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Abstract

Background: Interventional pain procedures such as epidural steroid injections, nerve0
blocks, radiofrequency ablation, and neuromodulation are widely used for the treatment
of chronic pain conditions. However, clinical outcomes remain inconsistent, and many
patients experience persistent pain despite technically successful procedures targeting
peripheral pathology. Increasing evidence suggests that altered central pain processing,
particularly central sensitisation, may contribute to treatment failure in interventional
pain management. Objective: To examine the role of central sensitisation as a
determinant of poor outcomes following interventional pain procedures and to discuss
its implications for patient selection and treatment planning. Methods: A narrative review
of clinical and mechanistic studies examining the relationship between central
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sensitisation and outcomes of interventional pain procedures was conducted. Literature
was identified from major biomedical databases including PubMed, Scopus, Web of
Science, and Google Scholar using keywords related to central sensitisation, nociplastic
pain, and interventional pain management. Results: Evidence indicates that central
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sensitisation alters nociceptive processing within the central nervous system, leading to
amplification of pain signals and persistence of symptoms despite treatment of peripheral
pathology. Patients exhibiting features of central sensitisation frequently demonstrate
reduced response to interventional pain procedures and may experience ongoing pain
even after technically successful interventions. Conclusion: Central sensitisation
represents an important factor influencing the success of interventional pain procedures.
Incorporating screening tools and mechanism-based assessment into routine clinical
practice may improve patient selection and guide personalized pain management
strategies.
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INTRODUCTION

Chronic pain represents a major global health challenge and is among the leading causes of disability worldwide. It affects
a significant proportion of the adult population and is associated with reduced quality of life, functional impairment, and
substantial socioeconomic burden.t As the prevalence of chronic pain conditions continues to rise, clinicians increasingly
rely on interventional pain procedures as part of multidisciplinary pain management strategies.
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Interventional techniques such as epidural steroid injections, facet joint blocks, radiofrequency ablation, and spinal cord
stimulation are commonly used to target specific anatomical pain generators. These procedures aim to interrupt nociceptive
signaling arising from peripheral tissues and thereby alleviate pain.2 Advances in imaging guidance and procedural
techniques have improved the precision and safety of many of these interventions.

Despite these developments, treatment outcomes remain highly variable. A substantial proportion of patients experience
minimal or short-term benefit even when procedures are technically successful and the presumed peripheral pain generator
has been appropriately targeted.® This discrepancy between procedural success and clinical outcome suggests that
mechanisms beyond peripheral pathology may contribute to persistent pain.

One important mechanism proposed to explain this phenomenon is central sensitisation. Central sensitisation refers to
increased responsiveness of neurons within the central nervous system that results in amplification of nociceptive signals.*
Through a series of neuroplastic changes, the central nervous system becomes hypersensitive to sensory input, producing
exaggerated pain responses.
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Central sensitisation can develop following prolonged nociceptive input resulting from tissue injury or inflammation.
Persistent stimulation of peripheral nociceptors can lead to increased excitability of dorsal horn neurons in the spinal cord
and altered pain processing within the brain.® As a result, stimuli that would normally produce mild or no pain may evoke
exaggerated responses, a phenomenon known as hyperalgesia or allodynia.

These central nervous system changes may persist even after the initial peripheral injury has resolved. Consequently, pain
can become self-sustaining and independent of ongoing peripheral pathology.® This has important implications for
interventional pain management because many procedures are designed to treat peripheral nociceptive sources.

Emerging research suggests that patients with features of central sensitisation often experience poorer outcomes following
medical or surgical treatments.” In such cases, interventions directed solely at peripheral pathology may fail to adequately
relieve pain because the underlying mechanism involves altered central nervous system processing.

A related concept is nociplastic pain, which refers to pain arising from altered nociceptive processing without clear evidence
of tissue damage or nerve injury.® Conditions such as fibromyalgia and certain chronic musculoskeletal pain syndromes
frequently involve nociplastic mechanisms and may demonstrate limited response to interventions targeting peripheral
structures.

Recognition of central sensitisation has therefore become increasingly important in modern pain medicine. Screening tools
such as the Central Sensitization Inventory (CSI) and quantitative sensory testing methods have been developed to help
identify patients with features suggestive of central pain amplification.® Incorporating such assessments into clinical
practice may improve patient selection and optimize treatment strategies.This review examines the role of central
sensitisation as a potential determinant of treatment failure in interventional pain procedures and explores its implications
for mechanism-based pain management.

MATERIALS AND METHODS
This article was conducted as a narrative review aimed at synthesizing available evidence regarding the influence of central
sensitisation on outcomes of interventional pain procedures.

Literature search strategy

Relevant literature was identified through searches of PubMed, Scopus, Web of Science, and Google Scholar. Keywords
included central sensitisation, central sensitization, nociplastic pain, interventional pain management, epidural injections,
radiofrequency ablation, spinal cord stimulation, and treatment outcomes.

Inclusion criteria
Studies were included if they:

. evaluated central sensitisation mechanisms in chronic pain
. examined outcomes of interventional pain procedures
. explored predictors of treatment response in chronic pain conditions

Both clinical and experimental studies were considered.

Exclusion criteria

Non-English articles without available translations and studies lacking relevance to interventional pain outcomes were
excluded.

Findings were organized into thematic categories addressing neurobiology, clinical manifestations, and implications of
central sensitisation for interventional pain procedures.

RESULTS

Central sensitisation: mechanisms and neurobiology

Central sensitisation is characterized by increased excitability of neurons within the central nervous system. Woolf first
described this phenomenon as a mechanism underlying post-injury pain hypersensitivity.!® Persistent nociceptive input can
induce long-term potentiation in dorsal horn neurons, enhancing synaptic transmission within pain pathways.'t At the
molecular level, excitatory neurotransmitters such as glutamate and substance P play a key role in amplifying nociceptive
signals. Activation of NMDA receptors contributes to sustained neuronal excitability and prolonged pain responses.12

Neuroinflammatory processes also contribute to central sensitisation. Activation of microglia and astrocytes leads to release
of pro-inflammatory cytokines that enhance neuronal excitability and disrupt inhibitory pain modulation.t* Functional
neuroimaging studies demonstrate altered activity in brain regions involved in pain processing, including the anterior
cingulate cortex and insula, in patients with chronic pain associated with central sensitisation.!* These alterations further
contribute to heightened pain perception.
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Figure 1. Conceptual framework illustrating peripheral versus central mechanisms in pain and treatment response. When
pain originates from peripheral pathology, interventional procedures targeting the local source often provide effective
relief. In contrast, when central sensitisation predominates, altered central nervous system processing may lead to persistent
pain despite technically successful interventions.

Clinical manifestations of central sensitisation

Central sensitisation often manifests clinically as widespread pain sensitivity and exaggerated responses to stimuli.
Hyperalgesia and allodynia are common features of centrally mediated pain.’* Patients may also report fatigue, sleep
disturbances, and cognitive difficulties, reflecting broader effects of altered central nervous system processing.'¢ Conditions
frequently associated with central sensitisation include fibromyalgia, chronic low back pain, migraine, and
temporomandibular disorders.'” In these disorders, structural abnormalities may not fully explain symptom severity.
Assessment tools such as the Central Sensitization Inventory provide a practical method for identifying patients with
symptoms suggestive of central pain amplification.'®

Central sensitisation as a predictor of poor outcomes in interventional pain procedures

Increasing evidence suggests that central sensitisation influences the outcomes of interventional pain procedures. Patients
with features of central sensitisation often experience persistent pain despite technically successful interventions.' In
chronic low back pain, studies have shown that individuals with higher central sensitisation scores are less likely to achieve
sustained pain relief following spinal injections.?® Similarly, patients undergoing radiofrequency ablation for facet joint
pain may continue to experience pain even after successful denervation, suggesting that central mechanisms maintain pain
perception.? Research in surgical populations further supports this relationship. Preoperative central sensitisation has been
associated with increased risk of persistent postoperative pain.2 These findings emphasize that pain phenotypes
characterized by central sensitisation may respond poorly to treatments targeting peripheral nociceptive sources.

Clinical implications for interventional pain practice

Recognition of central sensitisation has important implications for clinical practice. Assessment of central pain
amplification may help clinicians identify patients less likely to benefit from invasive procedures. Incorporating screening
tools and mechanism-based evaluation into patient assessment may improve treatment selection and reduce unnecessary
interventions.

Patients with significant central sensitisation may benefit more from therapies targeting central pain modulation, including
pharmacologic neuromodulators, psychological therapies, and multidisciplinary rehabilitation programs.
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DISCUSSION

Further prospective studies are needed to determine whether screening for central sensitisation can reliably predict
outcomes of interventional procedures. Standardized assessment protocols and validated clinical biomarkers may facilitate
identification of central pain amplification in routine clinical practice. Advances in neuroimaging and neurophysiology
may also provide objective tools for identifying central sensitisation and guiding personalized treatment strategies.

The variability in outcomes of interventional pain procedures highlights the complex nature of chronic pain. Central
sensitisation provides a plausible explanation for persistent pain despite technically successful interventions. Adopting a
mechanism-based approach that considers both peripheral and central contributors to pain may improve treatment outcomes
and promote more personalized pain management strategies.

CONCLUSION

Central sensitisation represents an important mechanism influencing the success of interventional pain procedures.
Identifying patients with centrally mediated pain may improve clinical decision-making and reduce unnecessary invasive
interventions. Integrating mechanism-based assessment into pain management may ultimately enhance the effectiveness
of interventional therapies and advance precision pain medicine.
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