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Pain is a distressing feeling often caused by intense or damaging stimuli. The 
International Association for the Study of Pain defines pain as “an unpleasant 
sensory and emotional experience associated with, or resembling that associated 
with, actual or potential tissue damage.” In medical diagnosis, pain is regarded 
as a symptom of an underlying condition. Pain is the most common reason for 
any individual to reach out for medical support. It is a major symptom in several 
medical conditions and can interfere with a person’s quality of life and general 
functioning. As such, prevention and management of pain are of paramount 
importance in remedying any disease.

Pain is part of our lives; it makes us alert, and it is a “signal for danger.” However, 
when pain extends far beyond the healing period, it becomes an independent 
medical entity known as chronic pain. This book brings new perspectives on pain, 
particularly the management of pain. It examines the pain from biochemical, 
pharmaceutical, and clinical angles. 

We would like to take this opportunity to thank the authors who have contributed so 
many wonderful chapters to this book. In addition, our heartfelt appreciation goes 
to IntechOpen and Author Service Manager Ms. Sandra Maljavac, who supported us 
throughout the creation and publication of this volume. 

This book will be of value to academics conducting pain research in all its complexity, 
as it contains updated and current content. We have no doubt that readers will find 
these fresh points of view insightful and astute in moving forward the existing 
knowledge on pain.

Dr. Viduranga Waisundara
Australian College of Business and Technology – Kandy Campus,

Sri Lanka

Dr. Ines Banjari
Associate Professor,

Faculty of Food Technology,
University of Osijek,

Croatia

Dr. Jelena Balkic
University Hospital Osijek,

Croatia

XII



II

Chapter 9 125
Perceptions of Women toward Non-Pharmacological Methods  
for Pain Relief during Labor
by Teketel Ermias Geltore and Abiy Tadesse Angelo

Chapter 10 139
Supporting Communication Vulnerable Children to Communicate  
Their Pain
by Ensa Johnson

Section 3
Pharmaceuticals and Bioactives for Pain Management 159

Chapter 11 161
Nutraceutical Alternatives to Pharmaceutical Analgesics in Osteoarthritis
by Shane M. Heffernan and Gillian E. Conway

Chapter 12 203
Multimodal Pharmacological Analgesia in Pain Management
by Antonella Paladini and Giustino Varrassi

Chapter 13 217
The Role of Cupping Therapy in Pain Management: A Literature Review
by Asma Al-Shidhani and Abdulaziz Al-Mahrezi

Chapter 14 235
Analgesics
by Mihai Botea

Chapter 15 257
NSAIDs, Opioids, and Beyond
by Coti Phillips, Edwin Contreras and Jessica Oswald

Chapter 16 271
Analgesic Potential of Monoterpenes from Citrus Essential Oils
by Ines Banjari, Jelena Balkić and Viduranga Yashasvi Waisundara

Preface

Pain is a distressing feeling often caused by intense or damaging stimuli. The 
International Association for the Study of Pain defines pain as “an unpleasant 
sensory and emotional experience associated with, or resembling that associated 
with, actual or potential tissue damage.” In medical diagnosis, pain is regarded 
as a symptom of an underlying condition. Pain is the most common reason for 
any individual to reach out for medical support. It is a major symptom in several 
medical conditions and can interfere with a person’s quality of life and general 
functioning. As such, prevention and management of pain are of paramount 
importance in remedying any disease.

Pain is part of our lives; it makes us alert, and it is a “signal for danger.” However, 
when pain extends far beyond the healing period, it becomes an independent 
medical entity known as chronic pain. This book brings new perspectives on pain, 
particularly the management of pain. It examines the pain from biochemical, 
pharmaceutical, and clinical angles. 

We would like to take this opportunity to thank the authors who have contributed so 
many wonderful chapters to this book. In addition, our heartfelt appreciation goes 
to IntechOpen and Author Service Manager Ms. Sandra Maljavac, who supported us 
throughout the creation and publication of this volume. 

This book will be of value to academics conducting pain research in all its complexity, 
as it contains updated and current content. We have no doubt that readers will find 
these fresh points of view insightful and astute in moving forward the existing 
knowledge on pain.

Dr. Viduranga Waisundara
Australian College of Business and Technology – Kandy Campus,

Sri Lanka

Dr. Ines Banjari
Associate Professor,

Faculty of Food Technology,
University of Osijek,

Croatia

Dr. Jelena Balkic
University Hospital Osijek,

Croatia

XIII



1

Section 1

Pain Management -  
Updates



1

Section 1

Pain Management -  
Updates



3

Chapter 1

What Do We Need to Consider for 
Pain Management?
Srini Chary

Abstract

Chronic pain in palliative care is viewed as an illness but remains as a  subjective 
symptom. Hence, we must consider genetics, pain experience, coping skills, 
 epigenetic effects, mental health, social determinants of health, interventions, and 
molecular biology. Acute pain transitions to chronic pain in some individuals follow-
ing an injury, and there is poor evidence to stop such change. Acute, Chronic, and 
mixed pain can occur in patients with trauma, cancer, organ failure due to primary 
illness and other co-morbidities. The response to interventions may include biopsy-
chosocial, non-pharmacological, surgery, radiation, chemotherapy, interventional 
radiology, pharmacological and depending upon survivorship, consider what is 
appropriate with peer reviewed medical evidence. Neurobiology is important in rela-
tion to physical and psychological issues; it affects an expression of pain. Manageable 
pain and relief are considered as being Human Right. Lack of adequate knowledge 
and treatment resources are common for care providers and patients. Cancer and 
noncancer pain ought to consider collaborating with interdisciplinary palliative 
approach, palliative care, and end of life care along with acute, chronic, and mixed 
pain management. Cancer patients with survivorship is increasing and risk manage-
ment with chemicals, noncancer individuals appear similar. Barriers include health 
professional education, lack of treatment resources, medical, economic, ethical, and 
legal reasons. Pain management as an illness, care providers considers patient and 
family centered approach, useful to the community.

Keywords: pain taxonomy, genetics, epigenetic effects, biopsychosocial,  
molecular biology, interventions

1. Introduction

As a care provider, we must consider up to date pain management skills beneficial 
to individual patient. Valuing, dignity and hope along with better therapeutic relation-
ship with the patient, allows us to return home happier at the end of the day. Relief 
of pain is not effective; health care professionals feel uncomfortable and complain 
around the world.

In 1967, the world’s first purpose-built, St Christopher’s Hospice in south 
London, England by Dame Cicely Saunders, who was a nurse, social worker 
and became a physician for “end of life care and clinical research” in the United 
Kingdom. Dr. Robert Twycross and from Canada Dr. Balfour Mount had worked 
with Dame Cicely Saunders and Dr. Mount came up with a term “Palliative Care” 
in 1973 which within a short time, the entire world accepted.
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World Health Organization (WHO) present definition comprises: “Palliative 
care is an approach that improves the quality of life of patients and their families 
facing the problem associated with life-threatening illness, through the prevention 
and relief of suffering by means of early identification and impeccable assessment 
and treatment of pain and other problems, physical, psychosocial and spiritual.”

More recently “Palliative Approach, Palliative Care and End of Life Care” has 
been accepted internationally as well as also “Early, Integrated, Collaborative and 
Inter-professional Care”. Advanced care planning, goals of care, and good com-
munication with relevant language and words reduce distress of patient and family 
(Figure 1).

Now palliative care has patients with palliative approach, palliative care, end of 
life care and survivorship with cancer or organ failure. Dr. Pippa Hawley explained 
the value of a visual “Bow Tie Model” as a disease management and palliative care 
triangles can be adopted for cancer and non-cancer interventions [1].

At the end of last century, pain management and scientific research had 
improved but chronic pain and palliative care specialists with present knowledge 
were limited in Canada and other parts of the world.

The Gold Standards Framework from the UK has prognostic indicators; general, 
cancer, and organ failure trajectories, which are important and useful to consider, 
before treatment plan [2].

In 2007, Boulanger et al., did a study whether chronic non-cancer pain has 
improved, though more patients were receiving medical analgesics, the changes 
were minor and could be better in Canada [3].

Genetics play a major role with physical, psychological health or illness and 
our knowledge and management is improving [4, 5]. Nutrition has a role in pain 
management and requires learning care providers, patients, and families [6].

Optimal pain management requires history, physical examination, investiga-
tions, and appropriate interventions. In the past four to five years “opioid crisis” 
increased deaths due to the use of illicit fentanyl [7]. “Pain crisis” is an experience of 
a patient relating to pain and requires immediate interventions, whereas “opioid cri-
sis” relates to substance use disorder or an error with medication or illicit drug use.

IASP, pain and palliative care societies across the world are encouraging physi-
cians and interprofessional team members to consider interventions for pain 
management, clinical research and in the past three decades, several peer reviewed 
manuscripts have been published for pain management with such evidence and 
knowledge, can reduce pain in an individual and community can prosper.

Figure 1. 
Bow Tie Model: Bow Tie Model: Palliative care is an interdisciplinary coordination at the time of diagnosis and 
the timelines can vary in an individual head towards survivorship with cure or illness is controlled and requires 
supportive care or some individuals can be at the end of life.
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2. Optimal pain management

International Association for the study of pain (IASP) has revised, 1979 defini-
tion of pain in 2020 considering concepts, challenges and compromises and stated 
“An unpleasant sensory and emotional experience associated with, or resembling 
that associated with, actual or potential tissue damage” and is relevant for pain 
management [8].

Pain perception and expression is associated with molecular biology which 
includes transmission of signals from an injury, transmitting through spinothalamic 
tract to thalamus in the brain, in nanoseconds, the signals move to limbic system. 
Alteration in the limbic system, changes in neurotransmitters, tissue receptors lead 
to high expression of pain, anxiety, frustration, and major depression.

2.1 Acute pain

Acute pain like “stubbed toe or a needlestick” disappears in a few minutes 
secondary to the antinociceptive nervous system triggered and the pain stimuli 
release endorphins within the brain, and enkephalins in the brain stem, which 
block the transmission of pain signals at different levels and the ion channels are 
functioning.

However, the acute pain secondary to cell injury caused by pressure, heat, 
chemicals, or physical stimulus; damaged cells release lysosomes which causes 
inflammation within hours and magnifies the pain signals through the release of 
signaling chemicals such as prostaglandins, arachidonic acid and leukotrienes in the 
nervous system and involves glutamate at low levels. Ion channels may not function 
appropriately thus endorphins may not be active [9].

Acute nerve injury associated with acute neuropathic pain, e.g., broken bone, 
amputation.

2.2 Chronic pain

Acute, nociceptive, and inflammatory pain can transition to chronic pain, if 
the pain persists more than 3 months in an individual. In this period of transi-
tion, the ion channel function may not be normal, and endorphins may not be 
active.

Following an acute injury; infection, crush or nerve injury, degeneration of 
tissues, micro, macro vascular insufficiency, and cancer the recovery is low, and 
healing is slower, leading to chronic pain associated with poor quality of life.

Palliative and end of life care, some patients who are dependent, frail and 
require extensive nursing care may have pain crisis along with delirium. Identifying 
the difference between the symptoms, pain and delirium, using appropriate phar-
macological interventions are useful. Refractory symptoms like delirium, respira-
tory distress, seizures may need palliative sedation. Patients with pain and agitation 
may require analgesic and intermittent or palliative sedation [10].

2.3 Cancer and pain

Advanced cancer trajectory leads to end of life, pain crisis or delirium and other 
co-morbidities need to be considered. However, if patient responds to intervention, 
almost 50% of them are in survivorship and not end of life, requiring long-term 
pain and symptom management. Cancer pain is often a “mixed pain” as inflamma-
tion around primary or metastasis is common [11].
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2.4 Tissue injury, organ failure, comorbidities, and pain

Soft tissue or bone in the elderly have more issues like arthritis, tissue injury and 
healing can be poor giving rise to the pain. Acute or Chronic kidney disease (AKI or 
CKD) with comorbidities require pain management and most opioids are excreted 
through kidney and opioid toxicity is common. Diabetes is associated with neu-
ropathy, likely microvascular insufficiency [12] (Figure 2).

2.5 Taxonomy

Nociceptive pain, neuropathic pain and nociplastic pain have been approved 
by IASP in 2019 and International Classification of Diseases (ICD-11), which the 

Figure 3. 
Taxonomy change in 2019, IASP added “Nociplastic Pain” relating to neuroplasticity and future application of 
research.

Figure 2. 
Pain classification: acute, chronic, and acute on chronic pain.
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World Health Organization adopted in the same year. These combined efforts have 
potential benefits for both research and patient care [13] (Figure 3).

Neuroplasticity is the change in neuronal pathways and synapses that occurs 
due to certain factors: behavior, environment, and neural process. Chronic pain has 
been related to central excitation, wind-up theory and IASP approved Neuroplastic 
pain; as the brain learning or neuroplasticity and alteration in the function of 
anatomy for future research an appropriate term [14, 15].

Epigenetic effects, including major depression in an individual related to 
negative experience associated with poor coping and neuroplasticity secondary to 
changes in gene–environment, psychosocial environment leading to lower levels 
of neurotrophic factors altering structural and functional aspects of brain. Such 
epigenetic effects can be generational [16–17].

3. Principles of pain management

Pain management should include biopsychosocial assessment, pain severity, 
pain descriptors and planning physical, psychological, spiritual rehabilitation, inva-
sive therapies, and pharmacological interventions for patients with acute, chronic, 
neuropathic and nociplastic pain. Patients in pain crisis and agitated often require 
pharmacotherapy initially to manage pain and following that nonpharmacological 
interventions have a value and can reduce or stop medications.

Acute pain may require anti-inflammatory medications, steroids and opioids, 
depending upon the extent of injury for a short period, which could be hours to 
days, which needs to be explained to the patient and family.

Chronic pain is associated with goal setting. If patient’s opioid use disorder risk 
is high by using “opioid Risk Tool” questionnaire, before opioids are being used 
requires boundary setting, along with written patient agreement document, for 
opioid therapy [18].

Patients with life expectancy few hours, days or weeks may need more phar-
macological interventions, as other interventions non-pharmacological to improve 
symptoms, may need longer time to respond (Figure 4).

3.1 Education

Individuals with chronic pain, and suffering may benefit with explanation of 
their pain, which is a subjective symptom along with interventional plan which 
should include in such education. Such education either individual, or group educa-
tion, depending upon the choice of the patient. Education can be verbal, written or 
online [19].

Figure 4. 
Pain management includes variety of approaches, which require to improve patient’s suffering.
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3.2 Physical medicine approach

Somatic, myofascial nociceptive pain can respond to exercise, passive physi-
cal modalities (TENS, laser, ultrasound, and massage) along with stretching has 
value in chronic back, neck and shoulder pain. Elderly, chronic pain, neuropathic, 
psychosocial and cancer pain patients/individuals may require interprofessional 
management [20, 21].

3.3 Psychosocial approach

Chronic pain in some patients is associated with alteration in the function and 
anatomy of limbic system in the brain and prefrontal system is not comfortable.

Cognitive-behavioral therapy (CBT) for chronic pain management has been 
used widely. Dennis Turk first described in 1983 education, skill acquisition, cogni-
tive and behavioral rehearsal, generalization, and maintenance, and in review 2008 
CBT, self-management skills and other suggestions [22].

Vulnerable populations with pain require social and financial rehabilitation 
along with multidisciplinary engagement.

3.4 Spiritual approach

Spiritual awakening as non-medical approach: meditation seems to benefit 
self-management skills, emotional improvement, and empowerment. Physical pain 
and discomfort in an individual may improve, whether neurotransmitters alter to 
benefit emotions.

3.5 Interventional approaches

3.5.1 Surgery

For patients with a reversible pain diagnosis due to fracture, obstruction, per-
foration and other causes, surgical intervention is possible and beneficial. Chronic 
pain improves with deep brain or spinal stimulation, which requires surgery [23].

3.5.2 Radiation therapy

Primary cancer and metastasis either curative or palliative- the intention is to 
reduce acute or chronic pain. It is a local therapy and initial fractions may increase 
pain due to inflammation. Systemic injection of radionuclide was used few decades 
ago for bone metastasis, but at present it is used for thyroid cancer as a primary 
therapy only [24].

3.5.3 Chemo and immune therapy

Patients with cancer pain receiving chemotherapy, initially the pain may increase 
due to necrotic tumor and inflammation. After two or three cycles of chemotherapy 
the tumor may reduce in size and pain may improve along with other symptoms.

3.5.4 Interventional radiology (IR)

Lately nerve mapping is better and anatomically using local anesthetic, steroids 
or other medications can reduce or stop pain for a few weeks. IR can be used for 
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palliative bone/musculoskeletal and neuropathic pain in the form of cryoabla-
tion, microwave thermal ablation, plasma medicated radiofrequency ablation. 
Vertebroplasty and kyphoplasty along with stent therapy is possible [25].

Sympathetic blockade, stellate ganglion, coeliac and splanchnic plexus, and 
lumbar plexus block is possible to reduce sympathetically medicated pain and 
symptoms.

3.5.5 Neuraxial therapy

Palliative and end of life care when the pain is not manageable epidural and 
spinal analgesia using local anesthetic, opioid, alpha-2 agonist, and other pharma-
ceuticals to control pain is available [26].

3.5.6 Pharmacological

Non-opioid analgesics such as anti-inflammatory; acetaminophen, NSAIDs and 
Cox-2 inhibitors are used for acute pain but less effective with chronic pain including 
neuropathic or nociplastic pain. Such medications are associated with adverse effects 
and a therapeutic trial is useful in an individual and testing appropriate dose is useful 
and not harmful.

3.6 Adjuvants, co-analgesics: systemic and topical

Antidepressants and anticonvulsants have been used as systemic adjuvants for 
chronic pain and neuropathic pain. Number needed to treat (NNT) and number 
needed to harm (NNH) was adapted from Finnerup et al. in 2005 and 2007. Topical 
adjuvants include lidocaine patch and capsaicin and ointment and topical formulation 
with certain local anesthetic, amitriptyline, ketamine, gabapentin, and clonidine have 
been reported as beneficial for localized pain which is neuropathic in nature [27, 28].

3.6.1 Opioid analgesics

Chronic pain management requires opioids, we need to consider pain diagnosis, 
risk/benefit of use of opioid in an individual, mental health and behavior. Opioid 
risk tool has been useful to note the risk and if it is high, consider goals and bound-
aries, verbal or written signed documents to encourage patient’s better behavior 
[18] (Table 1).

Goal setting—Chronic pain—opioids

Restful sleep at night

Brain activity sharp in the daytime

Affect, being better than neutral

Pain reduction by >30%

Improved activity and function

Physical, psychological rehabilitation

Plan for reduction of opioids—if pain improved

Table 1. 
Opioid use requires goal setting and needs to be shared with the patient, the first time and reminded on 
follow-up.
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follow-up.
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Opioids use has been common, and morphine was considered as a “gold stan-
dard” for pain management few decades ago along with “no ceiling”. Initially, 
morphine was used for acute pain when the pain was excessive and Twycross, once 
he was able to establish physiological half-life of morphine, suggested every 4 h, 
and on the clock. In the early 1980s and before, opioids were short-acting oral pills, 
liquid, and injectable. Long acting opioids through formulation became available 
in the late 1980s and 1990s. Now tramadol, oxycodone, codeine, hydromorphone, 
morphine long acting oral medications along with transdermal fentanyl and 
buprenorphine are available [29] (Table 2).

Several animal and clinical studies have shown codeine, oxycodone, morphine, 
and fentanyl may have benefit relieving pain for short term but when used long term 
lead to glial and immune cells activation, leading to tolerance, allodynia, and hyper-
algesia [30, 31]. Hydromorphone long-term use has similar effect, opioid neurotoxic-
ity with twitching, myoclonus, unrestful night sleep, and minor agitation. Activation 
of glial cell is associated with N-methyl-D-Aspartate (NMDA) receptor and release of 
amino acid, glutamate which is neuroexcitatory [30, 31]. None of the above opioids 
have NMDA antagonism. Methadone and levorphanol have two racemic mixtures 
opioid with half-life 7–8 h and non-opioid, NMDA antagonist, norepinephrine, and 
serotonin re-uptake inhibition. Ketamine has NMDA antagonism but adverse effects 
in relation to tolerance and mental health issues are high [32] (Table 3).

3.6.2 Opioid use

For the use of opioids as analgesics we need to consider pharmacokinetics, active 
metabolites, half-life, and excretion. “Start low and go slow” has been the principle 
and in pain crisis either opioid toxicity or pain is not responding requires higher 

Boundary setting—high risk—opioids

Strict boundary setting is essential

Treatment agreements—(verbal/signed)

Urine drug testing (UDT)

Interval/contingency dispensing

Table 2. 
High risk in a patient with opioids or substance and opioid use disorder likely, consider boundary setting and 
improving behaviour.

What activates glia and immune cells?

Pro-inflammatory cytokines

Chemokines

ATP

Neuropeptides

Prostaglandins

Glutamate

Nitric oxide

Endogenous danger signals

Table 3. 
Long-term opioid use can activate glia and immune cells causing tolerance, allodynia, and hyperalgesia and 
considering how to approach pain management.
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doses. Opioid switch in such states and 20–30% reduction of equianalgesic opioid 
need to be considered. Breakthrough pain, if it occurs 10% of 24-h dose of the 
opioid is used as a dose and around half-life such dose is given [33].

The short-term use of opioids may be useful for acute pain, but the long-term 
use is associated with activation of glial and immune cells with neuroexcitatory 
chemicals along with tolerance and hyperalgesia [30, 31] (Figure 5).

Methadone is available as two racemic mixtures; R-methadone is an opioid with 
lower half-life and S-methadone is NMDA antagonist, Norepinephrine, and sero-
tonin re-uptake inhibitor. Methadone has been used as harm-reduction for opioid 
use disorder and being used as an analgesic. Rapid titration using German, Morley 
Makin, Kansas, and Edmonton method in the form of stepped approach to opioid 
switch is possible [34, 35].

Methadone is also used when neuropathic and nociplastic pain is associated with 
existing opioid toxicity; twitches, jerks (myoclonus) and neurotoxicity with confu-
sion and delirium. In such state, it is possible to use low dose twice or three times a 
day and ultra-low dose with slow titration is possible along with existing opioid or 
co-analgesics can be reduced and stopped gradually if benefit is noted [36]. Patients 
with mental health issues require higher dose and patients who are comfortable 
psychologically, pain relief and physical suffering require very low dose of metha-
done for cancer, acute or chronic kidney disease (Tables 4–6).

3.6.3 Adverse effects associated with the use of opioids

Nausea, minor hallucinations, and somnolence are common at the start of opioids, 
if the dose remains the same in a few days often such symptoms fade or require lower 
dose of opioid or therapeutic intervention for the symptom.

Glia and Immune cells release neuroexcitatory, pain enhancing substances

Arachidonic acid and prostaglandins

Excitatory amino acids (glutamate)

Pro-inflammatory cytokines/chemokines

Nerve growth factors

Reactive oxygen and nitrogen species

Table 4. 
Neuroexcitatory chemicals enhance pain and the present and future research has a value to improve pain and 
suffering.

Figure 5. 
Animal and clinical studies have shown Codeine, Oxycodone, Morphine, and Fentanyl when used long term, 
leads to neurotoxicity: Tolerance, allodynia and hyperalgesia and we need to consider better interventions to 
reduce pain and suffering.
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Dry mouth and constipation are common and require water sipping and laxa-
tives, respectively.

Respiratory depression can occur with high doses of opioids.
Reduction androgen/testosterone can occur due to long-term use of opioids.
Neurotoxicity can occur associated with infection, renal insufficiency, and other 

medications; consists of hallucinations, delirium, twitching, jerks (myoclonus) and 
seizures. Such symptoms require reducing existing opioid, opioid switch, or adjunct 
medications.

Methadone and other substrates with enzyme interactions can lead to serotonin 
syndrome and QT/QTc prolongation.

3.6.4 Use of assessment tools

• Brief pain inventory (BPI) [37].

• The DN4 questionnaire [38, 39].

• Edmonton symptom assessment system revised (ESAS-R) [40].

• Opioid risk tool (ORT) [18].

• Pain disability index (PDI) [41].

• Roland Morris scale [42].

Opioid pharmacokinetics and use as an analgesic

Opioid Half-Life Active metabolites Excretion Start dose

Codeine 3–4 hrs Morphine Renal 30 mg Q4h

Oxycodone 2–6 hrs Oxymorphone Renal 5 mg Q4h

Morphine 2–4 hrs M6G, M3G Renal 1 mg Q4h

Hydromorphone 2–4 hrs H6G, H3G Renal 1 mg Q4h

Fentanyl patch 17 hrs Norfentanyl Renal 12 mcg/h

Methadone 6–150 hrs None known Hepatic 1 mg? Q8h

Buprenorphine patch 37 hrs B3G, NorB3G Hepatic 5 mcg/h, Q7days

Opioid use as an analgesic, “start low and go slow” for pain management. Once pain is stable, same long acting 
opioid can be used to reduce tolerance. Medications Fentanyl patch, Methadone and Buprenorphine patch are long 
acting, and dose need to be adjusted, taking half-life into consideration.

Table 5. 
Opioid use as an analgesic and “start low and go slow” for pain management.

Cancer clinic internal protocol methadone—Calgary

1–7 days 7–14 days 14–21 days 21–28 days 28–35 days 35–42 days

1 mg daily 1 mg Q12h 1 mg Q8h 2 mg Q8h 3 mg q8h 5 mg Q8h

2.5 mg daily 2.5 mg Q12h 2.5 mg Q8h 5 mg Q8h 7.5 mg Q8h 10 mg Q8h

At the Tom Baker Cancer Centre, Pain Clinic in Calgary, Canada an Internal Protocol was applied to patients 
with opioids and pain has not improved. Evidence relating to neurotoxicity, tolerance, allodynia, and hyperalgesia 
methadone has been used at ultra-low dose and slow titration to relieve pain.

Table 6. 
Opioid use as an analgesic and “start low and go slow” for pain management.
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3.6.5 Malignant bowel obstruction (MBO)

Carcinomatosis can occur with cancer, intra-abdominal organs and results in 
bowel obstruction with pain and cramps. If it is localized surgery is helpful. If the 
obstruction can be seen by gastrointestinal endoscopy a stent can be inserted with 
pain and obstruction relief. However, if the obstruction on the bowel being multiple 
sites dexamethasone and somatostatin analogue is used subcutaneously. Initially 
injectable opioids are used for pain relief, and if obstruction is relived can reduce 
and stop opioids but somatostatin analogue may continue [43, 44].

4. Opioids, pain and substance use disorder

Chronic pain in patients with cancer, noncancer injury related, organ failure 
renal insufficiency, and trauma related individuals if they are at the end of life pain 
and have substance use disorder (SUD), we need to consider “comfort care” as goals 
and assist as best as we can.

However, similar patients engaged in survivorship, SUD need to be assessed and 
mental health/addiction services, need to be collaborated. Some of the patients with 
SUD or opioid use disorder (OUD) require Mu-agonist therapy using methadone or 
suboxone.

5. Potential future treatments for pain

We need to consider further research to improve care for individual patient. 
Chronic pain is considered as an illness with suffering. Several organizations have 
been working and care providers need to engage in raising questions and proceeding 
with research investigation.

Investigations and research in relation to genetics, non-opioids like; ion chan-
nels, alpha-2-agonists, glia, and immune cells along with non-pharmacological 
approach physical, psychological, social, spiritual rehabilitation and research in 
nutrition is worthwhile.

6. Conclusion

Palliative care consists of patients with illness in the early phase and advanced 
end of life care. Patient’s wishes, worries, goals of care, and shared decisions along 
with subjective symptom like pain need to be considered.

Chronic pain is an illness and remains as a subjective symptom for an individual. 
Biopsychosocial, spiritual, and medical approach can benefit patient, family, 
and community. As care providers we ought to be up to date, evidence supported 
approach to relieve suffering of patient and family. Animal experiments and human 
clinical research have given care providers knowledge, and application of pain 
management can be better.

Acute pain often heals within days to weeks, but when the pain persists from an 
injury for more than three months chronic pain is considered. Central excitatory 
chemicals in the central nervous system can increase pain expression. Such change 
allows anxiety, frustration, and mental health issues.

Interventions like interventional, psychological, physical, pharmacological and 
nutrition have a value to reduce the chronic pain illness, suffering and improve 
function in an individual.
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Dry mouth and constipation are common and require water sipping and laxa-
tives, respectively.

Respiratory depression can occur with high doses of opioids.
Reduction androgen/testosterone can occur due to long-term use of opioids.
Neurotoxicity can occur associated with infection, renal insufficiency, and other 

medications; consists of hallucinations, delirium, twitching, jerks (myoclonus) and 
seizures. Such symptoms require reducing existing opioid, opioid switch, or adjunct 
medications.

Methadone and other substrates with enzyme interactions can lead to serotonin 
syndrome and QT/QTc prolongation.

3.6.4 Use of assessment tools

• Brief pain inventory (BPI) [37].

• The DN4 questionnaire [38, 39].

• Edmonton symptom assessment system revised (ESAS-R) [40].

• Opioid risk tool (ORT) [18].

• Pain disability index (PDI) [41].

• Roland Morris scale [42].

Opioid pharmacokinetics and use as an analgesic

Opioid Half-Life Active metabolites Excretion Start dose

Codeine 3–4 hrs Morphine Renal 30 mg Q4h

Oxycodone 2–6 hrs Oxymorphone Renal 5 mg Q4h

Morphine 2–4 hrs M6G, M3G Renal 1 mg Q4h

Hydromorphone 2–4 hrs H6G, H3G Renal 1 mg Q4h

Fentanyl patch 17 hrs Norfentanyl Renal 12 mcg/h

Methadone 6–150 hrs None known Hepatic 1 mg? Q8h

Buprenorphine patch 37 hrs B3G, NorB3G Hepatic 5 mcg/h, Q7days

Opioid use as an analgesic, “start low and go slow” for pain management. Once pain is stable, same long acting 
opioid can be used to reduce tolerance. Medications Fentanyl patch, Methadone and Buprenorphine patch are long 
acting, and dose need to be adjusted, taking half-life into consideration.

Table 5. 
Opioid use as an analgesic and “start low and go slow” for pain management.

Cancer clinic internal protocol methadone—Calgary

1–7 days 7–14 days 14–21 days 21–28 days 28–35 days 35–42 days

1 mg daily 1 mg Q12h 1 mg Q8h 2 mg Q8h 3 mg q8h 5 mg Q8h

2.5 mg daily 2.5 mg Q12h 2.5 mg Q8h 5 mg Q8h 7.5 mg Q8h 10 mg Q8h

At the Tom Baker Cancer Centre, Pain Clinic in Calgary, Canada an Internal Protocol was applied to patients 
with opioids and pain has not improved. Evidence relating to neurotoxicity, tolerance, allodynia, and hyperalgesia 
methadone has been used at ultra-low dose and slow titration to relieve pain.

Table 6. 
Opioid use as an analgesic and “start low and go slow” for pain management.
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Biopsychosocial, spiritual, and medical approach can benefit patient, family, 
and community. As care providers we ought to be up to date, evidence supported 
approach to relieve suffering of patient and family. Animal experiments and human 
clinical research have given care providers knowledge, and application of pain 
management can be better.

Acute pain often heals within days to weeks, but when the pain persists from an 
injury for more than three months chronic pain is considered. Central excitatory 
chemicals in the central nervous system can increase pain expression. Such change 
allows anxiety, frustration, and mental health issues.

Interventions like interventional, psychological, physical, pharmacological and 
nutrition have a value to reduce the chronic pain illness, suffering and improve 
function in an individual.
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In the future, a2–Adrenergic agonists, ion-channel modifiers, and nanotechnol-
ogy using nanoparticles to transport pharmaceuticals to reduce adverse effects and 
improve efficiency have a value in pain management and being investigated.

Thus, consider individual patient despite common diagnosis, require self-man-
agement skills, and endure or improve symptoms using appropriate therapies.

Education of care providers, patients and families is important; avoid stigmatiz-
ing an individual with chronic pain, substance use disorder, poor quality of life and 
mental health issues.
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Chapter 2

Regenerative Medicine
Armen Haroutunian, Tennison Malcolm and Thomas Zouki

Abstract

Chronic pain is a debilitating condition that affects millions of people world-wide, 
leading to physical incapacitation and financial strain. Common methods for treat-
ment include physical therapy, oral medications, injections, surgery, and neuromodu-
lation. Injectates with steroids and local anesthetics can be a temporizing measure 
with intolerable side effects. The use of autologous biologic injectates (e.g., platelet rich 
plasma, bone marrow aspirate concentrate, tissue grafts, and stem cells) is growing 
in therapeutic potential and enthusiasm, giving hope to a subset of patients that have 
either failed conventional therapy or are not candidates for traditional steroid injec-
tions. In this chapter, we will describe different cases in which regenerative medicine 
can help in painful conditions as well as neuro-degenerative conditions. Regenerative 
medicine can be the new frontier in providing long lasting relief through changes in 
cell-signaling cascades, however further trials are needed to validate their use.

Keywords: platelet rich plasma (PRP), stem cell therapy,  
bone marrow aspirate concentrate (BMAC), adipose tissue grafts, exosomes, 
mesenchymal stem cells, hematopoetic stem cells (HCC’s), pain management, 
regenerative medicine

1. Introduction

Chronic pain is a public health issue, affecting nearly a quarter of our popula-
tion, and takes different forms such as neuropathic, cancer-related or inflammatory 
pain [1]. This condition limits patients in their daily activities leading to despair and 
significant loss in quality of life. The most common methods of treatment include 
physical therapy, oral medications, injections, surgery and neuromodulation. The 
injectates that are the most commonly used include local anesthetics and steroids. 
The use of autologous biologic injectates (e.g., platelet rich plasma, bone marrow 
aspirate concentrate, tissue grafts, and stem cells) is growing in therapeutic potential 
and enthusiasm, giving hope to a subset of patients that have either failed conven-
tional therapy or are not candidates for traditional steroid injections. Continued clin-
ical trials are needed to further validate their use and help expand their application 
in the field of medicine. The theory of using these therapies for painful conditions 
stems from their cytoprotective properties, as well as their regenerative potential.

2. Terminology, history, and background

The most common types of regenerative medicine therapies include platelet rich 
plasma (PRP), stem cell therapy from bone marrow aspirate concentrate (BMAC) and 
adipose tissue grafts, and exosomes. Regenerative therapies are growing worldwide 
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(Figure 1). They are increasing from 164% in 1 year with a total of 4.1 billion dollars 
in total global funding [2]. These therapies can be used in conjunction or individu-
ally, and there is no set algorithm or protocol that dictates superiority [3]. Stem cell 
therapy in this article will refer to adult stem cells, which are multipotent and have no 
ethical concerns related to their use, as opposed to embryonic stem cells [4]. Typically, 
candidates include patients with chronic peripheral joint pain that have not responded 
to steroid injections, or cannot tolerate the medication due to side effects, including 
but not limited to hyperglycemia, hypertension, ineffective wound healing, or adrenal 
gland suppression. Although there is no set protocol, some studies recommend imple-
menting a series of three injections for PRP [5]. However, some physicians may grade 
progress and response to the initial injection as a rationale for a repeat injection.

2.1 Platelet rich plasma

PRP is the most common and readily available treatment option. It is the plasma 
fraction of blood with a high platelet concentration, as well as clotting factors, 
growth factors, chemokines, cytokines, and other plasma proteins [6]. This therapy 
helps promote stem cell migration as well as healing [7]. Commonly injected into 
joints and tendons for repair, PRP was first coined in the 1970’s and used to describe 
the platelet count in peripheral blood, used to transfuse patients with thrombo-
cytopenia [6]. PRP is obtained from blood after centrifuge, which helps separate 
components based on density gradients (Figure 2). Devices used to simplify the 
preparation of PRP are said to amplify the concentration of PRP 2–5 times the 
baseline [7]. Despite the limited clinical evidence that exists, PRP has been used to 
initiate healing for a variety of cases, most commonly including osteoarthritis (OA), 
lateral epicondylitis, rotator cuff tears, ligament and tendon injuries [7]. Recent 
randomized control trials actually demonstrate benefit in tendinopathy [7]. It has 
also been suggested that PRP can play a role in elimination neuropathic pain, thought 
to be secondary to a cascade of inflammation followed by repair via axon and tissue 
regeneration [8]. PRP has also been used as an intervertebral disc injection for low 

Figure 1. 
An atlas of regenerative medicine therapies worldwide. Adapted from alliance for regenerative medicine.
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back pain with promising clinical results, however more randomized controlled tri-
als are needed [3]. Success of this therapy will ultimately depend on the preparation 
and composition of the injectate, location, and type and extent of injury.

2.2 Adipose tissue grafts

Stem cell therapy uses non-embryonic adult stem cells described as multipotent 
stem cells, and in the clinical setting refers to therapy with mesenchymal (often 
from adipose tissue) and hematopoietic stem cells (often from bone marrow aspi-
rate) [3]. These cells are present in a variety of tissues (adipocytes, chondrocytes, 
myocytes) and are thought to play a role in immune modulation [3]. The most 
common source of mesenchymal stem cells (MSC) are found in adipose tissue, first 
discovered in 1964 by Rodell [2]. There are approximately 500 to 2500× times more 
MSC’s when compared to bone marrow [3]. Adipose derived stem cells (ASC’s) are 
the most promising stem cells identified in humans, since adipose tissue is easily 
obtained in large quantities with small donor site discomfort [4]. Sites of harvest 
include the abdomen, upper arm, thigh, and trochanteric fat deposits. Common 
mechanisms to obtain fat include liposuction or lipectomy, followed by homogeni-
zation and enzymatic digestions. Traditional cosmetic liposuction can remove large 
volume (>4 kg) or small volume (<4 kg) adipose tissue, however for purposes of 
adipose tissue grafting only 100–200 mL may be needed [9]. The resultant mate-
rial is then centrifuged. Each gram of adipose tissue yields 5 × 10^3 stem cells, 
significantly greater than bone marrow [4]. It is important to note that stem cell 
harvesting is more invasive that a simple blood draw for PRP, and could thus lead to 
an increase risk for infection or complication for patients undergoing MSC harvest-
ing [10]. If performed under local or tumescent anesthesia, there is minimal to no 
recovery time. To date, hundreds of trials are listed on the United States National 
Institutes of Health website (NIH) for the use of ASC’s. Examples of applications 
include soft tissue regeneration, skeletal tissue repair, myocardial infarction, 
immune disorders such as lupus, multiple sclerosis, Crohn’s disease, diabetes.

2.3 Bone marrow aspirate concentrate

Bone marrow aspiration is a procedure in which bone marrow is collected, usu-
ally from the pelvic iliac crest [11]. The procedure is very similar to PRP, in which the 

Figure 2. 
Blood components after centrifugation.
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product is centrifuged. The final product is called bone marrow aspirate concentrate, 
or BMAC, which contains mostly hematopoetic stem cells (HCC’s), and a much 
smaller concentration of MSCs [3]. Like MSC’s, HSC’s also contain growth factors and 
immunomodulating enzymes [11]. Unlike adipose aspiration, the concentration of 
MSC’s in bone marrow dramatically decreases with age. Like ASCs, BMAC is also  
used to treat various conditions affecting tendons, ligaments, and musculoskeletal 
injuries. Approximately 60 mL of aspirate can produce 10 mL of BMAC after centri-
fuge [11]. Again, efficacy is determined by location of injection as well as extent of tis-
sue injury. Sites include shoulders, knees, hips, various tendons, and sometimes spinal 
facet joints. Current literature demonstrates benefit in utilizing BMAC as an adjunct in 
cartilage healing, faster time to bony union, and lower rates of tendon re-rupture [11].

2.4 Exosomes

Exosomes are endocytic vesicles released by various cells including T-cells, 
B-cells, reticulocytes, mast cells, platelets, tumor cells as well as MSCs [12]. They 
are membrane-enclosed particles surrounded by a phospholipid layer and are 
enriched with micro-RNAs (miRNAs) which are believed to regulate gene expres-
sion in a post-transcriptional matter and, by that matter, play a role in tissue repair 
and regeneration [13, 14]. They are defined as nanosized membrane vesicles with a 
diameter of 30–100 nm that originate from multivesicular bodies (MVB’s) and are 
released by cells into extracellular environment (Figure 3) [12]. They are cholesterol-
rich phospholipid vesicles. There are multiple contents that are found in exosomes 
including cytokines, proteins, lipids, mRNAs, miRNAs and ribosomal RNAs [15, 16]. 
Current recommendations for extraction of exosomes suggest ultracentrifugation 
at high speeds which removes cells and microvesicles. It is time consuming, labor 
intensive, and has therefore lead to commercially available kits, such as Exoquick 
©, Invitrogen ©, and Exo-Spin ©, which reliably reduce operating time to 2 hours. 
Exosomes ultimately have the capacity to execute specific targeted therapy due to 
their ability to envelope a wide range of specific contents, including lipids, RNA’s, 
and specific protein-signaling molecules [17]. This makes them a promising tool in 
nanomedicine; however, like PRP and MSC’s, classification and purification needs to 
be standardized to ensure appropriate randomized and multicenter studies.

2.5 Mechanism of action and biology

The mechanism by which these injections treat pain is still unknown and remains 
mainly theoretical [15]. Platelets, also called thrombocytes, contain several secretory 

Figure 3. 
Multivesicular bodies (MVB’s) releasing exosomes.
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granules crucial to platelet function. Platelets are primarily responsible for aggrega-
tion and contribute to hemostasis through adhesion, activation, and aggregation. 
In recent years, research has demonstrated that platelets not only have a function in 
hemostasis, but also carry an abundance of growth factors and cytokines that affect 
inflammation, stem cell migration, and proliferation [8]. Upon activation of plate-
lets in PRP, important growth factors, namely endothelial growth factor, fibroblast 
growth factor, platelet derived growth factor, epidermal growth factor, hepatocyte 
growth factor, matrix metalloproteinases, and interleukin 8 are released and modify 
the local tissue through a complex cell signaling cascade (Figure 4) [6].

There is increasing surfacing evidence suggesting that MSC’s secrete func-
tional paracrine factors which promote tissue regeneration, protection and repair 
[18–21]. Recent studies revealed that factors are released through particles known 
as exosomes. There is now strong belief that these exosomes secreted by MSCs are 
responsible for the tissue regeneration and repair rather that the ability of MSCs to 
trans-differentiate. They are suggested as central mediators of intercellular com-
munication by transferring proteins, mRNAs and miRNAs to adjacent cells leading 
to coordinative function in organisms. Those, depending on the medium in which 
they are collected can halt breast cancer metastasis, regulate angiogenesis, remodel 
neurites and promote neurogenesis [22, 23].

Exosomes aggressively participate in the inhibition of the inflammation process. 
This known property of exosomes is now being considered as a novel therapeutic 
approach to many disease processes affecting different organ systems. Indeed, the 
benefits of the anti-inflammatory properties of exosomes has not only been dem-
onstrated in various painful conditions, but also in cardiovascular and pulmonary 
diseases as well. MSCs-secreting exosomes lead to a reduction of white blood cell 
count and reduced inflammation in hearts after ischemia-reperfusion injury, which 
in turn decrease infarct size and enhance cardiac function. Protective properties 
have also been shown in the lungs for relieving symptoms of pulmonary hyperten-
sion [24, 25]. MSCs are adult multipotent cells with the ability to self-renew and 
differentiate into mesenchymal lineage such as osteoblasts, chondrocytes and 

Figure 4. 
Signal transduction pathways.
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adipocytes [26]. MSCs were originally isolated from bone marrow, they have been 
isolated from other adult tissues such as adipose tissue, dental pulp, placenta, 
amniotic fluid, umbilical cord blood and Wharton’s jelly, and even in the brain [27]. 
The MSCs differentiation potential for tissue repair has been studied extensively 
but the pattern of MSC mediated regeneration is now shifting toward secretome-
based paracrine activity. The matter by which miRNAs play an essential role in 
physiological and pathological conditions is by regulating gene expression at the 
post-transcription level [28]. The pre-miRNA goes through an extensive biologi-
cal process prior to maturation but an exosome can contain miRNA of different 
maturation stages and their release is a controlled process dependent on the source 
and developmental stage of derived cells rather than a random process [12]. It has 
been suggested that exosomes released by MSCs contain miRNA that control the 
microenvironment in the resident niches through a balance between proliferation 
and differentiation [29]. Additionally, tissue-specific responses have been described 
for exosomes isolated from different sources. For example, adipose tissue-derived 
exosomes seem to be more effective in halting the central nervous system degen-
eration caused by Alzheimer’s disease when compared to bone marrow derived 
MSCs-derived exosomes [30]. But neurite outgrowth seems to be more responsive 
to exosomes released by menstrual fluid derived MSCs when compared to umbili-
cal cord, chorion and bone marrow. Evidence of neurite outgrowth has also been 
shown in a middle cerebral artery occlusion model. MSCs exposed to ischemic 
cerebral extracts secreted exosomes containing mi-RNA that were transferred 
to neurons and astrocytes via exosomes and promoted neurite outgrowth and 
functional recovery. The same authors reported the use of cell free MSC-generated 
exosomes administered intravenously in a subject that had suffered a stroke lead to 
improved neurite remodeling, neurogenesis and angiogenesis which in turn signifi-
cantly improved the functional recovery of the subject [31]. A similar experiment in 
which intravenous administration of MSCs-generated exosomes enhanced angio-
genesis and neurogenesis reduced the inflammation, improved spatial learning and 
sensory/motor function in a traumatic brain injury model [32].

2.6 Clinical applications

At present, the use of autologous biologic injectates in the treatment of most acute 
and chronic conditions resulting in pain is considered investigational. There are cur-
rently 977 regenerative medicine trials worldwide, including gene therapy, cell therapy, 
and tissue engineering [2]. Of those, there at 51 and 66 clinical trials in the categories 
of musculoskeletal system and central nervous system, respectively. While a myriad of 
sources has reported positive results following the use of autologous biologic injectate, 
these reports are, overall, too heterogenous and underpowered to change the clini-
cal practice of most. The absence of well-powered, level-1 data is demonstrating the 
efficacy of autologous biologic injectates may simply reflect the infancy of this field. 
Conditions recently studied for the use of autologous blood injectates include Complex 
Regional Pain syndrome (formerly called Reflex Sympathetic Dystrophy or RSD), 
OA, joint arthropathy including facet arthropathy and sacroiliitis, tendinopathies, 
degenerative disc disease, Multiple Sclerosis, headaches, migraines, and peripheral 
neuropathy. In this chapter we will discuss autologous biologic injectates in the treat-
ment of OA, spondylosis, and tendon and ligament injury.

2.7 Osteoarthritis

Osteoarthritis (OA) is the most common joint disorder in the United States, 
and is estimated to 25% of people over 18-years old [33, 34]. OA is a progressive 
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disease affecting the joints and is characterized by perturbed immune responses 
to cellular injury resulting in cartilage degeneration, synovitis, bony remodeling, 
and chronic pain. Current treatment includes NSAIDs, opiate medications, topical 
analgesics, physical therapy, lifestyle modification, intraarticular steroid injections, 
intra-articular hyaluronic acid (HA) injection, and surgery. Non-steroidal anti-
inflammatory drugs (NSAIDs), opiates, and intra-articular steroid injections are 
primarily limited negative side-effects that accompany escalations in medication 
dose and frequency. Exogenous HA has been used as a treatment modality given 
observed decreases in endogenous HA exhibited in OA joints. However, due to a 
lack of consistent evidence, HA is not recommended by the American Academy of 
Orthopedic Surgeons in treatment of patients with symptomatic OA of the knee 
[35]. At present, the therapeutic value of PRP in treating OA is a topic of debate 
and investigation. Available studies suggest its clinical benefit compared with HA 
in treating OA of the knee [36–40]. Several authors have reported meta-analyses 
demonstrating improved pain and function following intra-articular injection 
of PRP in the knee versus HA [36–38]. In a meta-analysis of 26 randomized con-
trolled trials involving 2430 patients, Tan et al. found better Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) total scores, WOMAC 
physical function, and Visual Acuity (VAS) Scores at 3, 6, and 12 months following 
PRP injection compared to HA [38]. Evidence supporting the use of PRP in hip 
OA is still lacking [39]. There is still much work to be done in understanding the 
therapeutic role of PRP in treating OA. It is an infrequently used treatment modal-
ity, a likely reflection of limited reimbursement. Presently, the Centers for Medicare 
and Medicaid Services (CMS) only cover PRP use when used for the treatment of 
chronic non-healing diabetic, pressure, or venous wounds in patients enrolled in 
clinical studies [41]. Despite growing public interest, available evidence does not 
support use of autologous stem cells in treatment of OA [42, 43]. In a meta-analysis 
of nine studies, evaluating 339 patients Huang et al. found most outcome measures 
similar between stem cell recipients and controls [43]. VAS was found to be statisti-
cally improved among stem cell patients; but, it is unclear whether the modest 
differences described were clinically relevant [43].

A new 5 year study published in 2019 demonstrates better outcomes and lower 
pain scores in patients who underwent knee arthroscopy for osteochondral knee 
injuries with and without preoperative intra-articular PRP injections. This research 
was the first study which used clinical data more than 5 years and demonstrates 
that cell therapy can promote the regeneration of articular cartilage in a lasting 
way [44].

2.8 Spondylosis

Cervical and lumbar spondylosis represent the constellation of degenerative 
changes found in the cervical and lumbar spine that progressively occur in most 
people with aging. 25% of people under 40 years of age, 50% of people over 
40 years of age, and 85% of people over 60 years of age are estimated to have cervi-
cal spondylosis [45]. Pathologically, the same degenerative processes that character-
ize OA extend to the vertebral joints and result in spondylosis often characterized 
by disc degeneration, uncinate spurring and facet arthrosis, ligamentous thickening 
and infolding, and deformity. Radiculopathy, myelopathy, discogenic pain, facet 
pain are the clinical manifestations of vertebral joint degeneration. Regenerative 
techniques for the treatment of cervical and lumbar spondylosis has been previ-
ously investigated with promising results. Further studies are needed to weigh 
safety profiles against efficacy. In an RCT of PRP vs. contrast for discogenic pain, 
Tuakli-Wosornu et al., reported significant improvements in pain and function at 
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8-week follow-up [46]. Pettine et al. reported significant reductions in pain follow-
ing BMAC use for patients with discogenic pain [47]. The principle caveat of these 
results is the scarcity of similar results demonstrated in the literature [48].

2.9 Tendon and ligament healing

Tendon and ligament injuries are a very common cause of pain and disability, 
among both the very active and the elderly. Lateral epicondylitis is significantly 
more common among working-age patients with physical workloads [49]. As much 
as 80% of patients over 80 years of age are estimated to have a rotator cuff tear 
[50]. The use of PRP for tendon and ligament healing has mixed reviews but is 
considered by many a viable treatment modality given low risks of severe associated 
complications and numerous positive results promulgated throughout the litera-
ture. In a meta-analysis of 21 studies comparing PRP to control (betamethasone 
with lignocaine, saline, corticosteroid, bupivacaine, and whole blood), Chen et al. 
found PRP significantly associated with short-term (2–6.5 months) improvements 
in VAS scores among patients with rotator cuff injuries (p < 0.01) and lateral epi-
condylitis (p < 0.01) and long-term pain control among patients with rotator cuff 
injuries (p = 0.02), lateral epicondylitis (p = 0.01), and tendinopathy (p < 0.01) 
[40]. Evidence describing the clinical utility of MSCs and BMACs a in tendon and 
ligament injuries is lacking and mostly limited to in vitro and in vivo studies [51, 52].

2.10 Future therapy

Many experimental trials continue to assess the role of these injectates in tissue 
repair of the central nervous system (CNS), cardiovascular system, hepatic, renal 
as well as musculoskeletal system [2]. Some studies demonstrate exosomal induced 
neural cell growth while others have explored with success the use of exosomes as 
a promising potential treatment option for Alzheimer’s disease and other neurode-
generative pathologies. Others demonstrate the ability of exosomes to differentiate 
into bone tissue and promote skeletal regeneration [53].

Additionally, regenerative therapies such as PRP have shown a lot of promise 
in dermatology including prevention of hair loss, the treatment of scars and post 
procedure recovery, skin rejuvenation, dermal augmentation, and the treatment of 
striae distensae [54, 55]. Despite the lack of insurance coverage, these therapeutic 
modalities show much promise in the innovative world of medicine and esthetics.

3. Conclusion

These various injectates present a novel and promising treatment for many 
degenerative conditions including neurological and musculoskeletal diseases. Not 
only can biologics relieve symptoms in painful conditions, but also they can halt the 
degeneration of tissues, regenerate tissue and prolong their lifespan. PRP, MSC’s, 
and exosomes have made considerable progress and will therefore undoubtedly 
offer new and exciting prospects for a variety of musculoskeletal and nervous 
system conditions. Their utility in conditions such as osteoarthritis, spondylosis, 
and tendon and ligamentous injuries are gaining popularity with emerging clinical 
reports of their efficacy.

The thought that tissue repair and regeneration was a function of the MSCs 
themselves is now shifting toward the thinking that, exosomes, secreted by MSCs 
have a more direct role in the process. These exosomes can have a different effect 
depending on the differentiation state of the tissue from which they are extracted. 
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Chapter 3

Amputation Pain Management
Melinda S. Seering and Sangini Punia

Abstract

Considerable number of new amputations yearly in the United States and 
internationally represent considerable population experiencing pain that is not just 
acutely from surgical insult but chronically that is related to phantom limb pain and 
residual limb pain. This chronic pain can last from weeks to years in these patients 
and lead to other debilitation such as depression, anxiety and even opioid addiction. 
Early interventions help lessen long-term pain for these patients. These interven-
tions include nerve blockade as well as multi-modal therapy. Understanding the 
pathophysiology of the pain experienced by these patients will better allow any 
provider to care for these patients effectively and help alleviate chronic pain in the 
long term.

Keywords: amputation, phantom pain, neuropathic pain

1. Introduction

Patients with amputations can be found living fulfilled lives. We have all seen 
them running marathons, in the Olympics, surfing, climbing Mount Everest and 
even as an MLB pitcher. However, most just want to lead normal lives and be the 
best parents, siblings, friends, or co-workers they can be. They want to return 
to their job and function in their daily lives as they did before. Recovery from an 
amputation is not immediate and takes significant time. Recovery time from ampu-
tation is usually prolonged. Wound healing is done in 4–8 weeks, but the prolonged 
mental, emotional, and physical recovery afterwards takes much longer and will be 
different for everyone. One of the limiting factors for recovery from an amputation 
is pain.

In looking at data from the Amputee Coalition, there are 185,000 in the United 
States every year. This means that an average of two million people is living with an 
amputated extremity in the United States alone [1–3]. Other data to consider is just 
as alarming; globally, there are 1 million amputations annually. This is an estimated 
1–2 amputation per minute. Lower limb amputations are the most common, with 
most being due to vascular disease. 85% of lower limb amputations are preceded 
by a foot ulcer. About half of the people with diabetes who get a lower limb ampu-
tation will receive a second amputation [4]. African American populations are 
four times more likely to get an amputation than Caucasian [5]. Around a third of 
these patients have persistent depression and anxiety after their amputation [6]. 
Financially, it is noted that amputees have higher healthcare costs and if the ampu-
tation was related to vascular disease higher mortality [7].

All these factors can lead to an unknown fear for a patient undergoing an 
amputation. Understanding the cause of an amputation first is paramount. This 
can help guide a plan for better pain control in the perioperative period. The main 
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causes of amputation are progression of disease processes such as peripheral 
vascular disease (82%) including ischemia and thrombosis. Diabetes and infec-
tions such as osteomyelitis and gangrene that is unresponsive to antibiotic treat-
ment. The second major cause is trauma (16.4%). This has a high predominance 
in upper extremity amputations. Lower extremity amputations with trauma can 
also be seen with severe fractures that do not heal and frost bites as other causes. 
Finally, surgical removal of malignancies (0.9%) can result in amputations in 
upper or lower extremities depending on the location and type of the tumor and 
growth. Congenital malformations (0.8%) make up the final list for amputation 
categories [1, 2].

It is important as we consider the cause of the amputation and perioperative 
pain control, we also factor in the amount of time each patient had before surgery 
for their amputation decision. A diabetic patient that had a long time to make a 
decision for an amputation may have had considerable time to go through the stages 
of grief and accept the amputation as opposed to a trauma that did not have this 
time. Other things to consider are support system that the patient has at home. As 
discussed, wound healing is brief, but psychological healing will take longer in 
most and require repeated support and reminders to the patient to keep moving in a 
positive direction [8]. In addition to medical management, these patients will need 
pain-coping strategies and too many these may be a new technique for them in a life 
altering situation.

2. Pain classification with an emphasis on amputees

Amputation patients have a variety of different pain to consider when treating 
them in the perioperative setting. The broad classification of this pain is post-
amputation pain. However, further classifying it in four categories helps to better 
understand each pain and how it originates. They are acute post-operative pain, 
phantom sensations, residual limb pain and phantom limb pain [2, 3].

Acute post-operative pain is the pain that most surgical patients experience after 
any surgery. It is the pain at the surgical incision site related to surgical trauma, 
swelling and tissue damage. This is usually reported as sharp and stabbing by 
patients due to nociceptive afferent nerve supply at the surgical site. Patient can 
also report muscle spasms related to the immobility of the limb or the compression 
dressing or brace applies to the amputation site after surgery [2, 9, 10].

Phantom sensations are the non-painful sensations arising from the amputated 
extremity. This is reported by 75% of patients 4 days after the amputations and 
higher at 6 months. This can be perceived as movement of the prior extremity or 
portion of the extremity (i.e. toe or finger). The patient can also note tempera-
ture changes or position changes or the missing limb. This has also been noted in 
mastectomies, dental extractions, and enucleations as well, and can also be seen 
in spinal cord injuries. Many of the phantom sensations are mild and decline but 
some patients have some degree persistent sensations indefinitely. There are a few 
patients in whom these sensations progress to severe pain and become problematic, 
leading to residual limb pain or phantom limb pain. There are reports of phantom 
sensations that do fade away and they appear to do this in a progressive fashion 
called telescoping. This is most common in upper extremity amputations where the 
phantom sensations continue to decrease such that eventually the patient is left with 
a sensation of the hand on the stump alone instead of distal [2].

Residual limb pain (stump pain) is the pain localized to the remained affected 
body segment and can be present for years. Residual limb pain can be of many 
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different modalities as it can be described as deep tissue pain, superficial incision 
pain and neuropathic in nature. 75% of patients will experience a component of 
this chronically after surgery [11]. Neuropathic pain will be described as burning 
and electric in nature. Some patient may even become hyperalgesia or have allo-
dynia on the stump site. This may lead to difficulty with prosthetic fitting for the 
patient. This pain is usually noted early in recovery. There are causes of increased 
stump pain: infection, stump neuroma, heterotopic ossification [9]. These should 
be assessed with prolonged or increased stump pain as these are easily treatable. 
Infection is not uncommon in these patients due to high prevalence of diabetes and 
peripheral vascular disease. This should be assessed and treated with antibiotics 
accordingly to prevent sepsis and wound dehiscence. Stump neuromas occur when 
the severed nerve at the amputation site have an inflammatory mediated immune 
reaction. This can cause pain, but it can also cause unmyelinated A and C fibers to 
form around the nerve. Neuromas develop over time and usually are characterized 
by point pain on the stump and sensory changes. Heterotopic ossifications usually 
occur later after amputation as well. These are calcium deposits that occur in the 
soft tissue of the stump. These ossifications occur much higher in traumatic ampu-
tations. There is some association with traumatic brain injury and the risk of this 
occurrence as well [2, 3, 12].

Phantom limb pain was first described in 1462 by French Surgeon, Ambrose 
Pare’ [13]. However, it was not until 1871 that Silas Weir Mitchell, a Civil War 
surgeon, called this phenomenon “phantom limb” [2, 13]. Phantom limb pain is an 
unpleasant or painful feeling in the amputated extremity. 45–85% of patients from 
amputations can suffer from phantom limb pain [9]. This can have neuropathic 
components with burning and electrical shooting pain and nociceptive components 
of dull, aching, crushing and cramping pain [13]. There are two times of onset for 
this pain. One is usually early after amputation in the first month and the second 
can occur a year after amputation. The further out a patient is from amputation the 
less likely they will experience this. However, if a patient does begin to experience 
this, it can last for years. Phantom limb pain does not always have to occur alone and 
usually occurs with residual limb pain. While residual limb pain may be bothersome 
early on, phantom limb pain persists and become more bothersome later and tends 
to last longer. Risk factors for development or prolonging phantom limb pain are 
found in Table 1 [1–3, 12, 13].

1. Female gender

2. Elevated pre-amputation pain

3. Upper extremity

4. Increasing age

5. Bilateral amputation

6. Traumatic amputation

7. Stump healing

8. Disease states such as fibromyalgia, migraines, Raynaud’s, IBS, irritable bladder, depression, and anxiety

9. Poor social support

10. High expectations

11. Poor coping strategies

Table 1. 
Risk factors for developing or prolonged phantom limb pain.
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3. Pain signal transmission

To understand how to treat the pain from amputations, we should first take a 
moment to review how painful stimulation is transmitted through the body (see 
Figure 1). The human body receives signals from various inputs. If something 
painful happens to the body such as surgical insult, the damage is registered by 
nociceptors in the periphery. The distal nerve fibers coalesce and become peripheral 
nerves. There are pain receptors that present on the neuron and it is connected by 
an axon to the spinal cord. Transmission from peripheral nerve to dorsal column 
is obtained by different nerve fibers. These include: A-alpha fibers, the A-beta 
fibers, the A-delta fibers, and the C fibers. Pain travels on two different nerve 
fibers: A-delta and C-fibers. A-delta fibers are large myelinated fibers that carry 
sharp pain, whereas C-fibers are small and unmyelinated fibers that produce dull, 
slow spreading pain. This signal arrives to the dorsal horn and then travels up via 
neurotransmitters to the brain. There are a variety of neurotransmitters from the 
spinal cord to the thalamus. For pain, the most important to consider are Substance 
P which is an excitatory neurotransmitter for second order neurons in the dorsal 
horn. This neurotransmitter has been shown to sensitize nociceptors. In addition 
to pain, Substance P also related to inflammation, cell growth, vasodilation and 
even mood regulation. Glutamate is also a primary neurotransmitter for pain. It is 
the main excitatory neurotransmitter in the body. In the brain, glutamate receptors 
can be both pro-nociceptive as well as anti-nociceptive. This leads to many pain 
therapies constructed at glutamate. This is used for central sensitization in chronic 
pain patients [14]. Once in the dorsal horn, the second order neurons connect with 
thalamus and other various areas. These can include the somatosensory cortex 
(physical sensation), limbic system (emotion) and frontal cortex (upper level 
thinking). This allows a patient to feel and react with pain not just physically but 
emotionally as well [15].

Figure 1. 
Path pathways.
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Let us revisit how the various pain pathways are affected during amputation. 
Phantom pain sensations likely result from changes in the somatosensory cortex. 
This causes afferent nociceptive stimulation from body parts near the amputation 
sites (such as face for upper extremity amputation or bladder for lower extremity 
amputation). Due to this reorganization in the somatosensory cortex and stimula-
tion input, the phantom sensations occur [2, 9].

Peripheral nerves likely play a large role in the phantom limb pain and residual 
limb pain. Damage to distal nerve endings and axons causes inflammation and 
alteration in neurotransmission along the usual pain pathway. The distal nerve 
endings will begin to regenerate but there will be non-functional axons, changes in 
sodium and potassium channels and different input from the spinal cord. Neuromas 
can form here as discussed previously. This can also result in higher pain due to 
more catecholamines in circulation due to increased sympathetic discharge [2, 9].

There are also spinal cord changes in the dorsal horn related to pain after 
amputation. The peripheral nerves are no longer able to send the usual signals along 
the axons to the spinal cord. The brainstem reticular areas therefore do not send 
inhibitory sensory transmission, so the dorsal horn receives input from this body 
part as high sensory feedback resulting in pain transmission [1, 2, 9].

These changes in the peripheral and spinal cord need to be considered as we are 
thinking about treating each patient for amputation pain.

4. Protocol for perioperative caring for amputation patients

It is well understood that effective control of acute post-amputation pain 
results in decreased risk of development of residual and phantom limb pain [16]. 
Perioperative plans need to set up within a multi-disciplinary team, ideally involving 
surgeon, anesthesia, in-patient acute pain teams, pharmacy, physical therapy, occu-
pational therapy, nutrition, and social work to name a few. The pre-operative optimi-
zation is essential to control of acute post-amputation pain and help decrease the risk 
of development of chronic and phantom pain to help these amputation patients have 
the best chance for better pain control post-amputation. Thorough pre-operative 
evaluation is needed to look at co-medical conditions that can be optimized. The 
patient’s nutrition should be optimized for wound healing as well. Physical therapy 
and occupational therapy should work with the patient before surgery to improve 
physical status prior to surgery and make post-operative recovery more successful. 
Patient should have a pre-operative discussion about post-operative pain manage-
ment and expectations. This will allow goal setting and help with anxiety the patient 
may be experiencing.

Patients who struggle with high pain scores prior to amputation may have 
an elevated risk of developing chronic pain [17]. Thus, aggressive multimodal 
analgesic therapy instituted pre-operatively and early in the post-operative period 
could be beneficial in reducing the incidence of chronic pain. One study found that 
the presence of depressive symptoms was also a predictor of increased intensity 
of chronic pain in amputees [18]. Thus, it may be worthwhile to address these 
symptoms prior to elective amputation surgery. Patients with a complex history of 
chronic pain disorders and/or patients having high baseline daily opioid require-
ments (> 80 mg oral morphine equivalents) should be further selected to undergo a 
pre-operative appointment with a pain specialist. This appointment should ideally 
take place around 4 weeks prior to elective amputation with the goal to optimize the 
patient’s pain regimen pre-operatively, by maximizing non-opioid modalities and 
reduction of daily opioid consumption if possible. This is done to improve response 
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surgeon, anesthesia, in-patient acute pain teams, pharmacy, physical therapy, occu-
pational therapy, nutrition, and social work to name a few. The pre-operative optimi-
zation is essential to control of acute post-amputation pain and help decrease the risk 
of development of chronic and phantom pain to help these amputation patients have 
the best chance for better pain control post-amputation. Thorough pre-operative 
evaluation is needed to look at co-medical conditions that can be optimized. The 
patient’s nutrition should be optimized for wound healing as well. Physical therapy 
and occupational therapy should work with the patient before surgery to improve 
physical status prior to surgery and make post-operative recovery more successful. 
Patient should have a pre-operative discussion about post-operative pain manage-
ment and expectations. This will allow goal setting and help with anxiety the patient 
may be experiencing.

Patients who struggle with high pain scores prior to amputation may have 
an elevated risk of developing chronic pain [17]. Thus, aggressive multimodal 
analgesic therapy instituted pre-operatively and early in the post-operative period 
could be beneficial in reducing the incidence of chronic pain. One study found that 
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to opioid therapy in the immediate post-operative period. Thorough patient 
education and compassionate counseling also play a key role in developing a team 
relationship with the patient [19, 20]. See Figure 2 for full protocol.

5. Nerve blockade

The current standard of care is pre-operative nerve blockade to prevent peripheral 
sensitization leading to future onset of phantom limb pain. Successful outcomes 
necessitate effective communication between the surgeon, anesthesiologist, and the 
various teams involved in the post-operative rehabilitation of the patient. A consulta-
tion with the Acute Pain Service or similar entity that performs peripheral nerve 
blockade pre-operatively and then follows the patient during their post-operative 
inpatient course is an important factor in the success in early prevention of acute and 
chronic pain for these patients.

Most patients that arrive for amputations should be evaluated to receive pre-
operative peripheral nerve blocks. If this cannot be done pre-operatively, patients 
can be evaluated post-operatively for a nerve block. If patients do not require 
post-operative anti-coagulation that will preclude a continuous peripheral nerve 
catheter, this would be the preferred nerve block for these patients as this will help 
with prevention phantom limb pain and chronic post-operative pain [3]. This can 
be utilized for 3–5 days. Continuous nerve catheter infusions have been found to 
decrease post-operative morphine requirements [21]. However, in addition, there 
are other factors that may preclude continuous peripheral nerve catheter placement 
such as infection, and patient factors. If this is the case, single shot peripheral nerve 
blocks may be utilized. Interestingly, a systematic review and meta-analysis found 
no difference in pain scores at 24 hours between patients that received a nerve block 
and those that did not [22]. However, this study did not look at chronic pain in these 
patients which is the important component that these nerve blocks are used for [9].

It is important to understand the anatomy of the amputation site to have successful 
nerve block placement. For example, a below the knee amputation will rely heavily 
on a sciatic nerve blockade whereas an above the knee amputation will need blockade 
of both femoral and sciatic nerves for successful pain control and help with periph-
eral sensitization for the patient [9]. For upper extremity amputations, a forearm 

Figure 2. 
Protocol for amputation pain management.
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amputation will be lower in the brachial plexus than an above the elbow amputation 
or shoulder disarticulation. Tourniquet site is also paramount when planning periph-
eral nerve block placement. If the catheter is in the surgical site or tourniquet site, 
there is a risk for dislodgement. It is important to remember this with placement and 
keep the securement of catheter out of the surgical field. This will take good commu-
nication between anesthesia provider and surgeon to achieve this effectively.

It should be noted that epidural blockade may also be used for lower extremity 
amputation, especially if it will be a bilateral lower extremity amputation. There are 
studies that show pre-operative epidural placement in amputation patients prevent 
phantom limb pain due to stopping nociceptive input to the spinal cord [3]. There 
is no comparison of epidural to peripheral nerve catheters for lower extremity 
amputations, but on a practically note, peripheral nerve blockade will allow better 
mobilization and participation in physical therapy [3]. In addition, peripheral nerve 
block does not have the hemodynamic affects that epidural blockade can have [23].

6. Pharmacology

6.1 Opioids

Opioids remain a favored therapy for pain after surgery. They bind to Mu 
receptors in peripheral and central nerves as an agonist fashion to produce anal-
gesia. They also can affect phantom limb pain by reducing cortical reorganization 
[10]. There is a wide variety to choose from post-operatively as they come in 
intravenous and oral formulation. Usually initially a parenteral opioid therapy 
with a patient-controlled analgesia (PCA) is started on post-operative day (POD) 
zero. Once the patient is tolerating a diet, the PCA is weaned down incrementally 
and oral opioid therapy is instituted. For opioid tolerant patients, we attempt to 
calculate their total daily morphine equivalent requirement and base our starting 
oral dose based on that. The goal is to wean off the PCA completely by 48 hours, 
coinciding with the discontinuation of other intravenous infusion [10].

6.2 N-Methyl-D-Aspartate (NMDA) Receptor Antagonists

Ketamine has been studied for post-operative pain. It has been shown that the 
use of this medication lowers the opioid requirements and reverses opioid tolerance 
needed for acute post-operative pain [24]. Ketamine is a noncompetitive NMDA 
receptor antagonist that targets primarily in the brain and spinal cord. The NMDA 
receptor is important for synaptic plasticity, central sensitization, amplification of 
pain signals and opioid tolerance. For amputations, it lowers the dorsal horn sensi-
tization and stops the events that may lead to phantom limb pain and residual limb 
pain. Important to note, it will not prevent phantom limb pain but will reduce risks 
of phantom limb pain and residual limb pain [9]. Ketamine has also been shown to 
have anti-inflammatory properties which may be effective in the early pre-operative 
phase. Ketamine infusions can be started in the operating room and continued for 
2–3 days post-operatively. Studies show low does ketamine infusions do reduce 
opioids immediately post-op but there was not a significant reduction in immediate 
post op pain ratings [2, 3, 10].

6.3 Gabapentinoids

Gabapentin and pregabalin are both anti-convulsant that inhibit alpha 2-delta 
subunit of voltage-gated calcium channels. They are structural like GABA 
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receptor antagonist that targets primarily in the brain and spinal cord. The NMDA 
receptor is important for synaptic plasticity, central sensitization, amplification of 
pain signals and opioid tolerance. For amputations, it lowers the dorsal horn sensi-
tization and stops the events that may lead to phantom limb pain and residual limb 
pain. Important to note, it will not prevent phantom limb pain but will reduce risks 
of phantom limb pain and residual limb pain [9]. Ketamine has also been shown to 
have anti-inflammatory properties which may be effective in the early pre-operative 
phase. Ketamine infusions can be started in the operating room and continued for 
2–3 days post-operatively. Studies show low does ketamine infusions do reduce 
opioids immediately post-op but there was not a significant reduction in immediate 
post op pain ratings [2, 3, 10].

6.3 Gabapentinoids

Gabapentin and pregabalin are both anti-convulsant that inhibit alpha 2-delta 
subunit of voltage-gated calcium channels. They are structural like GABA 



Pain Management - Practices, Novel Therapies and Bioactives

40

neurotransmitter, but they are unable to bind to any GABA receptors. In addition 
to the use with seizures, it has been used for chronic pain, especially neuropathic 
in nature. Dosages must be titrated slowly, and results are not seen immediately. 
These doses also must be adjusted for patients with impaired renal function with 
the help of a pharmacist [25, 26]. However, some studies claim that its efficacy to 
treat phantom limb pain is inconclusive and limited by dose dependent side effects 
like somnolence and dizziness [2]. There are other studies more recently that show 
promise of administration of gabapentinoids for reducing chronic post-surgical 
pain and this can be exploited to amputees as well [3, 9, 10].

6.4 Acetaminophen

Acetaminophen’s exact mechanism of action is not well understood, but it is 
thought to reduce the production of prostaglandins in the brain. Prostaglandins 
are chemicals that cause inflammation and swelling. Acetaminophen relieves pain 
by elevating the pain threshold, that is, by requiring a greater amount of pain to 
develop before a person feels it. Acetaminophen administration to amputation 
patients will help with inflammation and an adjunct to help with post-surgical 
nociceptive pain, which has been shown to decrease opioid requirements. 
Acetaminophen dosages will be lowered in patients with pre-existing liver disease 
[27]. This will be the most beneficial in the early pre-operative phase. It may be 
especially beneficially to start prior to the amputation as part of a pre-emptive 
analgesia. This is thought to protect the central nervous system from noxious insults 
which result in the patient getting hyperalgesia and allodynia [10, 28].

6.5 NSAIDs

NSAIDs work by inhibiting the activity of cyclooxygenase enzymes (COX-1 or 
COX-2). By blocking the Cox enzymes, many prostaglandins are not made. This 
means that there is less swelling and less pain. Most NSAIDs block both Cox-1 and 
Cox-2 enzymes. For pain, this specifically looks at enzymes that work with prosta-
glandins for inflammation. Like acetaminophen, these medications work well in the 
acute perioperative phase for nociceptive pain and reducing opioid requirements. 
Their use can be limited due to post-operative bleeding concerns. Usually these 
medications do not help with chronic post amputation pain or phantom limb pain. 
A short course may be suitable for some patients that have normal renal function; 
however, we do not advocate for chronic NSAID therapy due to the risks of gastroin-
testinal bleeding and renal toxicity [10, 23, 29].

6.6 Muscle relaxants

As discussed earlier, acute post-operative pain can have spasmodic pain proximal 
to the stump site, likely due to tissue inflammation. This can also be present with 
residual limb pain in some patients. There are a variety of muscle relaxants that 
can be tried for a short period of time [30]. If the patient is on opioids, would be 
cautious of adding a benzodiazepine for muscle relaxant. There is a lack of adequate 
literature supporting the use of muscle relaxants for post amputation pain.

6.7 Tri-cyclic antidepressants and selective norepinephrine reuptake inhibitors

Anti-depressants are commonly prescribed for chronic neuropathic pain and 
coexisting depression that accompanies it. These medications work by inhibiting 
serotonin-epinephrine uptake blockade, NMDA receptor antagonism and sodium 
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channel blockade. These medications have not been shown to work effectively 
in phantom limb pain in studies. These are not usually done in the perioperative 
setting as they require careful titration over weeks to months which is better done as 
outpatient therapy. Side effects of opioids and other modalities may warrant a small 
dose trial in the perioperative setting to help with uncontrolled acute or phantom 
limb pain [9, 10, 31].

6.8 Calcitonin

Calcitonin is a hormone secreted by thyroid gland in parafollicular cells. Unlike 
the parathyroid hormone, its job is to reduce calcium in the blood. There are 
synthetic forms of this used for chronic pain syndromes. The exact pain mechanism 
of action is unknown. There are mixed results of phantom limb pain [10]. The 
greatest benefit has been shown when it is administered early in the perioperative 
period; usually within the first 7 days [32]. There are reports of complete resolution 
of phantom limb pain with its use [9].

7. Therapeutic modalities

There are many additional modalities that may be of benefit to amputee patients 
after the initial perioperative period to help with phantom limb pain and residual limb 
pain. Many of these involve experienced providers and therapists [2, 10, 12, 33–36]. 
These are summarized in Table 2.

8. Conclusions

As patient’s present for amputations, it is important to remember the care for 
these patients needs to be multi-disciplinary to prevent chronic pain. If periopera-
tive pain plans are developed early and worked on as a team, the patient will benefit 
the most and have the best chance for success at not having long-term phantom 
limb pain and/or residual limb pain which adversely impact their quality of life. 

1. Desensitization techniques

2. Mirror therapy

3. Massage

4. TENs

5. Exercise

6. Hot/cold therapy

7. Biofeedback

8. Peripheral nerve stimulation

9. Prolonged peripheral nerve blockade

10. Sympathetic nerve blocks

11. Deep brain stimulators

12. Spinal cord stimulators

13. Neurolysis

Table 2. 
Therapeutic modalities for chronic amputee limb pain.
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Chapter 4

Why Effective Pain Management 
Remains a Challenge
Nnenna Ugwu

Abstract

Pain is a subjective expression of neural impulses induced by a stimulus with 
a capacity to potentially damage tissues of the body. Simply put, pain is the reac-
tion of the body to a potentially noxious or noxious stimulus, which threatens the 
normal homeostasis if unrelieved. Pain can be managed via pharmacological and 
non-pharmacological means, and pharmacological agents are the most widely 
accepted means, which have been shown to have variable effectiveness against pain. 
The barriers to effective pharmacological pain management in clinical practice are 
discussed in this chapter.

Keywords: analgesics, challenges, pain, pain management, pharmacological agent

1. Introduction

Despite the consistent scientific interest in pain research and pain management, 
pain has continued to remain an obstacle which threatens the welfare of patients. 
The challenging nature of pain has been extensively reported by clinicians and 
researchers [1–4]. Adequate pain relief is hardly achieved even when pain appears 
to be the most usually presented symptom by patients in the emergency department 
[5–8]. Pain accounts for over 40% of all the primary complaints in the emergency 
department [9], with a greater proportion of these patients reporting moderate to 
severe degree of acute pain [10]. Considering these reports, it would seem normal 
to assume that the institution of pain management would be prompt and effective. 
However, reports across all treatment settings indicate that adequate pain manage-
ment is hardly achieved, and most patients continue to experience pain despite the 
institution of pain management strategies. For instance, nearly half of 71 patients 
and 74% of 842 patients presenting moderate to severe degree of acute pain com-
plained of pain of similar intensity at discharge from the emergency department 
[7, 11]. The observations from the postoperative setting are also similar to that of 
the emergency department. Most surgical patients also reported a higher degree 
of intense acute pain following surgery, with over 73 million surgeries performed 
annually in the United States [12]. Additionally, 82% of 250 surgical patients 
expressed pain from the immediate postoperative period until 2 weeks post-
discharge, and 86% of these patients experienced moderate to severe degree of pain 
[12]. Pain was also incriminated in most patient surveys and complaints to health 
services [13]. It is therefore clear that achieving optimal pain management is still a 
key issue across treatment settings even though pain is a manageable condition and 
effective pain management is possible as evidenced in experimental literature.
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Chapter 4

Why Effective Pain Management 
Remains a Challenge
Nnenna Ugwu

Abstract

Pain is a subjective expression of neural impulses induced by a stimulus with 
a capacity to potentially damage tissues of the body. Simply put, pain is the reac-
tion of the body to a potentially noxious or noxious stimulus, which threatens the 
normal homeostasis if unrelieved. Pain can be managed via pharmacological and 
non-pharmacological means, and pharmacological agents are the most widely 
accepted means, which have been shown to have variable effectiveness against pain. 
The barriers to effective pharmacological pain management in clinical practice are 
discussed in this chapter.

Keywords: analgesics, challenges, pain, pain management, pharmacological agent

1. Introduction

Despite the consistent scientific interest in pain research and pain management, 
pain has continued to remain an obstacle which threatens the welfare of patients. 
The challenging nature of pain has been extensively reported by clinicians and 
researchers [1–4]. Adequate pain relief is hardly achieved even when pain appears 
to be the most usually presented symptom by patients in the emergency department 
[5–8]. Pain accounts for over 40% of all the primary complaints in the emergency 
department [9], with a greater proportion of these patients reporting moderate to 
severe degree of acute pain [10]. Considering these reports, it would seem normal 
to assume that the institution of pain management would be prompt and effective. 
However, reports across all treatment settings indicate that adequate pain manage-
ment is hardly achieved, and most patients continue to experience pain despite the 
institution of pain management strategies. For instance, nearly half of 71 patients 
and 74% of 842 patients presenting moderate to severe degree of acute pain com-
plained of pain of similar intensity at discharge from the emergency department 
[7, 11]. The observations from the postoperative setting are also similar to that of 
the emergency department. Most surgical patients also reported a higher degree 
of intense acute pain following surgery, with over 73 million surgeries performed 
annually in the United States [12]. Additionally, 82% of 250 surgical patients 
expressed pain from the immediate postoperative period until 2 weeks post-
discharge, and 86% of these patients experienced moderate to severe degree of pain 
[12]. Pain was also incriminated in most patient surveys and complaints to health 
services [13]. It is therefore clear that achieving optimal pain management is still a 
key issue across treatment settings even though pain is a manageable condition and 
effective pain management is possible as evidenced in experimental literature.
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2. Concept of pain

An accurate understanding and definition of pain and related terms is funda-
mental to effective pain recognition, quantification, and mitigation. Pain is gener-
ally a difficult term to define. This is because pain is seen as a subjective experience 
with variable effects on patients [14] and as a complex phenomenon with sensory 
cognitive and emotional components [15]. Pain was defined by the International 
Association for the Study of Pain Subcommittee on Taxonomy as “an unpleasant 
sensory and emotional experience associated with actual or potential tissue dam-
age” [16]. However, this definition was recently refined. Thus, the most recent defi-
nition of pain by the International Association for the Study of Pain Subcommittee 
on Taxonomy described pain as an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or described in terms of such 
damage [17]. To the author’s understanding, pain is a subjective expression of neural 
impulses induced by a stimulus with a capacity to potentially damage tissues of the 
body. In other words, pain is the reaction of the body to a potentially noxious or 
noxious stimulus and threatens the normal homeostasis if unrelieved.

2.1 The pain pathway

Essentially, the pain pathway comprises of four major steps, including transduc-
tion, transmission, projection, and perception, all working together to achieve the 
awareness or sensation of pain as shown in Figure 1. Pain begins with the stimulation 
of specialized nerve endings (nociceptors) by chemical, mechanical, or thermal 
insult in a process termed transduction, followed by the transmission of these signals 
to the spinal cord (dorsal horn) via afferent peripheral sensory nerves. The afferent 
peripheral sensory nerves are composed of two major types, the myelinated A delta 
and unmyelinated C fibers, whose cell bodies reside in the spinal cord. The myelin-
ated A delta fibers are known to be localized and fast conducting, while the unmy-
elinated C fibers conduct slowly but are more diffuse. The resulting peripheral nerve 
impulses are either amplified or suppressed in a process called modulation. Following 
modulation, these signals are further projected through numerous pathways to the 
brain centers for processing into pain [18]. The perception and localization of pain 
are thought to occur at the level of the thalamus and in the sensory cortex, respec-
tively. In theory, pain refers to a centralized experience resulting from nociception 
in the peripheral nerves [19]. The pain pathway is essentially complex and striking 
in the sense that there exist several junctures for intrinsic and extrinsic factors to con-
trol the nature, amplitude, location, and duration of original sensory signal [18]. As a 
result, pain memory is influenced by many factors including the intensity of painful 
events, environment, expectation of pain, and behavioral pattern of the patient [20]. 
The nervous system is known to be neuroplastic [20] or neuro-pliable. This denotes 
the change or adaptation of the biochemical and physiological functions of the 
nervous system in response to a stimulus [20]. The implication of this phenomenon 
is that response exhibited by the nervous system can be modified by an external or 
internal stimulus. The disadvantage of this action of the nervous system is that it 
could complicate the diagnosis and alleviation of pain [18]. Thus, pain is a complex 
neurophysiological process which can be modulated, amplified, and interrupted.

2.2 Classification of pain

There is no one unified classification of pain. Rather, there is heterogeneity in 
the reports classifying pain in the literature. According to Gaynor and Muir [20], it 
is classified based on disease such as arthritis, pancreatitis, or cancer pain; anatomy 
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such as bladder, pancreatic, back, or orthopedic pain; location as in superficial, 
visceral, or deep pain; duration including transient, acute, or chronic pain; intensity 
such as mild, moderate, or severe pain; and finally, based on the response to manipu-
lation. Pain was also classified according to the duration into acute and chronic pain 
[21–23] and by origin into nociceptive, pathologic, and neuropathic pain [21, 20].

Acute and chronic pain appear to be the most widely studied by researchers. 
Fox [24] defined acute pain as “a symptom of disease” which lasts for less than 
3 months. Acute pain is said to result from injury to the body which may be self-
limiting and disappears with healing [20]. Ideally, acute pain refers to pain of short 
duration, while chronic pain denotes pain of long duration. In practice, however, 
there is no clear-cut distinction between the end of acute pain and the commence-
ment of chronic pain. It is indeed difficult to pinpoint when an acute phase of pain 

Figure 1. 
A flowchart showing the pathway of pain from the point of tissue insult to perception of pain.
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transcends into a chronic phase. This does not mean that every acute pain phase will 
gradually become chronic. However, in the absence of effective pain intervention 
and inability to self-limit acute pain, it is expected to assume this course.

2.3 Pain management

Pain is managed using pharmacological and non-pharmacological means. 
Pharmacological agents used in the management of pain include opioids, non-
steroidal anti-inflammatory drugs, steroidal anti-inflammatory drugs, and 
local anesthetics [25]. Additionally, tranquilizers, corticosteroids, tricyclic 
antidepressants and antiepileptic medications (topical capsaicin, mexiletine, 
and N-methyl-d-aspartate receptor antagonists), serotonin norepinephrine 
reuptake inhibitors, calcium channel α2-δ ligands, topicals, anticonvulsants, 
and transdermal substances are included in the pain management regimen as 
adjuvants to analgesics depending on the type and severity of pain [26–29]. Non-
pharmacological management of pain involves the use of suitable housing, bed 
rest, gentle handling and manipulation (massage, osteopathic and chiropractic), 
meditative movements (such as Tai Chi and yoga), and diets [30, 31]. Much 
recent strategies for non-pharmacological pain management were classified into 
sensory (massage, positioning, acupuncture, hot and cold treatment, progressive 
muscle relaxation, and transcutaneous electrical nerve stimulation), psychologi-
cal interventions, and others including music, belief, and spirituality [31, 32]. 
These non-pharmacological means are thought to play a huge role in relieving 
postsurgical pain.

3. Challenges to effective pharmacological pain management

The challenges militating against effective pharmacological pain management 
strategy are categorized into five, including pain recognition and quantification 
error, patient factor, practitioner factor, drug factor, and gap between scientific 
evidence and clinical applications.

3.1 Pain recognition and quantification error

Critical to successful pain intervention is the ability to accurately recognize 
and quantify pain. Pain is often not given due recognition, underreported and 
undetected, especially in the nonverbal and patients with communication dif-
ficulties or cognitive impairment [33, 34]. In patients who can verbally com-
municate, pain recognition and quantification rely on the judgment of these 
individuals in addition to the physiological indicators of pain. On the other hand, 
the accurate recognition and quantification of pain in nonverbal or cognitively 
impaired patients is dependent on the practitioner or care provider. Some patients 
with communication difficulties as seen in intensive care units (ICUs) relay pain 
using other cues such as signaling with eyes, leg movements, guarding of painful 
region, and making physical contacts with the practitioner [35]. Hence, these 
behaviors were incorporated into pain scales for ICU patients under sedation 
[35]. Practitioners have also employed the use of surrogates and analgesic trials to 
assess pain [36]. Hence, the successful recognition of pain in these instances lies 
on the expertise of the practitioner. Additionally, pain recognition and quanti-
fication error could result from the patient’s inability to express pain even after 
experiencing a potential painful episode, or from patient not displaying consis-
tent signs of pain.
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3.2 Patient factor

There are differences in patients’ responses to pain and pain management 
strategies, thus, necessitating the need to understand the peculiarity of each 
patient experiencing pain. Proper examination of patient history and adequate 
knowledge of patient information are vital when considering the choice of pain 
management regimen. Several studies have reported demographics such as age 
[37–40], sex [38, 41, 40], and cultural differences including ethnicity [39–40, 
42–43] in response to pain and these should be borne in mind. Additionally, the 
patient’s response to pain is influenced by previous pain experience [44], nature 
of injury [37, 38, 45], and presence of underlying conditions which cause sensory 
impairment or communication difficulties [46]. These potentially complicate 
pharmacological pain management strategies. Therefore, understanding and 
treating each patient as unique is crucial for a successful alleviation of pain.

3.3 Personnel factor

Adequate understanding of pain, its physiology, myths and misconceptions, 
ethics, recognition, and quantification and management is essential for every pain 
management personnel. While this is obviously the standard, information in the 
literature revealed that there are extensive knowledge deficits among most pain 
practitioners and care providers [47–51]. In hospital settings, provision of pain 
management relies on trained nurses often following physician’s prescriptions [49]. 
In nonhospital settings such as residential care homes and patients’ homes, pain 
management is performed by the patient or a caregiver in case of morbidity and 
cognitive impairment. In all these instances, proper knowledge of the pharmacologic 
agent, its mode of action, duration of the effect, recommended dose, and adverse 
effects are very important but hardly achieved. Several studies have demonstrated 
poor pain management strategy practiced by nurses [47–51], which was attributed to 
education deficit, errors in pain assessment, and side effects of opioids [47].

3.4 Drug factor

The choice of a pharmacologic agent for pain management is influenced by its 
efficacy and cost, patient response, and practitioner’s preference. Different classes 
of drugs are often combined to maximize pain alleviation. For instance, effective 
pain management is dependent on the choice of drug, its efficacy, dose, administra-
tion technique, adverse effects, time, and consistency of intervention. Pain manage-
ment is often ineffective because of misuse errors resulting from underdosage, poor 
administration technique, and inconsistency in timing of administration.

To minimize the complications resulting from the use of a sole analgesic and 
to achieve balanced analgesia, different classes of agents are combined in a multi-
modal fashion [52–54]. Though complex, cited advantages include effective and 
efficient analgesia, and possibly, reduction in doses of one or more individual drugs 
[54]. However, if misused, they can hinder the effectiveness of analgesics and thus 
constitute a barrier to effective pain management.

3.5 Gap between scientific evidence and clinical applications

Even though there exist many scientifically proven analgesic regimens for 
pain mitigation in the literature [55], effective pain management has not been 
adequately achieved across treatment settings. It does appear that these evidence-
based recommendations are not properly incorporated in clinical practice, thus, 
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presenting an obvious aperture between these scientific recommendations on pain 
management strategies and applications in treatment settings. Supporting this 
claim is the study of Bennetts et al. [56] which demonstrated that the staff of the 
Australian emergency departments recognized the gap between recommenda-
tions and everyday practice-based pain as a barrier to effective pain management. 
Additionally, the report of Glajchen [57] underscored knowledge gaps as clinician’s 
barrier to effective pain relief. This paucity in the incorporation of evidence-based 
findings in actual practice may be driven by lack of awareness and knowledge 
deficits on scientifically proven optimal pain management regimens which are 
constantly evolving [56, 57], hence, the need to be up-to-date. Therefore, regular 
training of practitioners through continued education programs and dissemina-
tion of current scientific findings in a convenient user-friendly format may help 
militate this challenge.

Furthermore, the lack of incorporation of scientific findings in treatment 
settings may also be due to the existence of abundant low-quality scientific 
evidence which does not meet the required standard to be incorporated into 
clinical guidelines for pain management [58]. This observation supports the need 
for high-quality research using refined methods, randomized trials, and efficient 
research-collaborations. Thus, this has implications for future research.

4. Conclusion

In conclusion, effective pain management is possible, though, challenges 
resulting from pain recognition and quantification, patients, practitioners, 
drugs, and gap between scientific evidence and practical applications need to be 
taken into proper consideration. Knowing and understanding the peculiarity of 
each patient would help to control the patient-induced challenges, continuous 
education or training of practitioners and care providers on pain recognition, 
and quantification methods would not only eliminate the practitioner-related 
challenges but will also address pain recognition and quantification errors, 
and possibly, bridge the gap between scientific evidence and clinical usage. 
Additionally, the improvement in current research methods and the incor-
poration of high-quality scientific evidence will also bridge the gap between 
research and practice. Finally, proper knowledge of pharmacology and the use 
of evidence-based analgesics in recommended doses and combinations will help 
overcome the drug-related challenges. Therefore, future research should aim at 
investigating the effectiveness of these recommendations.
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Chapter 5

Empathy for Pain
Ece Ozdemir Oktem and Seyda Cankaya

Abstract

Empathy is essential for being human for understanding and sharing other 
people’s affective and mood, including pain. Pain empathy is a mental ability that 
allows one person to understand another person’s pain and how to respond to that 
person effectively. The same neural structures as pain and empathy have recently 
been found to be involved in functional magnetic resonance imaging (fMRI) stud-
ies. When someone witnesses other’s pain, besides the visual cortex, various parts 
of the nervous system activate, including the neural network of empathy. Empathy 
includes not only pain but also other emotions, such as anger, sadness, fear, distress. 
These findings raised beg the question of whether empathy for pain is unique in its 
neural correlates. It is essential to know for revealing empathy is a specific context 
or in a state of chronic pain, depression or anxiety disorders. Because of this, pain 
empathy has been the central focus of empathy research in social neuroscience 
and other related fields, highlighting the importance of empathy for pain in daily 
life. Considering how pain plays a crucial role in the quality of life, determining its 
network and neurocognitive correlations in the empathy processing may provide 
a novel therapeutic approach for pain management. This area, which is still under 
investigation, can provide new information about pain. Under the recent studies 
and hypothesis, we have aimed to clarify the term of pain empathy, its components, 
and its neural correlates.

Keywords: pain empathy, functional magnetic resonance imaging, pain, empathy

1. Introduction

1.1 Empathy for pain

Empathy is a crucial component of social interactions allowing not only under-
stand and feel other’s emotions but also promoting prosocial behaviour which is 
vital for our social life [1–3]. Most definitions of empathy based on empathy are 
about a capacity of sense of knowing another person’s personal experience [4]. 
Empathy in the context of pain has been attracted since observing somebody in 
pain activates similar neurons as if the observer were feeling pain himself [5, 6]. 
The effect of experience and observing of pain bring an interpersonal interaction in 
observers.

Facing the pain of others might result from ignoring to comfort or help. Having 
personal pain experiences facilitate to reveal empathic responses when observing 
someone in pain [6]. Also, sharing emotional experiences with friends may promote 
empathy [7]. Personal beliefs about pain may affect the level of empathy in that 
person [8].
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1. Introduction

1.1 Empathy for pain

Empathy is a crucial component of social interactions allowing not only under-
stand and feel other’s emotions but also promoting prosocial behaviour which is 
vital for our social life [1–3]. Most definitions of empathy based on empathy are 
about a capacity of sense of knowing another person’s personal experience [4]. 
Empathy in the context of pain has been attracted since observing somebody in 
pain activates similar neurons as if the observer were feeling pain himself [5, 6]. 
The effect of experience and observing of pain bring an interpersonal interaction in 
observers.

Facing the pain of others might result from ignoring to comfort or help. Having 
personal pain experiences facilitate to reveal empathic responses when observing 
someone in pain [6]. Also, sharing emotional experiences with friends may promote 
empathy [7]. Personal beliefs about pain may affect the level of empathy in that 
person [8].



Pain Management - Practices, Novel Therapies and Bioactives

60

Additionally, personal identity was positively correlated with empathy in 
nurses, doctors, and teachers. Studies have shown successful teaching requires the 
link between cognitive and affective empathy [9]. Empathy promotes students’ 
academic achievement and teachers’ professional growth [10, 11]. Empathy was 
negatively correlated with a burnout in the nursing profession [12]. Furthermore, 
a 10-week empathy training experiment in nurses showed significantly improved 
professional identity [10].

As summed above pain empathy is influenced by several factors, such as per-
sonal identity [13, 14], gender [15], attention [15, 16], prosocial characteristics, and 
attitude [17]. Besides these, some neuropsychiatric disorders such as schizophrenia, 
psychopathy, and autism may lead to impaired empathic reactions. These individu-
als are less responsive to their pain and others [18, 19].

Sex differences are another affecting factor in empathy for pain. Women 
reported more significant empathic concern and affective distress via Empathy for 
Pain Scale in pain compared with men [20].

Regarding contextual influences in daily life, developing a sense of knowing 
another person’s experience in pain has been affected by several factors, such as 
observer’s learning experiences, shared knowledge, and observed person’s pain 
expressions, etc. All elements contribute to more or less person’s affective responses 
as well as behavioural responses. So, a person’s reaction to what they see is not iden-
tical. Although there are different mentions on the core components of empathy, 
there is a consensus in the literature that empathy takes a multiple and interacting 
process between cognition, distinction and affective state of the person.

This pain empathy process occurs from observing the pain because of his/her 
sense of knowing of the other’s personal experience and his/her affective response 
to this. In this context, empathy has divided into the three-part: firstly, cognitive/
evaluative part is similar to mentalising and theory of mind, ability to identify, and 
understand other people’s emotion [21]. Second, the distinction is distinguishing of 
self pain from someone else’s pain. The last part is pointing that sharing of the other 
person’s affective state (which refers to the catching and automatic mimicking of 
other people’s emotions) [22].

Successful internal balancing of empathy parts provides increased intimacy and 
closeness to other’s emotions. So, a mother may sense a child’s pain, understand the 
child’s feelings and may kiss the wound. In an unsuccessful situation for differentiating 
cognitive and affective part in empathy may cause to observer’s distress and burnout 
[8]. Finally, it would be sensible to assume that successful regulating our own emotions 
provide reliably use them to assess the content and sense of others’ feelings correctly.

2. Evaluation of empathy for pain

Pain is a subjective term, and individuals mostly use this term through their 
previous experience related to the injury. When a person receives cues that another 
person is in pain, neural pain networks within the brain are activated, and one 
observing another’s pain experience embodied empathic reactions such as distress. 
Several cues can communicate pain to another person: visualisation of the injury 
causing event, the injury itself, the injured’s behavioral efforts to avoid further 
harm, and displays of pain and distress such as facial expressions, crying, and 
screaming [23]. To standardise and measure the empathic responses “Empathy 
for Pain Scale (EPS)” has been developed [24]. In this questionnaire, four painful 
scenarios are using 12 identical items rated on a scale ranging from 1 to 5 points 
(1 = strongly disagree; 5 = strongly agree. The scenarios are: (1) a person undergo-
ing a surgical procedure (e.g., on the television hospital drama); (2) a person who 
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has a surgical procedure (e.g., with stitches or bandaged amputation stump); (3) a 
person who is accidentally injured (e.g., in a car accident); and (4) a person who is 
physically assaulted. The 12 response items are distress, discomfort, disgust, fear, 
restlessness, sense of compassion, sense of what it feels like, a need to get help, a 
desire to look away, non-painful sensations, painful sensations and visceral sensa-
tions (e.g., nausea). Interpersonal Reaction Index (IRI) is also used as a measurement 
tool for evaluating empathic reactions. The tool is self-report comprising 28-items 
answered on a 5-point Likert scale ranging from “Does not describe me well” to 
“Describes me very well” [25]. The four subscales are:

1. Perspective Taking – the tendency to spontaneously adopt the psychological 
point of view of others.

2. Fantasy – taps respondents’ tendencies to transpose themselves imaginatively 
into the feelings and actions of fictitious characters in books, movies, and plays.

3. Empathic concern – assesses “other-oriented” feelings of sympathy and concern 
for unfortunate others.

4. Personal distress – measures “self-oriented” feelings of personal anxiety and 
unease intense interpersonal settings.

3. Neural network for pain empathy

With the improvements in functional brain neuroimaging, most studies have 
focused on activity patterns and neural networks of empathy for pain [6, 26–28]. 

Figure 1. 
(A) Mid-cingulate cortex (MMC) and (B) anterior insula (AI) are most impressed areas in empathy for pain 
studies.
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Since early functional neuroimaging studies, the revealing of the same nervous 
system activation in the case of first-hand pain with responses to pain in others 
has prompted researchers to explore empathy for the pain core. In these stud-
ies, compared with experienced vs. observed pain, experiencing pain activates 
more extensive regions (with a posterior gradient) than observing pain [29]. Left 
mid-cingulate cortex (MMC) and left anterior insula (AI) were most impressed 
two regions in empathy for pain studies (Figure 1) [28–30], and pointed regions 
were also activated by the physical experience of pain [28, 31, 32]. A comprehen-
sive study systematic search from 128 functional brain imaging studies has been 
confirmed neural correlates of empathy has a core network comprising AI, MCC, 
postcentral gyrus, inferior parietal lobe, thalamus, amygdala, and brainstem 
(Table 1) [26].

Even though there was considerable overlap in networks for pain empathy 
and empathy for non-pain negative affective states, empathy for pain uniquely 
activated bilateral mid-insula and more extensive MCC [30]. Also, activated areas 
of empathy network showed differentiation with the type of stimuli in the brain. 
While the core empathy regions evoked with painful faces and pain inflictions, 
acute pain inflictions also activated additional regions, including medial frontal and 
parietal cortex [26]. A meta-analysis of neuroimaging studies on the role of visual 
information indicated that individuals have different activated area response to 
three factors: visual cues (body parts, facial expressions), visuospatial (first-person, 
third-person), and cognitive (self-, stimuli-, other-oriented tasks) perspectives 
[33]. Body-parts distinctly activated sensorimotor processing areas (superior and 
inferior parietal lobules, anterior insula) while facial expression distinctly involved 
the inferior frontal gyrus. They have concluded that pain empathy relies on a core 
network which is modulated by several secondary networks [33]. This second system 
may contribute to process depending on the visual cues available and the observer’s 
mental state. When we consider the pain for empathy has a quite complex mood, and 
network, the existing of undefined secondary structures would not be surprised.

The differentiation of activated regions has also been observed in the types of 
empathy. Although perceptual/affective and cognitive/evaluative parts of empathy 
show similar neural circuitry, cognitive/evaluative paradigms activated more left 
MCC regions while perceptual/affective paradigms activated more right AI (Table 2) 
[34]. The studies with paracetamol show that it might decrease psychological reactiv-
ity and alter the pain empathy in healthy human subjects [35, 36]. Paracetamol was 
altering specifically the affective part while keeping the cognitive part of empathy 
largely intact in healthy subjects. These findings mean that paracetamol reduces the 
emotional response to other people’s negative pain experiences without affecting the 
pain’s mentalising and internalisation. Inconsistent with this, one study suggested 
that paracetamol increased state empathy scores with activation of paracingulate 

Anterior insula (AI)

Mid-cingulate gyrus (MCC)

Postcentral gyrus

Inferior parietal lobe

Thalamus

Amygdala

Brainstem

Table 1. 
The neural correlates of empathy.
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gyrus is responsible for the processing of cognitive empathy in headache group 
[37]. The researchers concluded this paradigm that pain experience related adaptive 
brain changes might be strongly linked to the cognitive part of empathy, and target-
ing pain-induced empathetic neuroplasticity pathways could be a novel treatment 
strategy for the development of novel painkillers [37].

As we mentioned in pain empathy part, balancing of emotions provides us 
respond effectively and adaptively to the environmental factors. Otherwise, empa-
thy could be destructive and unhelpful for us. Usually, individuals use to regulate 
their emotions with cognitive reappraisal. For example, a recent study demon-
strated the exaggerated individuals’ emotional pain empathy intensity, if the judge-
ment of pain made after the participant’s pain experiences as a cognitive bias. But, 
that bias disappeared when participants used reappraisal to regulate their empathy 
[38]. The emotion regulation, and mainly reappraisal-based downward regulation, 
is associated with executive control and limbic networks, namely the prefrontal 
cortex and the amygdala [39, 40]. A study compared activated region with fMRI 
for empathising with painful vs non-painful scenarios as well as for reappraising 
painful vs non-painful scenarios. Empathising with painful scenarios was associated 
with increased connectivity with the mid-cingulate and anterior cingulate cortex 
(ACC), as well as with the bilateral post-central cortex [41].

Conversely, during reappraisal of painful vs non-painful scenarios, increased 
connectivity was found between the inferior frontal gyrus (IFG) and the bilat-
eral lateral occipital cortex, as well as with the left IFG, left posterior insula and 
left parahippocampal gyrus. Interestingly, different regulation strategies resulted 
in increased connectivity with other parts of the network. Empathic watch 
resulted in increased connectivity with regions involved in the processing of 
self-pain. In contrast, reappraisal resulted in increased connectivity with regions 
involved in the simulation of other pain, as well as self-pain processing [42]. 
Activation in the left supramarginal gyrus (SMG) and the right middle frontal 
gyrus (MFG) was found during empathic watch only, suggesting that these two 
regions play a critical role and are associated with the process of feeling empathy 
for the pain of others [41].

4. Conclusion

In line with getting raising numerous study, it could simplify the role of empa-
thy for pain based on a matching of psychological states between the sufferer and 
the observer. This matching contributes to prosaically actions, affective sharing, 
emotion regulation, and provide to alleviating the pain and suffering of others. 

Affective-perceptual empathy Cognitive empathy

Right ACC Left OFC

Right DMT Left MCC

Midbrain Left DMT

Right AI Left AI*

Left AI*

Dorsal anterior cingulate cortex (dACC), anterior mid-cingulate cortex (aMCC), dorsal medial thalamus (DMT), 
orbital frontal cortex (OFC), anterior insula (AI).
*Region that involved in both types of empathy.

Table 2. 
The differences in regions are activated in cognitive–evaluative and affective–perceptual empathy [34].
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Under the light of empathy for pain studies, it should be indicated that the neural 
networks of empathy for pain have not still exactly clarified yet.

Whether the underlying processing of empathy for pain/pain empathy is associ-
ated with other non-pain negative affective states still needs more investigation. 
This gap mentioned-above is particularly relevant for studying empathic responses 
in different contexts, with diverse populations (age, sex, culture, vocation, etc.) 
and other affective/sensory states. In the context of the crucial role of pain in the 
quality of life, empathy for pain deserves more experimental studies for effective 
pain management in people suffering intractable pain attacks. This chapter dis-
cusses not only the definition of empathy for pain, but also the importance of its 
brain -network correlates, and the ability to empathise with pain in others. Future 
studies are required for revealing the essential components of pain empathy by 
different pain stimuli and paradigms.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6

Review of Psychological 
Interventions in the Management 
of Arthritic Pain: The Case of 
Africa
Ann Ukachi Madukwe

Abstract

This chapter reviewed the scientific reports of the prevalence of arthritis pain 
and the potential of applying various psychological techniques in arthritis pain 
management among Africans. It initially reviewed the publications on arthritic 
disease-types, causes and prevalence among Africans and the current status of 
arthritic treatment options in Africa, cognitive, emotional, and behavioral compo-
nents of arthritic pain experience, and then later focused on potential application 
of psychotherapies as part of comprehensive pain management protocol in African 
clinics and hospitals. The chapter discussed psychological explanations of pain and 
theoretical bases for pain management. It provided information on chronic arthritic 
pain assessment from a psychological perspective, beneficial psychotherapies and 
techniques applicable to this health condition. In general, the chapter explained the 
importance of incorporating psychological interventions as part of a comprehensive 
treatment plan to help improve the health outcome of arthritic patients presenting 
at hospitals in Africa. Psychological interventions are recommended to achieve 
better treatment outcomes for arthritis patients in African nations.

Keywords: Africa, arthritis pain, pain management, psychological intervention

1. Introduction

A 2015 research report stated that 90% of the global burden of disease lies in 
Low- and Mid- Income Countries [1]. A different report in the same year stated 
that over 24% of global disease burden lies in Africa, has access to only 3% health 
workers and less than 1% of the world’s financial resources [2–4]. Healthcare system 
in Africa has estimated medical personnel (physician) to patient ratio of 2.7:10,000 
compared to 5.9 South East Asia, 12.7 Eastern Mediterranean, 15.5 Western Pacific, 
21.5 Americas, and 32.1 European region [3]. Generally, Africa is heavily burdened 
by non-infectious diseases and health conditions (e.g., diabetes, cancer, cardiovas-
cular disease, pregnancy and childbirth related problems, musculoskeletal diseases, 
road accidents, etc.) and these are also the major causes of mortality and disability 
in the African population [3, 5–7]. Arthritis belongs to this category and is a major 
reason for adult disability in the continent. Rheumatoid arthritis was reported to 
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have worldwide prevalence of 1%, while between 1990 and 2010 prevalence in 
Africa seem to have increased from 0.36 to 0.42% [8]. In a more recent review, 
the prevalence of Rheumatoid arthritis was recorded as follows: 0.40% in South 
Asia, 0.37% in Eastern Mediterranean, 0.62% in Europe, 1.25% in America and 
0.42% in Western Pacific, no information was provided on the African burden 
of Rheumatoid arthritis [7]. However, a study reported a 0.13% prevalence of 
Rheumatoid Arthritis in urban Barika Algeria, North Africa in 2013 with an  
estimated 0.15% prevalence for the general population [9].

Major challenges to arthritis management in Africa include the fact that its’ 
economic/health import is downplayed in favor of communicable or infectious 
diseases. Consequently, research in this area is minimal with small sample popula-
tion & clinic-based studies that are not representative of the true situation of arthri-
tis disease (prevalence, treatment burden and resulting disability) in the African 
population. Also, little is known about causes and types of arthritis disease; and 
the psychosocial challenges patients face especially with regards to gender, ethnic 
or tribal dichotomies in the continent. However, these issues are beyond the scope 
of this chapter. This paper is focused on providing information about the state of 
psychological interventions in the management of arthritis pain in Africa and what 
can be done to improve the situation so as to offer more effective pain management 
protocols to arthritis patients. This review covers the use of psychological interven-
tions in arthritis treatment in general drawing from clinical practices and studies 
conducted across gender and outside Africa.

2. Arthritis disease: Types, symptoms and prevalence

Arthritis is widely recognized as a leading cause of pain and disability among 
the aged (adults 50 years and above) across the globe. Its burden is well noted in 
developed nations like the United States and measures are taken to care for suffer-
ers. The case is different in African countries, starting with under-diagnosis due to 
little or no presentation of cases at orthodox hospitals, misconceptions about the 
disease, poverty, expensive (unaffordable) medical care, inadequate medical facil-
ity and distractions by heavy burden of infectious diseases in the health sectors, as 
such little attention is given to arthritis disease in these countries. South Africa with 
on 85 rheumatologists is reported to have the largest number of rheumatologists in 
Africa [3].

Arthritic disease has been described as a chronic inflammatory disorder that 
affects joints of the body [10]. It has painful, debilitating and detrimental [5, 11] 
effects on the health and well-being of those affected. While it is assumed to be 
more common among the elderly (65+ years), it afflicts people of all age brackets 
including children, male and female alike. Over a hundred type of arthritis have 
been recorded [11, 12] overtime and across the globe. Studies in Africa have noted 
the existence of seven types of arthritis- 1) Rheumatoid arthritis 2) Osteoarthritis 
(Mseleni Joint Disease) 3) Ankylosing Spondylitis 4) juvenile idiopathic arthritis 5) 
juvenile chronic arthritis 6) psoriatic arthritis 7) Gout 8) Osteoarthritis. Literature 
showed that most studies on arthritis were conducted with non-African popula-
tions. Majority of the studies conducted in African Nations were centered on 
Rheumatoid Arthritis (RA) a few on osteo arthritis. Some meta-analytic reviews 
were on the prevalence of various types of arthritis in Africa. Both genetic and 
environment have been reported to contribute to the onset or arthritic conditions 
(e.g. aging, obesity, injury). The arthritis conditions identified among Africans will 
be briefly discussed.

Rheumatoid Arthritis (RA): RA is described as an autoimmune disease in which 
the immune system attacks the lining of joints and connected tissues [8, 7] causing 
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inflammation of small joints of the hand, wrist, knee and feet. It is a chronic condi-
tion that if left untreated leads to extensive erosion on cartilage causing deformity 
and disability [13]. Its symptoms include daily pain, morning stiffness, fatigue, 
swelling of joints, generalized weakness, loss of weight, and low-grade fever. This is 
the most studied arthritic condition in Africa [6]. Generally, RA is reported to have 
1–2% prevalence in western world and 1% worldwide [14]. Another report showed 
an increasing incidence of RA across African Nations including Uganda, Kenya, 
Nigeria and South Africa [6]. Report reveals a prevalence rate range of 0.1% to 2.5% 
in various urban and rural settings of Democratic Republic of the Congo (DRC), 
Lesotho and South Africa [10]. RA is most prevalent in South Africa with a preva-
lence ratio of 2:3 for men to women [8]. The report on Nigeria and Liberia with the 
next highest occurrences of RA showed greater incidence in men with a prevalence 
range of 3:1 for men to women. However, two studies that used the American 
College of Rheumatology (ACR) 1987 rheumatic arthritis criteria for diagnosis 
found no incidence of RA in Botswana and Nigeria.

Osteoarthritis (OA): Osteoarthritis occurs among older people of 65+ years. It is 
described as a

Degenerative joint disease that can affect any bodily joint but typically affects the 
hands, hips, kneel and spine. OA causes degradation of articular cartilage overtime 
resulting in bones rubbing up against one another leading to pain, joint swelling, 
tenderness and limited mobility ([12], p. 5-6).

It has also been affirmed that the degenerative nature of osteoarthritis affects 
cartilage and its surrounding tissues, remodels the subarticular bone, causes osteo-
phyte formation, ligamentous laxity, weakening of particular muscles and at times 
synovial inflammation [13]. Mseleni Joint Disease is a type of osteoarthritis com-
mon among people in Northern Kwazulu Natal province of South Africa and locally 
known as unyonga, meaning a disease of the joints [15]. It affects large joints in mid 
childhood. Some symptoms include joint pain, morning stiffness and stiffness on 
resumption of activity, limited mobility, bone enlargement, joint instability and 
severe physical disability. OA disease progresses slowly, and knee OA is reported 
as the most prevalent compared to hand and hip OA. People who are above age 50, 
obese, inactive, who smoke and who have joint injury are at greater risk of develop-
ing OA. The incidence of OA increases with age and it is reported more in women 
than males aged over 50 years. Osteoarthritis is recorded as the most prevalent form 
of arthritis in Africa with a prevalence range of 55.1% to 82.7% in urban and rural 
South Africa respectively [10]. However, it is not as extensively studied as RA.

Juvenile Arthritis: This includes Juvenile Idiopathic Arthritis (JIA) and Juvenile 
Chronic Arthritis (JCA) among others that afflict children of 15 years and younger. 
Juvenile arthritis is a progressive inflammatory autoimmune disease that may affect 
multiple joints (e.g., knee, hand, elbow, ankle, wrists, etc.) in the body by the time 
the child becomes an adult resulting in restricted mobility [12]. The symptoms 
include swelling, joint pains and stiffness. JIA is reported as the most prevalent 
arthritis in this class [10]. Reported records of the prevalence of JIA among African 
children (10–15 years) are as follows: 0.003–0.33% prevalence in Egypt and 00.1% 
in Cameroun.

Psoriatic Arthritis: It is described as a chronic inflammatory join disease with 
negative test for rheumatoid factors and cutaneous psoriasis [16]. The symptoms 
include morning stiffness, joint pain, skin flaking, intermittent swelling, fatigue 
and itching. This type of arthritis has also been noted to be incident in Africa with a 
4.4% prevalence rate in urban South Africa, 1% & 0.1% in Uganda and Cameroun 
respectively. In Africa records of its incidence is linked to HIV infection.
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inflammation of small joints of the hand, wrist, knee and feet. It is a chronic condi-
tion that if left untreated leads to extensive erosion on cartilage causing deformity 
and disability [13]. Its symptoms include daily pain, morning stiffness, fatigue, 
swelling of joints, generalized weakness, loss of weight, and low-grade fever. This is 
the most studied arthritic condition in Africa [6]. Generally, RA is reported to have 
1–2% prevalence in western world and 1% worldwide [14]. Another report showed 
an increasing incidence of RA across African Nations including Uganda, Kenya, 
Nigeria and South Africa [6]. Report reveals a prevalence rate range of 0.1% to 2.5% 
in various urban and rural settings of Democratic Republic of the Congo (DRC), 
Lesotho and South Africa [10]. RA is most prevalent in South Africa with a preva-
lence ratio of 2:3 for men to women [8]. The report on Nigeria and Liberia with the 
next highest occurrences of RA showed greater incidence in men with a prevalence 
range of 3:1 for men to women. However, two studies that used the American 
College of Rheumatology (ACR) 1987 rheumatic arthritis criteria for diagnosis 
found no incidence of RA in Botswana and Nigeria.

Osteoarthritis (OA): Osteoarthritis occurs among older people of 65+ years. It is 
described as a

Degenerative joint disease that can affect any bodily joint but typically affects the 
hands, hips, kneel and spine. OA causes degradation of articular cartilage overtime 
resulting in bones rubbing up against one another leading to pain, joint swelling, 
tenderness and limited mobility ([12], p. 5-6).

It has also been affirmed that the degenerative nature of osteoarthritis affects 
cartilage and its surrounding tissues, remodels the subarticular bone, causes osteo-
phyte formation, ligamentous laxity, weakening of particular muscles and at times 
synovial inflammation [13]. Mseleni Joint Disease is a type of osteoarthritis com-
mon among people in Northern Kwazulu Natal province of South Africa and locally 
known as unyonga, meaning a disease of the joints [15]. It affects large joints in mid 
childhood. Some symptoms include joint pain, morning stiffness and stiffness on 
resumption of activity, limited mobility, bone enlargement, joint instability and 
severe physical disability. OA disease progresses slowly, and knee OA is reported 
as the most prevalent compared to hand and hip OA. People who are above age 50, 
obese, inactive, who smoke and who have joint injury are at greater risk of develop-
ing OA. The incidence of OA increases with age and it is reported more in women 
than males aged over 50 years. Osteoarthritis is recorded as the most prevalent form 
of arthritis in Africa with a prevalence range of 55.1% to 82.7% in urban and rural 
South Africa respectively [10]. However, it is not as extensively studied as RA.

Juvenile Arthritis: This includes Juvenile Idiopathic Arthritis (JIA) and Juvenile 
Chronic Arthritis (JCA) among others that afflict children of 15 years and younger. 
Juvenile arthritis is a progressive inflammatory autoimmune disease that may affect 
multiple joints (e.g., knee, hand, elbow, ankle, wrists, etc.) in the body by the time 
the child becomes an adult resulting in restricted mobility [12]. The symptoms 
include swelling, joint pains and stiffness. JIA is reported as the most prevalent 
arthritis in this class [10]. Reported records of the prevalence of JIA among African 
children (10–15 years) are as follows: 0.003–0.33% prevalence in Egypt and 00.1% 
in Cameroun.

Psoriatic Arthritis: It is described as a chronic inflammatory join disease with 
negative test for rheumatoid factors and cutaneous psoriasis [16]. The symptoms 
include morning stiffness, joint pain, skin flaking, intermittent swelling, fatigue 
and itching. This type of arthritis has also been noted to be incident in Africa with a 
4.4% prevalence rate in urban South Africa, 1% & 0.1% in Uganda and Cameroun 
respectively. In Africa records of its incidence is linked to HIV infection.
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Gout: This particular type of arthritis is considered to have significant genetic 
underlining as it is found to run in families [12]. Its symptoms include acute joint 
pain, swelling in the knees, foot and big toe. It is more prevalent in males than 
females. The prevalence of gout is reported as 0.70% among white South African 
and 0.30% among HIV-infected population in Burkina Faso.

Ankylosing Spondylitis: It is a chronic, progressive arthritic condition that leads 
to severe disability. It occurs in early adulthood with symptoms like pain in the mid 
and lower back, heel, eyes, shoulder, ankle, and knee, reduced flexibility in the 
spine, sleep disorder, inflammatory bowel disease, and abnormal bone formation. 
Some occurrences of this type of arthritis are recorded in South Africa, Cameroun 
and Egypt [10, 17].

2.1 Arthritis pain experience

Pain often contributes to dramatic reduction in a patient’s quality of life. Like 
every other pain, arthritis pain is multidimensional [18]. It has physical, social, 
psychological and economic dimensions and how each person perceives these 
dimensions influences their treatment outcome. Despite the obvious, treatment of 
pain and arthritis pain in particular is usually and largely based on the biomedical 
procedures like medication, surgery and physical therapy. Traditionally, arthritis 
disease known as a musculoskeletal disorder is classified as a biological and physi-
ological condition. As such, its epidemiology, pathogenesis as well as treatment 
efforts have been majorly focused on and drawn from the biomedical field. This has 
largely served to under-prioritize the potential contributions of other approaches 
especially psychological approaches to the treatment and care of arthritis patients. 
It has also indirectly suppressed the understanding of pain, in this context arthritic 
pain, as a psychological experience with cognitive, emotional and behavioral 
components.

Pain is described as an unpleasant experience signaled by behavioral expressions 
such as crying, screaming, withdrawal, change in posture, gait or facial expression 
[19] which limits, hinders or alters the bearer’s behavior. Pain was defined as an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage or described in terms of such damage [14]. The relationship between 
the incidence of pain and possible cell damage or existence of disease provides clear 
evidence or support for the biomedical understanding of pain. Nevertheless, this 
connection is not able to explain why two individuals with the same level of cell 
damage or disease activity would have varying degrees of pain. The biomedical 
perspective is considered as being weak due to its inability to explain the differen-
tials in pain responses of patients with similar disease activity [20], neither is it able 
to address psychological factors in the experience of pain. Again, the biomedical 
drug treatment approach to the management of arthritis in Africa with recourse 
to non-pharmacological or surgical treatments may have increased the likelihood 
for self-medication among sufferers. This is most likely because of the problems 
of inaccessible, unavailable or expensive healthcare services in Africa (especially 
among rural women dwellers). A situation that may explain the seemingly low 
prevalence rates arthritis disease reported by studies originating from Africa. 
Therefore, the argument that pain sensation is not merely a biological process 
but mostly a psychological experience forms the basis for this call to fully adapt 
psychological techniques in the management of arthritis pain among Africans 
and all people in general. The importance of this call for the use of psychological 
techniques in the treatment of arthritis pain, relates to the bio-psychosocial model 
of [21] which postulated that no particular factor can account for health outcome. 
Rather, that health outcome depends on the synergistic and reciprocal interactions 
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of various factors that relates to a patient’s disease experience. In this paper, it is 
argued that because the perception of pain depends on a lot of factors including but 
not limited to age, sex, wellbeing, cognition, belief, learning, emotional stability, 
culture, economic status, etc., The insistence or rigidity that sustains the biomedical 
model of pain management has to be revaluated in light of new knowledge and best 
practices across the globe. When adopted, psychological methods [21–23], would 
mostly enhance patients’ health outcome by:

a. Improving patients’ understanding of perceived illness

b. Improving patients’ adherence to treatment protocols and life style changes

c. Improving level of acceptance of the illness

d. Addressing ethno-cultural factors contributing to illness experience and illness 
sustenance

e. Addressing issues of interpersonal relationship, communication, and social 
support relating to patient care.

f. Addressing gendered issues that may be hindering positive health outcome or 
hinder access to health services.

g. Assessing and treating pre- or co-morbid psychological problems like drug 
misuse/abuse, depression, anxiety, sleep problems, etc.

h. Teaching patients effective selfcare and pain management protocols.

2.2 Arthritis pain treatment options in Africa

There is a clear challenge of limited empirical studies on arthritis in Africa. 
A report [10] showed that between 1975 and 2014, about fifty studies relating to 
arthritis were published across Africa. However, none of those studies and none 
that was found in the course of writing this chapter were focused on African women 
or arthritis treatment. Instead, most were on prevalence and the remaining, either 
studied risk factors or are meta-analytic reviews of others. Meanwhile, information 
on women experience of arthritis pain and its treatment is lacking. Studies from 
other parts of the world including United States of America, United Kingdom and 
France point to the use of non-drug treatments in the management of arthritis pain. 
A meta-analytic study that assessed the efficacy of psychosocial interventions in 
the management of arthritic pain in the United States, reported that patients who 
received psychosocial interventions displayed significantly lower post-treatment 
anxiety, depression and psychological disability [23, 24]. Reported the use of 
non-pharmacological treatments as depending on disease progression, personality, 
environment and objectives of the patient [25]. Some identified non-pharmacolog-
ical treatments include physiotherapy, balneotherapy, spa therapy, psychological 
interventions, therapeutic patient education, dietetics and acupuncture.

3. Psychological theories on pain and pain management

Attempts to explain pain and human experience of pain dates back to the time 
of Descartes in the 17th century, with pain described and understood as a sensory 
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model of pain management has to be revaluated in light of new knowledge and best 
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There is a clear challenge of limited empirical studies on arthritis in Africa. 
A report [10] showed that between 1975 and 2014, about fifty studies relating to 
arthritis were published across Africa. However, none of those studies and none 
that was found in the course of writing this chapter were focused on African women 
or arthritis treatment. Instead, most were on prevalence and the remaining, either 
studied risk factors or are meta-analytic reviews of others. Meanwhile, information 
on women experience of arthritis pain and its treatment is lacking. Studies from 
other parts of the world including United States of America, United Kingdom and 
France point to the use of non-drug treatments in the management of arthritis pain. 
A meta-analytic study that assessed the efficacy of psychosocial interventions in 
the management of arthritic pain in the United States, reported that patients who 
received psychosocial interventions displayed significantly lower post-treatment 
anxiety, depression and psychological disability [23, 24]. Reported the use of 
non-pharmacological treatments as depending on disease progression, personality, 
environment and objectives of the patient [25]. Some identified non-pharmacolog-
ical treatments include physiotherapy, balneotherapy, spa therapy, psychological 
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3. Psychological theories on pain and pain management
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experience. Later theories like the pattern theory also derived from the biomedical 
models, till mid-20th century when Melzack and Wall in 1965 propounded the gate 
control theory of pain. Unlike the biomedical models before it, the gate control 
theory expanded the understanding of pain perception and experience to include 
psychological factors like stress, emotions, motivations, past experience, context and 
their impact on pain processing in the brain. This new understanding of pain opened 
doors for the use of psychological therapies in the control and management of pain. 
The understanding that not all kinds of pain can be explained by disease activity or 
tissue damage that are responded to by peripheral nerves gave room for a potentially 
better explanation of pain [26]. Consequently, the gate control theory proposed that 
higher neural mechanisms in the brain make meaning of a pain experience by incor-
porating other individualized factors including cognition, emotion, and motivation.

This theory contributed to a better understanding of pain so that it is scien-
tifically understood and clinically practical that pain is dependent on a recipro-
cal relationship between ascending nociceptive input from peripheral nerves 
(pathophysiology) and feedback from higher brain activities (psychological 
factors) see Figure 1.

Psychological theories that form the bases for pain management psychotherapies 
include the behavioral, cognitive and humanistic models and modern models like 
the psychological flexibility model. Behavioral theories like operant conditioning of 
BF Skinner and classical conditioning of IvanPavlov explain behavior as an outcome 
of learning and as such a learned behavior can also be unlearned [27]. Therapies 
that generate from these theories like behavior modification techniques (e.g., token 
economy) cause behavioral change, either by decreasing unwanted behavior or 
increasing wanted behavior [28]. In the instance of chronic pain, these patients are 
taught new coping skills that would help them reduce or eliminate aversive or prob-
lematic pain behaviors. On the other hand, cognitive theories of psychology like 
Albert Ellis rational emotive behavior and Beck’s cognitive theory would address 
a patient’s thoughts, feelings and actions in relation to their pain experience [28]. 
These theories and therapies generating from them would explain problems like 
depression, pain catastrophizing, pain avoidance behaviors, feelings of helplessness, 
etc., that commonly accompany chronic pain conditions. The humanistic theories 
of psychology would explain pain experience in its social, economic, cultural, etc., 
contexts. How these factors could be contributing to the experience and sustenance 
of pain or how they can help alleviate the problem. Therapies developed from this 

Figure 1. 
An illustration of how activities in the higher brain areas and inputs from nociceptive neurons influence 
gate opening or closing in the dorsal horn to elicit a pain experience. Pain is experienced when the combined 
activities results in the opening of the gate.

75

Review of Psychological Interventions in the Management of Arthritic Pain: The Case of Africa
DOI: http://dx.doi.org/10.5772/intechopen.93633

theoretical background would focus on providing emotional support while encour-
aging social support and selfcare strategies with a goal of reducing the psychological 
distress experienced by the patient. Finally, the psychological flexibility model for 
chronic pain management is a recently developed understanding that is attracting 
the attention of researchers and practitioners in recent times. The model refers to 
“the capacity to persist or to change behaviour in a way that (a) includes conscious 
and open contact with thoughts and feelings, (b) appreciates what the situation 
affords and (c) is guided by one’s goals and values”. This model integrates both 
cognitive and environmental influences in describing and understanding behavior 
[29]. It focuses on such processes like acceptance, cognitive defusion, flexible 
present-focused attention, self-as-observer, values, and committed action; of these, 
 acceptance has risen in popularity among psychotherapist and in treatment of 
chronic conditions.

Effective pain management protocols are therefore expected to also cover the 
psychological (cognition, emotional, behavioral) aspect of pain experience. Pain 
management especially management of chronic pain (like arthritis pain) that is 
based on biomedical approach is apparently deficient of the psychological inter-
vention protocol and would most likely result in poor health outcome. This is true 
and supports or explains the extensive acceptance and inclusion of psychological 
interventions in comprehensive wholistic pain management approaches used in 
developed nations like France.

Across the globe but especially in Africa, the use of psychological interventions 
in the management of pain is quite minimal. Psychological interventions are mostly 
present in the management of cancer patients, hence, the development of Psycho-
Oncology; but lacking in the management of other chronic conditions particularly 
arthritis. This is despite the established knowledge that arthritis disease onset, 
progression, severity and treatment outcome affects and can be affected by a per-
son’s life style, psychological and social circumstances [24]. It has therefore become 
imperative to reawaken psychologists and other health care professionals in Africa 
to the need to provide better healthcare service to arthritis patients by incorporating 
psychological interventions that could improve treatment outcome, quality of life, 
and adjustment skill for the patient. This can be done by referring arthritis patients 
presenting in the hospitals and clinics to psychologists for pain management psy-
chological therapies. Such referral can be made when chronic arthritis pain results 
in or is as a result of the following:

1. Depression

2. Disability

3. Low self-efficacy for pain control

4. Pain catastrophizing

5. Inadequate social support (informational, behavioral and emotional)

6. Stress

7. Insomnia (Sleep disorder)

8. Emotional distress

9. Anxiety [24].
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3.1 Psychological focus in clinical pain assessment

Assessment of chronic pain condition for which psychological intervention is 
required should be characterized by the following;

3.1.1  Pain sensation must have been on for at least six months and more to qualify 
as chronic pain

3.1.2 Full history of the pain must be taken

a. Circumstances surrounding the pain; where and when it occurs

b. Duration; how long does the pain last at each episode – chronic, intermittent or 
remitting.

c. Severity of the pain from the beginning

d. Which joint(s) of the body does the pain sensation occur and how often in a 
day, week, or month.

e. What triggers the pain sensation and what makes it better or brings relief

f. Use visual analogue scale to rate severity of pain experience at initial clinical 
assessment. An example is using a scale of 0–10, with zero as no pain and ten as 
severe pain

g. Client’s beliefs and thoughts about the pain; is pain seen as unacceptable, a 
punishment or beyond their control. This relates to pain catastrophizing.

h. Client’s feelings about and perception of the pain and the circumstances 
 surrounding it. This relates to pain locus of control

i. Client’s lifestyle and coping strategies being used to cope with the pain; also 
assess client’s activity level

j. Client’s belief about their ability to control the pain experience. This relates to 
pain self-efficacy

k. Social context and stress level of patient suffering arthritis pain

l. Addiction to drugs (including misuse or abuse of prescription drugs for pain 
management)

m. Anxiety disorder

n. Sleep disorder

o. Depression

There are also evidence-based pain assessment instruments developed to mea-
sure various pain related concern like coping and self-efficacy. Some commonly 
used ones are pain self-efficacy questionnaire, coping strategies questionnaire, 
brief COPE inventory, and chronic pain coping inventory. The scale a therapist 
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chooses to use depends on their interest. Generally, the scales are developed to 
measure behavioral and or cognitive aspects of pain experience or pain coping. 
A therapist can select a scale if they want to have a more objective assessment 
of how well a patient uses a particular coping skill when experiencing pain. The 
following are some coping skills assessed with the scales; diverting attention, 
reinterpreting pain sensation, guarding, resting, asking for assistance, coping 
self-statement, ignoring pain, praying and hoping, relaxation, task persistence, 
exercise, increasing behavioral activities, catastrophizing, stretching and seeking 
social  support [30].

3.1.3 Treatment Planning

This will involve clinical decision about required or further investigation to help 
decide the nature of pain as well as the treatment protocol of choice. Assessment 
of personality variables, lifestyle, thinking pattern and social network are also 
important. And the results of biomedical investigations like laboratory, radiological 
and physical examinations should also be considered. Though arthritis pain is the 
general concern, psychotherapy should be tailored to suit the personal needs and 
circumstances of each arthritis patient. Patients, therefore, work with therapists in 
a collaborative manner during assessment and treatment planning stages, to design 
the best interventions possible to achieve their treatment goals in the shortest time 
possible or help them function better with minimal pain and psychological distress.

3.2 Psychological techniques in treatment or management of pain

A. Cognitive restructuring aimed at changing existing beliefs about pain and 
creating new ways to think about it and resolve it.

B. Relaxation techniques to help deal with anxiety induced by the painful 
condition

C. Stress management, this is important as painful conditions can be stressful or 
worsened by other stressors (e.g., work related stress)

D. Psychoeducation about possible psychological symptoms

E. Assertiveness skills to help with pain communication between patients, their 
caregivers and other support network

F. Hypnosis and Distraction techniques

3.3 Psychotherapies in arthritis pain management

Treatment approach can be either group or individual or both as the case may 
be. Therapy can be as short as 8 sessions; however, the length of psychotherapy 
depends on the severity of the problem. Common therapies applied to arthritis 
patients include:

a. Cognitive-behavioral therapy: This is used especially when client is  presenting 
with comorbid depression and or anxiety disorder. Techniques used here 
would address the affect, cognition and behavior of a patient in relation to pain 
experience. Some applicable techniques are relaxation, cognitive restructuring, 
problem solving, in vivo desensitization, sleep hygiene, etc., [28].
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3.1 Psychological focus in clinical pain assessment
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b. Behavioral therapy: This is aimed at changing existing unhelpful pain behav-
iors, lifestyle, diet and to get the client to adopt new, more adaptive and pain 
relieving behaviors that will encourage continuous participation in work and 
recreational activities (habit reversal techniques). Some applicable techniques 
include assertions, exercise, deep muscle relaxation, token economy, etc.

c. Psychosocial counseling: The goal here is to help the patient clarify, calibrate, 
differentiate and understand their various concerns. It is common that the 
practical problems like pain, reduced physical activity and low income would 
have accompanying emotional distress. Therapies using this model would help 
patients separate the two and address the practical problems and the emotional 
distress sequentially. It is supposed that once the emotional distress is resolved 
client would be more capable to perform tasks that could help resolve the prac-
tical problems. Some applicable techniques are supportive counseling, problem 
solving, psychoeducation for adaptive coping skills, etc.

d. Other psychotherapies that could address issues like depression, catastrophiz-
ing, anxiety, fear of pain and other accompanying psychological problems can 
also be applied. However, psychological interventions for chronic pain manage-
ment are best when applied as a multicomponent therapy that would address 
the various psychosocial dimensions of pain experience.

4. Conclusion

Treatment of arthritis is largely done using drugs and surgery, however, the use 
of other non-pharmacological and psychosocial approaches have been widely noted 
in other parts of the world aside Africa. There is no clear and reliable evidence of 
the reality of arthritis disease burden in Africa. Hence, the seemingly mislead-
ing conclusion that arthritis is less prevalent in African nations compared to the 
developed and industrialized nations of the world. Rather, poverty, inadequate 
healthcare facility, expensive healthcare service as well as reliance on traditional 
remedies might explain the seeming lack of hospital presentations or low diagnosis 
of arthritis in Africa. Psychological interventions have been proven to be beneficial 
in other nations. The chapter highlighted various psychological interventions and 
their positive impacts on the existing arthritis treatment protocols.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 7

Clinical Insights into the 
Importance of Scars and Scar 
Release in Paediatric Chronic 
Myofascial Pain
Gillian Lauder and Nicholas West

Abstract

Humans exhibit biotensegrity, whereby the whole body is a three-dimensional 
visco-elastic vehicle whatever position it adopts: bones form non-contact com-
pression struts embedded in a networked and tensioned myofascial matrix; each 
part of the organism combines with the mechanical system to create an inte-
grated functional movement unit and contributes to the stability of the whole 
system. When tissue at/below the dermis is breached by surgery/injury, healing 
leads to scar tissue formation. Scars can cause local and distant effects that are 
not purely cutaneous. Restriction of normal movement of underlying tissues 
from defective fascial sliding generates anomalous tension that affects the fascial 
continuum leading to distorted biomechanics, altered biotensegrity and chronic 
pain. Scars are common in children and significant contributors to chronic pain 
presentations. Scars can be released (soft tissue mobilization and/or needling) to 
sustainably improve pain, flexibility and range of motion. This chapter outlines 
the importance of skin and fascia in the biotensegrity model. Emphasis is placed 
on the fundamental need to assess scar history and scar characteristics to deter-
mine if scars should be treated as a component of multidisciplinary chronic pain 
management. Case studies outline some key clinical observations. Appropriately 
controlled research studies are required to fully demonstrate the highlighted 
benefits.

Keywords: chronic pain, paediatric pain, myofascial pain, scars, scar release, 
treatment approaches, fascia, biotensegrity

“Scars have the strange power to remind us that the past is real”.

Cormac McCarthy, All the Pretty Horses.
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“Scars have the strange power to remind us that the past is real”.

Cormac McCarthy, All the Pretty Horses.
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1. Introduction

1.1 Skin

“Our skin mediates the most important transactions of our lives, Skin is key to our 
biology, our sensory experience, our information gathering, and our relationships 
with others……although rarely appreciated, it is one of the most remarkable and 
highly versatile parts of the human body.”

Nina Jablonski, Skin – A Natural History [1]

The skin is the largest organ in the body. It provides a crucial interface between 
the body and its environment. It has very diverse functions, which include: a defen-
sive barrier against toxic agents and micro-organisms, a multidimensional sensor 
between the body and the external environment, a protective shield from sunlight, 
a harnesser of sunlight to begin the process of Vitamin D production in the body, 
and host to a large part of our microbiome [1, 2]. The skin is thinnest at the eyelids 
and thickest on the soles of the feet. Skin consists of the epidermis and the dermis, 
which differ markedly in their structure and function.

The epidermis, the outermost layer is a stratified keratinizing epithelium, 
approximately 1 mm thick, which is in constant turnover. It maintains a shield 
against environmental toxins, resists water and protects against heat. The main 
types of cell found in the epidermis are the keratinocytes, but there are also melano-
cytes, Langerhans cells, T-lymphocytes and Merkel cells.

Basal keratinocytes are known to differentiate and flatten out to create the 
stratum corneum. The balance of proliferation and differentiation of the basal kera-
tinocytes is essential for epidermal integrity and ongoing epidermal tissue renewal. 
Keratinocytes are in close physical contact with free sensory afferent nerve endings 
and therefore involved in nociceptive responses [3]. Keratinocytes also have some 
specialised functions, such as: synthesis of keratin, neuropeptides, neurotrans-
mitters, endogenous opioids and autacoids; involvement in local inflammatory 
responses; as well as expression of multiple different receptors [3]. Tactile stimula-
tion is known to induce peripheral oxytocin release from keratinocytes to mediate 
local, peripheral oxytocin mediated analgesia [4]. In addition, keratinocytes play a 
fundamental role in the pathogenesis of neuropathic pain and central sensitization 
[3, 5–8]. Keratinocytes play a significant role in skin tissue repair, but an abnormal 
balance of proliferation and differentiation of keratinocytes may lead to generation 
of pathological scars [9].

Melanocytes are responsible for the primary pigment colour of the skin and the 
production of melanin. Melanin content is the differentiator for skin colour. Lighter 
skin or depigmented skin has less melanin, associated with living in more northern 
climates, where the lighter skin can synthesise more Vitamin D from exposure to 
sunlight. Merkel corpuscles are skin mechanoreceptors, whereas Langerhans cells 
and the T-lymphocytes have immunomodulatory properties.

The dermis is a thick layer of connective tissue, which is elastic, pliable, and has 
substantial tensile strength. The dermis is split into the upper papillary dermis, and 
the lower reticular dermis. The reticular dermis is characterised by dense irregularly 
packed collagen, elastin, and reticulin, from which it derives its name. It will be 
seen later that the duration and intensity of the inflammatory process within the 
reticular dermis, following surgery or injury, has an impact in the development of 
pathological scars. The dermis houses other essential organs of the skin including 
hair follicles, sebaceous glands, endocrine glands and apocrine glands which are 
absent in scarred skin.
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Whereas the primary cells of the epidermis are the keratinocytes, the primary 
cells of the dermis are the fibroblasts. The dermis gets its strength from a combina-
tion of collagen and elastin fibres. The fibroblast is a connective tissue cell that 
secretes collagen, elastin and other elements of the extracellular matrix. Collagen 
bundles in healthy normal skin are organised in a three-dimensional basket-weave 
pattern [10], whereas collagen bundles in scarred skin are organised in parallel to 
the epithelial surface [11]. Fibroblasts are critical in all phases of wound healing, 
wound contraction, and remodelling of scars. There are multiple distinct sub-
populations of dermal fibroblasts. Fibroblasts with abnormal phenotypes (altered 
proliferation profile and different patterns of cytokine release) are associated with 
the development of pathological scars [12].

There are different receptors within the skin, which include: Meissner’s cor-
puscles for light touch; Merkel’s discs for constant pressure; Pacinian corpuscles 
for deep pressure or vibration sense; and Ruffini corpuscles for skin stretch and 
temperature sensation. The skin is also a primary site of small fibre nociceptive end-
ings [13]. Underneath the dermis is the subcutaneous layer, which contains fat that 
insulates us to prevent heat loss, and fascial layers that give the skin mobility relative 
to the muscles, tendons and bones.

Adipose tissue has long been considered just a means of fat storage. However, 
it has important metabolic and endocrine functions. Regulation of whole-body 
energy metabolism occurs through its storage function in white, brown or beige 
adipocytes. Its endocrine function occurs through production of adipocytokines, 
including leptin and adiponectin. Neurons of the sympathetic nervous system 
innervate different fat deposits to create communication with adipocytes. Leptin 
is hormone secreted from white adipose tissue to alter the sympathetic outflow 
centrally. This leptin-dependent neuro-adipose tissue connection plays an impor-
tant part in regulating lipolysis and thermogenesis [14]. Leptin also acts on the 
hypothalamus to regulate food intake [15]. Adiponectin, also a protein hormone 
produced by adipocytes, has organ protective functions that result from the binding 
of adiponectin to receptor sites on many organs to activate exosome formation and 
release for cellular haemostasis [16]. Adiponectin and adipocytes are key players in 
skin health and disease [17].

The skin is electrically active and contains many nerve elements for interaction 
with the nervous system [18], the autonomic nervous system [18, 19], and the loco-
motor apparatus [20]. There is continual nervous activity, in afferent and efferent 
mode, between the skin and central nervous system to maintain normal physi-
ological and biomechanical homeostasis [18, 21]. There is an independent central 
emotional connection, principally between the anterior cingulate cortex and the 
skin, whereby a sympathetic electrical signal can be detected in the skin in response 
to viewing emotionally charged images [22].

1.2 Touch

Information from skin sensors is relayed via A-delta and C-tactile fibres to the 
spinal cord and from there to the thalamus, then to specific regions in the primary 
somatosensory cortex and further on to higher somatosensory areas. The somato-
sensory maps are not represented in direct proportion or alignment to the body. 
Certain regions are magnified in response to the density of mechanoreceptors in 
the associated skin; for example, fingers and lips. The brain receives converging 
input from numerous nerves innervating adjacent regions of the skin to enable 
recognition of a specific touch sensation. Neuroplastic adaptive changes occur in 
the somatosensory map related both to increased repetitive activity and to disuse. 
Although the primary somatosensory cortex responds appropriately to touch 
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information, the brain’s higher centres are more strongly influenced by cognitive 
factors, such as expectations, context, and attention.

Wide dynamic range neurones integrate afferent pain and touch information. 
Others converge afferent viscero-somatic information into the spinal cord [23, 24]. 
Integration of these pathways can sometimes lead to sensory illusions. For example, 
referred pain is exemplified by shoulder pain from irritation of air under the 
diaphragm, or left arm pain in association with angina. Conversely, convergence 
of efferent sensory and sympathetic innervation to skin vasculature may explain 
sympathetic involvement in conditions such as complex regional pain syndrome 
and fibromyalgia [25, 26].

It is clear that the skin is a versatile and important organ, but it cannot be consid-
ered in isolation from its underlying fascia when considering the impact of scars.

1.3 Fascia

“The unsung hero of spine biomechanics.”

M. Driscoll [27]

Fascia has long been thought of as the annoying tissue that has to be dissected 
off to get to the underlying anatomy. This traditional view of fascia has now been 
surpassed. The most up to date definition describes fascia as a sheath, a sheet or any 
number of dissectible aggregations of connective tissue that forms beneath the skin 
[28]. However, this definition is too simplistic, and it is the definition of the fascial 
system that highlights the importance of fascia in biomechanical regulation:

“The fascial system consists of the three-dimensional continuum of soft, collagen 
containing loose and dense fibrous connective tissues that permeate the body. 
It incorporates elements such as adipose tissue, adventitiae and neurovascular 
sheaths, aponeuroses, deep and superficial fasciae, epineurium, joint capsules, liga-
ments, membranes, meninges, myofascial expansions, periostea, retinacula, septa, 
tendons, visceral fasciae, and all the intramuscular and intermuscular connective 
tissues including endo-/peri-/epimysium. The fascial system surrounds, interweaves 
between, and interpenetrates all organs, muscles, bones and nerve fibres, endowing 
the body with a functional structure, and providing an environment that enables 
all body systems to operate in an integrated manner.”

Adstrum et al. [29], Stecco et al. [30] in Adstrum and Nicholson [28]

Fascia is multi-layered and has both loose and hard fibrous connective tissue com-
ponents. Loose fascia functions to help slide and glide between structures and dense 
fascia exerts a tensile strength in tissues like tendons. Fascia and muscle tissue have a 
complex interplay to achieve skeletal balance, co-ordination, posture, and locomotion.

Fascia contains cells (fibroblasts, fasciacytes, myofibroblasts, and telocytes), 
an extracellular matrix (ECM), nerve elements (proprioceptors, interoceptors, 
and nociceptors), and a system of vascular micro-channels (the primo vascular 
system) [30, 31]. The fasciacytes produce hyaluronan in response to shear stresses 
[32]. Hyaluronan (formerly known as hyaluronic acid or hyaluronate) is a gly-
cosaminoglycan of the ECM. Hyaluronan exists between fascia and muscle and 
promotes sliding and gliding between fascia, muscle, blood vessels, nerves, and 
lymph channels. It is one of the most important determinants of the viscoelastic 
properties of a tissue [32–35]. The fascial fibroblasts produce collagen in response 
to load and stretching. Both acute and chronic fascial loading stimulate collagen 
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re-modelling [37]. Myofibroblasts within large sheets of fascia are considered 
to exert clinically significant change in fascial tension in response to sustained 
mechanical tension, cytokines, low pH, oxytocin, and other agents such as nitric 
oxide. The myofibroblasts’ contractile properties may contribute to spasms, dys-
function, and pain [18, 38]. Telocytes are probably important in regeneration [39]. 
Fascial tissue has highly variable density, stiffness, humeral action, and metabolic 
activity, depending on its location and purpose [23].

As the fascia envelops every structure within the body, it creates structural con-
tinuity that provides form and function to every tissue and organ. Fascia is one of 
the essential biological structures that combines with muscles, tendons and bones 
to create the tensioned and compressed parts that create the biotensegrity proper-
ties of the human body [40]. Fascia has active mechanical, proprioceptive, nocicep-
tive, and biomechanical and biotensegral properties [30, 36, 41]. Fascia is essential 
for physiological and metabolic haemostasis as well as healing and repair [30, 31]. 
Fascia conveys mechanical forces directly or indirectly: directly through muscles at 
the attachments to bones [42]; or indirectly, as extramuscular fascial chains [43]. 
There is evidence to support the existence of five myofascial chains (superficial 
back line, back functional line, front functional line, lateral line and spiral line, 
see Figure 1) [36], which work within the biotensegrity model [44]. These chains 
have opposing chains mirrored on either side of the body to achieve balance within 
the musculoskeletal system. This emphasises the complex nature of human move-
ment and why range of motion at one peripheral articulation is dependent on the 
positioning of the entire myofascial chain system of the body [45]. Like the skin, 
fascia is also innervated by the autonomic nervous system and afferent free nerve 
endings [23, 46] and can be considered as a sensory organ of human biomechanics 
[23, 46–48]. Fascial tissue homeostasis is a complex, inadequately elucidated, inter-
action which depends upon active communication between cellular components of 
the fascia and the related ECM [43, 49].

1.4 The extracellular matrix

“The Organ of Form”

Varela and Frenk [50]

Figure 1. 
Myofascial chains, from left to right: spiral line, lateral line, front functional line, back functional line, and 
superficial back line (adapted from Wilke et al. [36], with permission from Elsevier).
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The extracellular matrix (ECM) is defined by Grey’s Anatomy as “the extra 
cellular components of connective and supporting tissues. Essentially, it consists of a 
system of insoluble protein fibres, adhesive glycoproteins and soluble complexes composed 
of carbohydrate polymers linked to protein molecules (proteoglycans and glycosaminogly-
cans), which bind water. The ECM distributes the mechanical stresses on tissues and also 
provides the structural environment of the cells embedded in it, forming a framework to 
which they adhere and on which they can move. It provides a highly hydrated medium, 
through which metabolites, gases and nutrients can diffuse freely between cells and the 
blood vessels traversing it” [51].

The ECM is present within every tissue of the body to provide fundamental 
physical scaffolding for the cellular constituents and orchestrate vital biochemical 
and biomechanical functions required for morphogenesis, differentiation, and 
homeostasis. The ECM is basically composed of water, salts, and macromolecules 
consisting of fibrous proteins (collagen, elastin), adhesive glycoproteins (lam-
inin, fibronectin, tenascin, integrin), and carbohydrate polymers (proteoglycans 
and glycosaminoglycans). Collagen is the most abundant ECM fibrous protein. 
However, each individual tissue has a heterogeneous ECM composition providing 
highly variable but unique biochemical, protective, organisational and biomechani-
cal ECM properties, which differ from one tissue to another. This composition is 
primarily dependant on that tissue’s particular function [52]. The ECM is a highly 
dynamic structure, constantly being remodelled with its molecular components 
subject to a multitude of modifications.

Morphological organisation and physiological function of the ECM is orches-
trated by binding growth factors and interacting with cell-surface receptors to elicit 
signal transduction and regulate gene transcription. Enzymes released from fascial 
cells degrade the ECM, such as cathepsins, heparinase, hyaluronidases, and metal-
loproteases, to maintain normal tissue turnover.

Matrix metalloproteinases (MMPs) are key in ECM remodelling as they 
degrade matrix components. MMPs are classified according to substrate specificity; 
for example, collagenases or gelatinases [52]. It will be seen later that the ratio of 
MMPs to MMP-inhibitors is of importance in the development of atrophic scars.

2. Scars

2.1 The healing of wounds and scar creation

Any breach of the dermal layer will result in a scar. When the dermis is breached 
by surgery or injury, a healing process occurs that leads to the formation of scar 
tissue [53]. There are two main types of healing: primary intention and secondary 
intention. Healing by primary intention occurs in wounds with dermal edges in 
close proximity; for example, a surgical incision. Healing by secondary intention 
occurs when there is unavoidable tissue loss with abnormal tension, infection or 
necrosis, creating a large deficit where the sides of the wound are not opposed or 
too big to heal by primary intention; therefore, healing must occur from the bottom 
of the wound upwards. For both primary and secondary intention healing, there 
are three overlapping stages to healing after haemostasis is achieved; inflammation, 
proliferation, and remodelling [54]. This extremely complex and co-ordinated 
process is guided by cytokines plus chemokines secreted by platelets, macrophages, 
endothelial cells, keratinocytes, fibroblasts, and adipocytes [2, 12, 17, 18, 55, 56].

Wound healing and scar maturation can take years to complete, but depend 
on the size and nature of the initial wound. During remodelling, type 3 collagen is 
replaced by a stronger type 1 collagen, but not in an ordered manner. Scar tissue 
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is therefore strong, but not as elastic or flexible as normal tissue [38, 54]. Normal 
scars first appear as a red line, but maturation results in a slightly broadened white 
line, in the same plane with the surrounding skin, known as a normotrophic scar. 
Normotrophic mature scars are less innervated than the surrounding normal skin 
[57, 58]. Scar tissue, therefore, has different properties to the tissue it replaced prior 
to injury. Skin healing is not just dependent on the size and site of the wound, but 
is also influenced by bacterial contamination, nutrition, comorbid medical condi-
tions, as well as genetic and epigenetic factors [56, 57]. Once normotrophic scars are 
established, they are often forgotten and ignored unless they constitute a cosmetic 
embarrassment.

2.2 Scar morphology

If the healing process is interrupted by tissue disruption, infection or a comor-
bid disease process, then a pathological scar may occur, which may be atrophic, 
hypertrophic, tethered, or keloid in nature. Development of pathological scars 
may be related to genetics, as well as differences in the duration, and intensity of 
the inflammatory process in the reticular dermis [56, 59–61]. Excessive scar tissue 
movement, scar rubbing, scar scratching or abnormal tension related to surgery or 
injury may also induce an enhanced neurogenic inflammatory response [18, 62–65]. 
This may be an important consideration when reflecting on what constitutes a 
significant scar in terms of myofascial dysfunction later.

Atrophic scars are concave indentations resulting from tissue loss (including col-
lagen) associated with relative shift in the ratio of MMPs to tissue inhibitors of MMPs 
that favours a lytic process and the development of an atrophic scar [66]. Chicken pox 
scars are atrophic, which can occur in up to 20% of children following chicken pox 
infection [67, 68]. Acne scars are a common problem in developed countries, occur-
ring in 80% of 11–30 years old and 5% of adults aged over 30 years [69]. Acne scars 
are usually atrophic, subdivided into rolling, boxcar, or ice-pick. However, acne scars 
can also present in hypertrophic or keloid morphology. Hypertrophic scars and keloid 
scars have excess deposition of collagen. Hypertrophic scars form early within the 
time frame of injury and remain within the boundaries of the inciting injury. Keloid 
scars have excess thickened hyalinized collagen. Keloid scars may have a delayed 
onset of formation and extend beyond the boundaries of the original scar. Keloid 
scars are more likely to occur in dark-skinned individuals, between ages 10–30, at 
times of peak hormones (puberty, pregnancy), with a positive family history, and in 
association with hyperimmunoglobulinemia E, or blood type A [70].

2.3 Scar assessment

Clinical documentation of scar size, thickness, and treatment effects are usually 
performed with the use of serial photographs, scar scales (such as the Vancouver 
Scar Scale, VSS), and validated questionnaires, such as the Patient and Observer 
Scar Assessment Scale (POSAS) or Dermatology Life Quality Index (DLQI). 
There are few reliable, objective non-invasive tools to measure scar characteristics. 
Ultrasonography and high-definition optical coherence tomography (HD-OCT) 
have also been reported for objective measurement of scars [71–73]. Scar pliabil-
ity (mechanical property of the skin’s stiffness, extensibility, and adherence) is 
measured using adheremeters, cutometers, and ultrasonography [74]. Viscoelastic 
properties of scars and connective tissue around scars are measured using sono-
elastography [75–78]. Scar colour can be assessed using narrow-band reflectance 
spectrophotometry colour analysis or Tristimulus colour systems [79], and scar 
perfusion can be measured with Laser Doppler Flowmetry [79].
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The extracellular matrix (ECM) is defined by Grey’s Anatomy as “the extra 
cellular components of connective and supporting tissues. Essentially, it consists of a 
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of carbohydrate polymers linked to protein molecules (proteoglycans and glycosaminogly-
cans), which bind water. The ECM distributes the mechanical stresses on tissues and also 
provides the structural environment of the cells embedded in it, forming a framework to 
which they adhere and on which they can move. It provides a highly hydrated medium, 
through which metabolites, gases and nutrients can diffuse freely between cells and the 
blood vessels traversing it” [51].
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replaced by a stronger type 1 collagen, but not in an ordered manner. Scar tissue 
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may be related to genetics, as well as differences in the duration, and intensity of 
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injury may also induce an enhanced neurogenic inflammatory response [18, 62–65]. 
This may be an important consideration when reflecting on what constitutes a 
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scars are atrophic, which can occur in up to 20% of children following chicken pox 
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ring in 80% of 11–30 years old and 5% of adults aged over 30 years [69]. Acne scars 
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scars have excess deposition of collagen. Hypertrophic scars form early within the 
time frame of injury and remain within the boundaries of the inciting injury. Keloid 
scars have excess thickened hyalinized collagen. Keloid scars may have a delayed 
onset of formation and extend beyond the boundaries of the original scar. Keloid 
scars are more likely to occur in dark-skinned individuals, between ages 10–30, at 
times of peak hormones (puberty, pregnancy), with a positive family history, and in 
association with hyperimmunoglobulinemia E, or blood type A [70].

2.3 Scar assessment

Clinical documentation of scar size, thickness, and treatment effects are usually 
performed with the use of serial photographs, scar scales (such as the Vancouver 
Scar Scale, VSS), and validated questionnaires, such as the Patient and Observer 
Scar Assessment Scale (POSAS) or Dermatology Life Quality Index (DLQI). 
There are few reliable, objective non-invasive tools to measure scar characteristics. 
Ultrasonography and high-definition optical coherence tomography (HD-OCT) 
have also been reported for objective measurement of scars [71–73]. Scar pliabil-
ity (mechanical property of the skin’s stiffness, extensibility, and adherence) is 
measured using adheremeters, cutometers, and ultrasonography [74]. Viscoelastic 
properties of scars and connective tissue around scars are measured using sono-
elastography [75–78]. Scar colour can be assessed using narrow-band reflectance 
spectrophotometry colour analysis or Tristimulus colour systems [79], and scar 
perfusion can be measured with Laser Doppler Flowmetry [79].
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2.4 Scar management

Scar optimization and mitigation are key principles that are vitally important 
in medical practice, but beyond the scope of this article. Readers are directed to 
algorithms of management that exist for both the adult and paediatric populations 
[70, 80–83].

2.5 Asymptomatic or symptomatic scars

Diverse symptoms can occur in up to 70% of patients with scars [74]. Symptoms 
can occur at random timing and even at long intervals after wound healing. Some of 
these symptoms are highlighted in Figure 2.

Scars may be intrinsically painful or play a role in pain located at an anatomi-
cally distant site. Scars may present as painful or itchy at the site of the healed scar. 
One potential cause of intrinsic pain in a healed scar is a neuroma, derived from 
a regenerating nerve trapped in the fibrotic scar tissue. This is usually associated 
with numbness in the innervated area of the injured nerve and a positive percussion 
test. In the absence of a neuroma, the estimated prevalence of painful scars is 2%, 
but increases in the burn population to 30–68% [57]. Intrinsic scar pain occurs in 
7–18% of patients following lower segment Caesarean section [84–86]. Pathological 
and intrinsically painful scars have been shown to have an in imbalance between 
non-peptidergic unmyelinated c-fibres and peptidergic c-fibres, but not necessarily 
in total nerve fibre density [57]. There is also an increased abundance of neuropep-
tides, and nociceptors in pathological scars, especially hypertrophic scars [18, 87].

It is clear that what is happening underneath a scar is critical to whether it 
subsequently creates symptoms. Scar tissue can adhere to fascia, underlying 
muscles, organs, blood vessels and nerves, and recognition has been given to scars 
as an etiological factor in post-surgical visceral dysfunction [88, 89], nerve entrap-
ment syndromes [90], and symptoms related to obvious contractures. However, 
very little is documented for the role of scars in locomotor dysfunction [91–95] or 
chronic myofascial pain [38, 95–97].

Figure 2. 
Symptoms related to scars.
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In patients asked to move actively, electrical activity from a scarred area is higher 
than that from normal tissue in the same patient doing the same movement [93]. 
Mechanoreceptors and mechanosensitive nociceptors in scarred areas may sense 
an alteration in tension from normal and send non-physiological signals creating a 
pathological reflex arc [18], inducing neurogenic inflammation and worsening scar 
formation and pain [18, 63].

2.6 How scars impact fascia, muscles and movement

“Any skin injury, like a scar, even if small, affects the organism and constitutes an 
active obstacle to its normal functioning”

Alvira-Lechuz et al. [98]

Scars can limit normal movement and the flexibility of skin, the underlying 
fascia, and its associated muscles. It is clear that any scar that restricts fascial or 
muscular movement will also have an impact on whole body movement related to 
the myofascial chains discussed in the fascia section above [18, 99]. The fascia is 
recognised as a significant contributor to chronic pain [100–102]. Other factors that 
may play a role include alterations in fascial density. Changes in hyaluronan may 
lead to fascial densification that restricts fascial sliding and gliding, aggravating 
fascial dysfunction associated with musculoskeletal disorders and chronic pain 
[32, 103–109]. Injury reduces the flexibility of fascia; for example, a compound 
fracture may be associated with periosteal tethering to the skin during healing. The 
subsequent defective fascial sliding generates anomalous tension, which affects 
the fascial continuum leading to musculoskeletal pathology, pain and progressive 
immobility [18, 32, 103, 110–112]. Fascial injury also leads to fascial dysfunction as 
well as significant loss of sports performance [18, 21, 113, 114]. Symptoms may not 
necessarily just occur at the site of injury, but also at a distant site related to referred 
pain and impacts through myofascial chains. Reduced fascial mobility, related 
to movement restriction secondary to injury, worsens over time, but may persist 
even when movement is subsequently restored [110]. This was demonstrated with 
ultrasound imaging of adults with chronic low back pain with increased thickness 
and reduced mobility of the thoracolumbar fascia [102, 110, 115]. Sonoelastography 
has been used to measure viscoelastic properties of the connective tissue around 
scars: it superimposes a parametric image, in a range of colours, over the ultrasound 
anatomical scan image to semi-quantitatively correlate images with that tissue’s 
elasticity. Sonoelastography has been used to show the changes in post-surgical 
scars following manual therapy [75, 76].

Fascial trauma or injury may also irritate primary afferent nociceptive fibres 
leading to spinal cord wind up and central sensitization as another mechanism of 
ongoing pain [35, 96].

Myofascial pain is characterised by the presence of myofascial trigger points. 
Myofascial trigger points develop in response to many different insults such as: 
trauma, injury, surgery, repetitive microtrauma, poor posture, muscle overuse or 
overload. Myofascial trigger points that cause pain can originate in scars, skeletal 
muscle, and/or fascia. myoActivation® [116] is an innovative structured assess-
ment and therapeutic process targeting release of fascia (including scars) and 
muscles in sustained contraction.

myoActivation is unique in focusing on aspects of the immediate and past 
trauma history (often overlooked in a classical medical history) and relating 
this to the current chronic pain presentation. The timeline of lifetime trauma 
(TiLT) inventory explores all injuries, especially those occurring at a young age, 
mechanisms of injuries, healing processes, and the perceived physical impact of 
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[32, 103–109]. Injury reduces the flexibility of fascia; for example, a compound 
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well as significant loss of sports performance [18, 21, 113, 114]. Symptoms may not 
necessarily just occur at the site of injury, but also at a distant site related to referred 
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to movement restriction secondary to injury, worsens over time, but may persist 
even when movement is subsequently restored [110]. This was demonstrated with 
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trauma, injury, surgery, repetitive microtrauma, poor posture, muscle overuse or 
overload. Myofascial trigger points that cause pain can originate in scars, skeletal 
muscle, and/or fascia. myoActivation® [116] is an innovative structured assess-
ment and therapeutic process targeting release of fascia (including scars) and 
muscles in sustained contraction.
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mechanisms of injuries, healing processes, and the perceived physical impact of 
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Features in the past medical history 
and timeline of lifetime trauma 
(TiLT) inventory

Scars incurred at a young age, especially the first or earliest scar in 
childhood

Ongoing pain occurring in the immediate timeframe of a surgical 
procedure which is unexplained and resistant to other forms of 
therapy

History of poor wound healing, wound infection or wound 
dehiscence

Painful/itchy scars

Scars incurred at a time of intense emotional turmoil or trauma.

History of mood disorders may indicate any chin scars will be 
significant

History of anxiety may indicate any chest wall scars will be 
significant

History of “brain fog” (confused, disorganised, find it hard to focus 
or put thoughts into words) may indicate a face/chin/sternal or 
midline abdominal scars will be significant

History of injury in the presence of an asymptomatic scar (injury 
may be months or years after scar acquisition), which results in pain 
in the region of this previously asymptomatic scar

Type of scars Scars related to chicken pox infection, surgery and especially 
surgical drain scars, burns and animal (or human) bites

Site of scar Over bony prominences, e.g. anterior chest, in feet, scar in region of 
main pain complaint, on the same side as a unilateral pain complaint

At sites of periosteal tethering

Scar characteristics Painful scars, purple discolouration, widened scar, palpable 
densities within or around the scar, scar dysesthesia, adherent/
tethered scars

myoActivation examination BASE 
test [116]

If scar is situated in region of most painful or restricted BASE test on 
myoActivation examination, even if it looks like a normal scar and/
or reported as asymptomatic

Response to dry needling release Enhanced “biting” sensation when scar is released with dry needling 
even with appropriate use of topical anaesthesia and/or vapo-
coolant spray

Reported pain decreased or moved immediately following scar 
release

Improvement in ROM and flexibility immediately following scar 
release

Decreased irritability of other palpable pain points in region of and 
distant to area of scar release

Size of scar Size of scar does not seem to play a factor as tiny epidural needle 
scars or chicken pox scars can be as significant as large surgical 
wounds.

Less significant scars Some scars seem to be less significant in terms of myofascial 
dysfunction and chronic pain, e.g.

• Superficial self-harm scars

• Tattoos (although they may be hiding another significant scar)

• Stretch marks

Table 1. 
Clinical factors indicating a scar may have potential for myofascial dysfunction and chronic pain.
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those injuries to that person. Assessment involves the use of a series of systematic 
movement tests (BASE tests) [116], postural observations and examination of 
tissues to find palpable pain points and determine if there are important myofas-
cial sources of perceived pain. A key principle in myoActivation is that the site of 
perceived pain is often not the true source of pain. The most painful or restricted 
movement on BASE tests identifies the most important tissues to treat first. Careful 
inspection and palpation of these tissues localises the myofascial source of pain. 
Treatment entails refined trigger point injections to restore anatomic integrity 
to injured tissues. Fine gauge hypodermic needles are inserted into trigger points 
that compromise function of muscle, ligament, tendon, subcutaneous fascia, scar 
tissue, and the peripheral nerves of the skin. After each individual myofascial area 
is treated, BASE movement tests are repeated to demonstrate immediate change 
and direct the clinician to the next most important target area. Several cycles 
occur during each myoActivation session to unravel multiple sources of myofascial 
dysfunction in a structured way, to help resolve chronic myofascial pain. Immediate 
treatment responses occur, which include reduction in pain, increased flexibility, 
and improved fluidity of movement. This process often reduces or resolves pain 
sufficiently to enable the subsequent weaning of prescription and over-the-counter 
analgesia medications [117]. myoActivation is not effective in all patients because 
pain perception is a complex biopsychosocial phenomenon, but determination of 
those who will respond rests with the TiLT inventory, clinical history and the series 
of BASE tests on examination.

Clinical experience with myoActivation [116] reveals that a scar can play a very 
significant role in chronic myofascial dysfunction and pain even if that scar has the 
appearance of a normotrophic scar and is reported to be asymptomatic. An ankle scar 
may alter the gait dynamics through maldistribution of myofascial loads [18] and 
may also present with ongoing pain at a distant site on the ipsilateral side. Patients 
with scars in the abdominal region, such as a Caesarean section scar or an abdomi-
noplasty scar, may present with low lumbar back pain related to impaired mobility 
of the soft tissues of the abdomen, which then puts stretch on the lumbar muscles, 
thoracolumbar fascia, and the posterior myofascial chain [92, 93, 112]. Scars may also 
have an impact on the distribution of forces that pass through the body at the time of 
an injury, such as during a motor vehicle accident [18], causing a previously asymp-
tomatic scar to be the inciting event for myofascial impairment and pain.

2.7 Significance for myofascial dysfunction and chronic pain

Classic scar assessment techniques such as use of adheremeters, cutometers, 
ultrasonography, and rating scales (POSAS or VSS) [74] were not designed to deter-
mine a scar’s relevance to myofascial dysfunction and pain. A scar may be significant 
in terms of myofascial dysfunction and chronic pain, but not be characterised as a 
pathological scar in current “classical” medical terminology. Clinical experience with 
myoActivation therapy has found some features, outlined in Table 1, that indicate a 
scar may cause significant myofascial dysfunction and/or chronic pain. These obser-
vations will have to be researched to determine which ones are the more common 
and substantial factors in myofascial pain and dysfunction.

3. Scar release

Non-surgical scar release can be achieved with soft tissue mobilisation tech-
niques, subcision or dry needling [84, 93, 118–121]. Subcision, or microneedling, 
also known as percutaneous collagen induction therapy, is a minimally invasive 
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those injuries to that person. Assessment involves the use of a series of systematic 
movement tests (BASE tests) [116], postural observations and examination of 
tissues to find palpable pain points and determine if there are important myofas-
cial sources of perceived pain. A key principle in myoActivation is that the site of 
perceived pain is often not the true source of pain. The most painful or restricted 
movement on BASE tests identifies the most important tissues to treat first. Careful 
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minor surgical procedure used for treating depressed cutaneous scars and wrinkles. 
A simple hypodermic needle or a dermaroller are the tools used to effect subcision 
[122]. Subcision was first described in 1995 [123]. It is a safe and effective micronee-
dling technique used as an aesthetic treatment for several different dermatological 
conditions including scars, rhytids, and striae [122, 124, 125]. Histological changes 
have been demonstrated with this technique [126]. It is hypothesised that micronee-
dling stimulates the body’s own regenerative mechanisms through collagen bundle 
break down and new collagen formation (neocollagenesis), stimulation of the 
release of platelet and neutrophil derived growth factors and cytokines (FGF, 
TGFα, TGFβ, VEGF, FGF-76, EGF, platelet derived growth factor, connective tissue 
growth factor, and connective tissue activating protein), resulting in increased pro-
duction of collagen, elastin and glycosaminoglycans [122, 127–132]. Up-regulation 
of TGF-β3 (which prevents aberrant scarring) in excess of TGF-β1 and TGF-β2 may 
be responsible for the benefits seen with microneedling [129, 133].

The other physiological effects of dry needling are not yet fully elucidated, but 
may include local, hormonal, neuronal, and placebo effects [134]. Neuronal effects 
include: modulation of the peripheral nervous system; gate control mechanisms; 
and central pain modulation, such as activation of the diffuse noxious inhibitory 
control systems [135]. Dry-needling stimulation of skin nociceptive nerve fibres 
may release endogenous opioids to activate enkephalinergic inhibitory dorsal horn 
interneurons and oxytocin to mediate peripheral inhibition of c-fibre discharge [4].

For the release of scars, the myoActivation needling technique involves the 
sequential insertion of 30 g hollow bore needle in the line of the scar and in any 
areas of densification around the scar performing multiple perforations approxi-
mately 3 mm apart. Clinical experience reveals that a patient report of a “biting 
sensation” with needling is characteristic of a myofascially significant scar. This 
biting occurs even if the scar has been treated with appropriately timed topical 
anaesthetic or pre-needling vapocoolant spray.

The release of scars with micro-needling techniques has been shown to pro-
duce relief of chronic pain [116, 136]. Currently, the immediate relief of chronic 
pain following needling of surgical scars is limited to case reports [116, 120, 136], 
and to date there is insufficient evidence to advise on the right time to treat scars 
after injury or surgery. It has been suggested that the skin can keep a memory of  
trauma [118, 137]. It is clinically important to consider this and be cognizant of 
events which were associated with creation of a scar. Scars inflicted at a time 
of severe emotional distress or at the time of a traumatic event can be associ-
ated with flashbacks or emotional release at the time of, or a number of hours 
after, treatment whether the therapy was with a needling procedure or manual 
manipulation [138].

3.1 Effects of scar release

As all structures of the human body are intricately connected through skin and 
the myofascial system, scar and myofascial release (often at a distant site) can result 
in immediate improvement of pain, flexibility and range of motion [116] (Table 2), 
but it is imperative that this is combined in a multidisciplinary approach to address 
the whole biopsychosocial aspects of pain especially in the paediatric population 
[136]. It is absolutely essential to prevent needle-related pain in paediatric patients; 
the practitioner should employ a variety of non-pharmacological techniques includ-
ing distraction, breathing techniques, music, virtual reality or mobile devices. 
Pharmacological modalities can be added when non-pharmacological methods 
are considered insufficient to address the patient’s anxiety and needle-related 
pain. Topical anaesthetic cream can be applied to target sites (especially scars) an 
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hour before the appointment to minimise needle pain. Oral benzodiazepines can 
be useful for anxiolysis. If the above methods are not adequate, IV sedation with 
appropriate anaesthetic monitoring and care may have to be utilised.

Over and above these considerations there are some relative and absolute contra-
indications to needling of scars (Table 3).

4. Case based discussion of important points

Chronic myofascial pain is common in the paediatric population and its preva-
lence has increased since the 1980s [139]. Musculoskeletal pain is a common cause 
of pain in adolescents, with incidence ranging from 30 to 65% [140–144], and is a 
leading cause of years lived with disability among children and adolescents [145]; 
4% of all primary care consults represent musculoskeletal issues in children aged up 
to 15. Between 4 and 40% of adolescents report limb pain and 14–24% complain of 

Immediate effects Decreased pain or pain which has shifted to a new location

Increased flexibility and range of movement in myoActivation BASE tests

Altered weight distribution on feet

Emotional release

Reports of feeling lighter or “walking on a cloud”

Sympathetic response

Vasovagal response

Bruising

Post treatment pain at site of needle insertions lasting minutes to hours

Exacerbation of muscle spasms (requires additional needle insertions to resolve)

Adverse events (Injury to adjacent structures e.g. pneumothorax when needling 
around lung fields)

Long-term effects Improved pain

Improved flexibility

Improved mood

Improved sleep

Maturation to a normotrophic scars

Table 2. 
Effects of scar release.

Absolute New scars in process of normal healing and remodelling

At sites of active infection

Relative Near indwelling metalwork/hardware to minimise risk of hardware infection.

Near indwelling mesh to minimise risk of infection.

Where it is considered to be too painful (especially foot scars)

When patient has needle aversion or needle phobia

Table 3. 
Relative and absolute contra-indications to needling scars.
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low back pain [146]. The prevalence of paediatric chronic myofascial pain increases 
with increasing age [139, 147–150] and is more common in females [146, 151]. Young 
children are not immune with a 10% prevalence of musculoskeletal pain in 6-year-
old children. A staggering one-third of this six-year-old population has chronic 
musculoskeletal pain and 44.6% of them report that pain is multisite in nature [152].

Despite its prevalence, reported musculoskeletal pain is often under-diagnosed 
in adolescents [153, 154]. Healthcare providers may be unfamiliar or not trained to 
diagnose chronic pain, muscle trigger points, palpable pain points, and fascia in ten-
sion [155–158]. Presenting symptoms such as neck pain, shoulder pain, abdominal 
pain and headaches do not immediately direct a physician to look for a myofascial 
component to pain. Myofascial pain can also imitate other pathologies; for example, 
a trigger point in the quadratus lumborum muscle can mimic the symptoms of 
appendicitis on the ipsilateral side, or fascial tension in the peri-coccygeal soft 
tissues may present as neck pain. System, practice and time pressures may also limit 
the ability to undertake a full history and physical examination [159, 160].

Experience dictates that dysfunctions in muscles, fascia and scars are common 
in the paediatric population and are significant contributors to paediatric chronic 
pain [116, 136]. The following cases highlight the importance of scars in paediatric 
myofascial pain presentations. It must be emphasised that scars are not treated 
in isolation, but as one element of myoActivation, which is one component of 
multidisciplinary care.

The children described in these case studies were referred to the Complex 
Pain Service (CPS) at BC Children’s Hospital in Vancouver, Canada, and were 
treated within a program of multidisciplinary care based on the “3P” principle 
(Pharmacology, Physiotherapy, Psychology). The data for these case studies were 
collected with the approval of the University of British Columba/Children’s and 
Women’s Research Ethics Board (H20-01862).

4.1 Case 1: standard myoActivation assessment finding unreported scars

A 13-year-old, 54 kg female was referred to the CPS for management of multi-
site chronic pain of 3 years duration with a diagnosis of “pain syndrome” focused 
mainly on the left knee, but also affecting the low back and neck. The low back pain 
of 3 years was reported to be secondary to a fall 3 years previously. She had been 
involved in a motor vehicle accident (MVA) 2 years after that when she was struck 
on the left side whilst walking across a road. She was admitted by ambulance to 
the local emergency room (ER) and discharged later that day with a diagnosis of 
bruising to her left knee and ribs after normal imaging. She initially mobilised with 
crutches and gradually regained physical functioning, but with ongoing pain.

She described her current pain as dull and achy with stabbing pain elements. 
Pain was aggravated by walking long distances or any physical activities or exercise. 
She stated that she had some irritability and sadness related to her pain. She com-
plained about some inability to concentrate due to pain and had been absent from 
school for 21 days in the previous 3 months. She reported that pain also affected 
her ability to fall and stay asleep. Her TiLT inventory revealed no other injuries. She 
reported that she had no scars. She had been using acetaminophen and ibuprofen 
or naproxen for analgesia as required. She was otherwise healthy and her family 
history was unremarkable.

She was assessed by her orthopaedic surgeon and family doctor. Previous clas-
sical examination, imaging (X-rays and MRI) and bloodwork revealed no remedial 
cause of her pain.

myoActivation examination revealed unreported scars on the left knee and the 
right upper back, fascia in tension and multiple muscles in sustained contraction. 
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A myofascial component to her pain was diagnosed. She was enrolled in the 3P care 
plan. She was started on Magnesium Bisglycinate, Vit K2 and Vit D (MgBis/K2/D3). 
Written information about myoActivation was given to the family. One month later, 
there was a reduction in pain with improved fluidity of movements. Her family also 
reported improved mood and sleep.

4.1.1 myoActivation session 1

It was deemed appropriate to proceed with myoActivation at this one month 
follow up based on her stoical character. Written consent was obtained. Distraction 
techniques, vapocoolant spray and topical anaesthetic for scars were used to mini-
mise procedural pain. All needling was done using sterile technique.

The right thoracic paraspinal, right gluteus medius, right gluteus maximus 
and left iliopsoas were sequentially activated based on the repeat cycles of assess-
ment to determine the most restrictive and painful BASE tests [116]. The three 
left knee scars and upper back scar were in regions of worst BASE tests so they 
were considered significant and released. Scar release consisted of sequential 
perforation needling of the scar using a 30 g hollow bore needle. After this first 
myoActivation session the patient experienced immediate improvement in pain 
and flexibility.

4.1.2 myoActivation session 2

Five days after her first myoActivation session the patient reported that her low 
back pain no longer bothered her. She reported that the left knee pain felt less tight 
and tense and she was able to move “more freely”, but going up and down stairs was 
still a problem. The left lumbar paraspinal, left rectus femoris, left vastus lateralis 
and left pubic fascia were sequentially activated based on the repeat cycles of 
assessment to determine the most restrictive and painful BASE tests [116].

4.1.3 myoActivation session 3

At the next myoActivation session, 1 day later, the patient reported that her 
pain had moved to the medial aspect of her left knee overnight. Repeat myoActiva-
tion examination revealed marked improvement in all core BASE tests with no 
pain except mild limitation of squats with arms down and arms up. The left vastus 
medialis was activated with improvement in squat with the arms down. A left shin 
scar was noted and released with improvement in squats with the arms up. The 
patient reported no pain at the end of this session.

4.1.4 myoActivation session 4

One month later, the patient again reported that her low back pain no longer 
bothered her. She reported that the left knee pain returned on stopping MgBis/K2/
D3, so she restarted them. Based on the repeat cycles of assessment to determine 
the most restrictive and painful BASE tests [116], the right lumbar paraspinal, right 
hamstring, left gluteus medius and left iliopsoas were sequentially activated. Based 
on core BASE tests, the left knee scars were also re-released.

Four months after initial assessment, she only had minimal left knee pain with 
long walks, was sleeping, and was attending school full time with no absences. She 
required no prescribed or over-the-counter analgesia medications. On examination, 
she had normal movements in all core BASE tests with no pain. She was discharged 
from CPS care and advised to slowly wean MgBis/K2/D3.
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4.1.5 Key points

• During examination, it is important to view as much skin as possible to find 
scars that patients do not remember or acknowledge are present.

• Scar found in the region of most restrictive or painful myoActivation BASE test 
should be released even if they are small, look normotrophic and are reported 
as asymptomatic.

• Scars may have to be re-released on subsequent myoActivation sessions.

• myoActivation is unique in enabling the unravelling of multiple contributors to 
pain, as in this case with low back and left knee pains.

• The patient-physician relationship is enhanced by hands-on examination and 
demonstration of change with sequential examinations.

• In children and adolescents, it is important to utilise techniques to minimise 
procedural needling pain.

• As a component of multidisciplinary care, myoActivation enhances recovery, 
even in patients with a history of years in pain.

4.2 Case 2: non-verbal patient

An 18-year old, 46 kg, non-verbal, wheelchair bound male with cerebral palsy 
(Gross Motor Function Classification System V), global developmental delay and 
seizures, was referred to the CPS. His paediatrician requested that the CPS deter-
mine if a series of myoActivation sessions might help with ongoing management of 
worsening bilateral leg spasms and pain. The patient had multi-physician paediatric 
care of his condition and was optimised on multiple medications (analgesic, anti-
epileptic, and antispasmodic).

His carer believed that his pain was focused to his legs and was worsened with 
touching his legs or changing his diaper. It would take him 30–45 minutes to settle 
and seem calm after diaper changes or turns. Benzodiazepine rescue medication 
was used to help with spasms at these times. There was no specific pain pattern, 
with the pain occurring daily and restricting ability to move him and change 
diapers. There were no changes in skin colour or temperature and no oedema. Each 
night he is moved every 2 hours as he is unable to move himself; however, his carer 
felt that sleep was further disturbed by pain. He could not tolerate lying prone.

Multiple surgeries in the past included: posterior spinal instrumentation 
and fusion T3-Pelvis; right femoral head excision and subtrochanteric valgus 
osteotomy; circumferential release of capsule right hip; right and left pelvic 
osteotomy; left femoral osteotomy; and bilateral leg soft tissue releases and Botox 
injections. His imaging confirmed normal healing and no complications related to 
his multiple surgeries.

A complete myoActivation assessment examination could not be performed 
given his non-verbal and wheelchair-bound status. Lying flat multiple bilateral 
scars were noted from the listed surgeries. His right leg was shortened and exter-
nally rotated. There was a torso shift to the right and the pelvis was lower on the 
right. The right knee was hyper-flexed. The left iliopsoas, rectus femoris and vas-
tus medialis appeared to be in sustained contraction. He was started on MgBis/K2/
D3 supplements. One month after initial assessment, scar release was performed 
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under anaesthesia to release all the right-sided leg scars. Scar release consisted of 
sequential perforation needling of the scar using a 30 g hollow bore needle, using 
sterile technique.

Two months after initial assessment, myoActivation scar release was done to 
release all the left sided leg scars and activate the left iliopsoas, left rectus femoris 
and left vastus medialis under anaesthesia.

At follow up 1 month later, 3 months after initial assessment, his caregiver 
reported that he was much happier with no further episodes of crying out in pain with 
movement or diaper changes. He was also able to lie on his front without any issues.

4.2.1 Key points

• It is difficult to assess pain in a non-verbal patient.

• Children and adolescents with developmental delay may not be able to partici-
pate in a structured myoActivation examination; therefore, the pain physician 
will have to rely on parent or carer observations (most painful movements or 
triggers of pain, most comfortable positions when awake and during sleep).

• In a non-verbal patient, clinical experience and acumen determine if there is a 
myofascial component to the patient’s pain and help direct therapy to the most 
likely sources of myofascial pain.

• As in developmentally normal children, techniques to minimise procedural 
needling pain are essential, as in this case where multiple scars were released 
utilising procedural sedation.

4.3  Case 3: patient requiring general anaesthetic for release of foot scar,  
distant from pain site

A 14-year old, 57 kg male was referred to the CPS for management of chronic 
left shoulder pain of 7 months duration. His pain was severe, graded as 8/10 on a 
visual analogue scale, localised to the left shoulder with no radiation. There was no 
inciting event to his pain. The pain was exacerbated by any movement of his shoul-
der. He had mild left sided hemiplegia secondary to removal of a thalamic astrocy-
toma at age 6. He had undergone a left ankle tendon transfer at age 13. He reported 
that pain significantly affected his ability to fall and stay asleep. His TiLT inventory 
revealed he had had a fractured left ankle, but no MVAs. He had scars related to the 
above surgeries as well as scars from his right sided venous access device, which was 
inserted at the time of diagnosis of his astrocytoma and removed a year later upon 
successful treatment of his oncological presentation. He was otherwise healthy, and 
his family history was unremarkable.

He was assessed by his orthopaedic surgeon, neurologist and oncologist. 
Previous classical examination, imaging (X-rays, CT and MRI) and bloodwork 
revealed no remedial cause of his pain and no recurrence of his astrocytoma. 
Prior to referral to CPS, he was already integrated with regular physiotherapy and 
intermittent massage therapy. Medications at initial assessment were as required 
tramadol, acetaminophen, and ibuprofen. myoActivation examination revealed 
a myofascial component to his pain. In view of distressing pain symptoms, it was 
agreed that myoActivation should be performed at the initial assessment to help 
relieve his pain. Written consent was obtained and myoActivation information 
given to the family. Distraction techniques and vapocoolant spray were used to 
minimise procedural pain.
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4.1.5 Key points
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care of his condition and was optimised on multiple medications (analgesic, anti-
epileptic, and antispasmodic).

His carer believed that his pain was focused to his legs and was worsened with 
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and seem calm after diaper changes or turns. Benzodiazepine rescue medication 
was used to help with spasms at these times. There was no specific pain pattern, 
with the pain occurring daily and restricting ability to move him and change 
diapers. There were no changes in skin colour or temperature and no oedema. Each 
night he is moved every 2 hours as he is unable to move himself; however, his carer 
felt that sleep was further disturbed by pain. He could not tolerate lying prone.
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and fusion T3-Pelvis; right femoral head excision and subtrochanteric valgus 
osteotomy; circumferential release of capsule right hip; right and left pelvic 
osteotomy; left femoral osteotomy; and bilateral leg soft tissue releases and Botox 
injections. His imaging confirmed normal healing and no complications related to 
his multiple surgeries.

A complete myoActivation assessment examination could not be performed 
given his non-verbal and wheelchair-bound status. Lying flat multiple bilateral 
scars were noted from the listed surgeries. His right leg was shortened and exter-
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sterile technique.
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reported that he was much happier with no further episodes of crying out in pain with 
movement or diaper changes. He was also able to lie on his front without any issues.

4.2.1 Key points

• It is difficult to assess pain in a non-verbal patient.

• Children and adolescents with developmental delay may not be able to partici-
pate in a structured myoActivation examination; therefore, the pain physician 
will have to rely on parent or carer observations (most painful movements or 
triggers of pain, most comfortable positions when awake and during sleep).

• In a non-verbal patient, clinical experience and acumen determine if there is a 
myofascial component to the patient’s pain and help direct therapy to the most 
likely sources of myofascial pain.

• As in developmentally normal children, techniques to minimise procedural 
needling pain are essential, as in this case where multiple scars were released 
utilising procedural sedation.

4.3  Case 3: patient requiring general anaesthetic for release of foot scar,  
distant from pain site

A 14-year old, 57 kg male was referred to the CPS for management of chronic 
left shoulder pain of 7 months duration. His pain was severe, graded as 8/10 on a 
visual analogue scale, localised to the left shoulder with no radiation. There was no 
inciting event to his pain. The pain was exacerbated by any movement of his shoul-
der. He had mild left sided hemiplegia secondary to removal of a thalamic astrocy-
toma at age 6. He had undergone a left ankle tendon transfer at age 13. He reported 
that pain significantly affected his ability to fall and stay asleep. His TiLT inventory 
revealed he had had a fractured left ankle, but no MVAs. He had scars related to the 
above surgeries as well as scars from his right sided venous access device, which was 
inserted at the time of diagnosis of his astrocytoma and removed a year later upon 
successful treatment of his oncological presentation. He was otherwise healthy, and 
his family history was unremarkable.

He was assessed by his orthopaedic surgeon, neurologist and oncologist. 
Previous classical examination, imaging (X-rays, CT and MRI) and bloodwork 
revealed no remedial cause of his pain and no recurrence of his astrocytoma. 
Prior to referral to CPS, he was already integrated with regular physiotherapy and 
intermittent massage therapy. Medications at initial assessment were as required 
tramadol, acetaminophen, and ibuprofen. myoActivation examination revealed 
a myofascial component to his pain. In view of distressing pain symptoms, it was 
agreed that myoActivation should be performed at the initial assessment to help 
relieve his pain. Written consent was obtained and myoActivation information 
given to the family. Distraction techniques and vapocoolant spray were used to 
minimise procedural pain.
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The left external oblique, left subscapularis, left platysma were released based 
on structured regional tests for the shoulder [116]. After this first myoActivation 
session, the patient experienced immediate improvement in range of motion of 
the left shoulder and decreased pain. Eight days after this myoActivation session 
the patient reported that his left shoulder pain was “way better than before” and 
his mum reported that he was complaining less about his shoulder and was able to 
sleep better. He had some ongoing left shoulder pain. Repeat myoActivation was 
performed at one-month intervals using BASE tests and regional test for shoulder 
function. On the fourth and final myoActivation session his left foot scars were 
released. As foot scars can be painful, even with appropriately applied topical 
anaesthetic and vapocoolant spray, it was agreed to release these scars with proce-
dural sedation using standard anaesthetic monitoring and care.

At the time of discharge, 3 months after initial assessment, he had no pain, he 
was able to function physically within the restrictions of his existing hemiplegia, 
but with no pain, and was attending school full time. He was discharged from CPS 
care and advised to slowly wean MgBis/K2/D3. Fourteen months after discharge he 
remains pain free.

4.3.1 Key points

• In the presentation of severe ongoing pain, it is sometimes important to 
address regional tests, like the shoulder in this case before addressing potential 
myofascial triggers in BASE tests.

• For some children and adolescents, there is a need for a general anaesthetic 
to perform needling of scars or trigger points: for example, in anxiety/mood 
disorder, young age, non-verbal patients, or where it will be considered too 
painful (e.g., foot scars) as in this case.

• Distant site same-side scars can be clinically important with respect to the 
tension they create through myofascial chains and biotensegrity principles 
described above. For example, left foot scar release to resolve left shoulder pain 
as outlined in this case.

4.4  Case 4: standard myoActivation assessment and treatment of  
multisite pain

A 15-year-old, 57 kg female was referred to the CPS by her orthopaedic physician 
for management of right knee pain of 3 years duration with a diagnosis of “possible 
tendonitis or tendinosis of medial hamstring” with normal blood work and imaging 
(X-rays and MRI). Her main hobby was horse riding and she had sustained multiple 
injuries related to her recreational activities. She related her knee pain to one of 
these injuries, 3 years ago, when she was bucked off her horse and then the horse 
stood on her right knee. Immediately after this injury, she attended the local ER 
and was discharged after normal imaging. She initially mobilised with crutches and 
gradually regained physical functioning over the course of the subsequent 2 months.

She described her current pain as dull and achy with stabbing pain elements 
radiating up her leg and down into her calf. Pain was aggravated by running, horse 
riding, doing squats, or any other physical activities or exercise. She had to wear a 
knee brace and only used the left stirrup when riding her horse as use of the right 
stirrup aggravated her right knee pain. She reported no effect on mood related to her 
pain. She had not been absent from school in the previous 3 months. She reported 
that pain sometimes affected her ability to fall asleep. Her TiLT inventory revealed 
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multiple horse-riding related injuries. She reported that she had scars from a recent 
laparoscopic appendicectomy and scars on her right knee from a wire penetrating 
injury when she was aged 6. She had been using over-the-counter simple analgesia as 
required. She was otherwise healthy and her family history was unremarkable.

myoActivation examination revealed unreported scars on the right knee and 
the abdomen, fascia in tension, and multiple muscles in sustained contraction. A 
myofascial component to her pain was diagnosed. She was enrolled in the 3P care 
plan. She was started on MgBis/K2/D3. Written information about myoActivation 
was given to the family.

4.4.1 myoActivation session 1

Five weeks later she reported feeling better and stronger, but no real change in 
her knee pain. It was deemed appropriate to proceed with myoActivation at this 
time. Written consent was obtained. Distraction techniques, vapocoolant spray and 
topical anaesthetic for scars were used to minimise procedural pain. All needling 
was done using sterile technique.

The right thoracic paraspinal, and right gluteus medius were sequentially acti-
vated based on the repeat cycles of assessment to determine the most restrictive and 
painful BASE tests [116]. The three appendicectomy scars and right knee scar were 
in regions of worst BASE tests so they were considered significant and released. 
After this first myoActivation session, the patient experienced immediate improve-
ment in pain and range of motion in all BASE tests.

4.4.2 myoActivation session 2

Three weeks after her first myoActivation session, the patient reported that 
her right knee pain had moved down to the inner aspect of the right calf. The 
pain felt was less than on initial assessment. She reported that she could sit in 
saddle, horse riding for longer, but found eversion of her ankles painful. The 
left iliopsoas and left rectus abdominis were sequentially activated based on the 
repeat cycles of assessment to determine the most restrictive and painful BASE 
tests [116]. The three appendicectomy scars were again in regions of worst BASE 
tests so they were considered significant and re-released. After this myoActiva-
tion session, the patient experienced immediate improvement in pain and range 
of motion in all BASE tests.

Three months after initial assessment, she reported she could move better, 
had less pain, was horse riding for much longer with both feet in the stirrups. She 
required no over-the-counter analgesia medications. On examination, she had 
normal movements in all core BASE tests with no pain. She was discharged from 
CPS care and advised to slowly wean MgBis/K2/D3.

4.4.3 Key points

• The site of pain may not be the true source of pain. The right hamstrings were 
never activated, even though they were the initial site of pain.

• Release of a scar from the youngest age in the region of most restrictive or 
painful myoActivation BASE test can make clinically substantial change, as 
was the case for this girl.

• Scars acquired after onset of pain may also play an important role in a 
 myofascial pain presentation.
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The left external oblique, left subscapularis, left platysma were released based 
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multiple horse-riding related injuries. She reported that she had scars from a recent 
laparoscopic appendicectomy and scars on her right knee from a wire penetrating 
injury when she was aged 6. She had been using over-the-counter simple analgesia as 
required. She was otherwise healthy and her family history was unremarkable.
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the abdomen, fascia in tension, and multiple muscles in sustained contraction. A 
myofascial component to her pain was diagnosed. She was enrolled in the 3P care 
plan. She was started on MgBis/K2/D3. Written information about myoActivation 
was given to the family.

4.4.1 myoActivation session 1

Five weeks later she reported feeling better and stronger, but no real change in 
her knee pain. It was deemed appropriate to proceed with myoActivation at this 
time. Written consent was obtained. Distraction techniques, vapocoolant spray and 
topical anaesthetic for scars were used to minimise procedural pain. All needling 
was done using sterile technique.

The right thoracic paraspinal, and right gluteus medius were sequentially acti-
vated based on the repeat cycles of assessment to determine the most restrictive and 
painful BASE tests [116]. The three appendicectomy scars and right knee scar were 
in regions of worst BASE tests so they were considered significant and released. 
After this first myoActivation session, the patient experienced immediate improve-
ment in pain and range of motion in all BASE tests.
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Three weeks after her first myoActivation session, the patient reported that 
her right knee pain had moved down to the inner aspect of the right calf. The 
pain felt was less than on initial assessment. She reported that she could sit in 
saddle, horse riding for longer, but found eversion of her ankles painful. The 
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4.4.3 Key points

• The site of pain may not be the true source of pain. The right hamstrings were 
never activated, even though they were the initial site of pain.

• Release of a scar from the youngest age in the region of most restrictive or 
painful myoActivation BASE test can make clinically substantial change, as 
was the case for this girl.

• Scars acquired after onset of pain may also play an important role in a 
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• This case again illustrates that myoActivation, as a component of multidisci-
plinary care, enhances recovery even in patients with a history of years in pain 
and multiple injuries.

4.5  Case 5: standard myoActivation assessment and treatment of chronic  
multi-site pain secondary to trauma related pelvic and femoral fractures

A 16-year old, 57 kg, female was referred to the CPS for management of multi-
site pain related to injuries sustained when hit by a car whilst crossing a road. She 
was referred by her orthopaedic surgeon, 1 year following injury, when ongoing 
recovery of physical functioning was hampered by multisite pain. She had been fit 
and healthy prior to this accident.

She was a pedestrian who was struck on the right side and knocked down sus-
taining multiple pelvic ring fractures and a left femoral fracture. She sustained 
no other injuries. She required external fixators and an intramedullary femoral 
rod to stabilise her fractures and control blood loss at the time of admission. 
She was an inpatient in hospital for a month and then transferred for inpatient 
rehabilitation at a local rehabilitation centre. The external fixator was removed 
2 months after application. She was discharged from the rehabilitation centre 
5 months after the date of her presenting injury. She continued with ongoing 
outpatient physiotherapy, kinesiology, daily exercises and regular counselling 
but had recently stopped seeing a physiotherapist due to lack of financial sup-
port. Imaging confirmed normal healing and no complications related to the 
surgical sites.

The pain was multisite, affecting the upper, mid and low back, left knee, bilat-
eral thighs, and bilateral ankles with no radiation and no motor or sensory deficits. 
Her pain was variable and intermittent, but aggravated by exercise. She had been 
absent from school for 5 days in the previous 3 months due to pain. She reported 
that pain also affected her ability to fall and stay asleep. Her lifetime trauma his-
tory revealed no other injuries. She took ibuprofen as required. She was otherwise 
healthy and her family history was unremarkable.

myoActivation examination revealed a myofascial component to her pain. Scars 
were noted from the external fixator and at the site of the left intramedullary nail. 
There were also abrasion scars from the injury on the left thigh and hip. She was 
enrolled in the 3P care plan and was started on MgBis/K2/D3. Written myoActiva-
tion information was given to the family.

One month later, there was a reduction in pain with improved fluidity of move-
ments just with the addition of MgBis/K2/D3 and re-engagement with physiother-
apy. It was deemed appropriate to proceed with myoActivation at this one-month 
follow-up visit, based on her very stoical character. Written consent was obtained. 
Distraction techniques and vapocoolant spray were used to minimise procedural 
pain. Fascial densification, muscles in sustained contraction and the scars in areas 
of most significant BASE tests [116] were released. Release of the surgical scars and 
the scars related to the injury made a clinically significant change in pain and range 
of motion during these sessions.

With such significant injuries and multiple areas required to be treated, she 
required nine myoActivation session in the course of the following year whilst 
integrated with the CPS. At the time of discharge, 16 months after initial assess-
ment, she was able to function physically with no restrictions and minimal 
pain. She was sleeping well and successfully graduated from school with good 
marks. She noted that her scars were paler, flatter and less obvious than at the 
start of therapy. She was discharged from CPS care and advised to slowly wean 
MgBis/K2/D3.
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4.5.1 Key points

• Patient reported change in function, just related to institution of the 3P 
approach, massage, and MgBis/K2/D3, helps to confirm a myofascial compo-
nent to pain.

• This approach, with the addition of myoActivation, can have a substantial 
impact even in the presence of such devastating previous injuries.

• Release of the surgical scars and the scars related to the injury made clinically 
significant change for this patient.

The cases cited above have provided a view of how scars have made a substan-
tial impact in pain presentation. Scar release (using a needling technique) helped 
make meaningful change for these patients, often when all other avenues of classic 
medical care for pain aetiology and resolution had been exhausted. Not only is this 
rewarding for the patients and their families, but also the CPS team who are helping 
them in their journey to recovery.

5. Conclusion

Humans exhibit biotensegrity, where each individual part of the organism 
combines with the mechanical system to create an integrated functional movement 
unit. All structures of the human body are intricately connected through skin and 
the myofascial system, they are in a continual process of change dependant on 
and adapting to the forces acting on and within them. When tissue is breached by 
surgery or injury, the healing process leads to the formation of scar tissue. Scars can 
limit normal movement of underlying and remote tissues. Defective fascial sliding, 
secondary to scars, generates anomalous tension that affects the fascial continuum 
and may lead to distorted biomechanics and chronic pain.

Scars are common in the paediatric population and are significant contributory 
factors to chronic pain. Many years, even decades, may pass between scar acquisi-
tion and the development of biomechanical dysfunction or myofascial pain. A 
subsequent trauma may be the inciting event as force transmission throughout the 
body is changed by a scar. Hence, it is important to assess the TiLT inventory, and 
characteristics of all scars, even when they appear to look “normal”.

There are many characteristics of a scar that disrupt the myofascial system, 
which have been highlighted in the cases discussed. When scars are deemed sig-
nificant, scar release should be considered as one component in a multidisciplinary 
approach to address the whole biopsychosocial aspects of chronic pain [136]. Scar 
and myofascial release, with soft tissue mobilisation or needling techniques, can 
result in immediate and sustainable improvements in pain, flexibility, and range of 
motion [116]. When contemplating scar release, consideration should be given to 
minimising procedural pain and to ensure support for any emotional reactions that 
may occur immediately or within the hours following scar release.

Research is required to ascertain the exact characteristics of a scar that deter-
mine whether it will have a significant contribution to myofascial dysfunction and 
chronic pain. The cases presented above illustrate that these investigations must 
recognise the multiple and complex biopsychosocial factors that contribute to a 
myofascial chronic pain presentation.

Whilst definitive answers are awaited, we need to think beyond scars as just 
being innocuous mementos of the past. Clinical experience indicates that they may 
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recovery of physical functioning was hampered by multisite pain. She had been fit 
and healthy prior to this accident.

She was a pedestrian who was struck on the right side and knocked down sus-
taining multiple pelvic ring fractures and a left femoral fracture. She sustained 
no other injuries. She required external fixators and an intramedullary femoral 
rod to stabilise her fractures and control blood loss at the time of admission. 
She was an inpatient in hospital for a month and then transferred for inpatient 
rehabilitation at a local rehabilitation centre. The external fixator was removed 
2 months after application. She was discharged from the rehabilitation centre 
5 months after the date of her presenting injury. She continued with ongoing 
outpatient physiotherapy, kinesiology, daily exercises and regular counselling 
but had recently stopped seeing a physiotherapist due to lack of financial sup-
port. Imaging confirmed normal healing and no complications related to the 
surgical sites.

The pain was multisite, affecting the upper, mid and low back, left knee, bilat-
eral thighs, and bilateral ankles with no radiation and no motor or sensory deficits. 
Her pain was variable and intermittent, but aggravated by exercise. She had been 
absent from school for 5 days in the previous 3 months due to pain. She reported 
that pain also affected her ability to fall and stay asleep. Her lifetime trauma his-
tory revealed no other injuries. She took ibuprofen as required. She was otherwise 
healthy and her family history was unremarkable.

myoActivation examination revealed a myofascial component to her pain. Scars 
were noted from the external fixator and at the site of the left intramedullary nail. 
There were also abrasion scars from the injury on the left thigh and hip. She was 
enrolled in the 3P care plan and was started on MgBis/K2/D3. Written myoActiva-
tion information was given to the family.

One month later, there was a reduction in pain with improved fluidity of move-
ments just with the addition of MgBis/K2/D3 and re-engagement with physiother-
apy. It was deemed appropriate to proceed with myoActivation at this one-month 
follow-up visit, based on her very stoical character. Written consent was obtained. 
Distraction techniques and vapocoolant spray were used to minimise procedural 
pain. Fascial densification, muscles in sustained contraction and the scars in areas 
of most significant BASE tests [116] were released. Release of the surgical scars and 
the scars related to the injury made a clinically significant change in pain and range 
of motion during these sessions.

With such significant injuries and multiple areas required to be treated, she 
required nine myoActivation session in the course of the following year whilst 
integrated with the CPS. At the time of discharge, 16 months after initial assess-
ment, she was able to function physically with no restrictions and minimal 
pain. She was sleeping well and successfully graduated from school with good 
marks. She noted that her scars were paler, flatter and less obvious than at the 
start of therapy. She was discharged from CPS care and advised to slowly wean 
MgBis/K2/D3.
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4.5.1 Key points

• Patient reported change in function, just related to institution of the 3P 
approach, massage, and MgBis/K2/D3, helps to confirm a myofascial compo-
nent to pain.

• This approach, with the addition of myoActivation, can have a substantial 
impact even in the presence of such devastating previous injuries.

• Release of the surgical scars and the scars related to the injury made clinically 
significant change for this patient.

The cases cited above have provided a view of how scars have made a substan-
tial impact in pain presentation. Scar release (using a needling technique) helped 
make meaningful change for these patients, often when all other avenues of classic 
medical care for pain aetiology and resolution had been exhausted. Not only is this 
rewarding for the patients and their families, but also the CPS team who are helping 
them in their journey to recovery.

5. Conclusion

Humans exhibit biotensegrity, where each individual part of the organism 
combines with the mechanical system to create an integrated functional movement 
unit. All structures of the human body are intricately connected through skin and 
the myofascial system, they are in a continual process of change dependant on 
and adapting to the forces acting on and within them. When tissue is breached by 
surgery or injury, the healing process leads to the formation of scar tissue. Scars can 
limit normal movement of underlying and remote tissues. Defective fascial sliding, 
secondary to scars, generates anomalous tension that affects the fascial continuum 
and may lead to distorted biomechanics and chronic pain.

Scars are common in the paediatric population and are significant contributory 
factors to chronic pain. Many years, even decades, may pass between scar acquisi-
tion and the development of biomechanical dysfunction or myofascial pain. A 
subsequent trauma may be the inciting event as force transmission throughout the 
body is changed by a scar. Hence, it is important to assess the TiLT inventory, and 
characteristics of all scars, even when they appear to look “normal”.

There are many characteristics of a scar that disrupt the myofascial system, 
which have been highlighted in the cases discussed. When scars are deemed sig-
nificant, scar release should be considered as one component in a multidisciplinary 
approach to address the whole biopsychosocial aspects of chronic pain [136]. Scar 
and myofascial release, with soft tissue mobilisation or needling techniques, can 
result in immediate and sustainable improvements in pain, flexibility, and range of 
motion [116]. When contemplating scar release, consideration should be given to 
minimising procedural pain and to ensure support for any emotional reactions that 
may occur immediately or within the hours following scar release.

Research is required to ascertain the exact characteristics of a scar that deter-
mine whether it will have a significant contribution to myofascial dysfunction and 
chronic pain. The cases presented above illustrate that these investigations must 
recognise the multiple and complex biopsychosocial factors that contribute to a 
myofascial chronic pain presentation.

Whilst definitive answers are awaited, we need to think beyond scars as just 
being innocuous mementos of the past. Clinical experience indicates that they may 
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Chapter 8

Suffering as a Diagnostic Indicator
Marek Rózycki and Robert Tobias

Abstract

Pain is the subjective sensation closely related to disease and treatment. Very 
often its diagnosis is more an expression of the diagnostician’s experience than a 
description of the patient’s actual condition. In particular, orthopedic and neuro-
logical patients who develop Complex Regional Pain Syndrome are misdiagnosed 
because the intensity of their sensations is disbelieved. Based on case studies, it 
seems appropriate to introduce an additional category of patient experience that 
will enable prompt recognition and appropriate treatment. The misdiagnoses under 
evaluation also exhibit frequent improper practitioner responses to patients’ experi-
ence, ranging from open expressions of disbelief, through indifference, to helpless-
ness and pessimism. This article presents case studies in which patients’ expressions 
of suffering were not used to modify the treatment. Rather, medical professionals 
accepted the pain as normal under the circumstances and resulting from tissue 
damage. However, in these cases, the pain was a symptom of a new disease entity, 
in development since the original diagnosis. With improved patient communication 
and treatment procedures, such oversights can be avoided and new disease entities 
will be more readily diagnosable.

Keywords: pain, suffering, CRPS, diagnostic indicator

1. Introduction

Complex Regional Pain Syndrome or CRPS, is a chronic pain syndrome. Pain 
in medical treatment is frequently an expected symptom, and a normal manifesta-
tion of tissue trauma. However, when it reaches levels of intensity and duration 
beyond the expected, it may present as CRPS: it is no longer a symptom but a 
separate disease entity capable of making the affected person’s life insufferable. 
CRPS may be triggered by a preceding condition. However, key to its diagnosis is 
the lack of any obvious tissue-related causes of pain. Its relative uncommonness has 
resulted in widely divergent reports by medical professionals over the years. Often, 
it was simply pain which eluded understanding. This has led to a host of labels 
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Chapter 8

Suffering as a Diagnostic Indicator
Marek Rózycki and Robert Tobias

Abstract

Pain is the subjective sensation closely related to disease and treatment. Very 
often its diagnosis is more an expression of the diagnostician’s experience than a 
description of the patient’s actual condition. In particular, orthopedic and neuro-
logical patients who develop Complex Regional Pain Syndrome are misdiagnosed 
because the intensity of their sensations is disbelieved. Based on case studies, it 
seems appropriate to introduce an additional category of patient experience that 
will enable prompt recognition and appropriate treatment. The misdiagnoses under 
evaluation also exhibit frequent improper practitioner responses to patients’ experi-
ence, ranging from open expressions of disbelief, through indifference, to helpless-
ness and pessimism. This article presents case studies in which patients’ expressions 
of suffering were not used to modify the treatment. Rather, medical professionals 
accepted the pain as normal under the circumstances and resulting from tissue 
damage. However, in these cases, the pain was a symptom of a new disease entity, 
in development since the original diagnosis. With improved patient communication 
and treatment procedures, such oversights can be avoided and new disease entities 
will be more readily diagnosable.

Keywords: pain, suffering, CRPS, diagnostic indicator

1. Introduction
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tion of tissue trauma. However, when it reaches levels of intensity and duration 
beyond the expected, it may present as CRPS: it is no longer a symptom but a 
separate disease entity capable of making the affected person’s life insufferable. 
CRPS may be triggered by a preceding condition. However, key to its diagnosis is 
the lack of any obvious tissue-related causes of pain. Its relative uncommonness has 
resulted in widely divergent reports by medical professionals over the years. Often, 
it was simply pain which eluded understanding. This has led to a host of labels 
used to describe it across time and in different countries. Currently, the following 
 conditions are roughly equivalent to what is understood as CRPS:

1. Algoneurodystrophy

2. Sudeck’s atrophy

3. Sudeck’s disease

4. Sudeck’s dystrophy (referring only to radiological features in osteoporosis)
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5. Causalgia (also known as CRPS Type 2 when accompanied by nerve damage)

6. Peripheral trophoneurosis

7. Reflex sympathetic dystrophy - commonly abbreviated as RSD

8. Babinski-Froment sympathetic paralysis

9. Leriche’s post-traumatic osteoporosis

10. Postinfarction sclerodactyly

11. Migratory osteolysis

12. Traumatic angiospasm; traumatic vasospasm

13. Hand–shoulder syndrome

14. Foot–hip syndrome

15. Complex Regional Pain Syndrome Type 1

16. Sudeck-Babinski-Leriche syndrome

17. Pourfour du Petit syndrome [1]

This multitude of labels confuses the diagnostic process and hampers appropri-
ate reactions to the reported symptoms.

The earliest scholarly treatment of unaccountable pain dates from the 16th 
 century. In the 1598 book “Les Oeuvres ď Ambroise Paré”, the barber-surgeon 
to French kings describes Charles IX’s suffering around the year 1570 who, after 
bloodletting to treat smallpox, complained of persistent burning pain coupled with 
muscle loss, contracture and inability to bend or straighten his arm [2]. We also 
have historic descriptions of chronic pain in wounded soldiers. Pain as separate 
from injury and treatment was described in Lessons on the Principles of Surgery, 
published in France in 1766 [3], where it was observed that pain may occur in areas 
not directly affected by earlier trauma, and affect joints and muscles without any 
visible skin lesion in the area affected.

In 1813, Alexander Denmark, a British surgeon who worked at the Royal Navy 
Hospital in Gosport, Hampshire, reported the case of a soldier who was wounded 
by a bullet that had passed through his upper arm. The wound itself healed quickly, 
however he noted in his report: “I always found him with the forearm bent and in 
supine position and supported by the firm grasp of the other hand. The pain was of 
a ‘burning’ nature, and so violent as to cause a continual perspiration from his face”. 
Eventually, the arm was amputated [4], and this concluded the patient’s suffering.

The American Civil War also reaped a harvest of experience in enigmatic 
chronic pain. Claude Bernard, Silas Weir Mitchell, George Morehouse and William 
Keen all described frequent intense pain in the aftermath of battle wounds in vet-
erans and among them, reports on pain disorders from gunshot wounds and other 
nerve damage [5].

In the 1880s the French neurologist Jean-Martin Charcot observed dystonic 
movement disorders and related contractions, and hypothesized that the syndrome’s 
genesis (described as “hysteria minor”) was in unstructured changes in the nervous 
system which were probably biochemical or physiological in nature [6].
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At the 29th Congress of the German Society of Surgeons (Deutscher Chirurgen 
Kongress) in 1901, Paul Sudeck delivered a paper entitled “Acute inflammatory 
bone atrophy”, in which he discussed changes observed in patients’ X-ray images. 
His examples included chronic atrophies causing exceptional disability. His influ-
ence can be seen in the use of his name in several of the labels given to this set of 
conditions.

During World War 1 René Leriche, an army surgeon in Strasbourg, hypothesized 
that the sympathetic nervous system was central in the rise of signs and symptoms 
of the conditions described by Sudeck. In 1917, he described a patient’s complaints 
of chronic pain in the arm and numbness in the armpit where he received a gunshot 
wound. Leriche coined the term “sympathetic neuritis” to illustrate the role of the 
sympathetic nervous system in neuropathic pain.

The term “reflex sympathetic dystrophy” (RSD) was introduced by James Evans 
around 1947 [7]. Evans described 57 patients with a syndrome characterized by 
intense pain and clinical symptoms which he described as “sympathetic stimulation”. 
The condition appeared as a consequence of fractures (21%), sprains (21%), vascular 
complications (19%), amputations (9%), joint or bone inflammations (5%), minor 
wounds (2%) and other minor injuries such as contusions (9%) and posture defects 
(7%). In 1973, John Bonica proposed the following three clinical stages of RSD:

• Stage 1, acute - the first three months after injury - characterized by erythema, 
calor, edema, significant hyperhidrosis, pain distribution unrelated to root 
or nerve involvement, limited range of motion and reduced muscle strength 
with a negative X-ray examination, but a positive scintigraphy showing 
hyperaccumulation;

• Stage 2, dystrophic - characterized by severe pain, skin edema, decreased hair 
growth, discoloration, cyanosis, persistent hyperhidrosis, muscle weakness 
and limited range of motion of the affected joint or joints;

• Stage 3, atrophic - characterized by lesser but nonetheless disabling pain 
which subsides with rest and increases with passive motion. The skin may be 
atrophic, thin, dry, sometimes ulcerated, cold, mottled or cyanotic in toto; 
possible loss of joint range of motion and muscle strength with tendon atrophy, 
contractures, tremors and dystonia causing a significant motor impairment 
of the affected limb. At this stage, the radiographic examination shows 
 inhomogeneous regional osteoporosis (Sudeck’s atrophy).

This typology is used in some countries to this day.
The name was changed to Complex Regional Pain Syndrome in 1994 and the 

Orlando Conference established that CRPS could be diagnosed in presence of the 
following conditions [8]:

1. The presence of an initiating noxious event or a cause of immobilization.

2. Continuing pain, allodynia, or hyperalgesia with which the pain is dispropor-
tionate to any inciting event.

3. Evidence at some time of edema, changes in skin blood flow, or abnormal 
sudomotor activity in the region of pain.

4. This diagnosis is excluded by the existence of conditions that would otherwise 
account for the degree of pain and dysfunction.
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Bonica’s typology is currently under review. Some experts suggest a fourth stage 
[9], in which changes become irreversible and amputation appears the only effec-
tive method of alleviating pain in the affected limb [10]. This prospect highlights 
the importance of diagnosing CRPS as early as possible. Only timely treatment may 
save the patient. It is imperative to define the process of differentiation between 
pain as part of the healing process, and neuropathic pain which may lead to CRPS.

Pain is considered mainly as the subjective sensation [11] of the individual 
patient. This definition stipulates that the sensation is unpleasant and results from 
the real or hypothetical possibility of body tissue damage. The definition ignores 
experiences which might be perceived as positive [12]. It may seem incredible, but 
some people perceive pain as positive and have no negative associations with it. 
Although we tend to ignore this, such an attitude has firm foundations in the sphere 
of Western European culture: consider known martyrs and ascetics who used pain 
for self-improvement. In some religious practices pain is an important means towards 
redemption, with no negative connotations at all. Whether as “punishment” or 
“challenge”, it may come with positive implications. Aside from spiritual overtones, 
medical patients often report a positive attitude towards pain when their pain is lesser 
than expected or when they consider alternatives worse than enduring pain.

It may therefore be accepted that people respond to pain differently and this 
should lead us to consider pain’s applicability as a diagnostic. Patients, especially those 
suffering from algodystonia, motor neuron dystrophy, or CRPS [13], report pain inac-
curately or too late for positive prognosis. This paper summarizes information from 
interviews with chronic pain sufferers in order to identify actions by medical practitio-
ners which may have led to misunderstanding the nature of the patients’ conditions.

2. Experiencing painful sensations

The effect of chronic pain on the patient is, chiefly, an altered consciousness. 
In chronic pain, the body is in a constant state of agitation, which is an imbalance 
between chemical mediators responsible for conducting and attenuating pain 
stimuli. As a result of chemical imbalance, patients may experience symptoms 
such as mood disorders, anxiety or panic attacks, or even sensory processing and 
memory disorders [14].

For people who have not experienced such states, the nature of the suffering may 
be incomprehensible. Conversely, chronic sufferers may be unaware of reporting 
incorrectly on their experiences.

A common practice among doctors dealing with chronic pain sufferers is to use 
numeric rating scales, or pain scales: patients are asked to self-assess their pain on 
a scale from 0 (no pain) to 10. The goal of pain scales is to give the doctor an idea 
of pain’s intensity, but their usefulness is limited by education and experience of 
both the doctor and the patient. The following example will illustrate the problem: 
a girl aged 17 with diagnosed CRPS in the leg and clubfoot, suffering pain for a year 
and treated symptomatically, was admitted to hospital with abdominal pain. The 
patient indicated that the pain was intense and assigned it the value of 5 on the pain 
scale. As a result, she was classified as not requiring immediate attention and asked 
to wait in line. Her state rapidly deteriorated. Further investigation revealed acute 
appendicitis and secondary peritonitis. Had she not been a chronic pain sufferer, 
she would have assigned her pain the value of 9 or 10.

It is important to be aware that pain scales are relative and therefore should 
have limited applicability. The bottom end of the scale - “zero” - signifies no pain, 
however there is no equally clear definition for “ten”. It could signify pain leading to 
unconsciousness, or pain which causes the sufferer suicidal thoughts, or is greater 
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than ever experienced. For some, the worst possible pain could be a toothache, for 
others a laceration. This lack of clear qualitative definition of pain on a pain scale 
leads to misinterpretations and “strategic assessments” both by diagnosticians and 
sufferers: patients often overestimate their pain in hope of receiving more urgent 
help; while medical professionals interpret patients’ estimations as exaggerated. The 
only incontestable feedback from using pain scales is the existence of pain.

As shown above, applying a simple pain scale may lead to incorrect diagnoses if 
the patient’s situation is incorrectly assessed. Orthopedic and neurologic patients 
suffering from CRPS as the result of medical interventions often communicate 
pain in the affected limb, which is interpreted by the specialists as an indicator of 
appropriateness of treatment and ignored. In consequence, no treatment is offered. 
In another example, a patient aged 16, experiencing difficulty walking, underwent 
a hallux valgus (bunion) operation. First her left foot was operated and after six 
months, in December 2018, the right foot. The post-operative wound did not heal 
well and in January 2019 the patient was admitted to hospital and given a course 
of antibiotics. Shortly afterwards she suffered an incident at school: the operated 
foot was struck with a door and its bones repositioned. This resulted in a further 
operation to reposition the bones and stabilize the foot. The patient began reporting 
increased pain; however, her frequent complaints became increasingly ignored by 
the medical staff. Both doctors and other professionals began treating the patient 
as hysterical and explained the pain away as natural and necessary after the opera-
tion. After several months of ineffective physiotherapy, clubfoot developed and this 
resulted in the CRPS diagnosis [15].

This, and other similar incidents, suggests that sufferers may not realize that 
when they report pain, their reports may be interpreted as imprecise and lead to 
inaccurate diagnoses.

Tissue damage or loss of continuity often lead to deep but reversible changes in 
both the peripheral and central nervous system, typically presenting as hypersensi-
tivity and chronic pain as the body’s response to inflammation of tissue surround-
ing affected nerve structures. These changes accompany tissue repair processes, 
treatments of injuries and other conditions up until full recovery of the tissue [16]. 
If, however, pain exceeds the normally expected healing time, the situation changes 
diametrically. Pain conditions lasting more than three months necessitate the 
modification of the treatment process to account for chronic pain conditions [17]. 
Chronic pain conditions render the common pain assessment methods, used with 
non-sufferers, useless.

The sensation of pain in general is not as good a diagnostic as its particular form 
which, to differentiate it from pain, may be called suffering, and be understood as 
the negative sensation caused by lesions or other tissue interference, felt to be unac-
ceptable and greater than expected. Such perceptions should be a cue for medical 
practitioners to suspect that the pain is not “normal” for the situation and to search 
for alternative or expanded diagnoses and treatments. Interviews with 35 CRPS 
sufferers, aged 15–45, reveal the prevalent experience of insufficient reaction by 
medical staff to, or disregard for, reported suffering. Since CRPS develops subse-
quently to a pre-existing condition, the sufferers have a unique experience of pain: 
they are able to compare their current sensations compounded by CRPS with past, 
pre-syndrome experience. Their observations have been juxtaposed in the table 
below. CRPS-related pain experiences are categorized as “suffering”; i.e. chronic 
and unacceptable in intensity. Reports of such sensations should automatically 
 trigger a reassessment of the current diagnosis and treatment plan (Table 1).

The genesis of CRPS development is unidentified and the condition can only be 
recognized when already present. Paying attention to the above-listed symptoms 
may help diagnose the syndrome early enough to implement prophylactic treatment.
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quently to a pre-existing condition, the sufferers have a unique experience of pain: 
they are able to compare their current sensations compounded by CRPS with past, 
pre-syndrome experience. Their observations have been juxtaposed in the table 
below. CRPS-related pain experiences are categorized as “suffering”; i.e. chronic 
and unacceptable in intensity. Reports of such sensations should automatically 
 trigger a reassessment of the current diagnosis and treatment plan (Table 1).

The genesis of CRPS development is unidentified and the condition can only be 
recognized when already present. Paying attention to the above-listed symptoms 
may help diagnose the syndrome early enough to implement prophylactic treatment.
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Countless cases justify the necessity to identify changes in suffering and to 
adjust treatment appropriately. The cases listed below are all from the last two years 
and are representative of many other such cases.

2.1 Case: symptoms non-specific to the treated condition

Girl, 17, diagnosed with CRPS after two years of symptoms. At 15, she developed 
intervertebral hernia as a result of a sports injury. An orthosis was fitted and the 
patient was prescribed physical rehabilitation. The patient reported severe pain, 
which did not subside after the removal of the orthosis. Further treatment included 
electrostimulation, acupuncture and symptomatic treatment. At 16, the patient 
began reporting severe stomach symptoms. Six months later, changes characteristic 
of CRPS began appearing on her left leg: the leg changed coloring, hair growth 
increased. Bone loss occurred [18–21]. CRPS spreading to organs such as the stomach 
is not typical. Frequently children suffer from severe musculoskeletal pain (Amplified 
Musculoskeletal Pain Syndrome - AMPS), which can be interpreted as Complex 
Regional Pain Syndrome, Reflex Sympathetic Dystrophy, Reflex Neurovascular 
Dystrophy, or extensive pain, such as in fibromyalgia. CRPS was eventually diagnosed 
and specialist treatment commenced c. 19 months after the initial appearance of CRPS 
symptoms. The patient’s left leg and stomach remain affected by CRPS. She is fed by a 
gastric (nasoduodenal - ND) tube. Leg pain causes her to periodically use crutches.

2.2 Case: identification hindered by comorbidities

Girl, 12, treated for tumor. She broke her leg in an accident at school. A typical 
treatment followed: the bone was set and a plaster cast was used to immobilize the 

Interpretation of Pre-CRPS pain experiences Pain experiences with CRPS

Genesis Understood, justified or even 
desirable, e.g. as the result of 
operation or treatment

Outside the patient’s experience range

Intensity Changing intensity Persistent. No pain-free periods

Control Can be controlled (e.g. through 
standard doses of drugs)

Uncontrollable (standard doses of drugs bring 
no relief)

Duration Usually lasts 4–6 weeks 
(depending on type of 
treatment); changes in type, 
intensity, or frequency over time

Constant, with occasional periods of lesser 
intensity (but never entirely pain-free), lasting 
more than 4–6 weeks. May increase in intensity 
or area affected

Treatment 
methods

Standard procedures - even if 
disliked by the patient - bring 
about the desired improvement

Certain standard treatments (such as physical 
medicine and rehabilitation) may lead to 
worsening of the patient’s state, increase pain 
and bring no desired rehabilitation results

Outcomes if 
unaddressed

May lead to depression, including thoughts of 
suicide

May lead to despondency and lack of cooperation 
with medical professionals after experiencing 
increased pain following treatment

Distrust of medical and rehabilitation 
practitioners

Hyperalgesia and allodynia

Table 1. 
Sufferers’ reported experiences before and after developing CRPS.
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leg. From the very start, the patient reported increased pain which was interpreted 
as symptomatic of the tumor. After the removal of the plaster cast the limb was 
swollen and hypersensitive to touch. Symptomatic treatment and physical rehabili-
tation brought no results: the child continued to be in constant pain. After changes 
in the bone were discovered, CRPS was diagnosed. CRPS-specific treatment 
 commenced over a year after the symptoms first appeared.

2.3 Case: incorrect fracture fixation

Man, 43, broke the scaphoid bone in his right hand in a motorcycle collision. 
The hand was immobilized with a plaster cast. The patient had a history of alcohol 
abuse. He did not report any discomfort resulting from an overtight cast: he ignored 
the growing pain and anesthetized himself with alcohol. After the removal of the 
cast, the pain did not subside and within three months symptoms characteristic of 
CRPS, such as swelling, color change and hypersensitivity, appeared. Because of 
his alcohol abuse, his reports of increasing persistent pain were ignored. Treatment 
began after the hand swelled and deformed.

2.4 Case: perioperative injuries

Appearance of additional pain signals during treatment for other conditions - 
mainly orthopedic operations - can be illustrated by five cases: two affected lower 
limbs, two affected upper limbs, and one affected a shoulder. The patients all 
reported severe pain and difficulty moving the affected limbs. In all cases their 
reports of abnormal pain were interpreted as normal pain. The patients were 
prescribed physical rehabilitation which brought no positive results. CRPS was 
not recognized until limb deformation was visible or bone loss was detected with 
radiographic imaging.

All this evidence suggests that there are major blind spots in diagnostic 
 procedures where chronic pain is a factor, often preventing new disease entities 
from being discovered and treated. To rectify this situation, new procedures are 
required to complement existing procedures in situations which, currently, leave 
medical practitioners exposed to improvisation.

The following case illustrates issues caused by insufficient diagnostic 
 procedures: girl, 15, was diagnosed with antero-inferior subluxation of the gleno-
humeral (shoulder) joint with muscle weakness of the shoulder girdle. The vari-
ous treatments prescribed, such as Kirschner wire fixation, all followed existing 
procedures but, irrespective of the method used, the shoulder always slipped. In 
effect, the patient was discharged from several hospitals without positive progno-
sis. Doctors failed to act on the patient’s reports of pain, treating it as natural and 
necessary under the circumstances. Over the next 120 days, the patient underwent 
various attempts to set the shoulder, leading to brachial plexus paralysis and 
gradual loss of functionality in the arm and the hand. The arm became hypersensi-
tive and changed color. CRPS wasn’t diagnosed until the detection of bone loss. 
Symptomatic treatment at a pain management clinic and arthrodesis improved the 
patient’s comfort and returned relative independence to her.

Although medicine, as a study of humans and nature, appears to be closer to the 
humanities, its history shows it has more in common with the sciences. Physicians 
frequently see the human body as a mechanism. A rather complicated mechanism, 
but nevertheless one which allows us to specify procedures for pairing symptoms 
with treatments. The body is so complex that it could work if 99% of its compo-
nents malfunction and, conversely, die with just 1% damage. Cause-and-effect 
medicine appears increasingly helpless when our cognitive apparatus identifies 
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leg. From the very start, the patient reported increased pain which was interpreted 
as symptomatic of the tumor. After the removal of the plaster cast the limb was 
swollen and hypersensitive to touch. Symptomatic treatment and physical rehabili-
tation brought no results: the child continued to be in constant pain. After changes 
in the bone were discovered, CRPS was diagnosed. CRPS-specific treatment 
 commenced over a year after the symptoms first appeared.

2.3 Case: incorrect fracture fixation

Man, 43, broke the scaphoid bone in his right hand in a motorcycle collision. 
The hand was immobilized with a plaster cast. The patient had a history of alcohol 
abuse. He did not report any discomfort resulting from an overtight cast: he ignored 
the growing pain and anesthetized himself with alcohol. After the removal of the 
cast, the pain did not subside and within three months symptoms characteristic of 
CRPS, such as swelling, color change and hypersensitivity, appeared. Because of 
his alcohol abuse, his reports of increasing persistent pain were ignored. Treatment 
began after the hand swelled and deformed.

2.4 Case: perioperative injuries

Appearance of additional pain signals during treatment for other conditions - 
mainly orthopedic operations - can be illustrated by five cases: two affected lower 
limbs, two affected upper limbs, and one affected a shoulder. The patients all 
reported severe pain and difficulty moving the affected limbs. In all cases their 
reports of abnormal pain were interpreted as normal pain. The patients were 
prescribed physical rehabilitation which brought no positive results. CRPS was 
not recognized until limb deformation was visible or bone loss was detected with 
radiographic imaging.

All this evidence suggests that there are major blind spots in diagnostic 
 procedures where chronic pain is a factor, often preventing new disease entities 
from being discovered and treated. To rectify this situation, new procedures are 
required to complement existing procedures in situations which, currently, leave 
medical practitioners exposed to improvisation.

The following case illustrates issues caused by insufficient diagnostic 
 procedures: girl, 15, was diagnosed with antero-inferior subluxation of the gleno-
humeral (shoulder) joint with muscle weakness of the shoulder girdle. The vari-
ous treatments prescribed, such as Kirschner wire fixation, all followed existing 
procedures but, irrespective of the method used, the shoulder always slipped. In 
effect, the patient was discharged from several hospitals without positive progno-
sis. Doctors failed to act on the patient’s reports of pain, treating it as natural and 
necessary under the circumstances. Over the next 120 days, the patient underwent 
various attempts to set the shoulder, leading to brachial plexus paralysis and 
gradual loss of functionality in the arm and the hand. The arm became hypersensi-
tive and changed color. CRPS wasn’t diagnosed until the detection of bone loss. 
Symptomatic treatment at a pain management clinic and arthrodesis improved the 
patient’s comfort and returned relative independence to her.

Although medicine, as a study of humans and nature, appears to be closer to the 
humanities, its history shows it has more in common with the sciences. Physicians 
frequently see the human body as a mechanism. A rather complicated mechanism, 
but nevertheless one which allows us to specify procedures for pairing symptoms 
with treatments. The body is so complex that it could work if 99% of its compo-
nents malfunction and, conversely, die with just 1% damage. Cause-and-effect 
medicine appears increasingly helpless when our cognitive apparatus identifies 
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new disease entities. It seems reasonable to suggest refinements to existing medical 
procedures. There should be a procedure for when there are no more procedures. 
Let us use another example, of a girl aged 15 diagnosed with antero-inferior sublux-
ation of the glenohumeral (shoulder) joint with muscle weakness of the shoulder 
girdle. The various treatments prescribed, such as Kirschner wire fixation, all 
followed existing procedures but, irrespective of the method used, the shoulder 
always slipped. In effect, the patient was discharged from several hospitals without 
positive prognosis. Doctors failed to act on the patient’s reports of pain, treating it 
as normal under the circumstances, because procedures which they followed did 
not anticipate the particular symptoms which occurred. They failed to reach beyond 
standard procedures to investigate the patient’s condition and offer  solutions; a state 
of affairs unfortunately common in an underfunded national health service.

3. Pain scales modification proposal

Medical professionals must be aware that a suffering patient’s experiences are 
impossible to imagine for non-sufferers. A correctly conducted medical interview 
must use methods which will ensure a correct assessment of the patient’s state. 
Quantitative pain scales should be avoided; rather, the interviewing physician 
should create a space for patients to freely report on their comfort levels and also 
to share their own observations and insights into their symptoms. The procedure 
should consider the following actions:

1. Establish the time period during which the patient has experienced constant 
or near-constant decline in comfort. A period of four weeks or more should be 
flagged as potential chronic suffering.

2. Elicit description of pain in the patient’s own words. Patients are usually able to 
identify differences in their experience. The medical professional may help by 
suggesting adjectives describing various experiences. The following should be 
offered as core descriptors:

• burning pain

• tingling pain

• stabbing pain

• painful reaction to touch (e.g. by clothing)

• hot/cold to the touch

• pulsation

• numbness

• increased or diminished pain under pressure

A longer list of adjectives, appropriate to the assessed condition, ought to be 
available for use during the medical interview. The list should be expanded and 
reviewed as the dataset of performed interviews grows.
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3. Ask the patient to describe any changes to their experience prior to treatment 
and during the course of treatment (e.g., has a new type of pain appeared? Has 
pain changed type or intensity?) Any change reported should be a prompt to 
consider whether a new condition or another disease entity has developed.

4. Pay attention to the patient’s suggestions that the painkillers used are 
 ineffective or otherwise inadequate. For example, if dosage or strength become 
inadequate after surgery [22].

5. If, after surgery, pain persists in the limbs for more than 2–3 months, or 
 otherwise more than the time expected for full tissue repair from acute 
trauma, sprain, fracture, or surgery, consider CRPS [23].

3.1 Changes in patient communication

Correctly conducted medical interviews are key in accurate diagnoses of pain 
conditions. Nevertheless, medical professionals often ignore information given by 
patients. Feedback from c. 50 patients diagnosed with CRPS in Poland, Germany, 
UK and USA reveals counterproductive language used by medical professionals in 
response to reports of painful conditions. It is imperative that doctors be aware of 
such unhelpful phrases and avoid them. Their use demonstrates that patient reports 
are ignored and indicates a high likelihood of an incorrect diagnosis.

1. “You do not look ill”. Suffering, understood as unwanted, intense pain, need 
not be visible. Very often the professional forms a visual first impression of 
the patient’s condition before hearing the patient’s oral report. Nobody would 
 admit disbelieving a patient, but doctors nevertheless make a “first- impressions 
assessment” which influences their subsequent approach and diagnosis. If the 
visual impression is that of a healthy individual (or healthier than the individu-
al’s own words suggest), there is a tendency to accept the more positive obser-
vation. Opposing one’s own first impression may result in feelings of cognitive 
dissonance and incompetence.

2. “Perhaps you should be more active” or “Healing must hurt”. Both of these 
are symptomatic of the persistent belief in the human body’s ability to self-
repair. Our bodies indeed have amazing capacity for regeneration, and the 
patient’s mental attitude - belief that they can be healed - is a factor in this ca-
pacity. However, this capacity and self-belief have their limitations and ought 
not to be relied on in conducting treatment. If a patient experiences increased 
pain as a result of following the doctors’ advice, they will stop cooperating. 
Any further reliance on self-repair will become counter-productive.

3. “You can learn to cope”. It is impossible for a non-sufferer to confidently 
 assert that the chronic sufferer - such as a CRPS sufferer - can ever learn to 
cope, and important to realize that treatment may be far from straightforward. 
Many conditions are untreatable and only subject to palliative care - and not 
 everyone, and not under all circumstances, can learn to cope with that.

4. “It is all in your head/you are making it up”. Patients often report that 
 doctors, when confronted with reports of increasing pain or requests for more 
painkillers, begin suspecting mental disorders. Before doctors jump to such 
conclusions, they ought to consider pain-causing conditions such as CRPS.
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5. “This is the end”. As mentioned above, medical professionals may be subject 
to feelings of incompetence and powerlessness and this may cause unwanted 
reactions. Appropriate procedures are crucial to avoid situations in which a 
stranded professional might submit to helplessness.

6. “You have to be more positive”. This ties in with the belief in our ability to 
self-repair and reveals a patronizing attitude.

7. “Others suffer more than you” As outlined above, it is impossible to assess 
the degree of pain another person is suffering. Furthermore, chronic pain suf-
ferers and long-term users of painkillers often cannot assess their pain levels 
 accurately.

4. Conclusions

The old joke has it that there is no such pain that your doctor cannot take it. 
For severe pain sufferers, faced with inattentive medical professionals, this joke 
loses its humor. The widespread fear of dentists and surgeons is not caused by the 
nature of their work, but by the pain and discomfort their work connotes. It is vital 
that doctors of all specialties where chronic suffering is a possibility pay special 
attention to how they communicate with patients. Correct identification of the 
cause of pain and its mutability is key to successful treatment. It is often assumed 
that in certain cases pain cannot be effectively removed and that it can be a desired 
symptom. However, this should not extend to the assumption that it is natural and 
can be ignored. Pain is a key diagnostic. It offers feedback on accuracy of the chosen 
procedures. Take, for example, dental root canal: the pain caused by touching 
the exposed nerve indicates that the treatment proceeds correctly. It is a specific 
reaction to a specific stimulus, and it allows a specific diagnosis; diagnoses based on 
vague understanding of unexamined and unexplained pain have no place in proper 
medical procedures.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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6. “You have to be more positive”. This ties in with the belief in our ability to 
self-repair and reveals a patronizing attitude.

7. “Others suffer more than you” As outlined above, it is impossible to assess 
the degree of pain another person is suffering. Furthermore, chronic pain suf-
ferers and long-term users of painkillers often cannot assess their pain levels 
 accurately.

4. Conclusions

The old joke has it that there is no such pain that your doctor cannot take it. 
For severe pain sufferers, faced with inattentive medical professionals, this joke 
loses its humor. The widespread fear of dentists and surgeons is not caused by the 
nature of their work, but by the pain and discomfort their work connotes. It is vital 
that doctors of all specialties where chronic suffering is a possibility pay special 
attention to how they communicate with patients. Correct identification of the 
cause of pain and its mutability is key to successful treatment. It is often assumed 
that in certain cases pain cannot be effectively removed and that it can be a desired 
symptom. However, this should not extend to the assumption that it is natural and 
can be ignored. Pain is a key diagnostic. It offers feedback on accuracy of the chosen 
procedures. Take, for example, dental root canal: the pain caused by touching 
the exposed nerve indicates that the treatment proceeds correctly. It is a specific 
reaction to a specific stimulus, and it allows a specific diagnosis; diagnoses based on 
vague understanding of unexamined and unexplained pain have no place in proper 
medical procedures.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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Abstract

The experience of childbirth is subjective and has multidimensional components 
through which every woman passes in different ways. It is one of the most beautiful 
episodes in mother’s life, related to happiness and celebration. However, childbirth 
is also associated with negative emotions such as anxiety, low sense of safety, and 
expectation of pain. Strong and persistent pain that is associated with labor may 
negatively affect both mother and fetus. During labor, a woman is dealing not only 
with the contractions but also with the belief that the culture has made for her. 
Although childbirth is viewed as a normal physiological process, it can produce 
significant pain that requires effective pain management. The non-pharmacological 
approach includes a wide variety of methods to address labor pain, which prevent 
suffering by enhancing the psychological and spiritual components. The non-phar-
macological methods of labor pain relief require patient’s preparation and antenatal 
education. The non-pharmacological methods that used to relief labor pain are 
massage, acupuncture, continuous support, positioning, breathing techniques, 
water immersion, music therapy, and biofeedback are some of the techniques used 
to achieve an effective coping level for women. The aim of this chapter is to explore 
women’s perception toward non-pharmacological methods during labor.

Keywords: attitude, non-pharmacological methods, pain relief, childbirth, pain, 
parturition, obstetric, perceived barriers

1. Introduction

“In pain you will bring forth children” (Gen. 3-16). Thenceforth, labor pain was 
considered as a punishment given by God due to Eve’s sin and then asking for relief 
was presumably against God; for this belief in 1591, Eufane Ayane of Edinburgh 
was buried alive into a pit because she asked for pain relief during her difficult labor 
[1, 2]. Labor pain is one of the major issues women faces during childbirth; thus 
then, most women want to relief it. Spontaneous vaginal delivery is one of the most 
distressing pains that majority of women would experience during their lifetime 
[3–5]. A study done in United Kingdom depicted that 93.5% of the women described 
the pain as severe, while in Finland, 80% described intolerable [6]. Besides this, 
laboring mothers experienced 10.9% severe acute postpartum pain in 36 hours, 9.8% 
persistent pain, and 11.2% depression at 8 weeks [7]. Although strong and persistent 
pain during labor might not be considered as a source of complication for a healthy 
patient, it stimulates the sympathetic nervous system, which causes an increase in 
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considered as a punishment given by God due to Eve’s sin and then asking for relief 
was presumably against God; for this belief in 1591, Eufane Ayane of Edinburgh 
was buried alive into a pit because she asked for pain relief during her difficult labor 
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the pain as severe, while in Finland, 80% described intolerable [6]. Besides this, 
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pain during labor might not be considered as a source of complication for a healthy 
patient, it stimulates the sympathetic nervous system, which causes an increase in 
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the heart rate, blood pressure, sweat production, endocrine hyperfunction, delays 
the patient’s prognosis, and traumatic childbirth experiences. However, many of 
these sequelae of pain are mitigated by appropriate pain relief methods [5, 8–11]. 
Management of labor pain has remained a clinical issue and is as old as human kind. 
Labor pain perception varies in onset, timing, duration, and severity. Effective 
management of labor pain results in greater maternal satisfaction with the birth 
process [12, 13]. The study result from systematic review showed that factors that 
increased maternal satisfactions during labor are companionship with the caregivers, 
involvement in decision-making, and assuming health facility as their home [14]. 
Moreover, this will help women to conserve their energy to cope with the pain in 
a less destructive way. Non-pharmacological measures of pain relief are exploited 
because they are safer and tend to cause fewer interventions [15]. The aim of this 
chapter is to explore laboring mothers’ attitude toward various non-pharmacological 
methods and perceived barriers to use these methods. The chapter also identified the 
commonly used non-pharmacological methods during childbirth.

2.  Laboring mothers attitude toward non-pharmacological techniques 
for pain relief

Non-pharmacological methods of pain management are grouped into three: 
cognitive, physical, and emotional. For instance, relaxation and breathing tech-
niques work at mind level. Massage, position change, and TENS are congregated 
at cutaneous level. Touch and reassurance are grouped at emotional level [9]. Even 
if most women report labor is painful, a good number of physicians remarkably 
have little awareness about it. Pain is a subjective experience involving a complex 
interaction of physiologic, psychosocial, cultural, and environmental influences. 
The study findings from narrative inquiry revealed that use of pain relief methods 
was missing, although women expressed need for pain relief. Moreover, the same 
study results showed that there was inadequate physical and emotional support 
for women during childbirth [16]. A literature review from India showed that 
some doctors perform certain interventions on women without questioning and 
justification. Furthermore, people who support during homebirth have no permis-
sion to enter the delivery room in health facilities [17]. On the other hand, other 
study findings showed that laboring mothers during childbirth were satisfied and 
interested in labor pain relief services. A systematic review conducted at Toronto 
revealed that women allocated to continuous support were more likely to have a 
spontaneous vaginal birth, shorter labor, and satisfaction with the care, and in 
contrary less likely to have intrapartum analgesia, operative deliveries, and report 
frustration [18]. A randomized prospective comparative study was done on 100 
primigravida women in active phase of labor by dividing them into music group 
(n = 50) and control group (n = 50); the result showed that the music group had 
substantial lower serum cortisol levels than the control group. Thus, music therapy 
is effective in reducing stress levels and increasing satisfaction in the women 
during active labor [19]. The study conducted in Poland depicted that most of the 
women were interested in non-pharmacological methods to relieve labor pain [20]. 
An integrative review was employed, and the result showed that most laboring 
mothers were excited in each non-pharmacological method since acupuncture and 
acupressure worked on physiological and subjective aspects of pain. Warm bath, 
music therapy, aromatherapy, and breathing techniques promoted relaxation and 
decreased the levels of anxiety. Thermal therapies were used as local analgesia in 
regions affected by pain. Exercises with the Swiss ball were important for pain relief 
[21]. A randomized trial was conducted on 74 primigravida women, and the finding 
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showed that the experimental group was found to have higher levels of maternal 
luxury during labor as well as 2 hours after delivery. Besides, they experienced 
less labor pain and have a shorter duration of the first stage of labor than the 
control groups [22]. The study conducted in Australia revealed that labor pain 
scoring mechanism was the same among mothers and midwives at mild-moderate 
pain levels, but midwives considerably undervalued the severe labor that was 
reported by mothers [6]. Women differ in their choices as to whether the various 
pain relief methods are effective in decreasing their labor pain and different pain 
relief approaches could enable them to relax. However, women who used medi-
cation were more likely to experience a sense of guilt, drug side effects, while 
non-pharmacological methods could allow women to actively work with their 
physiological responses and create a good team spirit with their care providers 
throughout in their postnatal periods [23].

3. Perceived barriers to use non-pharmacological methods

The study done in Ghana showed that some women do not obtain an ample 
pain management during labor because of poor antenatal education on labor pain 
management and insufficient support from health professionals and their families 
[16]. In developing countries in spite of having labor analgesic services, most 
women still go through sore labor due to lack of knowledge about the techniques 
and a negative attitude of caregivers toward the methods. Since then, the patients 
get little information about pain management from their relatives but not from 
care providers directly; in turn, this created a wide gap in communication between 
laboring women and obstetric care providers [1, 5, 17]. One study identified per-
ceived barriers to use non-pharmacological techniques, for instance, lack of time, 
inadequate knowledge about the options, regulatory issues, and patient reluctance 
of analgesia [24]. Most health-care systems are often poorly developed; the provi-
sion of analgesia is seen with low importance in comparison with the treatment of 
other diseases, and rudimentary properties such as water and current may not be 
accessible [25]. Shortage of finance, unavailability of the methods, and care provid-
ers little trainings are significant barriers to improving this situation. Therefore, it 
is not astonishing that the provision of analgesics is problematic [26]. Many other 
studies’ findings showed that key issues that affect the practice of labor analgesia 
in developing countries by caregivers are unavailability of materials, health-care 
delivery systems, understanding, and strong belief. From these, awareness, out-
looks, and abilities of care provider are chief factors. Moreover, misunderstandings 
such as harm to baby and doubt on the efficacy of non-pharmacological methods 
[27–30] are other factors. Labor pain management in the developing world is mea-
ger. Consequently, mothers experience unmeasured grief, let alone analgesia [31].

The individual appearances of pain, as well as other the aspects that influence 
the perception of pain shift responsibility to the health caregiver to ensure  
that the laboring woman can decide about pain relief in labor meaning, midwife’s 
activities should be influenced by the woman’s preference of pain relief methods 
that obtainable to her. When these options are presented to them during the 
antenatal period, then they can easily choose the applicable methods [16]. Since 
pain relief in labor is an important aspect to laboring women during childbirth, 
efforts should be made to evaluate its improvement through confirming their sat-
isfaction, and unalleviated, labor pains may influence negatively on the lives of 
parturient and her baby [3]. Some non-pharmacological techniques need profes-
sionally competent and qualified health-care providers, especially in acupunc-
ture, TENS, and reflexology [21]. Some methods are not provided due to their 
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cost. For instance, biofeedback and TENS units are costly and difficult to charge 
[9]. Evidences showed that many health-care professionals lack adequate knowl-
edge and attitude for effective management of labor pain, leaving women and 
their baby to endure a reduced functional and psychological quality of life [28]. 
The need for women to receive complete information on the risks, the benefits, 
and provision of varied approaches is so that women have access to those meth-
ods that meet with their beliefs, as well as to those that they may need if their 
experiences differ from their expectations [23]. Regarding, service care provid-
ers’ hurdles, staff ’s knowledge and attitudes on advancement their knowledge 
through incessant training programs and participating on conferences by them-
selves or facility regulations, that reflect on the quality and type of pain assess-
ment and management. Therefore, inadequate knowledge remains a significant 
barrier to pain management. On a more positive note, health-care providers in 
their study said that teaching hospital environments influenced their ability to 
provide the techniques because more emphasis was placed on evidence-based 
care. As regards patient-related obstacles, in most facility settings, during labor 
and delivery, women were alone and often afraid by the intermittent shifting 
of obstetricians, midwives, and nurses [32–34]. Nurses and midwives are aware 
of some non-pharmacological labor pain management methods and use them 
in their practice. A good number of non-pharmacological techniques remain 
unknown to them. Some of the reasons for the usage of non-pharmacological 
techniques include their non-invasiveness, inexpensive nature, ease of use, 
safety, comfort enhancement, and bonding. Yet, barriers such as misconcep-
tions about their efficacy, insufficient staff, and resources prevent optimal use 
by nurses and midwives [35]. The notion that labor pain is natural and must be 
endured should be changed during health education programs because it is the 
right of every woman to have suitable pain relief during labor. Midwives should 
support and encourage women during labor, and a good relationship between the 
midwife and the woman in labor is advocated so that women will seek profes-
sional care as well as cultural background of the woman in labor must be taken 
into consideration because some are socialized to be stoic. Therefore, labor pain 
must be assessed adequately to inform effective pain management [36]. The most 
commonly utilized non-pharmacological methods during childbirth include 
transcutaneous electrical nerve stimulation (TENS) [37–39], hypnosis [40, 41], 
acupuncture [42, 43], music [19], water immersion [44], continuous support 
[18], and biofeedback [45].

Based on the available scientific articles, the most commonly utilized non-
pharmacological methods during labor and delivery are identified. Moreover, how 
the methods work is also reviewed.

3.1  Transcutaneous electrical nerve stimulation (TENS) for pain management 
in labor

A low voltage electrical impulse, which differs in frequency and intensity, will 
be delivered to the skin through four pads that are placed over the lower back with a 
boost during uterine contractions [9, 13, 46–48].

3.1.1 How does TENS work?

TENS is effective when there are large diameter nerves, with high frequency 
and low intensity, which results in transmission of impulses at high frequency 
and the release of endorphins that bind to opiate receptors, which increases pain 
tolerance [13, 47, 49].
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3.1.2 Application of electrodes

There are various types of electrodes in terms of frequency and pulse width. 
Top pair of electrodes will be placed at T10-L1, and the lower pair of electrodes at 
S2–S4 (Figure 1) [13]. A randomized controlled trial was conducted on 1466 women 
from 17 trials, 13 examined TENS; 2 used acupuncture, and 2 place on the cranium. 
Overall, there was a slight variation in pain records between TENS and control 
groups. The majority of laboring mothers using TENS responded that they would 
be willing to use it again in their next pregnancies. There was no any evidence that 
TENS had any positive or negative impact on the mother and newborn [24].

3.2 Acupuncture

Acupuncture is one of Chinese traditional medicines, which became wide-
spread and popular in some Western countries. Experts in the field assume that 
health is dependent on the correct flow of energy through the meridians (Qi), 
through the body (14 meridians). These meridians are responsible for the control 
the activities of the vital organs in the body. During illness, the energy flow will be 
imbalanced [13, 46, 49].

3.2.1 How does acupuncture work?

Acupuncture involves the insertion of fine needles into various parts of the 
body. The technique is aimed to treat illnesses and alleviate pain by stimulating 
acupuncture points. Acupuncture points used to relief labor pain are located on 
the hands, feet, and ears. Acupuncture stimulates nervous system, spinal cord 
by locking touch fibers and then block pain impulses at the pain gates, and finally 
help the body to release endorphins [47]. Randomized controlled trials employed 
found that women randomized to acupuncture had slightly reduced pain scores 
and decreased use of the pharmacological methods than the control groups [46]. 
Another randomized controlled trial was conducted on 303 nulliparous women 
with normal pregnancies revealed that the mean VAS scores were 66.4 in the MA 

Figure 1. 
A TENS unit in use [50].



Pain Management - Practices, Novel Therapies and Bioactives

128

cost. For instance, biofeedback and TENS units are costly and difficult to charge 
[9]. Evidences showed that many health-care professionals lack adequate knowl-
edge and attitude for effective management of labor pain, leaving women and 
their baby to endure a reduced functional and psychological quality of life [28]. 
The need for women to receive complete information on the risks, the benefits, 
and provision of varied approaches is so that women have access to those meth-
ods that meet with their beliefs, as well as to those that they may need if their 
experiences differ from their expectations [23]. Regarding, service care provid-
ers’ hurdles, staff ’s knowledge and attitudes on advancement their knowledge 
through incessant training programs and participating on conferences by them-
selves or facility regulations, that reflect on the quality and type of pain assess-
ment and management. Therefore, inadequate knowledge remains a significant 
barrier to pain management. On a more positive note, health-care providers in 
their study said that teaching hospital environments influenced their ability to 
provide the techniques because more emphasis was placed on evidence-based 
care. As regards patient-related obstacles, in most facility settings, during labor 
and delivery, women were alone and often afraid by the intermittent shifting 
of obstetricians, midwives, and nurses [32–34]. Nurses and midwives are aware 
of some non-pharmacological labor pain management methods and use them 
in their practice. A good number of non-pharmacological techniques remain 
unknown to them. Some of the reasons for the usage of non-pharmacological 
techniques include their non-invasiveness, inexpensive nature, ease of use, 
safety, comfort enhancement, and bonding. Yet, barriers such as misconcep-
tions about their efficacy, insufficient staff, and resources prevent optimal use 
by nurses and midwives [35]. The notion that labor pain is natural and must be 
endured should be changed during health education programs because it is the 
right of every woman to have suitable pain relief during labor. Midwives should 
support and encourage women during labor, and a good relationship between the 
midwife and the woman in labor is advocated so that women will seek profes-
sional care as well as cultural background of the woman in labor must be taken 
into consideration because some are socialized to be stoic. Therefore, labor pain 
must be assessed adequately to inform effective pain management [36]. The most 
commonly utilized non-pharmacological methods during childbirth include 
transcutaneous electrical nerve stimulation (TENS) [37–39], hypnosis [40, 41], 
acupuncture [42, 43], music [19], water immersion [44], continuous support 
[18], and biofeedback [45].

Based on the available scientific articles, the most commonly utilized non-
pharmacological methods during labor and delivery are identified. Moreover, how 
the methods work is also reviewed.

3.1  Transcutaneous electrical nerve stimulation (TENS) for pain management 
in labor

A low voltage electrical impulse, which differs in frequency and intensity, will 
be delivered to the skin through four pads that are placed over the lower back with a 
boost during uterine contractions [9, 13, 46–48].

3.1.1 How does TENS work?

TENS is effective when there are large diameter nerves, with high frequency 
and low intensity, which results in transmission of impulses at high frequency 
and the release of endorphins that bind to opiate receptors, which increases pain 
tolerance [13, 47, 49].

129

Perceptions of Women toward Non-Pharmacological Methods for Pain Relief during Labor
DOI: http://dx.doi.org/10.5772/intechopen.93271

3.1.2 Application of electrodes

There are various types of electrodes in terms of frequency and pulse width. 
Top pair of electrodes will be placed at T10-L1, and the lower pair of electrodes at 
S2–S4 (Figure 1) [13]. A randomized controlled trial was conducted on 1466 women 
from 17 trials, 13 examined TENS; 2 used acupuncture, and 2 place on the cranium. 
Overall, there was a slight variation in pain records between TENS and control 
groups. The majority of laboring mothers using TENS responded that they would 
be willing to use it again in their next pregnancies. There was no any evidence that 
TENS had any positive or negative impact on the mother and newborn [24].

3.2 Acupuncture

Acupuncture is one of Chinese traditional medicines, which became wide-
spread and popular in some Western countries. Experts in the field assume that 
health is dependent on the correct flow of energy through the meridians (Qi), 
through the body (14 meridians). These meridians are responsible for the control 
the activities of the vital organs in the body. During illness, the energy flow will be 
imbalanced [13, 46, 49].

3.2.1 How does acupuncture work?

Acupuncture involves the insertion of fine needles into various parts of the 
body. The technique is aimed to treat illnesses and alleviate pain by stimulating 
acupuncture points. Acupuncture points used to relief labor pain are located on 
the hands, feet, and ears. Acupuncture stimulates nervous system, spinal cord 
by locking touch fibers and then block pain impulses at the pain gates, and finally 
help the body to release endorphins [47]. Randomized controlled trials employed 
found that women randomized to acupuncture had slightly reduced pain scores 
and decreased use of the pharmacological methods than the control groups [46]. 
Another randomized controlled trial was conducted on 303 nulliparous women 
with normal pregnancies revealed that the mean VAS scores were 66.4 in the MA 

Figure 1. 
A TENS unit in use [50].



Pain Management - Practices, Novel Therapies and Bioactives

130

Figure 2. 
Continuous support from family childbirth connection since 1918 (www.childbirthconnection.org).

group, 68.5 in the EA group, and 69.0 in the SC group. The study also showed that 2 
months after birth recollection of labor pain, no significant differences were found 
among the groups and women’s feeling in the EA group reported acupuncture as 
being effective for labor pain than MA, MA, spent less time in labor, and had less 
blood loss. Finally, the study revealed that no serious impacts of acupuncture treat-
ment were reported [40].

3.3 Touch and massage

Massage is one of the natural pain relief methods. Touch is important in terms 
of positioning, decreases muscle spasms, relieves labor pain, decreases anxiety, and 
results in good labor outcomes [9, 13, 47, 48, 51].

3.3.1 How does touch and massage work?

In the context of physiology, touch and massage increase endorphins and oxygen 
supply to tissues and then stimulate nerves, which decrease pain. Studies suggest 
that those mothers who utilize them may have shorter labors, reduced postpartum 
depression, shorter hospital stays, and increased patient satisfaction. Not many 
potential risks were reported for mother and baby; thus, it is an excellent method to 
decrease labor pain [13, 48, 49, 52].

3.4 Continuous labor support

Continuous labor support refers to the nonmedical support of the woman in 
labor by a trained person, e.g., a doula, consistently has decreased the use of obstet-
ric interventions [46]. Evidence indicates that continuous support during labor has 
a number of measurable positive impacts on key birth outcomes when compared to 
intermittent support like; continuous support is associated with less use of phar-
macological techniques, fewer operative deliveries, and more reports of satisfaction 
with birth, and moreover, it has clinically meaningful benefits for women and 
infants [18, 46, 48, 51, 53]. Figure 2 shows continuous labor support from the family.

3.5 Hydrotherapy

Pain alleviating mechanism of water has been known for many years. In the past 
decades, laboring mothers were interested in hydrotherapy due to its comfort [13].
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3.5.1 How does hydrotherapy work?

Hydrotherapy comprises of two methods, such as an aspersion bath and sterile 
water injection, discussed below. The aspersion bath enhances relaxation and 
reduces stress levels and then decreases sense of pain. Examining the neuroendo-
crine parameters, this method minimizes the release of cortisol and β-endorphins, 
but it increases the secretion of noradrenaline [54, 55].

Intradermal injections of sterile water in the sacral area may be used to 
decrease back pain in labor, and it causes a burning sensation that is much more 
painful than saline injection and thought to relieve labor pain by counter irrita-
tion. Women who received injections of sterile water were more interested in 
receiving the injections in a subsequent labor than women who received saline 
injections [56]. Randomized control trial was conducted on 393 women using the 
tub during labor and a control group of 392 women receiving routine care. Women 
experienced less pain after water immersion than those who received routine, 
and more than 80% of the water immersion group said they would use the tub in 
subsequent labors (Figure 3) [57].

3.6 Music therapy

Music is a type of non-pharmacological technique, which is non-invasive, 
non-medical, cost-effective, and easily accessible. Music heals the soul and influ-
ences immune and endocrine function. Nowadays, many studies oriented into 
the therapeutic effectiveness of music in the field of obstetrics and revealed that 
music during childbirth promotes wellbeing of the mother and the fetus [9, 52]. 
Randomized control trial was done on 100 primigravida in active labor showed 
that there was no significant difference between both the groups in serum cortisol 
at pretest, whereas the group differences after the music therapy sessions indicated 
that the music group had significant lower serum cortisol levels compared to the 
control group. Thus, music therapy is effective in reducing stress levels in the 
women during active labor [19].

Figure 3. 
Placement of intradermal water blocks: four intradermal injections of 0.05 to 0.1 mL of sterile water to form 
four small blebs over each posterior superior iliac spine and 3 cm below and 1 cm medial to each spine [51].
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4. Conclusion

The studies revealed that transcutaneous electrical nerve stimulation, immer-
sion bath, acupuncture and acupressure, touch, massage, continuous support, 
hydrotherapy, and music therapy are effective methods for pain relief during labor. 
Besides this, they reduce pain perception, levels of anxiety, and stress and indicated 
laboring mothers who used these methods did not report the need for pharmaco-
logical methods.

Although these methods are cost-effective and non-invasive, there are barriers 
that impediment to using the techniques as per needed. Perceived barriers can be 
broken up into three categories: barriers related to the patient, the clinicians, and 
the health-care system as a whole. To be successful in the use of non-pharmacolog-
ical pain relief in labor, obstetric caregivers must have to develop positive attitude 
toward non-pharmacological labor analgesia and women need to be aware of 
different alternatives available to them.

All future randomized trials must be adequately powered in evaluation of 
complementary and alternative techniques for pain management in labor as they 
are needed for improving the quality and reporting of future trials. In particular, 
consideration should be given to the analysis and reporting of the person providing 
the intervention, for example, their training, length of experience, and relationship 
to the woman.

Finally, the findings of this chapter point to the need of clinical research 
particularly in midwifery care focusing on the use of these and other non-
pharmacological strategies for pain relief during labor, aiming to humanize care 
for women during labor.
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SE standard care
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Chapter 10

Supporting Communication 
Vulnerable Children to 
Communicate Their Pain
Ensa Johnson

Abstract

Communication vulnerable children need an alternative way to express their 
pain to receive appropriate pain management. In this chapter, the concept of 
communication vulnerability will be explained by using the social-communication 
model of pain as a theoretical framework. The concept of pain is difficult to 
describe due to its subjective nature and individuals’ different experiences to 
pain. Clinicians and researchers find it challenging to understand the dynamic 
interplay between the biological, psychological and social determinants of pain. 
Understanding any episode of acute or chronic pain therefore necessitates consider-
ing the holistic pain picture to analyse the essentials at biological, psychological 
and social levels. The chapter concludes with suggestions to use augmentative and 
alternative strategies to support communication vulnerable children to communi-
cate their pain.

Keywords: augmentative and alternative communication (AAC), disabilities, care, 
healthcare professional, paediatric patient, social-communication model of pain

1. Introduction

Pain is intrinsically private, and the concept of pain is difficult to describe and 
assess due to its subjective nature and individuals’ unique experiences of pain [1, 2]. 
Up until the mid-1980s, clinicians believed that infants, toddlers and persons with 
disabilities, specifically those with significant communication difficulties, either do 
not have pain or may have very high pain thresholds [3–5]. These myths and beliefs 
were reinforced by McCaffery’s widely accepted definition of pain at that time that 
stated that “pain is what the person says it is and exists whenever he or she says 
it does” [6, p. 95]. By default, McCaffery’s definition therefore suggested that all 
persons with the inability to communicate their pain verbally (including the afore-
mentioned) may not have pain.

In addition to their limited verbal ability to express pain, communication vul-
nerable children’s neurology may also impact on their ability to show other tell-tale 
signs of pain that transform the parts of the brain responsible for the expression of 
pain [5]. For this reason, clinicians repeatedly overlooked other signs of pain [4], 
such as changes in the children’s behaviour (withdrawal, acting clownish, having 
mood changes, displaying aggressive behaviour or exhibiting extreme tantrums) or 
changes in positioning (refusing to use the body part where pain is). This is because 
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children with communication challenges may not display pain in the typical ways 
such as by crying or through facial changes [7–10]. Clinicians often mistakenly 
regard these kinds of “different reactions to pain” as challenging behaviour and not 
as children’s alternative attempts of trying to express their pain [11].

Lately, clinicians have started to acknowledge that the inability to communicate 
pain verbally does not negate the likelihood that a person is in pain or that they 
require applicable pain-relieving treatment [3, 10]. The International Association 
for the Study of Pain (IASP) updated the definition of pain in July 2020 [2, p. 2] to: 
“An unpleasant sensory and emotional experience associated with, or resembling 
that associated with, actual or potential tissue damage”. According to Raja et al. [2] 
the IASP also added six key notes as an expansion to the definition and to provide 
further context to the definition and the etymology of the word “pain.” Additional 
notes to the latest pain definition for example highlight that a person’s report of 
their pain should be acknowledged and respected and that verbal expressions of 
pain is only one of many behaviours to express pain [2]. Nevertheless, irrespec-
tive of patients’ ability or inability to verbally self-report their pain, it remains the 
ethical obligation of all clinicians to acknowledge and relieve the most vulnerable 
patients’ pain [12].

2. Communication vulnerability

Children with severe physical, sensory and/or cognitive disabilities affecting 
their receptive and expressive communication may not be able to verbally com-
municate their pain and other pain-related experiences [10, 13]. Children with 
languages or cultures different to those of the treating clinicians or with limited 
proficiency in the latter’s language often do not have the vocabulary to express 
their pain [14]. Furthermore, children who are receiving treatment in intensive 
care units – where medical intervention such as sedation, intubation or trache-
otomy can influence their ability to verbally communicate – as well as children 
receiving palliative end-of-life support may also not be able to communicate ver-
bally [13]. Authors refer to these groups of children as communication vulnerable 
[13–15]. Communication vulnerability is defined as a reduced ability in respect of 
expressive and/or receptive communication and can involve permanent vulner-
ability (such as children with severe communication disabilities) or temporary 
vulnerability (such as patients in critical care units receiving medical interventions 
that may influence their ability to speak) [16, 17].

The inability to express pain verbally may result in communication breakdowns 
between the child and the clinician, which could result in risks such as non-
treatment, adverse medical outcomes and increased anxiety for both patients and 
clinicians [18]. Clinicians often find it demanding to assess pain in communication 
vulnerable children [7, 19], as they have to attempt to interpret the children’s bodily 
movements, facial expressions and physiological signs [7]. As mentioned earlier, 
children with communication disabilities may express their pain in atypical ways 
that could influence clinicians’ interpretation of the children’s pain [10, 11, 19]. 
In the latest recommendations for clinicians to follow during pain assessment of 
those unable to self-report, Herr et al. proposed that as a first step, clinicians should 
become aware of potential causes of pain [20]. The second step in pain assessment 
is to try to obtain self-report from all patients [20]. Therefore, it is vital that alterna-
tive means of communication should be investigated to enable children with severe 
communication difficulties to self-report their pain.

Hay et al. [21] promoted the use of self-reporting as the primary method for 
measuring the intensity and other features of pain. Thus, it was recommended that 
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parents’ proxy reports of their children’s pain should only be used once the chil-
dren’s reports were in doubt [21, 22]. Research has confirmed that speaking children 
themselves can give a clear self-report of their pain experience by verbally express-
ing their pain or using various pain assessment tools such as the Coloured Analogue 
Scale or the Faces Pain Scale-Revised [23]. However, Schiavenato and Craig [24] are 
of the opinion that pain assessment tools do not do justice to a patient’s pain experi-
ence as they oversimplify the demands for rating pain intensity without taking the 
type of pain into consideration. For this reason, a possible solution should be found 
for how communication vulnerable children can self-report their pain in ways other 
than by verbal accounts.

Clinicians’ expertise to support communication vulnerable children in pain 
depends on the availability of reliable and valid information about the existence and 
precise nature of the child’s distress [25]. Self-report and observational measures 
of pain can be reviewed from the perspective of a model of human communication 
[26]. Therefore, to gain a better understanding of this complex pain communica-
tion process, clinicians and researchers need to grasp the challenges that children 
with disabilities – and particularly those who are communication vulnerable – may 
encounter when trying to express their pain. The social communication model of 
pain [26, 27] offers an inclusive theoretical framework to be used in this chapter, 
because it explains the dynamic interaction between the biological, psychological 
and social determinants of pain [28]. An adapted social communication model of 
pain for communication vulnerable children based on the model proposed by Craig 
[27, 28] warrants further discussion in this chapter.

3. Social communication model of pain

Communication plays an important part in any action that aims to improve 
health [29]. Communication is a social, dynamic and interchanging reciprocal 
process that involves persons (acting as a sender or receiver) [30]. Communication 
comprises verbal (speech) as well as non-verbal modes (gestures, a shared glance, 
facial expression) [31]. Symbols (abstract or concrete) are used to convey infor-
mation from the sender to the receiver in order to achieve a shared meaning in a 
specific context or environment [30]. In other words, communication involves 
sender(s) and receiver(s) conveying information through a communication chan-
nel. Effective communication occurs when the intent and meaning of one person 
(e.g. the sender) is understood by another person (e.g. the receiver) [31]. For 
communication vulnerable children, this communication process poses a serious 
challenge, due to their inability to communicate verbally (i.e. the communication 
intent is lost if the receiver does not understand the communication channel used 
by the sender). Although these children may have the desire to communicate their 
pain, research indicates that communication vulnerable children often opt not 
to communicate their pain because their previous communication attempts were 
ignored, or simply because it takes too much physical effort trying to communicate 
their pain [32].

The social communication model of pain was developed as a framework to 
explain how pain is experienced and to describe the multifaceted communication 
process required to adequately express and interpret pain and to have pain under-
stood by others [26, 27]. The social communication model of pain underlines both 
the role of the sender who is the person in pain (e.g. the communication vulnerable 
child) and the ability of the receiver as the observer of the pain (e.g. clinicians) in 
understanding the experience of pain. Biomedical models, in contrast, focus on 
the sensory characteristics of pain, with no emphasis on the social factors of pain 
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children with communication challenges may not display pain in the typical ways 
such as by crying or through facial changes [7–10]. Clinicians often mistakenly 
regard these kinds of “different reactions to pain” as challenging behaviour and not 
as children’s alternative attempts of trying to express their pain [11].
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for the Study of Pain (IASP) updated the definition of pain in July 2020 [2, p. 2] to: 
“An unpleasant sensory and emotional experience associated with, or resembling 
that associated with, actual or potential tissue damage”. According to Raja et al. [2] 
the IASP also added six key notes as an expansion to the definition and to provide 
further context to the definition and the etymology of the word “pain.” Additional 
notes to the latest pain definition for example highlight that a person’s report of 
their pain should be acknowledged and respected and that verbal expressions of 
pain is only one of many behaviours to express pain [2]. Nevertheless, irrespec-
tive of patients’ ability or inability to verbally self-report their pain, it remains the 
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that could influence clinicians’ interpretation of the children’s pain [10, 11, 19]. 
In the latest recommendations for clinicians to follow during pain assessment of 
those unable to self-report, Herr et al. proposed that as a first step, clinicians should 
become aware of potential causes of pain [20]. The second step in pain assessment 
is to try to obtain self-report from all patients [20]. Therefore, it is vital that alterna-
tive means of communication should be investigated to enable children with severe 
communication difficulties to self-report their pain.

Hay et al. [21] promoted the use of self-reporting as the primary method for 
measuring the intensity and other features of pain. Thus, it was recommended that 
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type of pain into consideration. For this reason, a possible solution should be found 
for how communication vulnerable children can self-report their pain in ways other 
than by verbal accounts.

Clinicians’ expertise to support communication vulnerable children in pain 
depends on the availability of reliable and valid information about the existence and 
precise nature of the child’s distress [25]. Self-report and observational measures 
of pain can be reviewed from the perspective of a model of human communication 
[26]. Therefore, to gain a better understanding of this complex pain communica-
tion process, clinicians and researchers need to grasp the challenges that children 
with disabilities – and particularly those who are communication vulnerable – may 
encounter when trying to express their pain. The social communication model of 
pain [26, 27] offers an inclusive theoretical framework to be used in this chapter, 
because it explains the dynamic interaction between the biological, psychological 
and social determinants of pain [28]. An adapted social communication model of 
pain for communication vulnerable children based on the model proposed by Craig 
[27, 28] warrants further discussion in this chapter.
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process that involves persons (acting as a sender or receiver) [30]. Communication 
comprises verbal (speech) as well as non-verbal modes (gestures, a shared glance, 
facial expression) [31]. Symbols (abstract or concrete) are used to convey infor-
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sender(s) and receiver(s) conveying information through a communication chan-
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by the sender). Although these children may have the desire to communicate their 
pain, research indicates that communication vulnerable children often opt not 
to communicate their pain because their previous communication attempts were 
ignored, or simply because it takes too much physical effort trying to communicate 
their pain [32].

The social communication model of pain was developed as a framework to 
explain how pain is experienced and to describe the multifaceted communication 
process required to adequately express and interpret pain and to have pain under-
stood by others [26, 27]. The social communication model of pain underlines both 
the role of the sender who is the person in pain (e.g. the communication vulnerable 
child) and the ability of the receiver as the observer of the pain (e.g. clinicians) in 
understanding the experience of pain. Biomedical models, in contrast, focus on 
the sensory characteristics of pain, with no emphasis on the social factors of pain 
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[26, 27, 33]. Since this chapter will proceed to focus on pain communication of 
communication vulnerable children, Figure 1 depicts the suggested adaptations 
to the social communication model of pain (based on Craig [27, 28]) as it relates to 
communication vulnerable children’s expression of pain.

A proposed three-step pain communication process altered for communica-
tion vulnerable children highlights the different factors that may intervene in the 
children’s pain expression, the pain assessment and the accompanying treatment 
[10, 27, 28]:

a. Pain experience – the inward personal painful pain experience that happens 
over time and is stimulated by both interpersonal and intrapersonal (biological 
and psychological) factors involves the status of the child before the event;

b. Message – the encoding of the pain experience (e.g. the child’s understanding 
or making sense of the pain) and the expression of pain through expressive 
behaviours such as crying, exclamations or (verbal) self-report to make the 
pain known to observers (e.g. clinicians or parents);

c. Observer (receiver of message) – the process whereby observers decipher or 
decode pain behaviours to react and respond by providing appropriate pain 
management or pain-relieving treatment [34].

This model also highlights the possibility that observers’ own perceptions 
and responses to pain as based on their own pain experiences may influence their 
understanding of pain as well as how they will respond to the child’s pain experi-
ence. Although researchers and clinicians should be aware of their own bias towards 
pain, it will not be dealt with in further detail in this chapter.

In short, the adapted social communication model of pain proposes that the 
communication of pain begins with the communication vulnerable child who 
experiences pain (A); it continues to describe how this experience influences the 

Figure 1. 
Adapted social communication model of pain for communication vulnerable children (as based on  
Craig [27, 28]).
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child to make sense of the pain (B) and to express it in atypical ways or by means 
of augmentative and alternative communication (AAC) modes. These pain expres-
sions are made known to the observers (C), who decode the child’s pain to take 
appropriate pain management actions. The adapted social communication model 
of pain can thus be used to help researchers and clinicians to understand the pain 
in communication vulnerable children. Examples are children with a variety of dis-
abilities such as Down syndrome, intellectual disabilities, autism spectrum disorder 
(ASD) or cerebral palsy (CP), or children who experience temporary communica-
tion vulnerability due to medical interventions such as intubation.

The model considers that there are many ways that a child can encode (B) their 
pain experience (A). Thus, when decoding the child’s pain, observers (C) need to be 
open to other modes that children may use to communicate their pain. A child’s self-
report of pain is influenced by the pain context as well as their emotional, sensory, 
cognitive, developmental and cultural composition [2, 35, 36]. The social factors and 
reciprocal, repeating and dynamic effects of pain communication are acknowledged 
during this pain account within human beings [28]. In the social communication 
model of pain, a clear distinction is made between historical and current biological 
and social factors. For example, intrapersonal factors refer to a person’s temperament 
to react based on their biological, psychological and social histories. Craig [28] high-
lights that, during the pain event (A), the immediate social and physical environment 
has a powerful effect on both the person in pain (e.g. the communication vulnerable 
child) and on the observers (C). The internal subjective pain experiences of com-
munication vulnerable children will now be discussed based on the adapted social 
communication model of pain for communication vulnerable children (Figure 1).

3.1  The internal subjective pain experiences of communication vulnerable 
children

The way persons express pain can give insight into their pain experiences. Pain 
expressions involve the person’s observable response (such as their pain behaviours) 
to a noxious stimulus, whereas a person’s pain experience is private and internal 
and involves severity of discomfort [27]. Based on their own experiences with 
pain, each individual displays different potential behavioural reactions to pain 
[27]. For example, children who have had negative pain experiences during needle 
procedures may exhibit more severe responses to pain because of their previous 
negative experiences. Additionally, their individual biological capabilities trigger 
their complicated expressions of pain [2]. Children with significant communication 
difficulties have different disability diagnoses with unique pain-related experiences 
related to these disabilities (e.g. children with CP or ASD).

3.1.1 Intrapersonal factors

Along with biological capabilities, the constructs behind pain expression are 
the impact of language and cognitive development as well as social interaction and 
experiences. The expansion of pain-related vocabulary progresses along a similar 
sequence as does natural language development [37, 38]. The theoretical constructs 
that underlie pain expression within communication vulnerable children with vari-
ous aetiologies will now be discussed in more detail.

3.1.1.1 Aetiologies

All children experience pain on a regular basis. Young children with typical 
development may respond to everyday pain such as bumps and bruises by crying, 
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[26, 27, 33]. Since this chapter will proceed to focus on pain communication of 
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and responses to pain as based on their own pain experiences may influence their 
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ence. Although researchers and clinicians should be aware of their own bias towards 
pain, it will not be dealt with in further detail in this chapter.
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child to make sense of the pain (B) and to express it in atypical ways or by means 
of augmentative and alternative communication (AAC) modes. These pain expres-
sions are made known to the observers (C), who decode the child’s pain to take 
appropriate pain management actions. The adapted social communication model 
of pain can thus be used to help researchers and clinicians to understand the pain 
in communication vulnerable children. Examples are children with a variety of dis-
abilities such as Down syndrome, intellectual disabilities, autism spectrum disorder 
(ASD) or cerebral palsy (CP), or children who experience temporary communica-
tion vulnerability due to medical interventions such as intubation.

The model considers that there are many ways that a child can encode (B) their 
pain experience (A). Thus, when decoding the child’s pain, observers (C) need to be 
open to other modes that children may use to communicate their pain. A child’s self-
report of pain is influenced by the pain context as well as their emotional, sensory, 
cognitive, developmental and cultural composition [2, 35, 36]. The social factors and 
reciprocal, repeating and dynamic effects of pain communication are acknowledged 
during this pain account within human beings [28]. In the social communication 
model of pain, a clear distinction is made between historical and current biological 
and social factors. For example, intrapersonal factors refer to a person’s temperament 
to react based on their biological, psychological and social histories. Craig [28] high-
lights that, during the pain event (A), the immediate social and physical environment 
has a powerful effect on both the person in pain (e.g. the communication vulnerable 
child) and on the observers (C). The internal subjective pain experiences of com-
munication vulnerable children will now be discussed based on the adapted social 
communication model of pain for communication vulnerable children (Figure 1).

3.1  The internal subjective pain experiences of communication vulnerable 
children

The way persons express pain can give insight into their pain experiences. Pain 
expressions involve the person’s observable response (such as their pain behaviours) 
to a noxious stimulus, whereas a person’s pain experience is private and internal 
and involves severity of discomfort [27]. Based on their own experiences with 
pain, each individual displays different potential behavioural reactions to pain 
[27]. For example, children who have had negative pain experiences during needle 
procedures may exhibit more severe responses to pain because of their previous 
negative experiences. Additionally, their individual biological capabilities trigger 
their complicated expressions of pain [2]. Children with significant communication 
difficulties have different disability diagnoses with unique pain-related experiences 
related to these disabilities (e.g. children with CP or ASD).

3.1.1 Intrapersonal factors

Along with biological capabilities, the constructs behind pain expression are 
the impact of language and cognitive development as well as social interaction and 
experiences. The expansion of pain-related vocabulary progresses along a similar 
sequence as does natural language development [37, 38]. The theoretical constructs 
that underlie pain expression within communication vulnerable children with vari-
ous aetiologies will now be discussed in more detail.

3.1.1.1 Aetiologies

All children experience pain on a regular basis. Young children with typical 
development may respond to everyday pain such as bumps and bruises by crying, 
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verbalisations or spoken words to express their pain experiences. They usually start 
to use the word “pain” by the age of 6 years [37]. On the contrary, children with 
disabilities might have more pain incidents more often than their peers without 
disabilities. For example, children with disabilities may experience more acute 
pain incidents due to needle procedures (such as blood drawing or receiving blood 
transfusions) and recurring medical procedures and treatments (such as range-of-
motion manipulation during physiotherapy for children with CP) to maintain their 
health [3, 39, 40].

Young children with CP experience high occurrences of chronic and acute 
pain [19, 41]. In an Australian study conducted by Ostojic and colleagues [19] to 
determine the prevalence of pain in children with CP, they found that two in three 
children with CP experienced acute pain and one in three children had chronic pain. 
Furthermore, the study revealed that children with CP, functioning on levels IV and 
V of the Gross Motor Function Scale (GMFCS), have a bigger risk of suffering from 
chronic pain [19]. This group also has communication challenges and may need 
alternative means to communicate their pain [19, 41]. Multi-factorial reasons for 
pain in children with CP could include spasticity, contractures and the incapacity to 
walk [19, 41, 42]. Spasticity and the inability to change their positioning to decrease 
pressure on certain body parts may also lead to contractures, musculoskeletal and 
gastrointestinal pain [43]. In a study among children with CP in South African 
schools, Adolfsson and colleagues [44] found that South African children with CP 
often experience hip dislocations– resulting from spasticity that caused hip dis-
placements and ultimately lead to hip dislocations. As such, persons with CP have to 
undergo constant surgical procedures and medical interventions throughout their 
life span in an attempt to correct or rehabilitate orthopaedic problems associated 
with their condition [41, 43, 45]. All these procedures, including range-of-motion 
manipulation and assisted stretching, are painful experiences [44]. Communication 
through the use of AAC communication strategies is therefore crucial for children 
with CP to ensure that they can express their pain and receive appropriate pain 
treatment [41].

Children with intellectual disabilities are at risk of experiencing a variety of 
painful somatic conditions due to comorbidities such as contractures, gastro-
oesophageal refluxes, and epilepsy [11, 46]. These children with intellectual 
disabilities often experience socio-communicative deficits typical of children with 
ASD, for example they may not use facial expressions or make eye contact to display 
pain or other emotions [11, 46, 47]. Children with intellectual disabilities also 
express their pain consistent with their level of cognitive and physical development 
and not necessarily consistent with their chronological age [46]. Some atypical 
expressions, such as hand flapping or hand rubbing, smiling or freezing has been 
observed when children with intellectual disabilities were not able to verbalise their 
pain [5]. Yet, according to Doody and Bailey [9], children with intellectual disability 
who are unable to communicate their pain in a typical manner seem to have less 
opportunity to receive pain treatment.

Children with Down syndrome also fall in the group of children with intellectual 
disability who can be expected to experience pain as a result of their disability. 
They are at high risk of secondary pain-related experiences such as the develop-
ment of hip abnormalities and oral health issues [3, 48]. Children with Down 
syndrome have higher occurrences than their peers with typical development of 
dental problems due to frequent incidence of periodontal disease and chronic facial 
pain disorders [3]. They may also experience chronic pain due to congenital heart 
anomalies, bone fractures due to osteoporosis, or eczema – to name a few conditions 
[5]. Davies [48] reported that, compared to their siblings with typical development, 
children with Down syndrome have a decreased tendency to react to pain – but 

145

Supporting Communication Vulnerable Children to Communicate Their Pain
DOI: http://dx.doi.org/10.5772/intechopen.93588

that does not mean that they are unresponsive to pain. Due to lower cognitive 
functioning, children with Down syndrome may not have the ability to localise the 
painful stimulus, because their pain-related vocabulary only tends to develop at a 
later stage. Their limited pain-related vocabulary may thus influence their ability to 
communicate pain [38].

As with children with CP, children with intellectual disabilities such as Down 
syndrome or ASD also experience a large number of pain incidents and they are 
sometimes two to three times more at risk of an injury than their peers with typical 
development [10, 49]. Children with ASD often display challenging and self-injuri-
ous behaviour, as well as extreme tantrums that could lead to injury and pain [10]. 
Some children with ASD may also have trouble expressing their pain, due to their 
typical delay in language development and possible cognitive impairment [10, 50]. 
If children with ASD do use speech, they struggle to convey their emotions and the 
intensity of their pain experiences due to their monotone intonation. In addition, 
they do not usually use the same facial expressions and gestures that their peers 
with typical development would do to express their feelings. The pain expressions 
of children with ASD are distinctively individual and may differ from those of the 
larger population, considering the fact that children with ASD experience socio-
communicative impairments and therefore may not understand social closeness as 
their peers with typical development would do [3].

Besides the communication difficulties of children with disabilities, this chapter 
also focuses on children who experience a temporary communication vulnerability 
due to medical procedures (such as intubation) or life-threatening conditions (such 
as cancer). For example, critically ill children who have been admitted to paediatric 
intensive care units suffer a temporary loss of their expressive or receptive com-
munication [13]. These communication vulnerable children show stress, frustration 
and anxiety, and are at a greater risk of being treated incorrectly by clinicians who 
wrongly decode the children’s pain message [15, 51]. Even clinicians such as nurses 
often mention their feelings of frustration when they find it difficult to grasp what 
their paediatric patients are trying to communicate [7]. The vast significance of 
efficient alternative means of communication to ensure safe treatment of paediatric 
patients is therefore emphasised [15].

3.1.1.2 Language development

Spoken language is seen as the ultimate means of communicating pain [52]. 
Language and cognitive development influence children’s use of words to describe 
their pain experiences in such a way that observers (clinicians) can decode the 
message correctly and respond appropriately with pain-relieving treatment [53]. 
Language learning occurs within a physical and social context determined by actual 
people, objects, activities and events in the child’s environment [54]. Children learn 
about new concepts in the world while interacting with their physical environment, 
which forms the foundation for their lexical development [54]. For example, the 
words parents use to communicate with their children during painful experiences 
enable children to acquire new pain-related vocabulary [38]. Parents tend to talk to 
their children about pain on an age-appropriate level, thus enlarging their children’s 
pain-related vocabulary. For example, when a child cries when injured, the parent 
might respond with exclamations or words such as “Ouch! You got hurt!” thereby 
enabling the child to add meaning to the painful experience and to expand their 
repertoire of pain-related vocabulary [55].

However, since children with severe communication difficulties do not have the 
same contact with their social environment as their peers with typical development, 
they may find the language-learning process challenging [54]. Whereas children 
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often experience hip dislocations– resulting from spasticity that caused hip dis-
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with their condition [41, 43, 45]. All these procedures, including range-of-motion 
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and not necessarily consistent with their chronological age [46]. Some atypical 
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disability who can be expected to experience pain as a result of their disability. 
They are at high risk of secondary pain-related experiences such as the develop-
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syndrome have higher occurrences than their peers with typical development of 
dental problems due to frequent incidence of periodontal disease and chronic facial 
pain disorders [3]. They may also experience chronic pain due to congenital heart 
anomalies, bone fractures due to osteoporosis, or eczema – to name a few conditions 
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that does not mean that they are unresponsive to pain. Due to lower cognitive 
functioning, children with Down syndrome may not have the ability to localise the 
painful stimulus, because their pain-related vocabulary only tends to develop at a 
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with typical development gain new knowledge about the world they live in through 
their encounters with their environment, children with disabilities have reduced 
access to their environment. This makes it more challenging for them to acquire 
new concepts without having the relevant previous knowledge to build on [54]. It is 
consequently the adults’ responsibility to guarantee that children with severe com-
munication difficulties are exposed to a social environment that includes people, 
objects and possible pain experiences. This exposure to facilitate children’s language 
development can be achieved for instance through play activities like doctor-doctor 
play with peers [54].

3.1.1.3 Cognitive development

Language development corresponds with cognitive development and as 
children mature cognitively, they can describe their pain more successfully [52]. 
Younger children tend to explain the bodily sensations they experience during 
pain in a more concrete manner (such as ‘my stomach hurts’) due to their limited 
cognitive and language skills [56]. As children’s thinking develops on a symbolic 
level, they start to use more graphic descriptors such as “terrible” or “beating”, 
while older children start to add intensifiers, such as “really bad” when describing 
their pain [53]. Since children with severe communication difficulties may not 
be able to verbally express their pain, Johnson et al. [57] proposed that clinicians 
such as speech-language therapists provide these children with preselected pain 
vocabulary that can be added to their AAC system to enable them to express their 
pain appropriately.

Apart from disability aetiology, language or cognitive development, gender 
is another intrapersonal factor that might have an impact on the development of 
children’s pain-related vocabulary [37, 38, 58, 59].

3.1.1.4 Gender

Gender differences in pain expression and pain-related vocabulary – despite 
similar pain experiences – are often highlighted in literature [38, 60–62]. As girls 
typically develop expressive vocabulary sooner than boys, Frank et al. [38] found 
a slight advantage in girls’ pain-related vocabulary, which may imply that pain-
related language acquisition could be related to other factors. For example, girls 
tend to be more emotive and more expected to complain and also report their pain 
experiences more frequently than boys [52]. Contrary to girls, boys tend to be more 
passive or have more anger-related vocabulary in response to pain due to an injury 
[38]. In the event of communication vulnerable children, the differences between 
the reactions to pain by boys and girls are not clear [8]. However, it was found in 
literature that adult observers’ responses to children’s pain experiences tend to be 
influenced by gender-stereotyped attitudes, and that girls were treated in a differ-
ent way than boys [62–64]. Clinicians are often biased and expect girls to experi-
ence more pain than boys [63–65].

3.1.2 Interpersonal factors

3.1.2.1 Social development

According to the adapted social communication model of pain, interpersonal 
factors such as family settings, children’s social and cultural environment, as well as 
previous hospitalisations may further influence children’s experience and expres-
sion of pain [27].
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3.1.2.2 Family

Though some characteristics of pain-related language seem to be universal, 
substantial influences of family and ethnic contexts are also repeated in the 
specificity of pain-related language due to the nature of the social setting in 
which children are growing up [55, 66]. The entire family is affected by children’s 
chronic pain experiences and these experiences are often stressful for other family 
members as well. The treatment prescribed to manage the child’s pain can result 
in interferences in planned family events, thus upsetting or disrupting the overall 
family system [66].

From the perspective of the family systems theory, family dynamics influence 
the way children understand and talk about their pain [22, 62]. Parents are the role 
models for their children to learn words to express pain [55]. As children’s cognitive 
and social skills develop, they learn to talk about pain by observing how their par-
ents respond to and talk about their children’s pain experiences [66]. Parents’ socio-
economic background, education and age may influence the way in which they 
respond to their children’s pain. For example, in an American study by Rowe [67] – 
who investigated why parents from different socio-economic statuses communicate 
in different ways with their children – it was found that more educated parents and 
parents from advantaged backgrounds tended to talk more often to their children 
and use a bigger variety of words and longer utterances thereby expanding their 
children’s language ability and pain-related vocabulary. Younger parents also tended 
to use different pain words in comparison with older parents [68].

Birth order also impacts on children’s development of pain-related vocabulary 
[38]. Younger children observe their older siblings’ use of pain words, which 
stimulates their own development of pain-related vocabulary [38]. It was reported 
that the presence of one or more older siblings has an impact on children’s use of 
pain words compared to those children without older siblings [38]. Moreover, 
children with siblings who had previously been hospitalised had a larger vocabulary 
than those with siblings who had never been hospitalised before. This suggests that 
experience plays a role in the learning of pain language because these children had 
to deal with the illness or hospitalisations of their sibling(s) [38].

3.1.2.3 Socio-cultural influence

Apart from family practices, children develop an understanding of pain-related 
language within their sociolinguistic environment [66, 69]. Children’s language is 
influenced by their cultural beliefs, social groups and communities [69]. There are 
differences between the beliefs of diverse cultures and their views on parents’ roles 
in their children’s language development. In some cultures, parents may not react to 
their children’s utterances: they are of the opinion that adults must not teach chil-
dren to talk, as they will eventually learn to talk on their own [67]. Some family and 
cultural beliefs can also result in disparities in the way children learn about pain and 
react to pain [36]. In some Nguni and Sotho cultures in South Africa, for example, 
boys are taught that they may not express their pain, because showing or expressing 
pain is a sign of weakness or lack of courage [70].

Clinicians should therefore acknowledge cultural differences and try to 
understand the culture of the communication vulnerable child. They should ask 
detailed questions to help understand the child’s pain condition and to prevent 
any misunderstanding [52]. Clinicians should for instance be aware of the fact 
that in some cultures it is considered disgraceful to ask for pain relief, while 
people in other cultures believe that a godly intervention will relieve pain when 
necessary [62, 70].
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3.1.2.4 Previous pain experiences and hospitalisations

Children’s understanding (and the significance) of their first painful experience 
due to tissue injury will intensify with experience – either through positive or nega-
tive contextual associations [2]. Children learn the use of the word “pain” through 
their experiences related to injury [58]. Hospitalisations help children to develop pain 
vocabulary based on their personal experiences with pain. Therefore, children with 
previous hospitalisations who experience pain events more often and who have learnt 
and processed the concept of pain (and pain management) tend to have a larger pain-
related vocabulary than those who have never been admitted to hospital before [38].

4. Alternative means to communicate pain

From the discussion above, it is clear that communication vulnerable children 
experience challenges to express their pain and need alternative means – such as 
AAC strategies and systems – to communicate their pain. AAC involves a variety 
of communication strategies that can be used to aid communication attempts of 
persons with communication challenges to either augment their speech or to be 
used as an alternative means to speech [31]. Regarding the adapted social communi-
cation model of pain, one can agree that when the communication vulnerable child 
is offered the use of AAC to express their pain (A), the form (or communication 
mode used) is less important than ensuring that the message (B) is understood by 
the observer (C). AAC systems are classified as either unaided or aided. Unaided 
AAC systems are defined as the use of only body parts to convey messages such as 
by pointing, making gestures, body language movements, facial expressions, and 
manual signing [31]. Aided AAC systems include low-technology aids that need no 
electronic programming (e.g. pen and paper, and symbol-based communication 
boards), as well as high-technology aids such as speech-generating devices [71]. 
Clinicians should be encouraged to incorporate AAC strategies and tools to enable 
communication vulnerable child patients to communicate their pain.

AAC strategies and systems have been successfully used with communication 
vulnerable children in various settings, including hospital settings [13, 16–18, 
71–73]. Next, some potential AAC strategies are proposed to support commu-
nication vulnerable children to express their pain in order for observers (C) to 
understand the messages (B). The suggested AAC strategies will focus mainly on 
low-technology systems although all these strategies could also be incorporated in 
apps on digital mobile devices (smart phones or tablets) to enable communication 
vulnerable children as well as clinicians and researchers to gain a history of pain 
communication and subsequent pain treatment [74].

4.1 Pain-related communication boards

Communication boards are low-technology AAC systems used to display pictures 
(photographs, line drawings or graphic symbols) to enable communication vulnerable 
persons to communicate [31]. When designing a communication board, aspects such 
as the type of symbol (photograph, type of line drawing, graphic symbols or written 
words), the symbol size (to best accommodate the child’s visual and motor skills), 
symbol colour (to ensure contrast and increase the ease of finding a word within a par-
ticular word class), board layout and display (e.g. using the left-to-right Fitzgerald-key 
outlay as a precursor to reading), as well as the child’s vocabulary need should be taken 
into consideration [71]. For example, children with physical disabilities or limited 
range of movement may not be able to access symbols that are too far apart.
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Johnson et al. [53] conducted a scoping review to compile a list of children’s 
pain-related vocabulary in an attempt to provide clinicians and parents with pos-
sible pain words that children would typically use to express their pain. In this scop-
ing review, 17 studies from diverse cultures in countries such as the United States of 
America, Canada, Finland, Kuwait, South Africa, Spain and Sweden were included. 
It was interesting to note that the meaning of children’s pain-related words in the 
native language translated to the same English word or words [53]. The study also 
showed that clinicians from different countries could use this list of pain-related 
words to compile basic pain-related communication boards that could be further 
individualised for their communication vulnerable paediatric clients [53].

In a follow-up pilot study by Gerber [75], 6- to 9-year-old children were asked 
to choose which symbols from two symbol sets, namely Picture Communication 
Symbols [PCS™] and Bildstöd symbols (www.bildstod.se) that they perceived as 
capturing the meaning of the pain-related words identified by Johnson et al. [53] 
most effectively. They were also asked which symbols they prefer, and why they 
made this choice. The children predominantly chose the Bildstöd symbols (an open 
source symbol library) because they perceived these symbols as looking more “real”, 
being colourful, and with extra features to show the intensity of the pain expe-
rienced. Hence it is recommended that clinicians familiarise themselves with the 
pain-related word list compiled by Johnson et al. [53] and that they use the freely 
available symbols from the Bildstöd platform to develop a pain-related communica-
tion board for communication vulnerable children. A further recommendation 
is that the pain-related words should be representative of different categories of 
pain-related words, namely vocabulary that can be used to (i) describe pain; (ii) 
direct other’s actions; (iii) describe pain location; (iv) describe causes of pain; (v) 
describe strategies to cope with pain; (vi) reflect on strategies for pain prevention, 
and (vii) strategies to indicate consequences of pain or injury [57]. These categories 
will enable children to search quickly through the options. Adults who use AAC 
suggested that a body figure of a child should be included on the communication 
board to eliminate the use of words to describe the pain location (category (iii)) 
[57]. Body figures were also included in the child version of a communication board 
developed by Patak and colleagues [73] to be used with communication vulnerable 
children in intensive care settings.

4.2 Visual schedules

The discussion earlier in this chapter makes it clear that children’s previous 
negative pain-related encounters influence how they perceive new pain experiences. 
Furthermore, since children with ASD and intellectual disabilities need routine to 
function optimally, visual schedules can be used to great benefit to prepare them for 
specific medical procedures. This preparation could reduce their anxiousness due to 
unfamiliarity with the procedure or previous negative experiences [15, 76]. A visual 
schedule should include a step-by-step and easily understandable format with pic-
tures accompanied by written words (see Figure 2 for example). These will provide 
children with the necessary information to help them feel that they are in control of 
the imminent frightening procedures [77]. Visual schedules can be offered either in 
paper format (low-technology) or, where applicable, in a video story-based format.

4.3 Eye gaze displays

Children with severe physical disabilities and limited movements may not be 
able to use their fingers to point to choices on a low-technology communication 
board. Therefore, the use of eye gaze displays is proposed. With eye gaze, the child 
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is instructed to use their eyes to look at a picture or word on the display and then 
glance at the communication partner (observer), who will then verbally confirm the 
child’s selection [15]. Figure 3 is an example of an eye-gaze flipchart display.

4.4 Unaided systems

During pain assessments of communication vulnerable children, clinicians 
or researchers can also ask the child pain-related questions providing them three 
options: “Yes”, “No”, “Not sure”. Communication vulnerable children often have 
clear yes/no responses (e.g. head nodding to indicate “Yes”). Should communica-
tion vulnerable children have no typical yes/no responses, the clinician can ask 
the child to blink their eyes (“Yes”), close their eyes (“No”), or to look away to 
indicate that they are not sure what to answer. In this case, the clinician should 
refrain from asking more than one close-ended question at a time (e.g. “Does 
it hurt?” and “Do you hurt in your [body part]?”). The clinician should rather 
ask only one question (e.g. “Does it hurt?”) to ensure that the child can give an 
appropriate response.

Figure 3. 
Eye gaze flip chart.

Figure 2. 
Visual schedule of a needle procedure.
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4.5 Pain scales

Appropriate pain management relies on the ability to accurately assess pain. 
For children, a common method to communicate pain is the use of pain scales [13]. 
Pain scales that are often used in clinical and research practice typically depict 
faces, colours or numeric grading [13]. An example of faces pain scales that are 
built on how children communicate their feeling(s) in a facial expression is the 
Faces Pain Scale-Revised (FPS-R) [78]. Colours and numeric grading are typically 
used in analogue scales that are based on increments to indicate pain severity, and 
these allow children to show that a somewhat larger or smaller pain is experienced 
(examples are the Colour Analogue Scale (CAS) [79]; and the Numeric Rating Scale 
(NRS) [80]). In a systematic review by Birnie et al. [23] on recommendations for 
the selection of children’s self-report rating scales for pain intensity, the FPS-R, 
CAS and NRS were recommended for self-report of acute pain. However, though 
these self-report scales are freely available, clinicians and researchers should keep in 
mind that they may not be effective for everyone [13]. For example, while some of 
these scales may not need expressive language, receptive language skills are crucial, 
as children are expected to comprehend and know the meaning of words such as 
“hurt” or “pain” when using these scales [26].

5. Conclusion

This chapter aimed to address communication vulnerable children’s experiences 
of pain and their need for alternative ways to express their pain so as to receive 
appropriate pain treatment. The concept of communication vulnerability was 
explained framed in the context of the adapted social communication model of 
pain for communication vulnerable children. According to this model, there are 
many ways in which communication vulnerable children can encode (B) their pain 
experience (A). The model also emphasises the need for observers (C) to be open to 
other communication modes that children may use to communicate their pain. The 
discussion centred on the pain experiences of communication vulnerable children 
such as children with Down syndrome, with intellectual disabilities, autism or 
cerebral palsy, as well as of children in intensive care settings who experience 
temporary communication vulnerability. The chapter concludes with suggestions 
on how AAC strategies can be used to support communication vulnerable children 
in communicating their pain.
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is instructed to use their eyes to look at a picture or word on the display and then 
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it hurt?” and “Do you hurt in your [body part]?”). The clinician should rather 
ask only one question (e.g. “Does it hurt?”) to ensure that the child can give an 
appropriate response.
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Chapter 11

Nutraceutical Alternatives to 
Pharmaceutical Analgesics in 
Osteoarthritis
Shane M. Heffernan and Gillian E. Conway

Abstract

Chronic pain is a considerable health concern worldwide, effecting almost 
30% of all European adults. Osteoarthritis (OA), a progressive pro-inflammatory 
condition, is one of the leading causes of chronic pain (effecting 13% of all those 
over 50 years, globally) and is the most common cause of joint pain. The prevalence 
of non-steroidal anti-inflammatory drug (NSAIDs) and analgesic use has been 
well studied and is abundant throughout the western world, with women being the 
greatest users and ibuprofen generally being the most reported NSAID. In the US, 
65% of all OA patients are prescribed NSAIDs for pain management and form part 
of the current recommended strategy for OA clinical management. While some 
NSAIDs and analgesics are effective at improving pain and physical function, they 
come with significant and harmful side effects such as gastrointestinal complica-
tions, renal disturbances and severe cardiovascular events. Given these side-effects, 
any reduction in NSAID and analgesia use (and the resulting potentially harmful 
side effects) is of particular importance to OA public health. As such, a number of 
non-pharmaceutical alternatives (bioactive nutraceuticals) have been developed 
that may reduce NSAID and analgesia use while maintaining pain reduction and 
improvements in physical function. This chapter will discuss select nutraceuticals 
that are not currently in mainstream use but may have the potential to aid in the 
treatment of OA.

Keywords: joint pain, pain medication, non-pharmacological pain management, 
mechanisms of pain and action, paracetamol (acetaminophen, N-acetyl-p-aminophenol; 
APAP), opioids

1. Introduction

1.1 Chronic pain

Pain occurs in all demographics, with a higher prevalence in some clusters (such 
as the elderly) and can be either acute or chronic [1, 2]. Chronic pain is a complex 
interplay between biology and psychology, where the intensity/magnitude differs 
depending on personal, sensory, emotional experience and persists more than 
3 months beyond “normal” healing time [3, 4]. This type of pain affects more than 
1.5 billion people worldwide [5] and has an estimated prevalence ranging between 
17-27% [6–9]. Chronic pain represents a significant financial burden that exceeds 
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1. Introduction

1.1 Chronic pain

Pain occurs in all demographics, with a higher prevalence in some clusters (such 
as the elderly) and can be either acute or chronic [1, 2]. Chronic pain is a complex 
interplay between biology and psychology, where the intensity/magnitude differs 
depending on personal, sensory, emotional experience and persists more than 
3 months beyond “normal” healing time [3, 4]. This type of pain affects more than 
1.5 billion people worldwide [5] and has an estimated prevalence ranging between 
17-27% [6–9]. Chronic pain represents a significant financial burden that exceeds 
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€300 trillion (approximately 1.5%-3% of the gross domestic product across the 
European Union) and up to $635 billion in the United States [10, 11]. According to 
the International Association for the Study of Pain (IASP), the main overarching 
categories of chronic pain are primary (such as fibromyalgia) and secondary pain 
(the focus of this chapter). Secondary chronic pain is further divided into six dis-
tinct categories: cancer-related pain, postsurgical or posttraumatic pain, secondary 
headache/orofacial pain, secondary visceral pain, and secondary musculoskeletal 
pain [12, 13].

Most chronic pain begins with the occurrence of an acute injury event resulting 
in pain that if left untreated can develop chronically into a pathological condition 
and can increase the risk of future deleterious health issues such as sleep deficiency, 
delayed wound healing, immune dysfunction, cardiovascular problems (related 
to the stress response) and respiratory problems (such as pneumonia; [14, 15]). 
Persistent, unrelieved pain can negatively impact quality of life, daily function-
ing, sleep quality, work productivity and is associated with a substantial personal 
economic burden [16].

Pathologic pain is associated with multiple maladaptations in the nervous, 
endocrine, and immune systems [17–19] that often presents at multiple sites [20] 
and can be classified into nociceptive (somatic and visceral), neuropathic, nociplas-
tic, or mixed [21]. Nociplastic describes pain of unknown origin that arises from 
altered nociception, despite no clear evidence of actual or threatened tissue damage 
that causes activation of peripheral nociceptors, evidence of disease or lesion of 
the somatosensory system causing the pain, such as early (pre structural damage) 
osteoarthritis [21]. Similarly, recent suggestions propose that generalised chronic 
pain is an expression of maladaptive plasticity within the nociceptive system [22, 23] 
and is relevant to the present chapter as osteoarthritic pain is generally accepted to 
be mainly of nociceptive origin [24].

1.2 Mechanisms of nociceptive pain

Most painful conditions initially involve the activation of dorsal root ganglion 
(DRG) neurons, which give rise to high threshold Aδ- and C-fibres (nociceptors) 
that innervate peripheral tissues (skin, bone, joints, viscera; [25]). Primary affer-
ent neurons transduce painful stimuli action potentials through to the spinal cord 
(to ascending spinal neurons). Transmission of input from nociceptors, through 
the spinal column and to the central nerves system is mediated by monosynaptic 
contacts and/or through interneurons [19, 26]. In the spinal cord, neurotransmitter 
inhibition is mediated by the release of endogenous opioids (such as met-enkeph-
alins and endorphins; [27]) or gamma-aminobutyric acid (GABA) which activate 
presynaptic opioid and/or GABA receptors on central nociceptor terminals to 
reduce excitatory transmitter release (Figure 1). The central integration of signals 
from excitatory and inhibitory neurotransmitters from cognitive, emotional, 
and environmental factors results in the perception of “pain”. When the intricate 
balance between biological (neuronal), psychological (i.e. memory, distraction 
etc.) and social (i.e. attention, reward etc.) factors becomes disturbed, chronic pain 
develops [18].

Pain that is induced by an acute injury, initially localised, relatively proportional 
to the degree of tissue damage and typically increases with movement is referred to 
as “nociceptive pain.” Specifically, as immune surveillance cells recognise the danger 
signals unmasked by tissue injury, the innate immune system initiates an inflam-
matory response to remove cellular debris and begins the healing process. Activated 
endothelial cells, stromal cells, and infiltrating immune cells release vasoactive and 
inflammatory mediators, including histamine, bradykinin, substance P, serotonin, 
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nitric oxide, cytokines, chemokines, and prostaglandins, which amplify signal 
transduction in the peripheral terminals of nociceptors [26, 28]. These inflamma-
tory mediators augment the responsiveness of nociceptors by increasing expression 
of pain-sensing ion channels and promoting release of pronociceptive mediators 
(autosensitization; [29]). This peripheral inflammation caused by local injury and 
continuous inputs from sensitised nociceptors promote ‘central sensitization’, a 
process that alters pain processing in the spinal dorsal horn, and in subcortical and 
cortical regions of the brain [30, 31]. Noxious signals associated with the injury 
are detected by peripheral nociceptor terminals of primary afferent neurons, 
transmitted via the spinal cord to the brain, processed and interpreted as highly 
unpleasant pain experiences [32]. Nociceptor terminals express molecules, such 
as transient receptor potential ion channels (TRP), voltage-gated sodium chan-
nels (Nav), voltage-gated calcium channels (VGCC), or acid-sensing ion channels 
(ASICs), which respond to heat, cold, acids, or mechanical stress and transduce 
them into action potentials [26]. The signal is then transmitted through peripheral 
axons to the cell bodies of the primary neurons, located in the dorsal root ganglia. 

Figure 1. 
Peripheral and central nociceptor pain signalling pathways following exposure to different pharmaceutical 
drugs. Without pharmaceutical intervention (naive state), activation of peripheral nociceptors in response 
to noxious stimuli, such as mechanical stress (OA) initiates the release of chemical mediators such as 
prostaglandins, bradykinin and cytokines at the peripheral terminal of the afferent neuron (peripheral 
sensitisation) which is modulated by the GPCRs, NA+ and K+ channels. This results in the activation of PKA, 
PLC releasing intracellular Ca2+ and the generation of action potential which transfers information to the (pre 
synapse) C-terminal afferent neuron (central sensitization). This triggers the release of neurotransmitters i.e. 
glutamate and substance P into the spinal synapse of the dorsal horn and activates AMPA or NMDA receptors 
on the post synaptic dorsal horn. As a result, there is an increased influx of Ca2+ and Na+, inhibition of K+ 
influx and depolarization of the cell membrane. These signals travel to the brain where they are transcribed 
into the perception of pain. Pharmaceutical invention acts by modulating various aspects of the pain signalling 
pathway such as opioids (opioids such as morphine bind to GPCRs preventing the presynaptic release of a 
number of neurotransmitters), NSAIDs (inhibit the activity of COX) and acetaminophen (inhibits the activity 
of COX in the central nervous system but appears to lacks peripheral anti-inflammatory properties). Figure 
created using Biorender.com. Abbreviations: AMPAR, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid receptor; ATP, adenosine triphosphate; BK, bradykinin; COX, cyclooxygenase; GPCRs, G protein-coupled 
receptors; IL, interleukin; NMDAR, N-methyl-D-aspartate receptor; NAV, voltage-gated sodium channels; 
NGF, nerve growth factor; NF-κB, nuclear factor kappa B; NSAID, nonsteroidal anti-inflammatory drug; 
PLC, phospholipase C; PKA, protein kinase a; PKC, protein kinase C; PGE, prostaglandin; P2X3, P2X 
purinoceptor 3 receptor; TNF, tumour necrosis factor; TRPV, transient receptor potential receptor.
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tory mediators augment the responsiveness of nociceptors by increasing expression 
of pain-sensing ion channels and promoting release of pronociceptive mediators 
(autosensitization; [29]). This peripheral inflammation caused by local injury and 
continuous inputs from sensitised nociceptors promote ‘central sensitization’, a 
process that alters pain processing in the spinal dorsal horn, and in subcortical and 
cortical regions of the brain [30, 31]. Noxious signals associated with the injury 
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transmitted via the spinal cord to the brain, processed and interpreted as highly 
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(ASICs), which respond to heat, cold, acids, or mechanical stress and transduce 
them into action potentials [26]. The signal is then transmitted through peripheral 
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Peripheral and central nociceptor pain signalling pathways following exposure to different pharmaceutical 
drugs. Without pharmaceutical intervention (naive state), activation of peripheral nociceptors in response 
to noxious stimuli, such as mechanical stress (OA) initiates the release of chemical mediators such as 
prostaglandins, bradykinin and cytokines at the peripheral terminal of the afferent neuron (peripheral 
sensitisation) which is modulated by the GPCRs, NA+ and K+ channels. This results in the activation of PKA, 
PLC releasing intracellular Ca2+ and the generation of action potential which transfers information to the (pre 
synapse) C-terminal afferent neuron (central sensitization). This triggers the release of neurotransmitters i.e. 
glutamate and substance P into the spinal synapse of the dorsal horn and activates AMPA or NMDA receptors 
on the post synaptic dorsal horn. As a result, there is an increased influx of Ca2+ and Na+, inhibition of K+ 
influx and depolarization of the cell membrane. These signals travel to the brain where they are transcribed 
into the perception of pain. Pharmaceutical invention acts by modulating various aspects of the pain signalling 
pathway such as opioids (opioids such as morphine bind to GPCRs preventing the presynaptic release of a 
number of neurotransmitters), NSAIDs (inhibit the activity of COX) and acetaminophen (inhibits the activity 
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Unmyelinated C-fibres and myelinated Aδ-fibres transmit noxious stimuli, whereas 
thinly myelinated Aδ-fibres transmit innocuous mechanical stimuli, such as touch. 
The central axons of the primary neurons enter the spinal cord through the dorsal 
horn and synapse with secondary somatosensory neurons and, to some extent, with 
motor neurons to form withdrawal reflex circuits. Signal propagation to the second-
ary neurons is subject to modulation by descending tracts from the brainstem and 
by interneurons in the dorsal horn. The signal is then transmitted to the thalamus, 
from where tertiary afferent neurons are projected to multiple areas of the cortex 
involved in pain processing [33].

1.3 Mechanisms of neuropathic pain

Neuropathic pain (NP) is defined as “pain caused by a lesion or disease of 
the somatosensory nervous system” [34]. Chronic neuropathic pain is caused by 
damage to nerve fibres that respond by misappropriating sensory inputs leading 
to spontaneous painful sensation, through multiple mechanisms in the nervous 
system and its associated modulators. Peripheral nerve damage can result in chronic 
neuropathic pain through multiple routes [35] via peripheral pain-processing 
unmyelinated C-fibres and thinly-myelinated fibres because of metabolic damage, 
toxins, medications, cytokines, and inflammation [36]. This can result in morpho-
logical and chemical changes such as fibre density and neuronal hyperexcitability 
[30, 37–40]. Throughout the axon, trauma, compression, hypoxia, inflammation 
and chemical damage lead to fibre degeneration and alterations in gene expres-
sion [41], resulting in ectopic firing, faulty signal transmission [42], detrimental 
physiological alterations [43–45] and peripheral second-order targets [46–48]. 
This results in negative impacts on nociceptive pathways causing them to become 
sensitised [49], leading to maladaptive central sensitization [50] and increased 
responsiveness of nociceptive neurons in the central nervous system to their normal 
or subthreshold afferent input [51]. At the molecular level, these damaged processes 
disrupt second-order neuronal transduction, through alterations in receptor expres-
sion, calcium permeability, synapse location and the release of pain-promoting 
mediators [52–55]. The precise molecular targets of neuropathic pain stem from 
multiple mechanisms of peripheral nerve fibre excitation and sensitization leading 
to sustained electrochemical signalling and to neuropathic pain stimulus [56, 57].

1.4 Pharmaceutical treatment of chronic pain

Both acute and chronic pain are, in general, treated with a wide group of 
pharmaceutical medications known as “analgesics.” The most frequently used are 
opioids, nonsteroidal anti-inflammatory drugs (NSAIDs) and paracetamol, also 
referred to as acetaminophen or N-acetyl-p-aminophenol [58].

1.4.1 Opioids

Opioid drugs (e.g. morphine, codeine, methadone, fentanyl and their deriva-
tives) are the most widely used analgesic medications globally, so much so that an 
estimated 26.8 million people were living with ‘opioid use disorder’ globally in 2016, 
resulting in >100,000 opioid overdose deaths annually [59]. Opioids are a group 
of pharmaceutical formulations that interact with endogenous opioid receptors to 
distort neurotransmitter singling pathways through localised peripheral sensory 
neurons [60, 61] with the goal to reducing pain sensation. Opioid receptors are a 
large superfamily of seven-transmembrane G protein-coupled receptors and are 
classified as μ (μ1, μ2, μ3), δ (δ1, δ2), k (k1, k2, k3) and ORL1 [62, 63], of which 
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almost all opioid drugs in use today interact with μ receptors. These receptors are 
inhibitory and prevent the presynaptic release of a number of neurotransmitters 
to inhibit the release of glutamate, calcitonin gene related protein (CGRP), and 
substance P. This is an important action considering the established roles of these 
molecules in pain signalling and nociceptive transmission (Figure 1; [64]). For 
example, morphine, extracted from opium, is by far the most commonly known 
opioid [59], which is thought to have been in use since the third century B.C. 
[22], but identified at the molecular level with high binding affinity to sites in the 
intestine and brain [65]. These receptors mediate an inhibitory signal of neural 
transmission induced by opioid drugs to produce an analgesic action (Figure 1). 
Pain stimuli are detected by nociceptors at the spinal cord dorsal horn [66] where 
they act on the substantia gelatinosa (inhibitory interneurons rich with opioid 
receptors) and are activated by the antinociceptive descending system, to control 
the transmission of painful stimuli from primary nerve fibres to spino-thalamic 
neurons [22]. Opioid receptors have an intricate relationship with inflammatory 
status. Early studies showed that the systemic or local application of receptor ago-
nists elicited greater analgesic effects in inflamed compared to non-inflamed tissue 
(reviewed in; [67]). Furthermore, opioid receptor trafficking (movement within 
the neuron) is augmented, expression on DRG membranes is enhanced [68, 69] and 
axonal transport stimulated by cytokines and nerve growth factor that are produced 
within inflamed tissues [70, 71]. This enhanced/altered state resulted in increased 
antinociceptive function of opioid receptors on peripheral nerves [60, 72].

The major limiting factors of opioid therapy are the variety of side effects such 
as constipation, vomiting, myosis, cough reflex suppression, modulation of the 
immune system and one of the most dangerous, respiratory rhythm and respira-
tory depression [73, 74]. Interestingly, studies have shown that long-term use in 
chronic non-malignant (e.g. musculoskeletal) pain has not been proven effective 
[75], rather, abuse of prescription opioids have reached epidemic proportions 
leading to addiction, overdoses and increased death rates [76–78]. Importantly, 
these side effects may be drug specific and affect immune function differently [79, 
80]. Nonetheless, chronic use of opioid medication can cause cellular adaptions that 
lead to modulation of cellular growth, inflammation, wound healing [81, 82]. For a 
more detailed overview of the potential side effects and opioid tolerance refer to the 
following references [83–86].

Regardless of the potential impact that opioid agonists could have on pain 
relief, meta-analyses show no improvement in clinically significant pain reduction 
scores, and epidemiological data suggest that quality of life and functional capac-
ity are only minimally changed [75, 78]. Nonetheless, more data is required from 
larger studies (specifically in OA), however the aforementioned adverse effects 
and lack of analgesic efficacy has led to significant dropout rates in long-term 
studies [75, 78, 87–89].

1.4.2 Non-steroidal anti-inflammatory drugs (NSAIDs)

NSAIDs (particular enzyme inhibiters) are among the most widely used medica-
tions globally [90, 91] because of the lower potential for addiction (as shown by the 
US opioid epidemic; [92]), robust efficacy, and long history of clinical use [93].

The prevalence of ‘non-aspirin’ NSAID use has been well studied and is dynamic 
across age, body mass index and geographical ancestry, ranging between ~15-45%, 
women being the highest users and ibuprofen generally being the most reported 
[94–96]. Short-term use of NSAIDs is particularly prevalent (~50–80% per year) in 
athletes and soldiers (individuals that may be at risk for acute and chronic mus-
culoskeletal injuries; [97–99]). Extended periods of NSAID treatment (e.g., more 
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than 3 times per week for more than 3 months per year) have been reported in 10% 
of adults in the United States [100], a rate that can be expected to increase with 
age [101].

NSAIDs act primarily by mediating peripheral pain sensitization driven by 
inflammatory stimuli, such as acute or sport injuries, (osteo)arthritis etc. and 
are less effective in treating pain due to nerve damage (neuropathic pain). At the 
point of inflammatory pain, initiated by nociceptive stimuli, NSAIDs augment the 
experienced nociceptive excitability (peripheral and central sensitization; [102]). 
NSAIDs work differently to opioids in that they do not block central pathways of 
nociception, but inhibit the formation of prostanoids via competitive inhibition 
of arachidonic acid binding to cyclooxygenase enzyme (COX) isoform active sites 
[103], which sensitise nociceptive pain. There are two cyclooxygenase isoforms 
that are the targets of NSAIDs; COX-1 that are expressed in most tissues (including 
the endothelium, monocytes, gastrointestinal epithelial cells, and platelets) and 
controls the basal production of prostanoids (Figure 1) and COX-2 that are not 
regularly expressed in most tissues but are upregulated in response to and during 
the inflammatory process (in tissues such as vascular endothelium, rheumatoid 
synovial, endothelial cells, monocytes, and macrophages) through the actions of 
various inflammatory mediators such as bacterial endotoxins, tumour necrosis 
factor-alpha and interleukins [104]. The increase in COX-2 protein levels are the 
primary driving force for enhanced production of prostanoids at inflammatory 
sites [105, 106]. The resulting COX-2 products, particularly prostaglandin (PG) E2, 
potentiate this response, where PGE2 and prostacyclin (PGI2), produced during 
local inflammation, augment pain signalling by peripheral and central neurons 
[15]. PGE2 and PGI2 increase the sensitivity of pain receptors (or nociceptors) in 
the periphery and enhance the activity of various pain mediators [104, 107]. This 
mechanism propagates via brain derived PGE2 travelling through the blood–brain 
barrier, via venules, during systemic inflammation and lessens the inhibition of 
neurons in the hypothalamus [108]. Drugs that inhibit both COX isoforms with 
comparable potency (i.e. nonselective NSAIDs such as ibuprofen and ketoprofen) 
tend to preferentially activate the COX-1 pathway, while drugs with intermediate 
or selective target COX-2 inhibition (such as nimesulide, meloxicam, diclofenac, 
celecoxib, rofecoxib, etoricoxib, lumiracoxib etc.) have lesser potential for COX-1 
activation [109]. This pathway selectivity is of significant importance as both COX 
isoform elicit different potentially harmful adverse effects.

In a recent meta-analysis (n = 220,000 patients) of placebo-controlled trials, 
NSAIDs (coxibs, diclofenac, ibuprofen, and naproxen, predominantly COX-1 
inhibiters) significantly increased the risk of upper gastrointestinal complications 
[eg, ulcer perforations, bleeding, obstructions; 110]. The authors also showed an 
increased risk of major vascular and coronary events with high doses of coxibs and 
diclofenac while ibuprofen was associated with an increase in major coronary (but 
not vascular) events comparable with that of coxibs and oral diclofenac (predomi-
nantly COX-2 inhibiters; [110]). These data are corroborated with findings from 
meta-analysis of observational studies showing low risk of upper gastrointestinal 
complications (aceclofenac, celecoxib, and ibuprofen predominantly COX-2 inhibi-
ters), intermediate risk (diclofenac, meloxicam, and ketoprofen etc.) and high 
risk (tenoxicam, naproxen, indomethacin, diflunisal, piroxicam, ketorolac, and 
azapropazone predominantly COX - inhibiters) depending on the NSAID, likely in a 
dose dependent fashion [111]. Similarly, total daily oral diclofenac had a linear dose 
dependent relationship cardiovascular event risk [112]. These dose dependencies 
are likely a product of the relative effectiveness on either COX-1 or COX-2 inhibi-
tion [113–116]. As both (non-inhabited) COX-1 and COX-2 produce cytoprotective 
prostanoids, inhibition of both COX isozymes (induced by NSAIDs) suppress these 
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prostanoids and promotes damage to the gastrointestinal tract and cardiovascular 
tissues [109, 117]. Based on these and other safety findings, the American Heart 
Association recommends patients take the lowest effective dose of NSAIDs for the 
shortest duration of time [118].

1.4.3 Paracetamol (acetaminophen, N-acetyl-p-aminophenol; APAP)

APAP are likely to be the most commonly used pharmaceutical worldwide 
[119, 120], are expected to reach a global market value of USD 999.4 million in 
2020 [121] and is included in the 21st World Health Organisation Model List of 
Essential Medicines as updated in March 2017 [122]. However, recently there have 
been debates from the National Institute for Health and Care Excellence, about the 
relevance of APAP for some conditions [123]. The efficacy of paracetamol to treat 
chronic pain has been questioned with systematic reviews showing limited (some-
times null) effects on chronic pain in some conditions [120, 124, 125]. Nonetheless, 
APAP can be beneficial for acute pain, [126–128], similar to NSAIDs and opioids 
[129–131]. The precise mechanism of action remains unknown, however this is 
most likely due to the interwoven interactions that APAP have in multiple pain path-
ways. Our current knowledge suggests that APAPs are metabolised by the liver into 
p-aminophenol, then bound with arachidonic acid, primarily in the brain, to form 
AM404 (N- (4-hydroxyphenyl)-5Z,8Z,11Z,14Z-eicosatetraenamide) through fatty 
acid amide hydrolase (FAAH) activity [132–134]. Like NSAIDs, APAP are analgesic 
and antipyretic, however APAP lacks peripheral anti-inflammatory properties, 
therefore act through the central nervous system and not peripheral tissues [135]. 
Current evidence suggests that there are four metabolic systems that interact to 
elicit the analgesic and antipyretic properties of APAP, the Eicosanoid, Opioidergic, 
Seretogentic and Endocannabinoid systems [136].

Briefly, like NSIADs, APAP can inhibit central cyclo-oxygenases (COX-1, 
COX-2) including a proposed third isoform COX-3 [137–142]. Although the 
results are controversial [143] it is thought that they are involved in prostaglandin 
(PGs) production thus the analgesic mechanism of action. Furthermore, APAP 
are more effective in environments with low peroxide tone and low arachidonic 
acid levels, such as in the central nerves system, mainly through local deple-
tion of glutathione leading to decreased production of PGE2 [139]. Considering 
the antinociceptive effects of APAP, one of the main brain derived metabolites 
AM404 (N-arachidonoyl-phenolamine) is decrease in the presence of opioid 
receptor antagonist. AM404 inhibits the nociceptive activity of particular APAPs 
in part by modulating many neurotransmitters, including 5-HT, glutamate, and 
γ-aminobutyric acid [143–145]. Although the precise receptors have not been iden-
tified [146–149], serotonin antagonists block the analgesic effect of APAP through 
mainly indirect non-binding mechanisms [146, 150]. One possible interaction with 
the serotonergic pathway maybe though altering CNS monoamine neuron types  
in the brain that contain a major receptor for PGE2 (EP3 receptor [139]). Further to 
the above, AM404 can inhibit anandamide [151], with stimulation of (canobinoide 
1) CB1 receptor activity (without binding) via FAAH [133], suggesting a reliance 
of APAP antinociceptive activity on interaction with the endocannabinoid system 
[134, 152]. Interestingly, AM404 is not identifiable in the blood after APAP admin-
istration [133] which might explain, to some degree, the absence of peripheral 
anti-inflammatory action [134]. This could help to explain why APAP may not have 
significant clinical effect on conditions such as osteoarthritis (further details below; 
[153, 154]). A recent study confirmed that APAPs act mainly on central analgesic 
pathways, showing that APAP modifies the activity and connectivity of analgesia 
via FAAH, activating a signalling cascade involving TRPV1 channels, mGlu5 
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than 3 times per week for more than 3 months per year) have been reported in 10% 
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γ-aminobutyric acid [143–145]. Although the precise receptors have not been iden-
tified [146–149], serotonin antagonists block the analgesic effect of APAP through 
mainly indirect non-binding mechanisms [146, 150]. One possible interaction with 
the serotonergic pathway maybe though altering CNS monoamine neuron types  
in the brain that contain a major receptor for PGE2 (EP3 receptor [139]). Further to 
the above, AM404 can inhibit anandamide [151], with stimulation of (canobinoide 
1) CB1 receptor activity (without binding) via FAAH [133], suggesting a reliance 
of APAP antinociceptive activity on interaction with the endocannabinoid system 
[134, 152]. Interestingly, AM404 is not identifiable in the blood after APAP admin-
istration [133] which might explain, to some degree, the absence of peripheral 
anti-inflammatory action [134]. This could help to explain why APAP may not have 
significant clinical effect on conditions such as osteoarthritis (further details below; 
[153, 154]). A recent study confirmed that APAPs act mainly on central analgesic 
pathways, showing that APAP modifies the activity and connectivity of analgesia 
via FAAH, activating a signalling cascade involving TRPV1 channels, mGlu5 
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receptors, PLC, DAGL and CB1 receptors, associated with the release of glutamate 
and GABA – through the endocannabinoid systems [155]. Though the molecular 
mechanisms that provide analgesia are beginning to come to light, there is also 
potential substantial detrimental side effects of APAPs.

APAPs are generally considered safe if administered at appropriate doses for 
short periods [156]. However, they remain one of the leading causes of liver disease 
in high-income countries [157, 158] which has led to legislative restrictions in many 
countries [159]. It is well accepted that APAPs cause liver injury, hepatotoxicity, 
mitochondrial toxicity [160, 161] and that this toxicity can be effected by interin-
dividual variation [162]. Nonetheless, consuming APAP can increase the risks of 
hospitalisation for perforation, peptic ulceration and bleeding [163], relative rates 
of adverse cardiovascular events such as myocardial infarction, stroke, coronary 
heart disease and upper gastrointestinal disease such as gastroduodenal ulcers and 
haemorrhages [164], often in a dose response manor. However, observational stud-
ies show a favourable side effect profile for APAPs compared with NSAIDs when 
used in older people with chronic pain conditions [165]. Data from the most recent 
meta-analysis shows that APAPs are nearly four times more likely to have abnormal 
results on liver function tests than placebo [166].

2. Osteoarthritis

Osteoarthritis (OA) is a complex musculoskeletal condition that effects 
people of all ages but particularly those over 55 years [167–171]. According to the 
Osteoarthritis Research Society International (OARSI) OA can be defined as;

“…a disorder involving movable joints characterized by cell stress and extracel-
lular matrix degradation initiated by micro- and macro-injury that activates 
maladaptive repair responses including pro-inflammatory pathways of innate 
immunity. The disease manifests first as a molecular derangement (abnormal 
joint tissue metabolism) followed by anatomic, and/or physiologic derangements 
(characterized by cartilage degradation, bone remodelling, osteophyte formation, 
joint inflammation and loss of normal joint function), that can culminate in 
illness” [172].

OA is a pro-inflammatory branch of rheumatic disease that effects synovial joints 
progressively and is caused by the failure of joint tissues to repair following damage. 
This damage may have been caused by stresses due to an abnormality in the articular 
cartilage, subchondral bone, ligaments, menisci, periarticular muscles, peripheral 
nerves or synovium [173, 174]. While cartilage degradation is the traditionally 
structural trademark of OA, it is generally considered a whole joint disease with 
many other morphological features [175–178]. For example, an osteoarthritic joint 
may exhibit sclerosis in the subchondral bone, osteophytes [179], local inflamma-
tion such as synovitis [177, 178, 180, 181] and bone marrow lesions [182]. Failure of 
normal biological repair processes that leads to breakdown of cartilage and bone 
[183] is characterised by symptoms of pain, stiffness, functional disability [184] that 
can lead to negative impacts on fatigue, mood, sleep, overall quality of life [185, 186].

OA confers a number of modifiable and non-modifiable risk factors [174, 187]. 
Non-modifiable risk factors include previous joint injury [188, 189], malalignment 
and other mechanical factors [175, 176, 190–193], age [189], sex [194], ethnicity 
[195] and genetic predisposition [196–198]. Modifiable risk factors include obesity 
[181, 189, 199–202], metabolic syndrome [181, 203–206], in particular diabetes 
mellitus [207–209] and habitual diet [187, 210].
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The condition is one of the most common causes of chronic pain and the most 
common cause of joint pain [211] with conservative estimates suggesting that there 
are approximately 500 million suffers worldwide [167, 212]. OA affects ~13% of all 
over 50’s (~7% in all ages; [213]) and has no cure [214–218] while being the 11th 
highest contributor to years lived with disability [159].

2.1 Pain and osteoarthritis

Chronic inflammatory-associated pain can have multiple mechanisms [219–223] 
and can stem from mechanical stress or central sensitization either concurrently 
and/or vary in their influences over time [224]. Pain derived from OA can generally 
be characterised into two common clinical forms of pain, intermittent but severe/
intense and persistent pain or aching [225]. These pain experiences can come from 
neuropathic and nociceptive process, as discussed above. The prevalence of  
neuropathic pain features at the knee in OA patients ranges from 19% to 29%  
[221, 226, 227]. However, recent studies of peripheral and central nerve sensitiza-
tion [228], as well as nerve ending damage and regrowth [229, 230] have shown that 
neuropathic pain contributes substantially to the condition. This central sensitiza-
tion is prominent in those that experience a high level of pain that is not propor-
tional to radiographic evidence of structural damage [219] and contributes more 
to the pain experienced in women with symptomatic OA, compared to men [231]. 
Generally, a higher degree of central sensitization or neuropathic pain is associated 
with high pain intensity and a greater chance of developing chronic pain following 
joint replacement [232, 233]. The remaining 70-80% of knee OA pain appears to 
be nociceptive in nature, thus OA can be described as a chronic mild to moderate 
nociceptive dominant pain condition [24, 234] and should be considered as such 
with regards to initial treatment [24].

The diversity of pathophysiological maladaptation in OA effected joints and the 
low associations of these changes with pain, suggests doubt over the link between 
joint structural condition and the experience of pain. This is evident from the poor 
relationship between radiographic images and reported pain. A recent systematic 
review showed that the prevalence of knee pain in patients with radiographic knee 
OA ranged from 15% to 81% [235]. However, some studies reported associations 
between the structural damage of the joint (cartilage and bone) and pain [236] 
but at higher levels of X-ray derived pathology (Kellgren/Lawrence grade; [237]). 
Nonetheless, pain may still indicate a level of disease activity. In a number of studies 
looking more specifically at joint morphological characterises, OA pain has been 
associated with the rate of medial cartilage loss (also after adjustment for radio-
graphic OA stage; [238]), osteophytes [239], more erosive OA compared to non-ero-
sive OA [240] and changes of bone marrow lesions and synovitis [182]. These data 
show the complexity of the disease-pain nexus and suggests that the disease should, 
in the first instance (i.e. mild OA), be treated generally with lifestyle and nutritional 
intervention rather that pharmaceuticals that target specific pathological pathways 
(Figure 1) [241]. Regardless, pharmaceutical therapies remain the main treatment 
for such conditions [242].

2.2 Pharmaceutical analgesics in osteoarthritis

OA is a progressive condition with no cure where opioids, acetaminophen 
and non-steroidal anti-inflammatory drugs (NSAID) are the traditional, non-
lifestyle, approach for early management. However, as eluded to earlier, these 
pharmaceutical treatments are often accompanied with significant side effects. 
For example, NSAIDs are the traditional approach for early clinical management 
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of mild-to-moderate OA [241] and in the US 65% of all OA patients are prescribed 
NSAID for pain management - this is the current recommended strategy for OA 
clinical management by the leading authorities [243]. While some NSAIDs are 
effective at improving pain and physical function, they come with significant and 
potentially harmful side effects such as gastrointestinal complications, renal distur-
bances and severe cardiovascular events [244]. Although some of these risks may be 
reduced using topical administration such as Diclofenac gel/cream [245, 246]. Two 
recent large-scale studies have shown that, depending on the particular medication, 
the risk of hospital admissions (due to heart failure) can be nearly two times greater 
(Ketorolac; [247]) in OA/rheumatoid arthritis (n = 24,081), with ibuprofen (gener-
ally speaking, the most used NSAID) presenting with the highest rates of NSAID 
toxicity [248].

Approximately 34% of OA patients use Paracetamol [249], in isolation or in 
combination with NSAIDs. In fact, the effectiveness of Paracetamol to improve pain 
management has recently been called into question [124], as it has been shown to 
be ineffective for treating OA pain [125, 250] and may have similar side effects as 
ibuprofen [251], particularly when consumed at higher doses [164]. Specifically, 
in knee or hip OA, a recent Cochrane review concluded that Paracetamol provides 
no clinically important improvements in pain in the immediate and short term (up 
to 12 weeks; [16]). In addition, a recent network meta-analysis (56 randomised 
controlled trials, 22 128 participants) suggests that paracetamol was least effective 
for the treatment of knee and/or hip OA compared with celecoxib (NSAID) or the 
combination of glucosamine and chondroitin [117] – confirming other reports 
[252]. In contrast, some authors have concluded that paracetamol had similar 
efficacy to NSAIDs for the treatment of OA [253]. It is also important to remember 
that overuse of APAPs can cause liver injury, hepatotoxicity, mitochondrial toxicity 
[160, 161] which is relevant to a chronic condition with no known cure. These data 
led to confusion in earlier guidelines that consistently recommended the prescrip-
tion of paracetamol (acetaminophen) as the first line analgesic for these conditions 
[90, 91, 241, 254, 255]. However, the data are now relatively clear that there is little 
clinically meaningful effect of Paracetamol for OA pain [153, 154].

The potential negative effects such as addiction and the physiological side effects 
of opioid use are well documented, as discussed above, however they remain highly 
prescribed for OA and are expected to triple in the coming years [256, 257]. More 
than half of those prescribed opioids in the first year of OA have been shown to 
be inappropriately dispensed [257]. The prevalence of opioid use for OA ranges 
from 8-26% and in Australia, with the use for knee/hip OA has being described as 
“alarmingly high” [257]. A number of systematic reviews and meta-analysis have 
been performed in recent years and have unanimously shown that the tolerability is 
low, efficacy for pain relief in OA is not clinically relevant and the potential harms 
are high [258–260]. Despite calls for guidelines to be changed on the use of opioids 
and the above-mentioned pharmaceuticals, their use is increasing (likely with 
the prevalence of the disease) and by proxy the negative consequences rising in 
tandem. Therefore, non-pharmaceutical food-based alternatives (termed bioactive 
nutraceuticals) have been developed and are beginning to be recommended as early 
treatment [261–263] to improve OA symptoms including pain [241, 264–266].

3.  Nutraceutical alternatives and reduction in pharmacological 
analgesics in osteoarthritis

Given the possible side-effects of pharmaceutical treatments, any reduction 
in their use is of particular importance to OA public health. As such, a number of 
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non-pharmaceutical alternatives have been developed that may reduce the use/
required dose of pharmaceuticals while maintaining or improving the impacts 
on OA pain and physical function. The majority of these alternatives are termed 
“nutraceuticals” (a portmanteau of the words “nutrition” and “pharmaceuti-
cal”), coined in 1989 by Dr. Stephen DeFelice [267], founder and chairman of the 
Foundation for Innovation in Medicine.

While it is unlikely that Hippocrates (traditionally regarded as the father of 
modern medicine; died 375 BCE) actually said: “Let food be your medicine and 
medicine your food” [268], this is often cited in the context of nutraceuticals. A 
more apt and legitimate quote defines the position of nutraceuticals in health and 
disease as “beyond diet, before drug”, coined by Ettore Novellino in 2012 [269].

There is currently no universally accepted definition of a nutraceutical [270], 
with the main confusion being the differences between nutraceuticals and 
functional foods, and the lack of regulatory definition between them (Table 1) 
[270–273]. In fact, current European regulations do not distinguish between nutra-
ceuticals and food supplements (see the EC Regulation n. 1924/2006 of the European 
Parliament and Council, recently updated by the UE regulation 2015/2283), there-
fore neither does the European Food Safety Authority [274, 275]. However, a number 
of proposed definitions exist (Table 1) and from these definitions, for the purposes 
of this chapter, a nutraceutical will be defined as;

‘a naturally derived biological substance, not synthetically created, that preserve its 
original active properties without chemical manipulation, can enhance health in 
dosages that exceed those that could be obtained from normal food digestion and has 
peer-reviewed scientific evidenced to base health clams’.

Author(s) Definition

DeFelice, [267]; 
coined in 1989

“A nutraceutical is any substance that is a food or part of a food and provides medical 
or health benefits, including the prevention and treatment of disease.”

Zeisel, [271] “……as those diet supplements that deliver a concentrated form of a presumed 
bioactive agent from a food, presented in a non-food matric, and used to enhance 
health in dosages that exceed those that could be obtained from normal food”

U.S. Nutraceutical 
Research and 
Education [276]

“a dietary supplement, food or medical food that has a benefit, which prevents or 
reduces the risk of a disease or health condition, including the management of a 
disease or health condition or the improvement of health; and is safe for human 
consumption in the quantity, and with the frequency required to realise such 
properties”

The European 
Nutraceutical 
Association [277]

“are nutritional products that provide health and medical benefits, including the 
prevention and treatment of disease. In contrast to pharmaceuticals however, 
these are not synthetic substances or chemical compounds formulated for specific 
indications. These are products that contain nutrients (partly in concentrated form) 
and mostly are assigned to the category of food. Dietary supplements are a typical 
example for nutraceuticals, but also dietetic and functional foods may be counted 
among these products.”

Health Canada 
[278]

“A nutraceutical is a product isolated or purified from foods that is generally sold in 
medicinal forms not usually associated with food. A nutraceutical is demonstrated to 
have a physiological benefit or provide protection against chronic disease”

Corzo et al. [279] “Nutraceuticals are biological substances extracted from natural sources by non-
denaturing processes to preserve their original properties without any chemical 
manipulation.”

Table 1. 
Currently used definitions to describe nutraceuticals.
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of mild-to-moderate OA [241] and in the US 65% of all OA patients are prescribed 
NSAID for pain management - this is the current recommended strategy for OA 
clinical management by the leading authorities [243]. While some NSAIDs are 
effective at improving pain and physical function, they come with significant and 
potentially harmful side effects such as gastrointestinal complications, renal distur-
bances and severe cardiovascular events [244]. Although some of these risks may be 
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controlled trials, 22 128 participants) suggests that paracetamol was least effective 
for the treatment of knee and/or hip OA compared with celecoxib (NSAID) or the 
combination of glucosamine and chondroitin [117] – confirming other reports 
[252]. In contrast, some authors have concluded that paracetamol had similar 
efficacy to NSAIDs for the treatment of OA [253]. It is also important to remember 
that overuse of APAPs can cause liver injury, hepatotoxicity, mitochondrial toxicity 
[160, 161] which is relevant to a chronic condition with no known cure. These data 
led to confusion in earlier guidelines that consistently recommended the prescrip-
tion of paracetamol (acetaminophen) as the first line analgesic for these conditions 
[90, 91, 241, 254, 255]. However, the data are now relatively clear that there is little 
clinically meaningful effect of Paracetamol for OA pain [153, 154].

The potential negative effects such as addiction and the physiological side effects 
of opioid use are well documented, as discussed above, however they remain highly 
prescribed for OA and are expected to triple in the coming years [256, 257]. More 
than half of those prescribed opioids in the first year of OA have been shown to 
be inappropriately dispensed [257]. The prevalence of opioid use for OA ranges 
from 8-26% and in Australia, with the use for knee/hip OA has being described as 
“alarmingly high” [257]. A number of systematic reviews and meta-analysis have 
been performed in recent years and have unanimously shown that the tolerability is 
low, efficacy for pain relief in OA is not clinically relevant and the potential harms 
are high [258–260]. Despite calls for guidelines to be changed on the use of opioids 
and the above-mentioned pharmaceuticals, their use is increasing (likely with 
the prevalence of the disease) and by proxy the negative consequences rising in 
tandem. Therefore, non-pharmaceutical food-based alternatives (termed bioactive 
nutraceuticals) have been developed and are beginning to be recommended as early 
treatment [261–263] to improve OA symptoms including pain [241, 264–266].

3.  Nutraceutical alternatives and reduction in pharmacological 
analgesics in osteoarthritis

Given the possible side-effects of pharmaceutical treatments, any reduction 
in their use is of particular importance to OA public health. As such, a number of 
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non-pharmaceutical alternatives have been developed that may reduce the use/
required dose of pharmaceuticals while maintaining or improving the impacts 
on OA pain and physical function. The majority of these alternatives are termed 
“nutraceuticals” (a portmanteau of the words “nutrition” and “pharmaceuti-
cal”), coined in 1989 by Dr. Stephen DeFelice [267], founder and chairman of the 
Foundation for Innovation in Medicine.

While it is unlikely that Hippocrates (traditionally regarded as the father of 
modern medicine; died 375 BCE) actually said: “Let food be your medicine and 
medicine your food” [268], this is often cited in the context of nutraceuticals. A 
more apt and legitimate quote defines the position of nutraceuticals in health and 
disease as “beyond diet, before drug”, coined by Ettore Novellino in 2012 [269].

There is currently no universally accepted definition of a nutraceutical [270], 
with the main confusion being the differences between nutraceuticals and 
functional foods, and the lack of regulatory definition between them (Table 1) 
[270–273]. In fact, current European regulations do not distinguish between nutra-
ceuticals and food supplements (see the EC Regulation n. 1924/2006 of the European 
Parliament and Council, recently updated by the UE regulation 2015/2283), there-
fore neither does the European Food Safety Authority [274, 275]. However, a number 
of proposed definitions exist (Table 1) and from these definitions, for the purposes 
of this chapter, a nutraceutical will be defined as;

‘a naturally derived biological substance, not synthetically created, that preserve its 
original active properties without chemical manipulation, can enhance health in 
dosages that exceed those that could be obtained from normal food digestion and has 
peer-reviewed scientific evidenced to base health clams’.

Author(s) Definition

DeFelice, [267]; 
coined in 1989

“A nutraceutical is any substance that is a food or part of a food and provides medical 
or health benefits, including the prevention and treatment of disease.”

Zeisel, [271] “……as those diet supplements that deliver a concentrated form of a presumed 
bioactive agent from a food, presented in a non-food matric, and used to enhance 
health in dosages that exceed those that could be obtained from normal food”

U.S. Nutraceutical 
Research and 
Education [276]

“a dietary supplement, food or medical food that has a benefit, which prevents or 
reduces the risk of a disease or health condition, including the management of a 
disease or health condition or the improvement of health; and is safe for human 
consumption in the quantity, and with the frequency required to realise such 
properties”

The European 
Nutraceutical 
Association [277]

“are nutritional products that provide health and medical benefits, including the 
prevention and treatment of disease. In contrast to pharmaceuticals however, 
these are not synthetic substances or chemical compounds formulated for specific 
indications. These are products that contain nutrients (partly in concentrated form) 
and mostly are assigned to the category of food. Dietary supplements are a typical 
example for nutraceuticals, but also dietetic and functional foods may be counted 
among these products.”

Health Canada 
[278]

“A nutraceutical is a product isolated or purified from foods that is generally sold in 
medicinal forms not usually associated with food. A nutraceutical is demonstrated to 
have a physiological benefit or provide protection against chronic disease”

Corzo et al. [279] “Nutraceuticals are biological substances extracted from natural sources by non-
denaturing processes to preserve their original properties without any chemical 
manipulation.”

Table 1. 
Currently used definitions to describe nutraceuticals.
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As such, the following sections will discuss those nutraceuticals that are cur-
rently not in mainstream use but may have the potential to aid in treatment of 
OA (i.e. the well discussed Glucosamine and Chondroitin will not feature in this 
chapter) but are in regular use worldwide [280]. The identified nutraceuticals that 
have been compared to/with NSAID/analgesics for OA can be divided into three 
categories, defined by their origin, and are presented in Table 2;

1. Terrestrial Botanicals, compounds derived from ‘land’ plant sources (avocado/
soybean, pine bark extract and turmeric/curcumin).

2. Marine Botanicals, compounds derived from ‘marine’ plant sources (Litho-
thamnion species).

3. Marine Fauna, derived from marine animals (fish oil and green lipped mussel).

3.1 Terrestrial botanicals

Turmeric/curcumin extracts (spices used mainly in South Asian cooking) or 
nutraceuticals combinations where turmeric/curcumin extracts are the main active 
ingredient, have the greatest amount of evidence for improving OA symptoms, 
with some recent data on NSAID and analgesics use (Table 2) [300]. Two stud-
ies have directly compared raw turmeric/curcumin extracts to NSAIDs and their 
effectiveness for OA symptoms [287, 288]. These data show that turmeric extracts 
either improved or were shown to be non-inferior for knee osteoarthritis (KOA) 
pain, pain during stair walking and resulted in less side effects (particularly 
the rate of abdominal pain/distention) compared to oral ibuprofen [287–289]. 
Furthermore, patented/propriety formulations of turmeric/curcumin extracts 
have been developed around the world and show some promising effects on OA 
(Table 2). Interestingly, Chandran et al. demonstrated that curcumin formulated 
as BCM-95® or ‘BCM-95® + diclofenac sodium’ showed superior ‘Disease Activity 
Scores’, American College of Rheumatology score, pain, CRP levels and erythrocyte 
sedimentation rate, compared to diclofenac alone (Indian population; [289]). The 
same formulation showed similar improvements of KOOS variables, but BCM-95® 
resulted in less adverse events (including flatulence) and a lower requirements 
for H2 blockers (0% vs. 28%; a group of medicines that reduce the amount of acid 
produced by the cells in the lining of the stomach), compared to diclofenac [290]. 
In the longest of these studies (8 months in a European cohort), the addition of 
Meriva® (curcuminoids 20%, phosphatidylcholine 40%, and microcrystalline cel-
lulose 40%) to the “best available treatment”, reduced NSAID and analgesia use by 
63% compared to the control group (“best available treatment” only). This reduc-
tion resulted in less side-effects between 45-67%, depending on the specific adverse 
advent, compared to side-effects in the control group (2-12%; [293]). Similarly, an 
alternative preparation (C3 complex®; Curcuminoids 500-mg capsules with 5-mg 
Bioperine®) reduced the use of naproxen by 84% (compared to 19% in placebo) in 
Iranian KOA patients and a further alternative (Theracurmin®; 10% of curcumin, 
2% other curcuminoids such as demethoxycurcumin and isdemethoxycurcumin, 
46% glycerin, 4% gum ghatti, and 38% of water; 180 mg of curcumin) reduced 
dependence on celecoxib in Japanese KOA patients (from ~70% to ~30% versus ~80 
to ~60% in placebo; [294]). Recently, Heidari-Beni et al. [301] presented findings 
from a herbal formulation containing curcumin (300 mg), gingerols (7.5 mg) and 
piperine (3.75 mg), taken twice a day for 4 weeks. This formulation reduced PGE2 
(see above text and Figure 1) of KOA patients to the same extent as Naproxen 
(250 mg capsules daily). There is significant mechanistic evidence to support these 
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As such, the following sections will discuss those nutraceuticals that are cur-
rently not in mainstream use but may have the potential to aid in treatment of 
OA (i.e. the well discussed Glucosamine and Chondroitin will not feature in this 
chapter) but are in regular use worldwide [280]. The identified nutraceuticals that 
have been compared to/with NSAID/analgesics for OA can be divided into three 
categories, defined by their origin, and are presented in Table 2;

1. Terrestrial Botanicals, compounds derived from ‘land’ plant sources (avocado/
soybean, pine bark extract and turmeric/curcumin).

2. Marine Botanicals, compounds derived from ‘marine’ plant sources (Litho-
thamnion species).

3. Marine Fauna, derived from marine animals (fish oil and green lipped mussel).

3.1 Terrestrial botanicals

Turmeric/curcumin extracts (spices used mainly in South Asian cooking) or 
nutraceuticals combinations where turmeric/curcumin extracts are the main active 
ingredient, have the greatest amount of evidence for improving OA symptoms, 
with some recent data on NSAID and analgesics use (Table 2) [300]. Two stud-
ies have directly compared raw turmeric/curcumin extracts to NSAIDs and their 
effectiveness for OA symptoms [287, 288]. These data show that turmeric extracts 
either improved or were shown to be non-inferior for knee osteoarthritis (KOA) 
pain, pain during stair walking and resulted in less side effects (particularly 
the rate of abdominal pain/distention) compared to oral ibuprofen [287–289]. 
Furthermore, patented/propriety formulations of turmeric/curcumin extracts 
have been developed around the world and show some promising effects on OA 
(Table 2). Interestingly, Chandran et al. demonstrated that curcumin formulated 
as BCM-95® or ‘BCM-95® + diclofenac sodium’ showed superior ‘Disease Activity 
Scores’, American College of Rheumatology score, pain, CRP levels and erythrocyte 
sedimentation rate, compared to diclofenac alone (Indian population; [289]). The 
same formulation showed similar improvements of KOOS variables, but BCM-95® 
resulted in less adverse events (including flatulence) and a lower requirements 
for H2 blockers (0% vs. 28%; a group of medicines that reduce the amount of acid 
produced by the cells in the lining of the stomach), compared to diclofenac [290]. 
In the longest of these studies (8 months in a European cohort), the addition of 
Meriva® (curcuminoids 20%, phosphatidylcholine 40%, and microcrystalline cel-
lulose 40%) to the “best available treatment”, reduced NSAID and analgesia use by 
63% compared to the control group (“best available treatment” only). This reduc-
tion resulted in less side-effects between 45-67%, depending on the specific adverse 
advent, compared to side-effects in the control group (2-12%; [293]). Similarly, an 
alternative preparation (C3 complex®; Curcuminoids 500-mg capsules with 5-mg 
Bioperine®) reduced the use of naproxen by 84% (compared to 19% in placebo) in 
Iranian KOA patients and a further alternative (Theracurmin®; 10% of curcumin, 
2% other curcuminoids such as demethoxycurcumin and isdemethoxycurcumin, 
46% glycerin, 4% gum ghatti, and 38% of water; 180 mg of curcumin) reduced 
dependence on celecoxib in Japanese KOA patients (from ~70% to ~30% versus ~80 
to ~60% in placebo; [294]). Recently, Heidari-Beni et al. [301] presented findings 
from a herbal formulation containing curcumin (300 mg), gingerols (7.5 mg) and 
piperine (3.75 mg), taken twice a day for 4 weeks. This formulation reduced PGE2 
(see above text and Figure 1) of KOA patients to the same extent as Naproxen 
(250 mg capsules daily). There is significant mechanistic evidence to support these 
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in vivo therapeutic effects. Turmeric/curcumin extracts have been shown to reduce 
proinflammatory cytokines such as tumour necrosis factor alpha, interleukin (IL)-1 
beta, IL-8, IL-6 and structural degradation protases such as matrix metalloprotein-
ases, collagenase, induce positive cell behavioural characteristics (induces apoptosis 
and growth arrest) and anti-oxidative properties (through stimulation of nuclear 
factor-erythroid-2-related factor 2 (Nrf2) [292, 302–311]). Of particular interest 
to the present chapter, turmeric/curcumin extracts inhibit the NFkB pathway and 
other proinflammatory signalling pathways including COX-2, AP-1, Egr-1, STAT 
(signal transducers and activators of transcription) and mitogen-activated protein 
(MAP) kinases [309, 310, 312]. Considering these molecular targets, turmeric/
curcumin extracts appear to enact there in vivo effects via similar mechanisms of 
action as commonly used pharmaceutical agents (Figure 1). These data clearly 
point to the positive impact that turmeric/curcumin extracts, including propriety 
formulations, can have on NSAID and analgesia use in the short term (best effects 
from study durations generally ≤12 weeks). While the long-term benefits are still 
being investigated, the current data suggests that turmeric/curcumin extracts could 
be recommended as an early stage treatment adjunct.

Alternative terrestrial botanicals have shown some advantages for OA. Three 
studies have investigated avocado/soybean extracts and their potential in reducing 
NSAID and analgesics use. One large randomised control trial (n = 260) showed 
that after 30 days (and continued to day 90) of supplementation, the extracts (300 
or 600 mg) reduced the daily intake of NSAID and analgesics compared to placebo. 
Furthermore, 71% (compared to 36% in placebo) of avocado/soybean extract 
participants reduced their daily intake by greater than 50%, [281]. Although it 
must be noted that the treatment was stopped in nine participants due to adverse 
events from the extract, however the authors did not statistically analyse incidence 
of adverse events of the remaining participants, but they were generally similar 
to placebo. These results were somewhat supported by a smaller (n = 31; part of a 
large cohort receiving a number of nutraceutical compounds) observational study 
showing that the proportion of OA patients using analgesics and NSAIDs dropped 
by 34% over 6 months consuming avocado/soybean extracts [282]. Although, in 
this large scale “real-world” (PEGASus) study cohort where analgesic and NSAID 
use was assessed by phone interview bi-monthly over 2 years, avocado/soybean 
extracts showed no effect on reducing medication use [313]. Recently, a 2-month 
supplementation of avocado/soybean unsaponifiables (n = 30; 300 mg daily) was 
compared to celecoxib (n = 30; 200 mg/day) for changes in a biomarker of cartilage 
breakdown (Cartilage oligomeric matrix protein; COMP). The results showed 
that both interventions reduced serum COMP levels with a tendency for greater 
improvements with avocado/soybean unsaponifiables (33.8% vs. 30.3%; p = 0.06; 
[283]). These data in addition to other mechanistic work show that avocado/soybean 
unsaponifiables can impact both inflammatory and structural protein biomarkers 
of OA pathology. Specifically they can inhibit IL-1, reduce production of stromely-
sin, IL-6, IL-8 and PGE-2, increase the expression of TGF-β and activate collagen 
synthesis [283, 314–316]. There is some debate over the efficacy of avocado/soybean 
extracts to alleviate analgesics and NSAID use but there is developing molecular 
evidence that they may elicit similar reductions on in vivo cartilage breakdown 
which requires further investigation.

Two studies investigated Ginger root extract formulations in OA NSAID use. 
Compared to 1% diclofenac gel, topical ginger extract (Plygersic gel) reduce KOOS 
variables (pain, symptoms etc.) equally after a six week intervention in mild radio-
graphic KOA [296]. Further, oral consumption of a Ginger root extract formulation, 
compared (1) 50 mg of oral Diclofenac with Ginger 750, (2) Ginger 750 mg and (3) 
Diclofenac 50 mg for 12 weeks [297]. All interventions decreased pain and WOMAC 

177

Nutraceutical Alternatives to Pharmaceutical Analgesics in Osteoarthritis
DOI: http://dx.doi.org/10.5772/intechopen.95919

variables but there was a reduction in rescue medication in the ginger groups, 
although this was not statically significant [297]. While these results are interesting, 
significantly more research is needed with larger more well controlled studies but 
there is molecular evidence to support these reported effects. Ginger root species 
can block the formation of inflammatory mediators such as thromboxane, leukot-
rienes and prostaglandins and inhibit COX and lipoxygenase in arachidonic acid 
metabolism [317–325] i.e. similar mechanisms to those presented in Figure 1.

Finally, the trade marked Pycnogenol® (pine bark extract; 100 mg) has been 
shown to reduces NSAID use by 58%, compared to only 1% in the placebo group in 
early-KOA patients over 12 weeks [286]. This resulted in reduced hospital admis-
sions and days spent in hospital by 50% compared to placebo (n = 156; [286]). As 
with the above, Pycnogenol inhibits activation of NFκB pathway mediators, par-
ticularly, COX and pain-producing prostaglandins and also activates metabolomic 
compounds with anti-inflammatory bio-efficacy [326–328]. Again, these data are 
interesting and demonstrate good potential but require further in vivo replication in 
relation to NSAID and analgesic.

3.2 Marine Fauna

New Zealand Green Lipped Mussel (Perna canaliculus) lipid extracts have 
recently been investigated for their potentially benefits for OA symptoms. 
Moderate-to-severe hip and knee OA patients received 600 mg of Biolex®-GLM 
for 12 weeks or a placebo and were allowed to consume paracetamol for additional 
pain relief [285]. Participants consuming the placebo took more paracetamol each 
week of the 12 weeks resulting in a statically significant change at the final week 
(p = 0.001), however did not differ in NSAID equivalence score. This suggests 
that there may be some potential for Green Lipped Mussel to reduce analgesic 
medication, although less so than others mentioned herein. Again, Green Lipped 
Mussel appears to inhibit COX enzymes, competitive inhibition of arachidonic acid 
metabolism and reduce chronic inflammation [329].

A fish oil and Urtica dioica preparation has also been shown to reduce medica-
tion use in OA. A proprietary combination of omega-3 and omega-6 fatty acids, 
Urtica dioica (the common nettle), zinc and vitamin E (Phytalgic®) progressively 
reduced NSAID and analgesia use over a tree month period (n = 81; 6.5 Paracetamol 
500 mg-Equivalent per week, compared to 16.5 in the placebo group; [284]). The 
authors ascribed this adaptation to the anti-inflammatory potential of the mineral 
composition, mainly from Urtica dioica within the formulation rather than the fish 
oil component [284]. This was most likely the case as a previous study showed no 
effect of cod liver oil an OA [330] and the articles referenced to show a mechanistic 
potential for fish oil components (n-3 and n-6 polyunsaturated fatty acids) have 
recently been retracted [331, 332].

3.3 Marine botanicals

The marine red Algae species Lithothamnion corallioide, rich in sea water 
derived minerals including Calcium and Magnesium (AquaminF®), have recently 
been investigated for a potential impact on NSAID usage. In a randomised control 
trial of moderate-to-severe KOA patients that were regularly consuming NSAIDs, 
AquaminF (534 mg daily) was an effective agent for improving physical perfor-
mance (six minuet walking distance), when NSAID use was intentionally reduced 
to 50% of previous consumption, but not when NSAID consumption was reduced 
to zero [298]. Furthermore, Lithothamnion (2668 mg) combined with seawater-
derived Mg(OH)2 (268 mg) and pine bark extract (120 mg) reduced analgesic and 
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in vivo therapeutic effects. Turmeric/curcumin extracts have been shown to reduce 
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supplementation of avocado/soybean unsaponifiables (n = 30; 300 mg daily) was 
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NSAID use by 72% compared to Glucosamine Sulphate (2000 mg Daily dose) [299]. 
Mechanistically, Lithothamnion corallioide species appear to have the ability to 
inhibit the NFκB pathway, reduce inflammatory cytokines such as tumour necrosis 
factor alpha (TNF-α), interleukin 1 beta (IL-1β) and COX2, along with reduced 
serum TNF-α [333–336]. This suggested there is potential for Lithothamnion spe-
cies to reduce the KOA-related drug dependency in vivo with mechanistic rationale 
similar to that of pharmaceuticals (Figure 1). It appears as though Lithothamnion 
species have the ability to improve physical function and analgesia with reduced 
NSAID use, and induce a further reduction in drug use when combined with other 
nutraceuticals previously shown to reduce NSAID use. With larger scale replication 
and confirmation, Lithothamnion species could develop into a recommended early 
stage treatment adjunct.

4. Discussion and conclusions

These data are of considerable interest to those suffering from OA and medical 
practitioners concerned with the broader health impacts of pharmaceuticals use in 
OA patients. There appears to be a growing body of evidence suggesting that a vari-
ety of nutraceutical compounds, many in preparatory formulations, could provide 
some relief from the burden of NSAID and analgesic dependence, thus their associ-
ated side-effects. Currently the data are limited with respect to replication, sample 
size and duration, making conclusions about long term effectiveness difficult. The 
one potential exception is turmeric/curcumin extracts that in a recent meta-analysis 
it was shown that typically 1000 mg/day of curcumin was effective for improve OA 
symptoms (potentially better that NSAID) over 8-12 weeks - but the authors still 
call for significantly more research, specifically with increased sample size and 
better design quality [300].

While the precise molecular mechanisms of OA progression remain unclear, it 
appears to be exacerbated by the activation of NFκB signalling pathway, initiated 
by a host of mechanical and chemical stress stimuli, including excessive mechanical 
stress brought about by surplus body mass, proinflammatory cytokines and extra-
cellular matrix degradation products [337, 338]. These actions reduce the amount 
of articular cartilage in the joints and degrade subchondral bone, thus induce pain 
and difficulty in movement. As a result, OA treatments focus on relieving pain 
and swelling, improving joint mobility, increasing musculoskeletal strength and 
minimising the disabling effects of the disease [339]. The NFκB signalling pathway 
and inflammatory mechanisms appear to be the molecular actions of the majority 
of the above nutraceuticals in combination with the inhibition of COX enzymes. 
These imply that their mechanism of action for pain relief (and therefore potential 
reduction in analgesic use) are via peripheral nociceptive action with little interac-
tion through neuropathic mechanisms (unless through local inflammatory assault 
of nerve fibres).

As discussed throughout, there appears to be even further benefit through 
combinations of nutraceuticals that may have an additive effects to reduce NSAID/
analgesic use and are recommended [263]. However, additional work needs to be 
carried out to understand the individual effects of these combinations in addition 
to the synergistic impact. This requirement is evident through the work by Jacquet 
et al. [284] where it appears that the proposed benefit of the combination was not 
attributable to the ingredient that is mentioned and discussed firstly (fish oil), 
rather the benefit lies with Urtica dioica and mineral composition. These combina-
tions are often proprietary formulations where the precise combinations are not 
publicly available. However, where this is not the case better understanding can be 
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achieved through in vitro experimentation to elucidate the mechanisms of action 
both individually and combined.

In conclusion, this chapter has described and discussed chronic pain, specifically 
osteoarthritis, and presented evidence that specific nutraceuticals and combina-
tions may have potential to either elicit the same pain reliving effect of NSAIDs 
and analgesics or reduce the dependency on these drugs. Specifically, the greatest 
evidence exists for the inclusion of turmeric/curcumin extracts as an mild-OA 
treatment adjunct to reduce NSAID consumption. Any reduction in the use of 
harmful pharmaceutical drugs should be a welcome inclusion to any treatment plan 
particularly when some nutraceuticals, that appear to interact with similar molecu-
lar pathways as the discussed analgesics, may be capable of offering such benefit. 
However, it must be noted that significantly more experimental evidence is required 
for a number of these bioactives and their propitiatory formulations before specific 
recommendations can be made.
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Abstract

The knowledge of the pathophysiology of pain has gradually evolved in recent 
years, allowing the development of new management strategies, more specifically 
addressing single pain types and patient profiles. Despite these advancements, 
pain management still remains an open issue, given the limitations of single agent 
therapies, the potential abuse/misuse of opioids and the risk of adverse events. The 
advent of multimodal analgesic strategies paves the way for major improvements 
in pain management, combining increased efficacy with better tolerability and an 
opioid-sparing effect. The association of analgesics with different mechanisms of 
action represents a successful strategy for a wide range of pain conditions, mini-
mizing side effects and taking advantage of the additive or synergistic actions of 
individual agents. Last but not least, the increasing availability of oral fixed-dose 
combinations of analgesics will offer further advantages over extemporaneous com-
binations, by increasing ease of administration and patient adherence to treatment.
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1. Introduction

Whatever its cause, pain, both acute and chronic, often emerges from multiple 
pathogenic pathways [1], which makes drug treatment particularly difficult [2]. 
In recent decades, the pharmacological arsenal against pain, in addition to tradi-
tional nonsteroidal anti-inflammatory drugs (NSAIDs) and paracetamol, has been 
enriched, on the one hand with molecules operating on different pain mechanisms 
(as anticonvulsants and antidepressants), and on the other hand with opioids [3]. 
However, the single-agent approach to pain remains quite challenging, since a single 
drug, acting on a single pain component, is generally not successful to achieve 
a clinically meaningful pain reduction, whereas its use at high doses may cause 
significant side effects [2]. On the other hand, the increasing prescription of opioids 
for noncancer chronic pain, besides providing limited clinical advantage compared 
with non-opioid alternatives [4], has opened the door to problematic opioid use 
and addiction problems: up to 50% of patients on long-term opioid therapy develop 
physical dependence or tolerance, leading to problematic opioid use in 5–10% of 
patients and to addiction in 1–2% [5]. As a consequence, pain management is far 
from being optimal and patients are exposed to the risks associated with misuse of 
single agents [6, 7].
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Considering the complexity of pain pathogenesis, which involves multiple 
pathways [1], and the difficulty to reach complete symptoms control, especially 
for chronic pain which still affects 25–35% of adults in Europe [8], multimodal 
pharmacological analgesia may represent a possible solution to the still unsolved 
problem of pain management, thanks to a number of potential advantages: first, 
a decrease of the administered doses of the individual components; second, the 
reduction of side effects; and third, a simultaneous action on different pain com-
ponents [9]. Thanks to these features, multimodal pharmacological therapy gives 
clinicians the opportunity to make a further step forward to a fully individualized 
therapy of pain in its various components and clinical manifestations [3].

In this chapter, we will present the therapeutic strategies currently available to 
address the specific needs in the treatment of different painful conditions and the 
new possibilities for pain intervention according to the multimodal approach.

2. Pain management: unmet needs and future challenges

Despite the multiple treatment options available, pain remains a mostly unre-
solved topic in every day clinical practice. The analgesic efficacy of single drug 
treatment is often not sufficient to provide an adequate pain relief, since most 
analgesic drugs cannot be prescribed at unlimited doses due to the ceiling effect 
and safety concerns. Another limitation of single-agent analgesia is that it cannot 
address the multiple pathways underlying pain pathogenesis. Combining drugs 
from different classes, with different and complementary mechanisms of action, 
may provide a better opportunity for effective analgesia at reduced doses of indi-
vidual agents, with a potential reduction of dose-related adverse events.

Based on these considerations, clinical practice is gradually moving from a tradi-
tional one-fits-all approach to a more tailored strategy. The traditional approach to 
pain management refers to the three-step World Health Organization (WHO) pain 
ladder, which recommends the following regimen, based on the intensity of the 
patient’s pain [10]:

Step I: a non-opioid analgesic should be used for moderate pain, with co- analgesics 
if necessary.

Step II: if pain persists or increases, a weak opioid may be added.
Step III: if pain still persists, then a change should be made to a strong opioid.
By contrast, newer guidelines aim at treating pain according to the mechanism or 

mechanisms involved, i.e., neuropathic, nociceptive, or a combination of both [11]. 
Clinicians should seek to identify the basic pain mechanisms and treat the patient, 
accordingly, choosing the drug with the most appropriate mechanism of action [6].

Pain is a complex construct with sophisticated transmission pathways in the 
nervous system, which can be altered physiologically or pharmacologically [2]. 
Modulation of the transmission of pain can be divided into three approaches:

1. Modulating the upward transmission

2. Altering perception centrally

3. Modulating descending inhibitory pathways

Intervening in all three areas with multiple drugs is more effective than single 
drug treatment, and it allows to reduce the total dose of any one drug, thereby 
limiting unwanted effects [9].
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Different drugs act at different areas:

i. Peripherally acting drugs:

 ○ Local anesthetics

 ○ NSAIDS

ii. Drugs acting in the spinal cord:

 ○ Opiates

 ○ NSAIDS

 ○ N-methyl-D-aspartate (NMDA) receptor antagonists

 ○ Gabapentinoids

iii. Drugs acting centrally:

 ○ Opiates

 ○ Paracetamol

iv. Drugs acting on descending pathways:

 ○ Tramadol

 ○ Clonidine

 ○ 5HT3 antagonists

The principle of multimedia analgesia is the use of a number of drugs (analgesic 
or adjuvant) in combination to achieve the best pain relief in acute or chronic pain. 
Combining analgesics that act by different mechanisms of action allows modulating 
multiple transmission pathways and enables individual agents to act with poten-
tially additive or synergistic effects [12].

Multimodal analgesia is widely acknowledged to be superior to a single 
drug approach, having demonstrated improved pain relief, with the fewest side 
effects [2]. This concept was pharmacologically studied in the 1960s by Houde 
et al. [13], then clinically suggested (especially in postoperative pain) in the 1980s 
[14], and a few years later diffused by Kehlet and Dahl [9], who first introduced 
the term “multimodal” or “blended” analgesia. Since then, multimodal analgesia 
has been deeply studied, demonstrating a broader spectrum of action, greater 
efficacy, better patient compliance, and an improved efficacy/safety ratio com-
pared with monotherapy [12]. As a result, analgesic combinations are recom-
mended by the WHO, American Pain Society (APS), and American College of 
Rheumatology (ACR) [15–17] and are commonly used in clinical practice. As 
regards the ease of use, fixed-dose combinations (FDCs) may offer additional 
advantages, including ease of administration, reduction of pill burden, and 
improved adherence [18].
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3. Analgesic drug combinations

The pharmacological therapeutic approach of multimodal analgesia includes all 
the frontline drugs available, used alone or in combination according to the specific 
needs of the patient [19].

Drugs for pain control fall into four main categories [20]:

1. weak analgesics (paracetamol and metamizole)

2. NSAIDs (ibuprofen, diclofenac, ketoprofen, and dexketoprofen)

3. opioids (morphine, hydromorphone, and oxycodone)

4. adjuvant drugs (antidepressant, antiepileptic medications, corticosteroids, 
colchicine, neurotrophine, and biologic drugs)

The choice of the most appropriate drug combination should consider the 
pathogenic mechanisms of pain and satisfy the following criteria:

• The drugs to be combined should have different mechanisms of action and 
preferably act at different sites;

• The drugs to be combined should not interfere with the preexisting 
 comorbidities of the patient; and

• FDCs should be preferred, if available, aiming at improving patient adherence 
to therapy.

Drug Mechanism of action

Paracetamol Inhibits prostaglandin synthesis in the central nervous system.

NSAIDs Inhibit prostaglandin production by blocking cyclooxygenase both peripherally 
and centrally.

Opioids Have multiple sites of action:

 ○ In the brain, they activate descending pain inhibitors.

 ○ In the periphery, they work by reducing inflammation.

 ○ In the spine, they decrease presynaptic calcium and sodium influx, 
production and release of excitatory amino acids, such as substance P, and 
postsynaptic excitability.

Anticonvulsants Inhibit high-frequency neuronal firing by blocking sodium channels and reducing 
neuron hyperexcitability.

NMDA-receptor 
antagonists (ketamine)

Bind to the NMDA receptor, thereby inhibiting glutamate activation. Glutamate 
is an excitatory amino acid found in laminae I, II, and III of the dorsal horn of the 
spinal cord, where it activates primary afferent neurons.

Alpha-2 adrenergic 
agonists

Act on the descending pain pathways supra-spinally, activating receptors 
to stimulate acetylcholine release, and on the ascending pain pathways, by 
inhibiting substance P release from the primary afferent neurons, thus reducing 
transmission of pain.

Antidepressants Alter neurotransmitters that affect pain pathways by inhibiting presynaptic 
neuronal reuptake of serotonin and norepinephrine at the descending pain 
pathway, resulting in improved inhibition of pain.

Table 1. 
Mechanism of action of different analgesics (elaborated from text in Ref. [3]).

207

Multimodal Pharmacological Analgesia in Pain Management
DOI: http://dx.doi.org/10.5772/intechopen.93620

Different drugs with different mechanism(s) of action may be combined for 
enhanced efficacy [20]. Analgesics relieve pain through a variety of mechanisms of 
action along multiple sites of the nociceptive pathway (Table 1) [3].

Analgesic combinations are currently recommended by several guidelines and 
are used in clinical practice [21]. In patients with moderate-to-severe pain, the gen-
eral recommendation is the combination of opioid and non-opioid analgesics [22]:

1. Among the possible combinations, paracetamol has been associated with weak 
(e.g., codeine or tramadol) or strong (e.g., morphine or oxycodone) opioids. 
Besides being less effective than NSAIDs [23, 24], paracetamol may cause gas-
trointestinal (GI), cardiovascular (CV), and hepatic adverse effects [25, 26].

2. NSAID/opioid combinations have the advantage of anti-inflammatory and 
 additive analgesic effect, along with a well-demonstrated opioid-sparing 
 activity [27]. Currently available NSAID/opioid FDCs include:

• Hydrocodone/ibuprofen (7.5/400 mg) and oxycodone/ibuprofen (5/400 mg) 
are two oral, fixed-dose combination formulations, approved for the short-
term management of acute, moderate-to-severe pain. A single tablet pro-
vided better analgesia than low-dose hydrocodone/oxycodone or ibuprofen 
administered alone, in most trials, and appeared to be more effective than a 
single dose of some other fixed-dose combination analgesics [28–31].

• An FDC of the fast-acting NSAID, dexketoprofen trometamol, and the 
long-acting opioid, tramadol hydrochloride, have been recently developed 
to generate multimodal analgesia at lower and better tolerated doses than 
those of the single agents used alone. The different modes and sites of 
action of the two components, together with their complementary phar-
macokinetic profiles, and the lower incidence of the typical side effects of 
each class [32–35] provides physicians with an effective and safe analgesic 
for the treatment of moderate-to-severe acute pain [36]. This FDC provides 
a comprehensive multimodal approach for moderate-to-severe acute pain, 
thanks to the central analgesic effect, peripheral analgesic action, and  
anti-inflammatory activity [21].

4.  Multimodal analgesia: different combinations for different  
types of pain

Thanks to the possibility to minimize drug dosages optimizing efficacy, multi-
modal therapy is useful in various medical field, from acute pain management to 
post-trauma or postsurgical pain treatment, besides control of chronic pain and its 
exacerbations or reduction of pain associated with post-immobilization rehabilita-
tion [19]. Each type of pain requires a specific analgesic therapy, which should 
also be personalized according to the patient’s profile. The main applications of 
 multimodal therapy to different pain conditions are the following.

4.1 Musculoskeletal pain (MP)

Given the multiplicity of mechanisms responsible for MP, the combination of 
analgesics with different mechanisms of action for the relief of acute and chronic 
skeletal muscle pain is often recommended, with the possible advantage of pharma-
cokinetic synergy and improved patient adherence.
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The main pharmacological associations currently available for the treatment of 
MP are [19]:

• codeine 30 mg + paracetamol 500 mg,

• ibuprofen 150 mg + paracetamol 500 mg,

• codeine 30 mg + ibuprofen 400 mg,

• tramadol 37.5 mg + paracetamol 325 mg,

• tramadol 75 mg + dexketoprofen 25 mg, and

• oxycodone 5 mg (10 and 20 mg) + paracetamol 325 mg.

For all these combinations, careful monitoring must be performed in order to 
assess whether continuation of therapy, suspension, or transition to a strong opioid 
is necessary [19].

4.2 Osteoarthritis (OA) pain

Pain associated with rheumatologic conditions has a strong peripheral nocicep-
tive component, although recent data also suggest a central sensitization [37]. Ideal 
treatment of rheumatic pain should be through a multimodal approach, integrating 
non-pharmacologic and pharmacologic treatments [38]. In the context of rheuma-
tological painful conditions, the association of dexketoprofen and tramadol may 
represent an attractive medication for acute exacerbations of OA pain, due to its 
pharmacological profile: the combination of dexketoprofen and tramadol, targeting 
different sites of action, is suitable for OA type of pain, arising from different body 
structures (joints, muscles, ligaments, etc.) [21]. The rapid onset of analgesic effect 
of dexketoprofen, with its anti-inflammatory activity, associated to the sustained 
action of tramadol, makes their combination a valuable tool to achieve multimodal 
analgesia in OA patients [21].

4.3 Back pain

Back problems are the third reason for seeking medical help, with about 90% 
of people suffering from them at some point in their lives [39, 40]. Most episodes 
of back pain are short lasting with little or no consequence, but recurrent episodes 
are common and back pain is increasingly understood as a long-lasting condi-
tion with a variable course rather than episodes of unrelated occurrences [41]. 
The complexity of chronic back pain management highlights the need for early 
intervention in patients with acute back pain in order to prevent progression to 
chronic back pain [42]. Chronic low back pain has been shown to be secondary to 
both neuropathic and nociceptive pain mechanisms [43]: a multimodal approach 
is therefore appropriate. The pain treatment armamentarium for both acute and 
chronic back pain includes NSAIDs, opioids, steroids, topical medicines, and 
adjuvants: the choice of medication depends on a number of factors, including the 
duration of symptoms, severity of symptoms, expected benefits, prior response to 
medications, adverse effect profile, presence of comorbidities, costs, and degree 
of supporting evidence [44]. Most guidelines endorse (NSAIDs) and weak opioids 
for short periods when there is contraindication or lack of improvement with 
NSAIDs [45].
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4.4 Fibromyalgia

Fibromyalgia is mainly a centralized pain disorder, accompanied by fatigue, 
sleep disturbance, and memory and mood difficulties [43]. Effective drugs combi-
nations for this condition include tramadol + paracetamol [46], cyclobenzaprine + 
fluoxetine [47], pregabalin added to either quetiapine or trazodone [48], and 
fluoxetine + amitriptyline [49].

4.5 Postsurgical pain

Surgical pain may be nociceptive, neuropathic, mixed, psychogenic, or idio-
pathic, depending on the surgical procedure. The value of balanced analgesia in 
treating postoperative pain was recognized by Kehlet and Dahl [9] over two decades 
ago. Non-opioid analgesics are the cornerstone of postsurgical pain multimodal man-
agement: in addition to their opioid-sparing effects, many of these agents are highly 
effective in reducing postoperative pain and allowing for faster mobilization [50].

• Many current multimodal protocols include paracetamol [51–53], based on 
its opioid-sparing effects, despite the risk of GI, CV, and hepatic adverse 
events [25, 26].

• NSAIDs represent another class of medication that is highly effective for 
perioperative pain management: despite concerns about the increased risk of 
postoperative bleeding with NSAIDs, a meta-analysis revealed that ketoro-
lac does not increase the risk of perioperative bleeding [54]. Nevertheless, 
this drug has shown several other side effects. Preoperative COX inhibitors 
(primarily selective COX-2 inhibitors) [55] and postoperative nonselective 
and selective NSAIDs [56] have been associated with reduced postoperative 
opioid consumption [57]. The combination of NSAIDs with opioids represents 
another tool to limit opioid use: in particular, the combination dexketoprofen/
tramadol was shown to be superior vs. single components in terms of control 
of moderate-to-severe acute pain after abdominal hysterectomy [58] and total 
hip arthroplasty [59], with a safety profile fully in line with that previously 
known for the single agents in monotherapy. Recently, the analgesic efficacy 
of dexketoprofen/tramadol was compared in a head-to-head study (DAVID 
study) to that of tramadol/paracetamol combination in moderate-to-severe 
pain following surgical removal of impacted lower third molar, showing the 
greatest sustained analgesia during the 6-hour post dose period [60].

• Another class of analgesics commonly used in multimodal analgesic protocols 
is the gabapentinoids, which include gabapentin and pregabalin. Meta-analyses 
have demonstrated that gabapentin [61] and pregabalin [62] improve post-
operative pain when part of a multimodal regimen but are associated with 
sedation, particularly in elderly patients.

• Other agents to consider in multimodal protocols include NMDA antagonists, 
such as ketamine. Ketamine has a clear opioid-sparing effect in the perioperative 
period [63] and may reduce long-term opioid consumption in opioid-tolerant 
patients [64] as well as persistent postsurgical pain when used intravenously [65].

• Multimodal and preemptive analgesia as part of an ERAS (Enhanced Recovery 
after Surgery) protocol facilitates early mobility and early return of bowel 
function and decreases postoperative morbidity [66].
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4.6 Neuropathic pain

The International Association for the Study of Pain defines neuropathic pain 
as “Pain caused by a lesion or disease of the somatosensory system.” This includes 
central disorders (e.g., spinal cord injury pain, multiple sclerosis pain, and post-
stroke thalamic pain) as well as peripheral disorders (e.g., diabetic neuropathy and 
postherpetic neuralgia) [43].

Both tricyclic antidepressants and gabapentinoids are proposed as firstline 
agents for neuropathic pain [67]. These medications have completely different 
mechanisms of actions:

• gabapentinoids are alpha-2-delta calcium channel modulators;

• tricyclic antidepressants have multiple mechanisms of action, including nor-
epinephrine and serotonin reuptake inhibition, and so are logical candidates 
for combination therapy.

Opioids and gabapentinoids were also studied for neuropathic pain and the com-
bination was found to be positive [68–70]. However, given the limited trial size and 
the short duration of the studies conducted so far, it is not possible to make recom-
mendations for any specific combination for neuropathic pain [43].

5. Conclusions

As illustrated above, in recent years, the WHO ladder approach has gradually 
been replaced with the multimodal approach, customized from patient to patient 
taking into account the characteristics of pain (based on pain generator, its cause, 
type, and intensity) and patient comorbidity. This allows to control not only 
chronic pain but also its exacerbations, through the association to long-term analge-
sic therapy of additional drugs for acute pain as needed. In this respect, multimodal 
therapy represents a useful tool, not only for specialists but for general practitioners 
as well to personalize analgesic treatment according to the patient’s characteristics 
and needs [71].

The availability of FDCs of most recommended combinations may help in the 
implementation of multimodal analgesia in clinical practice, improving patient 
adherence to treatment and contributing to the optimization of pain management.
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Chapter 13

The Role of Cupping Therapy in 
Pain Management: A Literature 
Review
Asma Al-Shidhani and Abdulaziz Al-Mahrezi

Abstract

Cupping therapy is an ancient method which has been used for centuries for 
various painful conditions. It is performed by applying cups to selected skin points 
most commonly in the back aiming to create areas of sub-atmospheric pressure. It 
has been classified as either dry or wet type of therapy. Its mechanism of action is 
not well understood but several proposed mechanisms are described in the litera-
ture. It is relatively safe with a few reported side effects which include scar forma-
tion and skin infection. In this paper, a review of the literature will be presented 
to determine its potential benefits in pain management particularly in musculo-
skeletal conditions such as low back and neck pain.

Keywords: cupping therapy, chronic pain, complimentary therapies, low back pain, 
pain management

1. Introduction

Cupping therapy is one of the oldest methods of complimentary therapies which 
has been used in early human civilization. Evidence shows that it was first practiced 
by the Ancient Egyptians more than 5500 years ago and then it was introduced to 
the Greek, the Romans, and the rest of the world [1]. The main postulated aim of 
this therapy is the extraction of harmful substances or toxins from the body by 
creating negative pressure in a cup [2]. Cupping was described by Razi as a process 
in which blood from superficial small vessels located in muscles is released [3]. 
It has been traditionally used for the treatment of painful conditions but has also 
been used to treat chronic diseases such as cardiovascular disorders, skin diseases, 
inflammatory disorders, and metabolic diseases [4, 5]. Its exact mechanism of 
action is not well-understood but several theories have been proposed [6].

2. Description of cupping therapy

Cupping therapy is done by applying small round cups which are made of glass, 
bamboo, ceramic or plastic to the area of pain. The cup has a rolled rim to ensure tight 
contact with skin to preserve the negative pressure created [7]. The mouth of the cup 
is placed firmly over the preferred location against the skin. The negative pressure is 
generated by heat or by other vacuums like manual pumps. This negative pressure fixes 
the cup onto the skin and creates suction effect which pulls the skin upwards into the 
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ture. It is relatively safe with a few reported side effects which include scar forma-
tion and skin infection. In this paper, a review of the literature will be presented 
to determine its potential benefits in pain management particularly in musculo-
skeletal conditions such as low back and neck pain.
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1. Introduction

Cupping therapy is one of the oldest methods of complimentary therapies which 
has been used in early human civilization. Evidence shows that it was first practiced 
by the Ancient Egyptians more than 5500 years ago and then it was introduced to 
the Greek, the Romans, and the rest of the world [1]. The main postulated aim of 
this therapy is the extraction of harmful substances or toxins from the body by 
creating negative pressure in a cup [2]. Cupping was described by Razi as a process 
in which blood from superficial small vessels located in muscles is released [3]. 
It has been traditionally used for the treatment of painful conditions but has also 
been used to treat chronic diseases such as cardiovascular disorders, skin diseases, 
inflammatory disorders, and metabolic diseases [4, 5]. Its exact mechanism of 
action is not well-understood but several theories have been proposed [6].

2. Description of cupping therapy

Cupping therapy is done by applying small round cups which are made of glass, 
bamboo, ceramic or plastic to the area of pain. The cup has a rolled rim to ensure tight 
contact with skin to preserve the negative pressure created [7]. The mouth of the cup 
is placed firmly over the preferred location against the skin. The negative pressure is 
generated by heat or by other vacuums like manual pumps. This negative pressure fixes 
the cup onto the skin and creates suction effect which pulls the skin upwards into the 
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cup. Sometimes, the therapist uses lubricants to facilitate the movement of the cups 
to cover a wider area [8]. The common application sites are the back, chest, abdomen, 
buttock, and areas of abundant muscle. Traditionally, the cupping therapy is done in 
sets of four, six or ten [9]. The cups are usually kept in place for 5 to 20 minutes [6]. 
The common side-effects of cupping therapy are erythema, edema, and ecchymosis 
in the area where the cup rim was placed. These effects may take several days to weeks 
to disappear [4, 10]. The cupping therapy process usually consists of the following five 
main steps:

1. The therapist assigns and disinfects the designated area for cupping therapy.

2. A suitable sized cup is positioned on the selected area and the therapist uses a 
method of suction to suck the air inside the cup. The cup will be left on the skin 
for 3–5 minutes. If it is wet cupping, then superficial incisions are performed 
on the skin by a scalpel blade (No. 15 to 21) or by puncturing the skin with a 
needle, or an auto-lancing device or a plum-blossom needle [11].

3. The cup is placed again on the skin for 3–5 minutes.

4. The cup is removed.

5. The treated area is cleaned, disinfected, and a dressing is applied. The dressing 
is usually kept for 48 hours following the session of therapy [6].

3. Mechanism of action

While the exact mechanism of action of cupping therapy is not well-understood, 
multiple theories have been proposed. Six mechanisms of action have been suggested to 
describe the various effects of cupping therapy. Three of these theories are addressing 
the biological and mechanical basis of pain relief which results from cupping therapy. 
These theories are as follows: the pain-gate, the conditioned pain modulation, and the 
reflex zone. The remaining three proposed mechanisms of action are meant to explain 
the beneficial effects of cupping therapy which include an increase in blood circula-
tion, immunomodulatory effects, and the removal of toxins and wastes [6]. The former 
three theories which are related to pain relief will only be discussed here.

3.1 Pain-gate theory

This theory proposes that cupping therapy could reduce pain intensity by 
influencing the communication routes of pain transmission from a stimulated 
area to the brain and backward [4]. Following a painful stimulus, pain signals 
are carried by both the small-diameter (A-delta and C) and the large-diameter 
(A-beta) nociceptive nerve fibers to synapse into a transmission cell in the dorsal 
horn of the spinal cord [12]. In this area pain modulation takes place through a 
network of interneurons and presynaptic pain gates [13]. The small fibers have an 
obstructive effect on the inhibitory cells thus allowing the flow of the transmission 
signals to the spino-thalamo-cortical pain pathway and then to the brain. While 
the large fibers stimulate the inhibitory cells and tend to inhibit transmission of 
pain signals. Thus, pain intensity is expected to be reduced when large nerve fibers 
are stimulated by touch or pressure or vibration. Based on this theory, both small 
and large nerve fibers are stimulated during cupping therapy [14]. During the 
initial stage of cupping therapy, the afferent large nerve fibers will partially close 
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the presynaptic gate as a result of the application of pressure to the skin [13]. As 
the stimulus intensity is increased, the number of activated units of nerve fiber 
increases. The subsequent positive and negative effects of the small and large nerve 
fibers responses tend to counteract each other. However, prolonged stimulation will 
lead to adaptation of the large fibers which will eventually result in opening of the 
presynaptic pain gates [13]. This adaptation can be modulated by employing addi-
tional stimuli during cupping therapy such as vibration and scratching to stimulate 
the large fibers again [15]. This increased activity will lead to the closure of the pain 
gates and experiencing further pain relief [15]. More research is needed to validate 
the application of this theory in cupping therapy.

3.2 Conditioned pain modulation

This theory has been also known by the term “Diffuse Noxious Inhibitory 
Controls (DNICs).” It is based on the assumption that “pain inhibits pain,” or one 
type of pain masks another [16]. DNIC comprises a spinal-medullary-spinal pathway 
that is activated when two concomitant painful stimuli are applied at the same time 
[16]. The activation of this pain pathway, which is triggered by a distant noxious 
stimulus, causes inhibition of the primary pain at the level of the nociceptive spinal 
neurons [16]. This pain inhibitory system has been successfully demonstrated in 
animal studies [17]. Furthermore, findings from clinical studies on the idiopathic 
pain syndromes such as irritable bowel syndrome, temporomandibular disorders, 
fibromyalgia, and tension-type headache had confirmed the relevance of this theory 
to chronic pain in humans [16]. According to this theory, local vibration or scratch-
ing done during cupping therapy causes a nociceptive stimulus that triggers the 
activation of DNICs which eventually lead to the relief of the primary pain [6].

3.3 Reflex zone theory

Reflex Zone Theory proposes that there is an existing link between one organ 
of the body and another one. This link is mediated by interaction between nerves, 
chemicals, and muscles [18]. Thus, a disturbance in one organ causes external mani-
festations which can be detected at a site distal to the disturbed organ. The external 
manifestations are dependent on the organ manifesting them. For example, skin can 
become cold and pale due to vasoconstriction or it can become warm and red due to 
vasodilatation. The organ functions are affected due to a reduction in the circulating 
blood and tissue fluids [19]. Animal studies showed that somatic stimulation of the 
skin or the peripheral joints could lead to significant effects on the cardiovascular, 
urinary, and gastrointestinal functions [20]. These reflexes can be either excitatory 
or inhibitory in terms of organ function. Their main action is attained through spinal 
pathways, supra-spinal and cortical centers [20]. Therefore, it is hypothesized that 
the application of the cupping therapy cups over the skin result in the stimulation of 
the skin receptors which will eventually lead to an improvement in the blood circula-
tion through the neural connections to the affected organ [21].

4. Classification of cupping therapy

Cupping was broadly classified into dry and wet cupping, but in 2016 Al-Bedah 
et al introduced a new classification which consisted of six categories, namely, 
technical types, power of suction, method of suction, materials inside cups, area 
treated, and other cupping types [22]. Aboushanab et al made additional modifica-
tions of these categories to become as follows [23]:
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4.1 Technical types

This category of cupping is classified according to the cupping technique which 
is used. It includes four types; dry cupping, flash cupping, wet cupping and massage 
cupping [22].

4.1.1 Dry cupping

Dry cupping is also known as static cupping or retained cupping [24]. In dry 
cupping, negative pressure is generated inside the cups by different ways of suction 
like fire, manual pump or electrical suction. The cups are usually kept on the skin 
for up to 15 minutes [22]. When a manual pump is used, the pressure inside the 
cup is controlled by the number of suctions. As the number increases, the negative 
pressure inside the cup will increase [2]. Similarly, when fire is used, prolongation 
of fire exposure will increase the negative pressure inside the cup. This negative 
pressure leads to protrusion of the skin [22].

4.1.2 Flash cupping

Flash cupping is also known as empty cupping [24]. It involves performing quick 
suctions of medium to light pressure over the targeted area. The cup is applied for a 
very short time of less than 30 seconds to stimulate the area. It can be done by using 
only one cup or four medium-sized cups. This method can be used in situations where 
dry cupping is not recommended. For example, in young people and females [22].

4.1.3 Wet cupping

Wet cupping is also known as full cupping, bloodletting cupping, and bleeding 
cupping. It is commonly used in traditional medicine [24]. It involves scraping of 
the skin by a surgical instrument before applying the cups to suck the blood. The 
main side-effects of this method include higher risk of infection, vasovagal attacks, 
and scars development [22].

4.1.4 Massage cupping

Massage cupping is also known as moving cupping, dynamic cupping, and gliding 
cupping [2]. It is performed by applying oil over the skin and moving the cups over 
the treated area by using weak suction. Different types of oils are used such as olive 
oil, peppermint oil, and lavender oil. This type of cupping can be used for both 
young and elderly people [22]. Figure 1 contains images of the four technical types.

4.2 Power of suction

This category of cupping is classified according to the negative pressure level 
created inside the cups. The pressure levels used are light, medium, strong or 
pulsatile pressure [22].

4.2.1 Light cupping pressure

Light cupping pressure is defined as a pressure level between 100 and less than 
300 millibar (mb). The therapist generates weak suctions in the cup using one 
to two full manual pump suctions [2, 25]. It is mainly used for children, elderly 
patients, and for sensitive body parts like the face. Light cupping pressure can be 
used in conjunction with massage, dry, and flash cupping techniques. Its main 
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advantage that it leaves most patients with no cupping marks. However, because of 
the light pressure, the cup tends to fall during the therapy session [22].

4.2.2 Medium cupping pressure

Medium cupping pressure is used for common purpose cupping [25]. The pressure 
level used is between 300 and less than 500 mb. It is created by 3–4 full manual 
pump suctions. Unlike light cupping, medium cupping can leave cupping marks 
over the body parts. It is not recommended for use over sensitive body areas such as 
the face [22].

4.2.3 Strong cupping pressure

Strong cupping pressure involves using a pressure level of above 500 mb [2]. It is 
usually generated by 5 or more full manual pump suctions. It is not recommended 
for children and elderly people. It can cause inflammation, dermatitis, skin burns, 
and pain [22].

4.2.4 Pulsatile cupping

Pulsatile cupping is when variable pulses of pressure are used. It is created by a 
mechanical device. One pulse is generated every 2 seconds. Therapists might use 
flexible silicone and plastic cups. The generated pressure level is usually between 
100 and 200 mb. Its use has been limited to symptomatic pain relief in patients with 
knee osteoarthritis [26].

4.3 Methods of suction

The classification here is based on the method used to create the negative pressure 
inside the cups. These are as follows:

Figure 1. 
Images representing the four technical types of cupping; (a) dry cupping, (b) flash cupping, (c) wet cupping, 
(d) massage cuppin.
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4.3.1 Fire cupping

Fire cupping is used with glass, ceramic, and bamboo cups that have no valves 
as the valve is used to control the air flow through the cup. Traditionally in China, 
a piece of paper or cotton is used either alighted and inserted into the cup directly, 
or soaked with 95% alcohol and attached to the end of a stick and then burned. 
The burning stick is used to make the cup hot and is removed later. This method is 
associated with a risk of burn [1, 22].

4.3.2 Manual vacuum cupping

Manual vacuum cupping is also known as vacuum cupping and opening cupping. 
The pressure is created by using a manual suction pump which is either self-suction 
cups or squeeze rubber top [1, 27]. Studies showed that manual vacuum cupping 
is superior to fire cupping in terms of causing greater blood flow to the treated 
area [1].

4.3.3 Electrical vacuum cupping

Electrical vacuum cupping is an electrical suction pump. It is used where the 
negative pressure can be easily adjusted and can be connected to several cups at the 
same time. Moreover, it is also used with pulsatile cupping because of its ability to 
generate pressure pulses [27].

4.4 Added therapy types:

This classification is done according to the additional material used in combination 
with the cups. It includes the following types [22, 23]:

4.4.1 Needle cupping

Needle cupping involves the combined use of acupuncture and cupping. 
Therapists usually apply acupuncture needles first followed by cupping therapy 
[27]. In this type, it is crucial to use small short needles and avoid specific body 
areas such as the abdomen and the chest to avoid any risk of organ penetration [22].

4.4.2 Hot cupping or Moxa cupping

Hot cupping or Moxa cupping is cupping combined with heat and a herb called 
Moxa [28]. Moxa is made up of dried Mugwort leaves. During the cupping process, 
the therapist will initially warm a needle with Moxa and applies a cup over it. A 
thin aluminum layer is used as a barrier before putting the hot Moxa to prevent skin 
burns [22].

4.4.3 Herbal cupping

Herbal cupping is also known as medicinal cupping. In this type, the therapist 
will boil a herbal solution for about 30 minutes and then bamboo cups will be 
soaked in the solution for five minutes before applying the cups to the skin [29]. To 
avoid skin burns, the cups will be left for one minute to cool down before applying 
them to the treated area [22].

Magnetic cupping is done by using magnetic cupping sets which have magnets 
inside. It is commonly used to treat joint-related diseases affecting big joints such as 
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knees and elbows. It is presumed that the electromagnetic stimulation enhances the 
therapeutic effectiveness of cupping [30].

4.4.4 Laser cupping

Laser cupping is a new cupping device which is used in combination with 
cupping therapy. An acupuncture laser probe is inserted inside the cups in order 
to stimulate specific acupuncture points as an additive effect to the cupping. The 
advantage of this method is that it provides the ‘double effect’ of both cupping 
therapy and laser acupuncture [31].

4.4.5 Electric stimulation cupping

Electric stimulation cupping uses transcutaneous electrical nerve stimulation 
(TENS) with cupping. It has also a dual effect like laser cupping therapy as both 
electric and cupping stimulate the treated area. It is mainly used for the stimulation 
of specific points and in cases of muscular pain [30].

4.4.6 Water cupping

Water cupping is done with cups containing warm water. The therapist will fill a 
third of a cup with warm water and then a burning cotton wool will be inserted into 
the cup prior to placing the cup over the skin [11].

4.4.7 Aquatic cupping

Aquatic cupping is a combination of cupping therapy with aquatic therapy where 
the cupping is performed underwater since it is presumed that muscles can be 
stretched more underwater [32]. It is commonly used for rehabilitation, and muscu-
loskeletal problems [32].

5. Common clinical indications for cupping therapy

5.1 Low back pain

Low back pain (LBP) is a common clinical problem which has an estimated 
one-year prevalence of 38% in the general population [33]. The current management 
options include bed rest during the acute phase, analgesia, physiotherapy, traction, 
alternative treatments, and health education on prevention of future episodes [34]. 
Cupping therapy has been used for a long time for both acute and chronic low back 
pain. Studies have shown significant reduction in pain intensity scores and improve-
ment in functional outcome tools with cupping compared to other modalities of 
treatment like usual care or medications [34, 35]. Wang et al conducted a meta-analysis 
of six randomized controlled trials (RCTs). The total number of participants was 
458 (230 received cupping versus 228 who received usual care). Five RCTs included 
patients with non-specific low back pain and a single RCT included post-partum 
women with low back pain. Different types of cupping were used in these trials (3 dry 
cupping, 2 wet cupping, 1 moving cupping). Pain was measured by different tools 
(1 visual analogue scale (VAS), 2 VAS + Oswestry pain disability index (ODI), 2 the 
McGill pain index (MPPI) + ODI, 1 VAS + MPPI). The meta-analysis concluded that 
cupping therapy was more effective compared to other modalities on reducing the VAS 
scores, and ODI scores. However, this positive effect was not captured on the MPPI. 
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knees and elbows. It is presumed that the electromagnetic stimulation enhances the 
therapeutic effectiveness of cupping [30].
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therapy and laser acupuncture [31].

4.4.5 Electric stimulation cupping

Electric stimulation cupping uses transcutaneous electrical nerve stimulation 
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Teut et al conducted a three-armed RCT in patients with chronic LBP to investigate the 
effectiveness of two different forms of cupping (dry pulsatile and minimal) compared 
to medication (paracetamol) on demand alone. A total of 110 subjects were enrolled 
in the study. Both forms of cupping were found to be effective compared to the control 
group after 4 weeks of therapy based on VAS scores. After 12 weeks, subjects who were 
in the pulsatile cupping group only reported beneficial effects as documented by the 
VAS scores and the physical component scale of the health quality of life short-form 
questionnaire (SF-36) [36]. Most of the studies which included patients with LBP 
investigated the short-term effects of cupping and were conducted for 2 to 12 weeks 
only [34, 37]. In addition, all of these studies suffered from major limitations which 
included high heterogeneity, small sample size, different inclusion criteria, different 
assessment tools, different types of cupping therapy, and different number of treat-
ment sessions. Despite these limitations, the available literature supports the use of 
cupping therapy in patients with LBP but high-quality randomized clinical trials of 
longer duration and utilizing standardized assessment tools are needed to confirm 
these short-term beneficial effects.

5.2 Neck pain

The lifelong prevalence of neck pain varies from 14.2% to 71% and it is more 
dominant in the high activity age groups, mainly individuals aged 35 to 49 years 
[38]. It was found to be associated with increased medical costs and adverse effects 
on personal productivity [39]. The commonly used therapies for neck pain include 
the use of analgesics and physiotherapy. In addition, surgery might be of help 
in some specific situations. However, these options are not always effective, and 
sometimes are associated with serious side-effects. Therefore, people have been 
always looking for other alternative options which include traditional medicine 
[40]. Cupping is one of the methods used commonly by people to relieve neck pain 
especially for the non-specific types. Studies conducted in patients with this condi-
tion investigated the effectiveness of cupping by measuring the following outcomes: 
pain intensity, disability scores, and quality of life [41]. The current available 
evidence indicates that cupping is effective for patients with chronic non-specific 
neck pain in terms of reduction in pain scores, improvement in disability scores, 
and quality of life indices compared to no treatment or active controls (physical 
therapy, non-steroidal anti-inflammatory drugs (NSAIDs), heat pack therapy, and 
acupuncture) [41]. Kim et al conducted a systematic review and meta-analysis 
which included 18 studies, out of which 7 studies used wet cupping while 11 studies 
used dry cupping as an intervention [41]. The number of subjects in each study 
ranged between 40 to 240 [41]. The subjects in the cupping group were reported to 
have significant reduction in pain scores, and significant improvement in terms of 
function and quality of life compared with no intervention or active control groups 
[41]. Leem et al studied the effects of cupping in patients with chronic neck pain 
for up to 2 years and reported sustainable positive effects on physical function and 
quality of life for the whole period of time unlike the effects on pain intensity which 
were not maintained [42]. In conclusion, the current evidence supports the use of 
cupping therapy to treat neck pain but it is not conclusive because of the low quality 
of available studies. Future better designed studies are required to confirm the 
beneficial effects of cupping in this group of patients.

5.3 Arthritis

Arthritis is a commonly seen clinical problem in medical practice. It is a man-
ifestation of many joint disorders like osteoarthritis, gout, rheumatoid arthritis 
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and others. Cupping therapy has been used to reduce the joint pain associated 
with osteoarthritis (OA), gout and ankylosing spondylitis. OA is a common 
chronic degenerative joint disease. The commonly affected joints are knees, hips 
and shoulders. It may present with pain, stiffness, and decreased mobility due 
to the effects on joint function and stability [43]. Li J et al concluded that the use 
of a combination of cupping therapy and Western medicine (physical therapy 
and use of analgesics) is more effective compared to Western medicine alone in 
patients with knee OA in terms of pain and stiffness reduction and improvement 
in physical function domains of Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) [44]. Yet, the use of cupping therapy alone 
compared to Western medicine therapy was not superior in decreasing pain 
intensity [44].

Gout is an inflammatory arthritis which results from deposition of monosodium 
urate crystals in the joint space. It typically presents with painful joint inflam-
mation, mainly in the first metatarsophalangeal joint [45]. A single study which 
was conducted in China investigated the combined effects of cupping and herbal 
medicine in comparison to the use of NSAIDs in acute gouty arthritis. The investiga-
tors reported that the therapeutic effects of both cupping and herbal medicine were 
comparable to NSAIDs but the differences were not statistically significant [46].

Ankylosing spondylitis (AS) is a chronic inflammatory disorder which causes 
chronic back pain. The common presenting symptoms are back pain and stiffness 
due to spinal fusion and ankylosis [47]. Ma et al conducted a systematic review and 
meta-analysis which included 5 RCTs, each with a sample size for each trial ranging 
from 42 to 280. Most of these trials were of low methodological quality [48]. It was 
concluded that the use of a combination therapy of cupping and Western medicine 
was more effective compared to Western medicine alone in terms of pain and 
stiffness reduction, improvement in physical function, disease activity, and serum 
levels of inflammatory markers (ESR and CRP) [48].

In conclusion, there is a weak evidence which supports the use of cupping therapy 
for pain management in different types of arthritis. Further research is required with 
better designed clinical trials to overcome the methodological problems, and the risk 
of bias with the present studies.

5.4 Post-herpetic neuralgia

Post-Herpetic Neuralgia (PHN) is a persistent neuropathic type of pain which 
develops as a complication of herpes zoster infection. It may occur in 20% of 
herpes zoster patients and it can persist for 90 days after the acute phase of the rash 
[49]. The aim of the treatment of PHN is to control the pain by using topical and 
systemic drugs like topical lidocaine or capsaicin and oral gabapentin, pregabalin, 
or tricyclic anti-depressants [50]. Cao et al conducted a systematic review of RCTs 
to evaluate the effects of wet cupping therapy in patients with PHN. Wet cupping 
therapy was found to be significantly better than medications, on rash healing (RR 
2.49, 95%CI 1.91 to 3.24, p < 0.00001), pain reduction (RR 1.15, 95%CI 1.05 to 
1.26, p = 0.003) and reduction in the incidence rate of post-herpetic neuralgia (RR 
0.06, 95%CI 0.02 to 0.25, p = 0.0001) [51]. Tian et al reported that the use of wet 
cupping was significantly superior to pregabalin in terms of reduction in pain and 
reduction in peripheral and local serum substance P level [52]. A study by Wu et al 
found that the use of wet cupping was significantly more effective than herbal ther-
mal compressing therapy and vitamin B12 intra-muscular injections in relieving the 
PHN pain [53]. Findings from these studies should be taken with caution because 
of the major limitations which included small sample size, methodological issues, 
and possibility of publication bias since all of the studies were conducted in a single 
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of bias with the present studies.
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country [51]. Further research with better designed studies and longer follow-up 
periods is warranted.

5.5 Carpel tunnel syndrome

Carpal tunnel syndrome (CTS) is a peripheral nerve entrapment due to the com-
pression of the median nerve in the carpal tunnel of the wrist joint. It usually mani-
fests as numbness and burning pain in the palm and the first three fingers (sensory 
involvement), and reduction in the grip strength (motor involvement) [54]. The 
beneficial effects of cupping therapy were observed when used in combination 
with physiotherapy or alone. Mohammadi et al studied the effects of cupping in 
combination with physiotherapy compared to physiotherapy alone on CTS patients. 
Modified cups were used in this study to accommodate the anatomical shape of the 
wrist joint. The pressure level used during the treatment sessions was 50 mmHg and 
the cups were applied for 4 minutes. A total of 10 sessions were done and the effects 
were assessed after completion of all the sessions. Four CTS-related parameters 
were measured: symptom severity, functional status, distal sensory latency, and 
distal motor latency. The study concluded that there was a significant improvement 
in the symptom severity scale and reduction in the distal sensory latency in the 
cupping group compared to the control group. In addition, subjects in the cupping 
group had an improvement in the functional status scale and reduction in the distal 
motor latency but the differences were not statistically significant. The limitations 
of the study included the lack of regular time intervals to assess the effects, and the 
uneven distribution of patients with severe disease between the two arms of the 
study [55]. Furthermore, two case reports had documented the beneficial effects 
of cupping in CTS patients [56, 57]. The first case report used wet cupping and 
reported profound reduction in pain, numbness and paresthesia. These clinical 
findings were confirmed by significant improvement in the electrophysiological 
measures as demonstrated by both nerve conduction velocity and electromyogra-
phy [56]. The second case report used self-applied cupping at least once daily for 
3 to 5 minutes for a period of 3 months in a patient with mild CTS symptoms. The 
patient reported an improvement in the symptoms after 1 week of treatment and 
complete resolution of all symptoms after 6–8 weeks. The nerve conduction study 
showed that median distal latency had returned back to the normal range after 
3 months [57].

5.6 Fibromyalgia

Fibromyalgia is a disorder characterized by chronic generalized pain, fatigue, 
cognitive disturbances, sleep disorder, and pronounced somatic and psychologi-
cal distress [58]. The main aim of treatment for fibromyalgia patients is to relieve 
pain and to improve the patients’ quality of life [59]. Few studies were conducted 
to investigate the effects of cupping in fibromyalgia. Lauche at al reported that 
cupping therapy was more effective than usual care in patients diagnosed with the 
fibromyalgia syndrome after 18 days from treatment in terms of reduction in pain 
intensity and improvement in quality of life [60]. Moreover, the other studies were 
conducted to evaluate the effectiveness of a combination therapy of cupping and 
acupuncture together with conventional medications (anti-depressants) compared 
to medications alone [61, 62]. A total of 242 patients were included in both studies. 
Significant reduction in pain scores (MD −1.65, 95%CI −2.10 to −1.31, 𝑃𝑃 < 0.00001) 
were reported in the combination group compared to the control group [29]. 
Further research with better quality studies is needed to determine the effectiveness 
of cupping in this group of patients.
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6. Contraindications

Cupping therapy is a process where suction with or without scarification is 
done as a treatment for different types of pain and medical problems. Direct 
application of cupping on specific sites of the body is contraindicated as the 
negative pressure created during cupping therapy might be harmful [23]. These 
sites are veins, arteries, nerves, inflamed and injured skin, body orifices, eyes, 
lymph nodes, varicose veins, bone fractures, and sites of deep vein thrombosis 
[23]. Ahmedi et al classified the contraindications into absolute, relative and with 
cautions [5]. The contraindications are summarized in Table 1.

7. Infection control measures

Prevention of infection by following strict infection control measures is an 
essential aspect of clinical care. In cupping therapy, such measures are of para-
mount importance since the therapy necessitates direct contact with the skin 
and body fluids. Several infection control measures should be considered. These 
measures include hand hygiene and washing, and wearing personal protective 
equipment like gloves, masks, protective eyewear and gowns. Disinfection of the 
patient’s skin with approved disinfectants is required before starting the procedure. 
Also, disinfection of the patient’s bed or use of disposable bed covers is needed. It is 
recommended to use disposable cups, vacuum pumps, and surgical blades to avoid 
cross-transmission of infection. Lastly, adhering to proper medical waste segrega-
tion system is crucial [63, 64].

Absolute contraindication Relative contraindication Caution

Cancer Acute infection Active psoriasis

Organ failure (heart, renal, hepatic) Severe chronic disease (e.g. heart 
disease)

Keloid scars

Patients using pacemaker Pregnancy, puerperium Children

Bleeding disorders like hemophilia Anti-coagulant therapy Anti-platelet 
therapy

Active cellulitis/erysipelas/abscess Recent wet cupping session or 
recent blood donation

Peripheral vascular 
disease

Undiagnosed/suspicious lump Menstruation Anemia

Ulcer Recent wet cupping session or 
recent blood donation

Thrombophlebitis Medical emergencies

Deep vein thrombosis

Cauda equina

Stroke — unstable or evolving

Fracture site

Suspected osteomyelitis or septic arthritis

Life threatening asthma

Chemotherapy

Table 1. 
Contraindications to cupping therapy (adapted from Ahmedi et al [5]).
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Table 1. 
Contraindications to cupping therapy (adapted from Ahmedi et al [5]).
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8. Complications of cupping

Cupping therapy is generally considered as a safe treatment with minor 
side-effects and complications [23, 65]. However, the safety of cupping therapy is 
under-reported. Most of the studies which were conducted primarily addressed 
its efficacy but only a few studies reported its complications. Generally, the 
complications can be divided into preventable and non-preventable [23]. The 
commonly recognized side-effects are erythema, edema, and ecchymosis which 
are directly caused by cupping. Skin burns have also been reported [65]. They 
may occur because of the following reasons: excessive use of alcohol, prolonged 
exposure to cupping therapy, sensitive skin especially in elderly people, and the 
use of fire [23, 65]. Separation of the epidermal layer from the dermal base of 
the skin may occur due to prolonged exposure of more than 20 minutes to high 
vacuum pressure during cupping therapy. This complication was specifically 
reported with pumping cupping therapy [23]. In one case report, application 
of cupping therapy for about 40 minutes over the lower back resulted in severe 
pain immediately after removal of the cups and the patient developed bullae and 
crusting over the application site later [66]. Change in atmospheric pressure has 
been reported as a risk factor for skin injury as seen in a patient who was traveling 
in an airplane. This resulted in multiple blisters and shades of redness, petechiae, 
and ecchymosis [67]. Exposure to blood-borne infections may occur if infection 
control measures are not followed strictly. For example, cases of factitial pan-
niculitis and herpes simplex virus infection have been reported after cupping 
therapy [68, 69]. Possible complications of cupping therapy are summarized in 
Figure 2.

Figure 2. 
Possible complications of cupping therapy (adapted from Aboushanab et al [23]).
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9. Future directions

Cupping therapy is a complimentary type of therapy which is widely used all 
over the world for the treatment of chronic medical problems, especially for pain-
related conditions. Although, there are several proposed theories which attempt 
to explain its mechanism of action in the management of chronic pain, the exact 
mechanism is still not clearly understood. Future research could focus on trying 
to find clear answers for the most likely mechanism of action and to validate the 
current theories in clinical trials. There is an emerging evidence of the promising 
benefits of cupping therapy in patients with common chronic painful conditions. 
However, despite the large number of clinical trials which were conducted, the 
evidence is still inconclusive due to major limitations. Future clinical trials of 
good quality are required. Such trials should ideally have a large sample size, 
better methodology and design, standardized treatment and reporting protocols, 
standardized assessment tools, and long follow-up periods.

10. Conclusions

Cupping therapy is an ancient complementary medicine practice which has been 
used for thousands of years for a variety of common medical problems. The current 
evidence is suggesting that cupping therapy may be effective in treating common 
chronic painful conditions for a short period. Yet, most of available studies have 
major limitations like small sample size, and different outcome assessment tools, 
duration of treatment, and treatment regimens. Publication bias is another impor-
tant drawback, as most of the available studies were conducted in a single country. 
Future good quality, multicenter clinical trials utilizing standardized protocols are 
needed.
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Chapter 14

Analgesics
Mihai Botea

Abstract

It is the responsibility of the professional care team to develop an effective 
person-centred Pain Management strategy which appropriately assesses patients, 
analyses the results of the assessment and devises a person centred plan to manage 
pain while allowing the person to remain as independent and functional as possible. 
The medications useful in treating acute pain are similar to those used in treating 
other types of pain. The World Health Organization (WHO) analgesic ladder devel-
oped for treating patients with cancer pain also provides a useful approach to treat 
acute pain. At the lowest level (mild pain) are recommended nonopioid analgesics 
such as paracetamol or/plus nonsteroidal anti-inflammatory drugs (NSAIDs) (e.g. 
ibuprophen). Such drugs have an analgesic ceiling; above a certain dose, no further 
analgesia is expected. For moderate pain, are recommended combining paracetamol 
and/or a NSAID with an opioid (a weak opoid). The inclusion of paracetamol limits 
the amount of opoids that should be used within 24 hour period, with many ben-
efits which will be discussed later in the chapter. For severe level of pain, a strong 
opoid such as morphine is a better choice; such opoids have no analgesic ceiling. 
Most postoperative or trauma patients initially respond better to a morphine-equiv-
alent opoid. At the moment when the patient is eating and drinking, a combination 
of oral analgesics including opoids and paracetamol plus/minus NSAID are most of 
the time an adequate choice.

Keywords: pharmacology, pharmacokinetics, doses, effects, interactions,  
side effects

1. Introduction

Pain is inevitable, suffering is optional.
(Dalai Lama)

Pain-related complaints represent as many as 70% of presenting concerns for 
patients in the A&E departments or GP setting [1–3]. A wide variety of options are 
available for the treatment of pain, from which the most known and used are the 
analgesics.

The approach to patients in pain should use a division of pain patients into four 
specific treatment groups: acute pain, chronic pain, recurrent pain and chronic pain 
of malignancy. In this chapter we will address mostly to the acute pain management.

Pain treatment should be initiated promptly, titrated to an acceptable level of 
relief, and continued during the cause’s investigation. It is inappropriate to delay 
analgesics use until a diagnosis has been made. There is no evidence that the admin-
istration of adequate doses of opioid analgesia to establish patient comfort impairs 
the medical ability to rich a diagnose of an emergency condition. To the contrary, 
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administration of analgesia may enhance the accuracy of physical examination and 
patient assessment [4, 5].

The medications useful in treating acute pain are similar to those used in treat-
ing other types of pain [1]. The World Health Organisation (WHO) analgesic ladder 
(Figure 1) developed for treating patients with cancer pain also provides a useful 
approach to treat acute pain. At the lowest level (mild pain) are recommended nono-
pioid analgesics such as paracetamol or/plus nonsteroidal anti-inflammatory drugs 
(NSAIDs) (e.g. ibuprofen). Such drugs have an analgesic ceiling; above a certain dose, 
no further analgesia effect is expected [1]. For moderate pain, are recommended 
combining paracetamol and/or a NSAID with an opioid (a weak opioid). The inclu-
sion of paracetamol limits the amount of opioids that should be used within 24 hour 
period, with many benefits which will be discussed later in the chapter. For severe 
level of pain, a strong opioid such as morphine is a better choice; such opioids have no 
analgesic ceiling. Most postoperative or trauma patients initially respond better to a 
morphine-equivalent opioid. By the moment the patient is eating, drinking and ready 
for discharge, a combination of oral analgesics including opioids and paracetamol 
plus/minus NSAID are most of the time an adequate option.

Not all types of pain respond equally to the same medication. Usually NSAIDs 
and steroids are highly effective in controlling soft tissue and bone pain. Bone pain 
may be helped partially by opioids [1]. But overall, the combination of NSAIDs, 
paracetamol and opioids is synergistic in treating the most types of pain. Opioid 
analgesics are useful in controlling somatic and visceral pain. Neuropathic pain, 
often described as pain with a burning and hyperaesthesia characteristic, which 
responds well to a diverse group of drugs, called adjuvants, including low dose 
of antidepressants (amitriptyline), anticonvulsants (carbamazepine and clon-
azepam), antiarrhythmics (mexiletine), baclofen and alfa-adrenergic agonists 
(clonidine). Opioids may also be helpful [1]. Most of the time, analgesia is improved 
after 1–2 days of using adjuvant drugs. Adjuvants were not developed initially 
as analgesics but recent studies show they poses benefits in a better pain control. 
Drugs that control pain by different mechanisms of action may be synergistic, when 
used together. Also, by lower doses of two or more different agents, the patient may 
have better pain control with fewer side effects. This is the basic background for the 
multimodal analgesia concept.

Figure 1. 
WHO analgesic ladder.
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2. Nonopioid analgesic agents

2.1 Paracetamol

Paracetamol is the first-line agent for the treatment of both acute and chronic 
pain. It is one of the pain killers with the highest profile of safety and is a first 
pharmacologic option for controlling pain in children and adults. It has a high toxic-
to-therapeutic ratio and has very few significant drug interactions compared with 
other analgesics [2].

It can be given orally, rectally or parentally, has small anti-inflammatory activity, 
and is an effective analgesic and antipyretic.

Although paracetamol has been in use since 1880, its pharmacologic mecha-
nism of action is not fully known. It has a rapid absorption from the small 
intestine after oral administration. Paracetamol has lower protein binding than 
NSAIDs (and hence fewer potential drug interactions) and higher volume of 
distribution [6].

Paracetamol is the active metabolite of the earlier (more toxic) drugs acetanilide 
and phenacetin. The recommended dose in adults is 0.5–1 g oral, iv or rectal every 
4–6 hours when necessary, without exceeding a total daily dose of 4 g [6].

Paracetamol has a CNS action, where inhibits prostaglandin synthesis. In clinical 
doses it has insignificant peripheral anti-inflammatory action. Unlike morphine, 
paracetamol has no apparent biding sites, and unlike NSAIDs it does not inhibit 
peripheral cyclo-oxygenase activity. But however, his mechanisms of action include, 
beside central COX-2 inhibition [2, 7], inhibition of a central cyclo-oxygenase, 
COX-3, that is selectively susceptible to paracetamol, and modulation of descending 
serotonergic pathways that suppresses spinal cord nociceptive transmission. There 
is also evidence of agonism at the cannabinoid receptor CB1 [2, 8]. There are, other 
evidences that paracetamol may inhibit prostaglandin endoperoxidase H2 produc-
tion at the cellular level, independent of cyclooxygenase activity [2, 6].

The most recent Cochrane review [9] of RCTs of single-dose oral analgesic for 
acute postoperative pain in adults reported a NNT of 3·6 with 1 g paracetamol, 
when morphine 10 mg IM has 2.9, ibuprofen 400 mg - 2.4 and codeine 60 mg - 16.7. 
Efficiency of paracetamol is improved in combinations with other analgesics, such 
as 400 mg ibuprofen, 60 mg codeine and 10 mg oxycodone (NNT 1·5, 2·2 and 1·8 
respectively) [6, 9].

So, paracetamol is an effective analgesic, with potency somewhat less than 
standard dose of morphine. Paracetamol is an efficient adjunct to opioid analgesia, 
and regular administration after surgery produce an opioid sparing effect, because 
reduce opioid requirements by 20–30%. Paracetamol proved to be an integral 
component of multimodal analgesia in combination with NSAIDs and opioids. 
Paracetamol has less side effects than the NSAIDs and can be used when the latter 
are contraindicated.

A significant concern regarding paracetamol use relates to the development of 
hepatotoxicity; however, current data suggest this is unlikely to develop at thera-
peutic doses [10]. However, doses of more than 150 mg/kg of paracetamol taken 
within 24 hours may result in severe liver damage, hypoglycaemia and acute tubular 
necrosis, especially when associated with dehydration and chronic malnutrition 
[11]. Individuals taking enzyme-inducing agents are more susceptible. So, impor-
tant caution should be taken in overdoses due to the risk of liver damage and less 
frequently renal damage. Nausea and vomiting, the only early features of poisoning, 
usually settle within 24 hours. Persistence beyond this time, often associated with 
the onset of a right-side subcostal pain and tenderness, usually indicates develop-
ment of hepatic necrosis.
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to-therapeutic ratio and has very few significant drug interactions compared with 
other analgesics [2].

It can be given orally, rectally or parentally, has small anti-inflammatory activity, 
and is an effective analgesic and antipyretic.

Although paracetamol has been in use since 1880, its pharmacologic mecha-
nism of action is not fully known. It has a rapid absorption from the small 
intestine after oral administration. Paracetamol has lower protein binding than 
NSAIDs (and hence fewer potential drug interactions) and higher volume of 
distribution [6].

Paracetamol is the active metabolite of the earlier (more toxic) drugs acetanilide 
and phenacetin. The recommended dose in adults is 0.5–1 g oral, iv or rectal every 
4–6 hours when necessary, without exceeding a total daily dose of 4 g [6].

Paracetamol has a CNS action, where inhibits prostaglandin synthesis. In clinical 
doses it has insignificant peripheral anti-inflammatory action. Unlike morphine, 
paracetamol has no apparent biding sites, and unlike NSAIDs it does not inhibit 
peripheral cyclo-oxygenase activity. But however, his mechanisms of action include, 
beside central COX-2 inhibition [2, 7], inhibition of a central cyclo-oxygenase, 
COX-3, that is selectively susceptible to paracetamol, and modulation of descending 
serotonergic pathways that suppresses spinal cord nociceptive transmission. There 
is also evidence of agonism at the cannabinoid receptor CB1 [2, 8]. There are, other 
evidences that paracetamol may inhibit prostaglandin endoperoxidase H2 produc-
tion at the cellular level, independent of cyclooxygenase activity [2, 6].

The most recent Cochrane review [9] of RCTs of single-dose oral analgesic for 
acute postoperative pain in adults reported a NNT of 3·6 with 1 g paracetamol, 
when morphine 10 mg IM has 2.9, ibuprofen 400 mg - 2.4 and codeine 60 mg - 16.7. 
Efficiency of paracetamol is improved in combinations with other analgesics, such 
as 400 mg ibuprofen, 60 mg codeine and 10 mg oxycodone (NNT 1·5, 2·2 and 1·8 
respectively) [6, 9].

So, paracetamol is an effective analgesic, with potency somewhat less than 
standard dose of morphine. Paracetamol is an efficient adjunct to opioid analgesia, 
and regular administration after surgery produce an opioid sparing effect, because 
reduce opioid requirements by 20–30%. Paracetamol proved to be an integral 
component of multimodal analgesia in combination with NSAIDs and opioids. 
Paracetamol has less side effects than the NSAIDs and can be used when the latter 
are contraindicated.

A significant concern regarding paracetamol use relates to the development of 
hepatotoxicity; however, current data suggest this is unlikely to develop at thera-
peutic doses [10]. However, doses of more than 150 mg/kg of paracetamol taken 
within 24 hours may result in severe liver damage, hypoglycaemia and acute tubular 
necrosis, especially when associated with dehydration and chronic malnutrition 
[11]. Individuals taking enzyme-inducing agents are more susceptible. So, impor-
tant caution should be taken in overdoses due to the risk of liver damage and less 
frequently renal damage. Nausea and vomiting, the only early features of poisoning, 
usually settle within 24 hours. Persistence beyond this time, often associated with 
the onset of a right-side subcostal pain and tenderness, usually indicates develop-
ment of hepatic necrosis.
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Paracetamol is metabolised in the liver primarily through conjugation to 
sulphate or glucuronides [2]. A minor pathway for the oxidative metabolism of 
paracetamol produces the toxic metabolite N-acetyl-P-benzoquinone (NAPQI) [2]. 
NAPQI requires glutathione for detoxification and elimination. Hepatic toxicity 
can occur when glutathione pathways are overwhelmed by an increase in NAPQI or 
decrease in glutathione.

Paracetamol is generally well tolerated with rare side effects when the right doses 
are prescribed (Table 1) [2, 4].

2.2 Interactions

It is associated with several important drug interactions. Many anticonvulsants, 
including phenytoin, barbiturates and carbamazepine induces hepatic microsomal 
enzymes. Increased conversion of paracetamol to its toxic metabolite may occur in 
patients who are taking anticonvulsants, but this rarely leads to concerning conse-
quences in the context of the usual doses for pain management [2, 6].

Although uncommon, drug interaction resulting in an increased INR is reported 
for patients taking both paracetamol and warfarin, particularly among patients taking 
high doses of paracetamol (> 9 g/week) [2, 12, 13]. Long term use of paracetamol 
should be avoided in patients with hepatic or renal impairment. Patients with a his-
tory of salicylate hypersensitivity characterised by urticaria have a 11% cross-reactiv-
ity to paracetamol, and the agent should be used with caution in this group [2, 7].

3. Nonsteroidal anti-inflammatory drugs

The NSAIDs share several properties with aspirin and may be considered together.
NSAIDs are particularly used for the treatment of patients with chronic disease 

accompanied by pain and inflammation.
Some of them are also used for acute pain management and in the short-term 

treatment of mild to moderate pain including transient musculoskeletal pain. They 
are also suitable for the pain control in dysmenorrhoea and to release pain caused by 
secondary bone tumours, many of which produce lysis of bone and increase prosta-
glandins synthesis. Many of the NSAIDs are also used for postoperative analgesia as 
part of the multimodal analgesia strategy. Selective inhibitors of COX2 may be used 
in preference to non-selective NSAIDs for patients at high risk of developing serious 
gastro-intestinal side-effects.

There are some limited and low quality evidences against the use of NSAIDs in 
bone pathology, suggesting that prostaglandins promote bone formation and that 
NSAID might impair this process [14, 15], theory not proven through properly 

Side effects Rare Frequency not known

General Acute generalised exanthematous 
pustulosis
Malaise
Skin reactions

• Steven-Johnson syndrome

• Toxic epidermal necrolysis

Blood disorders: leucopoenia neutropenia, 
thrombocytopenia as is bone marrow suppression

Specific With iv use, flushing and 
tachycardia

With iv use, hypotension

Table 1. 
Paracetamol side effects.
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conducted studies. There is no evidence that NSAIDs administration on short term 
after fracture is detrimental to healing [2].

3.1 Mechanism of action

3.1.1 Prostaglandin synthesis inhibition

These agents inhibit cyclooxygenase (COX) and, as result, the synthesis of 
prostaglandin, a key mediator of inflammation, in the peripheral tissues, CNS and 
nerves – leading to an effective raise in the threshold of nociceptors stimulation. 
Aspirin acetylates and irreversibly inhibits cyclo-oxygenase, while NSAIDs work 
by competitive inhibition, being reversible. The prostaglandins are part of the 
eicosanoid’s family, oxygenated metabolites of arachidonic acid and other polyun-
saturated fatty acids that include leukotrienes [6].

The rate of prostaglandin synthesis is usually low, being regulated by trauma 
and tissue stimuli, which activates phospholipases to free arachidonic acid, from 
which prostaglandins are produced. Prostaglandins have several physiological 
roles, including gastric mucosal protection, bronchodilation and maintenance of 
renal tubular function, renal vasodilatation, regulation of tubular electrolytes and 
modulation the action of renal hormones [2, 6]. The side effects on the renal system 
of chronic NSAIDs is well known. In certain clinical settings when there are high 
plasma concentration of the vasoconstrictors rennin, noradrenaline, angiotensin 
and vasopressin, intrarenal vasodilators including prostacyclin are produced and 
renal function can be affected by NSAIDs administration [2]. The concomitant 
use of other potential nephrotoxic drugs, such as gentamicin, can worsen the renal 
effect of these drugs [2]. Nevertheless, with careful patient selection and closed 
monitoring the incidence of NSAID-renal damage is low.

Triggering bronchospasm is a recognised phenomenon in patients with asthma, 
rhinitis and nasal polyps [2]. Such “aspirin induce asthma” can be severe, and goes 
up to 10–15% as incidence with a feature cross sensitivity with NSAIDs. A known 
history of aspirin induce asthma should band the administration of NSAIDs periop-
eratively. The mechanism is unclear, but practice shown the reaction increases with 
the potency of the COX inhibition [2].

Endothelial released prostacyclin induces vasodilatation and prevents platelet 
adhesion, and platelet thromboxane produces aggregation and vasospasm. In addition 
to prostaglandins, cyclooxygenase induces prostacyclin synthesis, a vasodilator that also 
increases GI mucosal perfusion. Also, in the gastric tissue, COX-1 increases mucus and 
bicarbonate production, valuable feature for stomach mucosal protection [2]. Inhibition 
of COX-1 is affecting this protection, predisposing to ulcerations and bleeding, which 
can be exacerbated by concomitant NSAID-induced platelet dysfunction [2].

3.1.2 Cyclo-oxygenase isoenzymes

Two subtypes of cyclo-oxygenase enzyme have been identified. These are con-
stitutional COX-1 and inducible COX-2, the last one triggered by inflammation and 
trauma. The COX-1 is present in all cells and regulates various roles in homeostatic 
function. NSAIDs, like aspirin, are non-selective cyclo-oxygenase inhibitors that act 
on both COX-1 and COX-2, which results in multiple beneficial effects (reduction in 
inflammation, pain and fever) but also some important side effects.

These two COX isoenzymes have 75% aminoacid homology, with almost identi-
cal enzymes kinetics.

COX-1 is a membrane bound haemoglycoprotein found in the endoplasmic retic-
ulum of prostaglandin-inducing cells. The COX active site is a long hydrophobic 
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Paracetamol is metabolised in the liver primarily through conjugation to 
sulphate or glucuronides [2]. A minor pathway for the oxidative metabolism of 
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NAPQI requires glutathione for detoxification and elimination. Hepatic toxicity 
can occur when glutathione pathways are overwhelmed by an increase in NAPQI or 
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Paracetamol is generally well tolerated with rare side effects when the right doses 
are prescribed (Table 1) [2, 4].

2.2 Interactions

It is associated with several important drug interactions. Many anticonvulsants, 
including phenytoin, barbiturates and carbamazepine induces hepatic microsomal 
enzymes. Increased conversion of paracetamol to its toxic metabolite may occur in 
patients who are taking anticonvulsants, but this rarely leads to concerning conse-
quences in the context of the usual doses for pain management [2, 6].

Although uncommon, drug interaction resulting in an increased INR is reported 
for patients taking both paracetamol and warfarin, particularly among patients taking 
high doses of paracetamol (> 9 g/week) [2, 12, 13]. Long term use of paracetamol 
should be avoided in patients with hepatic or renal impairment. Patients with a his-
tory of salicylate hypersensitivity characterised by urticaria have a 11% cross-reactiv-
ity to paracetamol, and the agent should be used with caution in this group [2, 7].

3. Nonsteroidal anti-inflammatory drugs

The NSAIDs share several properties with aspirin and may be considered together.
NSAIDs are particularly used for the treatment of patients with chronic disease 

accompanied by pain and inflammation.
Some of them are also used for acute pain management and in the short-term 

treatment of mild to moderate pain including transient musculoskeletal pain. They 
are also suitable for the pain control in dysmenorrhoea and to release pain caused by 
secondary bone tumours, many of which produce lysis of bone and increase prosta-
glandins synthesis. Many of the NSAIDs are also used for postoperative analgesia as 
part of the multimodal analgesia strategy. Selective inhibitors of COX2 may be used 
in preference to non-selective NSAIDs for patients at high risk of developing serious 
gastro-intestinal side-effects.

There are some limited and low quality evidences against the use of NSAIDs in 
bone pathology, suggesting that prostaglandins promote bone formation and that 
NSAID might impair this process [14, 15], theory not proven through properly 
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conducted studies. There is no evidence that NSAIDs administration on short term 
after fracture is detrimental to healing [2].

3.1 Mechanism of action

3.1.1 Prostaglandin synthesis inhibition

These agents inhibit cyclooxygenase (COX) and, as result, the synthesis of 
prostaglandin, a key mediator of inflammation, in the peripheral tissues, CNS and 
nerves – leading to an effective raise in the threshold of nociceptors stimulation. 
Aspirin acetylates and irreversibly inhibits cyclo-oxygenase, while NSAIDs work 
by competitive inhibition, being reversible. The prostaglandins are part of the 
eicosanoid’s family, oxygenated metabolites of arachidonic acid and other polyun-
saturated fatty acids that include leukotrienes [6].

The rate of prostaglandin synthesis is usually low, being regulated by trauma 
and tissue stimuli, which activates phospholipases to free arachidonic acid, from 
which prostaglandins are produced. Prostaglandins have several physiological 
roles, including gastric mucosal protection, bronchodilation and maintenance of 
renal tubular function, renal vasodilatation, regulation of tubular electrolytes and 
modulation the action of renal hormones [2, 6]. The side effects on the renal system 
of chronic NSAIDs is well known. In certain clinical settings when there are high 
plasma concentration of the vasoconstrictors rennin, noradrenaline, angiotensin 
and vasopressin, intrarenal vasodilators including prostacyclin are produced and 
renal function can be affected by NSAIDs administration [2]. The concomitant 
use of other potential nephrotoxic drugs, such as gentamicin, can worsen the renal 
effect of these drugs [2]. Nevertheless, with careful patient selection and closed 
monitoring the incidence of NSAID-renal damage is low.

Triggering bronchospasm is a recognised phenomenon in patients with asthma, 
rhinitis and nasal polyps [2]. Such “aspirin induce asthma” can be severe, and goes 
up to 10–15% as incidence with a feature cross sensitivity with NSAIDs. A known 
history of aspirin induce asthma should band the administration of NSAIDs periop-
eratively. The mechanism is unclear, but practice shown the reaction increases with 
the potency of the COX inhibition [2].

Endothelial released prostacyclin induces vasodilatation and prevents platelet 
adhesion, and platelet thromboxane produces aggregation and vasospasm. In addition 
to prostaglandins, cyclooxygenase induces prostacyclin synthesis, a vasodilator that also 
increases GI mucosal perfusion. Also, in the gastric tissue, COX-1 increases mucus and 
bicarbonate production, valuable feature for stomach mucosal protection [2]. Inhibition 
of COX-1 is affecting this protection, predisposing to ulcerations and bleeding, which 
can be exacerbated by concomitant NSAID-induced platelet dysfunction [2].

3.1.2 Cyclo-oxygenase isoenzymes

Two subtypes of cyclo-oxygenase enzyme have been identified. These are con-
stitutional COX-1 and inducible COX-2, the last one triggered by inflammation and 
trauma. The COX-1 is present in all cells and regulates various roles in homeostatic 
function. NSAIDs, like aspirin, are non-selective cyclo-oxygenase inhibitors that act 
on both COX-1 and COX-2, which results in multiple beneficial effects (reduction in 
inflammation, pain and fever) but also some important side effects.

These two COX isoenzymes have 75% aminoacid homology, with almost identi-
cal enzymes kinetics.

COX-1 is a membrane bound haemoglycoprotein found in the endoplasmic retic-
ulum of prostaglandin-inducing cells. The COX active site is a long hydrophobic 
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channel. NSAIDs block COX-1 halfway down the channel by hydrogen bounding 
in a reversible fashion. Aspirin acetylates serine, irreversibly preventing access for 
arachidonic acid [6].

COX-2 has similar sites to COX-1 for the attachment of arachidonic acid, and a 
similar three-dimensional structure to COX-1.

Under physiological condition COX-1 activity predominates, to produce 
prostaglandins that regulate rapid physiological responses such as vascular homeo-
stasis, gastric function, platelet activity and renal function. The concentration 
of the COX-1 isoenzyme is low, but it may increase 2 to 4-fold, triggered by grow 
hormones and various hormones stimulation. Low concentration of COX-2 can 
normally be detected in the brain, kidney and the pregnant uterus. COX-2 mRNA 
expression by synovial cells, fibroblasts, monocytes may be increased 10 to 80-fold 
when stimulated by cytokines, bacterial lipopolysaccharides or growth factors [6] 
These triggers increase COX-2 synthesis and tissue PGE2 concentration, resulting in 
inflammation and pain.

Inhibition of COX-1 induces antiplatelet activity that might be cardioprotec-
tive by inhibition of thromboxane synthesis more than prostacyclin. Inhibition of 
COX-2 inhibits prostacyclin synthesis more than thromboxane and may induce 
prothrombotic effects, leading to a higher risk of cardiovascular events [2]. In the 
case of nonselective COX inhibitors, both effects appear to be in balance each other 
out, resulting in minimal changes in cardiovascular risk [2]. But instead, the action 
of COX-2 inhibitors may result in result in an increased cardiovascular risk [16, 17].

Prostaglandins released by COX-1 is also a factor on keeping a good glomeru-
lar filtration rate (GFR) by renal vasodilatation that maintain renal blood flow. 
Inhibition of COX-1, especially in dehydrated patients can lead to affect GFR 
and even to an acute kidney injury [2]. Other condition that might worsen under 
NSAIDs treatment is congestive heart failure, due to sodium and water retention, 
hyperkalaemia, hypertension and acute renal failure.

The most common adverse effect of NSAIDs is GI mucosal erosion. In patients 
taking chronic NSAIDs (continuously for 1 year) 10 to 60% will experience 
abdominal pain, nausea, dyspepsia, and a 2 to 4% will end up with a symptomatic 
peptic ulcers [18]. Between the risk factors are known: age, concomitant use of 
corticosteroids and warfarin, coronary artery disease, congestive heart failure and 
diabetes mellitus. Several studies proved the efficiency of some protective agents as 
misoprostol and proton pump inhibitors [19]. The relative risk for causing GI effects 
under the NSAIDs treatment are shown in Table 2 on below.

3.2 Side effects

This category of drugs is widely used, being very efficient medicines, but respon-
sible for more serious drugs-related side effects than any other class of analgesic 
drugs [20]. The main side effect of NSAIDs as stated earlier is gastric erosion with 
the risk of GI bleeding, but also platelets dysfunction, renal failure and anaphylaxis 
or bronchospasm in individuals who have “aspirin – induced asthma” [2].

Single dose of NSAIDs such as diclofenac and ketorolac inhibit platelet function 
(prolong skin bleeding time and inhibit platelet function in vitro), but do not tend 
to increase bleeding in normal patients. However, when concomitant anticoagula-
tion treatment or presence of subclinical bleeding diathesis occurs, then there is an 
increased risk of surgical bleeding [2].

Conversely, NSAIDs and COX-2 inhibitors have a small prothrombotic tendency. 
The risk is increasing by prolonged administration and by the dose taken, and for the 
more selective agents (COX-2) but also for diclofenac [2]. Studies shows that diclof-
enac 150 mg has similar risk to etoricoxib. Ibuprofen in a daily dose of 2400 mg also 
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represents a high risk for thrombosis. But reduced doses to 1200 mg a day Ibuprofen 
and Naproxen 1 g daily are not associated with an increase risk [21, 22].

3.3 Contraindications of NSAIDs

There are many contraindications of this drug class presented on below  
(Table 3) [23].

3.4 Efficiency of the NSAIDs

The number needed to treat (NNT, basically the number of patients in a study to 
whom the drug must be given to show a benefit) for diclofenac 50 mg 2.3, ketorolac 
10 mg is 2.6 and ibuprofen 400 mg 2.4. For comparison, the NNT of morphine 10 mg 

NSAID Relative risk of serious GI toxicity

COX-2 inhibitor 0.6

Ibuprofen 1.0

Diclofenac 1.8

Naproxen 2.2

Indomethacin 2.4

Piroxicam 3.8

Ketoprofen 4.2

Ketorolac 24.7

Risk reduction when added to ibuprofen Proton pump inhibitor

0.09 Misoprostol

0.57

Table 2. 
Risk of serious gastrointestinal effects of NSAIDs [18, 19].

Relative contraindications Absolute contraindication

Impaired hepatic function, diabetes, bleeding or coagulation 
disorder, vascular disease

History of GI bleeding or ulceration

Surgery with a high risk of intraoperative haemorrhage 
(cardiac, vascular, etc.)

Known allergy to NSAIDs

Surgery where an absence of bleeding is important (eye surgery 
or neurosurgery)

Sever liver dysfunction

Cardiac failure (risk of sodium, 
potassium and water retention)

Concurrent use of ACE inhibitors, potassium sparing diuretics, 
anticoagulants, methotrexate, cyclosporin, gentamicin

Dehydration, hypovolemia, hypotension

Pregnant and lactating women Hyperkalaemia

Age >65 years (risk of kidney impairment) Pre-existing renal impairment

Uncontrolled hypertension

Aspirin-induced asthma

Table 3. 
NSAIDs contraindications.
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channel. NSAIDs block COX-1 halfway down the channel by hydrogen bounding 
in a reversible fashion. Aspirin acetylates serine, irreversibly preventing access for 
arachidonic acid [6].

COX-2 has similar sites to COX-1 for the attachment of arachidonic acid, and a 
similar three-dimensional structure to COX-1.

Under physiological condition COX-1 activity predominates, to produce 
prostaglandins that regulate rapid physiological responses such as vascular homeo-
stasis, gastric function, platelet activity and renal function. The concentration 
of the COX-1 isoenzyme is low, but it may increase 2 to 4-fold, triggered by grow 
hormones and various hormones stimulation. Low concentration of COX-2 can 
normally be detected in the brain, kidney and the pregnant uterus. COX-2 mRNA 
expression by synovial cells, fibroblasts, monocytes may be increased 10 to 80-fold 
when stimulated by cytokines, bacterial lipopolysaccharides or growth factors [6] 
These triggers increase COX-2 synthesis and tissue PGE2 concentration, resulting in 
inflammation and pain.

Inhibition of COX-1 induces antiplatelet activity that might be cardioprotec-
tive by inhibition of thromboxane synthesis more than prostacyclin. Inhibition of 
COX-2 inhibits prostacyclin synthesis more than thromboxane and may induce 
prothrombotic effects, leading to a higher risk of cardiovascular events [2]. In the 
case of nonselective COX inhibitors, both effects appear to be in balance each other 
out, resulting in minimal changes in cardiovascular risk [2]. But instead, the action 
of COX-2 inhibitors may result in result in an increased cardiovascular risk [16, 17].

Prostaglandins released by COX-1 is also a factor on keeping a good glomeru-
lar filtration rate (GFR) by renal vasodilatation that maintain renal blood flow. 
Inhibition of COX-1, especially in dehydrated patients can lead to affect GFR 
and even to an acute kidney injury [2]. Other condition that might worsen under 
NSAIDs treatment is congestive heart failure, due to sodium and water retention, 
hyperkalaemia, hypertension and acute renal failure.

The most common adverse effect of NSAIDs is GI mucosal erosion. In patients 
taking chronic NSAIDs (continuously for 1 year) 10 to 60% will experience 
abdominal pain, nausea, dyspepsia, and a 2 to 4% will end up with a symptomatic 
peptic ulcers [18]. Between the risk factors are known: age, concomitant use of 
corticosteroids and warfarin, coronary artery disease, congestive heart failure and 
diabetes mellitus. Several studies proved the efficiency of some protective agents as 
misoprostol and proton pump inhibitors [19]. The relative risk for causing GI effects 
under the NSAIDs treatment are shown in Table 2 on below.

3.2 Side effects

This category of drugs is widely used, being very efficient medicines, but respon-
sible for more serious drugs-related side effects than any other class of analgesic 
drugs [20]. The main side effect of NSAIDs as stated earlier is gastric erosion with 
the risk of GI bleeding, but also platelets dysfunction, renal failure and anaphylaxis 
or bronchospasm in individuals who have “aspirin – induced asthma” [2].

Single dose of NSAIDs such as diclofenac and ketorolac inhibit platelet function 
(prolong skin bleeding time and inhibit platelet function in vitro), but do not tend 
to increase bleeding in normal patients. However, when concomitant anticoagula-
tion treatment or presence of subclinical bleeding diathesis occurs, then there is an 
increased risk of surgical bleeding [2].

Conversely, NSAIDs and COX-2 inhibitors have a small prothrombotic tendency. 
The risk is increasing by prolonged administration and by the dose taken, and for the 
more selective agents (COX-2) but also for diclofenac [2]. Studies shows that diclof-
enac 150 mg has similar risk to etoricoxib. Ibuprofen in a daily dose of 2400 mg also 
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represents a high risk for thrombosis. But reduced doses to 1200 mg a day Ibuprofen 
and Naproxen 1 g daily are not associated with an increase risk [21, 22].

3.3 Contraindications of NSAIDs

There are many contraindications of this drug class presented on below  
(Table 3) [23].

3.4 Efficiency of the NSAIDs

The number needed to treat (NNT, basically the number of patients in a study to 
whom the drug must be given to show a benefit) for diclofenac 50 mg 2.3, ketorolac 
10 mg is 2.6 and ibuprofen 400 mg 2.4. For comparison, the NNT of morphine 10 mg 
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History of GI bleeding or ulceration

Surgery with a high risk of intraoperative haemorrhage 
(cardiac, vascular, etc.)
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Surgery where an absence of bleeding is important (eye surgery 
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Sever liver dysfunction
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NSAIDs COX-2

Efficacy for moderate to 
severe acute pain (numbers 
to treat – NNT)

Diclofenac 50 mg (2.3)
Ibuprofen 400 mg (2.4)
Ketorolac 10 mg (2.6)

Celecoxib 200 mg (4.5)
Parecoxib 20 mg (3.0)

Etoricoxib 120 mg (1.8)

Renal function Can impair renal function postoperatively Similar adverse effects 

Gastrointestinal Acute gastrointestinal damage and bleeding 
can occur. Risk increased with higher doses, 
history of GI ulceration, long term use, and 

elderly

Less clinically 
significant peptic 

ulceration

Platelet function Inhibit platelet function but do not 
significantly increase surgical blood loss 

in normal patients. Associated with higher 
incidence of post-tonsillectomy bleeding

Do not impair platelet 
function

Aspirin-exacerbated 
respiratory disease

10–15% of asthmatics affected when given 
aspirin. Cross-sensitivity with NSAIDs

Do not produces 
bronchospasm

Bone healing Impaired in animal studies. No strong 
evidences that clinically important

Similar to NSAIDs

Table 4. 
Comparison of non-selective NSAIDs and COX-2 inhibitors.

IM is 2.9 and codeine 60 mg PO is 16.7. When given in combination with opioids, 
NSAIDs optimise the pain control and decrease opioid consumption by 25–50% [2]. 
NSAIDs are insufficient as a single pain killer use for relief of very severe pain.

COX-2 inhibitors produce less clinically significant peptic ulceration than other 
NSAIDs. So, COX-2 inhibitors are not far from any incidence of this adverse event, 
and there still debates on COX-2 inhibitors use in patients who have various risk fac-
tors for gastric erosion.

Platelets do not produce COX-2 (only COX-1) and so, COX-2 selective inhibitors do 
not affect platelet function. Studies have proved the lack of and antiplatelet effect of 
COX-2 inhibitors, and a reduction in surgical bleeding in comparison to other NSAIDs.

COX-2 is resident (constitutive) in some tissues including the renal, and COX-2 
inhibitors have similar adverse effects on renal function to the non-selective 
NSAIDs (Table 4) [2].

3.5 Drug interactions

Aspirin. NSAIDs may impair the cardioprotective feature of aspirin, but this 
subject is still debatable lacking of strong evidences against use of NSAIDs for acute 
pain or inflammation in a patient on chronic daily aspirin use [24, 25].

Oral Anticoagulants. NSAIDs have an antiplatelet effect, added to the anticoagu-
lant properties of warfarin, is exponential increasing the risk of significant bleeding 
complications, especially from the GI ulcers. Furthermore, NSAIDs displace protein-
bound warfarin and is leading to increase the prothrombin times during a constant 
warfarin dose [18]. NSAIDs should be avoided in patients who are taking warfarin.

ACE Inhibitors. Concomitant use of NSAIDs with ACE inhibitors may impair 
kidney function and may prejudice the antihypertensive effect of ACE inhibitors.

Diuretics. Patients on diuretics have a higher risk of developing renal failure 
because of NSAIDs-mediated decreased kidney blood perfusion. Also, the natriuretic 
response to diuretics is in relation with prostaglandin-mediated vasodilatation.

Glucocorticoids. Patients on corticosteroids possess a higher risk of peptic ulcer. 
NSAIDs should be avoided in patients concomitantly taking corticosteroids unless 
closely supervised.
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Lithium. NSAIDs increase lithium reabsorption and may reduce lithium excre-
tion, and cause subsequently increases lithium levels. CNS manifestations (confu-
sion, drowsiness, vertigo, tremors, seizures), QRS complex widening and cardiac 
arrhythmias are warning signs of lithium toxicity. The lithium doses should be 
reduced in patient concurrently taking NSAIDs.

Methotrexate. Chronic use of NSAIDs and methotrexate have resulted in pro-
longed, increased levels of methotrexate, leading to severe toxicity. A possible 
mechanism is accountable due to decreased renal blood supply, slowing down the 
elimination of methotrexate.

4. Opioid analgesic agents

In 1680, Sydenham wrote “Among the remedies it has pleased Almighty God to 
give to man to relive his suffering, none is so universal and so efficacious as opium” 
[2, 26]. Hundreds of years later, this statement is still valid, and opioids are the 
cornerstone of pain management. The beneficial effects have been well studied for 
centuries, as their toxicity and also the potential for abuse.

Opioid analgesics are usually used to relieve moderate to severe pain particularly 
of visceral origin. Repeated administration may cause dependence and tolerance, 
but this is not deterrent in the pain control of terminal illness. Regular use of a 
potent opioid may be appropriate for certain cases of chronic non-malignant pain; 
treatment should be supervised by medical staff and the patient should be assessed 
regularly. However, due to concerns about inducing opioid toxicity or addiction and 
sometimes due to poor understanding of the pharmacology features of these drugs, 
opioids are often inadequate used in clinical practice [27, 28].

4.1 Mechanism of action and toxic effects

Opioids bind to specific endorphin system receptors located throughout the 
nervous system but not only. Opioid receptors are G-protein-coupled transmem-
brane receptors. These exist throughout the CNS, with particularly high concentra-
tion in thalamus and spinal cord. They are also present outside the CNS, and these 
are responsible for other opioids effects (gastrointestinal tract) and their postulated 
value in some peripheral anaesthetic techniques, such as intra-articular infiltrations 
[6]. The actions of various opioids are induced by the specific binding properties of 
the agent to the various receptors (Table 5).

Opioid receptor 
class

Effects Associated endogenous 
endorphin

Miu 1 Euphoria, supraspinal analgesia, confusion, dizziness, 
nausea, low addiction potential

Beta-endorphin

Miu 2 Respiratory depression, CV and GI effects, miosis, 
urinary retention

Beta-endorphin

Delta Spinal analgesia, CV depressions, decreased brain and 
myocardial activity, physical dependence

Enkephalin

Kappa Spinal analgesia, dysphoria, psychotomimetic effects, 
feedback inhibition of the endorphin system

Dynorphin, 
Beta-endorphin

Epsilon Hormone Beta-endorphin

Gamma Dysphoria, psychotomimetic effects Beta-endorphin

Table 5. 
Opioids receptors end their effects.
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NSAIDs COX-2

Efficacy for moderate to 
severe acute pain (numbers 
to treat – NNT)

Diclofenac 50 mg (2.3)
Ibuprofen 400 mg (2.4)
Ketorolac 10 mg (2.6)

Celecoxib 200 mg (4.5)
Parecoxib 20 mg (3.0)

Etoricoxib 120 mg (1.8)

Renal function Can impair renal function postoperatively Similar adverse effects 

Gastrointestinal Acute gastrointestinal damage and bleeding 
can occur. Risk increased with higher doses, 
history of GI ulceration, long term use, and 

elderly

Less clinically 
significant peptic 

ulceration

Platelet function Inhibit platelet function but do not 
significantly increase surgical blood loss 

in normal patients. Associated with higher 
incidence of post-tonsillectomy bleeding

Do not impair platelet 
function

Aspirin-exacerbated 
respiratory disease

10–15% of asthmatics affected when given 
aspirin. Cross-sensitivity with NSAIDs

Do not produces 
bronchospasm

Bone healing Impaired in animal studies. No strong 
evidences that clinically important

Similar to NSAIDs

Table 4. 
Comparison of non-selective NSAIDs and COX-2 inhibitors.

IM is 2.9 and codeine 60 mg PO is 16.7. When given in combination with opioids, 
NSAIDs optimise the pain control and decrease opioid consumption by 25–50% [2]. 
NSAIDs are insufficient as a single pain killer use for relief of very severe pain.

COX-2 inhibitors produce less clinically significant peptic ulceration than other 
NSAIDs. So, COX-2 inhibitors are not far from any incidence of this adverse event, 
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COX-2 is resident (constitutive) in some tissues including the renal, and COX-2 
inhibitors have similar adverse effects on renal function to the non-selective 
NSAIDs (Table 4) [2].

3.5 Drug interactions

Aspirin. NSAIDs may impair the cardioprotective feature of aspirin, but this 
subject is still debatable lacking of strong evidences against use of NSAIDs for acute 
pain or inflammation in a patient on chronic daily aspirin use [24, 25].

Oral Anticoagulants. NSAIDs have an antiplatelet effect, added to the anticoagu-
lant properties of warfarin, is exponential increasing the risk of significant bleeding 
complications, especially from the GI ulcers. Furthermore, NSAIDs displace protein-
bound warfarin and is leading to increase the prothrombin times during a constant 
warfarin dose [18]. NSAIDs should be avoided in patients who are taking warfarin.

ACE Inhibitors. Concomitant use of NSAIDs with ACE inhibitors may impair 
kidney function and may prejudice the antihypertensive effect of ACE inhibitors.

Diuretics. Patients on diuretics have a higher risk of developing renal failure 
because of NSAIDs-mediated decreased kidney blood perfusion. Also, the natriuretic 
response to diuretics is in relation with prostaglandin-mediated vasodilatation.

Glucocorticoids. Patients on corticosteroids possess a higher risk of peptic ulcer. 
NSAIDs should be avoided in patients concomitantly taking corticosteroids unless 
closely supervised.
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Lithium. NSAIDs increase lithium reabsorption and may reduce lithium excre-
tion, and cause subsequently increases lithium levels. CNS manifestations (confu-
sion, drowsiness, vertigo, tremors, seizures), QRS complex widening and cardiac 
arrhythmias are warning signs of lithium toxicity. The lithium doses should be 
reduced in patient concurrently taking NSAIDs.

Methotrexate. Chronic use of NSAIDs and methotrexate have resulted in pro-
longed, increased levels of methotrexate, leading to severe toxicity. A possible 
mechanism is accountable due to decreased renal blood supply, slowing down the 
elimination of methotrexate.

4. Opioid analgesic agents

In 1680, Sydenham wrote “Among the remedies it has pleased Almighty God to 
give to man to relive his suffering, none is so universal and so efficacious as opium” 
[2, 26]. Hundreds of years later, this statement is still valid, and opioids are the 
cornerstone of pain management. The beneficial effects have been well studied for 
centuries, as their toxicity and also the potential for abuse.

Opioid analgesics are usually used to relieve moderate to severe pain particularly 
of visceral origin. Repeated administration may cause dependence and tolerance, 
but this is not deterrent in the pain control of terminal illness. Regular use of a 
potent opioid may be appropriate for certain cases of chronic non-malignant pain; 
treatment should be supervised by medical staff and the patient should be assessed 
regularly. However, due to concerns about inducing opioid toxicity or addiction and 
sometimes due to poor understanding of the pharmacology features of these drugs, 
opioids are often inadequate used in clinical practice [27, 28].

4.1 Mechanism of action and toxic effects

Opioids bind to specific endorphin system receptors located throughout the 
nervous system but not only. Opioid receptors are G-protein-coupled transmem-
brane receptors. These exist throughout the CNS, with particularly high concentra-
tion in thalamus and spinal cord. They are also present outside the CNS, and these 
are responsible for other opioids effects (gastrointestinal tract) and their postulated 
value in some peripheral anaesthetic techniques, such as intra-articular infiltrations 
[6]. The actions of various opioids are induced by the specific binding properties of 
the agent to the various receptors (Table 5).

Opioid receptor 
class

Effects Associated endogenous 
endorphin

Miu 1 Euphoria, supraspinal analgesia, confusion, dizziness, 
nausea, low addiction potential

Beta-endorphin

Miu 2 Respiratory depression, CV and GI effects, miosis, 
urinary retention

Beta-endorphin

Delta Spinal analgesia, CV depressions, decreased brain and 
myocardial activity, physical dependence

Enkephalin

Kappa Spinal analgesia, dysphoria, psychotomimetic effects, 
feedback inhibition of the endorphin system

Dynorphin, 
Beta-endorphin

Epsilon Hormone Beta-endorphin

Gamma Dysphoria, psychotomimetic effects Beta-endorphin

Table 5. 
Opioids receptors end their effects.
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Opioids decrease the medullary sensitivity to CO2, which may cause respiratory 
depression and also, suppress the medullary cough centre, for this reason some 
studies advocate for its use as an antitussive. Opioids can activate the chemoreceptor 
trigger zone, causing nausea or vomiting, but this is relatively infrequent. This drug 
class decrease bowel motility and smooth muscle function, responsible for consti-
pation, and rarely, urinary retention. To a varying degree, some opioids destabilise 
mast cells in a dose dependent fashion, causing histamine release, manifested with 
pruritus, urticaria and sometimes, orthostatic hypotension.

4.2 Clinical effect

Opioid agonist agents cause a range of mainly depressant and some stimulant 
actions of the CNS through specific receptors (Table 6). These drugs have little 
capacity to produce amnesia, do not alter seizure threshold and have no anticonvul-
sant activity [6].

Opioids given systemically produce analgesia through actions at two anatomi-
cally distinct regions: supraspinal and spinal sites. They efficiently reduce the 
intensity of pain and the associated fear. This is achieved by raising the pain 
threshold, modifying the reaction to pain, and inducing sleep. They are efficient for 
controlling dull pain rather than sharp intermittent pain. Opioids are less effective 
for the treatment of neuropathic pain.

Opioids actions are also towards reduction in the level of consciousness and 
eventually produce sleep, with the loss of responsiveness to verbal stimulation. 
In anaesthesia combinations, they produce a dose related decrease in the MAC 
for volatile anaesthetics, with a ceiling of 60–70% decrease in MAC [6]. Another 
important feature in the combination with the volatile agents is increase in cerebral 
vasoconstriction [6]. Opioids do not cause a loss of cerebral autoregulation or 
reactivity to CO2. During EEC recording, there is a ceiling effect, with a slowing 
EEG frequency and the production of high-voltage (delta) waves [6].

4.3 Cardiovascular effects

In normovolemic patients, opioids barely influence haemodynamic param-
eters, with minimal cardiac depression, no baroreceptors inhibitions and modest 
reduction in preload and afterload. Haemodynamic compromise may be detected 
in subjects whose cardiovascular integrity is dependable on a high level of sym-
pathetic tone, because opioids decrease central sympathetic outflow when even 
small doses can cause hypotension and circulatory collapse [6]. Morphine has 
the greatest effect on the vascular system. Morphine has the greatest effect on 
histamine release and subsequent indirect effect on catecholamine release. This 
may lead to tachycardia with a reduction in systemic vascular resistance (SVR) and 
mean arterial pressure (MAP). This risk can be prevented by pre-treatment with 
an antihistaminic drug and volume loading [6].

Opioids induce a negative chronotropic effect through a central vagal stimula-
tion. Pethidine, however, has a homology with atropine and can trigger tachycardia, 
and it is the only opioid to induce significant direct myocardial depression when 
used at high doses. Myocardial depression is observed also after extraordinary high 
doses of morphine and fentanyl, as during cardiovascular anaesthesia. Morphine 
has indirect positive inotropic effects at doses of 1–2 mg/kg, and blocks neurally 
and hormonally mediated venoconstriction to reduce preload, rendering it useful in 
the management of left ventricular failure [6].

Opioids preserve circulatory stability to a greater extent than most other 
anaesthetic agents [6].
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4.4 Effects on other organ systems

Opioids are the most efficient of all pain analgesics drugs for attenuating the 
stress response associated with pain, laryngoscopy and airway manipulation. The 
plasma concentration of stress hormones (cortisol, catecholamines, vasopressin, 
aldosterone and growth factor) increases during trauma, anaesthesia or surgery. 
This produce increased myocardial work, tissue catabolism and hyperglycae-
mia – effects associated with increased morbidity and mortality. Opioids reduce 
nociception inhibiting the pituitary-adrenal axis, decreasing central sympathetic 
outflow and influencing centrally mediated neuroendocrine response. Fentanyl 
and its congeners are the most efficacious in this action (Table 7).

System Effect

Musculoskeletal Gait Decrease physical performance
Ataxia
Decrease spinal cord reflexes

Rigidity Muscular rigidity occurs 60–90 seconds post-injection and 
abolish after 10–20 minutes
Mainly thoracoabdominal and arms muscles, higher risk 
with advanced age, high speed of injection, increased dose, 
use of N2O
Mediated via nucleus raphe magnus

Multifocal 
myoclonus

Non-convulsive related, higher risk with pethidine

Neural Central Spectrum from abnormal eye movement, to contraction of 
extremities, to tonic-clonic movements
Euphoria: especially for opioids which cross the blood-
brain barrier quickly
Dysphoria in some individuals
Subjective feelings of body warmth and heavy extremities
Apathy
Decreased level of consciousness
Decreased concentration and orientation

EEG Effects vary between different opioids: slowing of 
frequency, production of high voltage & waves
No capacity to induce EEG silence

Vision Edinger-
Westphal 
nucleus

Miosis (via a decrease in inhibition to the nucleus) except 
pethidine
Reversed by hypoxia and atropine

Cerebrovascular SSEPs No effect

ICP No effect

CBF No effect, but increased vasoconstriction with vasodilators
No loss of autoregulation or CO2 reactivity
CMRO2 reduced by up to 10–25%

Thermoregulation Response Decrease thermoregulation response (as for volatile 
agents)

Peripheral 
effects

Promote hypothermia via decreased BMR (10–20%), 
venodilation, muscle relaxation

SSEPs – somatosensory evoked potential, ICP – intracranial pressure, CMRO2 – cerebral metabolic rate of oxygen 
consumption.

Table 6. 
Opioids effects on the CNS [6].
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Opioids decrease the medullary sensitivity to CO2, which may cause respiratory 
depression and also, suppress the medullary cough centre, for this reason some 
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trigger zone, causing nausea or vomiting, but this is relatively infrequent. This drug 
class decrease bowel motility and smooth muscle function, responsible for consti-
pation, and rarely, urinary retention. To a varying degree, some opioids destabilise 
mast cells in a dose dependent fashion, causing histamine release, manifested with 
pruritus, urticaria and sometimes, orthostatic hypotension.

4.2 Clinical effect

Opioid agonist agents cause a range of mainly depressant and some stimulant 
actions of the CNS through specific receptors (Table 6). These drugs have little 
capacity to produce amnesia, do not alter seizure threshold and have no anticonvul-
sant activity [6].

Opioids given systemically produce analgesia through actions at two anatomi-
cally distinct regions: supraspinal and spinal sites. They efficiently reduce the 
intensity of pain and the associated fear. This is achieved by raising the pain 
threshold, modifying the reaction to pain, and inducing sleep. They are efficient for 
controlling dull pain rather than sharp intermittent pain. Opioids are less effective 
for the treatment of neuropathic pain.

Opioids actions are also towards reduction in the level of consciousness and 
eventually produce sleep, with the loss of responsiveness to verbal stimulation. 
In anaesthesia combinations, they produce a dose related decrease in the MAC 
for volatile anaesthetics, with a ceiling of 60–70% decrease in MAC [6]. Another 
important feature in the combination with the volatile agents is increase in cerebral 
vasoconstriction [6]. Opioids do not cause a loss of cerebral autoregulation or 
reactivity to CO2. During EEC recording, there is a ceiling effect, with a slowing 
EEG frequency and the production of high-voltage (delta) waves [6].

4.3 Cardiovascular effects

In normovolemic patients, opioids barely influence haemodynamic param-
eters, with minimal cardiac depression, no baroreceptors inhibitions and modest 
reduction in preload and afterload. Haemodynamic compromise may be detected 
in subjects whose cardiovascular integrity is dependable on a high level of sym-
pathetic tone, because opioids decrease central sympathetic outflow when even 
small doses can cause hypotension and circulatory collapse [6]. Morphine has 
the greatest effect on the vascular system. Morphine has the greatest effect on 
histamine release and subsequent indirect effect on catecholamine release. This 
may lead to tachycardia with a reduction in systemic vascular resistance (SVR) and 
mean arterial pressure (MAP). This risk can be prevented by pre-treatment with 
an antihistaminic drug and volume loading [6].

Opioids induce a negative chronotropic effect through a central vagal stimula-
tion. Pethidine, however, has a homology with atropine and can trigger tachycardia, 
and it is the only opioid to induce significant direct myocardial depression when 
used at high doses. Myocardial depression is observed also after extraordinary high 
doses of morphine and fentanyl, as during cardiovascular anaesthesia. Morphine 
has indirect positive inotropic effects at doses of 1–2 mg/kg, and blocks neurally 
and hormonally mediated venoconstriction to reduce preload, rendering it useful in 
the management of left ventricular failure [6].

Opioids preserve circulatory stability to a greater extent than most other 
anaesthetic agents [6].
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4.4 Effects on other organ systems

Opioids are the most efficient of all pain analgesics drugs for attenuating the 
stress response associated with pain, laryngoscopy and airway manipulation. The 
plasma concentration of stress hormones (cortisol, catecholamines, vasopressin, 
aldosterone and growth factor) increases during trauma, anaesthesia or surgery. 
This produce increased myocardial work, tissue catabolism and hyperglycae-
mia – effects associated with increased morbidity and mortality. Opioids reduce 
nociception inhibiting the pituitary-adrenal axis, decreasing central sympathetic 
outflow and influencing centrally mediated neuroendocrine response. Fentanyl 
and its congeners are the most efficacious in this action (Table 7).

System Effect

Musculoskeletal Gait Decrease physical performance
Ataxia
Decrease spinal cord reflexes

Rigidity Muscular rigidity occurs 60–90 seconds post-injection and 
abolish after 10–20 minutes
Mainly thoracoabdominal and arms muscles, higher risk 
with advanced age, high speed of injection, increased dose, 
use of N2O
Mediated via nucleus raphe magnus

Multifocal 
myoclonus

Non-convulsive related, higher risk with pethidine

Neural Central Spectrum from abnormal eye movement, to contraction of 
extremities, to tonic-clonic movements
Euphoria: especially for opioids which cross the blood-
brain barrier quickly
Dysphoria in some individuals
Subjective feelings of body warmth and heavy extremities
Apathy
Decreased level of consciousness
Decreased concentration and orientation

EEG Effects vary between different opioids: slowing of 
frequency, production of high voltage & waves
No capacity to induce EEG silence

Vision Edinger-
Westphal 
nucleus

Miosis (via a decrease in inhibition to the nucleus) except 
pethidine
Reversed by hypoxia and atropine

Cerebrovascular SSEPs No effect

ICP No effect

CBF No effect, but increased vasoconstriction with vasodilators
No loss of autoregulation or CO2 reactivity
CMRO2 reduced by up to 10–25%

Thermoregulation Response Decrease thermoregulation response (as for volatile 
agents)

Peripheral 
effects

Promote hypothermia via decreased BMR (10–20%), 
venodilation, muscle relaxation

SSEPs – somatosensory evoked potential, ICP – intracranial pressure, CMRO2 – cerebral metabolic rate of oxygen 
consumption.
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Opioids effects on the CNS [6].
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System Effect

Cardiovascular Heart rate Sinus bradycardia via central vagal stimulation
Occasionally sinus arrest exacerbated by concomitant vagal 
excitation (e.g. laryngoscopy) and Beta-blockers

Mean arterial 
pressure

Usually no effect or a slight decrease (unless significant 
bradycardia)
Greater decrease if associated with histamine release

Vascular system No effect on SVR (unless histamine release)
Mild venodilation with a decrease in preload (due to decrease of 
central sympathetic outflow)

Myocardium No effect on contractility (except for pethidine which is a 
depressant)
No effect on metabolic rate
Possible ischemic preconditioning

Excitability Decreased myocardial contractility
Increased refractory period
Increased VF threshold

Respiratory Mechanics Decrease in rate, tidal volume and minute ventilation at 
equianalgesic doses
Increase pauses, irregular breathing and apnoea

Control Increased apnoeic threshold
Decrease CO2 sensitivity
Decrease carotid body chemoreception and hypoxic drive
Voluntary control of respiration remains intact
No effect on hypoxic pulmonary vasoconstriction

Airway reflexes Decrease airway reflexes with improve tolerance to ETT
Antitussive through central and peripheral actions
Decrease mucociliary action
Brief cough in up to 50% with pethidine bolus

Gastrointestinal Stomach and 
bowel

Decrease peristalsis and secretions and increase tone causing dry 
stool and constipation
Decrease gastric acid
Decrease gastric emptying with increase antral tone and decrease 
lower oesophageal sphincter tone promoting high aspiration risk
Increase tone of pyloric, ileocecal and anal sphincters

Biliary tree Increase bile duct pressure
Sphincter Oddi contraction (little clinical significance)

Chemoreceptor 
trigger zone

Nausea and vomiting

Genitourinary Kidney Antidiuresis as a result of decrease in renal blood flow and 
decrease in GFR (predominates)
Decrease vasopressin release in response to osmotic triggers

Bladder Increased bladder and urethral tone
Vesicular sphincter contraction

Immunity Immune system Decrease immunoglobulin production (uncertain significance)
Reactivation of herpes simplex virus 2–5 days after neuraxial 
opioid

Table 7. 
Opioid effects on major organ system [6].

4.5 Side effects

Side effects can be observed from minors to the most concerning ones and are 
individual and age depending beyond of disease extension, presence of organ 
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dysfunction, concurrent administration of certain drugs, route of administration 
and prior of opioid exposure. Some side effects induced by the opioids are induced 
by the activation of the opioid receptors either peripherally or centrally, or even in 
both areas. Serious allergic reactions to opioids are extremely rare, although ana-
phylaxis has been reported.

At equianalgesic doses, all opioids produce equivalent degrees of respiratory 
depression through reducing the sensitivity to CO2 of the breathing drive. The 
extreme ages, elderly and neonates are at the highest risk. Tolerance arises rapidly to 
this effect, and with chronic opioid exposure the risk of major respiratory depression 
is reduced. Apnoea may occur in conscious patients, but this is rare, and is usually 
associated with other signs of CNS depression. In such a condition, apnoeic patients 
can be instructed to breath as voluntary control of ventilation remains intact. Sleep or 
the concomitant use of other CNS depressants (except clonidine) potentiates this risk.

Opioid-induce depression of airway reflexes is usually regarded as an advan-
tage side effect for the practitioner in some condition like airway manipulation. 
Although at the same time the mucociliary function depression can be detrimental. 
All opioids have an antitussive activity at less than analgesic doses, working via 
central and peripheral mechanisms.

The incidence of nausea after opioids use is reported to be between 10 and 60%, 
and this is markedly increased in pain-free and ambulatory patients (via opioid 
sensitisation of the vestibular nucleus). This reactivity is based on  individual 
variability, but tolerance develops rapidly [6]. Switch to oral administration and 
substituting one opioid to another may reduce the incidence of nausea.

Constipation remains the most common side effect of chronic opioid treatment, 
and toxic megacolon may occur in patients with ulcerative colitis [6]. Tolerance, 
in this situation develops very slowly, as well as other smooth muscle effects. 
Loperamide is a synthetic agent, does not cross the blood brain barrier, used as 
an antimotility drug. All opioids are reported to increase bile duct pressure, with 
a spasmogenic action cause contraction of the sphincter of Oddi with effects on 
doses dependent activity [6]. Pethidine also, produces smooth muscle contraction 
via a direct action. Opioids effects on the biliary tract can be reversed by naloxone, 
nitroglycerine and glucagon.

Other effects on the smooth muscle target the genitourinary system, often 
leading to urinary retention and urgency. This effect is predominant in elderly and 
when administered neuraxially. This later feature explains a centrally mediated 
mechanism of action via receptors located at the sacral spinal cord.

There are some others centrally mediated opioids effects. Some of these are 
of no clinical benefit and usually unpleasant. Often, opioids may trigger pruritus 
with various ranges of severity, with mechanism of action not fully discovered. The 
pruritus predominantly affects nose, face and chest being independent of histamine 
release. Substituting opioids agents will decrease the incidence. Studies has shown 
that low dose of naloxone will alleviate this effect. Muscle rigidity is triggered at 
or just after the loss of consciousness and may manifest from hoarseness in mild 
cases to impossibility of ventilate in severe situations. It can be minimised by 
co-administration of induction agents and benzodiazepines. In anaesthetic practice 
may be prevented by pre-treatment priming with small doses of muscle relaxants. 
This side effect was reported to be with a higher incidence on concomitant use of 
nitrous oxide [6]. It is seen more commonly with Fentanyl and its congeners than 
with morphine and the risk is dose depended. In emergency situation of impossibil-
ity of ventilation can be reversed by administration of naloxone.

Opioids agents decrease thermoregulation thresholds, except pethidine, which is 
a unique in its ability to reduce shivering. Tramadol also has proved to be efficacious 
in this regard [6].
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System Effect

Cardiovascular Heart rate Sinus bradycardia via central vagal stimulation
Occasionally sinus arrest exacerbated by concomitant vagal 
excitation (e.g. laryngoscopy) and Beta-blockers

Mean arterial 
pressure

Usually no effect or a slight decrease (unless significant 
bradycardia)
Greater decrease if associated with histamine release

Vascular system No effect on SVR (unless histamine release)
Mild venodilation with a decrease in preload (due to decrease of 
central sympathetic outflow)

Myocardium No effect on contractility (except for pethidine which is a 
depressant)
No effect on metabolic rate
Possible ischemic preconditioning

Excitability Decreased myocardial contractility
Increased refractory period
Increased VF threshold

Respiratory Mechanics Decrease in rate, tidal volume and minute ventilation at 
equianalgesic doses
Increase pauses, irregular breathing and apnoea

Control Increased apnoeic threshold
Decrease CO2 sensitivity
Decrease carotid body chemoreception and hypoxic drive
Voluntary control of respiration remains intact
No effect on hypoxic pulmonary vasoconstriction

Airway reflexes Decrease airway reflexes with improve tolerance to ETT
Antitussive through central and peripheral actions
Decrease mucociliary action
Brief cough in up to 50% with pethidine bolus

Gastrointestinal Stomach and 
bowel

Decrease peristalsis and secretions and increase tone causing dry 
stool and constipation
Decrease gastric acid
Decrease gastric emptying with increase antral tone and decrease 
lower oesophageal sphincter tone promoting high aspiration risk
Increase tone of pyloric, ileocecal and anal sphincters

Biliary tree Increase bile duct pressure
Sphincter Oddi contraction (little clinical significance)

Chemoreceptor 
trigger zone

Nausea and vomiting

Genitourinary Kidney Antidiuresis as a result of decrease in renal blood flow and 
decrease in GFR (predominates)
Decrease vasopressin release in response to osmotic triggers

Bladder Increased bladder and urethral tone
Vesicular sphincter contraction

Immunity Immune system Decrease immunoglobulin production (uncertain significance)
Reactivation of herpes simplex virus 2–5 days after neuraxial 
opioid

Table 7. 
Opioid effects on major organ system [6].

4.5 Side effects

Side effects can be observed from minors to the most concerning ones and are 
individual and age depending beyond of disease extension, presence of organ 
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dysfunction, concurrent administration of certain drugs, route of administration 
and prior of opioid exposure. Some side effects induced by the opioids are induced 
by the activation of the opioid receptors either peripherally or centrally, or even in 
both areas. Serious allergic reactions to opioids are extremely rare, although ana-
phylaxis has been reported.

At equianalgesic doses, all opioids produce equivalent degrees of respiratory 
depression through reducing the sensitivity to CO2 of the breathing drive. The 
extreme ages, elderly and neonates are at the highest risk. Tolerance arises rapidly to 
this effect, and with chronic opioid exposure the risk of major respiratory depression 
is reduced. Apnoea may occur in conscious patients, but this is rare, and is usually 
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Other effects on the smooth muscle target the genitourinary system, often 
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when administered neuraxially. This later feature explains a centrally mediated 
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There are some others centrally mediated opioids effects. Some of these are 
of no clinical benefit and usually unpleasant. Often, opioids may trigger pruritus 
with various ranges of severity, with mechanism of action not fully discovered. The 
pruritus predominantly affects nose, face and chest being independent of histamine 
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Opioids agents decrease thermoregulation thresholds, except pethidine, which is 
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Histamine release and associated hypotension are variable in incidence and 
severity, and are with decreased incidence where is a slow IV administration and 
ameliorated by intravascular fluid loading. This effect is less with fentanyl and its 
subclass agents, except pethidine. The histamine release may be localised or gener-
alised, often causing facial flushing and variable itch [6].

4.5.1 Opioid-specific effects

Pethidine has been described as a unique agent because of its non-opioid 
effects. It has a local anaesthetic effect of equivalent potency to cocaine and it 
has a quinidine-like effect on cardiac muscle to reduce cardiac irritability and 
arrhythmias [6]. Pethidine overdose produce a complex syndrome characterised 
by a cardiovascular collapse, seizures, hyperreflexia, mydriasis in addition to a 
 respiratory depression [6].

The use of phenylpiperidines family (except remifentanil) in anaesthesia has 
been associated with postoperative respiratory depression after high doses, due 
secondary peaks in plasma levels, possible from the opioids release from the body 
stores. This action is responsible for the increase in peripheral perfusion and 
postoperative shivering.

4.6 Pharmacokinetics

4.6.1 Administrations

The choice of route of administration depends on the opioid being utilised, pain 
severity, the need for agent titration, potential side effects and contraindications 
to a particular route. The way of administration may activate the onset of peak 
analgesia and the side effects. For example, respiratory depression may be trig-
gered 7 minutes after an IV dose of morphine, but not until 30 minutes after IM or 
6–10 hours after a spinal administration.

There are various degree and length of pain relief effect conferred by certain 
routes. Spinal administration may produce a greater quality and potentially a lon-
ger duration of analgesia, with a lower incident of supraspinal effects. However, 
an increased incidence of specific side effects (nausea, itching, urinary reten-
tion) occurs.

No opioid agonist demonstrates dose-dependent pharmacokinetics. First pass 
metabolism of orally administrated opioids is made in the liver and the digestive 
tract wall (up to 50%). Opioids given IM or SC have 100% bioavailability, but peak 
plasma concentration may be variable up to fivefold influenced by body tempera-
ture, site of injection and hemodynamic status. IV administration results in a much 
restricted rage of plasma concentration [6].

The lung exerts an important first-pass effect on highly lipid-soluble opioids. Prior 
administration of other lipophilic amines, such propranolol decreases pulmonary 
uptake, by saturating biding sites [6].

4.6.2 Elimination

Opioids mainly sustain a liver metabolism with a renal excretion of the more 
hydrophilic metabolites. A few metabolites also take the biliary excretion route. 
Some amounts of the more hydrophilic agents may be excreted unchanged in the 
urine. Liver blood flow is the main factor influencing the plasma clearance for most 
opioids, because of their high hepatic extraction ratio [6].
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Morphine. The biotransformation of morphine is unique among opioids agents. 
Glucuronidation is responsible for 60–80% of its metabolism, and is primarily 
undergone in the liver with production of high quantity morphine-3-glucoronide 
(M3G) and only 10% of morphine-6-glucoronide (M6G). The remainder undergoes 
sulphation (important feature in neonates where glucuronidation metabolism is 
immature), 5% is demethylated to normorphine, a small amount is converted to 
codeine, and 10% is excreted in the urine [6, 29]. In healthy subjects up to 10% of 
glucuronidation occurs in extrahepatic sites, such kidney and intestine. The excre-
tion of the morphine metabolites is directly influenced by the creatinine clearance. 
90% of conjugated morphine is excreted in the urine and 10% is excreted in bile, 
sweat and breast milk. M6G is 2–4 time more potent than morphine and has a 
longer elimination half-life [29]. Despite being more hydrophilic than morphine, 
M6G cross the blood-brain barrier, with a longer action due to slower elimination 
from this site. There is also an entero-hepatic recirculation of morphine and its 
metabolites, particularly under the chronic oral administration [29].

Diamorphine. Diamorphine is inactive and needs deacetylation in the CSF, liver, 
and plasma to its final metabolites 6-monoacetylmorphine and morphine. These 
active metabolites are more hydrophilic, and their ensuing metabolism is as for 
morphine [6].

Codeine. Codeine is suffering a hepatic metabolization to mainly codeine conjugates 
and norcodeine, with some urinary excretion of free codeine. Up to 10% of a dose 
is also metabolised to morphine. This biotransformation is responsible for analgesia 
produced by codeine. Due to genetic polymorphism, up to 8% of western Europeans 
are deficient of the enzyme implicated in the liver metabolism. These patients require 
higher doses, and they may still not experience effective pain relief. Furthermore, the 
variability may produce dangerous high morphine levels in breast milk [30].

Pethidine. Pethidine metabolism mainly involves hydrolysis to pethidinic acid, 
with small amount being freely excreted through urine (5%) of the prodrug – 
although this may be increased up to 25% with urinary acidification (pH < 5) [6]. 
One third of the metabolism takes the route to N-demethylation to norpethidine, 
which is finally hydrolysed to norpethidinic acid. Enzyme induction triggered by 
chronic pethidine use (sometimes also by carbamazepine therapy) induces high 
levels of transformed norpethidine [6].

Fentanyl and sufentanyl. The high lipid solubility of these agents is responsible for 
their large volume of distribution, which causes rapid and continued peripheral tis-
sue uptake, limiting initial liver metabolism. This is leading to a greater variability 
in plasma concentration (13-fold range in fentanyl) during the elimination phase, 
particularly with fluctuations in muscles blood flow that may be responsible of the 
secondary peaks in plasma concentration after large doses. Fentanyl, sufentanyl and 
alfentanyl have a small unchanged renal excretion, being mainly metabolised in the 
liver. These inactive metabolites are taking the urinary route for excretion.

4.6.3 Patient factors influencing opioid pharmacokinetics and pharmacodynamics

The pharmacokinetics and dynamics of opioids may be altered in a number of 
physiological states as stated in Table 8.

4.7 Opioid drug interaction

This class of pain killers have limited but important interactions with other drugs. 
Their action is synergistically with other CNS depressant on the level of conscious-
ness. Barbiturates, benzodiazepines and propofol produce effects on the loss of 
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Histamine release and associated hypotension are variable in incidence and 
severity, and are with decreased incidence where is a slow IV administration and 
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The use of phenylpiperidines family (except remifentanil) in anaesthesia has 
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secondary peaks in plasma levels, possible from the opioids release from the body 
stores. This action is responsible for the increase in peripheral perfusion and 
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4.6 Pharmacokinetics

4.6.1 Administrations

The choice of route of administration depends on the opioid being utilised, pain 
severity, the need for agent titration, potential side effects and contraindications 
to a particular route. The way of administration may activate the onset of peak 
analgesia and the side effects. For example, respiratory depression may be trig-
gered 7 minutes after an IV dose of morphine, but not until 30 minutes after IM or 
6–10 hours after a spinal administration.

There are various degree and length of pain relief effect conferred by certain 
routes. Spinal administration may produce a greater quality and potentially a lon-
ger duration of analgesia, with a lower incident of supraspinal effects. However, 
an increased incidence of specific side effects (nausea, itching, urinary reten-
tion) occurs.

No opioid agonist demonstrates dose-dependent pharmacokinetics. First pass 
metabolism of orally administrated opioids is made in the liver and the digestive 
tract wall (up to 50%). Opioids given IM or SC have 100% bioavailability, but peak 
plasma concentration may be variable up to fivefold influenced by body tempera-
ture, site of injection and hemodynamic status. IV administration results in a much 
restricted rage of plasma concentration [6].

The lung exerts an important first-pass effect on highly lipid-soluble opioids. Prior 
administration of other lipophilic amines, such propranolol decreases pulmonary 
uptake, by saturating biding sites [6].

4.6.2 Elimination

Opioids mainly sustain a liver metabolism with a renal excretion of the more 
hydrophilic metabolites. A few metabolites also take the biliary excretion route. 
Some amounts of the more hydrophilic agents may be excreted unchanged in the 
urine. Liver blood flow is the main factor influencing the plasma clearance for most 
opioids, because of their high hepatic extraction ratio [6].
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Morphine. The biotransformation of morphine is unique among opioids agents. 
Glucuronidation is responsible for 60–80% of its metabolism, and is primarily 
undergone in the liver with production of high quantity morphine-3-glucoronide 
(M3G) and only 10% of morphine-6-glucoronide (M6G). The remainder undergoes 
sulphation (important feature in neonates where glucuronidation metabolism is 
immature), 5% is demethylated to normorphine, a small amount is converted to 
codeine, and 10% is excreted in the urine [6, 29]. In healthy subjects up to 10% of 
glucuronidation occurs in extrahepatic sites, such kidney and intestine. The excre-
tion of the morphine metabolites is directly influenced by the creatinine clearance. 
90% of conjugated morphine is excreted in the urine and 10% is excreted in bile, 
sweat and breast milk. M6G is 2–4 time more potent than morphine and has a 
longer elimination half-life [29]. Despite being more hydrophilic than morphine, 
M6G cross the blood-brain barrier, with a longer action due to slower elimination 
from this site. There is also an entero-hepatic recirculation of morphine and its 
metabolites, particularly under the chronic oral administration [29].

Diamorphine. Diamorphine is inactive and needs deacetylation in the CSF, liver, 
and plasma to its final metabolites 6-monoacetylmorphine and morphine. These 
active metabolites are more hydrophilic, and their ensuing metabolism is as for 
morphine [6].

Codeine. Codeine is suffering a hepatic metabolization to mainly codeine conjugates 
and norcodeine, with some urinary excretion of free codeine. Up to 10% of a dose 
is also metabolised to morphine. This biotransformation is responsible for analgesia 
produced by codeine. Due to genetic polymorphism, up to 8% of western Europeans 
are deficient of the enzyme implicated in the liver metabolism. These patients require 
higher doses, and they may still not experience effective pain relief. Furthermore, the 
variability may produce dangerous high morphine levels in breast milk [30].

Pethidine. Pethidine metabolism mainly involves hydrolysis to pethidinic acid, 
with small amount being freely excreted through urine (5%) of the prodrug – 
although this may be increased up to 25% with urinary acidification (pH < 5) [6]. 
One third of the metabolism takes the route to N-demethylation to norpethidine, 
which is finally hydrolysed to norpethidinic acid. Enzyme induction triggered by 
chronic pethidine use (sometimes also by carbamazepine therapy) induces high 
levels of transformed norpethidine [6].

Fentanyl and sufentanyl. The high lipid solubility of these agents is responsible for 
their large volume of distribution, which causes rapid and continued peripheral tis-
sue uptake, limiting initial liver metabolism. This is leading to a greater variability 
in plasma concentration (13-fold range in fentanyl) during the elimination phase, 
particularly with fluctuations in muscles blood flow that may be responsible of the 
secondary peaks in plasma concentration after large doses. Fentanyl, sufentanyl and 
alfentanyl have a small unchanged renal excretion, being mainly metabolised in the 
liver. These inactive metabolites are taking the urinary route for excretion.

4.6.3 Patient factors influencing opioid pharmacokinetics and pharmacodynamics

The pharmacokinetics and dynamics of opioids may be altered in a number of 
physiological states as stated in Table 8.

4.7 Opioid drug interaction

This class of pain killers have limited but important interactions with other drugs. 
Their action is synergistically with other CNS depressant on the level of conscious-
ness. Barbiturates, benzodiazepines and propofol produce effects on the loss of 
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consciousness with a synergic action from the opioids side and also increase the risk of 
cardiovascular depression. With anaesthetic use, opioids may decrease the concentra-
tion of volatile agents by up to 50% while ensuring amnesia and immobility, with the 
preservation of hemodynamic stability at low inhaled concentrations (≤1 MAC) [6].

The use of opioids (particularly pethidine and tramadol) with monoamine 
oxidase inhibitors (MAOI) may lead to serious and potentially fatal consequences 
as excitatory syndrome (type I) [2, 6]. This is complex syndrome characterised 
by excitatory phenomena including agitation, fever, rigidity, seizures and coma. 
This is triggered by the excessive CNS serotonin activity, since both MAOI and 
pethidine block serotonin reuptake. Rarely also can arise an inhibitory syndrome 
(type II) characterised by respiratory depression, coma and hypotension, which is 
the result of MAOI inhibition of hepatic microsomal enzymes leading to a pethidine 
accumulation.

A similar excitatory syndrome (serotoninergic) is found during the combination 
of tramadol and serotonin-noradrenaline reuptake inhibitors (SNRIs) [6].

Morphine has been recommended as the opioid of choice for use in these patients.

4.8 Opioid antagonists

The main opioid antagonist currently used in practice is naloxone.
Naloxone is an N-allyl derivate of oxymorphone. It is pure opioid antagonist, 

without an intrinsic pharmacological activity. It has a high affinity for miu opioid 
receptors but also blocks other receptors. Naloxone reverses the respiratory depres-
sion and analgesia of opioids but also precipitates the withdrawal syndrome in 
opioids addicts. Naloxone could also block the action of endogenous opioids. IV 
administration of 200–400 mcg of naloxone will reverse the respiratory depression, 

Physiological 
states

Effect Mechanism

Obesity Overdosage Central volume of distribution is not reflected by 
actual body weight
Increased volume of distribution prolongs 
elimination half-life

Infant Prolonged effect Decreased conjugation capacity
Immature renal function

Elderly Increased sensitivity to 
opioid

Decreased neuronal cell mass
Decreased central volume of distribution

Prolonged effect of infusion Decreased lean body mass with increase adipose 
tissue is responsible for an increase in total volume of 
distribution
Decreased hepatic blood flow (by 40–50% by age  
of 75)

Hepatic failure Increased sensitivity to 
opioids (in severe liver failure 
only)

Synergism if encephalopathic
Altered integrity of blood-brain barrier
Increased elimination half-life for pethidine and 
tramadol

Renal failure Morphine toxicity Accumulation of M6G
Possible hydrolysis of glucuronides back to parent 
compound
Uraemia potentiates CNS depression and increases 
blood-brain barrier permeability

Table 8. 
Factors influencing opioid pharmacokinetics and pharmacodynamics.
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but incremental titration (1.5–3 mcg/kg) is referable in order to minimise the 
reversal of the analgesic effects of the opioids. Naloxone’s action time is roughly 
30 minutes, so further doses may be considered to avoid the return of respira-
tory depression effects of any agonist agent that outlasts the effect of naloxone. 
Naloxone is also efficient in releasing the pruritus and urinary retention of the 
intrathecal and epidural opioids. Naloxone has very small oral availability, only 2%, 
because and major first pass metabolism [6].

4.9 Tramadol

Tramadol is included in the opioids class of drugs, with unique and complex 
mode of action, only part of which is mediated through opioid receptors. Tramadol 
is an analogue of codeine and acts as a weak agonist at all types of opioid receptors, 
with some preference for the miu receptors. It has 10% of the potency of morphine. 
Tramadol blocks the reuptake of noradrenaline and 5-HT (serotonin) and facilitate 
the release of the later. By its effects, influences nociceptive transmission activating 
the descending inhibitory pathways in the CNS. Therefore, Naloxone only partially 
reverses the analgesic effects of tramadol. Effects on alfa2-adrenergic, NMDA and 
benzodiazepine receptors may be due to indirect effects secondary noradrenergic 
system effects [31].

Tramadol is recommended in the treatment of moderate to severe pain. It is well 
absorbed when given orally, with a bioavailability of 68% and only 20% protein 
bound. Tramadol is predominantly metabolised in the liver by demethylation and con-
jugation, with 90% being excreted in the urine. The elimination half-life is 4–6 hours. 
His metabolites have longer half-life (up to 9 hours) and 2–4 times greater analgesic 
potency than tramadol and precautions should be taken in hepatic and renal failure.

Tramadol exhibits small risk for respiratory depression when compared with 
equianalgesic doses of morphine. Also, cardiovascular effects are minimal. There 
is a low potency for abuse and physical dependence, but still reported. Tramadol’s 
known side effects include: dizziness, nausea, sedation, dry mouth, sweating and 
skin rashes.

Concomitant use of MAOIs is contraindicated and co-administration with 
carbamazepine may decrease the concentration and effect of tramadol.

5. General pain management principles

• A - ask about pain regularly

• B - believe the patient’s/resident’s and family’s reports of pain and what  
relieves it

• C - choose appropriate pain control options

• D - deliver interventions in a timely, logical and coordinated fashion

• E - empower patients

6. Pharmacological intervention

As a result of a nationwide effort to reduce unnecessary opioid use and reduce 
incidents of patient abuse, clinicians are encouraged to carefully assess their 
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consciousness with a synergic action from the opioids side and also increase the risk of 
cardiovascular depression. With anaesthetic use, opioids may decrease the concentra-
tion of volatile agents by up to 50% while ensuring amnesia and immobility, with the 
preservation of hemodynamic stability at low inhaled concentrations (≤1 MAC) [6].

The use of opioids (particularly pethidine and tramadol) with monoamine 
oxidase inhibitors (MAOI) may lead to serious and potentially fatal consequences 
as excitatory syndrome (type I) [2, 6]. This is complex syndrome characterised 
by excitatory phenomena including agitation, fever, rigidity, seizures and coma. 
This is triggered by the excessive CNS serotonin activity, since both MAOI and 
pethidine block serotonin reuptake. Rarely also can arise an inhibitory syndrome 
(type II) characterised by respiratory depression, coma and hypotension, which is 
the result of MAOI inhibition of hepatic microsomal enzymes leading to a pethidine 
accumulation.

A similar excitatory syndrome (serotoninergic) is found during the combination 
of tramadol and serotonin-noradrenaline reuptake inhibitors (SNRIs) [6].

Morphine has been recommended as the opioid of choice for use in these patients.

4.8 Opioid antagonists

The main opioid antagonist currently used in practice is naloxone.
Naloxone is an N-allyl derivate of oxymorphone. It is pure opioid antagonist, 

without an intrinsic pharmacological activity. It has a high affinity for miu opioid 
receptors but also blocks other receptors. Naloxone reverses the respiratory depres-
sion and analgesia of opioids but also precipitates the withdrawal syndrome in 
opioids addicts. Naloxone could also block the action of endogenous opioids. IV 
administration of 200–400 mcg of naloxone will reverse the respiratory depression, 
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but incremental titration (1.5–3 mcg/kg) is referable in order to minimise the 
reversal of the analgesic effects of the opioids. Naloxone’s action time is roughly 
30 minutes, so further doses may be considered to avoid the return of respira-
tory depression effects of any agonist agent that outlasts the effect of naloxone. 
Naloxone is also efficient in releasing the pruritus and urinary retention of the 
intrathecal and epidural opioids. Naloxone has very small oral availability, only 2%, 
because and major first pass metabolism [6].

4.9 Tramadol

Tramadol is included in the opioids class of drugs, with unique and complex 
mode of action, only part of which is mediated through opioid receptors. Tramadol 
is an analogue of codeine and acts as a weak agonist at all types of opioid receptors, 
with some preference for the miu receptors. It has 10% of the potency of morphine. 
Tramadol blocks the reuptake of noradrenaline and 5-HT (serotonin) and facilitate 
the release of the later. By its effects, influences nociceptive transmission activating 
the descending inhibitory pathways in the CNS. Therefore, Naloxone only partially 
reverses the analgesic effects of tramadol. Effects on alfa2-adrenergic, NMDA and 
benzodiazepine receptors may be due to indirect effects secondary noradrenergic 
system effects [31].

Tramadol is recommended in the treatment of moderate to severe pain. It is well 
absorbed when given orally, with a bioavailability of 68% and only 20% protein 
bound. Tramadol is predominantly metabolised in the liver by demethylation and con-
jugation, with 90% being excreted in the urine. The elimination half-life is 4–6 hours. 
His metabolites have longer half-life (up to 9 hours) and 2–4 times greater analgesic 
potency than tramadol and precautions should be taken in hepatic and renal failure.

Tramadol exhibits small risk for respiratory depression when compared with 
equianalgesic doses of morphine. Also, cardiovascular effects are minimal. There 
is a low potency for abuse and physical dependence, but still reported. Tramadol’s 
known side effects include: dizziness, nausea, sedation, dry mouth, sweating and 
skin rashes.

Concomitant use of MAOIs is contraindicated and co-administration with 
carbamazepine may decrease the concentration and effect of tramadol.

5. General pain management principles

• A - ask about pain regularly

• B - believe the patient’s/resident’s and family’s reports of pain and what  
relieves it

• C - choose appropriate pain control options

• D - deliver interventions in a timely, logical and coordinated fashion

• E - empower patients

6. Pharmacological intervention

As a result of a nationwide effort to reduce unnecessary opioid use and reduce 
incidents of patient abuse, clinicians are encouraged to carefully assess their 



Pain Management - Practices, Novel Therapies and Bioactives

252

patient’s pain, limit the number of prescribed opioids analgesics and limit further 
prescribing by evaluating the patient’s pain relief and increased functional ability.

The trend to lower usage has had a tremendous impact on opiod use worldwide 
over the last years. By 2016, paracetamol/hydrocodone, which had been the lead-
ing medication prescribed for pain, had dropped from first most prescribed pain 
medication to the fourth most prescribed drug in the nation, with the volume of 
prescriptions down to 7.2% in 2015, from 34% in 2012.

In order to facilitate this continuing trend, it is recommended that the following 
WHO decision ladder and in-depth patient assessment be utilised before requesting 
or prescribing opioid compounds.

7. Multimodal analgesia

Multimodal analgesia is defined as the use of more than one pharmacological 
class of analgesic medication targeting different receptors along the pain pathway 
with the goal of improving analgesia while reducing individual class-related side 
effects. Evidence today supports the routine use of multimodal analgesia in the 
perioperative period to eliminate the over-reliance on opioids for pain control and 
to reduce opioid-related adverse events. A multimodal analgesic protocol should 
be surgery-specific, functioning more like a checklist than a recipe, with options to 
tailor to the individual patient.

Elements of this protocol may include opioids, non-opioid systemic analgesics 
like paracetamol, non-steroidal anti-inflammatory drugs, gabapentins, ketamine, 
and local anaesthetics administered by infiltration, regional block, or the intra-
venous route [32–37]. While implementation of multimodal analgesic protocols 
perioperatively is recommended as an intervention to decrease the prevalence of 
long-term opioid use following surgery, the concurrent crisis of drug shortages 
presents an additional challenge. Anaesthesiologists and acute pain medicine 
specialists will need to advocate locally and nationally to ensure a steady supply of 
analgesic medications and in-class alternatives for their patients’ perioperative pain 
management.

8. Conclusion

The recommendations are on the basis of the underlying premise that optimal 
management begins with the patient assessment and development of a plan of care 
tailored to the individual and the medical status or the surgical procedure involved, 
with follow-up assessments and adjustments as needed. The evidences support the 
use of multimodal regimens in many situations, although the exact components of 
effective multimodal care will vary depending on the patient, setting, and surgi-
cal procedure or the medical condition. Therefore, it is important that clinicians 
consider their patients’ pain in the context of: biological, social and psychological 
factors.
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patient’s pain, limit the number of prescribed opioids analgesics and limit further 
prescribing by evaluating the patient’s pain relief and increased functional ability.

The trend to lower usage has had a tremendous impact on opiod use worldwide 
over the last years. By 2016, paracetamol/hydrocodone, which had been the lead-
ing medication prescribed for pain, had dropped from first most prescribed pain 
medication to the fourth most prescribed drug in the nation, with the volume of 
prescriptions down to 7.2% in 2015, from 34% in 2012.

In order to facilitate this continuing trend, it is recommended that the following 
WHO decision ladder and in-depth patient assessment be utilised before requesting 
or prescribing opioid compounds.

7. Multimodal analgesia

Multimodal analgesia is defined as the use of more than one pharmacological 
class of analgesic medication targeting different receptors along the pain pathway 
with the goal of improving analgesia while reducing individual class-related side 
effects. Evidence today supports the routine use of multimodal analgesia in the 
perioperative period to eliminate the over-reliance on opioids for pain control and 
to reduce opioid-related adverse events. A multimodal analgesic protocol should 
be surgery-specific, functioning more like a checklist than a recipe, with options to 
tailor to the individual patient.

Elements of this protocol may include opioids, non-opioid systemic analgesics 
like paracetamol, non-steroidal anti-inflammatory drugs, gabapentins, ketamine, 
and local anaesthetics administered by infiltration, regional block, or the intra-
venous route [32–37]. While implementation of multimodal analgesic protocols 
perioperatively is recommended as an intervention to decrease the prevalence of 
long-term opioid use following surgery, the concurrent crisis of drug shortages 
presents an additional challenge. Anaesthesiologists and acute pain medicine 
specialists will need to advocate locally and nationally to ensure a steady supply of 
analgesic medications and in-class alternatives for their patients’ perioperative pain 
management.

8. Conclusion

The recommendations are on the basis of the underlying premise that optimal 
management begins with the patient assessment and development of a plan of care 
tailored to the individual and the medical status or the surgical procedure involved, 
with follow-up assessments and adjustments as needed. The evidences support the 
use of multimodal regimens in many situations, although the exact components of 
effective multimodal care will vary depending on the patient, setting, and surgi-
cal procedure or the medical condition. Therefore, it is important that clinicians 
consider their patients’ pain in the context of: biological, social and psychological 
factors.
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Chapter 15

NSAIDs, Opioids, and Beyond
Coti Phillips, Edwin Contreras and Jessica Oswald

Abstract

Medications are prescribed throughout the world for a variety of reasons includ-
ing pain. NSAIDs, opioids, and other non-opioid modalities have been used to treat 
both acute and chronic pain. In this chapter we will discuss the pharmacokinetics, 
indications, function and associated complications for commonly used pain medi-
cations to include NSAIDs, opioids, antidepressants, cannabinoids, and ketamine.

Keywords: acute pain, chronic pain, NSAIDs, opioids, antidepressants, 
cannabinoids, ketamine

1. Introduction

Acute and chronic pain is a complex disease process that can be difficult to treat. 
Despite new developments in medications and technology, nonsteroidal anti-
inflammatory drugs (NSAIDs) and opioids are among the most widely prescribed 
medications in the world [1, 2]. In addition to NSAIDs and opioids, adjunctive 
pharmacologic agents to include antidepressants, cannabinoids and ketamine have 
increased in popularity. This chapter aims to review commonly prescribed pain 
medications with a focus on their classification categories, mechanisms of action, 
and major side effect profiles.

2. NSAIDs

Nonsteroidal anti-inflammatory drugs (NSAIDs) were first introduced in the 
1960s and are the most prescribed medication class in the world. The United States 
issues more than 100 million prescriptions annually [3] with approximately 20% 
of its citizens using NSAIDs on a frequent monthly basis at some point during their 
lifetime [4].

NSAIDs are a diverse group of compounds with varying chemical structures that 
possess anti-inflammatory, antipyretic, and analgesic properties [5]. They represent 
a class of drugs with a primary mechanism of action that involves inhibition of 
the pro-inflammatory cyclooxygenase (COX) enzymes. This includes both non-
selective COX inhibitors (COX-1 and COX-2) including aspirin, indomethacin, and 
ibuprofen as well as the newer selective COX-2 inhibitors such as celecoxib. NSAIDs 
have an established short-term efficacy in the treatment of osteoarthritis (OA) and 
associated chronic low back pain as well as an opioid sparing effect when combined 
with most chronic pain management regimens [6, 7]. Despite the well-documented 
efficacy of NSAIDs, there are serious side effects associated with routine use that 
include gastrointestinal irritation (gastritis and ulceration of the stomach and small 
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efficacy of NSAIDs, there are serious side effects associated with routine use that 
include gastrointestinal irritation (gastritis and ulceration of the stomach and small 
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intestine), cardiovascular events (myocardial infarction, hypertension exacerba-
tion) and renal toxicity (acute renal failure, electrolyte and fluid abnormalities).

2.1 Mechanism of action

Prostaglandins are lipid compounds that are physiologically active and have 
a diverse range of homeostatic and inflammatory effects in the human body that 
modulate fever and pain. They are the primary mediators of inflammatory cascades 
resulting in peripheral sensitization, hyperalgesia and chronic pain. Prostaglandin 
H2 (PGH2) is a common precursor for prostaglandins (PGE2, PGI2, and PGF2) and 
thromboxane. It is synthesized from arachidonic acid via the rate limiting enzyme 
cyclooxygenase (COX) (Figure 1). By inhibiting the cyclooxygenase (COX) 
enzymes and thus inhibiting prostaglandin synthesis, NSAIDs are able to produce 
their analgesic and anti-inflammatory effects. COX exists in two isoforms, COX-1 
and COX-2. COX-1 is expressed throughout the body and is a normal component of 
most cells. It is a necessary in the production of protective gastric mucosal secre-
tions and regulation of gastric acid, promotion of platelet aggregation and the 
maintenance of renal blood flow [9]. COX-2, however, is minimally expressed and 
tightly regulated under normal conditions but is induced with the pro-inflamma-
tory stimuli seen with cellular injury (IL-1, TNF-alpha tumor necrosis factor–alpha, 
and cytokines) [10]. Given some of the beneficial aspects of COX-1 and the specific 
pro-inflammatory aspect of COX-2, newer NSAIDs are directly targeted at selective 

Figure 1. 
Production and actions of prostaglandins and thromboxane (adapted from [8]).
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inhibition of COX-2 and are collectively referred to as coxibs. NSAIDs are other-
wise non-selective in their inhibition of COX-1 and COX-2 although with varying 
 affinity (Table 1).

2.2 Side effects

The same mechanism of action that provides the therapeutic effect of NSAIDs 
is also most commonly responsible for the side effects associated with chronic use. 
By inhibiting prostaglandin synthesis, NSAIDs increase the risk of gastrointestinal 
bleeding [12–16], thrombosis [17], and myocardial infarction [18]. COX-1 medi-
ated synthesis of PGE2 is responsible for gastric mucosa integrity. Inhibiting PGE2 

NSAID COX-2 
selectivity•

Gastrointestinal 
risk

Cardiovascular 
risk

Clinical use

Aspirin Low Moderate Low Prevention of 
cardiovascular events, 
mild pain, and 
inflammation

Ibuprofen Moderate Low Moderate to high Osteoarthritis, 
rheumatoid arthritis, 
fever, dysmenorrhea, 
mild to moderate pain, 
headache, migraine, 
myalgia

Diclofenac High Moderate High Osteoarthritis, 
rheumatoid arthritis, 
fever, dysmenorrhea, 
mild to moderate pain, 
migraine

Indomethacin Low Moderate to high Moderate to high Osteoarthritis, 
rheumatoid arthritis, 
bursitis, tendinitis, 
mild to moderate pain, 
or severe pain

Naproxen Low Moderate to high Low Gouty arthritis, mild 
to moderate pain, 
tendonitis, fever, 
rheumatoid disorders, 
osteoarthritis, 
dysmenorrhea, 
migraine prevention

Meloxicam High Low Moderate to high Osteoarthritis, 
rheumatoid arthritis

Celecoxib High Low Moderate to high Osteoarthritis, 
ankylosing spondylitis, 
rheumatoid 
arthritis, acute pain, 
dysmenorrhea

Adapted from [11].
*Only generic names provided. List not all inclusive. Keep in mind NSAIDs carry varying risks of rare liver toxicity 
and renal failure.
•Selectivity is based on in vitro assay studies and should be interpreted with caution as different assay methods give 
different results. No assay method can predict what will happen when the drug is given to patients. Clinical studies 
are the best way to determine the effects of NSAIDs in patients.

Table 1. 
Safety comparison of some of the most commonly used NSAIDs.*
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tions and regulation of gastric acid, promotion of platelet aggregation and the 
maintenance of renal blood flow [9]. COX-2, however, is minimally expressed and 
tightly regulated under normal conditions but is induced with the pro-inflamma-
tory stimuli seen with cellular injury (IL-1, TNF-alpha tumor necrosis factor–alpha, 
and cytokines) [10]. Given some of the beneficial aspects of COX-1 and the specific 
pro-inflammatory aspect of COX-2, newer NSAIDs are directly targeted at selective 

Figure 1. 
Production and actions of prostaglandins and thromboxane (adapted from [8]).
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inhibition of COX-2 and are collectively referred to as coxibs. NSAIDs are other-
wise non-selective in their inhibition of COX-1 and COX-2 although with varying 
 affinity (Table 1).

2.2 Side effects

The same mechanism of action that provides the therapeutic effect of NSAIDs 
is also most commonly responsible for the side effects associated with chronic use. 
By inhibiting prostaglandin synthesis, NSAIDs increase the risk of gastrointestinal 
bleeding [12–16], thrombosis [17], and myocardial infarction [18]. COX-1 medi-
ated synthesis of PGE2 is responsible for gastric mucosa integrity. Inhibiting PGE2 

NSAID COX-2 
selectivity•

Gastrointestinal 
risk

Cardiovascular 
risk

Clinical use

Aspirin Low Moderate Low Prevention of 
cardiovascular events, 
mild pain, and 
inflammation

Ibuprofen Moderate Low Moderate to high Osteoarthritis, 
rheumatoid arthritis, 
fever, dysmenorrhea, 
mild to moderate pain, 
headache, migraine, 
myalgia

Diclofenac High Moderate High Osteoarthritis, 
rheumatoid arthritis, 
fever, dysmenorrhea, 
mild to moderate pain, 
migraine

Indomethacin Low Moderate to high Moderate to high Osteoarthritis, 
rheumatoid arthritis, 
bursitis, tendinitis, 
mild to moderate pain, 
or severe pain

Naproxen Low Moderate to high Low Gouty arthritis, mild 
to moderate pain, 
tendonitis, fever, 
rheumatoid disorders, 
osteoarthritis, 
dysmenorrhea, 
migraine prevention

Meloxicam High Low Moderate to high Osteoarthritis, 
rheumatoid arthritis

Celecoxib High Low Moderate to high Osteoarthritis, 
ankylosing spondylitis, 
rheumatoid 
arthritis, acute pain, 
dysmenorrhea

Adapted from [11].
*Only generic names provided. List not all inclusive. Keep in mind NSAIDs carry varying risks of rare liver toxicity 
and renal failure.
•Selectivity is based on in vitro assay studies and should be interpreted with caution as different assay methods give 
different results. No assay method can predict what will happen when the drug is given to patients. Clinical studies 
are the best way to determine the effects of NSAIDs in patients.

Table 1. 
Safety comparison of some of the most commonly used NSAIDs.*
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production with traditional non-selective NSAIDs results in gastric mucosal impair-
ment and injury. Gastroduodenal ulcers are commonly identified with endoscopy 
after chronic non-selective NSAID use with double-blind trials showing incidence 
as high as 46% after 24 weeks of ibuprofen use [19]. Extra care must be taken with 
NSAID use in special populations including the elderly and those with underlying 
gastric irritation, stress related gastric mucosal injury (SRMD), and portal hyper-
tensive gastropathy.

Given the side effects associated with inhibition of COX-1, especially the 
GI toxicity noted above, selective COX-2 inhibiting NSAIDs were created with 
the intention of avoiding harmful GI events while continuing to retain the anti-
inflammatory and analgesic benefits of COX-2 antagonism. The selective COX-2 
inhibition that occurs with coxibs (celecoxib, rofecoxib) was, however, believed to 
be associated with increased cardiovascular (CV) events including hypertension 
and thrombosis. The CV side effects are attributed to the imbalance in vascular 
tone and clotting hemostasis that is in part regulated by arachidonic metabolites; 
with COX-1 mediated TXA2 being an inducer of platelet aggregation and COX-2 
mediated PGI2 being an inhibitor of platelet aggregation [20]. This is highlighted 
with PGI2 receptor deficient mice being more prone to thrombosis then wild type 
mice [21]. Ultimately, large randomized controlled trials showed that celecoxib in 
moderate doses was non-inferior to naproxen or ibuprofen (non-selective NSAIDs) 
in regards to a primary outcome of cardiovascular causes of death [22].

3. Opioids

Opioids have been used for the management of pain since the earliest records 
of human history. The Sumerians of Mesopotamia were the first to cultivate the 
poppy plant [23]. Further refinement paralleled the advancement of human 
growth with the first extraction of morphine from opium occurring in 1803 
[24]. New formulations, concentrations, and routes of delivery were developed 
and there was a simultaneous increase in medicinal as well as recreational use. 
Opiate use peaked between 1999 and 2017 and was responsible for approximately 
400,000 overdose related deaths [25]. This has culminated into the current state 
of affairs where narcotic prescription abuse has become a national crisis with 
strict regulations on prescribing now in place. The fine balance between proper 
medical uses for the treatment of acute and chronic pain versus inappropriate 
overprescribing is being heavily scrutinized requiring careful consideration of 
the appropriateness of initiating opioids and the risks and benefits of chronic 
use. The importance of this is demonstrated with meta-analysis showing roughly 
5% of patients prescribed an opioid for pain developing iatrogenic opioid depen-
dence or abuse [26]. One must have an intimate understanding of the various 
opioid medications available and take a careful and strategized approach to 
prescribing a chronic regimen to suitably navigate this dilemma. Nonetheless, 
opioids remain a mainstay in the treatment of acute and chronic cancer related 
pain. This is in contrast to the benefit of opioids used in chronic non-malignant 
pain with studies continuing to show little to no benefit in quality of life or 
functional capacity [27, 28].

3.1 Mechanism of action

The classification of opioid commonly refers to all compounds that bind to the 
opiate receptors. This includes the naturally occurring alkaloids derived from the 
opium poppy (morphine, codeine), semi-synthetic opioids which are synthesized 
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from naturally occurring opiates (oxycodone, heroin) and fully synthetic opioids 
(methadone, fentanyl). Opioids as a class are similar in that they all cause analgesia 
and have a common side effect profile. Opioid drugs impart their effects primar-
ily through three receptors: Mu (μ), Delta (δ), and Kappa (κ) (Table 2). These 
receptors are found both peripherally and centrally and can be activated all along 
the neuroaxis including the cortex, brainstem, interneurons of the spinal cord and 
the nociceptors at the level of the primary sensory neurons. Activation of these 
receptors is responsible for both the analgesic properties of opioids as well as the 
major side effects. All opioid receptors are G-protein coupled receptors that inhibit 
adenylyl cyclase, decreasing conductance of voltage-gated Ca++ channels and/or 
opening rectifying K+ channels (Figure 2). This ultimately prevents calcium influx 
and the release of pronociceptive neurotransmitters (glutamate, substance P, and 
calcitonin gene-related peptide from the nociceptive fibers) [31]. By preventing the 
release of these pain-promoting neurotransmitters, opioids are able to impart their 
analgesic properties.

3.2 Opioid receptors

Mu receptors are largely thought of as the primary receptor responsible for 
analgesia with opioids; thus, the term “mu agonist” is often used to describe opioids 
used for the management of pain. Mu opioid receptors (MOR) are found in high 
density at the periaqueductal gray (PAG) of the midbrain. Agonism of MOR in this 
region is thought to eliminate a tonic gamma aminobutyric acid (GABA) tone thus 

Mu (μ) Delta (δ) Kappa (κ)

Mu 1: Analgesia
Mu 2: Sedation, vomiting, 
respiratory depression, 
pruritus, euphoria, 
anorexia, urinary retention, 
physical dependence

Analgesia, 
spinal 
analgesia

Analgesia, sedation, dyspnea, 
psychomimetic effects, miosis, 
respiratory depression, euphoria, 
dysphoria, dyspnea

Endogenous peptides

Enkephalins Agonist Agonist

Beta-endorphin Agonist Agonist

Dynorphin A Agonist Agonist

Agonists

Morphine Agonist Weak agonist

Codeine Weak agonist Weak agonist

Fentanyl Agonist

Meperidine Agonist Agonist

Methadone Agonist

Antagonists

Naloxone Antagonist Weak 
antagonist

Antagonist

Naltrexone Antagonist Weak 
antagonist

Antagonist

Adapted from [29, 30].

Table 2. 
Analgesic effects at opioid receptors.
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production with traditional non-selective NSAIDs results in gastric mucosal impair-
ment and injury. Gastroduodenal ulcers are commonly identified with endoscopy 
after chronic non-selective NSAID use with double-blind trials showing incidence 
as high as 46% after 24 weeks of ibuprofen use [19]. Extra care must be taken with 
NSAID use in special populations including the elderly and those with underlying 
gastric irritation, stress related gastric mucosal injury (SRMD), and portal hyper-
tensive gastropathy.

Given the side effects associated with inhibition of COX-1, especially the 
GI toxicity noted above, selective COX-2 inhibiting NSAIDs were created with 
the intention of avoiding harmful GI events while continuing to retain the anti-
inflammatory and analgesic benefits of COX-2 antagonism. The selective COX-2 
inhibition that occurs with coxibs (celecoxib, rofecoxib) was, however, believed to 
be associated with increased cardiovascular (CV) events including hypertension 
and thrombosis. The CV side effects are attributed to the imbalance in vascular 
tone and clotting hemostasis that is in part regulated by arachidonic metabolites; 
with COX-1 mediated TXA2 being an inducer of platelet aggregation and COX-2 
mediated PGI2 being an inhibitor of platelet aggregation [20]. This is highlighted 
with PGI2 receptor deficient mice being more prone to thrombosis then wild type 
mice [21]. Ultimately, large randomized controlled trials showed that celecoxib in 
moderate doses was non-inferior to naproxen or ibuprofen (non-selective NSAIDs) 
in regards to a primary outcome of cardiovascular causes of death [22].

3. Opioids

Opioids have been used for the management of pain since the earliest records 
of human history. The Sumerians of Mesopotamia were the first to cultivate the 
poppy plant [23]. Further refinement paralleled the advancement of human 
growth with the first extraction of morphine from opium occurring in 1803 
[24]. New formulations, concentrations, and routes of delivery were developed 
and there was a simultaneous increase in medicinal as well as recreational use. 
Opiate use peaked between 1999 and 2017 and was responsible for approximately 
400,000 overdose related deaths [25]. This has culminated into the current state 
of affairs where narcotic prescription abuse has become a national crisis with 
strict regulations on prescribing now in place. The fine balance between proper 
medical uses for the treatment of acute and chronic pain versus inappropriate 
overprescribing is being heavily scrutinized requiring careful consideration of 
the appropriateness of initiating opioids and the risks and benefits of chronic 
use. The importance of this is demonstrated with meta-analysis showing roughly 
5% of patients prescribed an opioid for pain developing iatrogenic opioid depen-
dence or abuse [26]. One must have an intimate understanding of the various 
opioid medications available and take a careful and strategized approach to 
prescribing a chronic regimen to suitably navigate this dilemma. Nonetheless, 
opioids remain a mainstay in the treatment of acute and chronic cancer related 
pain. This is in contrast to the benefit of opioids used in chronic non-malignant 
pain with studies continuing to show little to no benefit in quality of life or 
functional capacity [27, 28].

3.1 Mechanism of action

The classification of opioid commonly refers to all compounds that bind to the 
opiate receptors. This includes the naturally occurring alkaloids derived from the 
opium poppy (morphine, codeine), semi-synthetic opioids which are synthesized 
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from naturally occurring opiates (oxycodone, heroin) and fully synthetic opioids 
(methadone, fentanyl). Opioids as a class are similar in that they all cause analgesia 
and have a common side effect profile. Opioid drugs impart their effects primar-
ily through three receptors: Mu (μ), Delta (δ), and Kappa (κ) (Table 2). These 
receptors are found both peripherally and centrally and can be activated all along 
the neuroaxis including the cortex, brainstem, interneurons of the spinal cord and 
the nociceptors at the level of the primary sensory neurons. Activation of these 
receptors is responsible for both the analgesic properties of opioids as well as the 
major side effects. All opioid receptors are G-protein coupled receptors that inhibit 
adenylyl cyclase, decreasing conductance of voltage-gated Ca++ channels and/or 
opening rectifying K+ channels (Figure 2). This ultimately prevents calcium influx 
and the release of pronociceptive neurotransmitters (glutamate, substance P, and 
calcitonin gene-related peptide from the nociceptive fibers) [31]. By preventing the 
release of these pain-promoting neurotransmitters, opioids are able to impart their 
analgesic properties.

3.2 Opioid receptors

Mu receptors are largely thought of as the primary receptor responsible for 
analgesia with opioids; thus, the term “mu agonist” is often used to describe opioids 
used for the management of pain. Mu opioid receptors (MOR) are found in high 
density at the periaqueductal gray (PAG) of the midbrain. Agonism of MOR in this 
region is thought to eliminate a tonic gamma aminobutyric acid (GABA) tone thus 

Mu (μ) Delta (δ) Kappa (κ)

Mu 1: Analgesia
Mu 2: Sedation, vomiting, 
respiratory depression, 
pruritus, euphoria, 
anorexia, urinary retention, 
physical dependence

Analgesia, 
spinal 
analgesia

Analgesia, sedation, dyspnea, 
psychomimetic effects, miosis, 
respiratory depression, euphoria, 
dysphoria, dyspnea

Endogenous peptides

Enkephalins Agonist Agonist

Beta-endorphin Agonist Agonist

Dynorphin A Agonist Agonist

Agonists

Morphine Agonist Weak agonist

Codeine Weak agonist Weak agonist

Fentanyl Agonist

Meperidine Agonist Agonist

Methadone Agonist

Antagonists

Naloxone Antagonist Weak 
antagonist

Antagonist

Naltrexone Antagonist Weak 
antagonist

Antagonist

Adapted from [29, 30].

Table 2. 
Analgesic effects at opioid receptors.
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indirectly stimulating descending inhibitory pathways at the level of the spinal cord 
[32]. MOR receptors are also in high density on dorsal horn neurons and elicit their 
analgesic effect through inhibition of glutamine release decreasing the transmission 
of nociceptive information from A-delta and C nerve fibers.

The drugs that are able to fully activate these mu receptors in a dose depen-
dent fashion are referred to as full agonists. This is in contrast to the drugs that 
are either weak agonists at the mu receptor (while preventing other full agonists 
from binding) or are antagonists at the mu receptor while being an agonist at 
another receptor. These are referred to as agonist-antagonist drugs and include 
buprenorphine+naloxone (suboxone), nalbuphine, and pentazocine. Reversal of 
the effects caused by mu agonists is accomplished with competing antagonists 
(naloxone), which are crucial in the medical management of opioid overdoses 
and the associated respiratory depression. Kappa and delta receptors also con-
tribute to analgesia and the other clinical effects seen with acute and chronic use 
including respiratory depression and sedation. Kappa receptors, in particular, 
are localized in the brain stem and spinal cord and are chiefly responsible for 
providing spinal analgesia [29]. Opioid receptors also bind to endogenous opioid 

Figure 2. 
Mechanisms of opioid action in the spinal cord.
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peptides (endorphins, enkephalins, and dynorphins), which are important in 
overall pain modulation.

The clinical use of opioids is dependent upon more than just the receptor 
specificity and relies on deep understanding of the pharmacokinetics of these drugs 
for optimal use. In a basic sense, opioids can be classified into either short or long 
acting agents although this terminology inappropriately simplifies complex phar-
macodynamic and pharmacokinetic properties of these drugs.

3.3 Side effects

The interaction between exogenous opioids and opioid receptor activation has 
a diverse side effect profile with variable differences seen with acute and chronic 
use. These side effects include constipation, nausea and vomiting, hyperalgesia, 
opioid induced hormonal changes, and respiratory depression. Opioid induced 
constipation (OIC) is one of the most commonly seen side effects with roughly 
one half of patients experiencing OIC with long-term use [33]. OIC can cause 
significant morbidity with associated adverse effects including fecal impaction 
with obstruction, reflux, dyspepsia, cramping/pain, and lengthened hospitaliza-
tion [34]. For this reason, all chronic opioid regimens should include prophylactic 
laxatives. Mu opioid receptors are abundant in the respiratory rhythm generating 
regions of the brainstem and pons. Agonism of these receptors causes opioid 
induced breathing alterations including significant reduction in respiratory rate 
and minute ventilation with associated hypercapnia. This can ultimately lead to 
fatal apnea, especially with lipophilic opioids and intravenous administration 
that allows for quick equilibration at the effect compartment (central respiratory 
centers) [35]. Given the euphoria that occurs with opioids, addiction is another 
potential iatrogenic side effect seen with acute and chronic use. This can be 
associated with tolerance to opioids, which is defined as a decreased objective 
and subjective effect with a stable dose over time as well as requiring increasing 
amount of an opioid to achieve the same effect. Increasing tolerance also devel-
ops to the other effects of opioids including respiratory depression [24]. This is 
problematic in patients abusing opioids given the tendency for relapse back to a 
previous dose that will now cause profound respiratory depression due to the loss 
of tolerance during abstinence.

4. Antidepressants

Antidepressants have a long established efficacy in the treatment of neu-
ropathic predominant chronic pain disorders [36]. Neuropathic pain disorders 
develop from a multitude of disease processes that directly arise from lesions or 
other damage to the central or peripheral somatosensory nervous system [37]. 
Associated diseases and processes include diabetes mellitus (diabetic peripheral 
neuropathy), HIV (HIV polyneuropathy), herpes zoster (post-herpetic neuralgia), 
and medical interventions (e.g., post-mastectomy pain, chemotherapy). Tricyclic 
antidepressants (TCAs) including amitriptyline, imipramine, and nortriptyline 
are routinely used as first line options in the management of neuropathic pain 
[36, 38]. TCAs can be started and maintained at doses lower than the doses used 
in depression thus reducing some of the side effects commonly seen at depression 
doses such as dry mouth, sedation, urinary retention and orthostatic hypoten-
sion. TCAs must be used cautiously in patients taking other serotonergic drugs 
or in patients with a history of cardiovascular disorders, glaucoma, or urinary 
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indirectly stimulating descending inhibitory pathways at the level of the spinal cord 
[32]. MOR receptors are also in high density on dorsal horn neurons and elicit their 
analgesic effect through inhibition of glutamine release decreasing the transmission 
of nociceptive information from A-delta and C nerve fibers.

The drugs that are able to fully activate these mu receptors in a dose depen-
dent fashion are referred to as full agonists. This is in contrast to the drugs that 
are either weak agonists at the mu receptor (while preventing other full agonists 
from binding) or are antagonists at the mu receptor while being an agonist at 
another receptor. These are referred to as agonist-antagonist drugs and include 
buprenorphine+naloxone (suboxone), nalbuphine, and pentazocine. Reversal of 
the effects caused by mu agonists is accomplished with competing antagonists 
(naloxone), which are crucial in the medical management of opioid overdoses 
and the associated respiratory depression. Kappa and delta receptors also con-
tribute to analgesia and the other clinical effects seen with acute and chronic use 
including respiratory depression and sedation. Kappa receptors, in particular, 
are localized in the brain stem and spinal cord and are chiefly responsible for 
providing spinal analgesia [29]. Opioid receptors also bind to endogenous opioid 
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peptides (endorphins, enkephalins, and dynorphins), which are important in 
overall pain modulation.

The clinical use of opioids is dependent upon more than just the receptor 
specificity and relies on deep understanding of the pharmacokinetics of these drugs 
for optimal use. In a basic sense, opioids can be classified into either short or long 
acting agents although this terminology inappropriately simplifies complex phar-
macodynamic and pharmacokinetic properties of these drugs.

3.3 Side effects

The interaction between exogenous opioids and opioid receptor activation has 
a diverse side effect profile with variable differences seen with acute and chronic 
use. These side effects include constipation, nausea and vomiting, hyperalgesia, 
opioid induced hormonal changes, and respiratory depression. Opioid induced 
constipation (OIC) is one of the most commonly seen side effects with roughly 
one half of patients experiencing OIC with long-term use [33]. OIC can cause 
significant morbidity with associated adverse effects including fecal impaction 
with obstruction, reflux, dyspepsia, cramping/pain, and lengthened hospitaliza-
tion [34]. For this reason, all chronic opioid regimens should include prophylactic 
laxatives. Mu opioid receptors are abundant in the respiratory rhythm generating 
regions of the brainstem and pons. Agonism of these receptors causes opioid 
induced breathing alterations including significant reduction in respiratory rate 
and minute ventilation with associated hypercapnia. This can ultimately lead to 
fatal apnea, especially with lipophilic opioids and intravenous administration 
that allows for quick equilibration at the effect compartment (central respiratory 
centers) [35]. Given the euphoria that occurs with opioids, addiction is another 
potential iatrogenic side effect seen with acute and chronic use. This can be 
associated with tolerance to opioids, which is defined as a decreased objective 
and subjective effect with a stable dose over time as well as requiring increasing 
amount of an opioid to achieve the same effect. Increasing tolerance also devel-
ops to the other effects of opioids including respiratory depression [24]. This is 
problematic in patients abusing opioids given the tendency for relapse back to a 
previous dose that will now cause profound respiratory depression due to the loss 
of tolerance during abstinence.

4. Antidepressants

Antidepressants have a long established efficacy in the treatment of neu-
ropathic predominant chronic pain disorders [36]. Neuropathic pain disorders 
develop from a multitude of disease processes that directly arise from lesions or 
other damage to the central or peripheral somatosensory nervous system [37]. 
Associated diseases and processes include diabetes mellitus (diabetic peripheral 
neuropathy), HIV (HIV polyneuropathy), herpes zoster (post-herpetic neuralgia), 
and medical interventions (e.g., post-mastectomy pain, chemotherapy). Tricyclic 
antidepressants (TCAs) including amitriptyline, imipramine, and nortriptyline 
are routinely used as first line options in the management of neuropathic pain 
[36, 38]. TCAs can be started and maintained at doses lower than the doses used 
in depression thus reducing some of the side effects commonly seen at depression 
doses such as dry mouth, sedation, urinary retention and orthostatic hypoten-
sion. TCAs must be used cautiously in patients taking other serotonergic drugs 
or in patients with a history of cardiovascular disorders, glaucoma, or urinary 
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retention given the anticholinergic side effects TCAs can produce. Of note, TCAs 
are beneficial to both depressed and non-depressed patients as well as having 
the added value of helping with depression in the depressed subpopulation [36]. 
Serotonin-norepinephrine reuptake inhibitors (SNRIs) are also commonly used 
in the management of chronic pain with duloxetine having FDA approval for the 
management of fibromyalgia and venlafaxine showing superiority to placebo in 
the treatment of diabetic neuropathy [39, 40].

The primary mechanism of action of TCAs in the treatment of neuropathic pain 
involves the reuptake inhibition of norepinephrine (NE) and serotonin (5-hydroxy-
tryptamine [5-HT]), which causes a blockade of the neuronal membrane ion chan-
nels and increases the activation of descending inhibitory pathways in the midbrain 
and spinal cord [41, 42]. SNRIs also elicit their effect through inhibition of NE and 
5-HT blocking their role in descending pain pathways.

5. Cannabinoids

The term cannabinoid is used to collectively describe all naturally occurring 
and synthetic compounds that are structurally similar to and elicit similar effects 
as the cannabinoid plants, most notably cannabis. In addition to the cannabi-
noids derived from plants (phytocannabinoids), there are also endogenously 
produced cannabinoids (endocannabinoids) and synthetic cannabinoids now 
being produced for medical use. Endocannabinoids are fundamental in human 
homeostasis with established behavioral, metabolic, immunologic, and physi-
ologic functions [43]. Cannabinoids bind to two isotypes of G protein coupled 
receptors, CB1 and CB2 [44]. The CB1 receptor is found predominantly in the 
CNS including the brain, spinal cord, and the sensory nerve terminals and along 
primary pain pathways. Activation of CB1 receptors at these sites results in mem-
brane hyperpolarization and the modulation of nociceptive neurotransmitters 
contributing to both the pain relief and psychotomimetic properties of can-
nabinoids [45]. This reduced pain with cannabinoid receptor agonists can occur 
at multiple levels of the CNS both peripherally and centrally. CB2 receptors are 
concentrated in the hematopoietic cells of the immune system and are involved 
in a diverse range of immunomodulatory effects including the inhibition of 
cytokine release [46, 47].

Cannabis contains over 500 chemical compounds including over 150 phytocan-
nabinoids with the most studied being Δ9-tetrahydrocannabinol (THC) and can-
nabidiol (CBD). THC is the chief psychotropic compound of cannabis and is found 
in varying concentrations in different strains of the plant. THC has a strong affinity 
for CB1, which is regarded as the primary receptor responsible for the psychoactive 
effects seen with cannabis. In contrast, CBD does not activate CB1 so it does not pro-
duce psychoactive effects and is associated more with the anti-inflammatory effects 
of cannabinoids [48]. There are currently three cannabinoid drugs available for use 
in the United States. Epidolex® is a CBD based drug used to treat epileptic disor-
ders and is derived from cannabis. Dronabinol and Nabilone are synthetic THC 
compounds approved for use in chemotherapy associated nausea and as an appetite 
stimulant in HIV/AIDS [49]. Molecular and preclinical evidence continues to sup-
port the anti-nociceptive properties of cannabinoids although experimental human 
studies are more heterogeneous with varying results although ongoing research is 
being conducted [50]. With major legislative changes in the USA, thirty-three states 
and the District of Columbia have passed laws broadly legalizing cannabis in some 
form at the time of this writing.
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6. Ketamine

Ketamine is a dissociative analgesic and amnestic medication that acts as a 
non-competitive antagonist of the N-Methyl-D-Aspartate (NMDA) receptor in 
the central nervous system [51]. It has been used since the 1960s as an anesthetic 
agent and continues to be studied and adapted for novel psychiatric and anesthetic 
purposes. Ketamine has multiple sites of drug action but its principal nociceptive 
effects occur at the NMDA receptors. NMDA receptors have dense expression in the 
temporal cortex, hippocampus, basal ganglia, cerebellum and brain stem and are 
known to contribute to the neuronal process that mediate nociception via activation 
by glutamate, an excitatory amino acid [52]. By targeting this receptor, ketamine 
has profound attenuating effects on ascending nociceptive transmission and ampli-
fication of descending inhibitory pathways [52, 53]. Ketamine is currently utilized 
in the management of many diseases and other applications including the manage-
ment of chronic pain disorders (e.g., complex regional pain syndrome, phantom 
limb pain, fibromyalgia), acute pain, conscious sedation, and intraoperatively for 
antihyperalgesia and induction of anesthesia [54].

7. Conclusions

NSAIDs have been used historically to treat both acute and chronic pain. They 
possess analgesic, antipyretic, and anti-inflammatory properties through the 
inhibition of the pro-inflammatory cyclooxygenase (COX) enzymes. Their mecha-
nism of action allows them to establish efficacy in treating a variety of pain diseases 
but also allows their routine use to produce serious side effects. COX-1 receptors are 
expressed throughout our body and its inhibition can lead to gastric mucosal injury 
including gastroduodenal ulcers. Selective COX-2 inhibitors were created with 
hopes of avoiding the side effects connected with non-selective COX-inhibitors; 
however, they are associated with their own complications which include an 
increased risk for cardiovascular events (thrombosis and hypertension).

Opioids remain a popular option in treating pain due to their effect on the Mu 
(μ), Delta (δ), and Kappa (κ) receptors. By activating these receptors, opioids can 
prevent the release of pain-promoting neurotransmitters providing their analgesic 
effects. However, the activation of the same receptors is also responsible for the 
associated side effects. These side effects vary depending on either acute or chronic 
use but can be life-threatening in some cases. This includes respiratory depression 
which can lead to fatal apnea. Chronic opioid use is associated with opioid induced 
constipation that can cause significant morbidity. It is therefore recommended to 
include prophylactic laxatives with chronic regimens. It is important to remember 
that addiction and tolerance is associated with opioid use due to its euphoric effect. 
Therefore, the clinical use of these medications should not only depend on their 
mechanism of action but also on understanding the potential severe complications 
that arise with their use.

Neuropathic chronic pain disorders have been effectively treated with anti-
depressants. These disorders include, but are not limited to, diabetic peripheral 
neuropathy, HIV polyneuropathy, and post-herpetic neuralgia. One of the first 
line options are the tricyclic antidepressants (TCAs) which are usually started and 
maintained at lower doses versus the depression doses. This helps reduce some 
of their side effects including urinary retention, sedation, and dry mouth. Other 
antidepressants include serotonin-norepinephrine reuptake inhibitors that are also 
used in the management of neuropathic disorders.
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retention given the anticholinergic side effects TCAs can produce. Of note, TCAs 
are beneficial to both depressed and non-depressed patients as well as having 
the added value of helping with depression in the depressed subpopulation [36]. 
Serotonin-norepinephrine reuptake inhibitors (SNRIs) are also commonly used 
in the management of chronic pain with duloxetine having FDA approval for the 
management of fibromyalgia and venlafaxine showing superiority to placebo in 
the treatment of diabetic neuropathy [39, 40].

The primary mechanism of action of TCAs in the treatment of neuropathic pain 
involves the reuptake inhibition of norepinephrine (NE) and serotonin (5-hydroxy-
tryptamine [5-HT]), which causes a blockade of the neuronal membrane ion chan-
nels and increases the activation of descending inhibitory pathways in the midbrain 
and spinal cord [41, 42]. SNRIs also elicit their effect through inhibition of NE and 
5-HT blocking their role in descending pain pathways.

5. Cannabinoids

The term cannabinoid is used to collectively describe all naturally occurring 
and synthetic compounds that are structurally similar to and elicit similar effects 
as the cannabinoid plants, most notably cannabis. In addition to the cannabi-
noids derived from plants (phytocannabinoids), there are also endogenously 
produced cannabinoids (endocannabinoids) and synthetic cannabinoids now 
being produced for medical use. Endocannabinoids are fundamental in human 
homeostasis with established behavioral, metabolic, immunologic, and physi-
ologic functions [43]. Cannabinoids bind to two isotypes of G protein coupled 
receptors, CB1 and CB2 [44]. The CB1 receptor is found predominantly in the 
CNS including the brain, spinal cord, and the sensory nerve terminals and along 
primary pain pathways. Activation of CB1 receptors at these sites results in mem-
brane hyperpolarization and the modulation of nociceptive neurotransmitters 
contributing to both the pain relief and psychotomimetic properties of can-
nabinoids [45]. This reduced pain with cannabinoid receptor agonists can occur 
at multiple levels of the CNS both peripherally and centrally. CB2 receptors are 
concentrated in the hematopoietic cells of the immune system and are involved 
in a diverse range of immunomodulatory effects including the inhibition of 
cytokine release [46, 47].

Cannabis contains over 500 chemical compounds including over 150 phytocan-
nabinoids with the most studied being Δ9-tetrahydrocannabinol (THC) and can-
nabidiol (CBD). THC is the chief psychotropic compound of cannabis and is found 
in varying concentrations in different strains of the plant. THC has a strong affinity 
for CB1, which is regarded as the primary receptor responsible for the psychoactive 
effects seen with cannabis. In contrast, CBD does not activate CB1 so it does not pro-
duce psychoactive effects and is associated more with the anti-inflammatory effects 
of cannabinoids [48]. There are currently three cannabinoid drugs available for use 
in the United States. Epidolex® is a CBD based drug used to treat epileptic disor-
ders and is derived from cannabis. Dronabinol and Nabilone are synthetic THC 
compounds approved for use in chemotherapy associated nausea and as an appetite 
stimulant in HIV/AIDS [49]. Molecular and preclinical evidence continues to sup-
port the anti-nociceptive properties of cannabinoids although experimental human 
studies are more heterogeneous with varying results although ongoing research is 
being conducted [50]. With major legislative changes in the USA, thirty-three states 
and the District of Columbia have passed laws broadly legalizing cannabis in some 
form at the time of this writing.
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6. Ketamine

Ketamine is a dissociative analgesic and amnestic medication that acts as a 
non-competitive antagonist of the N-Methyl-D-Aspartate (NMDA) receptor in 
the central nervous system [51]. It has been used since the 1960s as an anesthetic 
agent and continues to be studied and adapted for novel psychiatric and anesthetic 
purposes. Ketamine has multiple sites of drug action but its principal nociceptive 
effects occur at the NMDA receptors. NMDA receptors have dense expression in the 
temporal cortex, hippocampus, basal ganglia, cerebellum and brain stem and are 
known to contribute to the neuronal process that mediate nociception via activation 
by glutamate, an excitatory amino acid [52]. By targeting this receptor, ketamine 
has profound attenuating effects on ascending nociceptive transmission and ampli-
fication of descending inhibitory pathways [52, 53]. Ketamine is currently utilized 
in the management of many diseases and other applications including the manage-
ment of chronic pain disorders (e.g., complex regional pain syndrome, phantom 
limb pain, fibromyalgia), acute pain, conscious sedation, and intraoperatively for 
antihyperalgesia and induction of anesthesia [54].

7. Conclusions

NSAIDs have been used historically to treat both acute and chronic pain. They 
possess analgesic, antipyretic, and anti-inflammatory properties through the 
inhibition of the pro-inflammatory cyclooxygenase (COX) enzymes. Their mecha-
nism of action allows them to establish efficacy in treating a variety of pain diseases 
but also allows their routine use to produce serious side effects. COX-1 receptors are 
expressed throughout our body and its inhibition can lead to gastric mucosal injury 
including gastroduodenal ulcers. Selective COX-2 inhibitors were created with 
hopes of avoiding the side effects connected with non-selective COX-inhibitors; 
however, they are associated with their own complications which include an 
increased risk for cardiovascular events (thrombosis and hypertension).

Opioids remain a popular option in treating pain due to their effect on the Mu 
(μ), Delta (δ), and Kappa (κ) receptors. By activating these receptors, opioids can 
prevent the release of pain-promoting neurotransmitters providing their analgesic 
effects. However, the activation of the same receptors is also responsible for the 
associated side effects. These side effects vary depending on either acute or chronic 
use but can be life-threatening in some cases. This includes respiratory depression 
which can lead to fatal apnea. Chronic opioid use is associated with opioid induced 
constipation that can cause significant morbidity. It is therefore recommended to 
include prophylactic laxatives with chronic regimens. It is important to remember 
that addiction and tolerance is associated with opioid use due to its euphoric effect. 
Therefore, the clinical use of these medications should not only depend on their 
mechanism of action but also on understanding the potential severe complications 
that arise with their use.

Neuropathic chronic pain disorders have been effectively treated with anti-
depressants. These disorders include, but are not limited to, diabetic peripheral 
neuropathy, HIV polyneuropathy, and post-herpetic neuralgia. One of the first 
line options are the tricyclic antidepressants (TCAs) which are usually started and 
maintained at lower doses versus the depression doses. This helps reduce some 
of their side effects including urinary retention, sedation, and dry mouth. Other 
antidepressants include serotonin-norepinephrine reuptake inhibitors that are also 
used in the management of neuropathic disorders.
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Cannabinoids exhibit their effects by binding to CB1 and CB2 receptors, two iso-
types of G-protein coupled receptors. The agonism of these receptors is responsible 
for cannabinoids’ anti-inflammatory and analgesic effects. CB1 receptor agonism 
is also predominately responsible for the psychoactive effect. Preclinical evidence 
supports anti-nociceptive effects and with recent legalization of cannabis, the use 
of cannabinoids to treat pain disorders will expand with ongoing research.

Ketamine has many uses in treating both acute and chronic pain including 
fibromyalgia. It is also used for conscious sedation due to both its dissociative and 
amnestic properties. Ketamine has multiple sites of interactions but it exhibits 
its principle nociceptive effect by acting as a non-competitive antagonist of the 
N-Methyl-D-Aspartate (NDMA) receptor.
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Chapter 16

Analgesic Potential of 
Monoterpenes from Citrus 
Essential Oils
Ines Banjari, Jelena Balkić and Viduranga Yashasvi Waisundara

Abstract

Chronic pain is a noteworthy health issue with immense impact on global 
 healthcare systems. Although this issue has not come into the limelight as other 
noncommunicable diseases, it should be highlighted that modern medicine still has 
no efficient treatment to curb chronic pain. In this aspect, essential oils have been 
used for the prevention of several disease conditions including pain management. 
These odorous products, obtained from botanically defined raw material, have 
a variable and complex composition. Their composition largely depends on the 
extraction technique used, from simple hydro-distillation, to supercritical or micro-
wave-assisted extraction. Monoterpenoids are some of the most biologically active 
and highly researched compounds when it comes to antinociceptive effects. They 
are volatile oils, primarily composed of two isoprene units with highly distinctive 
aromas and flavors. More than 90% of the essential oils of medicinal plants consist 
of monoterpenoids like limonene, myrcene, α-terpineol, linalool, pinene, p-cymene, 
and nerol. Besides strong anti-inflammatory effect, all essential oils with high 
D-limonene content pose a significant free radical scavenging effect, predominantly 
disabling the production of reactive oxygen species. Further studies in humans are 
encouraged to determine the real long-term potential in treating chronic pain.

Keywords: chronic pain, essential oils, citruses, monoterpenes, limonene

1. Introduction

Chronic pain is defined as a long-term pain lasting 3–6 months after the normal 
healing period, and is described as continuous or recurrent [1]. The European Pain 
Federation (EFIC) in its Declaration on Pain identifies chronic pain as a distinct 
health issue, which has an immense financial impact on healthcare systems around 
the world [2]. In Europe, 20% of adults or one in five suffer from chronic pain, and 
about 34% of them describe their chronic pain as severe [3]. In the U.S., estimated 
prevalence among adults ranges from 11 to 40% [4]. Estimated total cost of the 
consequences of chronic pain across Europe is €300 billion [3], while the annual 
healthcare cost for back pain only was estimated to be £13.44 billion in Germany 
and £1 billion in UK [5].

Chronic pain alters all aspects of a patient’s life inducing severe physical, 
psychological, and social impairments, while increasing consumption of opiates 
and analgesics. It eventually deteriorates an individual’s quality of life [1, 3, 5]. 
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The most common sites affected, according to a UK population study, are the 
lower back [30%], hip [25%], neck and shoulder (25%), and knee (24%) [6]. 
The underlying pathophysiology of chronic pain is usually complex, and can be 
explained by the presence of typical inflammation and neuropathy [7].

Modern medicine still has no efficient treatment to deal with chronic pain. 
Essential oils have been used to prevent and treat diseases for many centuries [8] and 
have been proven to pose antibacterial, antifungal, antiproliferative, anti-inflamma-
tory, antioxidant, and anesthetic properties, although the exact mechanisms of action 
are still elusive [8, 9]. Recent meta-analysis by Lakhan et al. [10] found a significant 
positive effect of aromatherapy [compared with placebo or treatments as usual 
controls] in reducing pain intensity, with the strongest evidence for nociceptive and 
acute pain, unlike inflammatory and chronic pain. The aim of this chapter is to sum-
marize the existing evidence on the effectiveness of Citrus essential oils, that is, their 
monoterpenes and especially limonene, for the treatment of chronic pain.

2. Essential oils

One of the modalities where plants have been put to use is aromatherapy, where 
they can be diffused aromatically, consumed internally, or applied topically to the 
skin [8, 11]. In general, the respiratory tract offers the most rapid way of entry of 
oils followed by the dermal pathway [12]. The main beneficial constituents present 
in essential oils are the monoterpenes, sesquiterpenes, and phenylpropanoids [9]. 
Citrus essential oils have been used for millennia to treat anxiety, agitation, stress, 
challenging behaviors, fatigue, and insomnia [11]. Composition of selected essential 
Citrus oils is given in Table 1, along with their beneficial health effects. The compo-
sition of a specific essential oil will vary significantly depending on the extraction 
technique used.

3. Extraction techniques of essential oils

There are several extraction techniques that are commonly used for the isolation 
and purification of bioactives from herbs used as pain medications. A summary 
of these techniques is shown in Figure 1. Most of these bioactives are extracted 
together with the essential oils of the herbs. It is important that the selected extrac-
tion technique is compatible with the bioactives as well as the herb, and is efficient 
in obtaining as much quantity as possible while preserving the functionality.

Techniques commonly employed for extracting essential oils include hydro-dis-
tillation, steam distillation, solvent extraction, head space analysis, and liquid CO2 
extraction [37]. Head space analysis is a potentially rapid method, which is used to 
extract essential oils and requires very little plant material, but a complete recovery 
may occur only for highly volatile materials. Conventional methods such as steam 
distillation and solvent extraction may result in severe losses of volatile materials 
because the liquid in which the oil is collected should be subsequently removed by 
evaporation. Application of heat in this instance is a disadvantage.

Ultrasound has been recently applied to improve the extraction of polysaccha-
rides and essential oils from plant material that is used for pain medication, mainly 
through the phenomenon of cavitation [38–41]. Chemat et al. [41] prepared hexane 
extracts of two caraway seeds focusing on the carvone and limonene contents which 
were isolated in the process. The study demonstrated that the carvone yield and 
plant extract quality were better in ultrasound extraction compared with those 
obtained by conventional methodologies.
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The most common sites affected, according to a UK population study, are the 
lower back [30%], hip [25%], neck and shoulder (25%), and knee (24%) [6]. 
The underlying pathophysiology of chronic pain is usually complex, and can be 
explained by the presence of typical inflammation and neuropathy [7].

Modern medicine still has no efficient treatment to deal with chronic pain. 
Essential oils have been used to prevent and treat diseases for many centuries [8] and 
have been proven to pose antibacterial, antifungal, antiproliferative, anti-inflamma-
tory, antioxidant, and anesthetic properties, although the exact mechanisms of action 
are still elusive [8, 9]. Recent meta-analysis by Lakhan et al. [10] found a significant 
positive effect of aromatherapy [compared with placebo or treatments as usual 
controls] in reducing pain intensity, with the strongest evidence for nociceptive and 
acute pain, unlike inflammatory and chronic pain. The aim of this chapter is to sum-
marize the existing evidence on the effectiveness of Citrus essential oils, that is, their 
monoterpenes and especially limonene, for the treatment of chronic pain.

2. Essential oils

One of the modalities where plants have been put to use is aromatherapy, where 
they can be diffused aromatically, consumed internally, or applied topically to the 
skin [8, 11]. In general, the respiratory tract offers the most rapid way of entry of 
oils followed by the dermal pathway [12]. The main beneficial constituents present 
in essential oils are the monoterpenes, sesquiterpenes, and phenylpropanoids [9]. 
Citrus essential oils have been used for millennia to treat anxiety, agitation, stress, 
challenging behaviors, fatigue, and insomnia [11]. Composition of selected essential 
Citrus oils is given in Table 1, along with their beneficial health effects. The compo-
sition of a specific essential oil will vary significantly depending on the extraction 
technique used.

3. Extraction techniques of essential oils

There are several extraction techniques that are commonly used for the isolation 
and purification of bioactives from herbs used as pain medications. A summary 
of these techniques is shown in Figure 1. Most of these bioactives are extracted 
together with the essential oils of the herbs. It is important that the selected extrac-
tion technique is compatible with the bioactives as well as the herb, and is efficient 
in obtaining as much quantity as possible while preserving the functionality.

Techniques commonly employed for extracting essential oils include hydro-dis-
tillation, steam distillation, solvent extraction, head space analysis, and liquid CO2 
extraction [37]. Head space analysis is a potentially rapid method, which is used to 
extract essential oils and requires very little plant material, but a complete recovery 
may occur only for highly volatile materials. Conventional methods such as steam 
distillation and solvent extraction may result in severe losses of volatile materials 
because the liquid in which the oil is collected should be subsequently removed by 
evaporation. Application of heat in this instance is a disadvantage.

Ultrasound has been recently applied to improve the extraction of polysaccha-
rides and essential oils from plant material that is used for pain medication, mainly 
through the phenomenon of cavitation [38–41]. Chemat et al. [41] prepared hexane 
extracts of two caraway seeds focusing on the carvone and limonene contents which 
were isolated in the process. The study demonstrated that the carvone yield and 
plant extract quality were better in ultrasound extraction compared with those 
obtained by conventional methodologies.
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Supercritical extraction (SFE) of the compounds responsible for the mitigat-
ing pain contained in herbs is another favorable technique that can be used for 
industrial-scale yielding of the responsible bioactives [42, 43]. Microwave-assisted 
extraction (MAE) is another method that is typically used for the extraction of 
bioactives for pain medication [44]. This technique offers a rapid delivery of energy 
to a total volume of solvent and solid herb matrix with subsequent heating of the 
solvent and solid matrix, efficiently and homogeneously [40]. Accelerated solvent 
extraction (ASE) is a solid-liquid extraction process performed to isolate bioactives 
for pain medication at elevated temperatures, usually between 50 and 200°C and at 
pressures between 10 and 15 MPa [40]. Solvent-free microwave extraction (SFME) is 
considered as a green method for the extraction of essential oils from herbs for pain 
medication. The methodology is a combination of microwave heating and dry distil-
lation performed at atmospheric pressure without any added solvent or water [45].

4. Bioactive components in essential oils

One of the most biologically active and best studied herbal compounds are mono-
terpenoids, which consist of two isoprene units, but contain a wide variety of struc-
tures. They are volatile oils with highly distinctive aromas and flavors. More than 90% 
of the essential oils of medicinal plants consist of monoterpenoids [46]. Most studies 
analyzing analgesic potential of essential oils were tested on animal models [47].

Out of all terpenoid compounds, limonene and carvone have shown to be effec-
tive in several tumors (stomach, pulmonary, and mammary) [48]. D-limonene and/
or its metabolites have been found in serum, liver, lung, kidney, and other tissues 
such as adipose tissue and mammary glands, which may explain its positive effect 
on mammary gland carcinoma [49]. D-limonene is also an excellent solvent of 
cholesterol; so, it is used clinically to dissolve cholesterol-containing gallstones [49]. 
Because of its gastric acid neutralizing effect and its support of normal gastrointes-
tinal motility, it has also been used for relief of heartburn [49].

5. Essential oils monoterpenes

5.1 Limonene

Limonene is a colorless liquid hydrocarbon classified as a monocyclic terpene 
[30], one of the main constituents found in essential oils extracted from citrus peels 
[50]. Out of the two isomers, D- and L-limonene, D-isomer is more common and 
possesses a strong orange odor [30, 50, 51], which is the reason for its wide applica-
tion as a flavor and fragrance additive [49]. Health benefits of limonene include 

Figure 1. 
Common extraction techniques used for the preparation of essential oils and their bioactives.
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industrial-scale yielding of the responsible bioactives [42, 43]. Microwave-assisted 
extraction (MAE) is another method that is typically used for the extraction of 
bioactives for pain medication [44]. This technique offers a rapid delivery of energy 
to a total volume of solvent and solid herb matrix with subsequent heating of the 
solvent and solid matrix, efficiently and homogeneously [40]. Accelerated solvent 
extraction (ASE) is a solid-liquid extraction process performed to isolate bioactives 
for pain medication at elevated temperatures, usually between 50 and 200°C and at 
pressures between 10 and 15 MPa [40]. Solvent-free microwave extraction (SFME) is 
considered as a green method for the extraction of essential oils from herbs for pain 
medication. The methodology is a combination of microwave heating and dry distil-
lation performed at atmospheric pressure without any added solvent or water [45].

4. Bioactive components in essential oils

One of the most biologically active and best studied herbal compounds are mono-
terpenoids, which consist of two isoprene units, but contain a wide variety of struc-
tures. They are volatile oils with highly distinctive aromas and flavors. More than 90% 
of the essential oils of medicinal plants consist of monoterpenoids [46]. Most studies 
analyzing analgesic potential of essential oils were tested on animal models [47].

Out of all terpenoid compounds, limonene and carvone have shown to be effec-
tive in several tumors (stomach, pulmonary, and mammary) [48]. D-limonene and/
or its metabolites have been found in serum, liver, lung, kidney, and other tissues 
such as adipose tissue and mammary glands, which may explain its positive effect 
on mammary gland carcinoma [49]. D-limonene is also an excellent solvent of 
cholesterol; so, it is used clinically to dissolve cholesterol-containing gallstones [49]. 
Because of its gastric acid neutralizing effect and its support of normal gastrointes-
tinal motility, it has also been used for relief of heartburn [49].

5. Essential oils monoterpenes

5.1 Limonene

Limonene is a colorless liquid hydrocarbon classified as a monocyclic terpene 
[30], one of the main constituents found in essential oils extracted from citrus peels 
[50]. Out of the two isomers, D- and L-limonene, D-isomer is more common and 
possesses a strong orange odor [30, 50, 51], which is the reason for its wide applica-
tion as a flavor and fragrance additive [49]. Health benefits of limonene include 
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Common extraction techniques used for the preparation of essential oils and their bioactives.
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antioxidant, anti-inflammatory, vasorelaxant, anticarcinogenic, chemopreventive, 
and chemotherapeutic potentials [13, 52–54].

The analgesic effect is helpful in relieving headaches and stomach ache, relaxing 
the muscles, and preventing muscle stiffness. It also helps to overcome fatigue and 
it plays a vital role in relaxing and stabilizing the nervous system and, therefore, is 
used as a sedative [50, 52].

Yoon et al. [55] carried out a study to verify the pharmacological and biological 
effects of limonene on the production of pro-inflammatory cytokines and inflam-
matory mediators in RAW 264.7 macrophages and concluded that limonene effec-
tively inhibited lipopolysaccharide-induced nitric oxide (NO) and prostaglandin E2 
production that included dose-dependent decreases in the expression of inducible 
nitric synthase (iNOS) and cyclooxygenase-2 (COX-2) proteins. The same study 
also showed inhibition of macrophage-cytokine production [55]. A beneficial 
antioxidant effect via increased iNOS and COX-2 protein expression was found 
in ulcerative colitis rat models [53]. Moreover, systemic application of limonene 
reduced nociceptive behaviors via H2O2-induced TRPA1 activation, and this effect is 
related to the inflammatory pain [51]. Myrcene and limonene inhibit IL-1β-induced 
responses found in osteoarthritis [56].

In conclusion, D-Limonene presented significant antinociception in different 
models of nociception without opioid receptor stimulation [57]. Instead, it is more 
likely related to the appreciable anti-inflammatory activity of this compound [58].

5.2 Myrcene

Myrcene or β-myrcene is a monoterpene polyunsaturated acyclic found in 
nature, originally isolated from lemon grass oil (Cymbopogon citratus) [58]. Besides 
its effect on both central and peripheral sites through endogenous opioids and 
α2-adrenoreceptors, it was also shown to inhibit lipopolysaccharide [LPS]-induced 
inflammation including cell migration and production of NO, along with signifi-
cant inhibition of c-interferon and IL-4 production [58, 59].

5.3 α-Terpineol

α-Terpineol is a volatile monoterpene alcohol, relatively nontoxic, and one of the 
major components of the essential oils of various plant species, being a nonirritant at 
1–15%, and non-phototoxic [13]. There are three isomers, α-, β-, and γ-terpene, with 
the latter two differing only by the location of the double bond [51]. It is the third 
most representative monoterpene in citrus species [60]. It has insecticidal, antimi-
crobial, antispasmodic, anticonvulsant [47], antinociceptive, and immunostimulant 
properties, and it increases the skin’s permeability to soluble compounds [60].

Studies have found that α-terpineol possesses peripheral and central analgesic 
properties [7]. A research conducted on mice, using carrageenan and TNF-α 
induced hypernociception, showed increase of the mechanical threshold of 
hypernociceptive behavior by α-terpineol, probably by the inhibition of inflam-
matory mediators (inhibiting the release of substance P and other inflammatory 
molecules such as serotonin, histamine, bradykinin, and prostaglandins) [60]. 
α-Terpineol showed an antioxidant activity as it was able to suppress the super-
oxide production by agonist-stimulated monocytes [7]. Moreover, α-terpineol 
showed higher COX-2 activity inhibition than aspirin, the most popular NSAID, 
and most potently inhibited the expression of pro-inflammatory cytokines and 
NF-κB activation [7, 61]. α-Terpineol also showed antinociceptive effect in the 
capsaicin (neurogenic origin), glutamate, and formalin-induced orofacial noci-
ception tests [51, 62, 63].
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Anti-inflammatory effects that α-terpineol from orange juice demonstrated 
in vitro (suppressed IL-6 and increased IL-10) were further analyzed by ex vivo 
experiments, and results have shown anti-inflammatory action in macrophages 
after incubation of human blood with α-terpineol [61]. Described effects were 
attributed to α-terpineol, while linalool and limonene had no significant action 
[61]. On the other hand, a research conducted on morphine-tolerant mice showed 
inhibitory effect of α-terpineol in low dosages on the induction of dependence on 
morphine and attenuated the signs of withdrawal syndrome without antinocicep-
tive effect [46].

5.4 Linalool

Linalool is an acyclic oxygenated monoterpene reported to be the major volatile 
component of the essential oils of several aromatic species, including the Rutaceae 
family, with sedative, antidepressant, anticancer, antifungal, and pesticidal proper-
ties [13]. It is the most studied monoterpene in various painful conditions [58]. A 
research on adult female Swiss mice treated with a single intraperitoneal injection 
of (−)-linalool (50 or 200 mg/kg) or multiple treatments given chronically (twice 
daily for 10 days; 50 mg/kg, i.p.) showed that (−)-linalool significantly reduced 
CFA-induced mechanical hypersensitivity (complete Freund’s adjuvant) and 
produced effective reduction in CFA-induced paw edema following the acute treat-
ment [61, 64]. Following intraperitoneal administration in mice, linalool was found 
to produce antinociceptive and antihyperalgesic effects in different animal models 
in addition to its anti-inflammatory properties [65]. (−)-Linalool acts as analgesic 
on several receptors, including opioids, adenosine A1 and A2, cholinergic M2, and 
produces changes in K+ channels, thus exerting analgesic-like activity [58, 66].

Some recent studies demonstrate that (−)-linalool inhibits transient receptor 
potential A1 (TRPA1) and N-Methyl-D-aspartate (NMDA) channels and decreases 
the nociception induced by cinnamaldehyde or capsaicin [58, 67].

It is neither toxic nor irritable to skin and presents an extremely low risk of skin 
sensitization [13]. However, due to poor oral availability, despite the biological 
properties of (−)-linalool, its use in the treatment of painful and inflammatory 
disorders is still limited [51]. Nascimento et al. [68] used pure 95% linalool, com-
plexed and noncomplexed in β-cyclodextrin (used to increase aqueous solubility 
and bioavailability of monoterpenes), in an animal model of fibromyalgia. They 
found that both formulations had an anti-hyperalgesic effect, with the complexed 
form being more effective and producing a longer lasting effect (for 24 h after 
administration) [68]. Analgesic effect of linalool on acute central nociception (hot 
plate), visceral (acetic acid), and chronic pain models of neuropathic origin, and 
the opioid and glutamatergic systems are probably involved in this action [51, 62, 
67, 69]. One preclinical trial showed that linalool from rosewood was able to reduce 
the action potential amplitude assessed using an isolated nerve in the single sucrose 
gap technique, showing it blocked neuronal excitability [70].

5.5 Pinene

α-Pinene is an organic compound of the terpene class, one of two isomers of 
pinene, the other being β [30]. The effects of Ugni myricoides (Kunth) O. Berg 
essential oil and its major constituent, α-pinene [52.1%], were analyzed in inflam-
matory and neuropathic models of hypernociception in mice, and the results 
showed that the oil significantly prevented mechanical hypernociception induced 
by carrageenan or complete Freund’s adjuvant (CFA), and those effects were 
attributed to α-pinene, which clearly has a potential role for the management of 
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inflammatory and neuropathic pain [61]. Furthermore, the effect on inflammatory 
processes were observed in studies performed in vivo, in which repeated treatments 
with α-pinene [5–50 mg/kg, p. o.] were able to abolish the mechanical sensitization 
induced by CFA or by the partial ligation of the sciatic nerve [58]. In addition, it has 
been shown that α-pinene has anti-inflammatory and anti-catabolic activities in 
human chondrocytes [56].

β-Pinene is present in high amounts [5.1–13.1%] in lime citrus oil [32]. In animal 
models, β-pinene showed to be effective only on acute central nociception, yet, it 
was able to reverse the antinociceptive effect of morphine in tests equivalent to the 
effect of naloxone [58].

5.6 p-cymene

Biological precursor of carvacrol, p-cymene occurs in oranges and tangerines 
[51, 71]. Different behavioral tests of nociception in animal models showed that 
it exerted both peripheral and central antinociceptive action [51]. A study inves-
tigated the antinociceptive potential of p-cymene in mice models of orofacial 
nociception induced by formalin, capsaicin, and glutamate, and results showed 
that the treatment with p-cymene at all doses reduced the nociceptive behavior in 
all nociception tests, suggesting an action in both neurogenic and inflammatory 
pain [71]. Moreover, tests conducted on Swiss mice showed decreased mechanical 
hypernociception, reduced leukocyte and neutrophils migration, and reduced 
TNF-α level [51]. Like other previously mentioned terpenic compounds, p-cymene 
has a relatively short pharmacological half-life and bioavailability; so, complexation 
with β-cyclodextrin has shown to improve its analgesic and anti-inflammatory 
effects through improved bioavailability [72].

5.7 Nerol

This acyclic monoterpene alcohol is found in many essential oils, Citrus auran-
tium among them [51]. In the oxazolone-induced colitis model, González-Ramírez 
et al. [73], observed antinociceptive effect of nerol [30 mg/kg], which led to a 
significant reduction on expression of some pro-inflammatory cytokines, like IL-13 
and TNF-α, which are highly characteristic for gastrointestinal tract disorders [51].

6. Analgesic potential of some essential oils

All essential oils with high D-limonene content pose significant free radical 
scavenging effect, predominantly disabling production of reactive oxygen species 
(ROS) [13]. Essential oils of sweet orange, lemon, and bergamot are most widely 
used to test analgesic effects in animal models. More recently, some essential oil 
blends were tested in various human cell models and showed significant positive 
effects on inflammation, immune modulation, cell cycle regulation, and other 
cellular functions [8].

7. Safety

Bioactive compounds found in essential oils are quickly absorbed after dermal, 
oral, or pulmonary administration, and are excreted by the kidneys in the form 
of phase-II conjugates [66]. Only a small fraction is eliminated unchanged by the 
lungs [66]. Generally speaking, Citrus essential oils are nontoxic, non-mutagenic, 
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and noncarcinogenic, meaning that sweet orange, bitter orange, neroli, petitgrain, 
lemon, lime (both distilled and expressed), bergamot, and grapefruit oils have 
GRAS status [74].

However, a mixture of two optic isomers of limonene present in the essential 
oils of citrus fruits was shown to be hepatotoxic, have a sedative muscular relaxing 
effect in mice and be nephrotoxic only in male rats, cause small-scale irritation in 
rabbits, and be carcinogenic and teratogenic [75].

The fast metabolism and short half-life of active compounds have led to the 
belief that there is a minimum risk of accumulation in body tissues [12]. In humans, 
ingestion of D-limonene resulted in an excretion of 52–83% of the dose in the 
urine within 48 hours [49]. However, limonene at 20 g caused diarrhea and tran-
sient proteinuria in healthy volunteers [75]. Vapor inhalation caused respiratory 
disorders coupled with a decrease in vital capacity [75]. No neurological disorders 
occurred, but chronic exposure can induce irritation and allergy; therefore, it must 
be mentioned in the list of “ingredients” of cosmetics [75]. It is not acutely toxic, 
nephrotoxic, or carcinogenic for humans, but the oxidized D-limonene may carry 
some toxicity, hence, citrus oils should be stored in dark at 4°C [13]. Nevertheless, 
unoxidized D-limonene is listed as an allergen by the EU, and moderately allergenic 
in Germany [13].

8. Conclusions

All phytochemicals present in essential oils presented here may simultaneously 
target multiple mechanisms involved in chronic pain. Despite long history of thera-
peutic applications of essential oils for the treatment of pain, only recently more 
attention was given to their components and elucidating mechanisms behind their 
antioxidant, anti-inflammatory, and antinociceptive potential. Monoterpenes are 
key holders of analgesic potential in Citrus essential oils, especially D-limonene and 
linalool. Essential oils are generally considered as safe; however, due to low bioavail-
ability and stability, monoterpenes are complexed with β-cyclodextrin to improve 
their analgesic activity [62, 69]. Further studies are encouraged to determine the 
analgesic potential of Citrus essential oils in managing daily activities of people 
with a long-term history of chronic pain.
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