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ABSTRACT 

The definition of central sensitization encompasses enhanced processing and transmission of neural impulses within the 
central nervous system, ultimately leading to increased pain sensitivity. It is a key mechanism contributing to the 
development of chronic pain. This phenomenon is of great clinical relevance and plays a role in such conditions as migraine, 
chronic low back pain, fibromyalgia, and irritable bowel syndrome. The main aim of this review is to present the mechanisms 
underlying central sensitization, diagnostic methods, and potential therapeutic interventions in patients with chronic pain. 
Diagnostic tools that allow for the identification of patients with sensitization-related pain, as well as key neurophysiological 
mechanisms necessary for maintaining central sensitization, are also discussed. Future research should focus on developing 
therapeutic protocols targeting CS, identifying sensitization biomarkers, and improving diagnostic precision. 
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Methodology 

This article is a narrative–analytical review. The analysis included experimental (animal) models, 

human studies, and concepts related to nociplastic pain. Information regarding synaptic plasticity, alterations 

in descending modulation, and dysfunction of the antinociceptive system was systematized. Diagnostic tools 

and the clinical consequences of central sensitization across various conditions were also reviewed. 

To this end, a search was conducted in PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane 

Library. The search covered publications from 2000 to 2025, with particular emphasis on clinical studies, 

reviews, meta-analyses, and articles in neurobiology and social sciences. Clinical, experimental, and 

observational studies on central sensitization, neuroimaging and neurophysiological research, biomarker 

analyses, as well as articles on clinical implications, diagnostic tools, and modern therapeutic methods were 

included. 

 

Introduction 

Chronic pain is a major medical and social problem, affecting up to 30% of the adult population and 

generating significant social and economic costs [1]. Unlike acute pain, chronic pain has no biological purpose, 

worsens patient functioning, causes suffering, and is an important factor contributing to depression. Its 

definition includes a duration of symptoms longer than three months [2]. 

In the context of chronic pain, central sensitization (CS) is particularly important, representing one of 

the key mechanisms by which acute pain transitions into chronic pain. CS is defined as a state of increased 
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excitability of neurons within the central nervous system, leading to exaggerated pain responses to stimuli of 

normal or even subthreshold intensity [3]. 

This phenomenon plays a significant role in many conditions where chronic pain is one of the main 

symptoms, such as fibromyalgia, chronic low back pain, migraine, irritable bowel syndrome (IBS), and chronic 

fatigue syndrome [4]. 

Central sensitization is a complex phenomenon involving multiple neurophysiological processes such 

as glial cell activation, NMDA receptor activation, dysfunction of descending inhibitory pathways, and 

increased glutamate release [5]. These mechanisms raise important questions regarding their clinical 

implications in chronic pain. Understanding CS may support differential diagnosis in cases of unclear pain 

etiology and guide individualized therapeutic interventions targeting CS mechanisms, including 

pharmacotherapy, cognitive-behavioral therapy, and desensitization-based physiotherapy [6,7]. 

 

Mechanisms of Central Sensitization (CS) 

Central sensitization encompasses several complex neurophysiological processes such as synaptic 

plasticity, the wind-up phenomenon, dysfunction of descending inhibitory pathways, and pain potentiation. 

Neuronal plasticity within the central nervous system is one of the essential mechanisms leading to chronic 

pain development. Repeated nociceptive stimulation results in excessive activation of NMDA and AMPA 
receptors in dorsal horn neurons of the spinal cord. This leads to increased calcium influx and the establishment 

of long-term potentiation (LTP), responsible for pain memory and its persistence independent of ongoing tissue 

damage [5]. 

Additionally, pro-inflammatory cytokines (e.g., IL-1β, IL-6, TNF-α) are released, enhancing pain 

transmission, along with disturbances in noradrenergic and serotonergic pathways originating in the raphe 

nuclei and locus coeruleus, which constitute the descending inhibitory system [8]. As a consequence, the 

neuronal excitability threshold is lowered and pain modulation becomes impaired, resulting in two key 

phenomena: hyperalgesia—an exaggerated response to painful stimuli—and allodynia—pain occurring in 

response to normally non-painful stimuli such as touch, pressure, or temperature changes [4]. 

Another important phenomenon is wind-up, in which the repeated activation of C-fiber nociceptors leads 

to temporal summation of pain signals within the dorsal horn [5]. This results from NMDA receptor activation, 

increased intracellular calcium, and protein phosphorylation. Clinically, this is associated with pain 

experienced in the absence of ongoing peripheral nociceptive input, characteristic of many chronic pain 

conditions. 

Neuroimaging studies using fMRI and PET have demonstrated increased activity in brain regions 

involved in pain processing, including the cingulate cortex, insula, thalamus, and brainstem in patients with 

CS [9]. EEG and evoked potential studies show increased amplitude and reduced latency in response to painful 

stimuli, indicating hyperreactivity of central nociceptive structures [3]. 

 

Diagnosis of Central Sensitization 

Several scales assess symptoms associated with central sensitization, including the Hospital Anxiety 

and Depression Scale (HADS), Pain Catastrophizing Scale (PCS), and Central Sensitization Inventory (CSI). 

CSI is the most frequently used tool; it contains 25 items assessing somatic, cognitive, and emotional 

symptoms (e.g., sleep disturbances, fatigue, sensory hypersensitivity) [4]. However, it should be emphasized 

that CSI is not a stand-alone diagnostic test but rather a screening tool. 

Psychological questionnaires such as HADS and PCS allow identification of emotional–cognitive 

factors that may intensify CS mechanisms [6,7]. Quantitative Sensory Testing (QST), a standardized set of 

tests assessing pain thresholds for mechanical, thermal, and electrical stimuli, is also used diagnostically and 

allows identification of allodynia and hyperalgesia [10]. 

Current research focuses on identifying biochemical biomarkers of sensitization, such as levels of pro-

inflammatory cytokines, neuropeptides (substance P), and neurotrophic factors (BDNF) [8]. 

 

Central Sensitization in Clinical Conditions 

Studies show that central sensitization is a key pathophysiological mechanism in conditions such as 

fibromyalgia, chronic low back pain, migraine, and irritable bowel syndrome—where abnormalities in central 

sensory processing occur independently of peripheral tissue damage, leading to lowered pain thresholds, 

hyperalgesia, and allodynia [11]. 
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Fibromialgia is the prototypical example of a condition involving CS. It is characterized by chronic, 

widespread musculoskeletal pain and tender points. Patients show increased activation of cortical pain-

processing regions, dysfunction of descending antinociceptive pathways, and elevated glutamate and substance 

P levels [12]. 

Central sensitization is also relevant in chronic low back pain (CLBP), where reduced descending 

inhibition and nociceptive signal summation are frequently observed [13]. This central component often 

contributes to pain persistence. 

In migraine, both peripheral and central sensitization occur. Symptoms such as sound, light, and pain 

hypersensitivity are linked to CGRP release, activation of the trigeminal nucleus, and alterations in the 

somatosensory cortex [14]. Sensitization is more pronounced in chronic migraine, explaining its progression 

from episodic to chronic forms. 

In irritable bowel syndrome (IBS), CS plays a role through visceral hypersensitivity, impaired central 

pain modulation, and dysfunction of the brain–gut axis [15]. 

 

Clinical Implications and Therapeutic Management 

Understanding the mechanisms of central sensitization is crucial for diagnosis, treatment, and clinical 

management of chronic pain. It also shifts the perspective on pain from a purely tissue-damage phenomenon 
toward a more complex biopsychosocial concept [16,17]. 

Therapy must be individualized. Patients with a central pain component do not achieve satisfactory 

outcomes when treated solely with peripheral-focused interventions such as massage, mobilization, or physical 

modalities, which may even exacerbate symptoms [18]. Treatment should instead target central pain 

modulation through education, neuromodulatory pharmacotherapy, psychological strategies, and graded 

exercise. 

Patient education—pain neuroscience education (PNE)—is essential, as explaining chronic pain 

mechanisms in simple terms reduces pain-related fear and may decrease symptom severity [19]. 

Chronic pain syndromes generate substantial healthcare costs—both direct and indirect [20]. 

A CS-oriented approach may reduce unnecessary expenditures and improve care efficiency. 

Pharmacotherapy includes neuromodulatory agents such as SNRIs, TCAs, pregabalin, and gabapentin 

[21]. NSAIDs have limited efficacy, while opioids are not recommended due to the risk of opioid-induced 

hyperalgesia and addiction [22]. 

Non-pharmacological therapies include CBT, mindfulness, ACT, physiotherapy, neuromodulation 

(TENS, tDCS, rTMS), and emerging technologies such as virtual reality and therapeutic apps. CBT improves 

coping with pain and normalizes central pain-processing networks [23], while mindfulness and ACT reduce 

limbic system reactivity [24]. Regular physical activity enhances descending pain inhibition and improves 

neuroplasticity [25]. Physiotherapy focused on central mechanisms includes functional training and graded 

exposure. 

Digital technologies are gaining importance. Virtual reality enables integration of visual and motor 

stimuli, modulating pain and reducing fear [26]. 

 

Conclusions 

Central sensitization is a fundamental mechanism that explains many phenomena observed in chronic 

pain syndromes [11]. Numerous conditions, including fibromyalgia, IBS, migraine, and chronic low back pain, 

involve changes within the central nervous system such as increased neuronal excitability, dysfunction of pain-

modulation pathways, and neuroplastic disturbances [14]. 

Understanding CS mechanisms has reshaped pain management, highlighting the need for a 

biopsychosocial approach [17]. Standard interventions targeting peripheral structures may be insufficient—

central modulation is key [4]. 

Therapeutic strategies include pharmacotherapy (SNRIs, TCAs, anticonvulsants) [21] and non-

pharmacological methods such as neuromodulation (TENS, rTMS, tDCS), digital tools, patient education, 

CBT, and graded-exposure physiotherapy. 

Central sensitization is a crucial concept in chronic pain management. Understanding its mechanisms 

enables accurate diagnosis and implementation of neurophysiology-based therapies. Future research should 

focus on developing precise CS biomarkers, better understanding neuroplastic mechanisms, and using artificial 

intelligence tools for therapy personalization. 
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