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The hidden side of body integrity dysphoria: 
aberrant limbic responses to dynamic touch
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Body integrity dysphoria (BID) is a brain-based disorder characterized by a persistent, obsessing and disturbing desire for the amputation of 
healthy limbs. Importantly, individuals with BID are adamant about which specific body segment they wish to have amputated and the 
exact level at which the amputation should occur. The condition has been linked to altered resting-state brain functional connectivity 
and task-based activity at the level of somatosensory cortices. However, the inevitable distress associated with the condition has not 
been explained by current neurophysiological data. In this functional MRI (fMRI) study, we studied individuals with a lifelong desire 
for the amputation of their left leg using a dynamic somatosensory stimulation paradigm. We identified and marked the desired line of am
putation on the BID individuals’ left leg and a corresponding point on their right leg. We measured brain activations in response to stimu
lation of the lower limbs while participants were instructed to focus on the tactile sensations and detect when the stimulation crossed the line 
of the desired amputation. Compared with healthy controls focusing on the same segments of their legs, individuals with BID showed higher 
neural activations specifically for the stimulation of their left leg in a large cortical and subcortical neural network primarily associated with 
rewarding and pain stimuli. Some of these hyperactivations were particularly marked immediately after the stimulation had passed over the 
line of the desired amputation. When the stimulation crossed the desired point of amputation, there were also increased activations in the 
premotor cortices and the anterior cingulum, a sign of premotor attentional arousal. Our data show a pathological relationship between 
altered neural representations of the body map and the brain reward system, connecting BID to the visceral brain for the first time.
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Graphical Abstract

Introduction
Body integrity dysphoria (BID) is characterized by a persist
ent and intense desire to have one, or even more, of their 
physically healthy limbs amputated. This overwhelming 
need often drives individuals with BID to seek surgical ampu
tation and, in more extreme scenarios, to attempt amputa
tion on their own. A variation of this condition also 
manifests as a desire for limbs to become non-functional (pa
ralysed), further complicating the clinical understanding and 
indicating a multifaceted nature of BID. The present contri
bution focuses, however, on the amputation variant of BID.

The onset of the disease typically begins in early childhood, 
and individuals with BID often show paraphilic interests (i.e. 
erotic attraction towards paraplegic and amputee bodies and/ 
or sexual arousal following the idea of being amputated; see 
also1,2). They also often engage in pretending behaviours like 
mimicking the status of an amputee by moving in a wheelchair, 
using crutches or binding up the affected limb: this can result in 

harmful consequences such as reduced blood supply to the af
fected limb. A worsening of the condition is sometimes seen at 
the age of 30–50 years, when the desire may be so distressing 
that the affected individuals might engage in hazardous beha
viours like self-amputation.3,4

The prevalence of the disorder in the general population is 
unknown. Although systematic epidemiological and clinical 
studies on BID are still lacking, BID predominantly affects 
males and commonly involves the desire to amputate the 
left leg: this suggests a tendency towards left-sided amputa
tions over right-sided ones. However, some affected indivi
duals express a desire for bilateral amputations or the 
removal of right-sided limbs, highlighting the diverse mani
festations of this complex condition.1-4

The definition of BID has significantly evolved over recent 
decades. Initially recognized as apotemnophilia, a paraphilia 
for amputees and amputation, the interpretation of this con
dition has broadened considerably. First5 introduced the 
term ‘body integrity identity disorder’, drawing parallels to 
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what was then known as ‘gender identity disorder.’ This new 
definition was proposed to emphasize the underlying psycho
logical issues, pointing towards a severe disruption in form
ing a coherent body identity. In 2011, McGeoch and 
colleagues proposed the term ‘xenomelia’, attributing the de
sire for amputation to a neurological cause, precisely a dis
tortion in body image linked to dysfunction at the neural 
level, in the right parietal cortex6 (see below).

Although BID is not recognized in the DSM-5, it was offi
cially included in the ICD-11 in 2018.

Exploring the possible neurological 
bases of body integrity dysphoria
In recent years, many studies have suggested a possible 
neurological origin for BID, focusing on registering 
physiological parameters, such as skin conductance or 
body temperature or investigating neural anatomical and 
physiological alterations using brain imaging techniques.

Physiological studies
Brang and colleagues7 reported an augmented skin conduct
ance response in two individuals with BID when a pinprick 
was applied below the desired amputation line. Even if the 
authors did not collect brain structural or functional data, 
they suggested that BID may arise from congenital dysfunction 
in the right parietal lobe and its connection with the insula, an 
area crucial for multisensory integration. They also proposed 
that the condition may be related to a mismatch between pre
served somatosensory processing and a deficient higher-order 
representation of the body in the superior parietal lobe.7

Romano and colleagues8 found similar results using noxious 
stimuli. The authors reported stronger skin conductance re
sponses for stimuli contacting the non-accepted compared with 
the unaffected body part. They also found a reduced anticipatory 
response to stimuli approaching the limb affected by the desire for 
amputation.8 These results suggest that BID may inhibit the an
ticipatory physiological responses to incoming threats. This 
would turn into an unexpected stimulation when the stimulation 
touches the limb, which is known to induce stronger pain sensa
tions and physiological reactions.9 It is worth noting that this 
physiological pattern is different from what is observed in com
plex psychiatric conditions, such as schizophrenia, where electro
dermal signals evoked by pain anticipation are preserved.10

More recently, Salvato et al.11 recorded thermal image se
quences of circumscribed regions of the limbs’ skin in individuals 
with BID and found a bilateral decrease in leg temperature when 
individuals with BID focused their attention on lower limbs. The 
authors concluded that alteration of the sense of body ownership 
in BID is associated with abnormal thermoregulatory patterns in 
response to modulation of attention to body parts.11

Brain imaging structural studies
To date, only a few studies have investigated the neural basis of 
this condition using structural or functional neuroimaging 
techniques.12-18 These are summarized in Supplementary Fig. 
1A and B.

To provide a more concise and formal summary of this pre
vious literature, we reduced the aforementioned results using a 
hierarchical clustering meta-analysis made with the software 
CluB,19 with the default parameters described in the original pa
per. For this purpose, the regional effects illustrated in 
Supplementary Fig. 1A and B were the raw data for the hierarch
ical clustering analysis. We applied a very loose data reduction 
with the only constraint that a cluster should contain at least 
two peaks of the original raw data and fall in a sphere with a 
7 mm diameter. It should be noted that this analysis has illustra
tion purposes only in that, given the paucity of studies, no stat
istical inference can be made about any regional task effects.

Reductions in grey matter density overlap across multiple 
brain regions, such as the left inferior frontal gyrus, the right 
hippocampus and the right primary somatosensory cortex. 
Additionally, diminished brain activation is evident in the left 
secondary somatosensory cortex and the right superior par
ietal lobule, further emphasizing the affected areas (see 
Supplementary Fig. 1C (left) and Supplementary Table 1A). 
In contrast, increased grey matter density is observed in the 
right supramarginal gyrus and the right thalamus (see 
Supplementary Fig. 1C (right) and Supplementary Table 1B).

Augmented functional activations were reported only in 
one study and thus not included in the present meta-analysis.

Taken together, these results confirm that BID may be the 
consequence of the malfunctioning of a distributed network 
involved in body representation, the so-called body matrix.

There is a stone guest among the brain system identified so far, 
that is, the limbic/affective brain: this seems to play a little, if any, 
role in BID, a syndrome that, by definition, should be associated 
with distress in the processing of signals coming from the limb 
segment felt as exceeding to or not belonging to the body matrix. 
However, this could be due, in part, to the stimulation proce
dures adopted so far.

Indeed, the functional tasks described in the previous 
paragraphs targeted a specific portion of the limb within 
the to-be-amputated part (e.g. the feet20). The monotonous 
nature of such stimulations and the lack of comparison 
with a different not to-be-amputated part of the same side 
have made the protocols above somehow incomplete.

The only two studies considering tactile sites above and be
low the desired amputation line are characterized by small 
sample sizes.16,21 Moreover, the limb and side for which there 
was a desire for amputation varied from subject to subject, 
making the emergence of a systematic difference less likely.

Finally, it should be noted that none of these studies spe
cifically focused their analyses on the moment when the tact
ile stimulation crossed the desired amputation line, as 
reported by the BID individuals themselves.

Aims and predictions
Subjects with BID are adamant not only in indicating which 
limb they would like to see amputated but also the exact level 
of where this amputation should occur, generally from well 
above their knee, at mid of the thigh. This specificity suggests 
that the chosen boundary holds a significant role in their 
body representation: neuroimaging offers a crucial window 
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into understanding these alterations by revealing how the 
brain differentiates between the ‘desired’ and ‘undesired’ 
parts of the body. By investigating the neural responses to 
tactile stimuli that cross this self-identified boundary, we 
can explore whether BID is associated with atypical somato
sensory integration, heightened attentional focus on the af
fected limb or an emotional aversion to certain body parts.

For all these motivations, we devised a dynamic tactile 
aiming to uncover distinct patterns of brain activity that 
may reflect either lower-level somatosensory processing or 
higher-order cognitive and emotional mechanisms.

We had a few predictions in mind. On the one hand, we an
ticipated that dynamic tactile stimulation in individuals with 
BID could reveal abnormal brain activations within the somato
sensory and related integration areas, reflecting the underlying 
altered processing of somatosensory signals, as previously ob
served.20,21 This should be specific for the to-be-amputated 
limb segment, emphasizing when the border of the two segments 
is crossed, and for a specific direction of stimulation (e.g. moving 
from the ‘healthy’ to the ‘to-be-amputated’ part of the limb).

On the other hand, given the peculiarity of our tactile stimu
lation, we foresaw leg and group-specific activations at the level 
of brain regions also involved with affective/emotional regula
tion. Indeed, as we will further explain in the next section, the 
stimulation was applied around the point of the desired ampu
tation, involving a slow movement towards or far from this spe
cific location. This region holds strong personal and emotional 
relevance for individuals with BID. Consequently, tactile input 
here may engage affective and emotional processing networks 
due to its heightened personal significance.

Moreover, the task required participants to actively detect 
when the stimulus crossed the line of their desired amputa
tion, rather than passively experiencing touch as in previous 
studies.20,21 This focused attention and anticipation can en
gage brain regions involved in emotional and affective pro
cessing. Based on these considerations, we anticipate 
potential alterations in brain activity within regions asso
ciated with affective and emotional regulation.

If such prediction could be confirmed, BID could finally be 
associated not only with a dysfunction of a body matrix but 
also with pathological affective dysregulation. As the reader 
shall see, these predictions were only in part met, making 
perhaps our observations more revealing.

Material and methods
Participants
Individuals with BID were recruited via online advertise
ments and through participant referrals (word-of-mouth). 
All participants provided written informed consent, and 
the study was approved by the Local Ethics Committee of 
the ASL of Milan (Comitato Etico Azienda Sanitaria 
Locale Città di Milano). The research was conducted in ac
cordance with the ethical principles outlined in the 1964 
Declaration of Helsinki.

The final sample included nine male participants with a 
long-standing desire for the amputation of their left 
leg above the knee (mean age = 42.11 ± 9.16 years; age 
range = 34–64; mean years of education = 15.33 ± 2.55; 
range = 13–18), along with 14 healthy control participants 
(mean age = 38 ± 9.20 years; age range = 26–53; mean edu
cation = 15.50 ± 3.98 years; range = 8–18; see Table 1). 
This sample was also partially described in the study of 
Gandola et al.20 and Saetta et al.16,17 The sample size was 
based on these previous studies.

Clinical assessment
All participants with BID reported experiencing considerable 
psychological distress and dedicating several hours daily to 
thoughts about amputation, as well as searching for BID- 
and amputation-related information online. They consist
ently described the condition as having been present since 
early childhood, often stating that ‘BID was always there’. 
Despite their strong conviction that their condition stemmed 
from a neurological basis, none had sought surgical interven
tion or attempted self-amputation. Clinical interviews con
firmed that all individuals met the diagnostic criteria for 
BID as outlined in the ICD-11 (code 6C21; https://icd.who. 
int/browse/2025-01/mms/en#256572629).

Neurological assessments were conducted using standard 
clinical procedures to evaluate motor function as well as 
somatosensory and visual perception in response to both 
unilateral and bilateral stimuli.22 Psychiatric evaluations 
were carried out through clinical interviews under the super
vision of P.B. The desire for limb amputation was 
systematically assessed using the Zurich Xenomelia Scale23

(Table 1).

Functional MRI experiment
The functional MRI (fMRI) experiment involved a manual 
dynamic tactile stimulation of the ‘affected’ and the 
‘unaffected’ limbs above and below the line of the desired 
amputation and its corresponding level contralaterally.

For BID individuals, we first identified and marked the line 
of desired amputation on the affected limb; the same line on 
the contralateral limb was also identified and marked with 
paper tape. We calculated the mean position of the BID indi
viduals’ point of desired amputation (23.4 ± 2.1 cm, starting 
from the femoral head). This position was then used to study 
the healthy controls with their thighs marked with paper 
tape at that same level.

Participants were then instructed to focus on the perceived 
tactile sensations. An experimenter (M.G. or L.Z.) continu
ously touched the affected and unaffected limb with her in
dex finger at a speed of about 2 cm/s.

The stimulation was applied starting from (i) 10 cm above 
the indicated point and moving down to 10 cm below this 
point or (ii) 10 cm below the point and moving up to 
10 cm above this point (see Supplementary Fig. 2).
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Participants indicated when they perceived the experimen
ter’s index finger passing over the desired amputation line by 
pressing a button with the index finger of the ipsilateral hand 
to the stimulation using response boxes available in the MRI 
equipment. During the stimulation of the healthy limb, BID 
individuals had to press the button when passing over the le
vel marked with an elastic band. The same request was made 
to the healthy controls (for both limbs).

We repeated the stimulation 32 times for each leg (16 for 
each direction of stimulation).

Functional MRI data acquisition
fMRI data were acquired using a 1.5 Tesla GE Signa HD-XT 
scanner, utilizing an echo planar imaging (EPI) gradient-echo 
sequence with the following parameters: flip angle of 90°, 
echo time (TE) of 60 ms, repetition time (TR) of 3000 ms, 
field of view (FOV) of 240 × 240 mm and a matrix resolution 
of 64 × 64. Each volume included 35 interleaved axial slices, 
aligned along the AC–PC plane, with a slice thickness of 
5 mm and no interslice gap. Volumes were captured at 3-s 
intervals, and a total of 450 volumes were obtained per par
ticipant. The initial 10 volumes, corresponding to task in
struction periods, were excluded from further analysis.

In addition, a high-resolution anatomical scan of the en
tire brain was collected for each subject using a 3D spoiled 
gradient-recalled sequence. This scan was acquired with a 
flip angle of 20°, TE of 2.92 ms, TR of 9.2 ms and a matrix 
size of 256 × 256. The slices had a thickness of 1 mm, no in
terslice gap and an isotropic voxel size of 1 × 1 × 1 mm. The 
anatomical scan comprised 154 continuous slices acquired 
on oblique sections parallel to the AC–PC line to cover the 
entire brain volume.

Preprocessing
Following image reconstruction, raw data were visualized 
and converted from DICOM to NIFTI format using the 
dcm2nii tool within the MRIcron software package. All 
subsequent analyses were conducted in MATLAB 

version 8.1 (MathWorks, Natick, MA, USA) utilizing the 
Statistical Parametric Mapping software (SPM12, Wellcome 
Department of Imaging Neuroscience, London, UK). Initial in
spection of the images focused on identifying motion artefacts 
and any obvious anatomical abnormalities, after which they 
were manually aligned to the anterior commissure.

fMRI scans were then realigned to the first scan to correct 
for movement during acquisition. The realigned images were 
stereotactically normalized to the Montreal Neurological 
Institute template space to enable group-level analyses. 
During this process, voxel dimensions were resampled to 
2 × 2 × 2 mm.

To enhance the signal-to-noise ratio, the normalized and 
realigned images were smoothed using a Gaussian kernel 
with a full width at half maximum of 10 × 10 × 10 mm.24,25

Statistical analysis of the functional 
MRI data
A convolution with a canonical haemodynamic response 
function then analysed the blood-oxygen-level-dependent 
(BOLD) signal associated with each experimental condi
tion.26 The global differences in fMRI signals were removed 
using proportional scaling for all the voxels on the global 
counts. High-pass filtering (128 s) was used to remove arte
factual contributions to the fMRI signal, such as physiologic
al noise from cardiac and respiration cycles.

The BOLD signal corresponding to each event was mod
elled through convolution with a canonical haemodynamic 
response function.26

First-level fixed-effect analysis. An initial fixed-effects 
block analysis was conducted at the individual subject level 
to model the BOLD response associated with each event, 
relative to an implicit baseline. To account for motion- 
related artefacts, the realignment parameters were included 
as regressors in the design matrix. This analysis specifically 
examined the BOLD responses elicited by tactile stimulation 
of different regions of each leg, namely, areas located above, 
below or intersecting the intended amputation line, as well as 
the direction in which the stimulation was applied.

Table 1 Demographic and clinical features of participants with BID

Participants with 
BID

Demographic 
features

BID 
features Mean scores on the Zurich Xenomelia Scale (SD)a

Age Education Limb Side
Pure amputation 

desire
Erotic 

attraction
Pretending 
behaviour

Total scale 
scores

P1 42 13 Leg Left 4.50 4.25 5.00 4.58
P2 36 13 Leg Left 5.25 3.25 3.00 3.83
P3 48 18 Leg Left 6.00 3.50 4.00 4.50
P4 34 18 Leg Left 5.25 2.75 3.25 3.75
P5 37 18 Leg Left 6.00 6.00 4.75 5.58
P6 41 13 Leg Left 5.75 4.50 5.00 5.08
P7 39 18 Leg Left 6.00 4.25 5.50 5.25
P8 64 13 Leg Left 6.00 5.50 4.50 5.33
P9 38 14 Leg Left 6.00 3.75 3.00 4.25

aRanges 1–6.
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Second-level random-effect analysis. The resulting con
trast images were incorporated into separate second-level 
full factorial ANOVAs, in line with random-effects analysis 
procedures, to enable generalization of the statistical findings 
to the broader population.27 The data were analysed within 
a factorial design framework to address the following re
search questions:

Question 1. Topography of the stimulation (general). Do 
individuals with BID show altered neural activations in re
sponse to tactile stimulation, especially when considering 
the specific leg and the specific segment of the leg? Factors 
considered: Group (controls versus BID), side (right versus 
left leg) and part of the leg (above or below the desired am
putation line).

Question 2. Direction of the stimulation. Do individuals 
with BID show altered neural activations in response to tact
ile stimulation, especially when considering the specific leg 
and the direction of stimulation with respect to the desired 
line of amputation? Factors considered: Group (controls ver
sus BID), side (right versus left leg) and direction of stimula
tion (moving towards versus away from the desired 
amputation line).

Question 3. Amputation line. Do individuals with BID 
show altered neural activations when the tactile stimulation 
crosses the desired amputation line compared with control 
subjects, especially when considering the direction of stimu
lation? Factors considered: Group (controls versus BID), side 
(right versus left leg) and direction of stimulation (moving to
wards versus away from the body part to be amputated).

All reported results survive a whole-brain cluster-level 
family-wise error rate (FWER) correction for multiple com
parisons (pFWER < 0.05). The voxel-wise threshold applied 
to the statistical maps before the cluster-wise correction is 
P < 0.001 uncorrected, as recommended elsewhere.28 The 
peaks that survive the statistical threshold P < 0.05 whole- 
brain FWER-corrected voxel-wise (peak level) are also re
ported in the tables. Accordingly, all results described were 
corrected for multiple comparisons using state-of-the-art 
approaches.

To assess the extent to which the scores at the three sub
scales of the Zurich Xenomelia Scale, we run parametric or 
non-parametric correlation analyses (depending on data dis
tribution) between these scores and the brain response at the 
peak of maximum difference with healthy controls.

Neurosynth decoding of the brain 
functional abnormalities
Besides typical forward inferences based on the experimental 
design and interaction of factors, we also considered the 
strength of associations between the actual statistical maps 
of our analyses and neuroscientific semantics as indexed by 
specific keywords. Specifically, the BID-related functional 
abnormalities clusters were loaded into the Neurosynth.org
database and analysed using the ‘decoder’ function (https:// 
neurosynth.org/decode/).29 The decoder function of 
Neurosynth allows one to retrieve the Pearson correlation 

of the keywords most associated with the input image, con
taining the clusters identified by our fMRI analyses based on 
the NeuroVault repository. The r-value related to each key
word reflects the correlation across all voxels between the in
put map and the map associated with a particular keyword in 
NeuroVault. In other words, while not replacing the typical 
forward inferences in the current study, the quantitative as
sociations that Neurosynth returned may provide valuable 
information for our discussion.

Results
Question 1. Both individuals with BID and healthy controls 
showed significant activations of the contralateral primary 
and secondary somatosensory cortices in response to tactile 
stimulation of each leg (see Supplementary Fig. 3 and 
Supplementary Tables 2A and B).

However, we also observed a significant group-by-side 
interaction in an extensive cortical and subcortical network, 
including the orbitofrontal cortex, the anterior cingulum, the 
insula, the thalamus, the caudate, the putamen, the nucleus 
accumbens and the midbrain. These regions were more 
active in response to the tactile stimulation of the left leg in 
individuals with BID, independently from the part of the 
leg (i.e. above and below the amputation line, see Fig. 1
and Table 2). Importantly, these group-by-side interaction 
effects were well outside the canonical sensorimotor network 
observed in previous studies (see Supplementary Fig. 4).

The decoding of these brain functional abnormalities 
based on Neurosynth showed that the functional domains 
that best correlated with this anatomical pattern were ‘re
ward’ (Correlation coefficient: 0.19), ‘gain’ (Correlation co
efficient: 0.18), ‘incentive delay’ (Correlation coefficient: 
0.18), ‘anticipation’ (Correlation coefficient: 0.15), ‘losses’ 
(Correlation coefficient: 0.152) and ‘pain’ (Correlation coef
ficient: 0.12).

These patterns showed a moderate positive correlation 
with the Zurich Xenomelia Scale (erotic attraction subscale): 
Pearson’s coefficients: 0.54 for the anterior cingulum [4, 16, 
18] and 0.57 for the thalamus [−4, −22, 2], see 
Supplementary Table 3.

Question 2. We observed a significant group-by-side by dir
ection interaction at the level of the midbrain near the peria
queductal grey, with increased activations recorded in 
individuals with BID, particularly in response to the stimula
tion of the desired amputation line of the left leg after the 
stimulation has passed the line of the desired amputation 
(see Fig. 2). The functional domain terms that best correlated 
with this anatomical pattern, according with Neurosynth, 
were ‘pain’ (Correlation coefficient: 0.1), ‘sustained’ 
(Correlation coefficient: 0.16), ‘ratings’ (Correlation coeffi
cient: 0.13) and ‘chronic pain’ (Correlation coefficient: 0.08).

These patterns showed a moderate positive correlation 
with the Zurich Xenomelia Scale (amputation desire subscale) 
in the periaqueductal grey (Spearman’s coefficient = 0.5 for the 
peak [4, −30, −16], see Supplementary Table 3).
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Question 3. We observed a significant group-by-side inter
action in the precentral gyri, the anterior cingulum and the 
superior and middle temporal gyrus. These regions were 
more active in response to the tactile stimulation over the 
left leg desired amputation line, independently from the dir
ection of stimulation (see Fig. 3 and Table 3).

The Neurosynth functional domain terms that best cor
related with this anatomical pattern were ‘conflict’ 
(Correlation coefficient: 0.16) and ‘Stroop’ (Correlation 
coefficient: 0.09).

We observed a moderate correlation between the 
erotic attraction subscale of the Zurich Xenomelia Scale in 
the middle cingulum: Pearson’s coefficient = 0.43 for the 
peak [16, 22, 33], see Supplementary Table 3. Only a very 
weak correlation was present for the premotor cortex: 
Pearson’s coefficient = 0.18 for the peak [56, 6, 42].

Discussion
We recognize our body as belonging to us as much as we 
monitor its position and its movement in space.30 Both the 
sense of body ownership and self-location, in fact, make 
our sense of self-awareness coherent. Different disorders 
can disrupt these processes, leading to significant distortions 
in body representation and sense of body ownership: soma
toparaphrenia (i.e. misattributing one’s body parts to 
others31-33), misoplegia (i.e. intense dislike or hatred for 
one’s own body parts34), asomatognosia (i.e. lack of aware
ness of a body part, making it feel as though it has 

disappeared from consciousness35) or pathological embodi
ment (i.e. the inclusion of others’ limbs into our body sche
ma36). All these disorders make it clear—more than any 
illusion in normal subjects—that our body representation 
and sense of body ownership are complex and vulnerable 
at the same time.

Although BID and these conditions may be considered 
sisters and brothers due to the general impairment of the 
body representation that makes them similar, there are rele
vant differences: first and foremost, even if somatoparaph
renia may radicalize into misoplegia for the left limb, a 
patient with this disorder would never even dream to ampu
tate his/her limb although paralysed. Secondly, BID is char
acterized by the lack of macroscopic brain damage, which 
has motivated functional imaging studies, including this 
one. Finally, the limb for which amputation is typically in
tact in BID. Nonetheless, it causes a distressing sense of mis
match between the current and the desired body: typically, 
individuals with BID claim that that limb, although recog
nized as belonging to their body, is nevertheless felt as an ex
tra part of it.

Coming to the similarities, ‘left-sided’ BID is more fre
quent,2 mirroring neuropsychological symptoms associated 
with right brain damage, mainly in the right parietal lobe, in
sula and basal ganglia.32,37 This suggests a neurological aeti
ology also for BID.

Recently, we have shown that BID is associated with ab
normal neural functional connectivity in a neural network, 
including two main regions of the motor and somatosensory 
system: the right paracentral lobule and the right superior 

Table 2 Group * leg interaction: left leg > right leg BID > controls (tactile stimulation above and below the 
amputation line)

Brain region (BA)

Left hemisphere Right hemisphere

x y z Z-score x y z Z-score

Anterior orbital gyrus (11) −18 40 −10 3.27 20 46 −14 3.23
Superior frontal gyrus (11) - - - - 22 52 −2 3.78
Superior frontal gyrus medial (11) and medial orbital (10) −8 24 42 3.64 18 50 4 3.36

- - - - 10 44 −4 3.10
Anterior cingulate cortex (24/32) −2 38 24 4.14 4 16 18 4.69a

- - - - 0 8 30 4.53a

- - - - 0 38 18 4.18
- - - - 14 42 8 3.70
- - - - 10 42 10 3.66

Posterior orbital gyrus (11) −26 26 −20 4.19 - - - -
−30 30 −20 4.09 - - - -

Insula −28 22 6 3.71 - - - -
Thalamus −4 −22 2 4.60a 6 −2 8 3.75

- - - - 2 −4 8 3.74
Caudate - - - - 18 22 −10 4.46a

Putamen −26 12 0 4.49a 30 14 4 3.70
−22 −4 8 4.45a - - - -
−24 14 −4 4.36 - - - -
−16 16 −8 3.85 - - - -

Nucleus accumbens - - - - 6 8 −8 3.47
- - - - 4 4 −8 3.44

Midbrain −4 −28 −8 3.97 - - - -

aFWER 0.05 correction (voxel level).
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parietal lobule.16 Task-based fMRI data on a subsample of 
the same individuals indicated that these regions are also 
less active in BID in response to a monotonic tactile stimula
tion of the left foot.20

In the present study, we rather used a dynamic tactile 
stimulation of the lower limbs with a task that emphasized 
the attentional stance to the very point where the BID indivi
duals wanted their leg to be amputated and, for a control, the 
same position on the right thigh.

Our results showed the expected contralateral brain acti
vations in the sensorimotor brain regions in both healthy 
controls and subjects with BID. However, we also observed 
altered neural activations in individuals with BID not only 
in areas concerned with sensory processing but also in re
gions associated with reward encoding and pain (see 
also18). The identification of this diverse functional pat
tern suggests that BID is a complex condition not only lim
ited to a disorder of body representation; the same findings 
rather offer a neurodysfunctional basis for what is mainly 
observed at a clinical level as the complaint of a sense of 
extraneity for one limb.

We discuss our results by addressing the three main ques
tions introduced at the beginning of the paper that guided 
our analyses and that we described in the results section. 
All comments refer to brain patterns associated with stimu
lations to the left leg.

Question 1. Topography of the 
stimulation (general). Do individuals 
with BID show altered neural 
activations in response to tactile 
stimulation, especially when 
considering the specific leg and the 
specific segment of the leg?
Our results show a significant pattern of hyperactivations in 
individuals with BID in response to the dynamic tactile 

stimulation of the left leg affected by the desire for 
amputation.

This aberrant neural activity involved the orbitofrontal 
cortex, the anterior cingulum, the thalamus, the basal gan
glia and the midbrain. These regions are well outside the 
typical network involved in somatosensory processing ob
served in our previous study20 (Supplementary Fig. 4). The 
dynamic nature of the touch we have used here makes this 
stimulation much more like, even though not canonically 
so, the so-called affective touch,38 representing the so far 
missing other side of the coin in the characterization of 
somatosensory processing in BID.

It is important to clarify that our stimulation was not spe
cifically designed to optimize C-Tactile fibre activation, nor 
can we assess whether it was perceived as pleasant by indivi
duals with BID or if their perception differed from that of the 
control group, given the absence of pleasantness ratings. 
Nevertheless, our stimulation shares key characteristics 
with affective touch, particularly its dynamic nature and 
slow velocity. In our view, these features—combined with 
the specific demands of our task, the spatial localization 
and the dynamics of the stimulation—likely contributed to 
the emergence of altered brain dynamics involving regions 
associated with affective and emotional processing.

We suggest that increased limbic activity may indicate a 
heightened affective response to the sensory dynamic and 
continuous input, especially concerning the discomfort or in
congruity felt for the leg of the desired amputation. The brain 
might also engage in compensatory mechanisms to deal with 
the perceived ‘error’ in body integrity. This could manifest as 
heightened activity in the limbic system as it processes 
complex emotions related to the perceived ‘extra’ parts of 
the body.

This result was similar when the stimulation of the left leg 
was both above and below the desired line of amputation. 
This suggests that the proximal part of the limb is also felt 
not to be right as long as it is connected with the segment per
ceived in excess. A study on BID amputees could clarify this 
issue.

Table 3 Group * leg interaction: left leg > right leg BID > controls (tactile stimulation over the amputation line)

Brain region (BA)

Left hemisphere Right hemisphere

x y z Z-score x y z Z-score

Middle cingulate (32)/Superior frontal gyrus medial (9) - - - - 16 22 36 5.21a

- - - - 16 26 34 5.11a

- - - - 16 4 32 3.61
- - - - 8 40 34 3.29
- - - - 4 42 30 3.21

Precentral gyrus (6) −34 2 42 4.40a 56 6 42 4.75a

−52 −2 36 3.76 - - - -
−48 −6 50 3.30 - - - -
−40 4 32 3.24 - - - -

Superior and middle temporal gyrus (21–22) −64 −22 −12 4.91a - - - -
−64 −36 6 3.54 - - - -
−56 −24 0 3.30 - - - -

aFWER 0.05 correction (voxel level).
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Question 2. Direction of the 
stimulation. Do individuals with BID 
show altered neural activations in 
response to tactile stimulation, 
especially when considering the 
specific leg and the direction of 
stimulation with respect to the 
desired line of amputation?
When the stimulation had just passed the line of the desired 
amputation, there were increased activations in the periaque
ductal grey, specifically for the left thigh. Attentional me
chanisms have a modulatory effect on subjective pain 
perception, attention being a critical component of the 
pain experience.39

The periaqueductal grey, along with the anterior cingulate 
cortex, is part of a primary pain modulatory pathways that 
regulate facilitatory or inhibitory modulation of nociception 
through the spinal cord dorsal horn.40 Thus, the effect de
scribed here could be due to attentional phenomena: these 
were most likely at their peak the very moment the tactile 
stimulation had passed the line of desired amputation, a mo
ment that we may have had a maximal implicit psychic pain 
effect—even if not explicitly reported by the experimental 
subjects.

Question 3. Amputation line. Do 
individuals with BID show altered 
neural activations when the tactile 
stimulation crosses the desired 
amputation line compared with 
control subjects, especially when 
considering the direction of 
stimulation?
Our data also indicate that the line of desired amputation has 
a special status when monitoring somatosensory stimuli: the 
motor response generated when the tactile stimulation 
crossed the line of desired amputation was associated with 
increased activity in the frontal lobe, in the anterior cingulum 
and in premotor regions. A strong activation in the premotor 
cortex is a hallmark finding in all ready-steady-go paradigms 
in non-human primates41 as much as in humans.42 Hence, 
augmented recruitment of premotor regions may be related 
to a stronger ‘motor alert’ boosted by the extra-motivation 
felt by the participants with BID.

On the other hand, as widely known, the anterior cingu
late cortex is involved in emotional and conflict regulation.43

When subjects with BID perceived that the amputation line 
had been crossed, they might have experienced a unique, in
tense emotional state to suggest that this border has a special 
status in the BID individuals’ minds.

How painful or rewarding is (to live 
with a condition like) BID?
This study, for the first time, brings to the centre stage the 
limbic brain and the reward system in BID rather than a 
set of brain regions primarily associated with a cartographic 
mapping of the body. Admittedly, this finding is not fully 
aligned with our predictions, which were more towards the 
emotional brain, surely intertwined with the reward system 
but not fully corresponding with it. For example, a stronger 
activation of the amygdala in BID would have been, if con
firmed, a much-anticipated benchmark for our initial predic
tion. However, most of the patterns of brain activity that did 
tease apart subjects with BID from the healthy controls 
pointed to the dimension of reward and pain, as indicated 
by quantitative reverse inference offered by Neurosynth.

Would the collection of subjective affective experiences dur
ing tactile stimulation have strengthened the interpretation of 
our fMRI data? This is somewhat questionable as the intro
duction of a meta-cognitive introspective component in the 
task would have dramatically changed the nature of our study, 
which was aimed at capturing implicit neural responses rather 
than those associated with meta-cognitive introspection. This 
decision had both advantages and disadvantages. The primary 
advantage was the ability to identify a more readily distin
guishable neural pattern, as implicit responses—being less sus
ceptible to bias than explicit ones—are often more reliable 
across various experimental psychology paradigms (e.g. skin 
conductance changes in response to noxious stimuli approach
ing the left leg in BID, compared with explicit reports showing 
no difference between left and right leg—see8; for other 
sources of evidence about the distinction between explicit 
and implicit measures see, for example44,45). In the absence 
of direct subjective reports during fMRI scanning, we relied 
on the probability-based decoding function of the 
Neurosynth database, which offers an objective, data-driven 
approach to decoding rather than anecdotal interpretations. 
Our findings also revealed a positive correlation between neur
al activations in mesolimbic regions and the erotic attraction 
subscale of the Zurich Xenomelia Scale, reinforcing the rele
vance of affective dimensions in our findings. The downside 
of not having explicit reports of the participants’ mental states 
is the difficulty of making a direct link between the neural re
sponses and the participants’ lived experiences. Collecting 
these reports, at least at the end of the fMRI scans, could 
have informed the interpretation of the results and should be 
considered in future studies.

Our findings, besides offering a new view on a hidden side 
of BID, ‘makes sense’ as much as individuals with BID might 
experience a vivid reaction when they are stimulated around 
the line where they would like to be amputated. A dysfunc
tional connection of sensory pathways (visual, taste) with 
the reward system is a hallmark of most psychopathological 
conditions characterized by obsessions and dependence.46

Somatic pain and acute emotional distress were not expli
cit features in the behaviour and reports of our BID indivi
duals during or following our fMRI study. Yet, BID 
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individuals are known for dull psychic suffering for their 
body configuration, something that does not translate into 
the experience of an explicit somatic pain and yet it could al
ways be there, particularly when attention is drawn to the 
body segment lamented as an exceeding one.

As much as correlation is not causation, the demonstra
tion of profound neurophysiological effects in specific re
gions of the reward/pain systems of BID individuals 
suggests that this pathological condition is not a mere cogni
tive construct, deserving clinical attention rather than scep
tical disbelief. Thus, the preliminary signs of a correlation 
found primarily with the erotic attraction subscale and the 
brain responses during the dynamic touch experience may 
make the association between the observed hyperactivations 
and the reward concept even more plausible.

It is worth recalling that a mere generic sexual arousal dur
ing our stimulation cannot account for this finding, as the 
correlation was found for the differential activation for the 
left and the right limbs in individuals with BID. It remains 
to be seen whether the aspect of reward that correlates 
with brain function is truly erotic in nature or is rather con
nected with a latent collinear variable in the domain of re
ward, like, for example, the concept of arousal.

To conclude, our evidence suggests that BID is not due to a 
pure impairment of the body representation explained as a 
hill-organized cartography of the body in the brain; instead, 
it also seems deeply intertwined with the salience of anything 
happening to the to-be-amputated limb. The connection with 
altered processing with the reward system may offer a unify
ing factor for the BID phenomenology that, in some cases, af
fects body segments differently from the more frequently 
involved left lower limb considered in this study. Hence, these 
results seem to support the notion that BID might be driven by 
complex neural interactions that blend sensory (mis)percep
tions with strong affective components, possibly overlearned 
and pathologically reinforced through experience.

Many aspects of this condition are still ambiguous and de
serve further studies: for example, longitudinal studies in 
subjects who had their left leg amputated may help clarify 
whether the amputation can reconcile the somatosensory 
brain with the limbic one. If so, this would add some ground 
truth to our interpretations.

It is important to highlight that, while your study provides 
evidence of altered neural responses in BID, distinguishing 
whether these responses are causal, consequential or compen
satory remains a challenge that cannot be settled within our 
study. Indeed, dysfunctions in limbic/reward-related circuits 
may predispose individuals to BID, possibly leading to an ab
normal integration of body ownership and affective process
ing. This would align with theories suggesting that BID has a 
neurodevelopmental origin, with early disruptions in body re
presentation leading to later affective reinforcement.

On the other hand, long-term distress and preoccupation 
with amputation might have shaped these brain responses 
over time. The persistent attention to the ‘excessive’ limb 
and associated affective reinforcement could have led to 
experience-dependent plasticity, modifying reward and 

sensorimotor networks. This is a plausible scenario, given 
that obsessive preoccupation towards the ‘unwanted’ limb 
is a hallmark of BID. Finally, increased mesolimbic and pre
motor activations could be an attempt to regulate distress or 
to enhance sensory monitoring of the affected limb. This 
could explain why the anterior cingulate and premotor cor
tices are particularly active regions involved in both conflict 
monitoring and preparatory motor actions. Altogether, this 
study adds to the understanding of BID as a multifaceted 
condition rooted in both perceptual and affective neural me
chanisms. Future research should aim to clarify the develop
mental trajectory and plasticity of these networks.
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