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Background

Distortions and misperceptions of the body are a familiar result of several 
psychiatric and neurological conditions

Phantom limbs, Anosognosia for hemiplegia, Somatoparaphrenia
Anorexia nervosa, body dysmorphic disorder

Large and systematic distortions of body representation in healthy adults

Perceptual distanceTactile size

Longo & Haggard, 2011, JEP:HPP Longo & Morcom, 2016, Frontiers



Aim

The aim of this project is to define the neural basis of these 
distortions

Behavioral experiment
(tactile distance estimation)

fMRI experiment
(stimulation of the 9 points)

Air‐puff tactile stimulator
Pay attention to 
the stimulation

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage



5x5cm grid

Behavioural experiment

Response

Estimation

Touches

Start

Tactile stimulation = 450ms
ISI = 50ms 

N = 12

time

450ms 450ms

50ms

Vision of the hand was prevented



Behavioural experiment

Multidimensional Scaling (MDS)

Forrest W. Young, University of North Carolina



Generalized Procrustes alignment (GPA)

Behavioural experiment

https://en.wikipedia.org/wiki/Procrustes_analysis



Behavioural results

Skin space is stretched along the medio‐lateral axis of the hand dorsum,
compatibly with previous reports (e.g., Longo and Haggard 2010, 2012;
Longo and Golubova 2017)

Generalized Procrustes alignment Mean Procrustes distance of the maps and 
idealized grid stretched

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage



fMRI experiment

Each point stimulated 5 times + 10 times of no‐stimulation
Random Block Design (4 Runs)
TR=1s
voxel size=2.3mm3

Volumes=670 (662+8skip)
Sequence: Ec4‐2.3m‐36‐1628‐1s‐55e (functional)
4x multiband sequence
Length: 11.7 minutes
Participant task: count how many asynch stimulations there were in the run
Eyes closed
Sequence: HiResMPRAGE‐1.0m (anatomical)
Sequence: AlignMPRAGE 1x1x2 (Alignment scan)
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Methods



fMRI results

Area 1

Area 3b

Area 2

Brain regions in which the spatial geometry of the skin could be reconstructed from
the representational pattern of neural activations. Red contours reflect significant
cluster resulted from the cluster‐based bootstrapping analysis (p<0.001 at the vertex
level; FDR<0.05 at the cluster level).

Primary somatosensory cortex
is the neural substrate of these 

distortions

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage



Brain regions in which spatial geometry of 
the skin can be reconstructed

Magnified view of the three significant clusters for area 4 (M1), area 3b/1 (SI) and area 
2 (SI), respectively, when comparing the neural and perceptual maps. 

fMRI results

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage



Generalized Procrustes alignment

fMRI results

MDS

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage
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Skin space is stretched along the medio‐lateral axis only in the contralateral primary 
sensorimotor cortices, with respect to the locus of stimulation. 

Mean Procrustes distance of the 
maps and idealized grid stretched

fMRI results

Tamè, Tucciarelli, Sadibolova, Sereno & Longo (2021) NeuroImage



Discussion

We were able to reconstruct the representations of the internal geometry of
tactile space of the skin using MDS, both for behavioral and functional magnetic
resonance imaging data.

Using fMRI in combination with MDS we were able to show that similar distortions
can be elicited by processing neural data. Strikingly this was evident only in the
contralateral primary sensorimotor cortices, with respect to the locus of
stimulation.

This low‐level cortical brain area carry information about the tactile space of the
hand dorsum being stretched along the medio‐lateral axis (or, equivalently,
compressed in the proximal‐distal axis).

Such a pattern that matches the behavioral data did not emerge in any other brain
regions tested.
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