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Abstract
Aim and Objectives: This study aims to evaluate the role of physiotherapy in pain modulation and to provide mechanistic insights into non-pharmacological interventions that complement or substitute pharmacologic therapies. The objectives include reviewing underlying neurophysiological mechanisms, therapeutic techniques, and clinical evidence supporting physiotherapy in chronic pain management. Methodology:A literature review was conducted using PubMed, Scopus, and Web of Science, focusing on studies published between 2005 and 2025. Randomized controlled trials, systematic reviews, and mechanistic studies examining physiotherapy modalities—such as exercise therapy, manual therapy, transcutaneous electrical nerve stimulation (TENS), and therapeutic ultrasound—were analyzed. Results: Evidence suggests that physiotherapy alleviates pain through multiple mechanisms including modulation of nociceptive signaling, enhancement of endogenous opioid release, reduction of central sensitization, and improvement of musculoskeletal function. Interventions such as exercise therapy and TENS demonstrated significant reductions in pain intensity, improved mobility, and decreased reliance on pharmacological agents across diverse patient populations. Conclusion: Physiotherapy offers a safe, effective, and mechanistically validated non-pharmacological strategy for chronic pain management. By targeting neural, muscular, and psychosocial components of pain, physiotherapy serves as a vital adjunct or alternative to pharmacological treatments, promoting long-term functional recovery and enhanced quality of life.



1. Introduction
Chronic pain is a widespread and debilitating condition, affecting a significant portion of the global population1 . It not only diminishes the quality of life for those who suffer from it but also places a substantial economic burden on healthcare systems and society as a whole2. Chronic pain is often defined as pain that persists for more than three months or extends beyond the expected healing time3. This prolonged duration can lead to significant physical and psychological distress, impacting daily activities, work productivity, and social relationships4,5. The complexity of chronic pain necessitates a comprehensive and multidisciplinary approach to management, moving beyond traditional pharmacological interventions. Pharmacological treatments, particularly opioids, have long been a mainstay in chronic pain management6. However, their effectiveness is often limited, and their use is associated with a range of adverse effects, including the risk of analgesic misuse and dependence7. The CDC has issued guidelines emphasizing the importance of careful consideration of the benefits and risks of opioid therapy, highlighting the need for alternative approaches8. The limitations and potential dangers of long-term opioid use have spurred increased interest in non-pharmacological interventions for chronic pain management9 . Non-invasive non-pharmacological therapies (NINPT) encompass a diverse array of interventions, including physical, psychological, complementary, and alternative approaches. These therapies offer analgesic options for chronic pain without the use of medications, addressing the limitations and risks associated with pharmacological treatments. NINPTs aim to restore normal pain processing and limit central sensitization by leveraging peripheral, spinal, and supraspinal mechanisms. 
The integration of non-pharmacological interventions into contemporary pain management paradigms is essential for improving patient care and outcomes . These interventions can be used as standalone treatments or in combination with pharmacological approaches to provide a more holistic and patient-centered approach to pain management. By addressing the biological, psychological, and social dimensions of chronic pain, NINPTs offer a comprehensive strategy for improving patients' quality of life and overall well-being11.
2. Mechanisms of Pain: Biological and Psychosocial Dimensions
Understanding the intricate mechanisms of pain processing is crucial for developing effective treatment strategies. Pain signals are transmitted through a complex network of central and peripheral pathways, involving various structures and neurotransmitters. The peripheral nervous system plays a critical role in detecting and transmitting noxious stimuli to the central nervous system, where the signals are further processed and interpreted13. Nociceptors, specialized sensory neurons located in the skin, muscles, and other tissues, are responsible for detecting potentially harmful stimuli, such as heat, pressure, and chemicals .When activated, nociceptors send electrical signals along peripheral nerves to the spinal cord. Within the spinal cord, these signals are relayed to the brain via ascending pathways, including the spinothalamic tract12. The brain then processes these signals, resulting in the subjective experience of pain. Central sensitization, a key mechanism in chronic pain, involves the amplification of pain signals within the central nervous system14. This process leads to an increased sensitivity to pain, where even normally non-painful stimuli can trigger pain15 . Central sensitization is characterized by alterations in neuronal excitability, synaptic plasticity, and the release of pro-inflammatory mediators within the spinal cord and brain16.
The biopsychosocial model (BPS) provides a comprehensive framework for understanding chronic pain, recognizing the interplay of biological, psychological, and social factors in the pain experience2,11 . This model emphasizes that pain is not solely a result of tissue damage or physiological dysfunction but is also influenced by psychological factors such as mood, beliefs, and coping strategies, as well as social factors such as social support and cultural norms. The International Association for the Study of Pain (IASP) has introduced the term "nociplastic pain" to describe pain arising from altered nociception without clear evidence of actual or threatened tissue damage15. This classification acknowledges that some chronic pain conditions are better understood as diseases in their own right, rather than merely symptoms of other underlying pathologies. The biopsychosocial model aligns with this understanding, recognizing the complex interplay of factors contributing to the chronic pain experience11.
Psychological factors, such as anxiety, depression, and stress, can significantly influence the perception and experience of pain12,17. Emotional states can modulate pain pathways in the brain, either amplifying or attenuating pain signals18. Negative emotions, such as fear and catastrophizing, have been shown to exacerbate pain, while positive emotions and coping strategies can help to reduce pain12 . The movement system, including muscle strength, flexibility, and motor control, also plays a crucial role in chronic pain19. Impaired movement patterns and muscle imbalances can contribute to pain and disability, while exercise and physical therapy can help to restore normal movement and reduce pain 20. Physical activity and exercise can improve muscle strength and flexibility, reduce inflammation, and enhance overall physical function, leading to a reduction in pain21,19.
3. Principle Non-Pharmacological Interventions in Physiotherapy
Exercise therapies are a cornerstone of non-pharmacological pain management, offering a range of benefits for individuals with chronic pain [21], [19]. Aerobic exercise, such as walking, cycling, and swimming, can improve cardiovascular health, reduce inflammation, and enhance overall physical function19. Strengthening exercises, including resistance training and weightlifting, can increase muscle strength and stability, improving support for joints and reducing pain19. Neuromuscular exercises, such as balance training and proprioceptive exercises, can improve motor control and coordination, reducing the risk of injury and pain19 . Active physiotherapy (APT), which embraces a patient-centered approach, prioritizes self-management within the biopsychosocial model and involves active patient movements19. Beyond structured exercise, APT incorporates pain neuroscience education, Mulligan Mobilization (MWM), and active myofascial release techniques to integrate sensory-motor information for functional recovery and pain relief19 . A study comparing APT versus conventional physical therapy (CPT) on pain and functional outcomes in patients with chronic knee pain demonstrated that APT significantly improved most functional performance variables compared to CPT19.
Manual therapy techniques, including massage, stretching, and joint mobilization, are commonly used to address musculoskeletal pain and improve function20. Massage therapy involves the manipulation of soft tissues to reduce muscle tension, improve circulation, and alleviate pain20. Stretching exercises can increase flexibility and range of motion, reducing stiffness and improving overall movement20. Joint mobilization techniques involve the gentle movement of joints to restore normal joint mechanics and reduce pain20. These manual therapy interventions aim to address musculoskeletal impairments, reduce pain, and improve overall physical function20. By targeting specific tissues and joints, manual therapy can help to restore normal movement patterns, reduce muscle tension, and alleviate pain20. These techniques can be used in conjunction with exercise therapies to provide a comprehensive approach to pain management20 . Modalities such as transcutaneous electrical nerve stimulation (TENS) and acupuncture are often used as adjuncts to other physiotherapy interventions for pain relief22,23. TENS involves the application of a mild electrical current to the skin via electrodes, which can help to reduce pain by stimulating nerve fibers and blocking pain signals24. Acupuncture involves the insertion of thin needles into specific points on the body, which can help to release endorphins and reduce pain14.
While the mechanisms underlying the effectiveness of TENS and acupuncture are not fully understood, these modalities have been shown to provide pain relief for some individuals with chronic pain22,23. These modalities are often used in combination with other physiotherapy interventions, such as exercise and manual therapy, to provide a comprehensive approach to pain management22. TENS is a commonly used non-pharmacological intervention for the management of pain24.
Patient education and cognitive-behavioral approaches are essential components of non-pharmacological pain management, empowering patients to take an active role in their own care20 . Patient education involves providing individuals with information about their condition, treatment options, and self-management strategies20. Cognitive-behavioral approaches, such as cognitive-behavioral therapy (CBT), aim to address psychological factors that contribute to pain, such as negative thoughts, emotions, and behaviors20. CBT techniques can help individuals to identify and modify negative thought patterns, develop coping strategies for managing pain, and improve their overall psychological well-being20. By addressing the psychological and emotional aspects of pain, patient education and cognitive-behavioral approaches can help individuals to reduce pain, improve function, and enhance their quality of life20. These approaches are often integrated into multidisciplinary pain management programs to provide a holistic approach to care20.
4. Mechanisms Underlying Non-Pharmacological Pain Modulation
Non-pharmacological interventions modulate pain through a variety of mechanisms, addressing nociceptive, neuropathic, and psychosocial aspects of the pain experience9,11. These interventions can influence pain pathways at multiple levels, from the peripheral nervous system to the brain12. By targeting specific mechanisms, non-pharmacological therapies can provide effective pain relief and improve overall function9 . Exercise therapies, for example, can reduce inflammation, improve blood flow, and enhance muscle strength, all of which can contribute to a reduction in nociceptive pain19 . Manual therapy techniques can restore normal joint mechanics, reduce muscle tension, and alleviate pain by addressing musculoskeletal impairments20. Cognitive-behavioral approaches can modify negative thought patterns, improve coping strategies, and reduce emotional distress, all of which can help to modulate the psychosocial aspects of pain20. Non-pharmacological interventions can alter central inhibition and excitability, influencing the way pain signals are processed within the central nervous system9,16 . Central sensitization, a key mechanism in chronic pain, involves the amplification of pain signals within the central nervous system9. Non-pharmacological therapies can help to reduce central sensitization by restoring normal inhibitory mechanisms and reducing neuronal excitability9. Exercise, for example, has been shown to increase the release of endogenous opioids, which can activate inhibitory pathways in the spinal cord and brain, reducing pain9. Manual therapy techniques can also influence central pain processing by stimulating mechanoreceptors and activating descending inhibitory pathways20. Cognitive-behavioral approaches can help to reduce central excitability by modifying negative thought patterns and reducing emotional distress20. Non-pharmacological interventions can induce neuroplastic changes in the brain, leading to long-term alterations in pain processing . Neuroplasticity refers to the brain's ability to reorganize itself by forming new neural connections throughout life18. Chronic pain can lead to maladaptive neuroplastic changes in the brain, which can perpetuate the pain experience25 .(Apkarian et al., 2013) Non-pharmacological therapies can promote adaptive neuroplastic changes, helping to restore normal pain processing and reduce pain18. Exercise, for example, has been shown to increase gray matter volume in brain regions involved in pain modulation, such as the prefrontal cortex and the amygdala18. Cognitive-behavioral approaches can also induce neuroplastic changes by modifying neural circuits involved in emotional regulation and pain perception20. Expectation and placebo effects also play a significant role in non-pharmacological pain modulation26. The placebo effect refers to the phenomenon where a sham treatment can produce a real improvement in symptoms due to the individual's expectation of benefit26 . Non-pharmacological interventions can harness the power of expectation and placebo effects to enhance pain relief26 . By creating a positive therapeutic environment and fostering a sense of hope and optimism, clinicians can maximize the benefits of non-pharmacological therapies26.
5. Clinical Evidence: Efficacy and Limitations
Systematic reviews and meta-analyses provide a comprehensive overview of the evidence supporting the efficacy of non-pharmacological interventions for chronic pain27,28. These studies synthesize the findings from multiple clinical trials to provide a more precise estimate of treatment effects and identify potential sources of bias27. Numerous systematic reviews and meta-analyses have demonstrated the effectiveness of various non-pharmacological therapies for different chronic pain conditions28 . Exercise therapies, such as aerobic exercise and strengthening exercises, have been shown to be effective for reducing pain and improving function in individuals with chronic low back pain, osteoarthritis, and fibromyalgia19,29. Manual therapy techniques, such as massage and joint mobilization, have also been shown to provide pain relief and improve function in individuals with musculoskeletal pain20. Cognitive-behavioral therapy (CBT) has been shown to be effective for reducing pain, improving mood, and enhancing coping strategies in individuals with various chronic pain conditions20. The duration, consistency, and comparative effectiveness of non-pharmacological interventions are important considerations when evaluating their clinical utility26 . Some non-pharmacological therapies may provide short-term pain relief, while others may have more long-lasting effects26. The consistency of treatment effects across different studies and patient populations is also an important factor to consider26. Comparative effectiveness research aims to compare the effectiveness of different treatments for the same condition29 . This type of research can help clinicians to make informed decisions about which treatments are most likely to benefit their patients29. Studies comparing different non-pharmacological therapies have shown that some interventions may be more effective than others for specific chronic pain conditions29.
Patient-centered concerns, such as adherence, side effects, and quality of life, are important considerations when implementing non-pharmacological interventions. Adherence refers to the extent to which individuals follow the recommendations of their healthcare providers. Non-pharmacological therapies often require active participation from patients, and adherence can be a challenge for some individuals20. Side effects are also an important consideration, although non-pharmacological therapies generally have fewer side effects than pharmacological treatments. Some non-pharmacological interventions, such as acupuncture, may be associated with minor side effects, such as soreness or bruising30. Quality of life is a key outcome measure in chronic pain management. Non-pharmacological therapies aim to improve patients' quality of life by reducing pain, improving function, and enhancing overall well-being31. The Clinical evidence from systematic reviews and meta-analyses on the efficacy, limitations, and patient-centered outcomes of pharmacological and non-pharmacological interventions in chronic pain management are mentioned below in Table-1.
	Intervention
	Sample Size / Studies Included
	Consistency of Evidence
	Comparative Effectiveness
	Adverse Effects / Limitations
	Patient-Centered Concerns (Adherence, QoL, Satisfaction)
	Ref.

	NSAIDs in chronic musculoskeletal pain
	65 RCTs, >6,000 patients
	Moderate
	More effective than placebo, less than physiotherapy
	GI bleeding, renal impairment
	Moderate adherence, QoL not significantly improved
	[1]

	Opioids for chronic non-cancer pain
	96 trials, >26,000 patients
	Low–moderate
	More effective than placebo, inferior safety profile
	Dependence, overdose risk
	Poor adherence long-term, reduced QoL due to side effects
	[2]

	Antidepressants (Duloxetine) for neuropathic pain
	23 RCTs, >7,000 patients
	High for neuropathic pain
	Comparable to pregabalin
	Nausea, fatigue
	Adherence often limited by side effects
	[3]

	Exercise therapy for chronic low back pain
	249 trials, >24,000 patients
	High
	Superior to usual care, similar to manual therapy
	Minimal risk (muscle soreness)
	High adherence, improves QoL & function
	[4]

	Manual therapy in musculoskeletal disorders
	51 RCTs
	Moderate
	Comparable to exercise
	Technique-dependent, therapist variability
	Acceptable adherence, improved patient satisfaction
	[5]

	TENS for neuropathic and musculoskeletal pain
	49 RCTs, >3,000 patients
	Low–moderate
	Better than placebo, but inconsistent vs. pharmacological
	Tolerance with prolonged use
	Adherence variable, improves functional QoL
	[6]

	Multimodal physiotherapy in osteoarthritis
	60 studies, >10,000 patients
	High
	More effective than single therapy
	Limited access, therapist availability
	Improved QoL and function, high adherence
	[7]

	Cognitive Behavioral Therapy (CBT) for chronic pain
	59 studies, >8,000 patients
	Moderate
	Improves pain coping, not superior in pain intensity reduction
	Requires trained specialists
	Good adherence, improves mental health and QoL
	[8]

	Acupuncture for chronic pain (back, OA, headache)
	39 RCTs, >20,000 patients
	High
	Superior to sham and usual care
	Mild adverse effects (bruising)
	High patient acceptance, improves QoL
	[9]

	Multimodal approach (pharma + physiotherapy)
	42 studies
	High
	Superior to either alone
	Cost, complexity
	High satisfaction, better adherence and QoL outcomes
	[10]


Table 1. Clinical evidence from systematic reviews and meta-analyses on the efficacy, limitations, and patient-centered outcomes of pharmacological and non-pharmacological interventions in chronic pain management.
6. Emerging Technologies and Future Directions
Digital and extended reality (XR) therapeutics are emerging as promising tools for non-pharmacological pain management6 . Virtual reality (VR) is a novel method for chronic pain management6 . XR technologies, including VR and augmented reality (AR), can provide immersive and interactive experiences that can help to reduce pain, improve mood, and enhance coping strategies6 . VR interventions can be used to create distracting and engaging environments that can divert attention away from pain6 . AR interventions can overlay digital information onto the real world, providing real-time feedback and guidance during exercise and rehabilitation6 . These technologies have the potential to revolutionize pain management by providing accessible, engaging, and personalized treatment options6 . The integration of multimodal approaches in clinical practice is essential for providing comprehensive and patient-centered pain management9,10 . Multimodal pain management involves the combination of different treatment modalities, such as pharmacological interventions, non-pharmacological therapies, and psychological support, to address the multiple dimensions of chronic pain9. By integrating different approaches, clinicians can tailor treatment plans to meet the specific needs of each patient10. A multidisciplinary approach, involving a team of healthcare professionals from different disciplines, such as physicians, physiotherapists, psychologists, and occupational therapists, is often used to deliver multimodal pain management10. This team-based approach ensures that all aspects of the patient's condition are addressed, leading to improved outcomes and enhanced quality of life10 . The biopsychosocial model supports the use of multimodal approaches11 .
Despite the growing body of evidence supporting the efficacy of non-pharmacological interventions for chronic pain, several research gaps remain23. Further research is needed to identify the most effective interventions for specific chronic pain conditions, as well as to understand the mechanisms underlying their effectiveness23. Methodologically sound, large studies are needed in this area23 .
Additional research is also needed to evaluate the long-term effectiveness of non-pharmacological therapies and to identify factors that predict treatment success26. Studies exploring validity, test-retest reliability, interobserver concurrent validity, and content are needed15 . Future studies should focus on patient-centered outcomes, such as quality of life and functional capacity, as well as on cost-effectiveness31 . By addressing these research gaps, we can further optimize the use of non-pharmacological interventions in the management of chronic pain32 .
7. Conclusion
Physiotherapy-based interventions play a pivotal role in pain modulation by targeting both peripheral and central mechanisms, including neuromuscular adaptations, neuroplasticity, and modulation of inflammatory pathways. Beyond symptom relief, these approaches carry significant clinical implications for reducing pharmacological dependence, improving functional outcomes, and enhancing quality of life. Integrating non-pharmacological strategies such as exercise therapy, manual techniques, and mind–body practices into pain management protocols can provide safer, sustainable, and patient-centered care. Ultimately, an interdisciplinary model—combining physiotherapy with pharmacological and psychosocial interventions—offers the most effective pathway for comprehensive pain management.
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