The hijacked insula: A stratified model of affective touch modulation in chronic pain.
1. Introduction
1.1. The burden of chronic pain
Chronic pain is a pervasive global health issue, with studies indicating that it affects 19–43% of adults in the United States and up to 51% in other regions, representing a leading cause of disability and emotional distress worldwide1.  Beyond the profound personal suffering, it imposes a substantial global socioeconomic burden through immense healthcare costs, reduced work productivity and impaired social functioning1. 
Defined as pain persisting beyond three months, this condition is now understood not merely as a prolonged symptom but as a complex disease state with heterogeneous underlying mechanisms3. Although many chronic pain states originate from clear peripheral drivers, such as from tissue damage (nociceptive/inflammatory pain) or a lesion of the somatosensory system (neuropathic pain), their persistence is now understood as a transition to a centrally maintained disease state4. This pivotal shift is characterized by maladaptive neuroplastic changes within the central nervous system itself5. This process gives rise to phenotypes often classified as nociplastic or centralized pain, where altered nociception persists despite no clear evidence of peripheral tissue damage, underscoring the brain’s primary role in sustaining the chronic condition6. This review will focus primarily on these centrally maintained phenotypes, often referred to as nociplastic or centralized pain, which are defined by significant neuroplastic reorganization.
This neuroplastic reorganization can disrupt quality of life and lead to significant mental health comorbidities, including depression, anxiety and anhedonia7,8. The limitations of current pharmacological treatments, which are often only partially effective and carry substantial risks of side effects and addiction, underscore the urgent need for effective, non-pharmacological interventions that can target these underlying neural mechanisms1.

1.2. The insular cortex: A central hub for pain and interoception
The insular cortex is a critical brain region for integrating sensory, emotional and cognitive information, thereby occupying a central position in pain perception and interoception: the sense of the body's internal physiological state9. The fundamental role of the insula in pain processing is also supported by evidence from lesion studies, where insular damage can produce pain asymbolia: a condition where the sensory dimension of pain is perceived, but its affective, unpleasant quality is lost10. In fact, nociceptive information is processed within the insula along a posterior-to-anterior pathway, reflecting a functional differentation of its subregions. The posterior insula is primarily associated with the sensory-discriminative aspects of pain, such as encoding its location, intensity and thermal qualities12,13. In contrast, the anterior insula is strongly linked to the affective-motivational and cognitive-evaluative dimensions, processing the unpleasantness, emotional salience and anticipation of the pain experience14,15. As a key node in the brain's salience network (SN), the anterior insula helps integrate this information to guide perceptual decisions about pain16. A key function of the SN is to dynamically switch between other major networks, such as the externally-focused Central Executive Network and the internally-focused Default Mode Network (DMN), thereby allocating attentional resources17. This network interplay is critical for healthy brain function and, as will be discussed, is frequently disrupted in chronic pain.
The transition from acute to chronic pain is characterized by significant neuroplastic changes and the insula is a key site for this maladaptive reorganization18. In chronic pain states, the insula often exhibits altered gray matter volume19, aberrant functional activity such as hyper- or hypo-activation and dysfunctional connectivity with other critical brain networks, including the DMN20. However, the literature presents a complex picture. Specifically, findings on insular alterations in chronic pain are often heterogeneous and appear to be dependent on the specific pain condition, the patients’ current state (e.g., resting vs. task-based) and the neuroimaging methods employed. Studies have variously reported insular hyperactivation31,33,35, hypoactivation4,5,18 and both increased and decreased functional connectivity with other brain regions29,42,43,47. This ambiguity highlights the need for a systematic synthesis to identify consistent patterns that can clarify the insula’s role in maintaining the chronic pain state.

1.3. Affective touch and the C-Tactile (CT) system
One promising avenue for non-pharmacological pain modulation is affective touch, a pleasant sensation mediated by a distinct class of slow-conducting, unmyelinated nerve fibers known as C-Tactile (CT) afferents. These specialized fibers, found in hairy skin, respond optimally to slow, gentle stroking at speeds of 1–10 cm/s, a stimulus that mimics a social caress21. The neural pathway for affective touch is distinct from that of discriminative touch. In particular, it projects to brain regions involved in emotional and interoceptive processing, with the posterior insula serving as a primary cortical receiving area23. From there, signals are relayed to the anterior insula and the anterior cingulate cortex (ACC), which process the affective and rewarding qualities of touch23.
In healthy individuals, activation of this CT system has demonstrated clear analgesic properties, effectively reducing the experience of acute pain23. The pain-inhibitory effect was proposed to occur through multiple mechanisms, including bottom-up inhibition of nociceptive signals at the spinal dorsal horn and top-down supraspinal downregulation of pain-evaluating circuits, including the insula and ACC15,18,23. Consequently, affective touch is a compelling therapeutic strategy, though its efficacy in chronic pain requires further validation. Initial, small-scale studies suggest that CT stimulation may reduce pain severity across a variety of chronic pain populations, including musculoskeletal, primary and neuropathic pain, with some preliminary evidence indicating that analgesic effects can emerge after approximately 11 minutes of application 25. It is crucial to note, however, that the magnitude of this analgesic effect is not uniform. The efficacy of CT-induced analgesia can be significantly influenced by top-down factors, including the psychological context, patient expectation, mood and the social meaning attributed to the touch. These moderators are particularly relevant given the affective comorbidities, such as depression and anxiety, that are common in chronic pain populations and known to independently affect the neural circuits targeted by affective touch7,8,24.

1.4. Rationale and objectives
A significant knowledge gap exists at the intersection of chronic pain neuroscience and sensory-based therapies. On one hand, a substantial body of neuroimaging research has firmly established the insular cortex as a key neural substrate for the maladaptive plasticity that defines chronic pain4,5,18. Across diverse conditions, including osteoarthritis16,26, fibromyalgia40,43, chronic back pain20,47 and neuropathic pain30,48, the insula consistently demonstrates structural and functional abnormalities, such as altered gray matter volume8,26, aberrant spontaneous activity35,36 and disrupted functional connectivity with critical brain networks29,41. On the other hand, a parallel stream of research has identified the C-Tactile (CT) afferent system as a powerful modulator of pain, with its primary cortical target being the insular cortex22,56. While the analgesic properties of affective touch are well-documented in healthy individuals and emerging evidence shows its efficacy in chronic pain patients25,57, the interplay between these two remains poorly understood. A narrative synthesis is therefore needed to bridge this gap, and this review will culminate in a proposed stratified therapeutic model. This model posits that the success of touch-based interventions is not uniform but depends on the individual neurofunctional phenotype. Specifically, whether their neural circuits for processing pleasantness are preserved and can be strengthened or have been fundamentally "hijacked" by the chronic pain state and first require normalization. This framework aims to move beyond a "one-size-fits-all" approach and validate the insula as a nuanced, mechanistic target for personalized pain therapies.
This narrative review has three primary objectives to address this critical issue:
1. To review and synthesize evidence on functional and structural changes in the insula in chronic pain patients: This involves consolidating findings from neuroimaging studies that have characterized insular abnormalities across a spectrum of chronic pain conditions. We will detail changes in gray matter volume, metabolic activity, task-based activation patterns (including hyper- and hypo-activation) and resting-state functional connectivity with key networks like the DMN and SN. This objective aims to build a comprehensive picture of the "dysfunctional insula" as a hallmark of the chronic pain state.
2. To review the behavioral and neural processing of affective touch in chronic pain populations: This objective focuses on understanding how the experience of pleasant touch is altered by chronic pain. We will synthesize behavioral studies examining subjective pleasantness ratings and sensitivity to stroking velocities, which have revealed complex, condition-specific changes ranging from anhedonia in fibromyalgia and chronic back pain51,54 to hyper-hedonia in Parkinson's disease58. We will integrate these findings with neural evidence from functional imaging studies that have begun to uncover altered processing within the insula and related affective brain regions during touch stimulation in these patients.
3. To synthesize these findings to evaluate the insula as a potential mechanistic target for affective touch-based interventions in chronic pain: The final objective brings together the evidence from the first two aims to form a cohesive model. By juxtaposing the nature of insular dysfunction in chronic pain with the specific alterations in affective touch processing, we will explore whether the insula's pathological state can explain the changes in touch perception. Crucially, we evaluate whether the insula remains a viable target for therapeutic intervention. This synthesis addresses whether affective touch exerts its analgesic effects by normalizing insular activity and connectivity, or by engaging compensatory neural pathways. A synthesized understanding is essential for validating the insula as a mechanistic target and for developing more refined, evidence-based interventions that leverage the power of affective touch to treat chronic pain.
2.Methods 

2.1. Inclusion and exclusion criteria (PICOS Framework):
A search of the literature was conducted using the PubMed and Scopus databases to identify relevant studies. The search strategy was designed to capture two primary bodies of research: 1) studies investigating structural and functional alterations of the insula in chronic pain populations and 2) studies examining the perception and neural processing of affective touch in the context of chronic pain. 
The study eligibility criteria were structured according to the PICOS framework:
Population (P): Adult human participants with a diagnosis of a chronic pain condition.
Intervention/Exposure (I): The review focused on two main areas: (1) the state of chronic pain as the primary exposure and (2) the application of affective touch as an intervention or sensory stimulus.
Comparison (C): Comparisons were made against healthy, pain-free control groups or, in the case of affective touch studies, against different sensory conditions (e.g., non-affective touch, different stroking velocities).
Outcomes (O): The primary outcomes of interest were (1) neuroimaging measures of insular structure (e.g., gray matter volume) and function (e.g., resting-state connectivity, task-based activation) as well as  (2) behavioral (e.g., pleasantness ratings) and neural responses to affective touch.
Study Design (S): Eligible study designs included case-control neuroimaging studies, psychophysical experiments and intervention studies.
This broad search strategy was designed to capture a range of study designs. This methodological heterogeneity was anticipated, and as such, the findings are integrated through a qualitative narrative synthesis rather than a quantitative meta-analysis.
Search terms included combinations of keywords such as ("chronic pain" OR "neuropathic pain" OR "fibromyalgia" OR "osteoarthritis") AND ("insula" OR "insular cortex") AND ("fMRI" OR "functional connectivity" OR "gray matter" OR "VBM"), as well as ("affective touch" OR "C-tactile" OR "pleasant touch") AND ("chronic pain" OR "analgesia"). The time window for the search was intentionally stratified. For the extensive literature on insular alterations in chronic pain, our search was restricted to articles published between January 2015 and December 2025 to focus on findings from modern neuroimaging techniques. In contrast, a wider net was cast for studies related to affective touch and pain. Given that neuroimaging research about affective touch in clinical populations is a more nascent field, the search for these specific terms was extended to include all publications up to December 2025, without a start date restriction, to ensure the inclusion of all foundational and recent studies. 
The search was limited to peer-reviewed articles published in the English language involving human participants. Reference lists of identified articles and relevant reviews were also manually screened to identify any additional studies that were missed in the initial database search.

2.2. Data extraction and quality assessment:
The study selection process followed a multi-stage approach to ensure a comprehensive and unbiased review of the literature. First, all records identified through the database searches were aggregated and duplicate entries were removed. Following this, two independent reviewers screened the titles and abstracts of the remaining articles to identify potentially relevant studies based on the PICOS criteria established in Section 2.3. Articles that were clearly irrelevant (e.g., animal studies, non-English articles, reviews, or studies not focused on the insula or affective touch in chronic pain) were excluded at this stage. The full texts of all remaining articles were then retrieved and assessed for final eligibility by the same two reviewers. Any disagreements regarding study inclusion at either the abstract or full-text stage were resolved through discussion and consensus. If a consensus could not be reached, a third reviewer was consulted to make the final decision. For the studies that met the final inclusion criteria, a standardized data extraction form was developed and used to systematically collect relevant information. This process was also conducted by two independent reviewers to minimize errors and ensure consistency. The following data points were extracted from each study:
General study information: First author, year of publication and study design.

Participant characteristics: The specific chronic pain condition, sample size, mean age and sex distribution for both patient and control groups.
Key outcomes and findings: For studies on insular alterations, this included the neuroimaging modality used (e.g., fMRI, VBM), specific findings related to insular structure (e.g., gray matter volume changes) or function (e.g., task-based hyperactivity, altered resting-state connectivity) as well as any reported correlations between these neural markers and clinical variables such as pain intensity, duration or affective scores.
For studies on affective touch, this included the specific stimulation protocol (e.g., stroking velocity, body site), behavioral outcomes (e.g., pleasantness and intensity ratings) and the associated neural responses, with a particular focus on changes in insular activation or connectivity. Any discrepancies in extracted data were resolved through discussion and consensus between the reviewers.


3. Results
3.1. Study selection
For pain: The study selection process followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1.).
Identification: The initial literature search yielded 448 records from two electronic databases: PubMed (n=118) and Scopus (n=330).
Screening: After removing 82 duplicate records, 366 unique articles were advanced to the title and abstract screening phase. During this stage, 281 articles were excluded based on our exclusion criteria (e.g., animal studies, review articles, case reports, healthy participants) or did not address the primary research question.
Eligibility: The remaining 85 articles were assessed for eligibility via full-text review. An additional 49 studies were excluded at this stage for the following reasons: the study did not report relevant functional neuroimaging outcomes (i.e., did not include measures of insular activation, connectivity, or activity) (n=30), the population did not meet the chronic pain inclusion criteria (n=14) or the full text was unavailable (n=5).
Inclusion: A final total of 36 studies met all eligibility criteria and were included in the qualitative synthesis.





	#
	Author(s)
	Chronic Pain Condition
	 Sample 
   size
	Insula Region
	Change Type
	Specific Finding
	Association with Clinical Measures

	1
	Wu & Marinazzo (2015)
	Chronic Back Pain (CBP)
	





 12 CBP patients

	Bilateral Insula, l-vPI & r-dAI
	Altered HRF & Reduced Effective Connectivity
	Showed altered hemodynamic response function (HRF) shape and reduced information transfer, suggesting the insula loses potential as a processing hub (Peak T-value = -3.75, p < 0.05)

	No direct clinical correlation was reported.

	2
	López-Solà, M., et al. (2017)
	Fibromyalgia (FM)
	



37 FM patients
	Mid-insula & Posterior-mid insula/operculum
	Augmented/Enhanced Activity (fMRI)
	FM patients showed a greater Neurologic Pain Signature (NPS) response (t=3.24, p=0.002). Classifiers using insula patterns achieved high accuracy (up to 89%).
	NPS: Partly mediated pain intensity (p<0.0001). FM-pain/Multisensory patterns: Predicted clinical pain severity (p=0.039 and p=0.007 respectively).

	3
	González-Roldán et al. (2016)
	Fibromyalgia (FM)
	


20 FM patients
	Right Insula
	Reduced Power Density (EEG)
	A significant reduction in power density was observed in the delta EEG band (2-4 Hz) over the right insula (T = 3.83, P =.027).
	Pain duration was negatively associated with delta power from the right insula (r = -.495, P =.026).

	4
	Flodin et al. (2016)
	Rheumatoid Arthritis (RA)
	



24 RA patients
	Insula
	Increased Connectivity
	Patients showed an increased level of functional connectivity between the insula and premotor regions compared to controls (p < 0.000025, FDR-corrected).
	No significant correlation was found with clinical measures after statistical correction.

	5
	Ichesco, E., et al.  (2016)
	Fibromyalgia (FM)
	







12 FM patients
	Right & Left Anterior Insula
	Increased Connectivity (Post-acute pain)
	After acute pain stimulation, FM patients showed increased resting-state FC between the right aIC-ACC and left aIC-parahippocampal gyrus.

Right anterior IC to left ACC: p_FWE < 0.015. Left anterior IC to left parahippocampal gyrus: p_FWE < 0.036.
	Hypothesized to relate to an abnormal affective pain response rather than a direct correlation with pain scores.

	6
	Hsiao et al. (2017)
	Fibromyalgia (FM)
	

28 FM patients
	Bilateral Insula
	Decreased Connectivity (MEG)
	A significant decrease in functional connectivity was found between the insula and the DMN, specifically in the theta (4–8 Hz) band.

Left Insula-DMN: p=0.007. Right Insula-DMN: p=0.035.
	Theta: Negatively correlated with the number of tender points (r=-0.428, p=0.001). Delta: Negatively correlated with symptom severity and disability (r up to -0.437).

	7
	Kutch et al., (2017)
	UCPPS & Fibromyalgia (Widespread Pain)
	


110 UCPPS, 23 FM
	Insula
	Increased Functional Connectivity
	Increased connectivity was observed between the SN and the S1/M1 region, grading from localized to widespread pain groups.
	Findings were related to the degree of widespread pain but were not significantly associated with pain severity, anxiety, or depression scores.

	8
	Wang et al. (2017)
	Trigeminal Neuralgia (TN)
	




20 TN patients
	Left Insular Cortex
	Reduced LGI & Increased FC
	Showed reduced cortical folding (LGI)( (p < 0.01 corrected) and increased FC to the posterior cingulate cortex (PCC) and thalamus (p < 0.05 cluster level).
	LGI: Trended toward a negative correlation with pain intensity (r = -0.405, P = 0.075). FC: Trended toward a positive correlation with disease duration (r = 0.4039, P = 0.0774).

	9
	Yuan et al. (2018)
	Idiopathic Trigeminal Neuralgia (ITN)
	


23 ITN patients
	Left Insula
	Decreased Regional Homogeneity (ReHo)
	Patients showed lower local coherence of spontaneous brain activity in the left insula compared to controls (T-value = -4.6319).
	ReHo values were negatively correlated with VAS scores (R = -0.6992, P < 0.05 corrected), linking higher pain to lower synchronization.

	10
	Prichep et al. (2018)
	Neuropathic/Myofascial Pain
	



77 patients
	Bilateral Anterior & Posterior Insula
	Overactivation (QEEG)
	Overactivation vs. controls was highly significant (all P < .0008). The difference between high/low pain groups in the L posterior insula was significant (P = .02).
	Activation in the left anterior insula was significantly correlated with functional impairment (Oswestry Disability Index).

	11
	Ikeda et al. (2018)
	Heterogeneous Chronic Pain
	



23 patients
	Right Anterior Insular Cortex (aIC)
	Decreased GM Volume & Decreased FC
	Patients showed decreased GM volume in the right aIC(p < 0.001 uncorrected). and weaker FC between the aIC and the nucleus accumbens (p < 0.001).
	Decreased aIC-NAc connectivity was negatively associated with Pain Catastrophizing (PCS) and Depression (BDI) scores.

	12
	Cottam et al. (2018)
	Chronic Knee Osteoarthritis (OA)
	


25 Knee OA patients
	Right Anterior Insula (rAI)
	Increased Anticorrelation (FC) & Negative Effective Connectivity (EC)
	The rAI exerted increased inhibitory influence over the DMN, evidenced by increased negative FC and effective connectivity.
	rAI-PCC FC positively correlated with pain intensity (t(22)=2.68, P=0.015), though this did not survive correction for multiple tests.

	13
	Stankewitz, A., et al. (2018)
	Somatoform Pain Disorder
	



13 patients
	Right Anterior Insula (AI)
	Impaired FC Modulation & Increased Network Activity
	Patients showed increased SN activity and failed to show the normal distraction-induced reduction in mPFC-AI functional connectivity.
	Despite the altered brain connectivity, patients achieved similar behavioral pain reduction as controls.

	14
	Kutch et al., (2018)
	UCPPS & Fibromyalgia (Widespread Pain)
	


110 UCPPS, 23 FM
	Insula
	Increased Functional Connectivity
	Increased connectivity was observed between the SN and the S1/M1 region, grading from localized to widespread pain groups.
	Findings were related to the degree of widespread pain but were not significantly associated with pain severity, anxiety, or depression scores.

	15
	Ching et al. (2018)
	Chronic Postsurgical Pain (CPHP)
	




11 CPHP patients
	Left Sensorimotor & Chemosensory Insula
	Absent FC Increase to Acute Pain
	Patients lacked the normal increase in insula connectivity following acute pain stimulation.
	Baseline: Higher baseline FC correlated with worse post-op pain and catastrophizing (r² up to 0.591). Change: A blunted FC response correlated with higher temporal summation scores (r²=0.563).

	16
	Ihara, et al.  (2019)
	Chronic Neck Pain (CNP)
	



20 CNP patients
	Right Anterior Insular Cortex (rt. aIC)
	Increased Functional Connectivity
	Increased FC was found between the right dorsolateral prefrontal cortex (DLPFC) and the rt. aIC (p-FDR = 0.028).
	Increased FC between the right DLPFC and right aIC was significantly associated with higher Fear Avoidance Belief (TSK scores) (β = 0.60, p = 0.01).

	17
	Li et al. (2020)
	Neuropathic Pain after Incomplete SCI (ISCI-NP)
	
10 ISCI-P patients
	Left Posterior Insula (L-PI) & Left Dorsal Anterior Insula (L-dAI)
	Increased FC
	Enhanced FC was found between L-PI and the cerebellum, and between L-dAI and the hippocampus(P < 0.05, FWE corrected).
	All observed FC increases were strongly and positively correlated with VAS pain scores (e.g., L-vAI to BA18: R = 0.872, P < 0.001).

	18
	Ceko et al. (2020)
	Fibromyalgia (FM)
	



16 (with pain), 27 (pain-free)
	Bilateral Anterior Insula & Left Mid/Posterior Insula
	Increased DMN Connectivity
	DMN connectivity to the insula was increased in patients with current pain. In pain-free patients, it related to pain duration(p<0.001).
	State: DMN-INS connectivity was positively correlated with the current pain level (p<0.05). Trait: DMN-INS connectivity was positively correlated with pain duration (p<0.05).

	19
	Barroso et al. (2020)
	Chronic Osteoarthritis (Knee/Hip)
	


91 Knee OA, 23 Hip OA
	Insular Cortex
	Loss of Hub Status & Altered Nodal Degree
	The insula lost its central role as a network hub in OA patients, though its nodal degree remained a strong predictor of pain intensity.
	Higher pain intensity (NRS) was related to a higher degree centrality in the right insula.

	20
	Teh et al. (2021)
	Painful Diabetic Polyneuropathy (DPN)
	


43 painful DPN patients
	Insular Cortex (IC)
	Increased Functional Connectivity (FC)
	The Irritable group had significantly greater Thalamus-IC FC vs. the Non-Irritable group (β = 0.2, p-FDR = 0.03).
	Thalamus-IC FC was positively correlated with self-reported pain scores (NTSS-6) across all patients (r = 0.41, p = 0.01).

	21
	Railton et al. (2021)
	Chronic Hip Osteoarthritis (OA)
	


30 Hip OA patients
	Posterior Insula
	Increased & Decreased Connectivity
	OA patients showed increased FC between S2 and left posterior insula but decreased FC between bilateral posterior insula and motor cortices.
	Patients' VAS pain scores increased significantly after activity (p < 0.001), which coincided with the observed FC changes.

	22
	Huynh, V., et al.  (2021)
	Neuropathic Pain after Spinal Cord Injury (SCI-NP)
	

19 SCI-NP patients
	Posterior Insula (PIC) & Anterior Insula (AIC)
	Increased rsFC and Gray Matter Volume (GMV)
	GMV increase was significant (p<.05 cluster-level). L-PIC-Thalamus rsFC correlation was significant (r=0.845, p-FWE=0.004).
	Increased GMV and rsFC in the L-PIC were associated with a greater extent of neuropathic pain.

	23
	Baran et al. (2022)
	Chronic Low Back Pain (CLBP)
	



68 (Training set), 139 (Validation set)
	Insula/SII; Anterior Insula
	Altered ALFF (Predictive Pattern)
	Pattern predicted CLBP with >70% accuracy. Younger patients showed involvement of only the anterior insula; older patients showed extensive involvement including bilateral anterior insula.
	Mean ALFF in the overall predictive map was a significant predictor of pain intensity (VAS) in validation datasets (e.g., R²=0.56).

	24
	Mayr et al. (2022)
	Chronic Back Pain (CBP) & Chronic Migraine (CM)
	


20 CBP, 20 CM
	Anterior Insular Cortex (AIC)
	Encoded Pain Intensity & Pain Change
	In CBP, the AIC encoded both pain intensity and its change; in CM, it primarily encoded the change in pain intensity.
	The brain map for pain intensity in CBP correlated with the Neurologic Pain Signature (NPS) map.

	25
	Latypov et al. (2023)
	Neuropathic Facial Pain
	265 (CTN), 106 (TNP)
	Ipsilateral Insula: Reduced cortical thickness in TNP vs. CTN. Contralateral Insula: Reduced gray matter area in TNP vs. HC.
	Structural Reduction
	Thickness difference was significant (p < 0.05 corrected). Area change was a key predictive feature in the AI model.
	The changes helped differentiate pain subtypes from each other and from healthy controls.

	26
	Hu et al. (2023)
	Chronic Back Pain (CBP)
	


25 CBP patients (short duration), 29 CBP patients (long duration)
	Insula, Ventral Posterior Insula/ Ventral Insula
	Decreased Functional Connectivity
	CBP patients showed decreased FC between the insula and orbitofrontal cortex.
	Pain duration was significantly negatively correlated with insula-OFC FC (r = -0.4266, p < 0.0001) and insula-insula FC (r = -0.5498, P < 0.0001).

	27
	Mandloi et al. (2023)
	Neuropathic Pain after SCI (SCI-NP)
	






7 SCI-NP patients
	Anterior & Posterior Insula
	Hyper- and Hypo-connectivity
	SCI-NP patients showed complex reorganization, including hyperconnectivity to the frontal pole and hypoconnectivity to the pre- and postcentral gyrus.

AI-Frontal Pole: p-FDR≤.039. PI-Frontal Pole: p-FDR<1.0x10-6. AI-Precentral Gyrus: p-FDR≤.039.
	Associated with the presence of neuropathic pain.

	28
	Tomaiuolo et al. (2024)
	Chronic Low Back Pain (cLBP) (Post-OMT)
	




16 cLBP patients (OMT group)
	Right Anterior Insula (aINS)
	Increased Intrinsic Connectivity
	Osteopathic Manipulative Treatment (OMT) induced increased connectivity in the right aINS compared to a sham treatment (cluster-wise FDR-corrected p < 0.05).
	The study did not report a direct correlation for the aINS cluster; increased connectivity in the ventral anterolateral prefrontal cortex correlated with pain reduction (VAS: β = -0.604, p = 0.017).

	29
	Mathew et al. (2024)
	Chronic Knee Osteoarthritis (OA)
	


37 Knee OA patients
	Right Insula (RIns): Increased gamma band activity; altered theta and alpha activity.
	Increased EEG Activity
	Increased gamma band activity; altered theta and alpha activity(P=.006)
	Pain Interference: Negatively correlated with Theta (r=-.39, P=.016) and Alpha (r=-.35, P=.032) activity. Physical Function: Positively correlated with Theta activity (r=.42, P=.009).

	30
	Barboza, et al. (2024)
	PD-related Chronic Pain
	
25 PD patients
	Right Posterior-Superior Insula (PSI)
	Therapeutic Modulation (rTMS)
	Overall, there was no significant effect vs. sham. In the nociceptive pain subgroup, the active rTMS group had a significantly higher responder rate (85.7% vs. 25%, p=0.032).
	In the nociceptive subgroup, the active group showed a significantly greater reduction in pain intensity (NRS) at 8 weeks (P=0.029).

	31
	Ushio et al. (2024)
	Knee OA & Post-Arthroplasty
	


15 Knee OA patients
	Left Anterior Insular Cortex (aIC)
	Altered rs-FC (pre/post-op)
	The decrease in Lt.aIC–Rt.OFC connectivity was significant (p = 0.04, one-tailed).
	The magnitude of the FC reduction was positively correlated with a greater reduction in VAS pain scores (r = 0.57, p = 0.03).

	32
	Hok et al. (2024)
	Complex Regional Pain Syndrome (CRPS)
	



51 CRPS patients
	AIC & Left AIC
	Increased/Decreased rsFC
	Lower rsFC between PAG and lAIC was significant (pFDR = 0.004, Cohen’s d = -0.846).
	Resting pain intensity was positively correlated with rsFC between the right AIC and VMPFC (ρ = 0.386, p = 0.005) and the left AIC and VMPFC (ρ = 0.316, p = 0.024).

	33
	Hodkinson et al. (2025)
	Chronic Knee Osteoarthritis (OA)
	


33 patients (active group)
	Right Anterior Insula (rAI)
	Connectivity-Guided rTMS
	rTMS was targeted to the prefrontal cortex based on its effective connectivity from the rAI, though the intervention did not modulate CPM.
	Baseline affective measures (e.g., catastrophizing) predicted clinical improvement in the active treatment group.

	34
	Chaim et al. (2025)
	Severe Knee Osteoarthritis (OA)
	


29 OA patients
	Right Insula / Bilateral Insula
	Reduced Gray Matter (GM) Volume
	GM volume reduction was significant in patients with right knee OA vs. HC (p_FWE = 0.042).
	Not specified. The authors suggest this may result from chronic hyperactivation related to pain and emotional processing.

	35
	Sunzini et al. (2025)
	Psoriatic Arthritis (PsA)
	




46 PsA patients
	Posterior Insula & Anterior/Mid Insula
	Altered Functional Connectivity
	Showed altered FC to nociceptive regions (posterior insula) and the DMN (anterior/mid insula).

RmidIC-mPFC conn.: p=0.001 FDR. LpIC-Brainstem conn.: p=0.002 FDR.
	Anterior Insula changes: Correlated with nociplastic pain 
Posterior Insula changes: Correlated with overall nociceptive pain (NRS score, R up to 0.61).

	36
	Jordon et al. (2025)
	Chronic Low Back Pain (cLBP)
	

23 cLBP patients
	Left & Right Insular-Opercular Cortex (IOC)
	Increased Activation & Connectivity (Task-based)
	The cLBP group showed higher activation and connectivity involving the IOC during lumbopelvic motor tasks.

Right IOC activation was higher (p=0.037). Right IOC-Putamen FC was higher (p < 0.001).
	Group differences were associated with higher clinical scores for pain, disability, and catastrophizing.


Table 1. Selected findings on structural and functional changes in the insular cortex across chronic pain conditions.

















For affective touch:
The study selection process was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 2.).
Identification: An initial systematic search of the PubMed (n=72) and Scopus (n=26) databases yielded a total of 98 records.
Screening: After duplicates (n=16) were identified and removed, the remaining unique titles and abstracts were screened for relevance by two independent reviewers. During this phase, records were excluded (n=44) if they were clearly irrelevant to the research question, such as animal studies, review articles, conference abstracts or studies not focused on somatosensory processing in chronic pain populations.
Eligibility: Articles that passed the initial screening were retrieved for a full-text eligibility assessment. Full-text articles were excluded if they did not meet the pre-defined inclusion criteria. The primary reasons for exclusion at this stage were: (1) the study did not report original behavioral or neuroimaging data on affective touch (n=9), (2) the study population did not have a diagnosed chronic pain condition (n=11) or (3) the outcomes did not include subjective pleasantness ratings or relevant neural correlates of affective touch processing (n=8).
Inclusion: This comprehensive review process resulted in the final inclusion of 10 studies that met all eligibility criteria. These studies were carried forward for qualitative synthesis. 
	#
	Author(s)
	Sample Size
	Chronic Pain Condition
	Behavioral Findings (Pleasantness & Velocity)
	Neural Processing Findings (Insula Focus)

	1
	Boehme et al.(2020)
	FM: 31
Controls: 29
	Fibromyalgia (FM)
	FM patients rated both slow and fast brushing as less pleasant than controls (p < 0.001). Effect size not reported.
	Initial sensory processing in the posterior insula was intact. However, evaluative processing was dysfunctional: FM patients showed deactivation of the right posterior insula during pleasantness rating (group difference: t = 3.69, p < 0.001). Effect size not reported.

	2
	Case et al.(2016)
	FM: 27
Controls: 27
	Fibromyalgia (FM)
	A significant interaction between group and speed (F(1,52) = 5.27, p = 0.026) revealed a blunted pleasantness distinction between slow and fast touch in FM patients, who showed no speed preference. Effect size not reported.
	This was not an imaging study. The findings are hypothesized to result from degraded central opioidergic transmission, as the insular cortex has a high density of opioid receptors. No direct statistical data for neural findings.

	3
	Tagini et al.(2024)
	FMS: 14
Controls: 14
	Fibromyalgia (FMS)
	The ability to distinguish slow vs. fast touch was preserved. However, higher pain intensity correlated with lower imagined pleasantness (e.g., vs. Whole Body Pain: ρ = -0.55, p = 0.04; vs. Forearm Pain: ρ = -0.50, p = 0.03).
	This was not an imaging study. It references prior work showing the anterior insula is active during imagined touch, suggesting pain's impact is on top-down processing. No direct statistical data for neural findings.

	4
	Nees et al.(2019)
	CBP: 20
SABP: 19
Controls: 30
	Chronic Back Pain (CBP) & Subacute Back Pain (SABP)
	CBP patients rated pleasant touch as significantly less pleasant than controls and SABP patients (F(2,66) = 4.619, p = 0.013). Effect size not reported.
	CBP patients showed significantly higher activation in the insula. This insular response was not correlated with pleasantness but was positively correlated with pain-related interference (r = 0.234, p = 0.038).

	5
	Gossrau et al.(2021)
	PHN: 16
CRPS: 19
Controls: 22
	Postherpetic Neuralgia (PHN) & Complex Regional Pain Syndrome (CRPS)
	Patients rated touch as less pleasant than controls (e.g., on affected side: PHN, p < 0.001, d = 1.9; CRPS, p < 0.001, d = 2.0). PHN patients lost the typical velocity-dependent pleasantness curve (p = 0.15 for quadratic term vs. p = 0.001, η² = 0.41 in controls).
	This was a psychophysical study with no direct neural data. The altered perception is attributed to peripheral C-fiber damage and central sensitization.

	6
	Lapp et al.(2020)
	Migraine: 52
Controls: 52
	Migraine (interictal)
	During repeated stimulation, migraineurs' pleasantness ratings decreased significantly over time in the trigeminal area (p = 0.034), unlike controls. A significant group x time interaction was found (F(2, 160) = 4.37, p = 0.014). Effect size not reported.
	This was a psychophysical study with no direct neural data. The altered habituation suggests a subclinical alteration in central CT processing and sensitization.

	7
	Kass-Iliyya et al.(2017)
	PD: 24
Controls: 27
	Parkinson's Disease (PD)
	PD patients reported significantly higher pleasantness ratings across all velocities compared to controls (F(1, 49) = 5.01, p = 0.030). Effect size not reported.
	This was not an imaging study. The heightened pleasantness is interpreted as evidence of central sensitization, potentially involving altered processing in brain regions that receive CT input, such as the insular cortex.

	8
	Meijer et al.(2024)
	PD with Pain: 17
	Chronic Pain in Parkinson’s Disease (PD)
	CT-optimal touch was rated as significantly more pleasant than non-optimal touch (F(1,16) = 17.84, p < 0.001, partial η² = 0.53).
	This was an intervention study without imaging. The authors hypothesize that CT-optimal touch may reduce pain by downregulating pain-processing regions like the insula. No direct statistical data for neural findings.

	9
	Di Lernia et al.(2020)
	Experimental: 24
Control: 25
	Musculoskeletal, Primary, & Neuropathic Chronic Pain
	CT-optimal stimulation significantly reduced pain intensity. A significant interaction between time and condition was found (F(1,47) = 10.2577, p = 0.002, ηp² = 0.170).
	This was not an imaging study. The paper notes that mood disorders common in chronic pain are known to impact insula activity and connectivity. No direct statistical data for neural findings.

	10
	Liljencrantz et al.(2013)
	Neuropathy: 3
Controls: 16
	Dynamic Tactile Allodynia (experimental)
	In the allodynic zone, stroking was rated as significantly less pleasant than on control skin (p < 0.001). Effect size not reported.
	Stroking in the allodynic zone evoked an altered BOLD response pattern in the posterior insular cortex compared to control skin (p < 0.05, FWE-corrected).


Table 2. Altered behavioral and neural responses to affective touch across chronic pain conditions.



3.2. Structural and functional insular changes in chronic pain
3.2.1. Structural changes in the insula
Evidence from multiple studies indicates that chronic pain is associated with structural alterations in the insula, primarily characterized by a reduction in gray matter. Studies on patients with heterogeneous chronic pain etiologies8, severe knee osteoarthritis (OA)26 and trigeminal neuralgia (TN)27 have all reported significant reductions in insular gray matter volume. In patients with neuropathic facial pain, reduced ipsilateral insular thickness was identified as a key feature distinguishing trigeminal neuropathic pain from classical trigeminal neuralgia, suggesting that structural changes can be specific to pain subtypes28. 
The neurobiological mechanisms underlying this volume loss remain a subject of investigation, though several complementary hypotheses have been proposed39. One prominent theory involves maladaptive, use-dependent plasticity, wherein chronic hyperactivity driven by persistent nociceptive input may lead to excitotoxicity, dendritic shrinkage and synaptic reorganization5,39,52. Alternatively, these structural changes could stem from chronic neuroinflammatory processes, such as sustained glial activation, which is often present in pain states5,39. It is also possible that volume reductions reflect transneuronal degeneration or the cumulative impact of common comorbidities like depression and sleep disruption, which are known to independently affect brain morphology5,39.
A multimodal analysis in TN patients has also revealed significant reductions in the local gyrification index (LGI) in the left insular cortex. This change was not merely a byproduct of reduced cortical thickness but was strongly correlated with decreased fractional anisotropy (FA) in the underlying white matter tracts, suggesting that microstructural damage to connecting pathways contributes to the morphological changes in the insular cortex28. However, these structural changes are not universal. Studies on chronic neck pain and spinal cord injury-related neuropathic pain (SCI-NP)30 found no statistically significant differences in insular gray matter volume compared to controls, indicating that functional alterations can exist independently of gross structural atrophy in some conditions.

3.2.2. Altered metabolic, electrical and task-based activity
Functional studies consistently demonstrate that the insula in chronic pain patients is in a state of hyper-responsiveness. During painful stimulation, the insula shows exaggerated responses. Patients with somatoform pain31, fibromyalgia (FM)32 and chronic low back pain (cLBP) all exhibit hyperactivation in the insula during painful or even non-painful sensory tasks. In Parkinson's disease patients with chronic pain, the right posterior insula shows higher metabolic demand during nociceptive events33. This hyperactivity appears to encode the subjective intensity of pain34 and is often linked to the affective and emotional dimensions of the experience.
Beyond stimulus-evoked responses, the insula’s altered state is also evident in spontaneous electrical activity, as EEG studies reveal abnormal resting-state oscillations originating from the insula. In knee OA, this manifests as increased gamma band activity35, while a study on heterogeneous chronic pain found overactivation in the theta/low alpha band36. Conversely, another study in FM patients identified reduced delta power in the right insula, which was interpreted as a sign of cortical hyperexcitability and correlated negatively with pain duration37.
Lastly, the insula's role is not static, it dynamically tracks pain fluctuations. In both chronic back pain and migraine, the anterior insula is crucial for encoding the rate of change in pain intensity38. While the encoding of static pain intensity is highly individualized, the insula's role in processing pain dynamics appears to be a more consistent feature across different pain conditions.
3.2.3. Aberrant resting-state functional connectivity (rsFC)
The most extensive evidence for a dysfunctional insula comes from studies of resting-state functional connectivity (rsFC), which reveal a profound reorganization of the insula's communication with other large-scale brain networks.
1. Disrupted salience network (SN) and default mode network (DMN) interplay
The insula is a core hub of the SN, which is responsible for detecting and orienting attention to relevant internal and external stimuli. In many resting-state contexts, the SN and DMN tend to show anti-correlated patterns of activity, although the strength and direction of this relationship varies with cognitive state, methodological choices and network subcomponents.  In chronic pain, this relationship is fundamentally altered. This alteration may reflect network dysfunction, as well as state-dependent engagement with pain-related, self-referential processing.
Studies in psoriatic arthritis39 and fibromyalgia40 report a loss of the normal anti-correlation between the insula (a hub of the SN) and DMN hubs like the posterior cingulate cortex (PCC). This disruption is often more pronounced when patients are actively experiencing pain, suggesting it is partly a "state" effect rather than a fixed "trait". In knee OA, this goes further, with evidence of enhanced anti-correlation and a stronger negative causal influence from the right anterior insula to the PCC, suggesting the SN may be actively suppressing the DMN42.
Conversely, a magnetoencephalography (MEG) study in fibromyalgia found decreased insula–DMN connectivity in the theta frequency band, which correlated with disease severity43. This highlights that the nature of altered connectivity can be frequency-specific and dependent on the imaging modality.

2. Altered connectivity with affective, cognitive and modulatory circuits
Insula's connections with prefrontal and limbic regions, crucial for the emotional and cognitive aspects of pain, are consistently affected.
Increased connectivity is often observed between the insula and regions involved in cognitive control and emotion. In chronic neck pain, aIC-dorsolateral prefrontal cortex (DLPFC) hyperconnectivity correlates with fear-avoidance beliefs29. In SCI-NP, the insula shows hyperconnectivity with the frontal pole and anterior cingulate cortex (ACC)44.
Other studies reveal a breakdown in crucial modulatory and reward pathways. In a cohort with heterogeneous chronic pain, reduced aIC volume was associated with weaker connectivity to the reward system (nucleus accumbens, orbitofrontal cortex), which correlated with higher depression and catastrophizing45,46. Similarly, in chronic back pain, decreased connectivity between the insula and orbitofrontal cortex was found to worsen with longer pain duration47.

3. Reorganization of sensory and motor pathways
Connectivity between the posterior insula (more involved in sensory-discriminative aspects of pain) and sensorimotor networks is also reorganized. In diabetic neuropathy, stronger thalamus-insula connectivity is associated with a more severe, irritable pain phenotype48. In SCI-NP, greater posterior insula-thalamus connectivity correlates with a larger spatial extent of pain14. Conversely, studies in chronic back pain and hip OA have found decreased connectivity between the insula and primary sensorimotor cortices, potentially reflecting maladaptive changes related to altered motor behavior and sensory processing49.

4. Loss of dynamic adaptation
A study on chronic postsurgical pain revealed a critical dynamic dysfunction: patients had a blunted or abolished functional connectivity response to an acute painful stimulus, unlike healthy controls who showed a robust increase50. This suggests the insula and its associated networks lose the ability to flexibly adapt to new sensory inputs, a state that correlates with higher levels of central sensitization.
In conclusion, the evidence portrays the "dysfunctional insula" as a multifaceted phenomenon central to the chronic pain experience. It is characterized by structural atrophy, a state of persistent hyperactivity and a profound, complex reorganization of its functional connectivity. This reorganization disrupts the balance between major brain networks, alters communication with affective and cognitive control centers and impairs the processing of sensory information, collectively contributing to the persistence and emotional burden of chronic pain.

3.2.4. Correlating brain changes with clinical phenotypes
Synthesizing the findings from a wide range of chronic pain conditions reveals distinct, though often overlapping, patterns in how structural and functional changes in the insula relate to clinical phenotypes such as pain duration, intensity, and associated affective states. While a general dichotomy between long-term "trait" markers and immediate "state" markers provides a useful framework, the evidence suggests a more complex and nuanced relationship, especially when considering the significant variability in sample sizes and methodological rigor across studies.
A dominant and well-supported pattern is that functional alterations, such as aberrant resting-state functional connectivity (FC), task-based hyperactivity and electrophysiological changes, are dynamic and consistently track the immediate, "state-dependent" dimensions of the patient’s experience. A wealth of studies link these functional metrics directly to the current clinical picture. Pain intensity is the most frequent correlate, showing positive associations with the magnitude of insular activity in Fibromyalgia (FM)51, insulo-prefrontal connectivity in Complex Regional Pain Syndrome (CRPS)41, thalamus-insular connectivity in Diabetic Polyneuropathy (DPN)48 as well as altered network properties in Osteoarthritis (OA)42 and Chronic Low Back Pain (CLBP)46. In contrast, some conditions like Idiopathic Trigeminal Neuralgia (ITN) show an inverse relationship, where decreased regional homogeneity (ReHo) in the left insula, indicating lower local synchronization, is associated with higher pain scores 61. Moreover, affective and cognitive states are also strongly linked to functional connectivity. Increased fear-avoidance beliefs in chronic neck pain are associated with heightened anterior insula-DLPFC connectivity29, while decreased connectivity between the anterior insula and the nucleus accumbens is strongly correlated with higher scores for depression and pain catastrophizing across heterogeneous chronic pain conditions8.
In contrast, structural alterations such as changes in gray matter volume (GMV), cortical thickness and local gyrification are frequently interpreted as reflecting the long-term, cumulative burden of the pain condition. For instance, reduced GMV in severe knee OA and heterogeneous chronic pain are hypothesized to be long-term consequences of chronic neural hyperactivation8,26. However, the direct clinical correlations for these structural changes are mixed and do not exclusively point to pain duration. In Trigeminal Neuralgia, reduced cortical folding showed a trend toward correlating with current pain intensity60. Similarly, increased GMV in the posterior insula after spinal cord injury was associated with the extent of neuropathic pain, another state-dependent measure44. In fact, several studies more consistently link functional measures to the chronicity or duration of pain. For example, in chronic back pain, decreased insula-orbitofrontal FC is negatively correlated with pain duration45,47, and in FM, reduced delta power density in the insula and altered DMN-insula connectivity are also associated with longer pain duration43.
Ultimately, a clear pattern emerges where functional alterations are more closely and consistently tied to the real-time expression of the disease, including current pain intensity and the cognitive-affective burden that characterizes the daily experience of living with pain. Structural insular changes, while indicative of long-term neuroplasticity, show more variable clinical associations. This simple dichotomy is further complicated by emerging evidence of functional specialization within the insula, where anterior subregions may track nociplastic or affective components and posterior subregions track nociceptive intensity, as seen in psoriatic arthritis39. This suggests that different insular subregions and their network interactions encode distinct clinical phenotypes beyond a simple intensity-versus-duration model. Finally, the significant individual variability in cortical pain processing highlights a major challenge, suggesting that group-level correlations may obscure unique patient-specific signatures of pain34.

3.3. Behavioral processing of affective touch in chronic pain
The perception of affective touch is frequently altered in chronic pain populations, though the specific nature of this alteration varies significantly across conditions. Findings consistently point to changes in subjective pleasantness and in many cases, a disruption of the typical relationship where slow, gentle stroking is perceived as most pleasant.
Fibromyalgia (FM): A complex and contradictory picture
The most varied findings in affective touch processing appear in studies on fibromyalgia, highlighting the condition's heterogeneity. A common theme is anhedonia, where FM patients report gentle touch to be less pleasant overall compared to healthy controls. For instance, in a recent study on FM, participants rated both slow and fast brushing as significantly less pleasant than controls (p < 0.001)51. However, evidence regarding the fundamental velocity-pleasantness relationship is contradictory and the varying sample sizes may help explain these discrepancies. On one hand, a clear loss of this relationship has been reported. A significant interaction between group and brushing speed (F(1,52) = 5.27, p = 0.026) has been documented, with FM patients showing a blunted preference and no significant difference in pleasantness ratings between slow (CT-optimal) and fast brushing51.
On the other hand, the opposite pattern has also emerged: the affective distinction was preserved, with patients rating slow touch as significantly more pleasant than fast touch (t = 4.9, p < 0.001)52. Similarly, a study involving 14 women with fibromyalgia, also reported that the hedonic distinction between slow and fast touch was preserved53. This latter study is also notable for finding no significant overall difference in pleasantness ratings between the patient and control groups (p = 0.45).
These conflicting results underscore the complexity of sensory processing in FM. The finding of a complete loss of hedonic preference comes from one study (N=27)51, while two other studies of varying sample sizes (N=31 and N=14)52,53 suggest this crucial affective processing mechanism remains intact. The presence or absence of anhedonia itself also appears to vary, with the finding of preserved hedonic experience coming from the study with the smallest patient sample53. This suggests that while anhedonia is a frequent feature, the underlying ability to discriminate pleasant from less pleasant touch may be preserved in some FM cohorts, with differences in study outcomes potentially reflecting patient heterogeneity, methodological variations, or statistical power limitations related to sample size.

Disrupted perception in other pain states

In other chronic pain conditions, the evidence for altered perception is more consistent. Patients with chronic back pain rated pleasant touch as significantly less pleasant than both healthy controls and patients with subacute pain, indicating a deficit in hedonic evaluation specific to the chronic state54. Interictal migraineurs exhibit a clear disruption of the typical velocity-pleasantness curve in the affected trigeminal area and show increased habituation, where pleasantness ratings decrease over time with repeated stimulation, a phenomenon linked to tactile allodynia38. 

Parkinson's Disease: A contrasting case

In contrast to most pain conditions, patients with Parkinson's Disease (PD) and chronic pain show a different pattern. They consistently rate CT-optimal touch as significantly more pleasant than faster, non-optimal touch, indicating the velocity-pleasantness relationship is preserved57. Moreover, PD patients tend to rate touch as more pleasant overall than controls, particularly at very slow, sub-optimal speeds58. This abnormally high pleasantness rating for slow touch correlates positively with their reported pain intensity, suggesting a shared mechanism of central sensitization for both pain and reward processing. While CT-optimal touch provided pain relief in PD patients, this analgesic effect was found to be independent of how pleasant the touch was perceived to be57.
In summary, chronic pain is broadly associated with an altered perception of affective touch, most often a reduction in its perceived pleasantness. While conditions like chronic back pain and migraine show a clear disruption of the typical velocity-pleasantness relationship, the findings in FM are inconsistent. Parkinson's disease presents a unique exception, where heightened pleasantness correlates with pain, pointing to diverse underlying pathophysiological mechanisms across different chronic pain states.



Convergent behavioral findings
Behavioral results largely converge on the finding that the pleasant experience of affective touch is diminished or altered in chronic pain, though the specifics are condition-dependent. A consistent finding is that patients with chronic pain often report CT-optimal touch as less pleasant, a phenomenon documented in both CBP and FM populations51,54. This reduced pleasantness can be so pronounced that it resembles anhedonia. The evidence in FM is mixed: One study found that FM patients have a blunted ability to distinguish the pleasantness and intensity of slow versus fast brushing51, while other research indicates this distinction is preserved even if overall pleasantness is lower53. These condition-specific alterations are notable. For instance, interictal migraineurs display altered processing in the affected trigeminal area, evidenced by a lack of the typical velocity-pleasantness response curve and an increased habituation to repeated stimulation38. In stark contrast to other chronic pain conditions, which often lead to a blunted perception of pleasant touch (anhedonia), patients with Parkinson’s Disease (PD) consistently exhibit a paradoxical hyper-hedonia, rating affective touch as significantly more pleasant than healthy controls58. The leading hypothesis for this phenomenon is that it reflects a state of central sensitization that non-selectively amplifies the central processing of both hedonic and nociceptive sensory inputs. This shared pathophysiology is plausible given the significant overlap between the brain regions and neurochemical systems responsible for processing pain and reward, including the mesolimbic dopamine pathway, the insular cortex and the endogenous opioid system24. 

3.4. Neural processing of affective touch in chronic pain
Neuroimaging and behavioral studies reveal that the processing CT-optimal affective touch is consistently altered in chronic pain populations, with the insular cortex playing a central role51,54. Findings demonstrate a complex pattern of hyper- and hypo-activation, dysfunctional evaluative processing and blunted hedonic responses that vary across different pain conditions51,52.
The neural processing of affective touch is significantly altered in individuals with chronic pain. This system, which in healthy individuals robustly activates brain regions associated with interoception and pleasantness like the insular cortex, shows dysfunctional processing across various chronic pain states38,25. Neuroimaging studies reveal that while the initial sensory encoding of a gentle touch may remain intact, the subsequent evaluative and affective components are often compromised56. In many patients, neural activity in key regions like the insula becomes decoupled from the pleasantness of the stimulus and instead correlates with pain-related metrics, demonstrating how a chronic pain state can fundamentally reshape the brain's interpretation of sensory input52,54.
Lastly, it is crucial to emphasize that the neuroimaging evidence detailing these specific neural alterations during affective touch processing in chronic pain is still nascent and derived from a very limited number of studies. Therefore, these findings, while promising, should be considered preliminary until they are independently replicated in larger and more diverse patient cohorts38,51.

Direct neuroimaging of affective touch in patient populations
Functional Magnetic Resonance Imaging (fMRI) studies have directly investigated cortical responses to CT-optimal touch in several chronic pain conditions, revealing distinct patterns of altered brain activation51,56. In FM patients, the initial sensory processing of touch appears unaltered51. One study found no significant difference in activation of the right posterior insula between FM patients and healthy controls during the passive reception of slow brushing, suggesting that the early-stage sensory encoding of the stimulus is functional. However, profound differences emerged during the evaluative phase. While healthy controls showed activation in the posterior insula when rating the touch as pleasant, FM patients exhibited the opposite pattern: Deactivation of the posterior insula during pleasantness ratings and activation during pain ratings51. This finding points to a fundamental dysfunction in the higher-order evaluative processing of pleasant stimuli. Further supporting this, structural analyses revealed that FM patients have reduced grey matter density in the anterior insula, a region involved in processing the affective meaning of sensations51.
In patients with CBP, the neural response is characterized by hyper-processing rather than a blunted response54. Compared to both healthy controls and patients with SABP, CBP patients demonstrated significantly higher activation in the insula in response to pleasant touch. This heightened response in the posterior insula, a hub for sensory-discriminative processing, is thought to reflect an inefficient or impaired processing of the affective quality of touch, with the brain focusing instead on its raw sensory components54.
Correlation of insular activity with pain vs. pleasantness
A key finding across studies of chronic pain is that insular activity during affective touch often decouples from pleasantness and instead reflects the patient's ongoing pain experience52,54. The study on chronic back pain provided the clearest evidence for this neural hijacking. In healthy controls and SABP patients, brain responses in reward-related regions correlated positively with their subjective pleasantness ratings. In stark contrast, this correlation was absent in CBP patients. Instead, the magnitude of the insula response in the CBP group was significantly and positively correlated with their pain-related life interference scores54. This indicates that in a state of chronic pain, the insula processes an otherwise pleasant stimulus through the lens of ongoing pain and its functional impact, rather than its intrinsic hedonic quality54. The dysfunctional activation pattern seen in fibromyalgia where the insula activates for pain ratings but deactivates for pleasantness ratings, further supports this principle of the brain's processing priorities being reshaped by the dominant pain state51.
3.5 The insula as a mechanistic target for affective touch interventions
Bringing together the evidence on insular dysfunction and altered touch processing reveals a cohesive model centered on the concept of ''neural hijacking'', representing a fundamental recalibration of insular function and its network dynamics52,54,57, which can be understood through a cascade of interconnected neurobiological mechanisms57,62.
This process appears to be driven by a broader, network-level bias42. As a core hub of the SN, the insula’s primary function is to allocate attention to relevant stimuli, but in chronic pain, the SN becomes pathologically biased toward prioritizing pain signals31,39,41. This is demonstrated by the consistent loss of the normal anti-correlation between the SN and the DMN across conditions like psoriatic arthritis and fibromyalgia, indicating the brain is locked in a state of monitoring for pain39,42. Consequently, the insula’s priorities are reshaped: its activity decouples from stimulus pleasantness and instead correlates directly with clinical pain metrics, such as pain-related life interference54.
This network-level bias directly impacts function at a regional level, causing a reorganization between the PI, which handles sensory-discriminative input and the AI, which processes affective value30,39,54. In chronic back pain, for instance, the PI becomes hyperactive in response to pleasant touch, its activity correlating with pain interference rather than pleasantness54. In fibromyalgia, the dysfunction is different, with evidence of PI deactivation during the evaluative phase of pleasantness rating, suggesting a breakdown in higher-order processing51.
These network and regional changes can be conceptualized within a predictive coding framework, where chronic pain establishes a strong top-down ‘’prior’’ or expectation for pain 45,63. This persistent ‘’prior’’ skews the interpretation of incoming sensory information and leads to a loss of dynamic adaptation, for example, insular networks in chronic postsurgical pain show a blunted response to new acute stimuli50. This also explains why top-down cognitive control is often impaired, as seen in patients with somatoform pain who fail to modulate fronto-insular connectivity during pain distraction tasks31. Together, these mechanisms: a biased salience network, dysfunctional subregion processing and altered predictive coding, form an integrated model of how the insula is ''hijacked ''  by chronic pain62 (Figure 1A).
However, the contradictory behavioral findings where hedonic perception is sometimes blunted and at other times intact, are crucial51,52,53. They suggest that the neural circuits within the insula for processing affective touch are not necessarily destroyed by chronic pain but may be suppressed, outcompeted by dominant pain signals or functionally distinct from the circuits that become pathological53,57. This highlights a critical functional specialization within the insular cortex that may present a therapeutic opportunity39,53,57.
The analgesic effects of affective touch therapies may operate through two potential mechanisms. First, they could work by normalizing dysfunctional insular activity, where repeated bottom-up activation of C-tactile pathways helps down-regulate the hyperactive pain-related circuits and restore connectivity within the SN25,57. Second, they might work by engaging and strengthening compensatory neural pathways26,62. By repeatedly activating the preserved, distinct circuits for pleasant touch, these pathways may become more robust, allowing them to effectively compete with and modulate the dominant pain signals25,57(Figure 1B.).
A remaining, unresolved question concerns the precise role of the insula in analgesia25,53,62. Existing evidence does not support a unidimensional interpretation of the insula as the primary driver of pain relief25,63. However, this central role raises a critical question regarding its precise function in analgesia: Is the insula the primary driver of pain relief, a gateway that modulates other systems or simply a readout of analgesic processes initiated in another brain area? Converging evidence suggests that the insula may primarily function as a gateway that integrates affective, sensory and contextual signals as well as  modulates their access to descending and cognitive pain control systems35,43,62. In many neuroimaging studies, changes in insular activity likely represent a readout of analgesic processes initiated elsewhere39,62,63. Affective touch may thus exert its analgesic effects by engaging preserved insular circuits that bias salience attribution and facilitate downstream modulation, rather than directly suppressing nociceptive processing25,57.
However, the therapeutic success of affective touch likely depends on the specific nature of this ''neural hijacking''53,57,62. The evidence suggests that patients can be stratified based on the degree to which hedonic processing is preserved versus fundamentally altered51,53. For patients in whom the ability to hedonically discriminate touch is preserved, as seen in some fibromyalgia cohorts and in Parkinson's disease, the primary therapeutic mechanism may involve strengthening and engaging these intact, parallel hedonic circuits53,57,58. The goal would be to bolster these pathways, allowing them to effectively compete with and modulate dominant pain signals57. Conversely, for patients in whom the evaluative process itself is pathologically remapped, such as when pleasant touch drives insular hyperactivation linked to pain interference (as in CBP) or when pleasantness evaluation is inverted (as in FM), affective touch interventions may initially fail or even be perceived as aversive51,54. In this subgroup, the therapeutic goal would be to first normalize the dysfunctional, hijacked circuits, where repeated, gentle bottom-up CT activation could gradually down-regulate the hyperactive pain-related processing25,57. This stratified model moves beyond a one-size-fits-all approach, validating the insula as a key mechanistic target while highlighting that the choice of therapeutic strategy, either bolstering healthy hedonic circuits or normalizing dysfunctional ones, should be tailored to the patient’s specific neurofunctional phenotype34,53,57.


4. Discussion
4.1. Summary of principal findings

This review synthesizes two critical streams of research: the neurobiological alterations of the insular cortex in chronic pain and the disrupted processing of affective touch in these conditions. The principal findings are threefold. First, a vast body of neuroimaging evidence confirms that the insula is a core site of maladaptive plasticity in chronic pain, characterized by structural atrophy, a state of persistent hyperactivity and a profound reorganization of its functional connectivity with large-scale brain networks28,41,46. Second, the behavioral and neural processing of affective touch, a sensation with its primary cortical target in the insula, is consistently altered in chronic pain populations51,52,54,62. This manifests as a blunted hedonic experience or anhedonia and a neural recalibration where the insula processes gentle touch through the lens of pain rather than pleasantness51,54,56. Third, combining these findings provides a cohesive model wherein the dysfunctional insula offers a mechanistic explanation for the altered perception of touch52,57. This synthesis reveals that the circuits for affective touch are not necessarily destroyed but are often suppressed or hijacked by dominant pain signals, presenting a unique therapeutic opportunity to modulate the dysfunctional insula through targeted sensory-based interventions25,53,57.



4.2. The dysfunctional insula as a core feature of chronic pain

The evidence synthesized in this review strongly supports the characterization of a ''dysfunctional insula'' as a central neurobiological feature of the chronic pain state25,39,54. A critical finding, however, is that these alterations, while recurrent, are directionally heterogeneous across both insular structure and network integration25,41,46,57. Structurally, chronic pain is frequently associated with a reduction in insular gray matter volume and cortical thickness across diverse conditions, including osteoarthritis and trigeminal neuralgia26,28,46. These changes are hypothesized to result from mechanisms like use-dependent excitotoxicity, chronic neuroinflammation or the cumulative impact of comorbidities like depression.

Functionally, the insula exists in a state of hyper-responsiveness31,36,39,51.During both painful and even non-painful tasks, patients with conditions like fibromyalgia and chronic low back pain exhibit insular hyperactivation35,40,46. Electrophysiological studies corroborate this, revealing abnormal resting-state oscillations that correlate with clinical measures like pain duration35,36,65. This hyperactivity is not static, the insula dynamically tracks pain fluctuations, with the anterior insula being particularly crucial for encoding the rate of change in pain intensity.

Perhaps the most extensive evidence comes from studies of resting-state functional connectivity (rsFC), which reveal a profound reorganization of the insula’s communication with other brain networks14,41,44,50. A consistent finding is the disruption of the interplay between the SN, of which the insula is a core hub, and the DMN42,43. In healthy states, these networks are often anti-correlated, but in chronic pain, this relationship is frequently lost or pathologically altered39,42. Furthermore, the insula’s connectivity with key affective, cognitive and modulatory circuits is aberrant29,41,46,63. This includes hyperconnectivity with regions like the dorsolateral prefrontal cortex, which is linked to fear-avoidance beliefs and hypoconnectivity with reward system pathways, which correlates with depression and catastrophizing29,46. This large-scale network dysregulation collectively impairs sensory processing, disrupts cognitive-affective balance and contributes to the persistence and emotional burden of chronic pain.

4.3. A disrupted affective touch system

The processing of affective touch, a sensation mediated by C-Tactile (CT) afferents and centrally represented in the insula, is consistently disrupted in chronic pain, though the specific manifestation of this disruption is condition-dependent51,52,53,62. Behaviorally, the most common finding is a form of anhedonia, where patients report gentle, slow stroking to be significantly less pleasant than healthy controls38,51,52,54. This has been clearly demonstrated in chronic back pain and certain neuropathic states54,55.

However, the picture in FM is particularly complex and contradictory. While some studies report a clear blunting of the typical velocity-pleasantness relationship, in which patients lose the preference for CT-optimal touch, other studies find this crucial hedonic discrimination to be preserved, even if the overall pleasantness is diminished38,51,52,53. This highlights the heterogeneity within chronic pain conditions and suggests that the fundamental capacity to process hedonic touch may remain intact in some patient cohorts51,53,58. In stark contrast, patients with Parkinson’s Disease and chronic pain exhibit a paradoxical hyper-hedonia, rating affective touch as more pleasant than controls, with this heightened pleasantness correlating with their pain intensity, pointing toward a shared mechanism of central sensitization58.

Neuroimaging studies reveal the neural underpinnings of this disrupted perception23,51. While the initial sensory encoding of touch in the posterior insula may be surprisingly intact in conditions like FM, the higher-order evaluative processing is dysfunctional51. Studies show that insular activity during affective touch often becomes decoupled from pleasantness and instead correlates with pain-related metrics, such as pain interference scores in chronic back pain54. This ''neural hijacking'' demonstrates how a chronic pain state can fundamentally reshape the brain’s interpretation of an otherwise pleasant sensory input, rerouting it through pain-related evaluative circuits51,54.

4.4. Affective touch as a modulator of the dysfunctional Insula

The convergence of findings on insular dysfunction and altered touch processing supports a cohesive model where affective touch-based therapies can mechanistically target the pathologically altered insula25,57,62. The evidence reviewed in this paper establishes two core pathologies that define the chronic pain state: 1) the insula is fundamentally dysfunctional, characterized by structural atrophy, a state of persistent hyperactivity and a profound reorganization of its functional connectivity with large-scale networks like the DMN8,39,41 and 2) the insula processes gentle touch abnormally, as demonstrated by the concept of ''neural hijacking'', where its activity decouples from pleasantness and instead correlates with metrics like pain interference52,54. This is powerfully illustrated by findings where insular activation to touch correlates not with pleasantness, but with pain interference and where the evaluative processing of pleasantness is functionally inverted51,54.

Crucially, the contradictory behavioral findings, in which hedonic processing is sometimes blunted but at other times intact, may suggest a vital therapeutic opportunity51,52,53,55. The neural circuits within the insula for processing affective touch are not necessarily destroyed by chronic pain rather, they may be suppressed, outcompeted by dominant pain signals, or functionally distinct from the circuits that become pathological, highlighting a functional specialization within the insular cortex that can be leveraged for treatment39,53,57. This raises the critical therapeutic question: how might CT stimulation counteract this pathological state? 

The literature suggests two principal, non-mutually exclusive mechanisms through which affective touch may exert its analgesic effects25,57,62. First, affective touch may work through direct normalization of dysfunctional circuits25,57. The bottom-up signal from CT afferents projects directly to the posterior insula, a primary cortical target for this sensory information25,62. This consistent, gentle input could act to ''reset the gain'' on hyperactive insular regions, analogous to how targeted sensory stimulation can normalize thalamocortical dysrhythmia in other disorders36,57. In this model, repeated CT activation would gradually down-regulate the hyperactive pain-related processing seen in conditions like chronic back pain and help restore healthier connectivity within the SN25,57.

Second, affective touch could operate by engaging and strengthening compensatory neural pathways in a process of circuit re-weighting26,62. This mechanism is grounded in the crucial finding that the capacity for hedonic discrimination is not always destroyed by chronic pain but can be preserved in some patient cohorts, such as in certain fibromyalgia groups and in Parkison’s disease53,57,58. By repeatedly activating these intact, parallel circuits for pleasant touch, their connectivity with prefrontal and reward regions may become more robust. A strengthened hedonic circuit could then more effectively compete with the overactive SN for attentional and emotional resources, thereby modulating the dominant pain signals25,57. The insula, therefore, may function less as a direct driver of pain relief and more as a ''gateway'' that integrates affective and sensory signals, modulating their access to cognitive and descending pain control systems43,62,63.

This dual-mechanism model validates the insula as a key therapeutic target and can potentially lead to a stratified therapeutic model25,53,62. For patients in whom hedonic discrimination is preserved (e.g., some FM cohorts, Parkinson’s disease), the goal would be to bolster these intact circuits53,57,58,70. Conversely, for patients where the evaluative process is pathologically remapped (e.g., chronic back pain), interventions may first need to focus on normalizing the hijacked circuits51,54,71.


4.5. Clinical implications and future directions

The synthesis of evidence presented in this review has significant clinical implications and opens several avenues for future research. Clinically, the findings strongly support the use of affective touch-based therapies as evidence-based, non-pharmacological interventions that target the central neural mechanisms of chronic pain25,53,57,62. The proposed model suggests that a ''one-size-fits-all'' approach may be suboptimal34. Instead, a more personalized strategy could involve phenotyping patients based on their perception of affective touch34,51,53. For instance, patients who retain the ability to perceive pleasantness from CT-optimal touch may benefit from therapies designed to strengthen these preserved hedonic pathways, while those who experience touch as aversive may first require interventions aimed at normalizing sensory processing25.

Future research should prioritize several key areas. There is a critical need for longitudinal studies to track insular changes and affective touch processing over time, including studies that follow patients from the acute to chronic phase of pain and intervention studies that track whether touch-based therapies can normalize insular activity44,47,54. Concurrently, future neuroimaging studies should employ advanced methods like dynamic causal modeling to move beyond correlational findings and investigate the specific neural circuits and directional influences mediating touch perception and analgesia in chronic pain69,70. This will help clarify whether affective touch primarily normalizes dysfunctional circuits or engages compensatory ones. Research must also continue to explore the diverse responses to affective touch across different chronic pain conditions to understand the underlying pathophysiological differences that lead to anhedonia in some and hyper-hedonia in others38,52,57. 

Finally, further work is needed to disentangle the relationship between the perceived pleasantness of touch and its analgesic effect, as findings that analgesia can occur independently of pleasantness ratings suggest that bottom-up modulation may be a powerful mechanism that does not strictly rely on subjective hedonic experience25,43,57,62.




4.6. Limitations

This review, while comprehensive, is subject to the limitations inherent in existing literature. A primary limitation is the significant heterogeneity across the reviewed studies46,47,51. This includes the diversity of chronic pain conditions examined, each with its own pathophysiology, as well as the wide range of neuroimaging modalities and analytical methods employed, which can make direct comparisons of findings challenging37,49,50. Further compounding this issue is a notable lack of standardization in the C-Tactile (CT) stimulation protocols used across studies38,54,57. The literature reveals significant variability in key parameters, including the stroking speeds applied (e.g., 3 cm/s vs. other velocities within the 1-10 cm/s optimal range), the forces used, the specific tools for application (e.g., soft brushes, human hand or specialized devices) and the body sites stimulated25,53,57. This methodological inconsistency complicates the direct comparison of results and may contribute to some of the discrepant findings reported, particularly in highly heterogeneous conditions like fibromyalgia. To address this variability and enhance methodological rigor, future research would greatly benefit from the wider adoption of robotic stimulators64,65,70. As demonstrated in some of the reviewed studies, these devices allow for the precise and reproducible control of stimulation velocity and force, thereby minimizing inter-experimenter variability and improving the comparability of findings across different research sites and patient populations38,62. 


Furthermore, many studies are confounded by factors that are difficult to control. The effects of analgesic medications, antidepressants and other drugs on insular function and connectivity are often not accounted for, yet they can significantly impact brain activity33,34,46,69. Chronic pain is also frequently comorbid with depression and anxiety, conditions known to independently affect insular structure and function while disentangling the effects of pain from these comorbidities remains a major challenge25,46,50,68. Additionally, there is significant individual variability in cortical pain processing and group-level analyses may obscure unique patient-specific signatures of pain encoding and touch perception, potentially contributing to the contradictory findings in the literature38,51. Finally, the field of neuroimaging of affective touch in clinical populations is still nascent. Many of the key studies have small sample sizes and thus require replication in larger, more diverse patient cohorts to establish their robustness and generalizability.8,36,47,50,51,54,57








5. Conclusion

In conclusion, the insular cortex stands out as a key neurobiological hub for the maladaptive plasticity that defines chronic pain 33,36,39,54. This review synthesizes evidence demonstrating that this dysfunction is not only characterized by structural and functional network abnormalities but is also intimately linked to the disrupted processing of affective touch51-54. The central finding is that chronic pain appears to ''hijack'' the insula’s sensory processing circuits, recalibrating the perception of gentle touch from a hedonic experience to one filtered through the lens of pain51,52,54. However, evidence that hedonic processing can remain intact in some patients may suggest a functional specialization within the insula that can potentially offer a therapeutic target39,53,57. Affective touch-based interventions represent a promising, non-pharmacological approach to modulate this dysfunctional system, either by normalizing hijacked pain circuits or by strengthening preserved, compensatory hedonic pathways25,57,62. A crucial next step is to move beyond group averages and prospectively identify patients based on their neurofunctional phenotype, specifically, the degree to which their hedonic touch processing remains intact, to assign them to the most effective personalized, touch-based therapy38,57,62.
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