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Abstract  
Chronic pain is a persistent health condition affecting millions of individuals worldwide and significantly impairing 
physical functioning, psychological well-being, and overall quality of life. Conventional pharmacological therapies are 
commonly used for pain management; however, they often provide limited long-term relief and may cause adverse effects 
when used for prolonged periods. Consequently, integrated treatment approaches combining physiotherapy and 
pharmacological technologies have gained increasing attention as effective strategies for chronic pain management. This 
review examines the combined role of physiotherapy interventions and pharmacological technologies in the treatment of 
chronic pain and evaluates their potential in improving therapeutic outcomes. A narrative review of relevant literature was 
undertaken to identify physiotherapy-based rehabilitation strategies, pharmacological therapies, neuromodulation 
techniques, and technologies in pain management. Literature studies that focused on pain modulation mechanisms, 
effectiveness of therapies, and innovations in pain management technologies were reviewed to identify their contribution 
to pain therapy. Literature evidence supports that physiotherapy-based interventions such as therapeutic exercise, manual 
therapy, and rehabilitation improve functional movements and reduce pain intensity in patients with chronic pain. 
Pharmacological technologies, including advanced drug delivery systems and targeted anti-inflammatory therapies, 
enhance treatment effectiveness by modulating biological pathways involved in pain signalling. Emerging technologies 
such as neuromodulation and digital therapeutics further contribute to improved patient engagement and treatment 
outcomes. Integrating physiotherapy with pharmacological technologies provides a comprehensive multidisciplinary 
approach that may improve therapeutic effectiveness and enhance quality of life. 
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1. Introduction  
Chronic pain is a common health condition that is 
defined as persistent pain lasting for longer than 3 
months and is linked to substantial impairment in the 
physical function, psychological well-being and the 
overall quality of life. In contrast to acute pain, which is 
a protective physiological response to an injury, chronic 
pain does not stop after a sick person has been 
successfully treated, returning to their normal fitness 
level, so it usually turns into a complex medical 
condition for which long-term management is 
necessary. Effective treatment, therefore, involves 
evidence-based interventions such as physiotherapy, 
rehabilitation strategies and non-pharmacological 
interventions such as transcutaneous electrical nerve 
stimulation1. 

Several chronic pain conditions, including 
fibromyalgia, musculoskeletal disorders and 
neuropathic pain syndromes, are affected by biological, 
psychological and neurological factors interacting. 
These interactions contribute to the changes in neural 
processing and may contribute to the modification of the 
perception and modulation of pain within the central 
nervous system. Neurophysiological investigations 
have revealed that neuromodulatory therapies such as 
electroacupuncture may affect the memory of pain and 
anxiety-related responses through the modulation of 
neurotransmitter receptors involved in the central pain 
modulation. In addition to neuromodulatory 
approaches, pharmacological interventions that involve 
bioactive compounds with anti-inflammatory and 
neuroprotective properties have shown a promising 
impact on alleviating neuropathic pain by the 
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modulation of molecular signalling pathways such as 
peroxisome proliferator-activated receptor gamma 
(PPAR - gamma)2. 
Understanding the biological mechanism underlying 
chronic pain has become especially important to 
formulate effective therapeutic strategies. Recent 
research focuses on the notion of nociplastic pain, that 
is, pain in the absence of tissue damage and nerve injury 
due to altered nociceptive processing. This category of 
pain would be particularly relevant in diseases such as 
fibromyalgia and chronic widespread pain in which 
central sensitisation plays a dominant role. Advances in 
digital health technologies have further broadened 
treatment options with the addition of digital 
therapeutics, which integrates behavioral programs, 
patient education, and a personalised rehabilitation 
program for chronic pain management. Integrated care 
models with physiotherapy, behavioural therapy and 
pharmacological treatment have shown improvements 
in functional outcomes and reductions in levels of 
disability in individuals with chronic low back pain. In 
addition, the management of post-infectious and post-
COVID-19 pain conditions has shown the importance of 
precision medicine approaches that take into account 
both physiological and psychosocial factors in the 
development of treatment strategies3. 
Physiotherapy is of central importance in the 
management of chronic pain as the focus is on restoring 
physical function, improving mobility and pain 
reduction through specific exercise therapy and physical 
rehabilitation techniques. Structured rehabilitation 
programs that involve therapeutic exercise, posture 
correction, manual therapy and patient education have 
been widely used to improve musculoskeletal function 
and diminish long-term disability in persons with 
persistent pain4. Clinical research trials examining the 
use of manual therapy in conjunction with computerised 
mobilisation and home-based exercise programmes 
have shown encouraging therapeutic potential of these 
therapies in the management of work-related neck pain 
and other chronic musculoskeletal disorders. Apart from 
physiotherapeutic interventions, pharmacological 
treatments, and neuromodulation treatments like spinal 
cord stimulation have been extensively researched for 
their potential to treat chronic pain syndromes that do 
not respond properly to standard treatments5. 
Pain classification and phenotyping strategies have led 
to an improved clinical insight into chronic pain by 
differentiating between nociceptive, neuropathic and 
nociplastic mechanisms. These categories are helpful to 
clinicians to prescribe therapeutic methods and develop 
specific treatment plans. Furthermore, research efforts 
containing participants place more importance on the 
need to involve patients' roles in research priorities and 
management strategies development for chronic 
musculoskeletal pain conditions. Clinical trials have 
also shown that non-invasive therapies such as 
transcutaneous electrical nerve stimulation have been 
shown to reduce pain intensity and increase endogenous 

opiate activity in people suffering from chronic pain in 
the lower back6. 
Technological innovations are being applied more than 
ever with physiotherapeutic and pharmacological 
approaches in an effort to improve treatment outcomes 
for chronic pain management. Virtual reality-based 
interventions have become one of the promising non-
pharmacological therapeutic interventions that can 
mitigate pain perception and anxiety by affecting 
sensory and cognitive responses to painful stimuli. 
Manual therapies like therapeutic massage have also 
been shown to be effective in enhancing functional 
outcomes and lessening pain in people with knee 
osteoarthritis and other musculoskeletal disorders. 
Neuromodulation technologies such as spinal cord 
stimulation the last example of neurostimulation of 
particular sites to reduce pain is spinal cord stimulation. 
Spinal cord stimulation has demonstrated therapeutic 
benefits in the treatment of chronic pelvic pain and other 
persistent pain syndromes by altering aberrant neural 
signalling pathways7. Digital health technologies also 
help in supporting patient empowerment and self-
management, in which precision medicine is combined 
with personalised treatment strategies. Advances in the 
neuroscience field have also underlined the importance 
of central sensitisation in chronic pain disorders, the 
need for certain therapeutic approaches that are specific 
in nature to address altered neural processing 
mechanisms. 
The design and evaluation of clinical trials examining 
neuromodulation technologies have played an important 
role in the development of better methodological 
standards in chronic pain research. According to 
international recommendations, therapeutic 
interventions on persistent pain conditions must be 
evaluated by rigorous knowledge of trial design, 
standardised assessment of outcome, and 
multidisciplinary treatment models8. Systematic 
reviews suggest that spinal cord stimulation may be an 
effective treatment for decreasing chronic low back pain 
and low extremity pain due to its effect on spinal and 
supraspinal pain pathways. It has also been 
demonstrated through experimental studies that 
neuromodulation therapies can alter the microglia 
activation in the spinal cord, and so complex 
neuroimmune linkages associated with pain 
modulations9. Additional approaches to 
neuromodulation, such as peripheral nerve stimulation 
and gasserian ganglion stimulation, have generated 
promising results in the treatment of neuropathic and 
facial pain disorders. Collectively, these findings point 
out the importance of combining physiotherapy, 
pharmacological technologies and neuromodulation 
strategies in developing composite treatment 
approaches in chronic pain management10. 
 
Objectives of the Review 
• To explore the role of physiotherapy interventions in 
the management and rehabilitation of chronic pain 
conditions. 
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• To assess the effectiveness of pharmacological 
therapies in the treatment of chronic pain. 
• To analyse the contribution of neuromodulation 
techniques in regulating abnormal pain signalling 
pathways 
 
2. Chronic Pain and Central Sensitisation: 
Pathophysiology. 
Pathophysiology of chronic pain is a kind of integrative 
neurobiological process over and above the original 
tissue trauma or inflammatory stimulus. Unlike acute 
pain, which can be explained as a form of pain 
protective response due to tissue damage, chronic pain 
continues even after the original tissue damage occurs 
during healing, due to the change that takes place in the 
neural processing and pain signalling pathway. 
Persistent pain disorders are frequently linked to 
malfunctions in the neural communication of the 
peripheral and central nervous system, which plays a 
role in abnormal perception and amplification of pain11. 
Central sensitisation is one of the most significant 
mechanisms of chronic pain, which describes the 
heightened excitability of neurons of the central nervous 
system. This phenomenon leads to thereved of 
nociceptive signalling and increases pain sensitivity 
even to stimuli that normally do not cause any pain. 
Rehabilitation research suggests that the 
physiotherapeutic interventions, such as pain 
neuroscience education and structured exercise therapy, 
can affect neural plasticity and improve clinical 
outcomes by modifying the mechanisms of pain 
perception12. 
Structural as well as functional changes in the 
musculoskeletal system also play a role in the 
persistence of chronic pain. These alterations can be in 
the form of muscle function, joint deterioration, and 
impaired movement patterns, which can result in 

decreased physical function and increased disability. 
Evidence-based rehabilitation strategies focusing on 
strengthening exercises, restoring mobility and 
functional rehabilitation have been recommended for 
conditions such as osteoarthritis to reduce long term 
disability associated with chronic pain disorders. 
Technological innovations have also offered important 
insights into modulating the chronic pain pathways13. 
Virtual reality-based therapies can affect the cognitive 
and sensory processing of pain by modifying the neural 
perception and emotional response to painful stimuli. 
On the same note, photobiomodulation therapy has been 
shown to minimise inflammatory cascades of action that 
relate to chronic musculoskeletal disorders. Targeted 
physical therapy interventions for myofascial pain 
disorders have also demonstrated improvements with 
functional movement patterns, as well as diminished the 
sensitivity of myofascial trigger points following 
rehabilitation treatment14. 
Pharmacological studies have also led to a better 
understanding of the molecular mechanisms of chronic 
pain development. Anti-inflammatory compounds with 
the potential to modulate the signalling processes like 
Mitogen-activated protein kinase (MAPK) and nuclear 
factor Kappa Beta (NF-kB) have shown the potential to 
reduce inflammatory response and lessen chronic pain 
symptoms. Additional investigations have also found 
antiviral and anti-inflammatory agents that can affect 
cell mechanisms related to inflammatory pain 
processes15. The development of chronic pain thus 
involves complex nerve-musculoskeletal-psychological 
interactions, which together play respective roles in the 
development of long-lasting pain states. An illustration 
of these mechanisms can be seen in Figure 1, which 
summarises some of the important biological processes 
involved in the development and modulation of chronic 
pain. 
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Figure 1: Pathophysiological mechanisms underlying chronic pain development 

 
3. Classification of Chronic Pain: Nociceptive, 
Neuropathic, and Nociplastic Pain 
Chronic pain is broadly categorised as nociceptive pain, 
neuropathic pain and nociplastic pain based on the 
physiological mechanisms involved and the type of 
tissue involved. This classification helps clinicians 
determine the source of pain and choose suitable 
therapeutic methods for effective treatment. Each 
category is a unique biological mechanism and usually 
involves various clinical study methodologies towards 
diagnosis and treatment16. Nociceptive pain is caused by 
tissue damage or potential tissue damage and is 
generally linked to inflammatory responses, 
musculoskeletal injuries and degenerative joint 
diseases. In this type of pain, specialised sensory 
receptors called nociceptors detect harmful stimuli such 
as mechanical stress, inflammation and lesions of 
tissues and signal through intact neural pathways to the 
central nervous system17. Conditions such as 
osteoarthritis, chronic low back pain and ligament 
injuries often involve nociceptive mechanisms where 
inflammation and structural damage cause stimulation 
of nociceptor activation. These pain signals are carried 
through peripheral nerves and are sent to the spinal cord 
as well as the brain, where they are interpreted as pain 
sensations. 
Rehabilitation-based treatment strategies are a large part 
of the treatment for nociceptive pain. Therapeutic 
exercise, manual therapy and physiotherapy 
interventions support the restoration of joint mobility, 
strengthening of supporting musculature and reduction 
of mechanical stress in affected tissues18. In addition, the 
use of anti-inflammatory medications are often 
prescribed to decrease the level of inflammation and 

pain symptoms associated with tissue injury. Combining 
physiotherapy with pharmacological management is 
beneficial in individuals experiencing improvement in 
functional recovery and reduced long term disability for 
patients with a long term musculo-skeletal disorder19.  
Neuropathic pain is produced by damage or dysfunction 
in the peripheral or central nervous system and is 
marked by abnormal sense processing and abnormal 
pain signals in response to tissue injury, even after the 
tissue injury has ceased43. Unlike nociceptive pain (as 
it is triggered by damage to the tissues), neuropathic 
pain is triggered by changes in neural structures 
involved in the transmission of pain. These changes can 
be caused by injury to the nerves, metabolic disorders, 
infections, and neurodegenerative disorders20. Patients 
suffering from neuropathic pain often have symptoms 
like burning sensations, tingling, electric shocks and 
increased sensitivity to stimuli. These symptoms occur 
because the nerves, which have been damaged, send 
abnormal electrical signals that are interpreted by the 
brain to be constant pain. 
Neuromodulation methods have turned out to be 
relevant modalities of treatment of neuropathic pain. 
Technologies like spinal cord stimulation and peripheral 
nerve stimulation operate via the delivery of electrical 
impulses obtained to regulate aberrant areas of neural 
signalling, as well as minimise pain sensation21. 
Pharmacological therapies such as anticonvulsant 
agents, antidepressants and anti-inflammatory agents 
are also commonly employed to treat neuropathic pain 
by addressing neuropathic pathways and inflammatory 
mechanisms involved in pain transmission. Integrating 
neuromodulation with pharmacological therapy can 
offer a substantial level of enhancements in pain 
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decrease and outcomes as far as functionality for 
patients with chronic neuropathic conditions 22. 
Nociplastic pain is a relatively recent classification, and 
it describes pain due to altered nociceptive processing 
with no obvious evidence of tissue damage or nerve 
injury. This form of pain is generally related to disorders 
like fibromyalgia, chronic widespread pain and some 
functional pain syndromes. In nociplastic pain 
conditions, the nervous system becomes hypersensitive 
due to central sensitisation, a process where neurons 
within the central nervous system have increased 
excitability with amplified responses to sensory 
stimuli23. As a result, people can face pain that can affect 
the whole body, carriage, sleep and cognitive problems 
despite no identifiable damage to the structures. 
Nociplastic pain is managed in a multidisciplinary and 
patient-centered way since it is a condition that 
combines both physiological and psychological factors. 
Management of nociplastic pain is done in various ways, 
including educating the patient, physiotherapy, 
cognitive behavioral therapy, and pharmacological 
management that aims to control neural processing and 

sick-coping mechanisms in pain management12. 
Exercise therapy and rehabilitation are important in 
nociplastic pain disorders since they are significant in 
improving the physical functions and quality of life of 
patients with nociplastic pain disorders. In addition, 
behavioral and psychological interventions can also be 
considered in order to address stress, anxiety, and 
emotional problems that may also impact pain 
perception. nderstanding the differences between 
nociceptive, neuropathic and nociplastic pain is critical 
to successful treatment strategies and the improvement 
of clinical outcomes for chronic pain management. 
Accurate classification permits clinicians to personalise 
therapeutic interventions based on the underlying 
biological mechanisms of pain in order to increase the 
effectiveness of these therapies and facilitate long-term 
therapeutic rehabilitation outcomes24. Nociceptive pain 
is common in musculoskeletal disorders such as 
osteoarthritis and chronic low back pain, for which 
physiotherapy and anti-inflammatory therapies are 
widely used for treatment, as presented in Table 1. 

 
Table 1: Classification and Characteristics of Chronic Pain Types 

Pain Type Definition Key Mechanisms Common Clinical 
Examples 

Typical Treatment 
Approaches References 

Nociceptive 
Pain 

Pain arising from 
actual or potential 
tissue damage 

Activation of 
nociceptors due to 
inflammation or 
injury 

Osteoarthritis, 
chronic low back 
pain 

Physiotherapy, anti-
inflammatory drugs, 
and rehabilitation 
exercises 

25 

Neuropathic 
Pain 

Pain caused by 
damage or 
dysfunction in the 
nervous system 

Abnormal neural 
signalling and 
altered sensory 
processing 

Occipital 
neuralgia, 
peripheral 
neuropathy 

Neuromodulation and 
targeted 
pharmacological 
therapy 

23 

Nociplastic Pain 

Pain resulting from 
altered nociceptive 
processing without 
clear tissue damage 

Central 
sensitisation and 
altered neural 
modulation 

Fibromyalgia, 
chronic 
widespread pain 

Multidisciplinary 
management, 
including 
physiotherapy and 
behavioural therapy 

5 

Inflammatory 
Pain 

Pain associated with 
immune-mediated 
inflammatory 
responses 

Release of 
inflammatory 
mediators and 
cytokines 

Rheumatoid 
arthritis, 
inflammatory joint 
disorders 

Anti-inflammatory 
pharmacological 
therapy and 
rehabilitation 

14 

Musculoskeletal 
Pain 

Pain originating from 
muscles, joints, or 
connective tissues 

Mechanical stress 
and structural 
dysfunction 

Shoulder 
disorders, 
mechanical low 
back pain 

Exercise therapy and 
physiotherapy 
interventions 

23 

Post-Infectious 
Pain 

Pain persists after 
infectious diseases 

Neuroimmune and 
inflammatory 
pathway activation 

Post-COVID 
chronic pain 
syndromes 

Precision medicine 
and multidisciplinary 
rehabilitation 

8 

 
4. Role of Physiotherapy in Chronic Pain 
Management 
Physiotherapy plays a very important role in the 
management of chronic pain by concentrating on 
restoring functional mobility, enhancing the strength of 
the musculoskeletal system, and reducing pain through 
non-pharmacological techniques. Rehabilitation 
strategies based on physiotherapy are an attempt to 
improve physical function, reduce disability and 

improve the quality of life of individuals with persistent 
pain25. Therapeutic exercise programmes are widely 
applied in chronic pain rehabilitation because they 
enhance physical conditioning, joint stability and 
sensitivity to pain through neuromuscular adaptations. 
Evidence-based physiotherapy programs often involve: 
stretching exercises, strengthening programs, manual 
therapy, and patient education aimed at addressing the 
physical impairments and functional limitations of the 



A Study on the Combined Role of Physiotherapy and Pharmacological Technology in Chronic Pain Treatment 
 

IJDDT, Volume 16 Issue 18s, 2026 Page 487 

 

chronic pain disorders26. Exercise therapy has been 
regarded as one of the most effective physiotherapeutic 
interventions in chronic musculoskeletal pain 
conditions. Structured exercise programs increase 
muscle strength, flexibility and endurance, which results 
in increased stability of the joints and decreased 
mechanical stress on affected tissues. Regular 
participation in rehabilitation exercises also improves 
circulation, tissue healing and helps improve the 
coordination of the musculoskeletal structures involved 
in movement27. In addition, patient education is an 
important component of physiotherapy programs as it 
helps individuals to understand the mechanisms of pain 
and encourages active participation in rehabilitation. 
Manual therapy techniques have a very high impact on 
physiotherapy practice to reduce pain and restore 
mobility in patients with chronic musculoskeletal 
disorders. These techniques are joint mobilisation, soft 
tissue manipulation, and myofascial release; all these 
techniques are directed towards increasing the 
flexibility of the tissues and reducing muscle tension. 
Clinical studies on the effectiveness of physiotherapy 
for the treatment of myofascial trigger points have 
proved that the manual treatment of the trigger point is 
effective in reducing pain and improving shoulder 
functions among patients suffering from 
musculoskeletal disorders28. Physiotherapy also 
involves correcting posture and movements and using 
functional rehabilitation techniques, which helps in 
reducing the occurrence of recurrent pain. 
Rehabilitation programs often focus on physical 
training, i.e. to improve daily exercises and physical 
independence. The techniques of movement retraining 
are aimed at addressing maladaptive movement patterns 
that could cause before having chronic pain and 
musculoskeletal dysfunction. Functional rehabilitation 
is also focused on improving balance, coordination and 
joint stability to improve overall physical performance 

and decrease risk of injury29. These strategies are 
especially helpful to people with chronic low back pain, 
osteoarthritis, and other musculoskeletal disorders that 
limit mobility and physical function. 
Besides traditional therapies based on exercise, 
innovative physiotherapeutic modalities have been 
presented to improve the results of pain management. 
Photo-biomodulation therapy has been shown to 
decrease inflammatory mediators linked to chronic low 
back pain, suggesting its use as an adjunct treatment 
modality in physiotherapy practice³². This therapy 
utilises the light-based technology to stimulate cellular 
activity, tissue repair and provides anti-inflammatory 
effects to the affected tissues30. 
Emerging approaches in technology have led to a further 
scope of physiotherapy in chronic pain management. 
Virtual reality-based rehabilitation programs are 
effective in decreasing pain perception and 
psychological well-being by changing cognitive 
responses to pain stimulation31. These technologies can 
produce immersive therapeutic environments that 
distract from pain sensations in patients while 
promoting and inducing active movement and 
participation in rehabilitation movements. Digital 
physiotherapy platforms and tele-rehabilitation systems 
have also improved access to rehabilitation services by 
providing the patient with remote guidance and 
monitoring from healthcare professionals. The fusion of 
innovative technologies with the traditional 
physiotherapy approach has led to an improved level of 
engagement and treatment adherence of patients31. 
Combining exercise therapy, manual therapy and 
technology-assisted rehabilitation offers 
physiotherapists the opportunity to focus on the physical 
and psychological aspects of chronic pain32. These 
integrated strategies contribute towards improved 
functional outcomes, as well as long-term pain 
management, and are summarised in Table 2. 

 
Table 2: Physiotherapy Interventions Used in Chronic Pain Management 

Physiotherapy 
Intervention Mechanism of Action Therapeutic Benefits Clinical 

Applications References 

Therapeutic Exercise 
Improves muscle 
strength and joint 
stability 

Enhances mobility and 
reduces pain sensitivity 

Chronic spinal pain, 
osteoarthritis 25 

Manual Therapy 
Mechanical 
mobilisation of joints 
and soft tissues 

Reduces localised pain 
and improves range of 
motion 

Myofascial pain, 
musculoskeletal 
disorders 

33 

Photobiomodulation 
Therapy 

Reduces inflammatory 
mediators in tissues 

Decreases pain intensity 
and supports tissue 
healing 

Chronic low back 
pain 22 

Virtual Reality Therapy 
Alters cognitive and 
sensory perception of 
pain 

Reduces anxiety and 
pain perception 

Chronic low back 
pain rehabilitation 31 

Transcutaneous 
Electrical Nerve 
Stimulation (TENS) 

Electrical stimulation 
increases endogenous 
opioid activity 

Pain relief and 
neuromodulation 

Chronic low back 
pain 14 

Pain Neuroscience 
Education 

Modifies patient 
understanding of pain 
mechanisms 

Improves treatment 
adherence and coping 
strategies 

Chronic spinal pain 
rehabilitation 28 
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5. Pharmacological Approaches for Chronic Pain 
Treatment 
Pharmacological therapies are an integral part of 
chronic pain treatment, especially for patients living 
with moderate to severe pain that is interfering 
significantly with daily functions and physical 
activities33. These pharmacological treatments are the 
current focus of intensive research to lower the intensity 
of pain, prevent inflammation and enhance the quality 
of life of patients by modulating certain biological 
pathways involved in the transfer of painful stimuli. 
Anti-inflammatory drugs, analgesics and 
neuromodulatory medications are commonly prescribed 
to control chronic pain conditions as they work on 
different physiological mechanisms that are responsible 
for pain perception and inflammation. Pharmacological 
interventions reduce the symptoms of inflammatory 
reactions, modulate neural mechanisms of 
transmissions, and populate individuals with persistent 
pain disorders with better functional performance34. 
Nonsteroidal anti-inflammatory drugs and other types of 
analgesic medications are often used to manage 
inflammation and relieve ICA analgesic nociceptive 
pain belonging to disorders of the musculature and 
degenerative articulation of joints and chronic 
inflammatory states. These drugs take their effect by 
preventing inflammatory mediators that help in tissue 
irritation and pain communication. In addition to the 
usual analgesics, a number of pharmacological agents 
have been developed for targeting neural pathways 
involved in neuropathic pain. These agents help to 
regulate the activity of neurotransmitters and help to 
decrease the abnormal neural signalling involved in 
chronic pain persistence35. 
The recent pharmacological studies have also been 
concerned with the role of bioactive compounds in the 
modulation of molecular pathways of inflammation and 
pain progression. Investigations into anti-inflammatory 
agents focusing on signalling pathways in the body 
(mitogen-activated protein kinase, nuclear factor kappa-
B) have shown promising results in therapeutic effects 
at reducing inflammatory responses and reducing pain 
symptoms36. These are usually involved in controlling 
processes of immune reaction and cellular signaling, 
which are usually involved in chronic inflammation. 
Ignorance of these molecular processes has thus evolved 
into a key concept in the formulation of enhanced 
pharmacological treatment modalities in painful states 
in the chronic situation. 
Apart from pharmacological methods, in this current 
research, there is a strong emphasis placed on the need 
to integrate pharmacological treatment methods with 
non-pharmacological methods. Multimodal treatment 
methods that include physiotherapy, neuromodulation 
methods, and pharmacological methods are 
recommended in dealing with chronic pain states 37. 
With this method, it would be possible to address both 
biological and functional deficits that are usually 
involved in the long-term state of pain. By combining 

medication with rehabilitation and technological inter 
involvement, healthcare providers can have more 
complete pain management and better long-term patient 
outcomes38. 
 
6. Neuromodulation Methods used in Chronic Pain 
Management 
Neuromodulation technologies have taken on an 
important role as effective therapeutic approaches to the 
treatment of chronic pain, especially in patients with a 
predisposition to not respond adequately to traditional 
pharmacological therapies39. These technologies 
include the use of controlled application of electrical 
power to specific neural structures to control abnormal 
pain signalling pathways. The techniques of 
neuromodulation are currently becoming wider in the 
management of the neuropathic forms of pain due to 
their direct effect on the neural pathways that transmit 
pain40. 
Spinal cord stimulation is one of the best-investigated 
neuromodulation methods and has shown considerable 
efficacy in the reduction of chronic neuropathic pain and 
improvement in patient quality of life. This technique 
employs implants of electrodes, neighbouring the spinal 
cord, that then provide electrical impulses in order to 
control any abnormal nervous activity. By changing the 
way the pain signals are transmitted through the spinal 
cord and preventing them from reaching centres higher 
up in the brain, spinal cord stimulation can greatly help 
patients with persistent pain conditions to reduce their 
perception of pain41. 
Peripheral nerve stimulation is another important 
method of neuromodulation that is used in the treatment 
of neuropathic pain disorders. This approach consists of 
stimulating some peripheral nerves related to the 
transmission of pain in order to decrease the intensity of 
pain and to improve the functional results. Clinical 
investigations have demonstrated the benefit of 
peripheral nerve stimulation in the treatment of 
conditions such as occipital neuralgia and other chronic 
neurological pain disorders, as a source of effective pain 
relief42. The focused stimulation of peripheral nerves 
enables clinicians to treat localised pain processing with 
limited effects that would be seen with pharmacological 
treatments throughout the body. 
Experimental research has also been useful in offering 
valuable insights into the biological mechanisms that 
underlie neuromodulation therapies. Studies have 
shown that spinal cord stimulation can affect microglial 
activation in the spinal cord, suggesting the role of 
neuroimmune interactions in pain modulation. 
Microglial cells are important in the process of 
modulating inflammatory reactions within the nervous 
systems and their activation might affect neural 
plasticity and pain sensitivity. The importance of 
understanding these biological mechanisms is to make 
neuromodulation treatment more effective and be able 
to enhance its potential to increase the long-term 
effective results of the therapy43. 
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Advances in neuromodulation technologies continue to 
increase the treatment options for patients who suffer 
from chronic and treatment-resistant pain conditions. 
The study is focusing on the design of the device, 
parameters of the stimulation and clinical practices to 

increase patient safety and treatment effectiveness. 
These mechanisms and therapeutic processes are shown 
in Figure 2, which summarises the neuromodulation 
therapy process involved in chronic pain management. 

 

 
Figure 2: Process of neuromodulation therapy in chronic pain management 

 
 
7. Emerging Technologies in Pain Management 
Advancements in medical technology have had a major 
impact on the evolution of innovative methods used in 
the management of chronic pain. These technologies 
have the objectives of improving the effectiveness of 
therapies, driving patient engagement and reducing the 
dependency on long-term pharmacological treatments. 
Digital therapeutics and interventions using virtual 
reality have been identified as potentially useful tools 
that can help to enhance patient participation in 
treatment programs and decrease the perception of pain 
using cognitive and sensory modulation 31. Virtual 
reality environments provide immersive experiences for 
patients, distracting them from their pain and helping 
them relax and participate more actively in 
rehabilitation activities. These are increasingly being 
included in pain management programs that are for the 
psychological well-being and adherence to treatment. 
Technological innovations in drug delivery systems also 
contribute to the improvement of pharmacological pain 
management. Advanced drug delivery systems such as 
hydrogel drug delivery and transdermal therapeutic 
systems are being explored for their potential ability to 
deliver analgesic drugs more efficiently and with 
minimum side effects on the rest of the body, which are 
often associated with the use of conventional 
medications such as oral and injectable medications44. 
These drug delivery systems allow for the controlled 
and sustained release of drugs such as those for 
therapeutic pets, so that they are delivered directly into 

and through the skin or targeted tissues. Controlled drug 
release not only increases the therapeutic efficacy but 
also helps in achieving better patient compliance 
because of the reduced frequency and better 
convenience of treatment. Transdermal drug delivery 
technologies have various benefits in the treatment of 
chronic pain since it circumvents the gastrointestinal 
metabolism and provides constant levels of plasma 
concentration of drugs. Hydrogel drug delivery systems 
have various benefits in pain treatment since it is able to 
retain moisture and stability of drugs and diffuse drugs 
for a longer period of time through the skin. These 
benefits of hydrogel drug delivery systems make it more 
valuable in pain treatment since it is able to deliver 
drugs for pain conditions that last for a longer period of 
time. 
Microneedle technology in transdermal drug delivery 
devices is another technological innovation in pain 
treatment16. These devices have microscopic needles 
that can penetrate the outer part of the skin without any 
serious pain and discomfort. These devices have shown 
various benefits in pain treatment through experimental 
investigations of hydrogel microneedle devices in pain 
treatment through electro-modulated transdermal 
analgesic devices. By using microneedle technology 
and controlled drug delivery systems, it is able to 
enhance the efficacy of pain treatment with the lowest 
dose of pain drugs and minimize side effects and 
toxicity22.In addition to enhancing pharmacological 
delivery, these technological advancements are part of 
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efforts to develop more personalised and targeted 
treatment plans for chronic pain treatment. The 
combination of digital therapeutics, advanced drug 
delivery systems, and minimally invasive technologies 
opens new possibilities to clinicians to better benefit 

from pain treatment and enhance the overall comfort of 
patients and therapeutic outcomes26. These new 
emerging technologies and their application in chronic 
pain therapy are listed in Table 3. 

 
Table 3: Pharmacological and Technological Innovations in Chronic Pain Treatment 

Technology / 
Therapy Mechanism Clinical Purpose Advantages References 

Advanced Drug 
Delivery Systems 

Controlled release of 
analgesic drugs 

Improve 
pharmacological 
effectiveness 

Reduced systemic side 
effects 36 

Hydrogel-Based 
Drug Delivery 

Sustained release of 
therapeutic compounds 

Long-term analgesic 
delivery 

Improved stability and 
targeted therapy 36 

Microneedle 
Transdermal 
Systems 

Electro-modulated 
transdermal drug 
transport 

Enhanced analgesic 
drug penetration 

Minimally invasive drug 
delivery 38 

Spinal Cord 
Stimulation 

Electrical modulation of 
spinal pain pathways 

Treatment of chronic 
neuropathic pain 

Improved quality of life 
and pain reduction 21 

Peripheral Nerve 
Stimulation 

Stimulation of targeted 
peripheral nerves 

Reduction of 
neuropathic pain 
symptoms 

Targeted 
neuromodulation therapy 23 

Digital 
Therapeutics 

Digital behavioural and 
educational 
interventions 

Patient self-
management and 
engagement 

Personalised chronic 
pain treatment 6 

 
8. Multimodal and Integrative Approaches in 
Chronic Pain Treatment 
Chronic pain management is more dependent on 
multimodal treatment approaches that integrate 
pharmacological, physical and psychological 
treatments. Multidisciplinary treatment programs that 
combine physiotherapy, pharmacological therapy and 
patient education have proven to be more effective and 
sustainable in pain relief than solitary modalities of 
treatment²⁷. In such integrated approaches, there is a 
consideration of the multifactor processes of biological, 
neurological, and psychosocial elements that have led to 
the persistence and advancement of long-term pain. By 
addressing several pathways suspected to be involved in 
the perception and functional impairment of pain, more 
efficacious treatment paradigms (multimodal) can be 
used to maximise overall treatment outcomes and 
patient quality of life. 
Exercise therapy is one of the best non-pharmacological 
interventions for chronic musculoskeletal pain. 
Rehabilitation programs targeting strengthening 
exercises, flexibility exercises, and functional 
movements restoration have shown significant 
improvements in pain reduction, joint mobility and 
physical performances in patients with chronic pain 
disorders²⁹. The purpose of such rehabilitation strategies 
is to restore physical capacity, to improve stability of the 
musculoskeletal system and to prevent further 
deterioration of the joint and muscle functional system. 
In addition, exercise-based rehabilitation helps to 
promote circulation, enhance neuromuscular 
coordination, and provide long-term recovery for people 
with persistent pain conditions. 

Patient-centred treatment strategies have also gained 
greater prominence in the treatment of chronic pain 
today. Approaches such as telerehabilitation and digital 
platforms of healthcare allow patients to have access to 
therapeutic interventions at home and therefore allow 
patients to have consistent adherence to treatment 
programs30. These digital technologies make it easy to 
communicate between the healthcare provider and the 
patient and to continuously monitor rehabilitation 
progress. Remote rehabilitation services also enhance 
accessibility to physiotherapy and pain management 
programs, particularly for people with geographical and 
mobility-related barriers to healthcare access. As a 
result, digital health platforms have become widely 
recognised as useful tools in helping to manage chronic 
pain conditions over the long term. 
 
9. Limitations and Future Directions 
Even though increased research is emerging about 
chronic pain management, there are still some 
limitations in the current research literature. Studies 
examining chronic pain interventions usually vary about 
study design, study participants, and treatment 
approaches, potentially affecting the consistency and 
comparability of the findings. Many investigations deal 
mainly with single therapeutic methods (physiotherapy, 
pharmacological therapy or neuromodulation) rather 
than with a comprehensive investigation of integrated 
treatment concepts with many different treatment 
means. Furthermore, several clinical studies focus on 
short-term treatment outcomes and the long-term 
effectiveness and sustainability of therapeutic strategies 
are not well explored. 
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Therefore, it is essential that research is carried out to 
develop multidisciplinary approaches that involve 
physiotherapy, pharmacological technologies, and even 
digital health technologies to improve the management 
of chronic pain. It is also essential to use large-scale 
randomised control trials to assess the efficacy of 
combination therapy approaches to improve chronic 
pain management. It is also essential to improve 
precision medicine technologies to improve drug 
delivery methods to develop personalized approaches to 
pain management according to patients’ needs. 
It is also essential to improve access to treatment 
through telemedicine technologies to improve patients’ 
access to treatment to monitor patients’ response to 
treatment. It is also essential to use Artificial 
Intelligence-based technologies to improve health 
monitoring devices to improve personalized pain 
management approaches. Such technologies have the 
potential to improve the management of chronic pain by 
allowing for earlier intervention, improving treatment 
adherence, and improving the accurate assessment of 
treatment efficacy. 
 
10. Conclusion 
Chronic pain remains a multifactorial and complex 
health state with substantial effects on physical, 
psychological, and quality-of-life outcomes. The 
growing incidence of chronic pain-related disorders 
indicates the need for multidimensional pain 
interventions, including the biological and functional 
domains of pain. Conventional pain interventions, 
which mainly include pharmacological interventions, 
are not considered effective in the long-term control of 
pain, and the need for the integration of non-
pharmacological interventions (physiotherapy and 
rehabilitation interventions) has been highlighted. 
Physiotherapy interventions, which are part of 
therapeutic exercises, physical rehabilitation, and 
physical modalities, have shown significant importance 
in controlling and treating patients suffering from 
chronic pain-related conditions. On the other hand, it 
has also shown significant promise in improving pain 
control and treatment with the improvement of 
pharmacological technology and new drug delivery 
systems. The improvement of technology and the 
introduction of new methods of pain control, including 
neuromodulation techniques, digital medicine, and 
virtual rehabilitation software, have only shown 
promise in improving treatment and control of pain and 
has introduced new avenues of treatment and control of 
chronic pain syndrome conditions. The technological 
and therapeutic improvements have shown promising 
avenues in improving patient involvement and 
controlling treatment outcomes and medication 
treatment. The multidisciplinary and patient-centered 
approach to treatment and control of pain using 
physiotherapy interventions, pharmacological therapy, 
and technological improvements has shown significant 
promise as one of the best methods of treatment and 
control of pain. Further research and improvement in the 

areas of treatment and control using new and innovative 
methods of treatment and control will be necessary to 
enhance treatment outcomes and develop more effective 
interventions in pain management. 
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