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Reply to Reviewer #1 
 
The function of the insula evokes remarkable level of interest and is the focus of considerable 
active debate. The study presented here claims to refute an increasingly popular view that 
the posterior insula may act as the 'missing' pain cortex. This is based on examining the 
similarity of local field potentials from a relatively large array of invasive depth EEG 
electrodes in 6 epilepsy patients, as they received randomised blocks of sporadic (laser) pain, 
vibrotactile, auditory and visual stimuli, roughly matched for intensity. The lack of evidence 
of substantial differences between in the evoked responses, in terms of the amplitude, 
morphology, and probable anatomical source, is taken as evidence that posterior insula 
cannot be considered a pain specific cortex, and is instead better conceived as some sort of 
multi-sensory cortex probably involved in more complex functions. 
 
The study is relatively straightforward, and I don't think there are any major methodological 
problems with the data analysis. 
 

We thank the reviewer for sharing their interest in our study. 
 
The main issue I would raise is whether the claims are a little too strong. Certainly the 
evidence here favours a non-specific function of the posterior insula, but I think it premature 
to definitively conclude this. Ultimately (and unavoidably) this conclusion rests here on a 
negative finding (i.e. no difference between modalities), albeit quite good data from which to 
assert this. This has to be taken with the fact that many primary sensory cortices subsume 
multisensory integration functions, and respond in some way to extra-modality stimuli. Thus 
the conclusion rests on how likely it is that the recorded LFPs would be able to distinguish 
some sort of specific anatomical locus, which might be small (after all, pain is not 
computationally complex like vision). Perhaps the greatest difficulty, however, is that the 
experiment doesn't directly test a function that primary pain cortex would be expected to 
perform i.e. topographic or intensity coding or discrimination. 
For this reason, I think the claims need to be significantly toned down *considerably* 
throughout, not least the title.   
Having said that, the data are genuinely very interesting, and are an important contribution 
to one of the most intriguing puzzles in cortical neuroscience. 
 

We agree with the Reviewer. Our results confute the widespread notion that LFPs recorded 
from the human insula reflect processes specifically involved in the perception of pain. The fact 
that noxious thermal stimuli but not innocuous thermal stimuli elicit robust LFPs in the insula is 
often put forward as evidence that these LFPs reflect cortical activity through which pain is 
experienced, and has led some authors to propose that parts of the insula could be considered as 
a “third somatosensory cortex” preferentially devoted to nociception 1. We wish to stress that, at 
the mesoscopic level, our findings confute the existence of a very specific and compact “spot” 
in the human insula (a so-called “ouch zone”) in which pain-specific responses are 
predominant. However, because the recorded LFPs probably reflect only a fraction of the 
activity generated in the insula, and because the spatial resolution and/or spatial sampling of 
LFPs might be insufficient to distinguish/detect responses generated by small anatomical loci, 
our results definitely do not allow us to exclude a specific involvement of the insula in pain. 
Furthermore, as stated by the Reviewer, it is increasingly recognized that primary sensory 
cortices subsume multisensory integration functions.  
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Accordingly, we modified the title and text to avoid any over-interpretation of our results: 

 
- The original title “The posterior insula is not a primary cortex for pain” has been changed to 

“Nociceptive local field potentials recorded from the human insula are not specific for 
nociception”. 

 
- Abstract, lines 51-53: we replaced the sentence “By revealing that the bulk of insular response 

to nociceptive stimuli reflects activity unrelated to pain, our results question the specific 
involvement of the insula in pain perception” with “By revealing that LFPs elicited by 
nociceptive stimuli reflect activity unrelated to pain, our results confute the widespread 
assumption that these brain responses are a signature for pain perception and its modulation”. 

 
- p. 12, lines 275-276: we replaced the sentence “Our results clearly show that, in both the 

anterior and posterior insula, the bulk of the neural activity generated by a transient 
nociceptive stimulus is unspecific for nociception and the perception of pain”, with the sentence 
“Our results clearly show that, in both the anterior and posterior insula, LFPs generated by 
transient nociceptive stimuli are unspecific for nociception and the perception of pain”. 

 
- pp. 15-16, lines 353-358: we added the sentences: “Indeed, it is thought that the main 

contribution to LFPs derives from synchronous postsynaptic activity occurring in the apical 
dendrites of pyramidal neurons located in the cortex surrounding the electrode contact. 
Therefore, one cannot exclude the possibility that LFPs elicited by nociceptive and non-
nociceptive stimuli might reflect the activity of distinct neurons intermingled within the same 
subregions of the insula”. 

 
- p. 16, lines 363-364: we added: “our results confute the widespread assumption that these brain 

responses constitute a signature for pain perception and its modulation”. 
 
- p. 16 lines 365-370: we added: “Although it is important to acknowledge the fact that the 

function of primary sensory cortices is probably not restricted to the processing of sensory 
input belonging to its corresponding sensory modality and, instead, that primary sensory 
cortices subsume multisensory integration functions, studies have shown that neurons sensitive 
to other modalities are rare within primary visual, auditory and somatosensory areas”. 

 
We wish to point out that there are other sentences in which we emphasize that our results do not 
rule out a specific involvement of the insula in the perception of pain. For instance, p. 15, lines 
350-352: “Finally, one should be cautious to not overinterpret our results. Although our findings 
clearly question the notion that insular LFPs reflect processes specifically involved in the 
perception of pain, they do not exclude a specific involvement of the insula in pain perception”. 
 
 
Other points: 
 
It is a shame they chose not to look at warm and cold responses, where is quite suggestive 
evidence of dissociation of function along the insula. 
 

We agree with the Reviewer that the investigation of responses to warm and cold stimuli 
elicited in the insula would be of great interest, as it would allow to better understand the 
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involvement of this region in the processing and discrimination of thermal stimuli. This would 
have been of particular importance if we had found differences between the LFPs elicited by 
nociceptive and non-nociceptive stimuli.  
 
Previously, Frot et al.2 showed that high-intensity thermal stimuli perceived as painful elicit 
robust LFPs in the insula, whereas lower-intensity thermal stimuli perceived as warm do not. 
As discussed in our manuscript (pp. 13-14, lines 310-318), because high intensity thermal 
stimuli perceived as painful are necessarily more salient than innocuous warm stimuli, this 
observation is absolutely compatible with our proposal that LFPs could mainly reflect 
multimodal processes triggered by salient stimuli.  

 
It is probably unfair to dismiss all previous studies as being based on reverse inference: for 
example, lesion studies imply necessity, and focal seizure cases imply sufficiency. 
 

We agree with the Reviewer. The manuscript has been rephrased to make this clear (p. 3, lines 
73-75): “Because they imply necessity and sufficiency, lesion studies and focal seizure cases 
could be expected to provide unequivocal evidence for a specific involvement of the insula in 
pain perception”. 

 
It is important to emphasize that the notion that pain constitutes a common ictal symptom 
associated with insular discharge comes from observations performed in only a few cases3,4.  
Similarly, direct electrical stimulation of the insula appears to predominantly elicit non-painful 
paresthesiae or warm sensations, at least when the stimulated area is not epileptogenic5. Finally, 
the fact that insular lesions may lead to an alteration of pain perception has been recently 
questioned by a study of 24 patients with stroke lesions involving the insula6. Indeed, in this 
study, the authors found that lesions of the insula were not associated with changes in pain 
thresholds assessed using quantitative sensory testing. These points are now discussed more 
extensively in the manuscript (pp. 3-4, lines 73-88; p.13, lines 296-308). 
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Reply to Reviewer #2 
 
This manuscript presents data from 6 patients on direct intracerebral recordings from 
insular cortex.  Local field potentials (LFPs) were measured in response to stimuli in four 
different modalities:   nociceptive, vibrotactile, auditory and visual.  The findings indicate 
that both nociceptive and non-nociceptive stimuli elicit LFPs in the posterior and anterior 
insula and their spatial distributions completely overlap.  The authors interpret their data to 
question the specific involvement of the insula in pain perception. 
 
The direct recording from insula cortex in these patients is unusual and thus represents a 
contribution to the ongoing understanding of the role of insula in human cognitive and 
emotional function.  However, the basic conclusion from this study is hardly novel.  There is 
a wealth of evidence from the human neuroimaging literature that arrives at the identical 
conclusion, namely that the insula is not exclusively dedicated to pain processing.  Thus, 
while the findings are reasonable, they are not novel and simply represent another 
methodological approach for demonstrating a phenomenon that is already fairly well 
established. 
 

We fully agree with the reviewer that the fact that the insula is involved in a large number of 
sensory, cognitive, affective and homeostatic functions is already documented in the literature. 
In fact, this constituted the rationale for conducting the present study (see p. 4, lines 89-97). 
However, in the field of pain neuroscience, an increasing number of researchers have suggested 
that a specific subregion of the posterior insula could be considered as “primary cortex for 
pain”, and that activity recorded from this so-called “ouch zone” may be used as a clinical 
“pain-o-meter”, i.e., a method to objectively measure subjective pain in patients1,7,8. Hence, 
brain responses recorded from the insula are commonly used to draw strong conclusions on the 
neural underpinnings of nociception and pain. The main argument that is put forward by these 
researchers is that robust activity is recorded from this area in response to stimuli perceived as 
painful (e.g. burning heat), but not in response to innocuous non-painful stimuli (e.g. innocuous 
warmth or touch)2.   
 
Thus, by showing that innocuous (but salient) tactile, auditory and visual stimuli can elicit the 
same responses in the insula as painful stimuli, the results of the present study are important 
because they confute the widespread assumption that brain responses recorded in the posterior 
insula can be considered as a “signature for pain and its modulation” 9,10. This has far-reaching 
implications, from basic theories of pain, to the development of diagnostic tests, and the 
identification of potential therapeutic targets for the treatment of chronic pain. For example, 
these results question the validity of using these insular responses to assess the effects of 
pharmacological treatment, or to assess pain in patients unable to communicate (young 
children, patients with dementia, patients with disorders of consciousness). Furthermore, they 
have legal implications, as they invalidate the use of these responses to determine whether 
plaintiffs are truly experiencing the pain for which they are seeking redress11. Finally, they 
question the rationale for functional neurosurgical procedures aiming at alleviating pain by 
targeting the posterior insula12. 
 
Several changes have been made to the manuscript, with the aim of better explaining the 
implications of our results: 
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- Abstract, lines 51-53: we replaced the sentence “By revealing that the bulk of insular response 
to nociceptive stimuli reflects activity unrelated to pain, our results question the specific 
involvement of the insula in pain perception” with “By revealing that LFPs elicited by 
nociceptive stimuli reflect activity unrelated to pain, our results confute the widespread 
assumption that these brain responses are a signature for pain perception and its modulation”. 

 
- p. 12, lines 275-276: we replaced the sentence “Our results clearly show that, in both the 

anterior and posterior insula, the bulk of the neural activity generated by a transient 
nociceptive stimulus is unspecific for nociception and the perception of pain”, with the sentence 
“Our results clearly show that, in both the anterior and posterior insula, LFPs generated by 
transient nociceptive stimuli are unspecific for nociception and the perception of pain”. 

 
- p. 16, lines 363-364: we added: “our results confute the widespread assumption that these brain 

responses constitute a signature for pain perception and its modulation”. 
 

In addition, the title of the manuscript has been changed to “Nociceptive local field potentials 
recorded from the human insula are not specific for nociception”. 
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Reply to Reviewer #3 
 
This paper used intracerebral recording from the insula to study the extent to which 
nociceptive inputs are localized in dpINS as the primary nociceptive cortex.  However, the 
data as presented is not very convincing, even to a believer.  Here are a number of specific 
comments. 
 
- The reversal potentials should be the strongest and most transparent of the types of 
evidence to locate generators in these.  However, these potentials are not common or 
particularly clear in Figure 2 or in Figure S1. The potentials identified by the authors should 
be flagged with a star in in these Figures. 
 

We agree with the reviewer that polarity reversals constitute the most obvious type of evidence 
to determine whether the responses elicited by the different types of stimuli originate from 
identical vs. distinct sources in the insula.  
 
Polarity reversals cannot be seen in Figs. 2 and S1 because the signals are displayed using a 
common A1A2 reference, in order to have a better representation of the large biphasic wave 
elicited at the same electrode contacts by all four types of stimuli. Polarity reversals can be 
viewed in Fig. 3 (Fig. 4 of the revised manuscript). In this figure, the signal measured at each 
insular contact is displayed using the average of the two adjacent contacts as reference. Using 
this reference, polarity reversals can be easily identified13. We apologize for not clarifying this 
in the first version of the manuscript. Hopefully, this is better explained in the revised figure 
caption. As suggested by the reviewer in one of the following points, we now also include an 
additional figure, in which current density plots are shown for each participant (Fig. S2 of the 
revised manuscript). 
 

- The issue of differences in latencies is not dealt with convincingly.  The velocity and 
conduction distances will lead to transmission delays which are much shorter for visual, 
auditory and somatosensory than for the laser while the latencies are all of the same order of 
magnitude, in the manuscript.  I suppose that the potentials discussed are slow potentials but 
even here the laser evoked potential should be much longer than the others.  The LEPs are 
sometimes considered to be slow potentials and the P2 to represent non-nociceptive 
components.  How does this impact the interpretation of the results. 
 

In fact, our data agree with the predictions of the Reviewer. The latency of the biphasic wave 
elicited by the nociceptive stimuli was significantly greater than the latency of the biphasic 
wave elicited by the other stimuli (p<.001). Also, the difference in latency between the 
responses to nociceptive and tactile stimuli (first peak: Δ=71 ±90 ms; second peak: Δ=91 ±152 
ms) is compatible with the notion that the responses to nociceptive stimulation are related to the 
activation of thinly myelinated A-delta fibers, whereas the responses to tactile stimulation are 
related to the activation of faster-conducting large myelinated A-beta fibers. This has been 
made more explicit in the revised manuscript (p. 7, lines 149-162). 

 
- Independent component analysis is a technique which will not be familiar to most of the 
readers of this journal. It must be explained in a way that is accessible to them.  Nevertheless, 
the current density plots in Figure 3 are much more convincing than the data in Figures 1 
and S1.  Why were they not used and illustrated of all subjects rather than only in Figure 
3.  The waveforms in Figure 3 middle row are much different the Figures 2 and S1 voltage 
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waveforms; why is this? 
 

As suggested by the Reviewer, the revised manuscript now includes an additional figure (Fig. 
S2) in which the CSD maps of each participant are presented. In addition, we now provide a 
general explanation of independent component analysis (pp. 10-11, lines 238-241): When 
applied to multichannel electrophysiological recordings, this algorithm separates the recorded 
signals into a linear combination of ICs, each having a fixed spatial projection onto the 
electrode contacts and a maximally independent time course. Moreover, in the section 
“Probabilistic independent component analysis (PICA)” (pp. 20-21, lines 464-478), we provide 
a more detailed description of the method. 

 
 
- Although the relative size of potentials is not as good an estimator of location of the 
generator as is the reversal potential it is still useful.  It would be worthwhile to add this 
analysis to the manuscript. 
 

We thank the Reviewer for this suggestion. In the revised manuscript, we now include a 
statistical comparison of the amplitudes and latencies of the responses elicited, in the anterior 
and posterior insula, by the different types of stimuli delivered to the contralateral and 
ipsilateral side relative to the explored insular cortex (Results section: pp. 6-8, lines 144-187; 
Methods section: p. 20, lines 445-453). Please note that, to account for the fact that the number 
of electrode contacts located in the anterior and in the posterior insula was not identical across 
participants, and assuming that the responses recorded from the different contacts of a given 
subject are not independent, we performed a linear mixed models (LMM) analysis instead of a 
repeated measures ANOVA. We also include an additional figure (Fig. 3) providing a detailed 
view of how the LFP amplitudes are distributed across the different insular contacts.   
 

 
- The paper does not show the independent component waveforms, rather the waveforms in 
Figure 4, which are not clearly explained in the paper. 
 

The waveforms shown in Fig. 4 (Fig. 5 of the revised manuscript) correspond to the global field 
amplitude of the ICs as a function of time. This approach was chosen because electrode contact 
locations are not matched across participants. Therefore, it was not possible to show the time 
course of the ICs backprojected onto a common representative electrode across participants. 
Hopefully, this has been made clearer in the revised manuscript (see caption of Fig. 5). 
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Reply to Reviewer #4 
 
The issue of whether a pain-specific region of cortex exists has confounded researchers for 
decades. The reality of cortical specialization begged for a dedicated cortical representation 
of noxious inputs, and a number of cortical areas have been suggested over the years. As the 
authors note in their introductory comments, there were good reasons for suspecting that the 
posterior insula might fill this role, but, as they also note, this suspicion was based on 
"reverse inference." Here, the authors directly test the hypothesis that the posterior insula is 
in fact a "pain area" using intracerebral EEG recording in epilepsy patients who were to 
undergo surgery. The authors delivered nociceptive, vibrotactile, visual, and auditory stimuli 
that were of subjective equal intensity at each of a number of recording sites in six patients, 
and compared the local field potentials generated by these stimuli. The experimental logic is 
straight-forward: if there is a specific region of the posterior insula that is selectively 
involved in the processing/appreciation of noxious stimuli, then there should be clusters of 
recording sites in each of the subjects that show such a selectivity. This hypothesis received 
absolutely no support from the recording data. Rather, the authors found that both 
nociceptive and non-nociceptive stimuli generated responses in both anterior and posterior 
insula with completely overlapping spatial distributions. That is, they found no evidence for a 
cortical region dedicated to the processing of noxious stimuli. This is an important set of 
findings that should lay to rest the idea that posterior insular cortex is selectively involved in 
the processing of painful stimuli. 
 
The paper is straight-forward and well-written. The figures adequately represent the 
findings, and the conclusions drawn by the authors are fully supported by their data. This 
paper will certainly be of interest to all pain researchers and individuals interested in sensory 
processing in general. It addresses issues of fundamental relevance to anyone studying the 
central mechanisms supporting motivated behavior, as noxious stimuli are of obvious 
relevance in that context. 
 

We thank the reviewer for sharing their interest in the study, and for highlighting why the 
results are important in the field of pain neuroscience. 

 
There are only very minor issues to address: 
 
Bottom p. 14: Do the authors mean to refer to Fig. 2 (rather than Fig. 1)? 
 

Yes, we apologize for the oversight. We meant to refer to Fig. 2 (and to Fig. S1). This has been 
corrected in the revised manuscript. 

 
p. 15, Procedure section: "In four of the five patients… What of the sixth patient? 
 

We apologize for this mistake. The sentence was initially meant to be “in five of the six 
patients”, because the ratings of one subject were missing due to corruption of the log file. 
Please note that, in the meantime,  we have been able to retrieve the missing data. The revised 
manuscript thus considers the ratings of all subjects. The sentence now reads: “Furthermore, 
participants provided an intensity rating for each stimulus on a scale ranging from 0 to 10 (0 
was defined as ‘undetected’ and 10 was defined as ‘maximum intensity’)” (p. 18, lines 404-
406). 
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Reply to Reviewer #5:  
 
The authors over interpret their findings substantially: In the end the only message that 
could be drawn from the data is that it does not support the claim of the posterior insula 
being pain specific. This is very different to what they claim (even in the title) 
 

It was not our intention to overinterpret our findings. In fact, it was to avoid any over-
interpretation that, in the Discussion (p.15, lines 350-352), we wrote “one should be cautious to 
not overinterpret our results. Although our findings clearly question the notion that insular 
LFPs reflect processes specifically involved in the perception of pain, they do not exclude a 
specific involvement of the insula in pain perception.” 
 
To avoid any overinterpretation by the readers themselves, we have now modified the title of 
the manuscript, and have made some additional changes to the manuscript:  

 
- The original title “The posterior insula is not a primary cortex for pain” has been changed to 

“Nociceptive local field potentials recorded from the human insula are not specific for 
nociception”. 

 
- Abstract, lines 51-53: we replaced the sentence “By revealing that the bulk of insular response 

to nociceptive stimuli reflects activity unrelated to pain, our results question the specific 
involvement of the insula in pain perception” with “By revealing that LFPs elicited by 
nociceptive stimuli reflect activity unrelated to pain, our results confute the widespread 
assumption that these brain responses are a signature for pain perception and its modulation”. 

 
- p. 12, lines 275-276: we replaced the sentence “Our results clearly show that, in both the 

anterior and posterior insula, the bulk of the neural activity generated by a transient 
nociceptive stimulus is unspecific for nociception and the perception of pain”, with the sentence 
“Our results clearly show that, in both the anterior and posterior insula, LFPs generated by 
transient nociceptive stimuli are unspecific for nociception and the perception of pain”. 

 
- pp. 15-16, lines 353-358: we added the sentences: “Indeed, it is thought that the main 

contribution to LFPs derives from synchronous postsynaptic activity occurring in the apical 
dendrites of pyramidal neurons located in the cortex surrounding the electrode contact. 
Therefore, one cannot exclude the possibility that LFPs elicited by nociceptive and non-
nociceptive stimuli might reflect the activity of distinct neurons intermingled within the same 
subregions of the insula”. 

 
- p. 16, lines 363-364: we added: “our results confute the widespread assumption that these brain 

responses constitute a signature for pain perception and its modulation”. 
 
 

 
They criticize previous work: " However, this conclusion is based on reverse inference, and 
the likelihood of it being correct depends on the exclusivity of the relationship between 
activity within this brain region and the perception of pain." This is exactly what they do! 
The lesions and stimulation studies are more causal than what they can show here. 
 

We agree with the reviewer that the interpretation of lesion and stimulation studies is not based 
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on reverse inference. Our intention was to restrict this statement to the studies showing that 
stimuli perceived as painful elicit responses in the insula. This has been corrected in the revised 
manuscript (pp. 3-4, lines 71-88).  
 
By showing that nociceptive and non-nociceptive stimuli elicit spatially-indistinguishable 
responses in the human insula, our results show that the relationship between activity in the 
insula and the perception of pain is not at all exclusive. We believe that this is important 
because it questions the strong statements of a large number of other studies stating that activity 
recorded from this so-called “ouch zone” may be used as a clinical “pain-o-meter”, i.e., a 
method to objectively measure subjective pain in patients1,7,8. 
 
As stated by the Reviewer, because they imply necessity and sufficiency, lesion studies and 
focal seizure cases could provide conclusive arguments regarding the involvement of the insula 
in the perception of pain. In fact, the notion that insular lesions may lead to an alteration of pain 
perception, and that epileptic seizure or direct cortical stimulation can in some cases trigger an 
acute experience of pain, constituted the rationale for investigating the specificity of the 
responses to nociceptive stimuli in the insula. However, it is important to acknowledge that the 
notion that painful somatosensory manifestations constitute a common ictal symptom 
associated with insular discharge comes from observations performed in only a few cases3,4. 
Similarly, direct electrical stimulation of the insula appears to predominantly elicit non-painful 
paresthesiae or warm sensations, at least when it is not epileptogenic5. Finally, the fact that 
insular lesions may lead to an alteration of pain perception has been recently questioned by a 
study of 24 patients with stroke lesions involving the insula6. Indeed, in that study, the authors 
found that lesions of the insula were not associated with changes in pain thresholds assessed 
using quantitative sensory testing. These points are now discussed more extensively in the 
manuscript (pp. 3-4, lines 73-82; p.13, lines 296-308). 
 

They show responses to various modalities in the posterior insula and conclude that based on 
responses to many modalities it cannot be pain specific. This is again an inference based on a 
null result (not finding a difference). In addition, a closer look to Figure 2 suggests that the 
area sampled by the electrodes might actually lie ventral to the activation spots as reported 
in previous papers on the posterior dorsal insula. The high spatial specificity of depth 
electrodes could be a disadvantage her (i.e. the authors might be blind to responses in other 
parts of the dorsal insula). 
 

It is true that our conclusion is based on not finding a difference between the responses elicited 
by nociceptive and non-nociceptive stimuli. Not only do we show that all modalities 
(nociceptive, vibrotactile, auditory and visual) elicit similar responses in the anterior and 
posterior insula, but we also show that, at least at the mesoscopic level of intracerebral EEG 
recordings, these responses can be considered as sharing the same sources and, hence could 
predominantly reflect multimodal activity unspecifically related to nociception or pain. 
 
Because LFPs probably reflect only a fraction of the activity generated in the insula, and 
because the spatial resolution and/or spatial sampling of LFPs might be insufficient to 
distinguish/detect responses generated by small anatomical loci, our results definitely do not 
allow us to exclude a specific involvement of the insula in pain. Hopefully, this is better 
emphasized in the revised manuscript (p. 11, lines 284-285; pp. 15-16, lines 353-358). 
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Importantly, because previous studies using intracerebral EEG have shown that the LFPs 
elicited by nociceptive stimuli are not at all restricted to the posterior dorsal insula and, instead, 
are widespread in the insula, and because the latency and morphology of our responses are 
identical to that of previous reports7, it seems undisputable that the responses reported in the 
present study reflect the same insular processes as those that have been reported in previous 
intracerebral EEG studies.  

 
The paper lacks the attempt to actually investigate stimulus specificity: They should have 
varied the intensity of all stimuli and show that all these variations are detectable in the 
insula. The whole paper reminds me of a case a couple of years ago, where the senior author 
criticized the concept of a pain matrix by showing that fMRI activations elicited by various 
sensory modalities show large overlap and thus a pain matrix does not exist. Again, as they 
do here, they compare activation to rest, which does not allow to investigate specificity (e.g. 
salience, arousal, orienting) instead they should have used a design with different intensities 
in all modalities. 
 

Here, we must disagree with the Reviewer. In order to test whether the responses triggered by a 
nociceptive stimulus are specific for nociception, two conditions must be verified, namely 
sufficiency – i.e. whether the fact that a stimulus is nociceptive (or perceived as painful) is a 
sufficient condition to elicit a response in the insula –, and necessity – i.e. whether the stimulus 
must necessarily be nociceptive (or perceived as painful) to elicit a response in the insula. This 
is now also better clarified in the manuscript (p. 4, lines 83-88). 
 
Previous studies, as well as the present study, have already demonstrated sufficiency: 
nociceptive stimuli, as well as stimuli perceived as painful, elicit robust and reproducible 
responses in the insula. Here, we demonstrate the lack of necessity: to elicit a response in the 
insula, it is not necessary for the stimulus to be nociceptive (or to be perceived as painful).  
 
Importantly, the aim of our study was not to test whether the responses obtained in the insula 
are related to salience or attention. This is only one possible interpretation of our results, 
because high salience was a shared characteristic of all stimuli used in the present study. 
Furthermore, this interpretation would also agree with the previous observation that high-
intensity thermal stimuli perceived as painful elicit robust LFPs in the insula, whereas low-
intensity thermal stimuli perceived as innocuous warmth do not (high intensity thermal stimuli 
perceived as painful are necessarily more salient than low intensity warm stimuli). Other 
possible interpretations, also discussed in the manuscript (p. 15, lines 336-349), could be that 
the LFPs recorded in the insula are related to autonomic function and interoception.  
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