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INTRODUCTION Understanding how cognition interacts with reinforcers such as touch is important in the wider context of understanding affect, emotion, affiliative behavior and their brain mechanisms and disorders. The principal aim of this study is to investigate where cognition influences the representation of touch and of the sight of touch in the human brain. Where do top-down cognitive influences from the high level of language influence the affective representation of bottom-up inputs produced by touch and the sight of touch? We performed a study in which the forearm was rubbed with a cream, but this could be accompanied by a word label that indicated that it was a rich moisturizing cream (pleasant to most people) vs a basic cream. Although previous studies have shown that top-down attention can influence somatosensory processing in secondary and association areas (parietal area 7) with smaller effects in S1 (Johansen-Berg and Lloyd, 2000), we do not know of previous studies in which linguistic effects on affective touch have been investigated. The sight of touch can influence some areas involved in somatosensory processing including S1, S2, the inferior frontal gyrus and the parietal cortex (Blakemore et al., 2005; Schaefer et al., 2006), and given the possible importance of this in social cognition (Keysers et al., 2004), Received 15 October 2007; Accepted 25 January 2008 Advance Access publication 19 March 2008 Correspondence should be addressed to Prof. Edmund T. Rolls, University of Oxford, Department of Experimental Psychology, South Parks Road, Oxford OX1 3UD, UK. E-mail: [email protected].



we also investigated where cognitive inputs that modulate affect can alter representations of the sight of touch. Pleasant touch (and/or pain) have been shown to activate the anterior including pregenual cingulate and orbitofrontal cortex and the striatum (Rolls et al., 2003b), as have affective visual, taste and olfactory stimuli (Kringelbach et al., 2003; Rolls et al., 2003a; Kringelbach and Rolls, 2004; de Araujo et al., 2005; Kulkarni et al., 2005; Rolls, 2005), and we hypothesized that in these areas cognitive modulations of affective touch would be represented. Given previous findings (Johansen-Berg and Lloyd, 2000; Keysers et al., 2004; Blakemore et al., 2005; Schaefer et al., 2006), we also hypothesized that activations by touch and/or sight of the touch of the arm being rubbed, and possible effects of cognitive modulation, should be investigated in a priori areas of interest consisting of somatosensory and related areas (S1, S2, the insula and area 7). One of the main experimental conditions used light touch produced by slowly rubbing the forearm with cream. This type of light touch is known to activate C fiber touch (CT) afferents and is pleasant (Olausson et al., 2002). To investigate the brain mechanisms by which CT afferents may contribute to pleasant touch, we included an additional condition (Hand) in which touch was being applied to glabrous skin on the hypothenar area of the hand, which is not a source of CT afferents, to test the hypothesis that some brain regions involved in affect such as the orbitofrontal cortex might be especially activated by the CT vs the non-CT touch.



ß The Author (2008). Published by Oxford University Press. For Permissions, please email: [email protected]



Downloaded from http://scan.oxfordjournals.org/ at Universite Victor Segalen on August 5, 2012



We show that the affective experience of touch and the sight of touch can be modulated by cognition, and investigate in an fMRI study where top-down cognitive modulations of bottom-up somatosensory and visual processing of touch and its affective value occur in the human brain. The cognitive modulation was produced by word labels, ‘Rich moisturizing cream’ or ‘Basic cream’, while cream was being applied to the forearm, or was seen being applied to a forearm. The subjective pleasantness and richness were modulated by the word labels, as were the fMRI activations to touch in parietal cortex area 7, the insula and ventral striatum. The cognitive labels influenced the activations to the sight of touch and also the correlations with pleasantness in the pregenual cingulate/orbitofrontal cortex and ventral striatum. Further evidence of how the orbitofrontal cortex is involved in affective aspects of touch was that touch to the forearm [which has C fiber Touch (CT) afferents sensitive to light touch] compared with touch to the glabrous skin of the hand (which does not) revealed activation in the mid-orbitofrontal cortex. This is of interest as previous studies have suggested that the CT system is important in affiliative caress-like touch between individuals.
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Table 1 Stimulus conditions



cognitive modulation, a fourth condition was the sight of moisturizing cream being rubbed onto the forearm, with no actual cream delivered to the participant’s arm (sight). To examine the effects of a word label on the sight of touch, further conditions were the sight of a word label ‘Rich moisturizing cream’ (sightrich) or ‘Basic cream’ (sightthin) displayed during the sight of a person’s arm being rubbed (the video of the touch was always the same in the sightrich and sightthin conditions). The sight of the touch was shown to the subject using a video with identical timing to that used for the actual touch, and the video and labels were shown on a backprojection screen viewed by the subject through prisms whilst in the scanner. To allow comparison with the effects of the labels alone without touch or the sight of touch, and to show where top-down influences might be expressed even without any bottom-up (sensory) input, two additional conditions with the labels alone were included (Richlabel and Thinlabel conditions in Table 1). The additional hypotheses described in the ‘Introduction’ section were tested by the Hand and Sightnotouch conditions shown in Table 1 and also Figure 1.



Conditions



Stimulus



Rubarm Sight



cream is applied to subject’s arm video 1 of an arm being rubbed with a finger with moisturizing cream ‘Basic cream’ label and cream applied to arm ‘Rich moisturizing cream’ label and cream applied to arm ‘Basic cream’ label and video 1 of an arm being touched ‘Rich moisturizing cream’ label and video 1 of arm being touched ‘Basic cream’ label only ‘Rich moisturizing cream’ label only video 2 of finger moving above an arm and clearly not touching the arm cream is applied to hypothenar area of the hand (glabrous skin)



Rubthin Rubrich Sightthin Sightrich Thinlabel Richlabel Sightnotouch Hand



In this investigation, we were interested in not only the effects of affective touch, but also how the brain interprets the sight of affective touch. To investigate this further, we included a comparison condition (Sightnotouch) for the sight of the affective touch stimulus in which the fingers were shown moving 1 cm above the arm and clearly not touching the arm. The visual stimulus was very similar in the control condition to the sight of touch condition, yet actual touch was clearly absent in the control condition. This differs from an earlier investigation in which the sight of a stick performing the touching was used (Keysers et al., 2004), whereas we used the sight of interpersonal touch using a finger rubbing cream on the arm, which may with its relation to affiliative behavior be a stronger stimulus. MATERIALS AND METHODS Overall design We examined cognitive influences on brain responses to the touch of a moisturizing cream being applied, or to the sight of the touch. To examine the effects of top-down cognitive influences originating from the language level, in some conditions the touch or the sight of the touch was accompanied by either the label ‘Rich moisturizing cream’ or ‘Basic cream’. The instructions given to the subjects stated that we were interested in the factors that influence the pleasantness of creams, and in how rich thick and moisturizing the cream feels while being applied. They were informed that we were interested in what makes different types of cream pleasant when rubbed or seen to be rubbed on the forearm or hand area. To measure the effects of the touch alone as a baseline/ localizer condition without any cognitive modulation, a first condition was rubbing moisturizing cream on the forearm (rubarm in Table 1). To measure the cognitive effects of a word label on touch, the test conditions were the sight of a word label ‘Rich moisturizing cream’ (rubrich) or ‘Basic cream’ (rubthin) label whilst the subject was rubbed with the moisturizing cream. To measure the effects of the sight of touch alone as a baseline/localizer condition without



Stimuli The main touch stimulus consisted of a body lotion being rubbed onto the ventral surface of the left forearm. The cream was applied by the female experimenter with light (14 g), smooth and slow (2 cm/s) touch applied with one finger moving once up then down an 8 cm length of the forearm in 8 s. The experimenter was blind to whether word labels were being shown to ensure that the touch was the same independently of the cognitive condition. Only one cream was used in the experiment, allowing the effects of the word labels ‘Rich moisturizing cream’ and ‘Basic cream’ on a single type of touch to be investigated. A list of the 10 stimulus conditions is shown in Table 1. Experimental design During the fMRI experiment the participants made psychophysical ratings of pleasantness and richness on every trial, so that correlation analyses between the ratings and the brain activations could be performed. fMRI contrasts were performed as described in the ‘Results’ section to measure the effects of the word labels on the touch and on the sight of the touch, etc. The experimental protocol consisted of an event-related interleaved design using in random permuted sequence the stimuli described above and shown in Table 1. This number of stimuli was chosen to be feasible given the number of repetitions of each stimulus needed and the length of time that subjects were in the magnet, but at the same time to allow the analyses described in the ‘Introduction’ section to be made. At the beginning of each trial, 1 of the 10 stimuli chosen by random permutation was presented for 8 s. If the trial involved a touch stimulus, this was applied to the forearm of the subject for 8 s. If it was a sight of touch trial,
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Sight-Sightnotouch contrast



Fig. 1 The contrast Sight-Sightnotouch: a comparison of the effects of the sight of the arm being touched by an experimenter’s finger vs the sight of the arm not being touched in that the experimenter’s finger was moved inverted and 1 cm above the image of the arm (as shown in the inset image). Effects were found in the contralateral orbitofrontal cortex area 47 at [42, 30, 2] Z ¼ 3.45 P < 0.03 and extended medially through much of the orbitofrontal cortex.



this was presented by a video lasting for 8 s of the same type of touch being applied to the forearm. The same video was used for all subjects. On appropriate trials (Table 1) the touch or the sight of touch was accompanied during the same 8 s by the word label ‘Rich moisturizing cream’ or ‘Basic cream’ presented on the backprojection screen. If a word label was not being shown, a green cross was shown on the screen instead. After a delay of 2 s, the subject was asked to rate each of the stimuli for pleasantness on that trial (with þ2 being very pleasant and 2 very unpleasant), and for the perceived richness of the cream being applied on that trial (0 to þ4, with 0 corresponding to very low richness and þ4 to very rich). The ratings were made with a visual analog rating scale shown on the backprojection screen in which the subject moved the bar to the appropriate point on the scale using a button box. A trial was repeated for each of the 10 stimulus conditions shown in Table 1 in permuted sequence, and the whole cycle was repeated nine times. The instruction given to the subject was to rate the actual touch if



one was given and if not then the imagined pleasantness or richness of the touch being shown in the video. Subjects Twelve healthy volunteers (all females between 18 and 30) participated in the study. Ethical approval (Central Oxford Research Ethics Committee) and written informed consent from all subjects were obtained before the experiment according to the Declaration of Helsinki. Each subject had a pre-testing session in the lab to inform the subject on what to rate in each condition and instruct them how to use the rating scales. fMRI data acquisition Images were acquired with a 3.0-T VARIAN/SIEMENS whole-body scanner at the Oxford Clinical Magnetic Resonance Centre (OCMR), where T2 weighted EPI slices were acquired every 2 s (TR ¼ 2). We used the techniques that
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we have developed over a number of years (e.g. O’Doherty et al., 2001b; de Araujo et al., 2003) and as described in detail by Wilson et al. (2002) we carefully selected the imaging parameters in order to minimize susceptibility and distortion artefact in the orbitofrontal cortex. Coronal slices (33) with in-plane resolution of 3  3 mm and between plane spacing of 4 mm were obtained. The matrix size was 64  64 and the field of view was 192  192 mm. Continuous coverage was obtained from þ56 (A/P) to 50 (A/P). A whole brain T2 weighted EPI volume of the above dimensions, and an anatomical T1 volume with coronal plane slice thickness 3 mm and in-plane resolution of 1.0  1.0 mm was also acquired.



spatial smoothing filter used. Peaks are reported for which P < 0.05 svc, and the exact corrected probability values (Worsley et al., 1996) are given in Table 2. Further peaks are noted in the text if they are in the a priori predicted regions based on the prior hypotheses, survive a threshold of P < 0.005 uncorrected (unc), and are consistent with other activations found in this investigation. RESULTS Subjective ratings The ratings of pleasantness and richness are shown in Figure 2, together with the finding that the cognitive word labels significantly modulated the pleasantness and richness ratings of touch and of the sight of touch. Effects of touch on the forearm (rubarm condition) First we identified the different brain areas activated in this study by touch to the arm used as a localizer, so as to provide reference locations when assessing where cognitive factors might influence activations to touch. In the rubarm condition (touch without any visual word labels) activations were found in the contralateral primary somatosensory cortex (S1), in S2/PV bilaterally, area 7, and insula from y = 0 to y = 24 as shown in Fig. 3. (The MNI coordinates, Z and P-values of the activations described throughout the results are shown in Table 2). The indication of activation in the primary somatosensory cortex S1 ([60, 18, 50] z ¼ 2.96 P ¼ 0.002 unc) was in a region very close to that at which the sight of the arm being rubbed produced activation (see below). Effects of cognitive modulation on affective touch This was tested by the contrast rubrich-rubthin (Figure 4), which is a comparison of the effects of touch when accompanied by the label ‘Rich moisturizing cream’ vs ‘Basic cream’. Effects were found in the ipsilateral parietal cortex area 7 (Figure 4). As no significant effects were produced in area 7 by the word labels alone, the effect shown in Figure 4 may be interpreted as a modulation of the touch input being produced by the word label. Consistent with this, when for this identified part of area 7 the effects of the word label were subtracted from the contrast rubrichrubthin, a significant difference was found (P ¼ 0.01). Further evidence on cognitive modulation comes from the correlations with the subjective ratings of pleasantness based on the rubrich and rubthin conditions, when the only factor altering the pleasantness was the cognitive label as the touch was identical. A negative correlation with pleasantness was found in the lateral orbitofrontal cortex, and in the contralateral somatosensory cortex S1. Pleasantness correlations within just this pair of stimuli were found in the striatum bilaterally (Table 2). An indication of a positive correlation with the richness ratings to this pair of stimuli was found in the pregenual cingulate cortex ([8, 40, 14] z ¼ 2.93 P ¼ 0.002 unc). This is close to the region where a
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fMRI data analysis The imaging data were analyzed using SPM2 (Wellcome Institute of Cognitive Neurology). Pre-processing of the data used SPM2 realignment, reslicing with sinc interpolation, normalization to the MNI coordinate system (Montreal Neurological Institute) (Collins et al., 1994) used throughout this article, and spatial smoothing with a 8 mm full width at half maximum isotropic Gaussian kernel and global scaling. The time series at each voxel were low-pass filtered with a hemodynamic response kernel. Time series non-sphericity at each voxel was estimated and corrected for (Friston et al., 2002), and a high-pass filter with a cut-off period of 128 s was applied. In the single event design, a general linear model (GLM) was then applied to the time course of activation where stimulus onsets were modeled as single impulse response functions and then convolved with the canonical hemodynamic response function (HRF, Friston et al., 1994). Linear contrasts were defined to test specific effects. Time derivatives were included in the basis functions set. Following smoothness estimation (Kiebel et al., 1999), in the first stage of analysis condition-specific experimental effects (parameter estimates, or regression coefficients, pertaining to the height of the canonical HRF) were obtained via the GLM in a voxel-wise manner for each subject. In the second (group random effects) stage, subject-specific linear contrasts of these parameter estimates were entered into a series of one-sample t-tests, each constituting a group-level statistical parametric map. The correlation analyses of the fMRI BOLD (blood oxygenation-level dependent) signal with given parameters of interest (e.g. the pleasantness ratings) were performed at the second-level through applying one-sample t-tests to the first-level subject-specific statistical parametric maps resulting from performing linear parametric modulation as implemented in SPM2. We report results only for brain regions where there were prior hypotheses as described in the ‘Introduction’ section, although in fact all the activations found in a whole brain analysis were within these areas for which there were prior hypotheses. Small volume corrections for multiple comparisons (Worsley et al., 1996) were applied with a radius corresponding to the full width at half maximum of the
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Table 2 Coordinates for activations found in the different conditions, contrasts and correlations



1.4



Brain area



P-value



1.2
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