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Abstract 

Chronic pain is increasingly recognized as a multidimensional condition sustained by interacting 

cognitive, behavioral, emotional, attentional, and metacognitive processes. Within this framework, 

physical exercise has gained relevance as a non-pharmacological intervention that may influence 

psychological mechanisms involved in pain persistence and disability. This narrative review provides 

an updated synthesis of recent evidence on the effects and mechanisms of physical exercise on 

cognitive, behavioral, emotional, and metacognitive dimensions of chronic pain. A structured 

literature search was conducted across PubMed/MEDLINE, Scopus and Web of Science, focusing on 

peer-reviewed studies published between January 2016 and December 2025. Evidence was 

synthesized narratively across mechanistic domains, integrating findings from rehabilitation science 

and clinical psychology. The literature suggests that exercise may act as an active experiential 

intervention capable of targeting several psychosocial factors in chronic pain. Across studies, 

exercise was associated with reductions in catastrophizing and maladaptive pain beliefs, 

improvements in pain self-efficacy, and attenuation of kinesiophobia. Exercise may also modulate 

attentional bias and hypervigilance, and psychologically informed exercise approaches appear 

particularly relevant for metacognitive processes, including reduced rumination, increased 

decentering, and improved non-reactive awareness of bodily sensations. In parallel, exercise shows 

beneficial effects on emotional aspects of chronic pain, likely mediated by both neurobiological and 

psychosocial mechanisms pathways. Overall, physical exercise should be conceptualized as a 

comprehensive intervention capable of acting on cognitive, behavioral, emotional, and metacognitive 

processes that sustain chronic pain. Future research should clarify modality-specific mechanisms, 
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identify moderators of response and incorporate process-based outcomes to support personalized 

exercise prescriptions. 

 

Key words: chronic pain, physical exercise, catastrophizing, kinesiophobia, self-efficacy. 

 

 

 

Chronic pain, defined as pain persisting for more than three months, represents a pervasive global 

health challenge. Affecting approximately 20% to 40% of the adult population worldwide, this 

condition extends far beyond physiological nociception to encompass profound alterations in central 

nervous system function, cognitive processing, and emotional regulation.1 Historically, the 

biomedical model viewed pain as a direct symptom of tissue pathology; however, the frequent 

dissociation between objective tissue damage and the subjective experience of pain has necessitated a 

fundamental shift toward the biopsychosocial model. Within this contemporary framework, chronic 

pain is conceptualized not merely as a sensation but as a dynamic, subjective experience constructed 

by the brain.2 Specifically, current literature emphasizes the fundamental role of maladaptive 

cognitive, metacognitive and emotional processes in the chronification and maintenance of pain.3 For 

example, neuroimaging studies shows that specific structural and functional alterations in brain 

regions implicated in pain processing are associated with maladaptive cognitive patterns such as 

catastrophizing.4 This bidirectional interplay between psychological states and neuroplastic changes 

suggests that interventions targeting emotional regulation and cognitive-behavioral processes may 

help to reduce maladaptive brain reorganization and attenuate pain perception. Furthermore, positive 

cognitive factors such as self-efficacy play a protective role in chronic pain by modulating brain 

regions involved in pain processing, particularly the Anterior Cingulate Cortex (ACC) and prefrontal 

cortex, that exerts top-down control over nociceptive signals.5 Functional imaging studies show that 

better executive functions and cognitive control enhance activation in prefrontal areas during tasks 

that reduce pain perception, supporting the role of these regions in cognitive modulation of pain.6 
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In this biopsychosocial framework, physical exercise is increasingly recognized as a key component 

in the management of chronic pain, given its potential to influence not only physical function but also 

the cognitive and affective processes that shape pain perception.7 Regular physical activity induces 

significant neurophysiological adaptations that support cognitive and emotional benefits and lead to 

enhanced top-down inhibition of pain signals, thanks to mechanisms involving the release of growth 

factors that promote neuroplasticity, neurogenesis, and angiogenesis.8 For example, emerging 

evidence suggests that in Complex Regional Pain Syndrome exercise-based interventions may act 

through mechanisms that extend beyond peripheral tissue conditioning, engaging central 

neurophysiological and neuroimmune pathways implicated in pain chronification and functional 

impairment.9 Overall, these findings support the role of structured physical exercise in addressing 

both physical function and maladaptive psychological factors that influence chronic pain outcomes; 

beyond its role as a mechanical stimulus for tissue repair, exercise acts as a neurobehavioral 

intervention that challenges maladaptive beliefs, regulates affective distress, and induces neuroplastic 

changes in pain-modulatory brain regions.10  

Therapeutic value of physical exercise therefore also lies in its capacity to influence how pain is 

interpreted, anticipated, emotionally processed, and behaviorally managed. Accordingly, exercise 

may be better understood not simply as a rehabilitative adjunct, but as a central component of chronic 

pain management strategies aimed at restoring function, reducing disability, and promoting more 

adaptive engagement in daily life despite the persistence of pain. To date, however, the literature 

addressing these issues remains relatively scarce, heterogeneous, and not yet fully systematized, 

underscoring the need for more structured and comprehensive research. Within this context, the 

present narrative review seeks to provide an updated synthesis of the available literature on the 

effects of physical exercise on the cognitive, behavioral, emotional, and metacognitive dimensions of 

chronic pain, while also exploring the mechanisms through which exercise may influence these 

processes. 

 

Materials and Methods 

This manuscript is a narrative (non-systematic) review aimed at providing a comprehensive overview 

of the cognitive and emotional mechanisms underlying the therapeutic effects of exercise on chronic 

pain. The objective was to integrate contemporary evidence from rehabilitation sciences and 



 5 

psychology within a multidimensional framework of pain modulation. A structured literature search 

was conducted across major electronic databases, including PubMed/MEDLINE, Scopus, Web of 

Science, and PsycINFO, to minimize database-specific bias and ensure broad interdisciplinary 

coverage. The search was restricted to peer-reviewed articles published between January 2016 and 

December 2025, in order to capture the most recent theoretical and mechanistic advancements in the 

field, while retaining earlier seminal contributions when conceptually foundational. Search terms 

were organized into three primary conceptual clusters: i) population (e.g., chronic pain, nociplastic 

pain, central sensitization); ii) intervention (e.g., physical exercise, resistance training, aerobic 

exercise, mind-body interventions); and iii) mechanisms (e.g., catastrophizing, self-efficacy, fear-

avoidance, kinesiophobia, neuroplasticity, metacognition, emotional regulation). Both Medical 

Subject Headings (MeSH) and free-text keywords were used and combined with Boolean operators. 

Inclusion criteria prioritized Randomized Controlled Trials (RCTs), systematic reviews, meta-

analyses, and pivotal observational studies examining the interaction between physical activity and 

cognitive or emotional variables in adult populations with chronic pain. Particular emphasis was 

placed on cross-disciplinary research bridging physiotherapy, pain neuroscience, and clinical 

psychology. Reference lists of eligible articles and key reviews were screened to identify additional 

relevant studies. Studies were excluded if they: focused exclusively on acute pain models; 

investigated pediatric populations without adult comparators; addressed exercise solely as a fitness 

outcome without cognitive or emotional measures; or consisted of purely descriptive reports without 

empirical data.  

 

Results 

The main findings are summarized in Table 1. 

 

Exercise as cognitive restructuring: catastrophizing, pain beliefs, and self-efficacy 

Modern neurophysiology models explains persistent pain through hierarchical processes where brain 

regions like the cingulate and insula cortices integrate bottom-up nociceptive signals with top-down 

expectations, generating internal models to anticipate sensory inputs.11-13 Under physiological 

conditions the discrepancy between expected and actual sensory input updates these internal models 
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to maximize correctness; however, in chronic pain, the brain may disproportionately weight 

expectations of pain while discounting somatic input, perpetuating a state of persistent 

nociplasticity.14-15 Several cognitive mediators have been identified as moderators in pain perception 

and evaluation, acting on expectancies and other cognitive and perceptual processes.16 Pain 

catastrophizing, a maladaptive cognitive style characterized by rumination, magnification of threat, 

and helplessness, is consistently identified as a predictor of chronicity, pain intensity and related 

disability.17,18 Another important cognitive mediator is pain self-efficacy, an individual's belief in 

their capacity to perform goal-oriented behaviors despite the presence of pain; patients with high self-

efficacy report lower disability even when pain intensity remains elevated, suggesting a protective 

effect.19-20 Furthermore, specific maladaptive beliefs regarding the nature of pain act as a cognitive 

maintainers of chronic pain states; among these the pain-as-harm belief (the conviction that pain is an 

accurate signal of tissue damage) and beliefs concerning the uncontrollability of pain are strongly 

predictive of poor rehabilitation outcomes.21,22 Neuroimaging studies show that these maladaptive 

cognitive factors are associated with altered brain activity in regions involved in pain processing, 

attention, and emotion regulation, affecting endogenous analgesic systems.23 

Exercise can significantly influence the cognitive dimensions of pain, as demonstrated by several 

studies showing altered activity in brain regions involved in central pain processing, including the 

prefrontal cortex, anterior cingulate cortex, insula, amygdala, and somatosensory cortices.24 Physical 

exercise as Tai Chi and resistance training reduce catastrophizing, suggesting a process of embodied 

cognitive restructuring that modifies maladaptive pain cognitions.25-27 The mechanism underlying 

this reduction is likely exposure-based and experiential: as patients engage in motor behavior the 

magnification of threat decreases, helplessness diminishes through improved physical competence, 

and functional capacity restoration counters beliefs about the immutability of the condition.28 In 

chronic low back pain, exposure treatments effectively reduce harm expectations and increase pain 

self-efficacy, with effects generalizing to novel activities in different contexts.29 Overall, exercise 

appears effective at fostering cognitive restructuring by providing patients with mastery experiences, 

which counter maladaptive beliefs about pain, reduce pain intensity and foster active self-

management.30-32 

 

Exercise as a behavioral experiment: disrupting the fear-avoidance cycle 
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The behavioral component associated with these cognitive dimensions is known as kinesiophobia, 

defined as an excessive, irrational fear of physical movement arising from a perceived susceptibility 

to painful injury.33 Kinesiophobia drives avoidance behaviors, leading to physical inactivity and 

deconditioning, psychological distress and negative coping strategies. These consequences 

paradoxically lower the pain threshold and reinforce the original fear, establishing a maladaptive 

positive feedback loop that perpetuates disability, as described in The Fear-Avoidance Model 

(FAM).34 Neurobiologically, this cycle is maintained by the amygdala and hippocampus, which 

encode fear memories associated with movement, triggering anticipatory anxiety responses and 

avoidance behaviors.35 Research shows that kinesiophobia is more influential than pain in limiting 

physical activity, especially among frail individuals, though intervention studies remain scarce.36 

Early identification and management of kinesiophobia are crucial to improving rehabilitation 

outcomes and quality of life across affected populations.37 

While psychological and educational interventions can address the cognitive basis of movement 

safety, exercise functions as a mechanism of graded exposure in vivo.38 To unlearn the fear of 

movement, the patient needs to systematically perform feared movements without the anticipated 

catastrophic consequences (pain or injury), causing a weakening of the association between 

movement and threat.39 By progressively engaging in these feared movements, the patient gathers 

behavioral evidence that contradicts their negative expectations, a process known as expectancy 

violation, breaking the fear-avoidance cycle through the principles of Pavlovian inhibitory learning.40 

Graded exposure explicitly targets the fear, asking patients to perform the specific movements they 

believe will harm them, reducing pain-related fear in patients with kinesiophobia.41-43 Notably, 

emerging research suggests that exercise protocols which induce mild and controlled pain may be 

superior to completely pain-free protocols in reducing fear-avoidance; by permitting movement into 

mild pain, patients learn that pain does not equate to harm.44 This approach to exercise transforms the 

patient into an active experimenter, using their own body to test and refute the hypothesis that leads 

to kinesiophobia. When a patient performs a feared movement (conditioned stimulus) and the 

catastrophic outcome (unconditioned stimulus) fails to occur, the brain generates a prediction error 

that update the internal model.45 

 

Exercise as attentional training 
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Individuals with chronic pain frequently demonstrate a maladaptive attentional bias toward pain-

related stimuli, characterized by hypervigilance to somatic sensations and difficulty in disengaging 

attention from nociceptive input.46 Meta-analyses using dot-probe and visual-probe tasks show a 

small to moderate attentional bias toward sensory pain words and pictures in chronic pain patients 

compared to healthy controls.47 This automatic orientation of attention is a primary driver of pain 

salience, and has been shown to be a strong predictor of the transition from acute to chronic pain, 

significantly modulating functional interference. A longitudinal study of patients with subacute back 

pain found that hypervigilance was the strongest predictor of pain severity and pain-related 

interference even after adjusting for baseline pain levels.48 Some authors highlight its role in central 

sensitization processes, due to altered brain activity in regions such as the anterior cingulate cortex.49-

50  

Exercise interventions in chronic pain patients have been shown to improve activity in the 

Dorsolateral Prefrontal Cortex (DLPFC), a brain area crucial for top-down attentional control, the 

ability to voluntarily direct focus rather than having it automatically controlled by sensory stimuli 

like pain.51,52 By improving cerebral perfusion and providing neurotrophic support to the DLPFC, 

exercise strengthens the cognitive control mechanisms required to inhibit irrelevant sensory input and 

disengage attention from pain, training the brain to filter nociceptive signals.53 Furthermore, by 

engaging patients in sensorimotor training, attentional resources are shifted away from pain 

processing and redirected toward motor execution, through a mechanism commonly referred to as 

attentional gating.54-55 Some exercise modalities utilize a distinct form of attentional engagement that 

amplifies focus on somatic sensation rather than diverting it; disciplines like Yoga and Tai Chi 

integrate low-intensity movement with focused interoception, sharing mechanisms with Mindfulness-

Based Interventions (MBIs).56-58 In mindful exercise, motor activity is associated with training in 

non-reactive attention: patients learn to observe somatic sensations without the automatic 

catastrophic response, inhibiting safety behaviors and reducing disability. Patients learn to broaden 

their field of attention to include neutral or positive bodily sensations (e.g., muscle contraction), 

reducing the dominance of the pain signal within the conscious experience. Evidence suggests that 

these interventions are generally safe and feasible, though more high-quality trials are needed to 

confirm long-term benefits.59  

 

Exercise as committed action 



 9 

Chronic pain is accompanied by maladaptive changes in mesolimbic pathways, with alterations on 

Behavioral Inhibition System (BIS) and Behavioral Activation System (BAS). The BIS, which 

regulates sensitivity to threat and punishment, is characteristically overactive in chronic pain states, 

driving hypervigilance and kinesiophobia.60 Conversely, the BAS, which regulates motivation and 

goal-directed behavior, is frequently suppressed, correlating with depression, anhedonia, and reduced 

physical activity.61 Emerging consensus suggests that effective rehabilitation must not only mitigate 

the BIS but actively stimulate the BAS, to increase patients engagement to daily activities, as 

described by the Motivation-Decision Model.62,63 This neurobiological model posits that the 

mesocorticolimbic circuitry (the nucleus accumbens and dopamine pathways) continuously weights 

the salience of pain against the value of competing goals. In chronic pain, this valuation circuitry 

becomes dysfunctional and the negative value of nociception consistently outweighs the positive 

value of motor activity, leading to anhedonia and behavioral withdrawal.64  

A clinical model that specifically targets this dysfunctional mechanism is Acceptance and 

Commitment Therapy (ACT), which centers on the construct of psychological flexibility, the 

capacity to persist in value-based behavior despite the presence of interfering psychological or 

physical difficulties (e.g. pain). ACT directly addresses the motivational and behavioral deficits 

commonly observed in chronic pain by encouraging individuals to engage in meaningful activities 

despite the persistence of pain, reducing experiential avoidance, inactivity, and loss of function.65 

Within this framework, exercise serves as a vehicle for Committed Action, described in ACT theory 

as an action guided by long-term values rather than immediate sensory relief or symptom 

avoidance.66 Exercise as Committed Action teaches patients that the goal is not necessarily to wait 

until pain disappears before moving, but to learn that movement can still be safe, purposeful, and 

worthwhile even when some pain persists. This shift is particularly important in chronic pain, where 

behavior is often organized around short-term control strategies aimed at minimizing pain, even 

when such strategies ultimately reinforce inactivity, disability, and psychological distress. Trials of 

combined ACT and physical exercise programs report improvements in disability and physical 

function, with benefits maintained at follow-ups up to one year.67 In conclusion, committed exercise 

disrupts pain-contingent behavior (i.e., stopping movement the moment pain arises) by establishing 

value-contingent behavior, helping patients to engage in physical activity to facilitate meaningful life 

roles.68,69 
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Exercise and metacognition: from content to process 

Metacognition refers to the processes controlling how an individual relates to their own thoughts and 

sensations; in chronic pain it involves how individuals relate to their thoughts and sensations, 

particularly through beliefs about the controllability and usefulness of worry and rumination.70 

Negative metacognitive beliefs, such as viewing thoughts as uncontrollable or dangerous, are 

associated with higher levels of pain catastrophizing and emotional distress, and show small-to-

moderate associations with somatic symptom burden, supporting the view that rumination can 

amplify symptom perception and pain intensity.71,72 Additionally, metacognitions influence health 

anxiety and pain-related disability, indicating their role in broader emotional and functional outcomes 

in chronic pain populations.73 Emerging evidence shows that interventions that address both 

cognitive content and metacognitive processes may be more effective than those focusing solely on 

thought content to reduce suffering and improve coping in chronic pain  patients.74  

Physical exercise can act as a powerful metacognitive intervention by redirecting attentional and 

physiological resources away from ruminative thought patterns toward goal-directed tasks.75 

Preliminary evidence shows that during complex movement the motor cortex engages neural 

resources that would otherwise be allocated to the Default Mode Network, which is associated with 

rumination, providing experiential evidence that worry can be controlled.76 Therefore, physical 

exercise provides a practical mechanism for the chronic pain patients to disrupt perseverative 

thinking by engaging brain networks that compete with rumination processes.77 Furthermore, mind-

body exercises (e.g., Yoga, Tai Chi) cultivate metacognitive awareness, the ability to view thoughts 

and somatic sensations as transient mental events rather than objective facts, increasing acceptance of 

pain.78 This process, often called cognitive defusion or decentering, helps patients step back from the 

pain experience and adopt a non-reactive attitude toward nociceptive signals, reducing emotional 

suffering and disability linked to pain.79 This shift involves improving interoceptive accuracy and 

metacognitive awareness of interoception, the ability to correctly identify bodily signals, often 

compromised in chronic pain patients.80 For example, in patients with fibromyalgia altered 

interoceptive sensibility correlates with pain severity, fatigue, and anxiety, suggesting that 

dysfunctional interoception contributes to symptom expression.81 Mindful physical exercises are 

associated with improvements in self-reported interoceptive awareness and objective measures like 

heartbeat counting, helping patients develop a non-reactive stance toward nociceptive signals.82-83  
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Exercise and emotional-affective outcomes 

Approximately 40% of adults with chronic pain experience clinically significant symptoms of 

depression and anxiety with higher prevalence in those with nociplastic pain.84 This comorbidity is so 

prevalent that recent literature conceptualizes the condition as a pain-depression dyad, a bidirectional 

relationship where pain precipitates affective distress through functional limitation and neural 

atrophy, while depression and anxiety lower pain thresholds and impair coping mechanisms.85 Recent 

studies confirmed that in chronic pain depression is associated with greater pain intensity, increased 

interference in daily activities, and worse physical and emotional functioning.86,87 This overlap is 

supported by the Common Soil hypothesis, which attributes both conditions to shared 

neurobiological dysfunctions including monoaminergic dysregulation and maladaptation of the 

hypothalamic-pituitary-adrenal axis.88 Neuroplasticity impairments in key brain regions such as the 

hippocampus and prefrontal cortex further contribute to this comorbidity by disrupting emotional 

regulation and cognitive function.89 

Therapeutic exercise functions by upregulating key neurotrophic factors, most notably Brain-Derived 

Neurotrophic Factor (BDNF) and restoring the balance of neurotransmitters such as serotonin and 

dopamine.90 BDNF facilitates neurogenesis in the hippocampus, a region that often undergoes 

atrophy in chronic pain states; exercise-induced BDNF release can reverse this atrophy, improving 

both mood and pain modulation.91 Additionally, exercise modulates purinergic receptors, which 

regulate BDNF release and may underlie its neuroprotective effects against pain and depression.92 

Beyond these generalized neuroprotective effects, emerging evidence suggests that specific exercise 

modalities can modulate affective regulation. Resistance Training (RT) has demonstrated significant 

efficacy in reducing depressive symptoms, with meta-analyses showing consistent improvements 

across diverse populations, including older adults and young adults with mild to moderate 

depression.93 It is hypothesized that the sensation of muscle tension and the objective progression of 

load fosters a sense of embodied competence that directly counters the feelings of physical fragility 

and learned helplessness that characterize the depressive symptoms.94 Conversely, anxiety-related 

conditions, driven by sympathetic hyperarousal and the fear-avoidance cycle, respond to aerobic and 

mind-body interventions. These modalities operate primarily through autonomic modulation, 

enhancing vagal tone and reducing the generalized arousal that sensitizes nociceptors and exacerbates 

the perception of pain.95 Regular aerobic exercise also increases serotonin release in the ACC, a key 

brain region for processing pain and anxiety, which improves synaptic plasticity and alleviates both 
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symptoms.96 Furthermore, structured exercise disrupts the inertia and withdrawal behaviors inherent 

to chronic pain and depression, replacing avoidance with goal-directed, reinforcing activities that 

reduce the depressed mood.97-98 Overall, exercise promotes emotional regulation and psychological 

resilience through both neurobiological mechanisms and psychosocial pathways involving increased 

positive affect, autonomic modulation and neuroplasticity.99 

 

Discussion  

Chronic pain remains one of the most pervasive global health challenges, affecting a substantial 

proportion of the adult population and contributing significantly to long-term disability, 

psychological distress, and reduced quality of life.100 Modern biopsychosocial models of pain 

recognize chronic pain as a complex, multidimensional experience influenced by biological, 

psychological, and social factors that interact dynamically.101 This complexity calls for therapeutic 

approaches capable of addressing the full biopsychosocial architecture of pain rather than focusing 

exclusively on tissue-level dysfunction. Within this framework, physical exercise should no longer be 

viewed merely as a tool for restoring musculoskeletal function, but as a multidimensional 

intervention capable of acting on the broader mechanisms that sustain chronic pain over time. The 

evidence synthesized in this review suggests that the therapeutic effects of exercise extend well 

beyond improvements in strength, endurance, flexibility, or joint mobility; although these physical 

effects remain clinically relevant, exercise also appears to function as a neurobehavioral intervention 

that modulates pain processing.102 Physical activity may counteract central sensitization, enhance 

synaptic homeostasis, and support functional changes in brain systems involved in pain modulation; 

these neurobiological effects are paralleled by clinically meaningful changes in cognitive, behavioral, 

attentional, motivational, metacognitive, and emotional-affective domains.103 Exercise can challenge 

maladaptive pain predictions and dysfunctional beliefs, strengthen pain self-efficacy and restore a 

sense of agency, which is often profoundly disrupted in chronic pain.104 At the same time, exercise 

acts as a form of attentional training, helping patients disengage from hypervigilance toward pain-

related signals and foster adaptive metacognitive processes, such as decentering and non-reactive 

awareness of bodily sensations.105  

Taken together, these findings support the interpretation of exercise as an active experiential therapy; 

its therapeutic value lies not only in improving biomechanical capacity, but in enabling patients to 
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generate corrective evidence about the meaning of pain, the safety of movement, and their own 

functional abilities. From a clinical perspective, these considerations suggest that exercise 

prescription in chronic pain should move beyond a purely biomedical rationale and become 

increasingly psychologically informed. Exercise programs should be tailored not only to physical 

impairments, but also to the dominant cognitive and emotional maintaining factors present in each 

patient. However, although exercise-based interventions are generally associated with beneficial 

effects on pain, function, and psychological well-being, the literature also reports heterogeneous and 

sometimes conflicting findings. Importantly, exercise interventions may not be universally tolerated, 

as some patients can experience pain exacerbation, fatigue, adherence difficulties, or limited 

feasibility due to comorbidities and functional impairments.  Future research should now move 

beyond the broad question of whether exercise is beneficial on cognitive, metacognitive and 

emotional processes and instead determine more precisely for whom, under which conditions, and 

through which mechanisms specific exercise approaches exert their effects (Table 2). Studies should 

adopt clearer phenotyping strategies, distinguishing between nociceptive, neuropathic, and 

nociplastic presentations, while also identifying clinically relevant subgroups characterized by high 

catastrophizing, marked fear of movement, attentional hypervigilance, depressive symptoms, or 

reduced psychological flexibility.  Furthermore, in addition to conventional outcomes such as pain 

intensity and disability, research should more consistently incorporate measures targeting relevant 

psychological and neurocognitive processes; this would allow to move beyond simple efficacy 

testing and begin to identify the active therapeutic ingredients of exercise interventions. A further 

priority is to clarify whether different exercise modalities preferentially target distinct 

biopsychosocial domains: resistance training may be particularly relevant for improving self-efficacy, 

perceived competence, and depressive symptoms through mastery experiences and progressive load 

tolerance; aerobic exercise may exert stronger effects on affect regulation, autonomic balance, and 

generalized distress through cardiorespiratory, neurochemical, and behavioral activation 

mechanisms; mind-body modalities may be especially suited to targeting attentional control, body 

awareness, interoception, and metacognitive regulation, particularly in patients with pronounced 

hypervigilance or maladaptive symptom monitoring; and graded exposure approaches may be most 

appropriate in patients whose disability is strongly maintained by fear-avoidance beliefs and 

movement-related threat appraisal. Ultimately, a more mechanism-based understanding of exercise 

could support the development of personalized rehabilitation models that tailor exercise according 

also to the psychosocial processes associated with chronic pain in each patient, optimizing outcomes 

such as pain reduction and functional recovery. 
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Conclusions 

The evidence synthesized in this narrative review suggests that physical exercise should no longer be 

viewed solely as a means of improving physical function in chronic pain. Rather, it may be more 

appropriately conceptualized as a multidimensional intervention capable of acting on the cognitive, 

behavioral, attentional, emotional, and metacognitive processes that contribute to pain persistence 

and disability.  Although this review aimed to provide a comprehensive and multidimensional 

overview of the cognitive and emotional mechanisms underlying exercise effects in chronic pain, 

some limitations should be acknowledged. As a narrative (non-systematic) review, the study may be 

subject to selection bias and methodological heterogeneity among included studies. Furthermore, 

several findings derive from heterogeneous clinical populations and interventions, while the strength 

of evidence varies across domains; further high-quality studies are needed to clarify for whom, under 

which conditions, and through which mechanisms specific exercise modalities exert their effects, as 

well as to identify the psychological and neurocognitive processes that mediate clinical benefit in 

real-world settings. A more precise understanding of these pathways may support the development of 

personalized, psychologically informed exercise prescriptions according to each patient’s specific 

biopsychosocial profile and maintaining factors. 

 

 

List of Abbreviations 

ACT, Acceptance and Commitment Therapy 

ACC, Anterior Cingulate Cortex 

BDNF, Brain-Derived Neurotrophic Factor 

CRPS, Complex Regional Pain Syndrome 

DLPFC, Dorsolateral Prefrontal Cortex 

FAM, Fear-Avoidance Model 



 15 

PAG, Periaqueductal Gray 

PFC, Prefrontal Cortex 

RT Resistance Training 

VEGF, Vascular Endothelial Growth Factor 

 

Corresponding Author 

Gianluca Regazzo, Section of Rehabilitation, Department of Neuroscience-DNS, University of 

Padova, Italy. 

gianluca.regazzo@unipd.it 

0009-0004-6277-4199 

 

Daniele Coraci 

0000-0002-7019-9006  

daniele.coraci@unipd.it  

 

Stefano Masiero 

0000-0002-0361-4898  

stef.masiero@unipd.it  

 

 

Contributions:  

mailto:Gianluca.regazzo@unipd.it
mailto:daniele.coraci@unipd.it
mailto:stef.masiero@unipd.it


 16 

Gianluca Regazzo, conceptualization, methodology, investigation, writing—original draft 

preparation; Stefano Masiero, Daniele Coraci, writing—review and editing. All authors have read 

and agreed to the published version of the manuscript. 

 

Conflicts of Interest 

The authors declare no conflicts of interest. 

 

Ethics approval 

Not applicable. 

 

Data Availability Statement 

No new data were created or analyzed in this study. Data sharing is not applicable to this article. 

 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial, or 

not-for-profit sectors. 

 

 

References    

1. Cohen S, Vase L, Hooten W. Chronic pain: an update on burden, best practices, and new advances. 
Lancet 2021;397:2082-2097. 

2. Bevers K, Watts L, Kishino N, Gatchel R. The biopsychosocial model of the assessment, 
prevention, and treatment of chronic pain. US Neurol 2016;12:98-104. 

3. Rusu A, Gajsar H, Schlüter M, Bremer Y. Cognitive biases toward pain: implications for a 
neurocognitive processing perspective in chronic pain and its interaction with depression. Clin J 
Pain 2019;35:252-260. 

4. Zeng X, Sun Y, Zhiying Z, Hua L, Yuan Z. Chronic pain-induced functional and structural 
alterations in the brain: A multi-modal meta-analysis. J Pain 2025;28:104740.   



 17 

5. Kummer K, Mitrić M, Kalpachidou T, Kress M. The medial prefrontal cortex as a central hub for 
mental comorbidities associated with chronic pain. Int J Mol Sci 2020;21:103440. 

6. Rischer K, Anton F, González-Roldán A, et al. Better executive functions are associated with more 
efficient cognitive pain modulation in older adults: an fMRI study. Front Aging Neurosci 
2022;14:828742. 

7. Chen C, Nakagawa S. Physical activity for cognitive health promotion: an overview of the 
underlying neurobiological mechanisms. Ageing Res Rev 2023;86:101868. 

8. Ordoñez-Mora L, Quintero-López D, Morales-Osorio M, et al. Neurocognitive interventions 
informed by cognitive-behavioral therapy principles and physical exercise for complex regional 
pain syndrome: A systematic review. J Clin Med 2025;14:6820. 

9. Shafiee E, Macdermid J, Packham T, et al. The effectiveness of rehabilitation interventions on pain 
and disability for complex regional pain syndrome. Clin J Pain 2023;39:91-105. 

10. Ninneman J, Roberge G, Stegner A, Cook D. Exercise training for chronic pain: available 
evidence, current recommendations, and potential mechanisms. Curr Top Behav Neurosci 
2024;67:329-66. 

11. Song Y, Yao M, Kemprecos H, et al. Predictive coding models for pain perception. J Comput 
Neurosci 2021;49:107-127. 

12. Chen ZS. Hierarchical predictive coding in distributed pain circuits. Front Neural Circuits 
2023;17:1073537. 

13. Lersch FE, Frickmann FCS, Urman RD, et al. Analgesia for the Bayesian brain: how predictive 
coding offers insights into the subjectivity of pain. Curr Pain Headache Rep 2023;27:631-638. 

14. Geuter S, Boll S, Eippert F, Büchel C. Functional dissociation of stimulus intensity encoding and 
predictive coding of pain in the insula. eLife 2017;6:e24770. 

15. Henderson LA, Di Pietro F, Youssef AM, et al. Effect of expectation on pain processing: A 
psychophysics and functional MRI analysis. Front Neurosci 2020;14:6. 

16. Cheung CL, Phylactou P. Pain expectation effects are predicted by emotion rather than precision. 
J Neurosci 2025;45:e1599242024. 

17. Simic K, Savic B, Knezevic NN. Pain catastrophizing: how far have we come. Neurol Int 
2024;16:483-501. 

18. Haythornthwaite JA, Campbell CM, Edwards RR. When thinking about pain contributes to 
suffering: the example of pain catastrophizing. Pain 2024;165:S68-S75. 

19. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 
1977;84:191-215. 

20. You DS, Lannon E, Kim S, et al. Impact of pain self-efficacy on health outcomes in high-impact 
chronic pain: A longitudinal study. Clin J Pain 2025;41:e1295. 

21. Wirth B, Zwahlen J, Schweinhardt P. Pain beliefs, treatment expectations, and treatment 
experiences in spinal pain: a scoping review of qualitative studies. Pain Manag 2026;16:61-71. 

22. Caneiro JP, Bunzli S, O'Sullivan P. Beliefs about the body and pain: the critical role in 
musculoskeletal pain management. Braz J Phys Ther 2021;25:17-29. 

23. Malfliet A, Coppieters I, Van Wilgen P, et al. Brain changes associated with cognitive and 
emotional factors in chronic pain: A systematic review. Eur J Pain 2017;21:769-86.   



 18 

24. Senba E, Kami K. Exercise therapy for chronic pain: How does exercise change the limbic brain 
function? Neurobiol Pain 2023;14:100143. 

25. Siddall B, Ram A, Jones M, et al. The short-term impact of combining pain neuroscience 
education with exercise for chronic musculoskeletal pain: a systematic review and meta-analysis. 
Pain 2022;163:e20-e30. 

26. Chen C, Saito T, Wang L, et al. Sensory-emotional-cognitive effects of resistance exercise and 
Tai Chi exercise in Japanese community-dwelling older adults with chronic pain: a non-
randomized controlled trial. BMC Complement Med Ther 2025;25:367.  

27. Merchant R, Au L, Seetharaman S, et al. Association of pain and impact of dual-task exercise on 
function, cognition and quality of life. J Nutr Health Aging 2021;25:1053-63. 

28. Gatzounis R, Hollander M, Meulders A. Optimizing long-term outcomes of exposure for chronic 
primary pain from the lens of learning theory. J Pain 2021;22:1315-27.  

29. Riecke J, Rief W, Vlaeyen J, Glombiewski J. Generalizability of harm and pain expectations after 
exposure in chronic low back pain patients. Eur J Pain 2020;24:1495-1504.  

30. Gilanyi Y, Wewege M, Shah B, et al. Exercise increases pain self-efficacy in adults with non-
specific chronic low back pain: A systematic review and meta-analysis. J Orthop Sports Phys 
Ther 2023:1-20. 

31. Martínez-Calderon J, Flores-Cortes M, Morales-Asencio J, et al. Which interventions enhance 
pain self-efficacy in people with chronic musculoskeletal pain? A systematic review with meta-
analysis of randomized controlled trials, including over 12000 participants. J Orthop Sports Phys 
Ther 2020;50:418-430. 

32. Vorensky M, Murray T, McGovern A, et al. Effect of integrated exercise therapy and 
psychosocial interventions on self-efficacy in patients with chronic low back pain: A systematic 
review. J Psychosom Res 2022;165:111126. 

33. Alpalhão V, Cordeiro N, Pezarat-Correia P. Kinesiophobia and Fear Avoidance in Older Adults: 
A Scoping Review on the State of Research Activity. J Aging Phys Act 2022;30:1075-84. 

34. Marques-Sule E, Cabanillas-García J, Almenar-Bonet L, et al. Kinesiophobia, physical 
limitations and psychological distress as barriers to physical activity in heart transplantation 
patients: A qualitative study. J Clin Med 2025;14:7867. 

35. Kong M, Kim E, Park S, et al. Fearful-place coding in the amygdala-hippocampal network. eLife 
2020;10:e72040. 

36. Chua SKK, Lim CJ, Pua YH, et al. Is Kinesiophobia associated with quality of life, level of 
physical activity, and function in older adults with knee osteoarthritis? Clin Orthop Relat Res 
2025;483:667-76.  

37. Van Gastel M, Soares M, Van Iersel T, et al. Development of a standardized tool for memory-
induced kinesiophobia among patients with trauma-related recurrent shoulder instability. JSES 
Int 2025;9:611-618. 

38. Zhang M, Liu S, Xiong X, et al. Kinesiophobia in patients with coronary heart disease: a Rodgers' 
evolutionary concept analysis. Front Psychol 2025;16:1499962. 

39. Stemerding L, Van Ast V, Kindt M. Manipulating expectancy violations to strengthen the 
efficacy of human fear extinction. Behav Res Ther 2023;165:104319. 



 19 

40. Gromer D, Stegmann Y, Lorenz B, et al. A novel virtual reality fear conditioning paradigm to 
investigate the influence of expectancy violation on fear extinction. Behav Brain Res 
2024;479:115356. 

41. Kang J, Zhang Y, Yuk Y, Lim H. The effects of psychologically informed physical therapy on 
kinesiophobia, pain, disability, depression, and anxiety in patients with chronic low back pain: an 
intervention study focusing on graded exposure. J Phys Ther Sci 2025;37:556-560. 

42. Martínez-Miranda P, Casuso-Holgado M, García-Muñoz C, et al. Online pain neuroscience 
education and graded exposure to movement in breast cancer survivors: protocol of a randomized 
controlled trial. Front Med 2024;11:1355964. 

43. Domingues de Freitas C, Costa DA, Junior NC, Civile VT. Effects of the pilates method on 
kinesiophobia associated with chronic non-specific low back pain: Systematic review and meta-
analysis. J Bodyw Mov Ther 2020;24:300-306.  

44. Hanel J, Owen P, Held S, et al. Effects of exercise training on fear-avoidance in pain and pain-
free populations: systematic review and meta-analysis. Sports Med 2020;50:2193-2207. 

45. Liu H, Li H, Huang L, et al. The link between childhood physical activity enjoyment and adult 
kinesiophobia in individuals with chronic low back pain. BMC Public Health 2024;24:2557.   

46. Abudoush A, Noureen A, Panagioti M, et al. What can we learn about selective attention 
processes in individuals with chronic pain using reaction time tasks? A systematic review and 
meta-analysis. Pain 2023;164:1677-1692. 

47. Todd J, Van Ryckeghem D, Sharpe L, Crombez G. Attentional bias to pain-related information: a 
meta-analysis of dot-probe studies. Health Psychol Rev 2018;12:419-436. 

48. Zhang W, Löffler M, Usai K, et al. Hypervigilance to pain may predict the transition from 
subacute to chronic back pain: A longitudinal observational study. J Pain Res 2025;18:3141-
3158. 

49. Zhang J, Wang H, Guo L. Investigating the brain functional abnormalities underlying pain 
hypervigilance in chronic neck and shoulder pain: a resting-state fMRI study. Neuroradiology 
2024;66:1353-1361. 

50. Herbert M, Goodin B, Pero S, et al. Pain hypervigilance is associated with greater clinical pain 
severity and enhanced experimental pain sensitivity among adults with symptomatic knee 
osteoarthritis. Ann Behav Med 2014;48:50-60. 

51. Öztürk Ö, Algun Z, Bombacı H, Erdoğan S. Changes in prefrontal cortex activation with exercise 
in knee osteoarthritis patients with chronic pain: an fNIRS study. J Clin Neurosci 2021;90:144-
151. 

52. Palmer K, Shivgulam M, Champod A, et al. Exercise training augments brain function and 
reduces pain perception in adults with chronic pain: A systematic review of intervention studies. 
Neurobiol Pain 2023;13:100129. 

53. Ellingson L, Stegner A, Schwabacher I, et al. Exercise strengthens central nervous system 
modulation of pain in fibromyalgia. Brain Sci 2016;6:8. 

54. Dousset C, Wyckmans F, Monseigne T, et al. Enhancing attentional processing through 
sensorimotor neurofeedback training: evidence from a placebo-controlled, double-blind, event-
related potentials study. NeuroImage 2025:121608. 



 20 

55. Hormigo S, Cardoso A, Sancho C, et al. Associations between sensorimotor gating mechanisms 
and athletic performance in a variety of physical conditioning tests. Eur J Appl Physiol 
2019;119:921-932. 

56. Sotiropoulos S, Papandreou M, Mavrogenis A, et al. The effects of Qigong and Tai Chi exercises 
on chronic low back pain in adults: A systematic review and meta-analysis of randomized 
controlled trials. Cureus 2025;17:e84342. 

57. Zou L, Zhang Y, Yang L, et al. Are mindful exercises safe and beneficial for treating chronic 
lower back pain? A systematic review and meta-analysis of randomized controlled trials. J Clin 
Med 2019;8:628. 

58. Majeed M, Ali A, Sudak D. Mindfulness-based interventions for chronic pain: evidence and 
applications. Asian J Psychiatr 2018;32:79-83. 

59. Wen Y, Shi J, Wang Y, et al. Are mind-body exercise beneficial for treating pain, function, and 
quality of life in middle-aged and old people with chronic pain? A systematic review and meta-
analysis. Front Aging Neurosci 2022;14:921069. 

60. Day MA, Matthews N, Newman A, Mattingley JB, Jensen MP. An evaluation of the behavioral 
inhibition and behavioral activation system (BIS-BAS) model of pain. Rehabil Psychol 
2019;64:279-87. 

61. Sánchez-Rodríguez E, Racine M, Castarlenas E, et al. Behavioral activation and inhibition 
systems: further evaluation of a BIS-BAS model of chronic pain. Pain Med 2021;22:848-60.   

62. Turner AP, Jensen MP, Day MA, Williams RM. Behavioral activation and behavioral inhibition: 
An examination of function in chronic pain. Rehabil Psychol 2021;66:57-64.  

63. Smith A, Becker S. Increased behavioural inhibition and decreased behavioural activation in 
whiplash-associated disorders: Associations with health outcomes. Eur J Pain 2025;29:e4721.  

64. Taylor A, Becker S, Schweinhardt P, Cahill C. Mesolimbic dopamine signaling in acute and 
chronic pain: implications for motivation, analgesia, and addiction. Pain 2016;157:1194-8. 

65. Hughes L, Clark J, Colclough J, Dale E, McMillan D. Acceptance and commitment therapy for 
chronic pain: A systematic review and meta-analyses. Clin J Pain 2017;33:552-68. 

66. Ye L, Li Y, Deng Q, et al. Acceptance and commitment therapy for patients with chronic pain: A 
systematic review and meta-analysis on psychological outcomes and quality of life. PLoS One 
2024;19:e0301226. 

67. Casey M, Takemasa S, O'Reilly T, et al. Exercise combined with acceptance and commitment 
therapy for chronic pain: one-year follow-up from a randomized controlled trial. Eur J Pain 
2024;28:913-28. 

68. Booth J, Moseley G, Schiltenwolf M, et al. Exercise for chronic musculoskeletal pain: A 
biopsychosocial approach. Musculoskelet Care 2017;15:413-421.   

69. Liu J, Mak W, Tang A, et al. Effects of acceptance and commitment therapy plus exercise for 
older adults with chronic low back pain: A preliminary cluster randomized controlled trial with 
qualitative interviews. J Pain 2025;30:105350. 

70. Schütze R, Rees C, Slater H, et al. I call it stinkin' thinkin': A qualitative analysis of 
metacognition in people with chronic low back pain and elevated catastrophizing. Br J Health 
Psychol 2017;22:463-80. 



 21 

71. Ziadni M, Sturgeon J, Darnall B. The relationship between negative metacognitive thoughts, pain 
catastrophizing and adjustment to chronic pain. Eur J Pain 2018;22:1160. 

72. Romeo A, Di Tella M, Benfante A, Colonna F, Castelli L. Metacognition and pain in patients 
with fibromyalgia: the role of psychological distress. J Affect Disord 2025;382:85-8.  

73. Rachor GS, Penney AM. Exploring metacognitions in health anxiety and chronic pain: a cross-
sectional survey. BMC Psychol 2020;8:81. 

74. Schütze R, Rees C, Smith A, et al. Metacognition, perseverative thinking, and pain 
catastrophizing: A moderated-mediation analysis. Eur J Pain 2020;24:223-33. 

75. Holzer KJ, Todorovic MS, Wilson EA, et al. Cognitive flexibility training for chronic pain: a 
randomized clinical study. Pain Rep 2024;9:e1120. 

76. Chang J, Chou K, Chang Y, et al. Enhancing cognitive function and well-being in older adults 
with cognitive and physical decline: A meta-analysis of randomized controlled trials examining 
physical activity interventions. J Phys Act Health 2025:1-12. 

77. Álvarez-Bueno C, Pesce C, Cavero-Redondo I, et al. The effect of physical activity interventions 
on children's cognition and metacognition: A systematic review and meta-analysis. J Am Acad 
Child Adolesc Psychiatry 2017;56:729-38. 

78. Misje M, Ask T, Skouen J, et al. Body awareness and cognitive behavioral therapy for multisite 
musculoskeletal pain: patients' experiences with group rehabilitation. Physiother Theory Pract 
2023;40:2014-24. 

79. Alaiti R, Castro J, Lee H, et al. What are the mechanisms of action of cognitive-behavioral, mind-
body, and exercise-based interventions for pain and disability in people with chronic primary 
musculoskeletal pain? Clin J Pain 2022;38:502-509. 

80. Horsburgh A, Summers SJ, Lewis A, et al. The relationship between pain and interoception: a 
systematic review and meta-analysis. J Pain. 2024 Jul;25(7):104476.  

81. Lernia D, Serino S, Riva G. Pain in the body. Altered interoception in chronic pain conditions: A 
systematic review. Neurosci Biobehav Rev 2016;71:328-341. 

82. Price CJ, Colgan DD, Abu-Rish Blakeney E, et al. Patient outcomes improve in a pragmatic 
implementation pilot study of mindful awareness in body-oriented therapy (MABT) for chronic 
pain. Glob Adv Integr Med Health 2025;14:27536130251331029.   

83. Voss S, Patel I, Skowron C, et al. Interoception-based yoga for chronic pain: a pilot feasibility 
study. Glob Adv Integr Med Health 2025;14:27536130251400362.  

84. Massa M, Mantzorou M, Adamakidou T, et al. Association between quality of life, anxiety, and 
pain among older adults. Cureus 2025;17:e85522. 

85. Costa M, Logato M, Mageste C, et al. Qualitative and quantitative assessments of pain in anxious 
and depressed patients. Neuropsychiatrie 2025;39:20-27. 

86. Aaron R, Ravyts S, Carnahan N, et al. Prevalence of depression and anxiety among adults with 
chronic pain. JAMA Netw Open 2025;8:e250268. 

87. Zhao J, Shi W, Lu Y, et al. Alterations of monoamine neurotransmitters, HPA-axis hormones, 
and inflammation cytokines in reserpine-induced hyperalgesia and depression comorbidity rat 
model. BMC Psychiatry 2022;22:419. 



 22 

88. Lei A, Phang V, Lee Y, et al. Chronic stress-associated depressive disorders: the impact of HPA 
axis dysregulation and neuroinflammation on the hippocampus: A mini review. Int J Mol Sci 
2025;26:2940. 

89. Doan L, Manders T, Wang J. Neuroplasticity underlying the comorbidity of pain and depression. 
Neural Plast 2015;2015:504691. 

90. Kang D, Choi S, Shin H, et al. Modulation of brain-derived neurotrophic factor expression by 
physical exercise in reserpine-induced pain-depression dyad in mice. Exp Neurobiol 
2024;33:165-179. 

91. Xiong H, Hendrix J, Schabrun S, et al. The role of the brain-derived neurotrophic factor in 
chronic pain: links to central sensitization and neuroinflammation. Biomolecules 2024;14:71. 

92. Sun B, Peng A, Liu P, et al. Neuroprotection of exercise: P2X4R and P2X7R regulate BDNF 
actions. Purinergic Signal 2022;19:297-303. 

93. Kashi S, Mirzazadeh Z, Saatchian V. A systematic review and meta-analysis of resistance 
training on quality of life, depression, muscle strength, and functional exercise capacity in older 
adults aged 60 years or more. Biol Res Nurs 2022;25:88-106. 

94. Gordon B, McDowell C, Hallgren M, et al. Association of efficacy of resistance exercise training 
with depressive symptoms: meta-analysis and meta-regression analysis of randomized clinical 
trials. JAMA Psychiatry 2018;75:566-576. 

95. Uzawa H, Akiyama K, Furuyama H, et al. Autonomic responses to aerobic and resistance 
exercise in patients with chronic musculoskeletal pain: A systematic review. PLoS One 
2023;18:e0290061. 

96. Zhou Y, Meng F, Cui Y, et al. Regular aerobic exercise attenuates pain and anxiety in mice by 
restoring serotonin-modulated synaptic plasticity in the anterior cingulate cortex. Med Sci Sports 
Exerc 2021;54:566-581. 

97. Catalá P, Gutiérrez L, Écija C, Peñacoba C. The influence of physical activity and positive affect 
on the relationship between pain severity and cognitive performance in women with 
fibromyalgia. J Clin Med 2024;13:4421. 

98. Chen C, Finne E, Kopp A, Jekauc D. Can positive affective variables mediate intervention effects 
on physical activity? A systematic review and meta-analysis. Front Psychol 2020;11:587757. 

99. Doğan M, Gürbüz B. The impact of outdoor physical activity on psychological resilience in older 
adults: the role of perceived health in active ageing. Australas J Ageing 2025;44:e70051. 

100. Rometsch C, Martin A, Junne F, Cosci F. Chronic pain in European adult populations: a 
systematic review of prevalence and associated clinical features. Pain 2024;166:719-731. 

101. Meints S, Edwards R. Evaluating psychosocial contributions to chronic pain outcomes. Prog 
Neuropsychopharmacol Biol Psychiatry 2018;87:168-182. 

102. Cheng JOS, Cheng ST. Effectiveness of physical and cognitive-behavioural intervention 
programmes for chronic musculoskeletal pain in adults: a systematic review and meta-analysis of 
randomised controlled trials. PLoS One 2019;14:e0223367.  

103. Elbers S, Wittink H, Pool JJM, Smeets RJEM. The effectiveness of generic self-management 
interventions for patients with chronic musculoskeletal pain on physical function, self-efficacy, 
pain intensity and physical activity: a systematic review and meta-analysis. Eur J Pain 
2018;22:1577-1596. 



 23 

104. Gao Q, Li X, Pan M, et al. Comparative efficacy of mind-body exercise for treating chronic 
non-specific neck pain: A systematic review and network meta-analysis. Curr Pain Headache Rep 
2024;28:507-523. 

105. Sluka K, Frey-Law L, Bement H. Exercise-induced pain and analgesia? Underlying mechanisms 
and clinical translation. Pain 2018;159:S91-7. 

 

 

 

Table 1. Summary of the main mechanisms through which physical exercise may influence 

cognitive, behavioral, attentional, metacognitive, and emotional-affective dimensions of chronic pain 

(Strong evidence: RCT’s, systematic reviews, or meta-analyses with consistent results. Moderate 

evidence: findings supported by controlled or observational studies but limited consistency or 

replication. Preliminary evidence: exploratory, theoretical, mechanistic, or emerging findings.) 

Exercise mechanism Main evidence 

1. Exercise as cognitive 

restructuring 

Strong evidence: exercise may promote cognitive restructuring in chronic 

pain by reducing catastrophizing, modifying maladaptive pain beliefs, and 

strengthening pain self-efficacy.17-32 

2. Exercise as a 

behavioral experiment 

Strong evidence:  exercise can act as a graded exposure strategy, helping 

patients disconfirm catastrophic expectations related to movement. This 

process may reduce kinesiophobia, weaken avoidance behaviors, and 

improve disability.33-45 

3. Exercise as 

attentional training 

Moderate evidence: chronic pain is associated with hypervigilance and 

attentional bias toward pain-related stimuli. Exercise may counter this pattern 

by redistributing attentional resources and reducing the salience of 

nociceptive input.46-59 

4. Exercise as 

committed action 

Preliminary evidence: exercise may function as committed action by shifting 

behavior from pain-contingent avoidance to value-based engagement, 
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supporting functional recovery, psychological flexibility, and sustained 

participation.60-70 

5. Exercise and 

metacognition 

Preliminary evidence: exercise may influence metacognitive processes (e.g., 

attentional monitoring, rumination, and cognitive control strategies) and 

contents (e.g., beliefs and interpretations about thoughts and symptoms) by 

reducing rumination, promoting decentering, and improving awareness of 

bodily sensations.71-83   

6. Exercise and 

affective outcomes 

Strong evidence: exercise improves emotional-affective outcomes in chronic 

pain by reducing depressive and anxious symptoms and by enhancing quality 

of life.84-98 

 

 

Table 2. Key recommendations for future research on the psychosocial effects of exercise 

interventions in chronic pain. 

Research topic Recommendation Rationale 

Mechanistic 

understanding 

Studies should clarify under which 

conditions and through which 

mechanisms exercise exerts its effects in 

chronic pain. 

To move beyond general efficacy 

and identify the active therapeutic 

processes underlying exercise 

interventions. 

Process-based 

outcomes 

Studies should include psychological, 

attentional, metacognitive, and emotional 

outcomes in addition to pain and 

disability. 

To better identify mediators of 

change and explain how exercise 

produces clinical benefit. 

Modality-

specific effects 

Future research should determine whether 

different exercise modalities 

preferentially target distinct 

biopsychosocial domains. 

To support a more targeted and 

mechanism-based selection of 

exercise approaches. 
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Personalized 

rehabilitation 

Moderation analyses and stratified 

designs are needed to inform 

individualized, psychologically informed 

exercise programs. 

To optimize treatment matching and 

improve clinical effectiveness in 

chronic pain populations. 

 


