (1, 205) = −1.92,
p = 0.056). See Tables S1 and S2 in the supplementary
materials for channel-by-channel contrasts.

Affective touch. Hemodynamic response for the
affective stimuli resulted from the contrast between
the affective stimuli (brush) relative to a baseline.
Analyses for each channel revealed a significant hemo-
dynamic increase in HbO2 for channel one at times
4 (t (1, 205) = 5.88, p = 0.016) and 5 (t (1, 205) = 4.50,
p = 0.035). Significant Hbb decrease was also observed
in channel 10 at time 3 (t (1, 205) = −2.03, p = 0.044),
and channel 18 at time 4 (t (1, 205) = −2.22, p = 0.027).
Additionally, marginally significant Hbb decrease was
also found for channel 1 at time 3 (t (1, 205) = −1.79,
p = 0.075) and channel 17 at time 4 (t (1, 205) = −1.74,
p = 0.084). See Tables S1 and S2 in the supplementary
materials for channel-by-channel contrasts.

3.1.2. Twelve-month-old infants
Discriminative touch. For discriminative touch, there
was a significant hemodynamic increase in HbO2 cen-
tered over the somatosensory region for channel six at
times 2 (t (145) = 2.25, p = 0.025) and 3 (t (145) = 2.15,
p = 0.033). In addition, marginally significant hemody-
namic increases in HbO2 were found for channels four
(t (145) = p = 0.06) and five (t (145) = 3.25, p = 0.070) at
time 3. Over the pSTS region, there was a significant
hemodynamic increase of HbO2 at time 4 for channel
17 (t (145) = 4.04, p = 0.040). See Table 2 for HbO2

channel-by-channel contrasts. Significant Hbb decrease
was observed in channel 4 at time 3 (t (145) = −2.08,
p = 0.039) and channel 5 at time 3 (t (145) = −1.97,
p = 0.050). See Table S3 in supplementary materials for
Hbb channel-by-channel contrasts.

Affective touch. Hemodynamic response for the affec-
tive stimuli showed a significant hemodynamic HbO2
increase in channel one at time 4 (t (145) = 4.82,
p = 0.029), in channel two times3 (t (145) = 7.33,
p = 0.007) and 4 (t (145) = 3.83, p = 0.052), and in channel
nine at time4 (t (145) = 11.70, p < 0.01). In addition, margin-
ally significant hemodynamic increases in HbO2 were
found in channel one at time 3 (t (145) = 2.92, p = 0.089)
and in channel nine at time 5 (t (145) = 3.17, p = 0.079).
Over the PSTS region there was a significant hemodynamic
increase of HbO2 for channel ten at times 2 (t (145) = 5.13,
p = 0.025) and 3 (t (145) = 9.39, p = 0.003), channel 11 at
time 1 (t (145) = 5.26, p = 0.023), channel 13 at times
3 (t (145) = 10.08, p = 0.002) and 4 (t (145) = 4.69,
p = 0.032), channel 14 at time 4(t (145) = 5.86, p = 0.017),
and channel 15 at time 3 (t (145) = 6.60, p = 0.011) and
4 (t (145) = 5.51, p = 0.020). In addition, marginally signifi-
cant responses were also found for channel 11 at time
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2 (t (145) = 3.62, p = 0.060). See Table 2 for HbO2 channel-
by-channel contrasts. Significant Hbb decrease was found
for channel 1 at times 3 (t (145) = −3.39, p < 0.001) and 4 (t
(145) = −3.10, p = 0.002), channel 9 at times
3 (t (145) = −2.09, p = 0.038) and 4 (t (145) = −3.42,
p < 0.001), channel 13 at time 4 (t (145) = −2.99,
p = 0.003), and channel 15 at time 4 (t (145) = −2.01,
p = 0.05). In addition, marginally significant results were
found for channel 1 at time 5 (t (145) = −1.75, p < 0.081).
See Table S3 in supplementary materials for Hbb channel-
by-channel contrasts.

3.2. Effect of condition and block

For the discriminative > affective contrast in channels
placed over the somatosensory region, channel six
showed a significant HbO2 increase for the discrimina-
tive stimuli compared to affective stimuli at times
2 (M = 0.044, SE = 0.012; t (304) = 3.77, p < 0.01) and
3 (M = 0.030, SE = 0.012; t (304) = 2.59, p = 0.01). No
significant differences were found for Hbb decrease in
channels placed over the somatosensory region. For the
affective > discriminative contrast in channels placed
over the somatosensory region, channel nine showed
significant HbO2 increase (M = 0.048, SE = 0.013;
t (188) = 1.79, p < 0.01). In addition, significant Hbb
decrease was found for channel 1 at time 3 (M = 0.034,
SE = 0.015; t (304) = 2.24, p = 0.026) and time
4 (M = 0.039, SE = 0.015; t (304) = 2.58, p = 0.01). In
the pSTS region, affective touch resulted in a greater
HbO2 increase for channel ten at time 3 (M = 0.037,
SE = 0.017; t (304) = 2.18, p = 0.03), channel 14 at time 4
(M = 0.038, SE = 0.011; t (188) = 3.35, p < 0.001),
channel 15 at time 4 (M = 0.050, SE = 0.016;
t (188) = 3.15, p = 0.01) and channel 17 at time
3 (M = 0.038, SE = 0.011; t (188) = 3.35, p < 0.001)
and four (M = 0.038, SE = 0.011; t (188) = 3.35,
p < 0.001). Moreover, marginally significant activation
was found for channel 9 at time 4 (M = 0.021,
SE = 0.012; t (304) = 1.79, p = 0.076). 15 at time
3 (M = 0.039, SE = 0.016; t (304) = 2.42, p = 0.070).
Significant decreases in Hbb were also found for

channel 13 at time 4 (M = 0.05, SE = 0.019; t
(304) = 2.54, p = 0.012); channel 15 at time 3
(M = 0.041, SE = 0.015; t (304) = 2.74, p = 0.007) and
4 (M = 0.041, SE = 0.015; t (304) = 2.78, p = 0.006). See
Table 2 for significant channel-by-channel HbO2 con-
trasts. See Table S3 in supplementary materials for sig-
nificant channel-by-channel Hbb contrasts.

3.3. Effect of age, condition, and block

For the contrast discriminative 7M > discriminative 12M, a
significant HbO2 increase was found in channel two at
times 3 (M = 0.056, SE = 0.024; t (536) = 2.38, p = 0.018)
and 4 (M = 0.053, SE = 0.024; t (536) = 2.25, p = 0.025),
channel five at time 4 (M = 0.033, SE = 0.016; t (536) = 1.98,
p = 0.05), channel eight at time 3 (M = 0.035, SE = 0.015;
t (412) = 2.35, p = 0.019), and channel 13 at time
2 (M = 0.035, SE = 0.014; t (536) = 1.94, p = 0.053).
Marginally significant results were found for channel eight
at time 2 (M = 0.033, SE = 0.015; t (412) = 2.27, p = 0.088).
Additionally, significant Hbb decrease was found for chan-
nel 4 at time 4 (M = 0.047, SE = 0.019; t (536) = 2.19,
p = 0.013, and 5 (M = 0.060, SE = 0.019; t (536) = 3.24,
p = 0.001), channel 5 at time 4 (M = 0.042, SE = 0.013;
t (536) = 3.18, p = 0.002) and 5 (M = 0.058, SE = 0.013;
t (536) = 4.39, p < 0.01), channel 10 at time 2 (M = 0.036,
SE = 0.016, t (536) = 2.3, p = 0.022) and 4 (M = 0.042,
SE = 0.016; t (536) = 2.66, p = 0.008), channel 15 at time
4 (M = −0.036, SE = 0.016, t (536) = 1.96, p = 0.051).
Marginally Hbb decrease was found in channel 2 at time
2 (M = 0.033, SE = 0.019; t (536) = 1.69, p = 0.092) and
channel 8 at time 2 (M = 0.021, SE = 0.012; t (536) = 1.72,
p = 0.087) and 3 (M = 0.023, SE = 0.012; t (536) = 1.84,
p = 0.067) No significant differences were found for the
contrast for affective 7M > affective 12M.

For the contrast discriminative 12M > discriminative
7M, a significant HbO2 increase was found in channel six
at time 1 (M = 0.022, SE = 0.010; t (304) = 2.01, p = 0.045),
channel 14 at time 5 (M = 0.036, SE = 0.014; t (420) = 2.52,
p = 0.012), and channel 17 at time 4 (M = 0.055, SE = 0.020;
t (306) = 2.66, p = 0.008) and 5 (M = 0.046, SE = 0.018;
t (306) = 2.54, p = 0.012). The contrast affective 12M

Table 2. Significant HbO2 responses to different contrasts between discriminative and affective stimuli at 12M.
Discriminative > Affective Affective> Discriminative

Channel Time Window β SE p value Channel Time Window β SE p value

6 2 0.044 0.012 <0.010 9 4 0.048 0.013 <0.001
3 0.030 0.012 0.010

10 3 0.037 0.017 0.030
14 4 0.038 0.011 <0.001
15 4 0.050 0.016 0.010
17 3 0.038 0.011 <0.001

4 0.038 0.011 <0.001
a time window 1: 0–5 seg; time window 2: 5–10 seg; time window 3: 10–15 seg; time window 4: 15–20 seg.
bChannels six and nine are located in somatosensory region; Channels ten, 14, 15 e 17 are located in temporal region.
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> affective 7M resulted in a significant increase of hemo-
dynamic activity for channel eight at time 4 (M = 0.033,
SE = 0.015; t (412) = 2.26, p = 0.025), channel ten at time
3 (M = 0.046, SE = 0.019; t (536) = 2.39, p = 0.017), channel
11 at time 1 (M= 0.058 SE = 0.024; t (304) = 2.41, p = 0.016)
and 2 (M = 0.056 SE = 0.024; t (304) = 2.33, p = 0.020),
channel 14 at times 3 (M = 0.035 SE = 0.015; t (420) = 2.41,
p = 0.017) and 4 (M = 0.051 SE = 0.015; t (420) = 3.52,
p < 0.001), and channel 15 at times 3 (M = 0.039

SE = 0.018; t (536) = 2.21, p = 0.027) and 4 (M = 0.042
SE = 0.018; t (536) = 2.38, p = 0.017). Marginally significant
HbO2 increase was found for channels four at time five
(M = 0.026, SE = 0.014; t (536) = 1.76, p = 0.079), channel
ten at time three (M = 0.035, SE = 0.019; t (536) = 1.88,
p = 0.061), and channel 17 at time five (M = 0.033
SE = 0.018; t (306) = 1.85, p = 0.067).

Additionally, significant Hbb decrease was found for
channel 13 at time 4 (M = −0.039, SE = 0.020;

Table 3. Significant HbO2 responses to discriminative and affective touch between 7M and 12M.
Discriminative 7M > Discriminative 12M Affective 7M > Affective 12M

Channel Time Window β SE p value Channel Time Window β SE p value

2 3 0.056 0.024 0.018 Non-significant results
4 0.053 0.024 0.025

5 3 0.033 0.016 0.050
8 3 0.035 0.015 0.019
13 2 0.035 0.014 0.053

Discriminative 12M > Discriminative 7M Affective 12M > Affective 7M

Channel Time Window β SE p value Channel Time Window β SE p value

6 1 0.022 0.01 0.045 8 4 0.033 0.015 0.025
14 5 0.036 0.014 0.012 10 3 0.046 0.019 0.017
17 4 0.055 0.02 0.008 11 1 0.058 0.024 0.016

5 0.046 0.018 0.012 2 0.056 0.024 0.02
14 3 0.035 0.015 0.017

4 0.051 0.015 <0.001
15 3 0.039 0.018 0.027

4 0.042 0.018 0.017

a Time window 1: 0–5 seg; time window 2: 5–10 seg; time window 3: 10–15 seg; time window 4: 15–20 seg.
bChannels 2, 5 and 8 are located in somatosensory region; channels 10, 11, 14, 15 and 17 are located in the temporal region.

Figure 3. Hemodynamic response function for seven- and 12-month-olds in response to affective and discriminative stimuli. The top
panel refers to hemodynamic response function recorded from channels one and two (placed over the somatosensory region) for
discriminative touch; the bottom panel refers to hemodynamic response function recorded from channels 14 and 15 (placed over
the pSTS region) for affective touch.
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t (536) = −1.92, p = 0.055) and marginally Hbb decrease
was found in channel 1 at time 4 (M = −0.030, SE = 0.017;
t = (536) = −1.8, p = 0.072).See Table 3 for channel-
by-channel contrasts between seven- and 12-month-
olds. See Table S4 in supplementary materials for
significant channel-by-channel Hbb contrasts. Figure 3
displays the hemodynamic response function for the
seven- and 12-month-olds for the two conditions in chan-
nels placed in the somatosensory and temporal regions.

4. Discussion

The current study examined the developmental trajec-
tory of brain responses to affective and discriminative
touch by longitudinally following infants from seven to
12 months of age. The brain’s hemodynamic activity
was analyzed in response to two distinct stimuli applied
to the infant’s forearm: a discriminative stimulus con-
sisting of a wood block that would target Aβ fibers and
an affective stimulus consisting of slow brush
strokes targeting CT fibers. Results showed that seven-
month-old infants process both types of stimuli in the
somatosensory cortex. However, at 12 months of age,
infants showed a shift by recruiting a posterior region
of the temporal lobe (i.e., pSTS – often associated with
the processing of socially relevant stimuli) in response
to processing affective touch. Moreover, no such activa-
tion was found for the seven-month-olds. Another
interesting finding was that seven-month-olds pre-
sented greater activation to discriminative stimulus in
the somatosensory region when compared to the 12-
month-olds.

The activation of the ipsilateral temporal region to
affective touch in 12-month-old infants replicates findings
with adult samples that have identified pSTS as one of the
brain’s regions that is consistently activated following
slow stroking of the arm (Bennett et al., 2014;
Bjornsdotter et al., 2014; Gordon et al., 2013; Kaiser et al.,
2016; Voos et al., 2013). According to the affective-moti-
vational role of the CT fibers (Morrison et al., 2010), the
posterior temporal region is more responsive to hairy skin
versus glabrous skin (Bjornsdotter et al., 2014; Gordon
et al., 2013) and to slower over faster strokes (Voos et al.,
2013). In infant populations, the research is somewhat
inconclusive. Whereas some studies suggest that this
brain region is recruited since very early stages of devel-
opment (one to two months of age) (Jönsson et al., 2017;
Tuulari et al., 2017), others propose it is not until the
second semester of life that the pSTS is recruited to
process affective touch (Kida & Shinohara, 2013; Miguel
et al., 2017). Jonsson’s and Tuulari’s studies usedmeasures
that were able to evaluate deeper brain regions, like the
insula, whereas our study, as well as Kida and Shinoara’s,

only measured superficial brain regions. It could be that
processing of affective touch at a brain level follows a
developmental trajectory, maturing earlier in insula and
later in the temporal region. Although Jönsson et al.
(2017) and Tuulari et al. (2017) also found activation in
the temporal region for affective touch, it resulted in a
much weaker response compared to the insula. This
would be consistent with the fact that associative high-
order brain regions, including the temporal lobe, mature
later in development (Lenroot & Giedd, 2006).

In our study, there was a significant difference
between the recruitment of the temporal region for
the processing of affective touch at seven and at
12 months of age. We can speculate that this shift is
congruent with the development of other socially rele-
vant behaviors starting also between nine and
12 months of age, such as joint attention, social refer-
encing, attachment, and implicit mental state attribu-
tion (Happe & Frith, 2014; Johnson et al., 2005).
However, more research needs to be conducted, includ-
ing investigations that look into bilateral responses (left
and right pSTS), to fully understand the recruitment of
this brain region for the processing of affective touch.

Both age cohorts presented an increased hemody-
namic response in optodes placed over the contralat-
eral somatosensory cortex for the two stimuli,
confirming that the somatosensory network is recruited
to process information sent from both Aβ and CT fibers
(Morrison, 2016). Hemodynamic responses of the con-
tralateral somatosensory region to tactile stimuli can be
recorded as early as 28 weeks gestation (Bartocci,
Bergqvist, Lagercrantz, & Anand, 2006; Verriotis et al.,
2016), suggesting that somatosensory networks are
already functional prenatally. In fact, at birth, neural
dendritic development, synaptogenesis, and myelina-
tion in the somatosensory cortex are already in place
(de Graaf-Peters & Hadders-Algra, 2006; Nevalainen,
Lauronen, & Pihko, 2014; Zecevic & Rakic, 1991). In
terms of affective touch, at five years of age, children
present activation in contralateral S1 and S2 in response
to slow stroking of the forearm (Bjornsdotter et al.,
2014), and these activations are similar in adolescents
and adults (Gordon et al., 2013; Kaiser et al., 2016;
Morrison, 2016).

Interestingly, we found a developmental trajectory for
the process of the two types of stimuli; whereas seven-
month-olds presented a greater activation for channels
placed over the somatosensory region for discriminative
touch, 12-month-olds presented an increased hemody-
namic activity for the channels placed over the temporal
region for affective touch. Discriminative touch is trans-
duced by low-threshold mechanoreceptors that trans-
duce information rapidly and allow us to immediately
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identify stimuli in the environment, which can be inter-
preted as a primary system important for survival pur-
poses (McGlone et al., 2014). It is possible that at seven
months of age, when infants aremore dependent on their
mothers, they are more prone to identify tactile stimuli in
the environment and, consequently, present greater acti-
vation in the primary sensory region for this stimulus
compared to older infants.

From seven to 12 months of age, infants face enor-
mous developmental acquisitions in various domains,
including motor and emotional (Valla, Birkeland, Hofoss,
& Slinning, 2017). It is during this period that infants start
to move independently and a group of important social
capacities emerge, namely joint attention (Mundy et al.,
2007), social referencing (Lin & Green, 2009), and attach-
ment (Minagawa-Kawai et al., 2009). Given the social-
affective specificity of CT afferents (Morrison et al., 2010),
it would not be surprising if there was a shift from the
neural resources of processing discriminative touch in the
sensory region to processing affective touch by recruiting
the pSTS. The pSTS region matures later than the soma-
tosensory-cortex (Lenroot & Giedd, 2006) and has been
shown to be susceptible to individual differences in var-
ious domains, including affective touch processing
(Bennett et al., 2014; Bjornsdotter et al., 2014; Davidovic,
Jonsson, Olausson, & Bjornsdotter, 2016; Voos et al., 2013).
The STS presents distinct anatomical and functional fea-
tures that support a developmental shift in the processing
of affective touch. Not only is STS the only anatomical
structure that is asymmetric at birth, with the right STS
being deeper than the left (Glasel et al., 2011), but the
temporal lobe undergoes an increasingly rapid matura-
tion in the first years of life (Bonte et al., 2013; Tanaka,
Matsui, Uematsu, Noguchi, & Miyawaki, 2012), becoming
gradually more specialized and focal (Bonte et al., 2013),
suggesting that its function is greatly predisposed by
individual differences.

To the best of our knowledge, this is the first study
exploring the developmental trajectory of the brain’s
response activity to affective and discriminative touch
using a longitudinal design. However, there are several
challenges and methodological constraints important to
note. A major challenge when studying awake infants is
the attrition rate. Although we were able to maintain an
attrition rate of 22% in the seven-month-olds (lower than
what is reported in the literature), at 12-month-olds we
recruited underwent an increased attrition rate (Lloyd-Fox
et al., 2016), resulting in a smaller sample. To deal with
non-compliant infants, future studies should includemore
than one fNIRS session and larger sample sizes (Lloyd-Fox
et al., 2016).

Another important aspect concerns the type of base-
line stimuli. Since there cannot be a true baseline (no

stimuli) for a touch paradigm in infants, we chose to
incorporate a silent movie (Fairhurst et al., 2014). This
stimulus was chosen to capture the infants’ attention
and increase the quiet period during data collection,
but we do not know the degree of interference of such
a task with the hemodynamic signal. Therefore, future
studies should test the use of visual and auditory sti-
muli that are potentially more appealing and control
their impact on the hemodynamic response.

A further chief limitation is that we cannot exclu-
sively target CT afferents, since Aβ fibers are present in
both glabrous and hairy skin. CT afferents have been
typically examined by manipulating the velocity of the
stimuli or the site of stimulation (arm versus hand), but
this would be hard to implement in infants without
introducing more noise in the process of signal acquisi-
tion. This was the reason for opting for the use of a
stimulus that would target mainly the discriminative
component of touch (i.e., a wood block). Finally, the
limited number of channels of our system limits the
number of cortical regions examined (e.g., hemispheric
laterality activations). Future studies should include
channels that cover ROI in both hemispheres.

Since Harlow first observed (Harlow & Zimmermann,
1959) that a newborn rhesus monkey deprived from a
monkey mother preferred tactile comfort over nutrition,
the importance of physical contact to proper social and
emotional development have been extensively docu-
mented. Innumerous studies have documented that,
in contrast with a more low-level, sensory-perceptual
processing of touch, affective touch is also processed in
high-order areas of the brain related to the process of
social-emotional information, namely the insula, pSTS,
ACC, and pre-frontal regions. This study contributed to
a better understanding of the developmental trajectory
of affective touch in the infant brain, as well as inform-
ing about discriminative touch processing. In the future,
it would be interesting to include a broader age range,
namely newborns, and follow them longitudinally at
important developmental milestones.

Research highlights

● fNIRS captures brain activity in response to discri-
minative and affective touch.

● Seven-month-olds process discriminative and
affective touch in a sensory discriminative region
of the brain (somatosensory cortex).

● Twelve-month-old’s process affective touch in
associative regions of the brain (superior tem-
poral sulcus), similarly to children and adults.
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● Affective touch seems to follow a developmental
trajectory that is consistent with the emergence of
other social-emotional processes.
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