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Abstract

Two types of sensory afferents (C-tactile and A-beta) respond to touch. C-tactile afferents respond to slow, gentle touch, which has been
connected to “social brain” activation in neuroimaging studies 2. Viewing another person receiving this affective touch recruits a similar network
of brain regions as when touch is experienced 3. This suggests that some aspects of touch processing do not require physical sensation.
In particular, we aimed to investigate whether the affective component is associated with the physical sensation or whether the same brain
response can be seen independent of all external stimulation. We built upon an established protocol, which dissociates between CT (affective)
and Aβ targeted touch by comparing touch to the arm (hairy skin with CT afferents) and palm (lacking CT afferents). Here, we expanded this
by adding a condition independent of all external stimuli: imagining the sensation of touch to each region. This created a four-condition block-
design, comparing CT- vs. non-CT touch, imaging and experiencing tactile stimuli.

Introduction

This method aimed to explore affective processing of touch absent of physical stimulus to better understand how the social component is
attributed to touch. This technique combined two different tracks of research: comparing CT-targeted to non-CT-targeted touch and finding
common activation from either experiencing or imagining touch. The results of the original study using this design have been published in Lucas
et al.4.

A unique component of CT targeted touch is that it has been associated with “social brain”1 regions such as the medial prefrontal cortex, superior
temporal sulcus, amygdala, posterior insula, and orbitofrontal cortex 2,3,5-7. It is thought that these areas reflect processing related to social and
communicative aspects of touch during human interactions 8. Neuroimaging studies utilize two main paradigms to compare CT- to non-CT-
targeted touch. Present in hairy skin, CT afferents respond to slow, gentle touch 9,10. To selectively stimulate these afferents, the experimenter
can vary either the velocity (CT afferents selectively respond to touch at a rate of 1-10 cm/s 11) or location on the body, as CT afferents are
found only in hairy skin 11. Both techniques have been used with comparable results 2,3,5-7,11. Recently, Voos and colleagues used the velocity
method (CT afferents respond to 8 cm/s but not 32 cm/s) to replicate findings of an earlier study, which used the location method (forearm
containing and palm lacking CT afferents) 2,6. Through either method, CT targeted touch elicited greater activation in the superior temporal
sulcus, medial prefrontal cortex, and amygdala. While the results are comparable between these studies, we believe varying location allows for
greater consistency across subjects, as the slower velocity is easier to maintain for the experimenter. Here, we utilized the later, as it is easier for
participants to imagine different regions being touched than a very specific velocity of touch.

Imagining visual stimuli has been found to show patterns of activation similar (though diminished) to actually viewing the same image 12,13.
Recently, this technique has been applied to touch studies. Imagining touch to the back of the hand can elicit similar somatosensory activation
as experiencing being touched 14. Descriptive words can change subjective experiences of being touched 15, suggesting that this affective
component can be altered without any change in the physical stimulus. This is further supported by neuroimaging studies that show a similar
pattern of activation while subjects view or experience affective touch 3. In light of this study and of mirror neuron research, we questioned
whether vision was required to “replace” the physical touch. This led to our combination of CT touch and imagination paradigms in order to
assess affective touch absent of all external stimuli, including vision.

By combining these two approaches, we can study the neural response to a physical sensation absent of all physical stimulation. This method is
particularly efficient in the use of four conditions to gain a broader understanding of how different aspects of touch contribute to the overall neural
processing. We were able to evaluate various hypotheses using the same data set, as we were able to compare either CT to non-CT touch,
experiencing vs. imagining, or combinations, such as experiencing and imagining CT-targeted touch.

Protocol

The following procedure was approved by the Human Investigation Committee at Yale University.
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1. Pre-Scan

1. Pre-screen subjects over the phone prior to visit.
1. Include subjects that are right-handed males between ages 18 and 25 to minimize variability. Exclude subjects for contraindications

to fMRI such as medical conditions (i.e., cardiac pacemaker, electronic implants, prosthesis, metal implants), piercings that cannot be
removed and participants that have worked with metal (to avoid metal shavings in eyes). Obtain written and verbal informed consent
from each participant on the day of the scan.

2. Have participants complete a health screening form to ensure they did not have any medical conditions, which would prevent them from
safely entering the scanner. Ask subjects to remove all metal from their person. Direct subjects to pass through a metal detector to verify this.

3. Measure an 8 cm area on the participant’s right forearm with the palm facing upwards and mark this area using a water-soluble marker.
Measure and mark a 4 cm area on the participant’s right palm. During experience conditions, brush these areas with a 7 cm wide watercolor
paintbrush. The soft bristles allow for consistent light pressure to be applied.

2. Pre-Scan Practice

1. Provide verbal instructions for each block to ensure clarity. Instruct subjects to focus on the touch during Experience blocks. Instruct subjects
to imagine the touch during Imagine blocks. Emphasize that the attention should be to the sensation and not to imagine the experimenter
performing the action. This specification aims to minimize the variance between conditions.

2. Practice each experimental condition (experiencing arm touch, imagining arm touch, experiencing palm touch, imagining palm touch) to
ensure comprehension.

1. Blindfold the participant. Brush the marked arm area at a rate of 8 cm/s for 6 seconds. Rest for 12 seconds. Ask the participant to
imagine the sensation they just experienced. Alert the participant at the end of 6 seconds that the block has ended. Rest for 12
seconds.

2. Brush the marked palm area at a rate of 8 cm/s for 6 seconds. Rest for 12 seconds. Ask the participant to imagine the sensation they
just experienced. After 6 seconds, conclude the practice. Rest for 12 seconds.

3. Remove the participant’s blindfold. Ask the subjects whether they understand the instructions. Repeat directions if necessary.

3. Pre-Scan Ratings

1. Ask subjects to rate pleasantness of experienced arm touch using a Likert Scale (1 = not pleasant at all; 2 = slightly pleasant; 3 = moderately
pleasant; 4 = very pleasant; 5 = extremely pleasant). Ask subjects to rate pleasantness of palm touch using the same scale.

4. fMRI Scan

1. Pre-Scan Procedure
1. Ask the subject again to check for and remove any metal objects. Bring the participant into the room with the fMRI scanner, and ask

subject to lie on the table. Provide a blanket or cushion under subject’s legs to ensure comfort during the scan.
2. Provide earplugs to dampen sounds of the fMRI and headphones to allow the experimenter to communicate with the subject via an

intercom system. Blindfold the subject and secure his head in place with padding.
3. Attach the head coil. Check that participant’s head is aligned properly, and move participant into the scanner. Ensure right arm is

placed (palm up) such that experimenter can easily access both marked arm and palm areas without moving the subject.Using the
intercom, establish that the sound is working, check that subject is comfortable, and remind him to remain still throughout the scan.

2. Collect anatomical and functional images using the 3T fMRI scanner.
1. Anatomical images

1. Conduct a localizer scan. Next, record high-resolution T1-weighted anatomical images using an MPRAGE structural sequence
(time repetition [TR] = 1900 ms; time echo [TE] = 2.96 ms; field of view [FOV] = 256 mm; image matrix = 256 mm2, voxel size = 1
X 1 X 1 mm, 160 slices).

2. Functional images
1. Record whole-brain functional images using a single-shot, gradient-recalled echo planar pulse sequence (TR = 2000 ms; TE =

25 ms; flip angle = 60°; FOV = 220 ms), which is sensitive to blood-oxygenation-level-dependent (BOLD) contrast. Create an
image matrix = 64 mm2, voxel size = 3.4 X 3.4 X 4.0 mm, 34 slices. Acquire 306 successive brain volumes per run.

3. Alert participant that the experimenter will be entering the room to begin the study. Initiate the scan simultaneously with the software
containing the experimental paradigm. Experimental program includes pre-recorded verbal instructions for participants, as well as silent
countdown for experimenter to pace brushing velocity.

4. Counterbalance subjects so that half receive Arm blocks (Experience followed by Imagine) first and half receive Palm blocks (Experience
followed by Imagine). Use the same experimenter to brush all participants to minimize variability. Test the four conditions using a block
design. Follow the computer prompts to repeat each block 8 times and repeat the following sequence twice.

1. Experience Arm Touch Block
1. Listen to 6 seconds of pre-recorded verbal instruction: “You are entering an arm block. Focus on the touch.” While a tone

(identical in each condition) plays for 6 seconds, brush the pre-marked area on the subject’s right forearm back and forth in the
proximo-distal orientation at a consistent rate of 8 cm/s. Use the countdown on the projector screen (hidden from the blindfolded
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participant) as a metronome to keep constant pace of brushing. Ensure the full brush makes contact with the skin, and maintain
consistent light pressure. Rest 12 seconds. Repeat 8 times.

2. Imagine Arm Touch Block
1. Listen to 6 seconds of pre-recorded verbal instruction: “Now, imagine how that same touch feels when you hear the cue.” Listen

to the tone play for 6 seconds. Rest 12 seconds. Repeat 8 times.

3. Experience Palm Touch Block
1. Listen to 6 seconds of pre-recorded verbal instruction: “You are entering a palm block. Focus on the touch.” While a tone

plays for 6 seconds, brush the pre-marked area on the subject’s right palm back and forth in the proximo-distal orientation at a
consistent rate of 8 cm/s. Use the countdown on the projector screen (hidden from the blindfolded participant) as a metronome to
keep constant pace of brushing. Rest 12 seconds. Repeat 8 times.

4. Imagine Palm Touch Block
1. Listen to 6 seconds of pre-recorded verbal instruction: “Now, imagine how that same touch feels when you hear the cue.” Listen

to the tone play for 6 seconds. Rest 12 seconds. Repeat 8 times.

5. Scan for 20.13 minutes. Discard the initial 6 seconds of rest during analysis.
6. Post-Scan Procedure

1. Once the scan has concluded, remove participant from the scanner. Allow subject to remove the blindfold, and escort him from the
scanner room.

2. Post-Scan Ratings
1. Ask participant whether if he was able to focus during imagine conditions or if his mind wandered during the task. Exclude

subjects that slept during the scan from analysis.
2. Ask subject to rate difficulty of imagining arm touch using a Likert Scale (1 = not difficult at all; 2 = slightly difficult; 3 = moderately

difficult; 4 = very difficult; 5 = extremely difficult). Ask subject to rate difficulty of imagining palm touch using the same scale.

3. Return metal items to participant. Provide payment for the subject’s participation in the study, and allow the subject to depart.

5. Data Processing

1. Analyze data using analysis software package (here, BrainVoyager QX was used). Create a new FMR project using DICOM files (standard
for most MRIs) uploaded from the scanner.

2. Preprocess FMR data using slice scan time correction (cubic spline interpolation, interleaved slice scanning order), 3D motion correction
(trilinear / sinc interpolation), spatial smoothing (full-width half-maximum 4-mm Gaussian kernel), and temporal filtering (high-pass GLM
Fourier basis of 2 cycles / time course). Exclude subjects with head motion greater than 3mm or 3° in any direction.

3. Co-register anatomical and functional brain data for each subject. Create and attach a time course plot based on the experimental design.
4. For each individual subject, perform a general linear model (GLM) based analysis using this stimulation protocol file. Identify each

experimental condition as a separate boxcar function, using a value of 1 for each condition and 0 for each non-condition. Include the 6
parameters of motion as regressors that are predictors of no interest. Convolve regressors using a double-gamma hemodynamic response
function (HRT).

5. Normalize each subject’s data to Talairach space. Using the Montreal Neurological Institute template brain as a mask, run a group-level
random-effects GLM analysis on all subjects.

6. Analyze contrasts of interest using a threshold of p < 0.05. Correct for multiple comparisons using a cluster threshold. Establish cluster
threshold using a Cluster-level Statistical Threshold Estimator plug-in. Use 1000 iterations of a Monte Carlo simulation to find the relative
frequency of cluster sizes for each contrast (set threshold at α < 0.05).

1. Create a region of interest (ROI) using anatomically defined insula regions (anterior and posterior) previously established through a
study of functional connectivity in this region 16.

Representative Results

This study exemplifies how combining the CT-targeted touch paradigm with the sensory-independent conditions of imagining physical sensation
allows us to better understand the affective component of a sensory mechanism. This procedure provides the flexibility to analyze various
aspects of the data using multiple methodologies.

Highlighted in Figure 1, the data was analyzed using an anatomically defined region of interest (ROI) mask. The mask was created through a
separate study of functional connectivity in the insula16. Within this region, we found a functional dissociation between the anterior and posterior
insula bilaterally. Greater activation was seen in the posterior insula during the experience of touch (Experience Arm + Palm > Imagine Arm +
Palm). The anterior insula response was seen during imagined touch (Imagine Arm + Palm > Experience Arm + Palm).

Using a separate analysis, we then sought overlapping active regions between experiencing and imaging CT-targeted touch, which can be
see in in Figure 2. A two-level process was used to find overlapping regions selectively active during affective touch for both experiencing and
imagining touch. The contrast Experience Arm > Experience Palm was used to create a mask of the brain regions that have greater activation
during CT-targeted vs. non-CT-targeted touch. The contrast Imagine Arm > Imagine Palm within this mask marks brain regions that overlap with
those experience affective touch regions but show the same differential activation through imaging alone. The brain regions found in this mask
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have the same pattern of activation to both experiencing touch and stimulus-independent imagining of affective touch. Regions found are the
right amygdala, right anterior insula, left temporal pole, and bilateral middle temporal gyri.

 

Figure 1. Experience (Arm + Palm) > Imagine (Arm + Palm) contrast is shown using a bilateral insula mask (p = 0.05, k = 20). Left frame: sagittal
view of the right insula. Right frame: axial view of the bilateral insula. Orange indicates Experience > Imagine, and blue denotes Imagine >
Experience. Insula region was anatomically defined 16. Modified from Lucas et al.4.

 

Figure 2. Imagine Arm > Imagine Palm contrast is shown within Experience Arm > Experience Palm mask (p = 0.05, k = 10). Re-print with
permission from Lucas et al. 4.

Region Peak X Peak Y Peak Z t p Number of Voxels

R Posterior Insula 36 -7 4 4.26 <0.001 869

R Anterior Insula 30 23 0 -3.89 <0.01 1545

L Anterior Insula -40 11 7 -4.17 <0.001 2466

L Posterior Insula -35 -16 13 7.21 <0.0001 2470

Table 1. Contrast of Experience > Imagine using an Insula Mask. Coordinates are reported in Talairach space and represent voxel peak
activation within the region. Region extents are reported in structural voxels (1mm3), and statistics correspond to peak voxel. Re-print with
permission from Lucas et al.4.

Region Peak X Peak Y Peak Z t p Number of Voxels

R Middle
Temporal Gyrus,
R Amygdala, & R
Anterior Insula

39 -2 -20 4.08 <0.001 700

L Middle Temporal
Gyrus & L
Temporal Pole

-51 -10 -14 4.23 <0.001 312
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Table 2. Imagine Arm > Palm contrast within Experience Arm > Palm mask (p = 0.05, k = 10). Coordinates are reported in Talairach space and
represent voxel peak activation within the region. Region extents are reported in structural voxels (1mm3), and statistics correspond to peak
voxel. Re-print with permission from Lucas et al.4.

Discussion

Using this method, our experience conditions replicated previous touch studies, finding greater activation in the mPFC pSTS, and the amygdala
for CT-targeted than non-CT-targeted touch (Experience Arm > Experience Palm contrast). Looking at the insula region of interest, we found a
functional dissociation where greater activation was seen in the posterior insula during experienced touch (Experience > Imagine contrast) and
the anterior insula showed greater activation during imagined touch (Imagine > Experience contrast). A component of this difference may be due
to the difference in bodily location, not just the differences from CT versus non-CT touch. However, experience CT touch results (Experience
Arm > Experience Palm) are consistent not only with a study of CT touch using this varied location method but also with a study that varied the
velocity of brushing on the forearm; therefore, we do not believe the differing locations contributed significantly to our findings.

This procedure allows for a more complete analysis of the affective component of touch. Previous methods have explored differences in the
neural response to CT-targeted and non-CT-targeted touch through the same brushing paradigm utilized here 2,6. It has been shown that
people can elicit similar somatosensory activation by imagining touch more generally 14. A previous study by Morrison and colleagues looked
at vicarious responses to social touch through watching others being touched 3, suggesting that the affective component of touch, not just the
somatosensory aspects, can be replicated without the physical action. Our method combines aspects of these prior works allowing us to explore
how imagining the sensory experience of CT-targeted touch elicits activation in social regions of the brain.

A significant aspect of this method is how, because of the multiple conditions (CT vs. non-CT touch, experience vs. imagine), we were able to
analyze the same data set in numerous ways to address multiple hypotheses and gain a better understanding of how different facets of touch
interact. We utilized this method for two purposes: first, we found regions showing a differential response for CT-targeted (arm) and non-CT-
targeted (palm) touch, which demonstrated regions selectively actively during affective touch. Second, we explored how the affective component
of this type of touch is integrated with the sensory experience.

Two critical aspects of the protocol were the velocity of the brushing speed and the clarity in instructing the participant for the imagine blocks. To
keep the brushing consistent, one experimenter performed this task on all participants. A projector screen with a visual countdown (unseen by
participants) was used as a metronome to pace the brushing. CT afferents will not be stimulated if brushing velocity is too fast, making it crucial
to keep this step consistent and accurate across all subjects. The most difficult aspect to control for was the attention to task during the imagine
conditions. Prior to the scan, participants underwent a practice session and were given thorough instructions. Subjects were asked to rate
difficulty of imagining and report if they fell asleep or let their mind wander in order to ensure focus during the experiment. If participants were
unable to focus on the imagination task, we would not see significant results consistent with our hypothesis. The ratings of difficulty imagining
were a potential troubleshooting measure to compare activation patterns in subjects that had little or no difficulty imaging compared to those that
found it incredibly difficult to maintain task attention. This would allow us to determine whether results were seen in the focused group but not the
unfocused group. We did not resort to this troubleshooting technique in our study, as all subjects reported little difficulty in imagining tasks (no
significant difference between arm and palm) and there was very little variance between subject ratings.

A potential future direction building on this technique would be to focus on whether stronger imaginative capacity elicits activation in the posterior
insula comparable to that associated with the experience of being touched. This would suggest that individual difference in subjective experience
could better recreate a physical sensation in the mind. The two major limitations to determining this were 1) that we did not have a measure of
imaginative ability to correlate with the activation seen in the anterior insula, and 2) the fMRI analysis used did not allow us to infer directionality
of the functioning between the anterior and posterior insula. Our findings were consistent with work studying the nerve afferents, which suggests
that anterior insula is involved in affective feelings of body states, and posterior insula is more directly connected to the nerves and therefore
signals from the physical stimulus 17; however, the current method cannot prove that greater activation in the anterior insula specifically leads to
greater activation in the posterior insula.
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