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Preface

This reprint contains a collection of articles on contemporary research and scholarship in the

field of chronic pain management. Chronic pain is defined as pain that persists or recurs for more

than three months, with a global point prevalence estimated to be greater than 20% of the adult

population. Chronic pain has a significant financial impact on society in terms of healthcare costs,

sickness benefits, and lost productivity; however, healthcare policies have overlooked chronic pain

because, unlike other diseases and functional impairments, pain is not visible.

The International Classification of Diseases (ICD-11) categorises chronic pain as either primary

or secondary. Chronic secondary pain is sub-divided as follows: cancer-related, postsurgical

and post-traumatic, secondary musculoskeletal, secondary visceral, neuropathic, and secondary

headache and orofacial. Chronic primary pain is associated with significant emotional distress

or functional disability that cannot be explained by other conditions, and includes widespread

chronic pain, fibromyalgia, non-specific musculoskeletal pain, complex regional pain syndrome, and

irritable bowel syndrome. Hence, chronic pain is multifaceted, with a variety of modifiable and

non-modifiable risk factors. A biopsychosocial framework and stepped model of care are optimal.

This involves multidisciplinary teams that work with patients to co-create explanations for pain and

utilise pharmacological and non-pharmacological treatments. Drug medication dominates clinical

practice, partly due to the constraints of health service delivery, which has led to open-ended

prescribing and widespread opioid abuse and overdose deaths in some countries. The use

of non-pharmacological treatments, such as manual therapies (e.g., massage, manipulation, and

mobilisation) and complementary therapies (e.g., acupuncture), is hindered by uncertain evidence

regarding their efficacy and effectiveness.

The first article in this reprint is a review of the landscape of chronic pain from the perspective of

evolutionary mismatch, contextualising chronic pain and its management in modern world settings.

This is followed by an overview of systematic reviews evaluating the effectiveness of acupuncture and

reviews on the molecular basis of cancer pain, as well as the treatment of painful diabetic neuropathy.

The articles then navigate through CYP2D6 polymorphism and codeine, pharmacogenetic testing,

and factors influencing diagnosis and treatment responses. The contributions focus on non-specific

low back pain, lumbosacral radiculopathy, tendinopathy, anterior cruciate ligament reconstruction,

acute herpes zoster, epidural ropivacaine with fentanyl, steroid injection, local body vibration with

built-in vibroacoustic sound, Cyriax friction massage, biomechanics, psychological stress, empathy,

and eye-gaze patterns. Thus, this reprint provides the reader with a rich tapestry of contemporary

research and scholarship about chronic pain and its management.

Mark I. Johnson

Editor
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Abstract: Chronic pain is a global health concern. This special issue on matters related to chronic
pain aims to draw on research and scholarly discourse from an eclectic mix of areas and perspectives.
The purpose of this non-systematic topical review is to précis an assortment of contemporary topics
related to chronic pain and its management to nurture debate about research, practice and health
care policy. The review discusses the phenomenon of pain, the struggle that patients have trying to
legitimize their pain to others, the utility of the acute–chronic dichotomy, and the burden of chronic
pain on society. The review describes the introduction of chronic primary pain in the World Health
Organization’s International Classification of Disease, 11th Revision and discusses the importance
of biopsychosocial approaches to manage pain, the consequences of overprescribing and shifts in
service delivery in primary care settings. The second half of the review explores pain perception as a
multisensory perceptual inference discussing how contexts, predictions and expectations contribute
to the malleability of somatosensations including pain, and how this knowledge can inform the
development of therapies and strategies to alleviate pain. Finally, the review explores chronic pain
through an evolutionary lens by comparing modern urban lifestyles with genetic heritage that
encodes physiology adapted to live in the Paleolithic era. I speculate that modern urban lifestyles
may be painogenic in nature, worsening chronic pain in individuals and burdening society at the
population level.

Keywords: chronic pain; analgesia; pain perception; sensory illusions; embodied pain; painogenic
environment; evolutionary mismatch hypothesis

1. Introduction

Chronic pain is a global health concern with evidence that patients are receiving inadequate
care, due in part to deficits in knowledge and skills of health care professionals [1,2]. Chronic pain
is a biopsychosocial phenomenon, yet pain education for health professionals continues to focus
on biomedical aspects of pain [3]. The purpose of this topical review is to précis an assortment of
contemporary issues related to chronic pain and its management to reveal the landscape of current
knowledge and thinking in the field. My intention is to bring certain issues to light through commentary
rather than comprehensive in-depth objective appraisal of research literature. The review is narrative
in style and I have based the direction and content of the review on what I find interesting and
controversial. I have attempted to integrate knowledge from a variety of disciplines including
philosophy, phenomenology, epidemiology, biomedicine, psychology, evolutionary biology and health
promotion. My approach is ambitious. Arguments are anthropomorphic in nature and cannot
be generalized to non-human species. I appreciate that the non-systematic approach to review is
vulnerable to selection and evaluation biases and opinion-oriented arguments, so I direct readers to
key references for comprehensive coverage of topics of further interest. I hope that some of the issues
discussed in the review prompts scholarly debate about future directions for research, practice and
health care policy.

Medicina 2019, 55, 182; doi:10.3390/medicina55050182 www.mdpi.com/journal/medicina
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2. The Paradox of Pain

“To live in pain is not only to suffer aversive sensations but to be caught in a web of paradoxes”

Leder [4], p. 2.

2.1. Defining Pain

Historically, clinicians viewed pain as a secondary symptom of injury and disease and focused
treatment on removing the precipitating (primary) cause. Relief of pain was of secondary concern.
Nowadays the importance of alleviating pain is widely accepted. The International Association for the
Study of Pain (IASP) defines pain as: ‘An unpleasant sensory and emotional experience associated with actual
or potential tissue damage, or described in terms of such damage.’ [5]. The association between tissue damage
and pain is at the core of the definition, although the clause ‘ . . . or described in terms of such damage’
avoids always binding pain to the stimulus (i.e., potential or actual tissue damage). This is because pain
is a psychological state produced by the brain in response to a multitude of biopsychosocial inputs of
which activity in nociceptive (noxious detecting) pathways is but one. Often, scientists and clinicians
view pain as a technical problem solvable by biomedical interventions (e.g., drugs and surgery) that
target physiology, pharmacology, biochemistry, and molecular biology of the nociceptive system. This
approach has proven successful at advancing our understanding of the pathophysiology of pain and
identifying novel biomedical targets to alleviate pain. The focus on a biomedical approach has been at
the expense of the contribution of psychosocial and environmental factors in the lived experience of
pain. This may be one reason why management of chronic pain remains a challenge and the burden of
chronic pain on society continues to rise. Pain is complex.

2.2. The Lived Experience of Pain

The lived experience of pain is a perplexing mix of sensory, emotional and cognitive phenomenon
that fluctuate in and out of conscious awareness. The unpleasant nature of pain demands attention,
explanation and action to resolve actual or potential damage of the body. An assortment of
biopsychosocial and environmental factors influence the appearance, severity, character, and time
course of pain, although often pain is unpredictable. Pain may occur in response to noxious stimuli,
innocuous stimuli or in the absence of any apparent stimuli. From a phenomenological perspective
people report their experience of pain to fluctuate in the present and the past and the future; to be
localized and radiating everywhere; to be productive and destructive of value and meaning; and to be
never changing and ever-changing [4]. Often pain is amorphous.

2.3. Why Do We Communicate Pain?

Expression of pain is at the core of human group dynamics, serving to inform other individuals
that you are injured or ill. In modern society expressing pain has the potential to generate empathy in
others to motivate them to offer aid. Individuals evaluate a person’s expression of pain to determine the
extent of their disability and whether the person can fulfill their responsibilities. It seems plausible that
expression of pain was beneficial for our human ancestors living as hunter-gatherers in the Paleolithic
era [6]. Hunter-gatherer groups need to keep moving to search for food and avoid predation. Providing
assistance or care to group members who were injured or ill could be detrimental to a group’s ability
to acquire sufficient food or remain safe. Thus, the ability to legitimize pain to others would have been
important when trying to persuade others to provide care and assistance. Interestingly, individuals
could use this to their advantage by claiming to be in pain when in fact they were not, to avoid
dangerous tasks such as hunting trips. Legitimizing pain to others is particularly challenging in the
absence of visible cues of injury or illness because other group members may believe that the person
is expressing pain to seek an unfair advantage. It seems plausible that evolution has hardwired the
nervous system to exaggerate expression of pain (to be believed) and paradoxically hardwired the
nervous system to be skeptical about the existence of pain in others (to prevent being duped). This
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paradox plays out in the adversary struggle that chronic pain patients experience when trying to
legitimise their pain in the health care system [7–10].

3. The Struggle to Legitimize Pain

“To have pain is to have certainty; to hear about pain is to have doubt”

Scarry [11], p. 13.

3.1. Disproving Pain

Communicating the complex, dynamic, and multidimensional nature of pain experience is a
challenge. The amorphous character of pain does not sit comfortably with the objective nature of
medical practice and evidence suggests that chronic pain patients have difficulties convincing health
care professionals of the existence of pain [7,9,10]. Pain is a perceptual experience that is personal to
the individual and by definition unobservable by another person. The subjective nature of pain makes
it is impossible to prove or disprove a person’s pain and therefore it is not possible to distinguish a
person’s report of pain experience from that of tissue damage. A person’s report of pain should be
accepted if their sensory and emotional experience of pain is expressed in the same ways as that caused
by tissue damage. This was recognised in 1968 by McCaffery who defined pain as ‘ . . . whatever the
experiencing person says it is, existing whenever the experiencing person says it does’ [12]. Hence, conveying
pain experience depends on an ability to use language and/or behavioral action to communicate the
internal state of one’s body. It also depends on an ability to persuade others of the existence of pain in
oneself. Likewise, the observer needs to be receptive to what is being communicated, including being
able to interpret the meaning and importance of both verbal and behavioral information. This can
be challenging for individuals with limited verbal expression such as infants or with compromised
cognitive ability such as individuals with dementia. A recent systematic review of pain management
for community-dwelling people with dementia found that informal caregivers were more likely to
report pain on behalf of the person with dementia and pain-focused behavioral observation assessment
was infrequently used by practitioners [13]. Multimodal assessment of pain that includes self-reported
and non-self-reported measures have been developed to capture the complexity of pain experience [14],
although it is important to note that behavioral signs, effort testing, self-reported questionnaires,
or symptom validity tests have been shown to be unable to identify malingering [15].

3.2. The Tenuous Link between Pain and Pathology

Skepticism about the legitimacy of another person’s pain is at its height when there is an absence
of evidence of injury or disease [16]. For example, pain may be driven by central sensitization
and/or abnormal functioning of the nociceptive system, and/or altered higher level processing such
as fear-avoidance behavior. Unlike many illnesses, pain is not visible or measurable using objective
means and clinicians have to rely on patients’ self-report, coupled with observation. Subjective
and objective assessment, including the patient’s report of symptoms, examinations of functional
capacity, and diagnostic tests, contribute to pain diagnoses. When legitimizing pain and constructing
logical explanations for pain, patients and non-pain specialist practitioners tend to give credence
to positive diagnostic tests related to tissue pathology, at the expense of alterations in physiological
processing associated with pain se (e.g., central sensitisation). Diagnostic imaging techniques are
critical for detecting sinister pathology in patients presenting with pain. However, tissue pathology
may be present in the absence of pain [17] so paradoxically, evidence of tissue pathology may be
counterproductive when searching for causes of pain in some circumstances Thus, in some instances
the relationship between pain, injury and disease may be tenuous.

Pain may occur in the absence of injury. A clinical anecdote by Fisher et al. [18] described the
case of a builder who presented to accident and emergency complaining of severely disabling pain
due to a 15-cm nail that had penetrated his boot. The builder needed strong analgesia and sedation
before physicians were able to remove the nail from the boot. On removing the boot from the foot, they
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discovered that the nail had lodged between the toes without causing tissue damage! Pain may occur
in the presence of minor injuries. A sliver of metal embedded in the skin of a finger is a good example.
Paradoxically, serious injuries may be devoid of pain. Beecher et al.’s seminal paper reported that over
50% of soldiers with fresh combat wounds reported mild or no pain [19]. Evidence suggests that high
proportions of individuals without pain have pathological changes associated with aging [17]. Clinical
care pathways for some chronic pain conditions do not recommend diagnostic imaging in the absence
of red flags (e.g., non-specific low back pain [20]). Pathology may not always be driving pain.

3.3. Pain is Not a Unitary Phenomenon

Clearly, the dynamic, multidimensional, and amorphous nature of pain is challenging to capture
with any degree of specificity and precision. Commonly, pain is reduced to a unitary phenomenon
measured by numerical intensity rating scales. This approach is convenient and psychometric research
evidence suggests that data gathered from scales is valid and reliable [21–23]. However, rating scales
do not measure pain objectively and can give a false impression of the level of measurement precision
(e.g., 1 mm on 100-mm visual analogue scale). Scales presume linearity of subjective report between
scale ends and use anchors that are nebulous (e.g., ‘The worst-ever pain’ or ‘The worst pain imaginable’).
Patients have been known to extend scale ends to incorporate incidents that have provoked pain
beyond the worst they had previously thought imaginable [24]. The measurement of pain in this
way is not only imprecise but is also fails to capture the complex and subjective nature of pain.
To overcome the restrictions associated with numeric scaling Wideman et al. [14] have offered a
multimodal assessment model of pain that describes quantitative aspects of pain such as self-reported
and non-self-reported measures, and importantly, qualitative aspects of pain such as the words and
behaviors of the patient’s narrative. This practical framework assists the integration of the subjectivity
of pain within assessment. The inclusion of, and importance paid to, the narrative report captures more
fully an individual’s pain experience helping to legitimize pain for both patient and practitioner. This
promotes a compassion-based consultation and provides much information that enriches assessment
of the underlying processes contributing to pain.

4. Chronic Pain

4.1. Reassessing the Acute–Chronic Dichotomy?

Traditionally, service delivery and clinical practice views pain through an acute or chronic lens.
Acute pain is pain persisting less than twelve weeks. Chronic pain is often secondary to disease or
traumatic injury and initially considered a symptom. Chronic pain is pain that persists or recurs
for twelve weeks or more, or beyond the expected time for healing. Recently, Loser argued that the
acute–chronic dichotomy is so entrenched in pain parlance that it has escaped critical scrutiny [25].
There are no temporal correlates of physiological processes associated with pain based on time points
used to distinguish acute and chronic. Loser argues that we should describe pain syndromes based
on physiological mechanisms, including peripheral or centrally generated perspectives as originally
discussed by John Bonica in the 1950s.

From an evolutionary perspective, hypersensitivity of the nervous system serves to assist the
healing process by amplifying and prolonging pain. This discourages use of, and contact with, injured
tissue. Peripheral sensitization is driven by the release and production of biochemical mediators at
the site of tissue damage that lower the threshold of activation of transducer ion channel receptors
expressed in nociceptor terminals. Sometimes the adaptive function of peripheral sensitization is
lost as is the case for some autoimmune diseases such as rheumatoid arthritis that generates ongoing
inflammation, peripheral sensitization and pain hypersensitivity even though healing does not occur.

Central sensitization is centrally mediated amplification of pain irrespective of mechanism or
location. Central sensitization is triggered by noxious (excitatory) input arising from direct activation of
nociceptors (nociceptive) or from damaged or dysfunctional neuronal fibers (neuropathic). Nerve injury
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can reduce segmental and/or extrasegmental inhibitory influences on central nociceptive transmission
(i.e., disinhibition) through a loss of interneurons, loss of descending pathways, altered connectivity
and microglial activation. These mechanisms lower the threshold of excitation of central nociceptive
transmission neurons, amplifying their output to noxious and non-noxious stimuli [26]. The molecular
mechanisms are multifactorial and complex with NMDA (N-Methyl D-Aspartate) receptors having
a critical role, in a process similar to long-term potentiation associated with memory formation.
The receptive fields of central nociceptive transmission neurons also expand so that they become
responsive to stimuli applied to areas of tissue that do not normally activate them. Thus, central
sensitization increases the area of pain hypersensitivity across body parts.

Central sensitization manifests primary and secondary hyperalgesia and allodynia and sometimes
pain presents spontaneously in the absence of nociceptive stimuli. Patients may present with
widespread pain in multiple body regions and pain arising after mundane activities such as walking
or cooking. Yunus coined the term central sensitivity syndrome to describe pain-related conditions
without obvious tissue pathology, that have similar comorbid symptoms (e.g., poor sleep hygiene,
fatigue, and slowness of cognition) and include fibromyalgia and irritable bowel syndrome [27].

4.2. Nociplastic Pain: A New Mechanistic Descriptor?

Presently, mechanistic categories of pain are; nociceptive pain, resulting from activation of
nociceptors by a noxious stimulus that is damaging or threatens damage to healthy tissues (other than
neural structures); and neuropathic pain resulting from a lesion or disease of the somatosensory nervous
system. Recently, Kosek et al. [28] have proposed consideration of a third mechanistic descriptor,
nociplastic pain (other candidate terms offered were algopathic or nocipathic pain), to describe pain
arising from altered central nociceptive processing in the absence of tissue damage. Kosek et al.
argue that inclusion of nociplastic pain, or some other equivalent, in the vocabulary of pain would
raise awareness that pain may present without detectable tissue damage and promote screening for
signs of nociceptive dysfunction to improve diagnosis and treatment. Nociceptive and neuropathic
mechanisms that contribute to pain are proven and can be detected using various techniques including
biochemical investigations, radiology, nerve conduction tests and imaging of the nervous system.
It is important to recognize that the terms nociplastic, nociceptive and neuropathic are not diagnoses
or exclusive categorical labels but descriptors of concurrent potential mechanistic drivers of pain.
Nevertheless, the term nociplastic pain could help patients create explanatory models of their pain
experience to legitimize their pain to others.

4.3. The Burden of Chronic Pain

Most literature discusses pain from an acute–chronic dichotomy. Chronic pain affects between
15–30% of the general adult population [29–31], with severe, debilitating chronic pain affecting 10–15%
of adults [32]. Healthcare and socioeconomic costs of chronic pain is high and estimated to be 3–10%
of gross national domestic product in Europe [33]. In the United States annual costs related to health
care delivery and lower worker productivity due to chronic pain is estimated to be between $560 and
$635 billion dollars and greater than heart disease ($309 billion), cancer ($243 billion), and diabetes
($188 billion) [34].

People do not die directly of pain, and unlike functional impairment, pain is not visible. Pain is
often secondary to other medical conditions. Health care policies often focus on curing or slowing
progression of the primary disease as a means to improve functional outcome, and may neglect
pain management. For example, pain is underdiagnosed and inadequately managed in neurological
conditions [35,36], despite high prevalence (e.g., Parkinson’s disease (40–85% (range) [37]), multiple
sclerosis (55–70% (95% confidence intervals (CI)) [38]), motor neuron disease (19–85% (95% CI) [36])
and Alzheimer’s disease (38–75% (95% CI) [36]). There has been a long-standing debate whether
chronic pain should be considered a disease entity in its own right under certain circumstances [39].
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4.4. International Classification of Diseases: Chronic Primary Pain

The 11th edition of the World Health Organization’s International Classification of Diseases
(ICD-11) categorises chronic pain as secondary to other conditions: chronic cancer-related pain, chronic
neuropathic pain, chronic secondary visceral pain, chronic posttraumatic and postsurgical pain, chronic
secondary headache and orofacial pain, and chronic secondary musculoskeletal pain [40]. The ICD-11
recognises that in some circumstances, chronic pain may not be explained by the presence of another
condition and require special treatment and care in its own right. Thus, ICD-11 includes a category for
chronic primary pain to reflect in part that pain should be regarded as a pathologic entity in its own
right and characterized by a dysfunctional nervous system with persistent central sensitization (for
review of the history of this debate see Raffaeli, and Arnaudo [39]).

Chronic primary pain defies classical pathological based classification and is described as pain as
the primary complaint in one or more regions of the body and causing significant emotional distress
or functional disability. Specific examples include chronic widespread pain, fibromyalgia, irritable
bowel syndrome and non-specific chronic low back pain. Chronic primary pain draws attention to the
much broader spectrum of possible biological, psychological and social causes and consequences than
tissue damage or on going disease. The premise that pain is a biosychosocial phenomenon is widely
accepted but social components of pain are often absent from pain definitions. Recently, Williams and
Craig have called for the IASP to re-consider its definition of pain to highlight the contribution of social
elements in pain experience, as follows: ‘ . . . a distressing experience associated with actual or potential
tissue damage with sensory, emotional, cognitive, and social components’ [41] (p. 2420). This would draw
further attention to the need to deliver holistic models of care.

5. Desirable Models of Care

It is recommended that patients with chronic pain are managed using a biopsychosocial model
of care with pharmacological and non-pharmacological interventions tailored to the needs of the
individual [42]. Care plans should promote physical and psychological wellbeing through lifestyle
adjustments (e.g., in diet and physical activity), psychological interventions (e.g., cognitive behavioral
therapy), and non-pharmacological adjuncts such as manual therapies, transcutaneous electrical
nerve stimulation (TENS), thermal therapies, acupuncture, low level laser therapy, mirror therapy
and virtual reality. The World Health Organization promotes the use of multidisciplinary teams
working in partnership with patients to co-create explanations about pain and construct care plans that
empower individuals to be active participants in their treatment because it creates self-efficacy [42–44].
Traditionally, first line treatment for pain involves the use of analgesic and adjuvant drugs that
modulate nociceptive system processing, and the simplicity, convenience and partial success of this
approach has meant that it dominates service delivery in many parts of the world.

5.1. The Analgesic Ladder

The World Health Organization’s analgesic ladder, initially developed for cancer pain [45],
advocates a stepwise approach to prescribing starting with mild analgesics and increasing dosage
or switching to powerful analgesics if pain is not adequately managed. Paracetamol or nonsteroidal
anti-inflammatory drugs (Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), e.g., diclofenac and
ibuprofen) are prescribed for mild to moderate non-neuropathic pain, stepping up to weak opioids (e.g.,
codeine and dihydrocodeine) for moderate pain, and strong opioids (e.g., morphine and oxycodone)
for moderate to severe pain. Prescribers also use local anesthetics for mild pain (e.g., mouth ulcers),
and for moderate to severe pain (e.g., during and post-surgery). Adjuvants are drugs whose primary
use was not originally for relief of pain and are used to manage neuropathic pain (e.g., amitriptyline,
duloxetine, gabapentin or pregabalin) or muscle spasm (e.g., baclofen).

Analgesic drugs interact with nociceptive pathways to inhibit the onward transmission of
noxious information from the site of injury to the brain in order to alleviate pain. Non-steroidal
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anti-inflammatory drugs inhibit cyclooxygenase reducing the production of prostaglandins that
normally sensitize nociceptors; opioids prevent onward transmission of nociceptive transmission in
the central nervous system; and local anesthetics block sodium channels reducing transmission of
nerve impulses in nociceptive fibers. Analgesic and adjuvant medications are extremely valuable
for short-term management of pain and used cautiously in the long-term. The largest pan European
survey of chronic pain found that 64% of participants stated that medication did not adequately control
pain [2]. It may be difficult for some health care professionals to accept that long-term drug medication
may not be the best option and that the multidimension nature of pain means that response to drug
intervention is highly malleable. This malleability is demonstrated in research using open-hidden
paradigms. A review of experimental evidence by Benedetti [46] provided evidence that the efficacy
of analgesic drugs is modulated by cognitive and affective state. Administering a placebo (fake)
drug coupled with the suggestion that it is an analgesic drug increases analgesia and administering
an analgesic drug with the suggestion that it is a placebo (fake) drug reduces analgesic outcome.
The addition of open-label placebo treatment as an adjunct to treatment for chronic lower back pain
has been shown to be safe and effective at reducing pain raising interesting ethical debates about the
role of placebos in treatment [47].

5.2. Overprescribing

Concerns have been expressed about detrimental consequences to individuals and society of over
diagnosis and over prescribing for chronic long-term illnesses, including chronic pain [48,49]. Abuse
of prescription opioids is a major problem in some Western countries [50], although paradoxically,
restricted access to opioids impedes pain management in parts of Asia, Africa, and Middle East [51].
The use of prescription opioid medication in the United States has risen from 4.1% in 1999–2000 to
6.8% in 2013–2014, with long-term users rising from 45.1% of all opioid users in 1999–2000 to 79.4% in
2013–2014 [52]. Social, economic and environmental variables are as influential in the opioid epidemic
as health and biomedical factors. Recently, cross-sectional analyses of individual and county-level
demographic and economic factors have found that elevated mortality from opioid overdose due to
increased opioid prescribing was positively associated with direct marketing of opioid medication to
physicians [53], and that chronic opioid use was positively associated with presidential voting patterns
in USA counties [54]. Abuse of prescription opioids demonstrates the need for greater caution and
selectivity in prescribing of long-term opioid therapy. Ironically, as one drug loses favor others come
into view.

5.3. Novel Centrally Acting Drugs

There is a debate whether plant-based cannabis preparations could replace opioids [55]. There is
low-level evidence that cannabinoids alleviate neuropathic pain and insufficient evidence to recommend
their clinical use for other types of pain [56,57]. Presently, professional bodies recommend that
cannabinoids be considered in exceptional circumstances for neuropathic pain, chronic non-malignant
pain and cancer pain when patients are not responding to other treatment [58]. Centrally acting
psychedelic drugs such as lysergic acid diethylamide and psilocybin have also attracted interest for the
management of chronic pain [59]. Psychedelics act as agonists at 5-HT2A receptors and may modulate
pain through action in the rostral ventromedial medulla enhancing descending pain inhibitory pathway
activity [60]. Psychedelics influence metacognitive interpretation of pain including the resting state of
awareness mediated by the default mode network in the brain [61]. Pain interferes with activity in the
default mode network causing intrusive cognition and the breakdown of normal self [62]. Only a few
small studies without controls exist that suggest potential benefit of psychedelics for cluster headache
and malignant and neuropathic pain [59].
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6. Service Delivery in Primary Care

The value of analgesic medication is undisputed providing it is within a biopsychosocial model of
care. Adams and Turk [63] suggest that a biopsychosocial perspective, rather than a singular biomedical,
or psychological, or social perspective, is necessary to fully understand the lived experiences of people
with chronic central sensitivity pain syndrome. A comprehensive approach to assessment is optimal to
address physical, emotional, and social functioning and a palliative approach is optimal to manage
pain and distressing symptoms because there are no curative treatments. However, resource pressures
often hinder the delivery of a truly biopsychosocial model of care by multidisciplinary teams in primary
care settings.

6.1. Shared Appointments and First Points of Contact

Employing multidisciplinary teams of physicians, nurses, physiotherapists, psychologists,
dietitians and occupational therapists can be financially costly. Traditionally, the first point of
contact is the primary care (general) physician (GP) who conducts a short one-on-one ten-minute
consultation with the patient to assess, diagnose, agree appropriate treatment and discuss difficult
concepts. This consultation often feels rushed with GPs having similar consultations with different
patients over the course of a day. Shared appointments may be a more cost-effective model of service
delivery than one-to-one consultations and have been successful for the management of diabetes, and
obesity [64]. Shared appointments involve each patient consulting with the clinical team, with elements
of group education and discussion between patients, and peer support by learning from the experiences
of other patients. Patients impart information more readily in shared appointments and engagement
with patients with similar conditions provides motivation for health behavior change. There is
increasing use of shared medical appointments for persistent pain [64]. Moreover, physiotherapists
and nurses may be better suited than GPs as a first point of contact to diagnose and advise patients
with non-complex chronic pain [65].

6.2. Social Prescribing

Some countries have adopted programmes of social prescribing to provide patients in primary care
with sources of support within their community. Social prescribing enables healthcare professionals
to refer patients to non-medical personnel who work with the patient to co-design a nonclinical
social prescription to improve health and well-being [66]. Social prescriptions include access to
practical information and advice, community activity, and physical activities provided by voluntary
and community sectors. A systematic review of 15 evaluations of social prescribing schemes in UK
settings could not reliably judge effectiveness or value for money because evaluations had a paucity of
data and methodological limitations, although conclusions of individual evaluations were generally
positive [67]. Social prescribing schemes seem to be an ideal fit for the management of many chronic
pain conditions because social prescribing addresses psychological, social and environmental factors
affecting health and well-being associated with pain.

7. Pain Perception: Active Top-Down Processing?

Classically, a ‘bottom-up’ stimulus-organism-response model describes the physiological
processes involved in producing pain sensation. The model inadvertently implies that pain
is an inevitable consequence of activity in the nociceptive system driven by tissue damage.
This stimulus-organism-response model has been refined to incorporate changes in the sensitivity of the
nociceptive system and top-down processes that facilitate and inhibit nociceptive transmission [68,69].
Melzack suggested that the multidimensional experience of pain resulted from characteristic patterns
of nerve impulses (i.e., a neurosignature) produced within multiple widely distributed neural networks
in the brain that are genetically determined and modified by sensory experience (i.e., body-self
neuromatrix theory of pain) [70]. Melzack suggested that multiple factors influenced the output
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patterns of the body-self neuromatrix, of which noxious input was only one. This would explain why
pain sometimes arises and/or persists despite limited noxious input.

7.1. Maleability of Perceived Properties of the Body

Predictions and expectations are a core feature of the central nervous system processing enabling
the brain to generate perceptual experiences based on snippets of multisensory input. This ‘perceptual
inference’ is involved in the generation of the sense of ownership of body parts, and in the location of
sensory events, including pain, within the body. The perceptual qualities associated with the sense of
body ownership are malleable as demonstrated by somatosensory illusions.

The rubber hand illusion demonstrates how rapidly the brain can update assumptions about the
location of stimuli and ‘ownership’ of body parts. An individual watches a rubber hand stroked with
a brush whilst their real hand is stroked in synchrony but hidden out of view [71]. Within minutes,
the sensation of stroking feels as if it is arising from the rubber hand and the individual experiences a
sense that the rubber hand has become part of their body (i.e., the rubber hand has been embodied
and the real hand disembodied) [72]. Approaching a perceptually embodied rubber hand with a
threatening stimuli may elicit somatosensations in some individuals including pain, subjective anxiety
and skin conductance responses that are similar in magnitude to that experienced when a real hand is
threatened [73,74].

The marble hand illusion demonstrates how the brain can update assumptions of the material
qualities of the body. The illusion involves gently hitting the hand with a hammer and progressively
replacing the sound of hammer blow on skin with a hammer blow on marble. Within five minutes
the hand feels stiffer, heavier, harder, less sensitive and unnatural [75]. Protecting a virtual limb
with a virtual iron armor cover can reduce electrically evoked pain [76] and hearing a creaky door
when moving a stiff joint or back increases the need to protect the spine whereas hearing a gentle
whoosh reduces the need to protect [77]. In fact, perceptual stiffness in the back was found not to be a
representation of biomechanical properties of tissue but rather a perceptual inference error of stiffness,
in other words, “ . . . feeling stiff does not equate to being stiff in chronic low back pain” [77] [p2]. Thus,
the brain operates to reduce threat and preserve coherent behavior according to situational context and
these perceptual inferences can operate in both directions, i.e., pain or analgesia [78,79].

7.2. Multisensory Perceptual Inference as a Protector

Pain is never motivationally neutral. Pain is a potent driver of action in much the same way as thirst
drives drinking and hunger drives eating, because the cost of ignoring pain may result in tissue damage,
disrupted homeostasis and threat to life. Outcomes of behaviors that do not meet predictions (i.e.,
are unexpected with a large prediction error) have a major influence on future behavior. Unexpected
pain, such as a severe lancinating shooting pain during an innocuous movement, is likely to have a
disproportionately large effect on the expected intensity of future encounters with the same stimuli.
Unexpected pain is likely to amplify multisensory perceptual inference serving to protect the integrity
of tissue by creating, for example, fear-avoidance of movement (i.e., the motivational-decision model
of pain [80]). Individuals experiencing pain over-estimate the distance and the effort needed to walk to
a target [81] and perceive targets to be further away [82] (i.e., economy of action hypothesis), although
potential scaling of spatial perceptions during pain have not been consistently demonstrated [83].
Actions that fail to restore coherence of behavior may also contribute to perceptual dysfunctions
accompanying pain. Examples include phantom limbs stuck in one position [84], and painful
limbs feeling excessively large in complex regional pain syndrome [85,86], or excessively small in
osteoarthritis [87]. Contemporary models of pain perception are attempting to integrate sensory,
affective, cognitive, social, and bodily cues interpreted within social, environmental and evolutionary
contexts, including previous experiences, from the perspective of embodied cognition.
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7.3. The Theory of Embodied Pain

The embodied theory of pain designates pain as arising from situations that infer bodily threat to
drive behaviors to reduce the impact of the threat on the integrity of tissues (i.e., defensive) whilst
maintaining the integrity of rational behavior [88]. The embodied theory describes pain as a dynamic,
motor experience rather than a passive, sensory experience and blurs the distinction between perception
and action: “Pain is always about action.” ([88], p. 3). The embodied theory of pain places the body
and its ability to investigate the environment through a dynamic exchange of information between
nervous system and environment at the core of pain experience. Thus, the brain uses information
about previous encounters with pain and previous behaviors on pain to ‘flavour’ pain experience.
For example, individuals report thermal stimuli to be hotter and more painful when delivered in
synchrony with a red light (often associated with heat) compared with a blue light [89]. Appreciating
that the brain uses multisensory perceptual inference to predict likely consequences of undertaking
defensive behaviors offers opportunities for therapeutic interventions [88,90–93].

7.4. Multisensory Perceptual Inference to Alleviate Pain

Therapeutic opportunities can arise from manipulating the environment and context to reinstate
coherence of behavior and normalize perception. Mirrors, lenses, and virtual reality have been used
to alleviate pain and improve function through visual distraction, ‘normalizing’ the appearance of
dysmorphic painful body parts, reducing threat associated with moving painful body parts, and
aligning ownership and agency of body parts through visual, proprioceptive, and tactile congruency.
Therapeutic success is varied and research findings from systematic reviews of controlled clinical
studies are inconsistent due to a paucity of robust primary studies [94–97].

Advanced technologies that couple visual, auditory, and haptic (tactile) stimuli, such as vibration
in hand held game controllers and force feedback systems for medical and military training are being
adapted to manipulate the multisensory environment impinging on the body influencing embodied
and embedded perceptual experience. Immersive virtual reality technology using head-sets and
non-immersive virtual reality technology using computer screens can be used in combination with
motion tracking systems so that movements of an individual’s real limb can be used to control the
movement of a virtual limb. Pain may be modulated when individuals are immersed in different
virtual reality environments [98,99]. Virtual and augmented reality technologies providing enriched
practice environments tailored to individual needs are being used in recovery and rehabilitation after
brain damage or injury to facilitate motor learning and neural plasticity. Virtual reality offers several
opportunities for pain management including distraction from painful body parts, providing contexts
that reduce perceived threat, resizing of painful dysmorphic body parts, re-embodiment of alienated
and/or disowned painful body parts, and modulation of agency to facilitate movement of painful body
parts accompanied by fear-avoidance of movement.

Task-oriented virtual reality provides opportunities to reduce the sense of threat associated with
moving painful body parts accompanied by fear-avoidance of movement [100–103]. For example,
Ortiz-Catalan et al. [104] designed a virtual environment as a rehabilitation training aid for individuals
with amputated upper limbs. Surface electrodes were used to record muscle activation over the stump
of the residual limb whilst individuals tried to voluntarily control a virtual phantom limb that was
displayed in real-time on a computer screen. Motor volition was decoded using myoelectric pattern
recognition software whilst the patient matched random target postures or attempted to drive a virtual
car using the virtual limb. Improvements in phantom limb pain occurred after 12 training sessions that
was sustained for six months post-training.
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8. Social and Environmental Contexts

At the core of multisensory perceptual inference of pain is the social context in which an individual
lives, including previous experiences associated with pain. Thus, an individual’s pain experience is
embedded in environmental settings.

8.1. Lifestyle and Chronic Pain

Increasingly, modern human lifestyles are embedded in urban environments. Modern urban
lifestyles are associated with mortality and morbidity of noncommunicable ‘lifestyle’ diseases, such as
cardiovascular diseases (heart attacks and stroke), chronic respiratory diseases (chronic obstructed
pulmonary disease and asthma), diabetes and cancer [105]. Chronic pain is a secondary consequence
of many of these non-communicable diseases causing suffering, disability and a significant impact
on quality of life. The Global Burden of Disease Study 2013, found that chronic low back pain
had the highest number of years lived with disability [106]. Some lifestyle behaviours are risk
factors for non-communicable diseases including sedentary activity, unhealthy diet, anxiety and
depression, smoking, lack of sunshine, disrupted sleep, unemployment, living in adverse socioeconomic
circumstances, and previous history of abuse or violence [107–109]. The relationship between these
lifestyle factors and chronic pain is complex and unclear with causal processes likely to be acting in
both directions.

Built and food environments are known to promote obesity in populations and has been described
as obesogencity of urban environments [110]. The concept of an obesogenic environment has helped
to focus attention upstream on whole systems public health solutions including the design of urban
environments [111]. There are similarities between obesity and chronic pain [112]. Both conditions
disproportionately affect poorer people society; are associated with high economic and social costs;
are influenced by biopsychosocial factors including physical activity and diet; and are managed using
pharmacological, educational and behavioural interventions. This raises the possibility that modern
urban environments may be painogenic in nature [113].

8.2. Painogenicity of Modern Urban Living

Painogenicity is the sum of influences that the surroundings, opportunities or conditions of life
have on promoting persistent pain in individuals or populations [113]. Modern urban environments
generally consist of air polluted with toxic emissions and particulates, high population densities,
limited green open space and readily available processed foodstuffs. Consequently, there has been a
shift toward sedentary lifestyles and high calorie diets of over processed food with excess sucrose, salt,
fat and additives, both known to contribute to noncommunicable ‘lifestyle diseases’ (c.f. Sick City
Syndrome, Modern Urban Living Syndrome) [114]. The shift to modern urban living is more rapid than
physiological adaptation resulting in a potential evolutionary mismatch [114,115]. An evolutionary lens
has been used to explore the biological role of sensitization and hyperalgesia in chronic pain [78,116–118]
but little is written about the contribution of evolutionary mismatch to chronic pain [113].

8.3. Chronic Pain and Evolutionary Mismatch

Evolutionary mismatch may provide insights to potential painogencity of modern urban
environments. Our genetic heritage encodes physiology adapted for hominin ancestors that existed in
the Paleolithic era, circa 4–7 million years ago with clean air, exposure to microorganisms and lifestyles
consisting of walking, climbing, lifting, carrying and bending and diets of fresh vegetables, fruit and
raw meat (i.e., hunter-gatherer lifestyles). Paleolithic ancestors existed in calorie-limited environments
and were adapted to minimize energy expenditure wherever possible and maximise consumption of
fat, sugar and salt driven by cravings. Paleolithic ancestors existed in outdoor environments with direct
exposure to microorganisms and parasites through contact with soil, plants, and animals resulting in a
diversity of microorganisms thriving on the skin and within the gastrointestinal tract (i.e., the human
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microbiota) [119]. The symbiotic relationship between the human microbiota, acquired after birth,
and the immune system drives protective responses to pathogens and tolerance to innocuous antigens.

In contrast, modern urban dwellers exist in towns and cities and have lifestyles that are indoors
and involve consumption of over-processed foods, and prescription and recreational drugs. Modern
urban lifestyles are becoming increasingly sedentary with excessive amounts of time being physically
inactive leading to ‘disuse syndromes’ (e.g., ‘walking deficiency syndrome’, ‘hyper-sitting syndrome’)
and an increased risk of non-specific chronic musculoskeletal pain [120–122]. The shift to urban
living is associated with a decline nutritional diversity due to consumption of fewer vegetables, fruits,
antioxidants and omega-3 fatty acids and a rise in consumption of high calorie over-processed foods
creating diet-induced proinflammatory states [123]. The gastrointestinal microbiota–brain axis of
modern humans has been disrupted by the shift to indoor living with environmentally controlled
air, sanitation, processed foodstuffs, and the use of pharmaceuticals to eradicate infections and
parasites. Reduced exposure to microorganisms in childhood results in immune systems unable
to differentiate pathogens that confer benefit or harm and this may contribute to inappropriate
immune (allergic) responses to harmless allergens associated with a disrupted microbiota resulting
in inflammatory responses and peripheral and central sensitization of the nociceptive system [124].
Evidence suggests that abnormal immune responses may directly influence processes associated
with sensitization of the peripheral and central nociceptive system through atypical regulation and
output of the hypothalamic–pituitary–adrenal axis including downstream signaling that sensitizes
nociceptive afferents [125]. These processes may be contributory factors in visceral pain resulting
from inflammatory bowel disease, celiac disease, and metabolic syndrome [119] and idiopathic pain
disorders manifesting with persistent central sensitization such as fibromyalgia, chronic pelvic pain,
and migraine [125].

Current models of care for chronic pain, especially related to the musculoskeletal system,
promote lifestyle adjustment. In essence, they are attempting to rebalance this evolutionary mismatch.
Physical activity and diet is at the core of lifestyle adjustment (e.g., for non-specific chronic low
back pain [20]). Diet therapies that increase consumption of antioxidants and omega-3 fatty acids,
and reduce consumption of exocitoxic substances (e.g., monosodium glutamate, hydrolyzed protein,
protein isolates/concentrates, yeast extract, aspartame) and foodstuffs (e.g., bran, nuts, soybean,
and aged cheeses) may alleviate chronic pain [126–128]. Dietary interventions such as probiotics
and prebiotics may prove beneficial to alleviate visceral hypersensitivity associated with a disrupted
microbiota [119,129]. However, adherence to long-term lifestyle adjustment is poor and this may be
due to the social and environmental conditions in which patients live.

9. Upstream for Solutions

Clinical guidelines recommend that practitioners counsel people living with persistent pain to
undertake healthy lifestyles. Pain education about the nature of lifestyle adjustments is prominent in
pain discourse but incongruous social and environmental conditions may hinder long-term behaviour
change. Consideration of upstream solutions may help to reduce chronic pain at both individual and
population level.

9.1. Social Models of Health Promotion

People with chronic pain prioritize justice-related issues within the context of their personal
concerns and needs [130]. Low socioeconomic status, poor working conditions or unemployment,
unstable home life, low levels of education, and living in deprived environments are associated
with increased pain [108]. People with chronic pain believe that treatment of chronic pain is
unfair [131]. Interpretative phenomenological analyses demonstrate that chronic pain patients
from lower socioeconomic groups express concerns associated with unfair advantages of others,
whereas those from middle socioeconomic groups are concerned with a battle for quality of life, and
those from upper socioeconomic groups with the quality of care [130].
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Social models of health promotion have been used successfully to tackle social injustices detrimental
to health and wellbeing, such as poverty, provision of inexpensive foodstuffs that encourage healthy
diets, poor housing and lack of employment [132]. There is however, limited discourse about the use
of social models of health promotion within pain literature [133].

9.2. Evolutionary-Concordant Environments

There are also constraints of healthy living imposed by the nature of built environments. Often,
urban environments are not conducive to undertaking physical activity outdoors due to limited
greenspace, fear for personal safety, and air and noise pollution. Indoor activities may introduce
additional issues such as transportation to and from a gym, financial expense to use a gym, and chronic
overuse injuries such as strains and tendonitis from, for example, jogging on treadmills in restrictive
shoes [134]. The Evolutionary Determinants of Health program launched in 2014 provides a framework
for debate of evolutionary-concordant healthy cities and social regimes for urban societies, with green,
open spaces and clean air to encourage individuals to be physically active [135]. However, there needs
to be commitment on the part of policy makers to address social injustices and construct healthy urban
environments to enable patients and individuals to live healthy lifestyles.

10. Conclusions

Chronic pain remains a major health care problem posing numerous challenges for researchers,
practitioners, policy makers and patients alike. In this review, I have used a broad lens to explore a
variety of contemporary matters associated with chronic pain. I have argued that pain is perplexing,
subjective and amorphous and some patients feel that health care providers do not believe that they
have significant pain. I have argued that it is not possible to disprove a person’s pain and that the
association between pain and pathology may be tenuous in some circumstances. I described the
consequences of long-term prescribing of analgesic medication and offered examples of service delivery
that may promote a biopsychosocial model of care at the first point of contact in primary care.

Ultimately, pain is a psychological construct arising from physiological processes occurring in
the brain. I have described pain as a top-down perceptual inference that integrates sensory, motor,
affective, cognitive, social and environmental contexts to update the final experience of pain. I argue
that pain does not faithfully reflect tissue status but serves instead to infer bodily threat and drive
behaviors to reduce the impact of threat on the integrity of the body. I have provided examples of
the malleability of pain perception and offered examples of interventions that manipulate context to
alleviate pain. Finally, I have speculated that modern urban environments are painogenic in nature and
incompatible with Paleolithic physiology encoded by our genetic heritage. I believe that exploration
of pain through the lens of evolutionary mismatch may provide novel insights to why patients have
difficulties adhering to healthy lifestyles and provide upstream strategies to reduce the burden of
chronic pain on society.
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Abstract: Background and Objectives: It is estimated that 28 million people in the UK live with chronic
pain. A biopsychosocial approach to chronic pain is recommended which combines pharmacological
interventions with behavioural and non-pharmacological treatments. Acupuncture represents one
of a number of non-pharmacological interventions for pain. In the current climate of difficult
commissioning decisions and constantly changing national guidance, the quest for strong supporting
evidence has never been more important. Although hundreds of systematic reviews (SRs) and
meta-analyses have been conducted, most have been inconclusive, and this has created uncertainty
in clinical policy and practice. There is a need to bring all the evidence together for different pain
conditions. The aim of this review is to synthesise SRs of RCTs evaluating the clinical efficacy of
acupuncture to alleviate chronic pain and to consider the quality and adequacy of the evidence,
including RCT design. Materials and Methods: Electronic databases were searched for English language
SRs and meta-analyses on acupuncture for chronic pain. The SRs were scrutinised for methodology,
risk of bias and judgement of efficacy. Results: A total of 177 reviews of acupuncture from 1989 to 2019
met our eligibility criteria. The majority of SRs found that RCTs of acupuncture had methodological
shortcomings, including inadequate statistical power with a high risk of bias. Heterogeneity between
RCTs was such that meta-analysis was often inappropriate. Conclusions: The large quantity of RCTs on
acupuncture for chronic pain contained within systematic reviews provide evidence that is conflicting
and inconclusive, due in part to recurring methodological shortcomings of RCTs. We suggest that an
enriched enrolment with randomised withdrawal design may overcome some of these methodological
shortcomings. It is essential that the quality of evidence is improved so that healthcare providers and
commissioners can make informed choices on the interventions which can legitimately be provided
to patients living with chronic pain.

Keywords: acupuncture; pain; systematic review; evidence synthesis

1. Introduction

The World Health Organisation (WHO) recognises chronic pain as a long-term condition in its
own right and as a secondary consequence of other long-term conditions [1]. It has been estimated
that 28 million adults in the UK (43%) are affected by chronic pain and that the pain of 7.9 million
of these adults is moderately or severely limiting [2]. The prevalence of chronic pain is higher in
older age groups, with an estimated 62% of people over 75 being affected [2]. Individuals living with
pain often experience a very poor quality of life, it affects their ability to work, socialise, sleep and
maintain good relationships and can lead to depressive illness, decreased motivation and a reduction
in physical activity [3]. As such, chronic pain represents a major challenge for health service provision
and government policy.

Medicina 2020, 56, 6; doi:10.3390/medicina56010006 www.mdpi.com/journal/medicina

20



Medicina 2020, 56, 6

Current guidance from the International Association for the Study of Pain (IASP) recommends a
biopsychosocial approach to pain utilising a multidisciplinary, multimodal, stepwise approach which
combines pharmacological interventions with behavioural and non-pharmacological treatments [4].
Non-pharmacological interventions are recommended as part of a comprehensive pain management
programme, including lifestyle adjustments, pain education, and physical, psychological and
complementary therapies.

In the UK, acupuncture has been available in some parts of the National Health Service (NHS)
for decades as a non-pharmacological intervention to manage acute or chronic pain. In the NHS,
acupuncture is administered by Allied Health Professionals, Nurses or Doctors. Outside the NHS,
acupuncture is available from a variety of sources, including ‘traditional’ acupuncturists, sports
therapists, osteopaths and chiropractors.

Acupuncture is an age-old technique which became part of modern medicine in the 1970s.
In modern medicine, traditional forms of acupuncture, based on the ancient Chinese concept of qi and
meridians, have been superseded by acupuncture based on a neurophysiological model [5,6]. The
unique identity of acupuncture lies in the process of inserting needles (‘acu’) in the skin (‘puncture’),
although a modern definition should include the need to do this at specific points in accordance with
known physiological or anatomical rationale [7].

Over the past two decades, the quantity of clinical studies on the use of acupuncture for various
types of pain has significantly increased. In 2013, it was estimated that over 3000 clinical trials had been
published [8] with over one hundred systematic reviews (SRs) (some with meta-analyses) attempting
to synthesise available evidence. Many SRs of randomised controlled trials (RCTs) of acupuncture have
been inconclusive and this has created uncertainty in clinical policy and practice. This uncertainty was
highlighted in 2016 when the National Institute for Health and Care Excellence (NICE) reversed its 2009
recommendation to offer acupuncture as a first line treatment for non-specific, chronic low back pain
because evidence indicated that it was no more effective than sham acupuncture [9–11]. Interestingly,
there had been no significant change in evidence provided by RCTs between 2009 and 2016. Presently,
NICE only recommends acupuncture as a prophylactic treatment for chronic tension-type headache
and migraine [12,13].

In the face of conflicting evidence and continually changing guidance, it is unsurprising that
acupuncture practitioners are finding that an intervention that, anecdotally at least, is often well
received by patients in the clinic and appears to have good results, is rejected by commissioners and
policy makers and regarded in some quarters as a ‘theatrical placebo’ [8,14]. One reason for this
uncertainty may be related to the clinical research methodologies used to determine clinical efficacy.

Policy makers give credence to the findings of RCTs because they are the ‘gold standard’
methodology for evaluating clinical efficacy. RCTs enable isolation of the effects (benefit and harm)
associated with the active ingredient of a treatment from effects associated with the act of receiving a
treatment, i.e., believing that an active ingredient of a treatment has been received. This is operationalised
by using needles to puncture the skin at defined points compared with pretending to puncture the skin
at defined points (i.e., a ‘placebo’ or ‘sham’ intervention).

Systematic reviews and meta-analyses of multiple RCTs provide an indicator of consistency of
findings between RCTs and allow for generalisability of findings [15]. Practitioners and policy makers
may feel overwhelmed by the volume of SRs on acupuncture, suggesting a need to bring all this
evidence together. In doing so, there is an opportunity to appraise RCT design and whether it is fit
for purpose.

The aim of this review is to synthesise evidence from previously published SRs of RCTs evaluating
the clinical efficacy of acupuncture to alleviate chronic pain from any source. We have made judgements
from a Western medical perspective. Our approach is to outline research findings through commentary
rather than a comprehensive objective appraisal of SRs. We appreciate that the non-systematic approach
is vulnerable to selection and evaluation biases and opinion-orientated arguments. Nevertheless,
our approach enables consideration of issues surrounding the quality and adequacy of the evidence,
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including RCT design, and provides practitioners and policy makers with a comprehensive source of
SRs published to date.

2. Materials and Methods

A search of electronic databases (MEDLINE, the Database of Abstracts of Reviews of Effects
(DARE) and the Cochrane Library) was conducted in April 2019 and updated in July 2019 using free
text search terms ‘acupuncture’, ‘chronic pain’, ‘analgesia’, ‘pain management’, ‘systematic review’
and/or ‘meta-analysis’. The search was restricted to English language databases. Systematic reviews
and meta-analyses were screened for eligibility.

2.1. Inclusion Criteria

Search results were screened by the authors, CAP and MIJ. All SRs with or without meta-analyses
of studies using manual acupuncture, electro-acupuncture, dry needling or auriculotherapy (ear
acupuncture) for any chronic pain condition were included. Reviews were included where
acupuncture was compared with sham or placebo acupuncture, no treatment, or another intervention
(pharmacological and non-pharmacological). We included Cochrane and non-Cochrane reviews
and overviews of SRs. Systematic reviews containing non-RCT studies were included in order that
information from RCTs could be extracted.

2.2. Exclusion Criteria

Reviews were excluded if they did not evaluate invasive acupuncture (e.g., reviews on acupressure
or laser acupuncture). Systematic reviews were excluded if they evaluated acute pain but not chronic
pain (e.g., specifically focusing on postoperative pain or pain in the emergency setting). Reviews
focusing on additional elements such as bee venom were also excluded. Non-English reviews were
included if they contained an English abstract. However, non-English reviews were not translated.

2.3. Evidence Synthesis

One review author (CAP) extracted information from reviews including type of pain, number of
RCTs, treatments, conclusion and quality of evidence stated by the authors of each included review
taken as a direct quote from the Conclusion, Abstract or Discussion sections of their manuscript. In
addition, we ascribed a judgement of efficacy of each review according to whether the sample size met
criteria based on the work of Moore et al. [16,17] and adopted by the Pain, Palliative and Supportive
Care group from Cochrane Collaboration in their risk of bias assessment. They suggest that trial arms
with fewer than 200 participants in RCTs or fewer than 500 participants in meta-analyses are at a high
risk of bias, which seriously undermines confidence in findings. Thus, reviews were categorized as
meeting our criteria for adequacy if they contained a pooled analysis of 500 events or at least one RCT
with >200 participants in each arm of the trial. We categorised efficacy as: Sufficient evidence and
in favour of acupuncture (+), sufficient evidence in favour of control/placebo (−), sufficient evidence
but conflicting/inconclusive (=) and insufficient evidence to make a judgement (?). We also noted
statements within manuscripts about RCT methodology across the following themes:

• The nature of placebo/sham interventions.
• Quality and risk of bias (including blinding).
• Sample size in relation to treatment effect. We used criteria developed by Dechartres [18] when

commenting on adequacy of sample size as: adequately powered (≥200 patients per treatment
arm), moderately powered (100–199 patients per treatment arm) and underpowered <100 patients
per treatment arm).
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3. Results

A total of 177 reviews of acupuncture for pain relief published between 1989 to September
2019 were included (Table 1). There were two overviews of Cochrane reviews, ten overviews of
non-Cochrane SRs and 145 non-Cochrane SRs. The earliest systematic reviews were published in
1989 by ter Riet [19–21]. There were 20 Cochrane SRs (including updates), with the earliest published
in 2000 by Tulder et al. [22] and the most recent published in 2018 by Choi et al. [23]. Findings are
presented according to the most frequent evaluations of acupuncture for different types of pain and
described chronologically to provide a sense of the evolution of evidence over time. A statement of
current clinical guidance from NICE is provided where available.

3.1. Chronic Pain Irrespective of Aetiology or Pathophysiology

The earliest SR that evaluated the efficacy of acupuncture across chronic pain conditions irrespective
of aetiology or pathophysiology was published in 2000 and was inconclusive, although it was claimed
that six or more sessions of acupuncture were more likely to be associated with positive outcomes [24].
The first overview of SRs was published in 2006 and concluded that acupuncture was not shown to be
efficacious for a variety of pain conditions [25].

We found four other overviews of SRs of acupuncture for chronic pain irrespective of aetiology or
pathophysiology. In 2010, Ernst and Lee published an overview of 30 SRs of acupuncture (319 RCTs)
for ‘rheumatic conditions’ and judged there to be some evidence to support efficacy in routine care of
patients with pain associated with osteoarthritis, low back pain and lateral elbow pain [26]. Hopton
et al. pooled data from eight meta-analyses of acupuncture for chronic pain and concluded that
acupuncture was more effective than a placebo, despite an absence of statistical significance for
individual conditions, except osteoarthritis of the knee and headache [27]. Two overviews published
in 2011 concluded that there was tentative evidence that acupuncture might be effective for headache,
peripheral joint osteoarthritis and neck pain (overview of eight Cochrane Reviews [28], overview of
57 SRs [29]), although reviewers agreed that the quality of the primary studies was poor, with a high
risk of bias.

We found 20 SRs of acupuncture for chronic pain irrespective of aetiology or pathophysiology.
In 2014, SRs reported that evidence supported the efficacy of wrist-ankle acupuncture and auricular
acupuncture for alleviating chronic pain [30,31]. Since then, SRs were generally inconclusive because
of methodological shortcomings and small sample sizes in primary studies [32–36]. In 2018, Vickers et
al. concluded that evidence supported the efficacy of acupuncture for various chronic pain conditions
associated with musculoskeletal disorders, headache and osteoarthritis, with beneficial effects persisting
at long-term follow-up (39 RCTs, [37]). The long-term effects of acupuncture were consistent with
evidence from an earlier SR by MacPherson et al. [38].

Evidence from SRs suggests that there are insufficient high-quality RCTs to judge the efficacy
of acupuncture for chronic pain associated with various medical conditions. There is no specific
NICE guidance about the use of acupuncture for chronic pain conditions irrespective of aetiology or
pathophysiology, although some guidance exists for specific pain conditions (see respective sections
below). Guidance by NICE on chronic pain assessment and management is currently being developed
(GID-NG10069) with publication expected in August 2020.
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3.2. Headache (Including Migraine)

We found one overview of Cochrane reviews of acupuncture for various pain conditions [28]
(described above) that claimed there to be evidence that acupuncture was effective for tension-type
headache (1 Cochrane review [45]) and migraine (1 Cochrane review [51]).

The earliest SR was published in 1999 and judged there to be too few RCTs of sufficient
methodological quality to determine efficacy of acupuncture for recurrent headache (22 randomised
or ‘quasi’ randomised trials, Melchart [54]) or tension-type and cervicogenic headache (8 RCTs [47]).
A similar pattern of ‘promising’ but not definitive evidence continued through the next decade
(27 RCTs [53]; 8 RCTs [46]), including a Cochrane review of 26 RCTs of acupuncture for idiopathic
headache [52]. Nevertheless, some reviewers have claimed that there is evidence that acupuncture is
superior to sham for chronic headache (31 RCTs, only 2 RCTs were of high quality and adequately
powered, Sun [48]), and a recent Cochrane review providing evidence of superiority of acupuncture
over placebo for the prevention of tension-type headache ([44] 12 RCTs, including two adequately
powered RCTs) and episodic migraine ([49], 22 RCTs, including two adequately powered RCTs). A
systematic review published in 2016 is consistent with the latter finding that acupuncture was superior
to sham acupuncture for migraine (10 RCTs [50]).

Evidence from the SRs suggests that acupuncture prevents episodic or chronic tension-type
headaches and episodic migraine, although long-term studies and studies comparing acupuncture
with other treatment options are still required. The current NICE guidance (clinical guideline CG150)
is that a course of up to 10 sessions of acupuncture over 5–8 weeks is recommended for tension-type
headache and migraine [12].

3.3. Osteoarthritis (OA)

The overview of eight Cochrane reviews of acupuncture for various pain conditions described
previously [28], judged there to be evidence that acupuncture produced short-term improvements
in pain based on a SR of 16 RCTs on peripheral joint osteoarthritis [69]). In 2019, an overview
of non-Cochrane SRs that included a meta-analysis concluded that acupuncture was beneficial
for alleviating pain associated with OAK, although RCT outcomes assessed using the Grades of
Recommendation, Assessment, Development and Evaluation (GRADE) indicated that the SR evidence
was of mixed quality (12 SRs [55]).

We found that the earliest SR on acupuncture for OA was published in 1997 and found studies
to be contradictory with no evidence that acupuncture was more effective than sham (9 RCTs [71]).
SRs on acupuncture for peripheral joint OA were inconclusive in 2006 (18 RCTs [70]), superior to
waiting list controls in 2010 ([69], Cochrane review of 16 RCTs) and associated with reductions in pain
intensity, improvement in functional mobility and quality of life in 2014 (12 RCTs [68]). In 2018, a
Cochrane review by Manheimer et al. found little evidence that acupuncture significantly reduced
pain associated with OA of the hip [67]. To date, the majority of SRs have evaluated the clinical efficacy
of acupuncture for OA of the knee (OAK).

We found that the earliest SR on acupuncture for OAK was published in 2001 and was inconclusive
(7 RCTs, with 4 of low methodological quality [66]). Chronologically, SRs in 2002 (4 RCTs, [65]) and 2007
(11 RCTs [64]) were inconclusive, whereas a SR by Bjordal et al. in 2007 found statistically significant
and clinically relevant short-term pain relief from two to four weeks of intensive electroacupuncture
(7 RCTs [63]). In 2008 and 2012, two further SRs (10 RCTs [62]; 14 RCTs, [61] respectively) reported
superiority over sham acupuncture. More recently, SRs in 2016 (10 RCTs [59]), 2017 (17 RCTs [72],
11 RCTs [58]), 2018 (16 RCTs [57]) and 2019 (8 RCTs [56]) judged there to be evidence that acupuncture
provides relief of pain associated with OAK when administered alone or in combination with
other treatments.

These positive findings are supported by a network meta-analysis published in 2013 that evaluated
22 treatments, including acupuncture (11 RCTs [60]), and judged there to be evidence of short-term
efficacy. This finding was confirmed in another network meta-analysis published in 2018, which found
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that needle or electro-acupuncture decreased pain compared with other treatments (16 RCTs [57]).
Nevertheless, reviewers consistently mitigate these positive findings by describing RCTs as having low
methodological quality, thus reducing confidence in judgements.

The most recent evidence from a Cochrane review of 16 RCTs suggests that acupuncture is not
superior to sham acupuncture for OA of the hip [67], although in contrast, evidence from non-Cochrane
reviews suggests that there is moderate-quality evidence that acupuncture may be effective in the
symptomatic relief of pain from OA of the knee. Why there should be a difference in evidence between
the knee and the hip is not known. Interestingly, guidance from NICE (CG177) states: “Do not offer
acupuncture for the management of osteoarthritis” Section 1.4.6. [198].

3.4. Chronic Low Back Pain and/or Neck Pain

The overview of eight Cochrane reviews of acupuncture for various pain conditions described
previously [28] included one Cochrane review on low back pain [88] and judged there to be evidence
that acupuncture might be an effective adjunctive intervention for low back pain. However, the quality
of the primary studies was low. An overview of 16 SRs on acupuncture for low back pain published
in 2015 judged that acupuncture either in isolation or as an adjunct to conventional treatment had
short-term benefits but again, the quality of the included reviews was variable [78].

We found that the earliest SR on acupuncture chronic low back pain was published in 1989
and evaluated the clinical efficacy of acupuncture for neck and/or back pain (22 studies including
16 RCTs [19]) but the findings were inconclusive. The earliest SR that evaluated the clinical efficacy of
acupuncture specifically for chronic low back pain was published in 1998 by Ernst et al. (12 RCTs [94]),
and found evidence that acupuncture was superior to various control interventions, but insufficient
evidence to judge whether it was superior to placebo. The included studies were mostly of high-quality,
but sample sizes were inadequate. In 2000, Smith et al. published a SR that found no evidence that
acupuncture was effective for either chronic neck or low back pain (13 RCTs [99]).

Throughout the following decade, SRs reported insufficient high-quality evidence to make any
judgement on efficacy of acupuncture in treating low back pain (4 RCTs [93], 11 RCTs [22], 5 RCTs [91],
6 RCTs [95], 33 RCTs [89], 35 RCTs [88] and 10 RCTs [90]). In 2010, Trigkilidas published a SR that
evaluated the clinical efficacy of acupuncture for low back pain (4 RCTs [85]) that judged there to be
evidence of superiority of acupuncture compared with usual care in treating chronic low back pain,
especially when patients have positive expectations about the intervention. Between 2011 and 2017,
none of the published SRs provided compelling evidence to support the efficacy of acupuncture for
chronic low back pain (2 RCTs [84], 7 RCTs [83], 13 RCTs [82], 32 RCTs [81], 8 RCTs [79] and 7 RCTs [77]),
or lumbar spinal stenosis (12 studies, 6 RCTs [80]).

In 2018, Hu et al. published a SR that evaluated the clinical efficacy of acupuncture for low
back pain (16 RCTs [75]) and found evidence that dry needling was more effective for low back pain
than conventional acupuncture or sham immediately post treatment, but at follow-up, was equal to
acupuncture. In 2018, Tang et al. published a SR that evaluated the clinical efficacy of acupuncture
for the relief of pain associated with lumbar disc herniation (30 RCTs [76]), which found insufficient
robust evidence to draw firm conclusions because of methodological shortcomings in primary RCTs.
However, there was tentative evidence that dry needling was more beneficial than lumbar traction,
drug therapy or Chinese herbal medicine. In 2019, Xiang et al. published a SR on acupuncture for
non-specific low back pain (14 RCTs [74]). There was moderate evidence of benefit but confidence in
the results was diminished due to heterogeneity and small sample sizes in the included studies.

Evidence suggests that there are insufficient high-quality RCTs to judge the efficacy of acupuncture
for low back pain. In 2009, NICE published guidance for the management of non-specific low back
pain that recommended a course of acupuncture as part of first line treatment [10]. This guidance
produced much debate. Subsequently, NICE have updated guidance for the management of low back
pain and sciatica in people over 16 (NG59) and currently recommend in Section 1.2.8 “Do not offer
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acupuncture for managing low back pain with or without sciatica”, even though the evidence had not
significantly changed [9].

3.5. Myofascial Pain Syndrome and Myofascial Trigger Points

We found that the earliest SR on acupuncture (dry needling) to alleviate pain associated with
myofascial trigger points (MTPs) was published in 2001 (23 RCTs [116]) and found no evidence to
demonstrate the efficacy of any needling technique beyond placebo. In 2009, Tough et al. published a
SR that evaluated the efficacy of dry needling acupuncture (7 RCTs [115]) which produced insufficient
evidence to determine efficacy. A further systematic review by Tough et al. published in 2011
(3 RCTs [113]) had similar conclusions. In 2013, a SR found that acupuncture was superior to sham or
placebo in reducing pain associated with upper quadrant myofascial pain immediately post-treatment
and at four weeks, although the quality of the primary studies was low (12 RCTs [112]). In 2014,
Ong and Claydon published a SR that evaluated the clinical efficacy of dry needling to alleviate pain
associated with MTPs in the neck and shoulders (5 RCTs [111]) and found that there was no significant
difference between dry needling and lidocaine.

In 2017, Espejo-Antúnez et al. published a SR that evaluated the clinical efficacy of dry needling to
alleviate pain associated with myofascial trigger points (15 RCTs [106]) and found a possible short-term
benefit following dry needling. In 2017, SRs have found tentative evidence that acupuncture alone
or combined with other therapies improved outcomes associated with myofascial pain syndrome
(10 RCTs [108]; 33 RCTs [107]), although substantial heterogeneity and a high risk of bias, including
inadequate sample sizes in the primary RCTs, undermined confidence in the findings.

Evidence from SRs suggests that dry needling acupuncture might be effective in alleviating pain
associated with myofascial trigger points, at least in the short-term, although there are insufficient
high-quality RCTs to judge the efficacy with any degree of certainty. There is no guidance from NICE
on the management of myofascial pain syndrome.

3.6. Cancer Pain

We found one overview of SRs of acupuncture for palliative and supportive cancer care that
included 7 SRs [125], but only one systematic review on cancer-related pain [126]. We found that
the earliest SR on acupuncture for pain associated with cancer and/or its treatment (7 studies with
3 RCTs [126]) concluded that there was evidence of efficacy for chemotherapy-induced nausea and
vomiting, but insufficient evidence to judge efficacy for cancer-related pain. In 2010, a SR of 7 RCTs
provided tentative evidence that that acupuncture alleviated cancer-related pain [124], and in 2011,
the first Cochrane review on acupuncture for cancer pain judged there to be insufficient evidence to
determine the efficacy (3 RCTs [123]), and this was confirmed in an update in 2015 (5 RCTs [119]).
Subsequently, non-Cochrane SRs in 2012 (15 RCTs [122]), 2013 (11 RCT [121]), 2014 (33 studies,
6 RCTs [120]) and 2016 (20 RCTs [120]) provide promising but inconclusive evidence of efficacy. In
2017, Chiu et al. published a Cochrane review that evaluated the clinical efficacy of acupuncture for
cancer-related pain, which included treatment-related or surgery-related pain, and judged there to be
evidence that acupuncture alleviated pain associated with malignancy (29 RCTs [117]), but there was a
high risk of bias due to inadequate sample sizes.

Evidence from the SRs suggests that there are insufficient high-quality RCTs to judge the
efficacy of acupuncture for cancer-related pain and more high-quality, appropriately designed and
adequately powered studies are needed. The most recent guidance from NICE (CSG4) recognises
that patients who are receiving palliative care often seek complementary therapies, but it does not
specifically recommend acupuncture. It recognises that “Many studies have a considerable number of
methodological limitations, making it difficult to draw definitive conclusions” (Section 11.27) [199].
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3.7. Fibromyalgia

We found that the earliest SR on acupuncture for fibromyalgia was published in 1999 (7 studies,
3 RCTs [136]) and concluded that there was limited evidence supporting the use of acupuncture for
fibromyalgia but this was based on only one high-quality study. Subsequently, SRs published in 2007
(5 RCTs [135]) and 2009 (6 RCTs [134]) concluded that acupuncture had no symptomatic benefit, and in
2010 were inconclusive (7 RCTs [133], and 25 studies, 12 RCTs [132] respectively).

In 2013, a Cochrane review conducted by Deare et al. (9 RCTs [131]) found low-quality evidence
that acupuncture might be superior to no acupuncture or medication, and moderate-quality evidence
that acupuncture was not superior to sham. Non-Cochrane SRs published in 2013 (16 RCTs [130]) and
2014 (9 RCTs [129]) were inconclusive. In 2019, two SRs have produced evidence that acupuncture was
superior to sham but the evidence status was downgraded due to high levels of heterogeneity and
inadequate sample sizes (10 RCTs [128]; 12 RCT [127]).

Evidence from SRs suggests that there are insufficient high-quality RCTs to judge the efficacy of
acupuncture for fibromyalgia pain. There is no NICE guidance on the treatment of fibromyalgia.

3.8. Pelvic Pain

We found one overview of SRs on acupuncture for primary dysmenorrhoea which was published
in 2018 and concluded that the evidence was inconclusive (5 SRs [138]). We found a number of SRs on
acupuncture and associated therapies for primary dysmenorrhea, although all report a high-risk of
bias leading to evidence that is inconclusive (30 RCTs [147]; 4 RCTs [146]; 16 RCTs [144]; 20 RCTs [145];
23 RCTs [142]; 60 RCTs [139]). In 2008, a SR investigating acupuncture for pelvic and back pain during
pregnancy was inconclusive (3 RCTs [152]), and in 2010, a SR described RCTs findings as ‘promising’
but inconclusive for primary dysmenorrhea (27 RCTs [151]). A Cochrane review by Zhu et al. in
2011 on acupuncture for endometriosis included one low-quality RCT and was inconclusive [150].
A follow-up non-Cochrane review in 2017 including 10 RCTs was still inconclusive [143].

We found five SRs on acupuncture for chronic prostatitis and/or chronic pelvic pain, and despite
promising RCT findings, all reviewers concluded that the evidence was inconclusive (9 RCTs [149];
35 RCTs [148]; 7 RCTs [141]; 4 RCTs [140]; 4 RCTs [137]).

Evidence from the SRs suggests that there are insufficient high-quality RCTs to judge the efficacy
of acupuncture for primary dysmenorrhea or chronic pelvic pain. There is NICE guidance on
endometriosis (NG73) [200] but this does not recommend any form of Chinese medicine for this type
of pelvic pain, although acupuncture is not specifically mentioned.

3.9. Inflammatory Arthritis

In 2018, an overview of SRs concluded that acupuncture has minimal or no impact on joint
pain associated with rheumatoid arthritis (7 SRs, 20 RCTs [153]). We found that the earliest SR on
acupuncture for pain associated with inflammatory rheumatic diseases was published in 1997 and
found insufficient high-quality evidence to make a judgement on efficacy. Subsequently, a Cochrane
review published in 2005 (2 RCTs [159]) and various non-Cochrane SRs published in 2008 (8 RCTs [158];
8 RCTs [157]), 2013 (10 RCTs [156]) and 2016 (28 RCTs [155]) have been inconclusive. The most recent
SR on acupuncture for rheumatoid arthritis reported that RCT findings were tentatively positive but
inconclusive (13 RCTs [154]).

Evidence from the SRs suggests that there are insufficient high-quality RCTs to judge the efficacy
of acupuncture for pain in inflammatory arthritis. There is a NICE guideline (NG100) [201] for the
treatment of rheumatoid arthritis but this does not recommend acupuncture.
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3.10. Neuropathic Pain/Neuralgia

The earliest SR on acupuncture for neurological symptoms was published in 1997 and reported that
findings were positive for alleviation of symptoms associated with lumbar disk herniation (38 studies,
7 RCTs [171]).

The majority of SRs have been conducted on peripheral neuropathy of various aetiologies, but
all had methodological shortcomings resulting in inconclusive evidence (chemotherapy-induced
peripheral neuropathy, 6 studies, 3 RCTs [168]; various peripheral neuropathies, 15 studies,
13 RCTs [166]; and diabetic peripheral neuropathy, 14 RCTs [164]).

There are two SRs on acupuncture for trigeminal neuralgia (12 RCTs [170]; 33 RCTs [162]), two SRs
on acupuncture for carpal tunnel syndrome (6 RCTs [169]; 12 RCTs [23]) and one SR on acupuncture for
post-herpetic neuralgia (7 RCTs [165]). None were able to judge efficacy with any degree of confidence
due to insufficient high-quality RCTs.

Evidence from the SRs suggests that there are insufficient high-quality RCTs to judge the efficacy
of acupuncture for neuropathic pain or neuralgia. There is NICE guidance (CG173) [202] on the
management of neuropathic pain, but acupuncture is not included in the list of recommended/not
recommended treatments.

3.11. Other Pain Conditions

In 2002, a Cochrane review found insufficient high-quality RCTs to determine the efficacy of
acupuncture for lateral elbow pain (4 RCTs [194]). In 2005, a Cochrane review found insufficient
high-quality RCTs to judge the efficacy of acupuncture for shoulder pain. In 2011, a Cochrane review
by Smith et al. found insufficient evidence to judge the efficacy of acupuncture or acupressure for
labour pain (13 RCTs [187]).

Our search found an additional 27 reviews for a variety of other pain conditions, including
dental/facial pain, osteoporosis and upper extremity pain of various aetiologies, although none of
these reviews provides sufficient high-quality evidence to make a judgement about the efficacy of
acupuncture (Table 1) [21,172–197].

Evidence from SRs suggests that there are insufficient high-quality RCTs to judge the efficacy of
acupuncture for a variety of other painful conditions, including lateral elbow pain, shoulder pain and
labour pain. There is no guidance available from NICE on the treatment of any of these conditions.

4. Discussion

Our evidence synthesis reveals long-standing and continued uncertainty about the clinical
efficacy of acupuncture to alleviate pain, despite a high volume of published research. We have
revealed a raft of SRs with inconclusive findings due to persistent methodological shortcomings in
RCTs contributing to a high risk of bias and downgrading of evidence. These shortcomings include
inadequate statistical power, uncertainty about adequacy of acupuncture technique and dose, and
inappropriate design of ‘placebo’ acupuncture controls. These contribute to methodological and
clinical heterogeneity, deterring systematic reviewers from pooling data for meta-analyses. When
meta-analyses are conducted, substantial statistical heterogeneity results, markedly reducing confidence
in findings and inferences [18,203,204]. The high financial cost of continuing to undertake research
that produces inconclusive evidence is of concern and demands reconsideration of the methodological
design and delivery of future RCT design. We will discuss three common challenges to the design
of RCTs of acupuncture that emerge from our evidence synthesis: adequate sample sizes, adequate
acupuncture intervention, and adequate placebo controls.

4.1. The Challenge of Inadequate Sample Sizes

RCTs with small sample sizes are associated with an overestimation of treatment effects. Dechartres
et al. [18] found that treatment effects were, on average, 48% larger in trials with fewer than 50 patients.
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Overestimation of treatment effects occurs in studies with sample sizes of 100–200 participants per
treatment arm, suggesting that at least 200 participants per treatment arm is necessary to achieve a
low risk of bias. Roberts [205] argued that the production of fewer but broader reviews that exclude
underpowered trials would increase the validity of review findings and create a more trustworthy
evidence base. Turner et al. [203] examined the distribution of statistical power within meta-analyses
published as part of Cochrane reviews and argued that the results of meta-analyses that contain at least
two adequately powered studies are not influenced to any significant degree when underpowered
studies are omitted. At present, the inclusion of underpowered studies in meta-analyses is at the
discretion of reviewers.

Funding constraints that prevent the use of larger sample sizes in RCTs is likely to continue into
the future. Thus, strategies to reduce statistical heterogeneity associated with high variance in pain
data in RCTs need consideration. Often, pain data used as the primary outcome within RCTs is a
continuous variable, such as pain intensity measured on a visual analogue scale (VAS) and expressed
as an average. Averages of pain intensity data from VAS can be misleading because averages may
obscure good and poor responders to acupuncture [206,207]. There is a likelihood that scores of pain
intensity produce U-shaped rather than bell-shaped distributions, with some participants experiencing
large reductions in pain and others not. Thus, pain intensity data from acupuncture responders may
be diluted by data from non-responders [208]. For this reason, the Pain and Palliative Support and
Care group of the Cochrane collaboration recommends the use of primary outcome responder rates of
participants reporting relief of 30% or greater (i.e., at least moderate pain relief) or 50% or greater (i.e.,
significant pain relief) expressed as frequency (dichotomous) data.

4.2. The Challenge of Appropriate Controls

Acupuncture RCTs can assess two aspects of the active ingredient of treatment: effects associated
with needling acupuncture points and effects associated with needles piercing the skin. Thus,
two common controls used in RCTs of acupuncture are: inserting real needles into the skin at
non-acupuncture points and using ‘sham’ needles which touch but do not penetrate the skin. It is
important that SRs and RCTs emphasise exactly which outcome is being assessed at the outset, and
ideally include this in the title and aim of the report.

Controls that involve inserting needles into the skin at non-acupuncture points can be used to
determine the influence of needling discrete points of the skin on outcome. If administering treatment
at any point on the skin produced equivalent benefits and harms when compared with needling specific
points, this would challenge the need for anatomical acupuncture charts and prescribed acupuncture
practitioner training.

Controls that use ‘sham’ needles which touch but don’t penetrate the skin are often labelled
as placebo controls. The purpose of a placebo control comparison is to isolate the effect of the act
of receiving a treatment from the active ingredient of the treatment. Placebo controls are usually
operationalised using fake or sham interventions and enable measurement of non-specific treatment
effects associated with expectations, conditioning, anxiety and social context (i.e., therapist/patient
interaction and theatrical elements of the treatment) [209,210]. It has been argued that the reason
why some RCTs fail to detect differences in treatment effects between real and sham acupuncture
is that sham needling techniques are not physiologically inert, and this may have contributed to an
underestimation of acupuncture effects in the evidence base [211]. This argument is valid but can be
misleading if taken at face value. The purpose of a control intervention is not to be physiologically inert
but rather to control for outcomes associated with non-specific effects of the act (theatre) of receiving
the treatment. No placebo control (including a sham needling) is ever physiologically inert because
it instigates changes in physiological (and psychological) state. The human body evolved to detect
and respond to disturbances in the internal and/or external environment (i.e., stimuli) from physical,
physiological, social and/or environmental change. This is the premise of homeostasis.
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Placebo controls are research tools that enable isolation of effects associated with the active
ingredient(s) of the treatment. Thus, a comparison of effects during real needling versus sham needling,
whereby needles touch but do not penetrate the skin, enable investigators to isolate the magnitude and
incidence of effects associated with needles piercing the skin per se (i.e., the ‘acu’ and ‘puncture’). If
puncturing the skin with needles produces equivalent benefits to touching without puncturing the
skin, then it may be safer not to puncture the skin in clinical practice, providing that the sham needles
do less harm. Interestingly, a system of evaluating the physiological effects of sham needling has been
proposed to assist researchers [212].

The term ‘placebo’ is used extensively in research and clinical literature, although it lacks scientific
precision and has become emotive. We would prefer precise statements of purpose and method when
describing control interventions. For example, a control group that uses fake needles that do not
puncture the skin would be used to isolate effects associated with needles puncturing the skin. We
would also encourage a shift away from assessing patient ‘blinding’ using questions such as ‘Do you
think the intervention was a placebo?’ to questions assessing the ‘credibility’ and ‘functioning’ of
interventions using questions such as ‘Do you think the intervention was credible?’ and ‘Do you think
the intervention was functioning correctly?’, as has been suggested for other non-pharmacological
interventions such as transcutaneous electrical nerve stimulation (TENS) [213].

4.3. The Challenge of Adequacy of Dose

Acupuncture practitioners argue that acupuncture is a complex intervention that should not be
standardised but instead tailored to each individual patient, based on principles of practice and the
experience of the clinician. Components of needling include type, number, and location of needles,
needling technique (e.g., thrusting, rotation, flicking, pecking), duration of needle insertion, regimen of
treatment and philosophical paradigm. Debates about optimal technique are long-standing and there
are evidence-based principles underpinning optimisation of technique for acupuncture treatment [214].
Delivering identical acupuncture prescription to all participants runs the risk of some participants
receiving sub-optimal dose. Often, acupuncture interventions used in RCTs are grounded in principles
of Western acupuncture with flexibility to individualise treatment at the discretion of individual
practitioners. Individualising acupuncture treatment increases between-subject variability in treatment
(e.g., needling number, location, technique, duration). At face value, this may appear to conflict with
classical RCT methodology that aims to standardise methodology and treatment intervention under
strictly controlled conditions. However, standardisation can be based on the principles of optimising
treatment per individual, as is the case when titrating drug dosage to therapeutic window. What
constitutes adequacy of acupuncture technique and dose has been a matter of much debate [56,214–216].

In trials of pharmacological agents, dose is crucial, and it should be no different in studies
investigating the efficacy of acupuncture. The Standards for Reporting Interventions in Controlled
Trials of Acupuncture (STRICTA) were developed from the consolidated standards for reporting trials
(CONSORT) [217] to encourage accurate reporting of the acupuncture intervention [218]. STRICTA
recommend that six items should be included: rationale, details of needling (e.g., points used,
depth, angle, needle thickness, number of needles), treatment regimen, co-intervention, practitioner
background and control interventions [219]. The impact of using STRICTA has been positive
with improvements in reporting quality of RCTs on acupuncture [220–223]. In 2008, White et al.
published a meta-analysis that provided evidence that better outcomes in comparisons of acupuncture
with non-acupuncture controls were achieved when noted that greater numbers of needles and
treatment sessions were used [214]. In 2019, Sun et al. conducted a systematic review of eight RCTs
(2106 participants) to determine whether the effect of acupuncture is dose-dependent for symptom
management in knee osteoarthritis [56]. Sun et al. proposed a scoring system whereby +1 score
was awarded if ≥9 points needled, if de qi was present, if ≥2 treatment sessions a week and if ≥8
treatment sessions in total. A score of −1 was awarded to each of these parameters if they were below
these thresholds. The sum of scores was taken and high dosage categorised for total between 1 and
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4, medium dosage for a score of 0 and low dosage for scores from −4 to −1. Sun et al. categorised
one RCT as low dose, one RCT as medium dose and 6 RCTs as high dose and concluded that higher
dosage of acupuncture was associated with better pain relief and functional improvements. It is
becoming common for journal editors to require STRICTA in RCTs of acupuncture and this will
improve comparison and assessment of adequacy of acupuncture dose in systematic reviews. What is
less common, however, is the inclusion and reporting of ‘run-in phases’ in RCTs, whereby optimisation
of technique and dosage is titrated over a period of weeks prior to randomisation into real and
placebo acupuncture.

4.4. Design of Future Randomised Controlled Trials (RCTS)

It has been argued that enriched enrolment with randomised withdrawal (EERW) study designs
are of value for treatments influencing symptoms but not necessarily the course of the underlying
disease or pathology, as is the case for acupuncture in the management of chronic pain [224]. The
potential for using such designs in the assessment of pharmacological agents has been recognised [225],
although EERW designs are rarely used to assess non-pharmacological interventions. The EERW
trials consist of (i) an observational ‘open-label’ phase with all participants receiving active treatment
(acupuncture), during which treatment technique and dosage would be titrated and optimized,
followed by (ii) a RCT phase, whereby participants who had potential for response were enrolled
(i.e., an enriched sample) and randomised to receive either experimental (real needling) or control
interventions (sham needling). Selection of participants for the enriched sample of the RCT is based on
the findings from phase one and would exclude participants who did not wish to continue treatment or
experienced non-manageable adverse events, although their data from phase one would be analysed.
Trials with EERW designs increase sensitivity to detect treatment effects by enriching the sample of
participants enrolling into the randomised controlled phase of the trial, thus reducing the need for
large sample sizes [207].

To our knowledge, there have not been any published studies of acupuncture using the EERW
design, although it has been used to determine the efficacy of drugs for chronic pain conditions. Given
the shortcomings in classically design RCTs on acupuncture, it would be interesting to observe the
results of studies using an EERW design.

4.5. Limitations of This Review

A limitation of this synthesis is that it does not contain granular quantitative analyses. It could be
argued that there is a case for an all-encompassing SR and meta-analysis of all RCTs on acupuncture for
pain conditions, but this would be a considerable undertaking with the possibility that it not produce
any meaningful information due to the relatively poor quality of RCTs resulting in amplification
of heterogeneity.

5. Conclusions

We hope that our evidence synthesis of systematic reviews and meta-analyses of RCTs of
acupuncture for chronic pain conditions serves as a reference tool for practitioners, researchers and
commissioners. Our evidence synthesis reveals a long-standing unresolved debate about the clinical
efficacy of acupuncture to alleviate pain that is grounded in a high volume of inconclusive RCT
evidence. If healthcare providers and commissioners are to be able to make informed choices on the
role of acupuncture for chronic pain, it is essential that the quality of clinical trials of acupuncture
is improved. Our evidence synthesis has revealed three methodological challenges that have faced
investigators of RCT of acupuncture for decades. We have argued that enriched enrolment with
randomised withdrawal trial designs may provide a way forward. We hope that our review catalyses
further debate on this issue.
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Abstract: Pain can have a significantly negative impact on the quality of life of patients.
Therefore, patients may resort to analgesics to relieve the pain. The struggle to manage pain
in cancer patients effectively and safely has long been an issue in medicine. Analgesics are the
mainstay treatment for pain management as they act through various methods on the peripheral
and central pain pathways. However, the variability in the patient genotypes may influence a
drug response and adverse drug effects that follow through. This review summarizes the observed
effects of analgesics on UDP-glucuronosyl (UGT) 2B7 isoenzyme, cytochrome P450 (CYP) 2D6,
μ-opioid receptor μ 1 (OPRM1), efflux transporter P-glycoprotein (P-gp) and ATP-binding cassette
B1 ABCB1/multiple drug resistance 1 (MDR1) polymorphisms on the mechanism of action of these
drugs in managing pain in cancer. Furthermore, this review article also discusses the responses and
adverse effects caused by analgesic drugs in cancer pain management, due to the inter-individual
variability in their genomes.

Keywords: cancer; pain management; analgesics; adverse drug effects; polymorphism

1. Introduction

Pain is often experienced by cancer patients, particularly those in the advanced stage of disease
where the prevalence is estimated to be more than 70% [1]. More than three decades ago, the World
Health Organization (WHO) designed the 3-step “analgesic ladder” to facilitate and standardize and
to advise pharmacologic cancer pain management and advising physicians worldwide on how to
improve pain management in their patients (Figure 1) [1].

However, some patients with advanced cancer have inadequate control of pain with systemic
analgesics. These patients may alternatively benefit from the invasive techniques such as neuraxial
analgesia for vertebral pain, peripheral nerve blocks, sympathetic blocks for abdominal cancer pain
and percutaneous cordotomy [2].

Non-opioids, co-analgesics (e.g., nonsteroidal anti-inflammatory drugs), and non-pharmacological
measures, are frequently used to enhance analgesic control and lessen opioid requirements. In addition,
they are also used to reduce adverse events related to opioid use [3]. A myriad of genes have been studied
to identify biomarkers in opioid therapy. These include genes implicated in the pharmacokinetics
(CYP2D6, CYP3A4/5, ABCB1 and UGTs,) and pharmacodynamics (OPRM1 and COMT) of opioids [3].
These genes are studied vastly because they play a key role in drug metabolism.

Medicina 2019, 55, 584; doi:10.3390/medicina55090584 www.mdpi.com/journal/medicina
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Figure 1. Overview of the analgesic ladder designed by the World Health Organization (WHO).

This review focuses on the different types of drugs that are used in cancer pain therapy and the
various enzymes, which are involved in the metabolism of these drugs.

2. Cancer and Analgesics

According to the World Health Organization (WHO) in 1986, the analgesic ladder is the main
reference for cancer pain management [4]. Morphine is used in the third step of the WHO analgesic
ladder, which functions to treat moderate to severe pain. This step also consists of additional opioids,
(e.g., fentanyl, oxycodone, buprenorphine, hydromorphone and methadone) [5]. Supportive drugs
such as laxatives and antiemetics are used alongside the analgesic ladder to prevent adverse effects of
opioid treatment [6], as well as non-pharmacological measures (radiotherapy, nerve blockades and
neurolytic blocks) [7].

The first step the of analgesic ladder is used for treating mild pain and includes non-opioids
analgesics, such as acetaminophen (paracetamol), and non-steroidal anti-inflammatory drugs (NSAIDs)
with or without adjuvant analgesics [4,8–10]. The second step of the analgesic ladder consists of weak
opioids, such as tramadol or codeine, which are used for mild to moderate pain. Lower doses of a step
III opioid, such as morphine or oxycodone, should be administered instead of codeine or tramadol,
with or without non-opioids analgesics and adjuvant analgesics [5,8–10]. The third step of the analgesic
ladder treats moderate to strong pain via strong opioids, such as morphine or oxycodone, with or
without non-opioids analgesics and adjuvant analgesics [5,8–10]. The correct application of the WHO
pain ladder can help to successfully manage pain and provide effective analgesia for patients.

Chronic pain remains a disturbingly common consequence of cancer and its treatment.
Several studies have found that more than 50% of cancer patients experience moderate to severe pain
throughout their lifetime [11]. Opioid analgesia is a mainstay treatment of cancer pain. Opioids have
also been associated with cancer recurrence [11,12]. Several studies have demonstrated that opioid drug
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abusers experience heightened sensitivity to viral and bacterial infections. Furthermore, opioids have
been proven to show an effect on the function of the immune system to promote carcinogenesis.
Although this is biologically plausible, clinical, in vitro and animal evidence is still inconclusive [13,14].
Recent findings have downplayed this hypothesis by stating that only particular types of tumors that
possess particular receptors will be more inclined to react to opioid, either positively or negatively [11].
From these findings, it is suggested that opioids play a pivotal role in the management of moderate to
severe cancer pain [11].

3. Pain Medication, Opioid Analgesics and Non-Steroidal Anti-Inflammatory Drugs (NSAID) in
Cancer Pain Relief

3.1. Morphine

Morphine was first isolated from the opium poppy plant by a German pharmacist, Friedrich
Sertürner, between 1803 and 1805. It is still one of the most commonly used drugs to achieve
analgesia in cancer pain relief. Morphine acts on μ and κ receptors but its analgesic effect is mediated
primarily by the μ receptors. This is confirmed by loss of morphine analgesia in μ receptor knockout
mice [15]. The main metabolic pathway utilized by morphine is glucuronidation, which produces
morphine-6-glucuronide and morphine-3-glucuronide as by-products. Morphine-6- glucuronide
possesses a higher analgesic potency than its parent compound [16,17]. These metabolites are removed
by the kidneys, therefore, in kidney disease patients’, metabolite concentration may be high and may
lead to adverse events [8,18]. A multiple regression analysis, presented maximum pain score as the
crucial factor contributing to morphine usage, followed by ethnicity and A118G polymorphism [19].
Advanced cancer patients who suffered pain caused by homozygosity for the 118G allele of the μ-opioid
receptor required higher morphine doses to achieve successful pain control. Although the analgesic
effects are already partially decreased in heterozygous carriers, the respiratory depressive effects
are decreased in homozygous carriers of the variant 118G allele [17]. It has been demonstrated that
morphine does not stimulate tumor initiation, however, it does stimulate the growth of an existing
breast tumor in a transgenic mouse within an experimental study [20]. Morphine is regarded as an
effective analgesic for pain management amongst pediatric patients [9].

3.2. Codeine

Codeine is known as a pro-drug: An inactive metabolite that is converted to its active counterpart.
Codeine is a weak opioid that is generally administered after surgery and is used alongside certain
drugs to manage acute and chronic pain [21]. The analgesic properties of codeine originate from its
conversion to morphine and morphine-6-glucoronide by CYP2D6 [3]. Codeine is the parent compound
and has a 200× lower affinity at the opioid receptor than its morphine metabolite [22]. Poor metabolizers
possess little or no CYP2D6 enzyme activity and may not achieve a sufficient level of pain control,
whereas, a person with extra copies of CYP2D6 (ultra-rapid metabolizers) may convert codeine to
morphine to a greater extent. However, they may be at increased risk of adverse events such as
sedation or respiratory depression [3,16,18]. Codeine usage is not recommended in the presence of
renal failure [8,23]. In addition, its administration in pediatric patients has shown low clinical efficacy
and limited effect upon dosage escalation [9]. In August 2012, the FDA advised against prescribing
codeine for children after tonsillectomy due to the risk of CYP2D6 life threatening overdose attributed
to genetic variation [24].

3.3. Hydrocodone

Hydrocodone is often used in patients with advanced cancer. It is metabolized by CYP2D6
to form the active metabolite hydromorphone, which has a 10× to 33× greater affinity for μ-opioid
receptors than hydrocodone [3]. A study has demonstrated an effect of CYP2D6 polymorphisms on
hydrocodone metabolite production [25]. Although the effect of CYP2D6 polymorphisms on metabolite
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production was reported in pharmacokinetic studies, the pain relief experienced by a child who is
given hydrocodone is not dependent on metabolism by CYP2D6 [22]. Adverse effects of hydrocodone
are similar to other opioids [8]. Hydrocodone is a viable option for children that are known to have a
poor metabolizing phenotype [22].

3.4. Hydromorphone

Hydromorphone has a similar structure to morphine and is available as parenteral and oral
products [8]. Its potency and high solubility may be beneficial for patients who require a high opioid
dosage and for subcutaneous administration [8,18].

3.5. Fentanyl

• Fentanyl is a highly lipophilic opioid and is used for relieving cancer pain in transdermal and
transmucosal immediate-release formulations [18]. It is metabolized primarily by CYP3A4/5 to the
inactive metabolite, norfentanyl [3]. A118G polymorphisms of OPRM1 were present in various
Asian cohorts’ post-surgery and revealed lower fentanyl requirements in A118G-homozygous
individuals [26]. The use of fentanyl for children above the age of 2 years has been approved
by the FDA and it is one of the most commonly used analgesics amongst pediatric patients [9].
Comparisons made between morphine and transdermal fentanyl have shown an equal analgesic
efficacy [8]. Fentanyl can be administered by continuous intravenous or subcutaneous infusion [18].
All the studies found transdermal fentanyl to be cost-effective against oral sustained release
morphine with incremental cost-effectiveness ratios of £17,798, £14,487 and £1406 per quality
adjusted life years in the studies by Neighbors et al. [27], Radbruch et al. [28] and Greiner et al. [29],
respectively for cancer and non-cancer patients with moderate to severe chronic pain [30]. In one
study of 60 adult patients with cancer receiving transdermal fentanyl, showed that polymorphisms
in the gene ABCB1 could lead to significant changes in fentanyl plasma concentrations, with the
ABCB1 1236TT variant being associated with a lower need for rescue medication. To date there
have been no statistically significant findings for fentanyl-related adverse effects, in the previous
study or current body of literature [31,32].

3.6. Sufentanyl

Sufentanyl is often used as a replacement to fentanyl when the volume of fentanyl needed for
treatment is above the range which can be administered through an injection [33–35]. Sufentanyl is
more effective at a lower dose for pain control among patients [33]. It is mostly used for the treatment
of patients with renal impairment [34].

3.7. Methadone

The pharmacokinetics of methadone is highly variable. Methadone is a synthetic opioid, which is
commonly used as a second-line option in the presence of neuropathic pain in cancer and recognized
for its use in the treatment of opioid dependency [26]. Its average half-life is approximately 24 h
and can range from less than 15 hours to more than 130 hours. Results from an elegant study by
Mercadante and colleagues reported that methadone achieved an analgesic effect and was more stable
than morphine in a sample of 40 patients who were treated for two or three times daily according to
their clinical needs [8,36]. Its increased usage has become associated with a high rate of serious adverse
effects, particularly in populations with non-cancer related pain. However, methadone has a complex
metabolism that involves both CYP3A4 and CYP2D6 and is a weak inhibitor of serotonin reuptake [18].
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3.8. Levorphanol

Levorphanol is a potent opioid and is similar to methadone and morphine. Levorphanol has a
strong affinity for μ, κ and δ opioid receptors [8]. Studies have indicated that levorphanol is an effective
treatment for chronic neuropathic pain [8].

3.9. Buprenorphine

Buprenorphine has a high affinity for the μ receptor. Transdermal buprenorphine is available at a
higher dosage formulation in other countries compared to the United States and is used for managing
cancer pain [18]. Buprenorphine is converted to an active metabolite called norbuprenorphine by
CYP3A4 and CYP2C8 metabolism, which is a weaker but full-opioid agonist [8]. Liver disease can affect
the metabolism of buprenorphine [8]. Administration of buprenorphine to opioid naive patients or
those receiving low-dosage opioid regimen, may induce withdrawal symptoms if physical dependence
is present. Therefore, it is wise to limit treatment to cancer patients [18]. In addition, Greiner et al. [29]
showed transdermal buprenorphine to be cost-effective against oral sustained release morphine with
an incremental cost–effectiveness ratio of £6248 per quality adjusted to years of survival [29,30].

3.10. Oxycodone

Oxycodone is an oral opioid treatment choice for chronic cancer pain, and it is a semi-synthetic
opioid prescribed for moderate to severe pain [25]. Oxycodone binds to both μ and κ receptors, but
there is uncertainty surrounding the clinical implications of this dual binding [18]. Like hydrocodone,
the parent compound possesses identical levels of activity at the opioid receptor as the metabolites [22].
CYP3A4 metabolizes most of the oxycodone to noroxycodone. A smaller percentage is metabolized
by CYP2D6 to the active metabolite, oxymorphone, which has a 40× higher affinity and 8× higher
potency for μ-opioid receptors than oxycodone [3]. The response of poor metabolizers was from
2× to 20× less than those individuals who were extensive metabolizers [26,37]. Catalyzed by CYP3A4
and CYP2D6, oxycodone is undergoing metabolism in the liver through four different metabolic
pathways. When compared to morphine, the resulting metabolites, had different affinities for the
μ-opioid receptor, from highest to lowest: oxymorphone >morphine > noroxymorphone > oxycodone
> noroxycodone [26]. Oxycodone was more effective than other strong opioids at decreasing pain
intensity scores and resulted in a lower incidence of nausea and constipation, suggesting that this drug
offers better pain management among cancer patients [10]. Oxycodone was reported to be effective
in patients with pancreatic cancer and this was indicated by a significant drop in pain score within
4 weeks [10,38]. The ultra-rapid metabolizer group experienced side effects such as sedation and
reduced oxygen saturation more frequently compared to the poor metabolizer group [37]. Patients who
are administered oxycodone often experience opioid-induced constipation (OIC) as a side effect of the
treatment. In order to counter this, naloxone is co-administered to alleviate or reduce the occurrence of
OIC [39]. Naloxone works in terms of binding to the μ-receptor in the gastrointestinal tract. A clinical
study comprising 128 patients has revealed that there is no difference in analgesic efficacy between the
control group, oxycodone only, and the oxycodone/naloxone treated group [40].

3.11. Tramadol

Tramadol is recommended for patients with moderate, severe nociceptive or neuropathic pain.
It is used widely in certain countries, particularly amongst cancer patients who are opioid naive or
have limited opioid exposure [18]. It consists of two enantiomers and is a synthetic analog of codeine
and morphine, both of which promote analgesic activity via different mechanisms [26]. Tramadol
undergoes CYP2D6 dependent O-methylation to demethyltramadol (M1) [26]. However, M1 however
has a much higher affinity for the μ-receptor compared to the parent compound but a lower affinity
compared to strong opioids [8,17,26]. A higher tramadol dosage will be required to achieve satisfactory
pain relief in CYP2D6 PMs compared with Ems [3,41]. (−)-Tramadol inhibits norepinephrine reuptake
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and (+)-tramadol inhibits serotonin reuptake, thus, pain transmission in the spinal cord is greatly
inhibited [26]. Poor metabolizers are characterized by deficient O-demethylation and displays two
inactive alleles, resulting in their inability to convert tramadol to O-demethyltramadol and as a
consequence, inadequate analgesia [17]. A case report documented that a pediatric ultra-rapid
metabolizer experienced respiratory depression following tramadol administration, despite tramadol
being a partial opioid [25,26,42]. It has been reported that tramadol is not commonly used to manage
pain in pediatric patients and very little data exists for young patients below 16 years of age [9].
Examples of adverse effects produced by tramadol include: Constipation, dizziness, nausea, sedation,
dry mouth and vomiting [8].

3.12. Tapentadol

Tapentadol is structurally similar to tramadol and is approved for use in the treatment of severe
chronic pain in cancer patients [8]. Tapentadol binds with high affinity to μ, κ and δ opioid receptors.
It acts on the μ-opioid receptor and inhibits noradrenaline reuptake [43]. Tapentadol provides analgesic
efficacy similar to that of oxycodone when it is first administered at low doses in opioid-naïve
patients [43]. However, the incidence of gastrointestinal adverse effects has been reported to be lower in
the tapentadol group than in the oxycodone group [43]. Limited occurrence of gastrointestinal adverse
side effects from tapentadol may serve as a great advantage in pain management in the context of
multifactorial diseases, such as cancer, where other drugs can contribute to induce nausea, vomiting or
constipation. However, tapentadol is a relatively new drug and there is minimal published information
on its use in cancer pain management [18].

3.13. Non-Steroidal Anti-Inflammatory Drugs (NSAID)

NSAIDs are a group of non-opioid analgesics, which are commonly used for the treatment of
acute pain, following surgery or chronic pain [21]. NSAIDs are used alone or alongside opioids, which
treat moderate to severe pain. Many NSAIDs are metabolized by the cytochrome enzyme CYP2C9 [44].
Poor metabolizers possess lower CYP2C9 activity compared to wild-type. This results in increased
area under the plasma drug concentration–time curve, decreased NSAID clearance and feasibly an
increased risk of adverse effects [42]. For multiple NSAIDs, which include flurbiprofen, piroxicam,
R-ibuprofen, tenoxicam and celecoxib (a COX-2 inhibitor), the CYP2C9 genotype is an important
indicator of metabolic clearance. Individuals who possess the wild-type CYP2C9*1 genotype have a
significantly lower systemic exposure compared with individuals that have possessed the CYP2C9*3
genotype [41,45]. Variations in CYP2C9 and CYP2C8 impair the clearance of ibuprofen from the
body. This means that the medication remains in the body for much longer than it should, potentially
leading to adverse effects, such as gastrointestinal bleeding [46]. Hussain and colleagues reported
that NSAIDs have a strong, potential anti-cancer effect. Inhibition of PGE2 production (in addition to
COX-2 inhibition) may play a vital role in cancer cell mutation and proliferation. Ultimately, inhibition
of PGE2 could possibly stimulate cell mediated immune response, in so doing increasing the cytotoxic
abilities of NK cells [20,47].

3.14. Paracetamol (Acetaminophen)

Paracetamol (N-(4-hydroxyphenyl)-acetamide) is one of the most widely used over-the-counter
analgesics [48]. Paracetamol has been frequently co-administered with analgesics for treating
cancer patients [8,10,18,26,49]. Paracetamol is regarded as the drug of choice for children with
pain of a non-inflammatory nature [9]. Glucuronidation was initially recognized to be impaired in
patients with Gilbert’s syndrome, which is an inherited bilirubin disglucuronidation condition that
increases the risk of paracetamol toxicity in affected individuals. A toxic intermediary metabolite,
N-acetyl-p-benzoquinoneimine (NAPQI) is produced from cytochrome P450 2E1 and 3A4 metabolism
of paracetamol [48]. NAPQI is a toxic compound. An overdose of paracetamol may cause a build-up
of NAPQI, leading to paracetamol-induced acute liver failure. A systematic review carried out by
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Wiffen and colleagues, have reported that there is no clear evidence that paracetamol used alone or in
combination with opioid was able to provide significant pain relief to cancer patients [50].

3.15. Nefopam

Nefopam is a common postoperative non-opioid, non-steroidal analgesia. The main mechanism
of analgesic action of nefopam is through the inhibition of serotonin, norepinephrine and dopamine
reuptake [51–55]. A clinical study conducted by Kim and colleagues have demonstrated that patients
who were administrated nefopam 48 hours post renal transplant operation consumed 19% less fentanyl
compared to the control group. This study suggests that nefopam as an adjunct to standard analgesia,
fentanyl, reduced postoperative fentanyl consumption besides also providing better analgesia [54].
In a novel review by Girard et al. [55], they have compiled the studies where nefopam was used in
combinations with opioids, paracetamol and non-steroidal anti-inflammatory drugs in both preclinical
and clinical setting. The results have shown that nefopam used in combination with all these drugs
has a significantly better analgesic effect in both settings [55]. Nefopam has also shown to reduce acute
and chronic postoperative breast cancer surgery for a study group involving 41 patients, where the
patients were administered preventive nefopam. In addition, nefopam has also been reported to
reduce chronic pain [56]. Another study conducted by Hwang and colleagues have demonstrated that
nefopam used in combination with oxycodone reduced the incidence of nausea among 60 patients 6 h
post gynecologic surgery [57].

3.16. Metamizole (Dipyrone)

Metamizole is a widely used non-opioid analgesics for the treatment of cancer pain however it
is banned in several countries due to its toxicity towards patients who have agranulocytosis [58,59].
Gaertner and colleagues reported a systematic review, which highlighted that metamizole used alone
or in combination with opioid were effective in reducing cancer pain. They also reported that at higher
doses, metamizole was as effective as morphine 60 mg/day [58,60]. Metamizole in combination with
magnesium chloride was shown to reduce cancer pain while also preventing tolerance in a study
conducted with murine model of cancer [61]. Hearn and colleagues detailed in their systematic review,
from eight studies, 70% of the adult patients with acute postoperative pain who were treated with a
single dose of metamizole experienced at least 50% of maximum pain relief over 4–6 h [59].

4. Adjuvant Analgesics in Cancer

Adjuvant analgesic refers to drugs that are marketed for indications other than pain but
with analgesic properties in some painful conditions [49]. Drugs such as opioids, non-steroidal
anti-inflammatory drugs (NSAIDS), and acetaminophen are usually co-administered with analgesics
when treating cancer pain, although they can be used alone. Adjuvant analgesics are usually added to
an opioid to reduce adverse effects and to enhance pain relief from opioid [49]. Over the past three
decades, the use of these drugs used in clinic has increased dramatically and several are administered as
first-line drugs in the treatment of chronic non-malignant pain. However, in cancer pain management,
conventional practice has evolved to view opioids as first-line drugs and adjuvant analgesics are
usually considered after opioid therapy has been optimized [49]. Adjuvant analgesics are specific for
neuropathic pain, which was most recently defined by the International Association for the Study of
Pain (IASP) as “Pain arising as a direct consequence of a lesion or disease affecting the somatosensory
system“ [13,62]. Of cancer pain 40%–50% was characterized by surveys to be wholly or partially
neuropathic [49]. The adjuvant analgesics consist of classes of medications with different primary
indications (Figure 2). According to conventional use, a group of non-specific analgesics can be
differentiated from those used for specific indications, including bone and neuropathic pain.
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Figure 2. Schematic diagram of adjuvant analgesic drug categories for cancer pain therapy.

4.1. Antidepressants

Antidepressants are a mainstay treatment for neuropathic pain. Antidepressants are most
commonly used to treat patients with a history of depression cases. Tricyclic antidepressants (TCA)
and the selective serotonin reuptake inhibitors (SSRIs) are common antidepressants used in pain
management among patients [8,63]. Serotonin norepinephrine reuptake inhibitors (SNRIs) is a new
class of antidepressant used for the treatment of neuropathic pain and is more effective than SSRIs [63].
Antidepressant drugs used in combination with opioid has shown an opioid-sparing effect [63].
TCAs are not recommended to be used for elderly and heart disease patients due to frequent adverse
side effects [8,49]. TCA could also potentially exacerbate hypotension among the elderly patients [8].
There are limited studies conducted on antidepressant effects on cancer pain now, as such, future
studies should explore this area to provide better pain management among cancer patients.

4.2. Corticosteroids

Corticosteroids are usually used for cancer pain management. Studies have shown that
corticosteroid treatment improves the patient’s appetite and reduces nausea [49,63]. Bone pain
associated metastasis are commonly treated by corticosteroids [63]. Patients who are treated by
this treatment may experience sides effects such as hypertension, hyperglycemia, osteoporosis and
immunosuppression [63]. High doses of corticosteroids treatment are administered for patients who
experience acute pain or spinal cord compression [49,63].

4.3. Anticonvulsants (Gabapentinoids)

The most common anticonvulsant drugs used for managing cancer induced neuropathic pain are
gabapentin and pregabalin [8]. Gabapentin must be dose adjusted to avoid the occurrence of adverse
events [8,49]. Gabapentin has been shown to reduce cancer induced bone pain, which is caused by
bone metastasis besides also, reducing postoperative bone pain [64–66]. Pregabalin is structurally
similar to gabapentin but is more potent than its predecessor [63]. Both gabapentin and pregabalin
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were reported to provide effective pain relief post breast surgery [67–70]. Gabapentinoids are excreted
through the renal route, hence patients with renal failure will require lower doses [13]. Phenytoin is
another drug in this category that can be used to treat cancer pain [49]. Other anticonvulsant agents
have not been studied extensively with regards to cancer pain management [8]. A novel study by
Bugan et al. [71] has reported that gabapentin causes pro- and antimetastatic effect.

4.4. Anesthetics

Lidocaine may be administered through the oral, subcutaneous, parenteral and transdermal
route [8]. Cancer pain was significantly reduced in a study conducted by Sharma and his
colleagues [8,72]. Lidocaine provided prolonged pain relief. Lidocaine are more commonly used for
non-neuropathic pains [49]. Lidocaine can be used in combination with other anticonvulsant drugs for
patients who response positively to intravenous lidocaine treatment [63]. Another study has reported
that the application of topical lidocaine before the surgery has significantly reduced post-surgery pain
for breast cancer patients [63,73].

4.5. Ketamine

The use of ketamine in the management of cancer related neuropathic pain produced opioid-sparing
effect [8,49,74]. Patients under hospice care are usually administered ketamine on a long-term basis
until they pass on [49]. In a contradictory a review written by Jonkman et al. [75], they summarized
from four controlled trials that there is lack of evidence that ketamine provides opioid-sparing effect
for cancer pain. However, they have also argued that the efficacy of ketamine as a treatment for cancer
pain management was not completely ruled out [74–78].

4.6. Neuroleptics

Patients administered with olanzapine was shown to have reduced pain scores and improved
cognitive function besides also reduced anxiety [8]. Consumption of opioid after administration of
neuroleptics was reported to be decreased [49].

4.7. Bisphosphonates

Bisphosphonates are used in adjunction during treatment of cancer due to the high occurrence of
cancer induced bone pain. Patients under palliative care often experience bone pain. Bisphosphonates
have been shown to improve pain management among patients with breast, prostate or lung cancer [8].
One bisphosphonate that has been studied widely is pamidronate, which has shown its efficacy in breast
cancer patients [49]. The bone density of patients treated with pamidronate improved over time [63].
Another drug, zoledronic acid, which is more potent compared to pamidronate, also decreased cancer
induced bone pain in breast, lung, myeloma and prostate cancer [49].

4.8. Cannabinoids

There are limited studies on cannabinoids use in cancer pain management as of now.
Tetrahydrocannabinol (THC) and cannabidiol are the two most abundant compounds found in
the cannabis plant. Some studies have suggested that the use of cannabinoids as adjunct to opioid,
provided significant pain relief [64,79]. Cannabinoids efficacy in treatment of cancer pain may vary
based on the population race [80]. Appetite of patients who are under cannabinoid treatment are
improved [79,81]. Based on a summarized table produced by Bennett et al. [82], it was clear that the
use of cannabinoids for the treatment of neuropathic and cancer related pain, decreased pain with
mild adverse effects. The combination of THC and cannabidiol as a treatment has shown to provide
significant pain relief among patients [81]. In a recent systematic review by Tateo [83], from eight
low or moderate quality randomized clinical trials, cannabinoids were reported to effectively manage
cancer pain when administered in combination with opioid. Nonetheless, further investigations must
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be carried out on the effectiveness of cannabinoids as adjuvant analgesics. There is no clear evidence
that cannabinoids are beneficial for the treatment of cancer pain [80,83–85].

4.9. Dexmedetomidine

Dexmedetomidine is sedative drug that is usually used in the intensive care units or for patients
who are under hospice or palliative care. Based on a case study reported by Hilliard and colleagues [86],
the drug managed to clear the patient’s pain and delirium towards the end of her life while also
allowing the patient to maintain wakefulness and interact with family members. Two other case studies
also revealed that administration of dexmedetomidine, provides opioid-sparing effect and essential for
end-of-life care [87,88]. In an elegant study by Yuan and colleagues [89], they have proven that the
combination treatment of dexmedetomidine with tramadol provided a better analgesic effect compared
to the high dose treatment of tramadol alone in bone cancer rat models. Dexmedetomidine used as an
adjunct along with bupivacaine for a single-shot paravertebral block was shown to improve analgesia
lasting duration post breast cancer surgery. The combination also reduced opioid consumption and
the nausea episodes among patients [90].

5. Enzymes Involved in Drug Metabolism

5.1. CYP2D6

One of the most common CYPs involved in drug metabolism is cytochrome P450 family 2,
subfamily D, polypeptide 6 (CYP2D6). In this enzyme in which the metabolic rate can fluctuate
by over 100× between the allelic variants expressed in different ethnic groups [21,91]. The genetic
polymorphism of this enzyme may result in the generation of four different phenotypes. These are
poor metabolizers, intermediate metabolizers, extensive metabolizers and ultra-rapid metabolizers.
An individual with a genotype of two non-functioning alleles is a poor metabolizer (PM); at least
one reduced functioning allele is an intermediate metabolizer (IM); at least one functional allele is an
extensive metabolizer (EM) and multiple copies of a functional allele is an ultra-rapid metabolizer
(UM). EM is the most common phenotype [22]. It has been shown that opioids have adverse events
in patients at both extremes of function, ultra-rapid and poor. It is for this reason, that we consider
both metabolizer extremes (ultra-rapid and poor) as dysfunctional and recommend that CYP2D6
substrate drugs and prodrugs be avoided in these patients [92]. In one non-lethal case, a cancer
patient with pneumonia given codeine for cough suppression went into respiratory arrest. Genotyping
characterized the patient as a CYP2D6 ultra-rapid metabolizer with a functional gene expansion.
Death was averted when the patient was treated with naloxone and fully recovered [92,93]. Analysis
on the genetic makeup of patients is crucial in determining the effectiveness and safety of the treatment
to avoid adverse events or death (Table 1). The distribution of the CYP2D6 phenotypes varies by
ethnicity, mainly due to differences in inherited SNPs [42]. Therefore, determining the status of
CYP2D6, could provide guidance in giving out prescriptions and optimize overall cost effectiveness of
health care services [24].
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5.2. CYP2C9

CYP2C9 is the most abundant P450 cytochrome in the liver. Almost 15% of clinically useful drugs,
including various NSAIDs is metabolized by this enzyme in the first phase of drug metabolism [48].
Phase 1 metabolism of xenobiotic compounds is important to introduce functional groups or polar
groups into the compounds. The products of phase 1 metabolism will readily couple with an
endogenous conjugating molecule, which makes the metabolite less toxic and easily eliminated from
the body [112]. Over 50 variants have been identified from the highly polymorphic gene that codes
for CYP2C9. CYP2C9 polymorphisms may play a significant role in NSAID toxicity. Although many
non-steroidal anti-inflammatory drugs (NSAIDs) are metabolized by CYP2C9, such as suprofen,
naproxen, diclofenac, ibuprofen, ketoprofen, meloxicam, piroxicam, flurbiprofen, indometacin and
tenoxicam. There is a difference in the effectiveness of metabolic clearance between the different
NSAIDs [41]. CYP2C9 activity in poor metabolizers are lower compared to the wild type [42].

5.3. Opioid Receptors

Opioid receptors belong to a family of G-protein-coupled receptors (GPCRs), which are located in
the brain and spinal cord [25,48]. There are three types of classical opioid receptors: mu (μ), kappa (κ)
and delta (δ). The μ-opioid receptor (OPRM1) is the main binding site for various opioid drugs and
beta-endorphins [21]. A common polymorphism of OPRM1 is a single nucleotide substitution at position
118, where an adenine is substituted for a guanine (A118G). It was reported that among Caucasians
these substitutions occur with an allelic frequency of 10%–30%, with a higher prevalence amongst
Asians, and a lower in African Americans [19]. The binding affinity for b-endorphin is increased with
this polymorphism, which results in the change of an amino acid (asparagine for aspartate). This affects
the action of opioids at the receptor [37]. Adverse effects of the drugs, such as vomiting, pupil dilation,
nausea and sedation, are reduced in association with the G allele. Therefore, carriers of the G118
allele may accept higher opiate doses than non-carriers [44,91]. 118A homozygotes or heterozygotes
consumed considerably less morphine than patients with 118G homozygotes [91]. Cancer patients
with an 118GG polymorphism in the OPRM1 gene need a higher morphine dose than patients with
118AA (1,2,3). Other genes, such as CREB1, GIRK2 and CACNA1E, have similar consequences on the
pain-relieving effects of opioids. Genotypes related to morphine’s ability to treat pain, such as the GG
genotype for OPRM1, may help inform appropriate dose selection. In one study, patients with the
GG genotype often require higher daily doses of morphine to achieve appropriate levels of analgesia,
in comparison to the wild-type A allele (225 + 143 mg/day vs. 97 + 89 mg/day in those with the A
allele for OPRM1, p = 0.006) [31,32,93]. More than 100 variants of the receptor gene (OPRM1) have
been identified [113].

5.4. Adenosine Triphosphate-Binding Cassette, Sub-Family B, Member 1 (ABCB1)

Adenosine triphosphate (ATP)-binding cassette subfamily B or multi-drug resistance gene (MDR1)
encodes for P-glycoprotein [48]. P-glycoprotein is an efflux transporter that actively pumps substrates
out of tissues to decrease concentrations of drugs on the body [113]. These proteins are present in a
variety of human tissues, including the kidney, liver, gastrointestinal tract and brain [42]. Decreased
renal excretion, increased bioavailability of oral medications, or in central nervous system concentrations
are result of damaged the P-glycoprotein transporters. Specifically, variations in ABCB1 transporters
in the brain may affect the transport of opioids into the brain through the blood–brain barrier [3].

5.5. Catechol-O-Methyltransferase (COMT)

The catechol-O-methyltransferase (COMT) enzyme is one of the enzymes that metabolizes
the catecholamines, norepinephrine, epinephrine and dopamine. Therefore, the COMT enzyme
acts as the main modulator of dopaminergic and adrenergic/noradrenergic neurotransmission [15].
Patients who are treated for cancer-related pain may experience opioid-related side effects if they
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possess a genetic variation in COMT [48]. Improved dopaminergic transmission was reported in Val158
allele, which exhibits a high COMT activity, which has been suggested to confer an advantage in the
processing of aversive stimuli or in stressful conditions. In contrast, advantage in memory and attention
tasks may be associated with the Met158 allele [19]. The Met158 variant is the most widely studied
variant, where a G to A nucleotide substitution at codon 158 may produce an amino acid change from
valine to methionine, resulting in individuals who have homozygous methionine-158 genotype [42,91].
Cancer patients with the Met/Met genotype have demonstrated a lower need for morphine compared
with those with a Val/Val genotype [91]. The effect of polymorphisms in the OPRM1 and COMT genes,
which transcribe opioid receptor μ 1 and catechol-O-methyltransferase respectively, are relatively well
categorized in their effect on acute postoperative, cancer-related and chronic pain. When patients are
homozygous for the common amino acid substitution val158met, they require a dose of morphine that
is significantly higher than homozygous met/met patients [31,32,93].

5.6. Uridine Diphosphate Glucuronosyltransferases (UGTs)

The uridine diphosphate glucuronosyltransferases (UGTs) family serves a major role in the
conjugation of potentially toxic drugs and endogenous compounds. UGTs catalyze the glucuronidation
reaction, resulting in the addition of glucuronic acid to several lipophilic compounds [15].
Although abundant in the liver, UGTs are also found throughout different parts of the body, including
the kidneys, colon, prostate, stomach and small intestines [113]. Uridine glucuronyl transferase (UGT)
enzymes are subdivided into four families, and each of these into subfamilies [16]. Morphine is primarily
metabolized by UDP-Glucuronosyltransferase-2B7 (UGT2B7), a phase 2 isoenzyme. It is metabolized in
the liver into two metabolites: Morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G) [42].
UGT2B7 is linked to altered levels of mRNA expression and enzymatic activity with different metabolite
production [48]. The polymorphism in UGT2B7 may lead to different rates of morphine glucuronidation
resulting in higher or lower levels of morphine/metabolite ratios [17,42]. Genotypic differences
in UGT2B7, which is responsible for metabolizing morphine into morphine-6-glucuronide and
morphine-3-glucuronide, can impact codeine’s therapeutic effect. In particular, the UGT2B7*2/*2
genotype, which results in a reduced function of the enzyme, has been associated with higher toxicity.
Several pharmacokinetic studies have illustrated the effects of these phenotypes on metabolite formation.
In one study, a single dose of 30 mg codeine was administered to 12 UM individuals in comparison
to 11 EMs and three PMs. Significant differences were detected between EM and UM groups for
areas under the plasma concentration versus time curves (AUCs) for morphine with a median (range)
AUC of 11 (5–17) μg·h·L−1 in EMs and 16 (10–24) μg·h·L−1 in UMs relative to individuals with the PM
phenotype (0.5 μg·h·L−1, p = 0.02) [31,32].

5.7. Melanocortin-1 Receptor Gene

Variation in the MC1R gene indicated the potential for highly targeted analgesia on gender and
other differences. There is evidence that women, respond to κ-induced analgesia more than men [91].
Women with either one or no MC1R variants, or to men with two inactivating MC1R variants was
reported to experience a weaker analgesic effect from pentazocine (k-opioid agonist) compared to
women with two non-functional MC1R alleles [37,41]. Women with redhead and pale skin phenotypes
have been shown to have this MC1R gene variation [41,91].

6. Conclusions and Future Perspective

Pain management regimes are established to care for post-operative and palliative patients to
improve their quality of life. Patients suffering from cancer are usually subjected to chemotherapy
treatment, which can be painful and cause uneasiness. Therefore, patients will resort to analgesics.
The human genome is highly complex and consists of various types of polymorphisms that differ
from one individual to another. A plethora of drugs are discovered and introduced into the market to
counter this issue because there is not a specific drug that is suitable for every patient. Administering

80



Medicina 2019, 55, 584

an incorrect drug to a patient can be life threatening. Hence, it is crucial to have the correct information
on individual patient pharmacogenomics at the time of a care decision so that the data can be used to
guide therapeutic decision-making. Pharmacogenomics can be employed as the future of analgesic
administration to investigate the drug metabolizing enzymes or disease genes, RNA expression
or protein translation of genes affecting drug response, inter-individual genetic variability in DNA
sequence of drug targets and drug safety [25]. Serious adverse drug reactions (ADRs) or unsuccessful
therapeutic effect in some patients may still occur from a medication with proven efficacy and safety [21].
The variation in the reaction to the drugs is often caused by the genetic composition of the individual,
which could possibly be an inherited variance or an acquired variance due to mutations in their DNA.
Each patient’s genetic coding may be used as a basis for an individualized pain management treatment
plan for analgesic metabolism and pain sensitivity allowing efficient and accurate treatments for
patients [114]. Opioids like morphine, codeine and tramadol [3] are potent analgesics and serve as the
foundation for severe pain management in cancer. The pursuit of personalized medicine has always
been the main objective for both physicians and pharmaceutical industries. The main objective in the
era of personalized medicine is to administer the correct drug at the precise dose for the “right patient”
as the human genome becomes easily accessible [21,42].

7. Limitations

The limitation to this review is that the data and information collected are from low or moderate
quality articles. In addition, more studies need to be carried out to fully understand the interactions of
cancer drugs and painkillers that may affect therapeutic outcome. Hence, this article should only serve
as a baseline and reference for future research to be carried out.
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Abstract: Background and Objectives: Distal symmetrical polyneuropathy (DSPN) is one of the
most common chronic complications of diabetes mellitus. Although it is usually characterized by
progressive sensory loss, some patients may develop chronic pain. Assessment of DSPN is not
difficult, but the biggest challenge is making the correct diagnosis and choosing the right treatment.
The treatment of DSPN has three primary objectives: glycemic control, pathogenic mechanisms, and
pain management. The aim of this brief narrative review is to summarize the current pharmacological
treatment of painful DSPN. It also summarizes knowledge on pathogenesis-oriented therapy, which is
generally overlooked in many publications and guidelines. Materials and Methods: The present review
reports the relevant information available on DSPN treatment. The search was performed on PubMed,
Cochrane, Semantic Scholar, Medline, Scopus, and Cochrane Library databases, including among
others the terms “distal symmetrical polyneuropathy”, “neuropathic pain treatment”, “diabetic
neuropathy”, “diabetes complications”, ”glycaemic control”, “antidepressants”, “opioids”, and
“anticonvulsants”. Results: First-line drugs include antidepressants (selective serotonin reuptake
inhibitors and tricyclic antidepressants) and pregabalin. Second- and third-line drugs include opioids
and topical analgesics. While potentially effective in the treatment of neuropathic pain, opioids are
not considered to be the first choice because of adverse reactions and addiction concerns. Conclusions:
DSPN is a common complication in patients with diabetes, and severely affects the quality of life
of these patients. Although multiple therapies are available, the guidelines and recommendations
regarding the treatment of diabetic neuropathy have failed to offer a unitary consensus, which often
hinders the therapeutic options in clinical practice.

Keywords: diabetes mellitus; neuropathy; pain; pharmacological treatment
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1. Introduction

Diabetic neuropathy is one of the most common chronic complications of diabetes mellitus [1].
It is defined as the presence of signs and/or symptoms of nerve dysfunction in patients with diabetes
mellitus after exclusion of other causes [1,2]. The most frequent clinical manifestation is distal
symmetrical polyneuropathy (DSPN), with a prevalence of 20–30% [2]. The precise pathophysiology
of DSPN is multifactorial and complicated. Its main risk factors include diabetes duration, patient age,
and vascular risk factors [3].

DSPN has an insidious course, characterized by chronic sensory loss with stocking and glove
distribution [1]. However, it may also lead to chronic neuropathic pain [1]. DSPN treatment is complex,
including both an optimal glycemic status, as well as the treatment of pain. Pain management in DSPN
does not yet include specific medication to prevent or limit the reversibility of DSPN. Most often,
clinical guidelines recommend symptomatic therapy, with the primary goal of pain reduction.

The present narrative review summarizes the current pharmacological treatment of painful
DSPN. It includes brief references to emerging concepts and concerns such as opioid dependency
and pathogenesis-oriented therapy (mainly α-lipoic acid), which are generally overlooked in many
publications and guidelines.

2. Materials and Methods

We performed a review of the literature starting from 1990 by searching PubMed, Cochrane,
Semantic Scholar, Medline, Scopus, and Cochrane Library databases for all observational studies,
randomized clinical trials, and meta-analyses including the terms “distal symmetrical polyneuropathy”,
“neuropathic pain treatment”, “diabetic neuropathy”, “diabetes complications”, ”glycaemic control”,
“antidepressants”, “opioids”, and “anticonvulsants”, as well as their combinations regarding DSPN.
All currently available original studies, abstracts, and review articles including systematic reviews and
meta-analyses were examined. Case reports and letters to the editor were excluded. Publications in
English were studied in full, whereas those in other languages only in abstract form.

3. Results and Discussion

3.1. Pharmacotherapy of Diabetic Neuropathy

There are several guidelines on the optimal pharmacological treatment of painful DSPN [4–6].
There is currently a general agreement on first-line drugs and other options.

3.2. Glycemic Control

An optimal early glycemic control may delay or even prevent DSPN in type 1 diabetes mellitus
and prediabetes [7–11]. In type 2 diabetes mellitus, this is less effective [12–15]. Interestingly, specific
glucose-lowering strategies may have different effects. In a post-hoc analysis of the BARI 2D clinical
trial (Bypass Angioplasty Revascularization Investigation in Type 2 Diabetes), subjects treated with
insulin sensitizers exhibited a reduced incidence of DSPN at 4 years, as compared with those receiving
insulin or sulphonylureas [16].

3.3. Antidepressants

Duloxetine is a selective norepinephrine and serotonin reuptake inhibitor. It is used with a dose
of 60–120 mg daily [5,17–19]. Duloxetine appears to improve the quality of life of patients with painful
DSPN [20]. Its main metabolic adverse events include modest increases of fasting plasma glucose in
both short- (12 weeks) and long-term (52 weeks) treatment, a modest increase in glycated hemoglobin
A1c, and small non-significant weight gain in extension studies (52 weeks) [21]. Other common side
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effects include dry mouth, decreased appetite, sleepiness, sweating, and gastrointestinal problems [22].
Duloxetine was approved by the US Food and Drug Administration (FDA) for painful DSPN [23].

Tricyclic antidepressants may be used as well, especially amitriptyline. Amitriptyline appears
to relieve pain in comparison to placebo in patients with DSPN [24] and seems non-inferior to
pregabalin [25], gabapentin [26], and duloxetine [27]. Its precise mechanism of action remains to
be clarified. Nonetheless, two hypotheses have been proposed: (1) inhibition of serotonin and
norepinephrine reuptake [28] and (2) antagonism of N-methyl-d-aspartate receptors, which mediate
hyperalgesia and allodynia [29,30]. Amitriptyline may be considered for DSPN at a single dose of 25 to
100 mg [31], although a dosage range of 25 to 150 mg per day has been suggested [28]. Amitriptyline
has FDA approval only for the treatment of depression [32,33]. The side effects include dry mouth,
water retention, constipation, and vertigo. Furthermore, clinicians should assess the QTc interval, to
avoid the risk of torsades de pointes, especially among subjects with additional cardiovascular risk
factors [33].

Although not formally approved, venlafaxine has been used as well [5], with evidence of
effectiveness for the short-term management of painful DSPN [17]. It is a potent serotonin and
norepinephrine reuptake inhibitor [32]. The proposed off-label dosage ranges between 75 and 225 mg
per day in patients with DSPN [31]. Common side effects include sleepiness, dizziness, and mild
gastrointestinal problems [34]. Patients should be regularly assessed for QTc prolongation [35].

3.4. Anticonvulsants

The leading agent of this class is pregabalin, a calcium channel subunit α2-δ binder. It has been
approved by the US Food and Drug Administration (FDA) for painful DSPN [36]. The dosage ranges
from 150 to 300 mg daily [36]. Many studies have reported favorable outcomes with more than
30–50% pain improvement [5,17,18,37–39]. However, not all pregabalin-related studies had positive
results [5,17,19,39,40]. Untoward effects include water retention, visual disturbances, drowsiness,
ataxia, euphoria, and vertigo [41].

Gabapentin also belongs to this class of agents [42]. It has the same therapeutic target as
pregabalin [39]. Gabapentin has been reported to relieve pain among DSPN subjects [26,42–45],
and combination with venlafaxine seems to provide additional benefit [46]. Although not formally
indicated [47], guidelines of the American Academy of Neurology suggest the use of gabapentin for
the treatment of DSPN as a second-line therapy after pregabalin [31]. The recommended off-label daily
dosage for DSPN subjects ranges between 900 and 3600 mg [31]. In patients with chronic kidney disease,
the doses of gabapentin and pregabalin need to be adjusted: the renal clearance (CrCl ≤ 30 mL/min)
requires dose adjustment, with a recommended dose of gabapentin of 300 mg daily and pregabalin
of 75 mg daily [48]. Gabapentin has been associated with sleepiness, dizziness, suicidal behaviour,
withdrawal-precipitated seizure frequency, multi-organ hypersensitivity, systemic symptoms, and
drug reaction with eosinophilia [47].

Other anticonvulsants have been used as well (carbamazepine, lamotrigine, lacosamide, etc.),
with variable results [5,17,48–50].

3.5. Opioids

Tapentadol is a centrally acting opioid analgesic that exerts its analgesic effects by inhibiting the
μ-opioid receptor and noradrenaline uptake [51]. The FDA approved prolonged-release tapentadol for
painful DSPN, based on data from two clinical trials in which patients titrated with an optimal dose of
tapentadol were arbitrarily requested to continue with that dose or to change it with placebo [52,53].
However, both studies used an enriched design for patients who responded to tapentadol, and
therefore the results obtained are not generalizable. Importantly, a recent systematic review and
meta-analysis by the Special Interest Group on Neuropathic Pain within the International Pain Study
Association found that evidence supporting the effectiveness of tapentadol in reducing neuropathic
pain is inconclusive [5]. Finally, addiction is a serious concern with long-term opioid use [32].
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3.6. Topical Treatment

Capsaicin is a natural alkaloid [54]. This is thought to desensitize afferent Aδ and C fibers [55].
Two forms of capsaicin are available for the treatment of painful DSPN: a low-dose cream (0.075%) [31]
and a high-dose (8%) patch (Qutenza, Acorda Therapeutics, Ardsley, NY, USA) [56]. A series of studies
have provided evidence of pain relief among subjects who received capsaicin cream in comparison to
the vehicle [57–60], although results were inconsistent [61–63]. An older study even provided evidence
of equal efficacy of capsaicin cream (0.075%) to oral amitriptyline for painful DSPN [64]. In agreement
with the guidelines of the American Academy of Neurology [31], a dosage of 0.075% four times daily
is recommended for the treatment of painful DSPN. A notable disadvantage is local adverse effects—
mainly stinging, burning, and erythema [65].

Patches with capsaicin 8% have also been studied in painful DSPN, with conflicting results [66].
Nonetheless, some evidence points to superiority in comparison with oral pregabalin, duloxetine, and
gabapentin for pain relief among DSPN patients [67]. Although not formally approved [68], a single
application of this patch may provide up to 12 weeks of pain relief [69]. This should be performed
under specialist supervision, with appropriate local anesthesia and monitoring for blood pressure
increase, especially during the first hour following application [69].

The 5% lidocaine plaster is licensed for postherpetic neuralgia in approximately 50 countries
around the world and for localized neuropathic pain in 11 Latin American countries [70]. The lidocaine
molecule is a voltage-gated sodium channel inhibitor which blocks abnormally functioning neuronal
sodium channels (in the dermal A-δ and C fibers) [71]. Studies have provided evidence of pain relief
in DSPN patients comparable to pregabalin [72,73], amitriptyline, capsaicin, and gabapentin [73].
A maximum of three lidocaine patches 5% can be applied to intact skin once for 12 h within a 24-h
period [70]. Adverse events include mild and transient application-site reactions—mainly erythema,
edema, and a burning sensation [74].

Finally, topical clonidine, a presynaptic α-2 adrenergic receptor agonist with antinociceptive
activity, was associated with pain relief in DSPN in a small number of studies of low-to-moderate
quality [75]. Clonidine gel 0.1% may be administered in single doses of 0.65 g of gel (0.65 mg of
clonidine), three times daily so that the total daily dose should not exceed 3.9 mg for both feet.
The administration is associated with only mild skin-site reactions [76].

3.7. Pathogenesis-Oriented Treatment

α-Lipoic acid is a natural thiol with potent antioxidant properties, and is used as a dietary
supplement. In studies evaluating this indication, it has been administered orally at doses between
600 and 1800 mg and intravenously at 600 mg per day for 3 weeks, excluding weekends [77–82].
Both formulas have been recently characterized by the FDA as safe and effective treatment options
for painful DSPN [83]. The efficacy of the daily administration of a 600 mg intravenous formula for 3
weeks was investigated in a meta-analysis of four randomized, placebo-controlled trials (ALADIN
I, ALADIN III, SYDNEY, NATHAN II) comprising 1258 participants with painful DSPN [82]. It was
shown that α-lipoic acid improved positive neuropathic symptoms (24.1% in favor of α-lipoic acid
versus placebo), but failed to alter the neuropathy impairment score significantly [82,83].

Finally, actovegin is a deproteinated, pyrogen- and antigen-free ultrafiltrate obtained from calf
blood. It appears to ameliorate oxidative stress and to exhibit antiapoptotic properties [79]. In a
study conducted by Ziegler et al., 567 patients were treated with actovegin (n = 281) versus placebo
(n = 286). After 6 months, compared with placebo, actovegin was associated with better improvement
of neuropathic symptoms, but not pain specifically (OR [95% CI] of 1.73 [1.21–2.48] for patients
treated with actovegin and 1.94 [1.33–2.84] for patients placebo treated). Actovegin treatment (20
daily intravenous infusions of 2000 mg/day followed by three actovegin tablets of 600 mg each for
140 days) was associated with a clinically significant response in neuropathic symptoms and vibration
perception threshold in patients with symptomatic DSPN, with a good safety profile [84]. Further
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studies are needed to demonstrate the efficacy of α-lipoic acid and actovegin in painful DSPN. Current
pharmacological agents for painful DSPN are summarized in Table 1.

Table 1. Current pharmacological agents for painful distal symmetrical polyneuropathy (DSPN) [5,6].

Pharmacotherapy
FDA Approval

for DSPN
Daily Dosage Untoward Effects Comments

Antidepressants

Duloxetine Yes [23] 60–120 mg/d [5,17–19]
Xerostomia, decreased appetite,
somnolence, sweating,
gastrointestinal discomfort [22]

Appears to improve the
quality of life of patients
with painful DSPN [20]

Amitriptyline No [33] 25–100 mg/d [31]
Xerostomia, water retention,
increased appetite, weight gain,
constipation, vertigo [33]

Appears non-inferior to
pregabalin [25], gabapentin,
[26] and duloxetin [27] in
painful DSPN; monitor QTc
interval [33]

Venlafaxine No [31] 75–225 mg/d [31] Somnolence, dizziness, mild
gastrointestinal problems [34]

Evidence of effectiveness for
short-term management of
painful DSPN [17]; monitor
QTc interval [35]

Anticonvulsants

Pregabalin Yes [36] 150–300 mg/d [36]
Water retention, visual
disturbances, somnolence,
ataxia, euphoria, vertigo [41]

DSPN-related pain
improvement of >30%–50%
has been reported
[5,17,18,37–39]

Gabapentin No [47] 900–3600 mg/d [31]

Somnolence, dizziness, suicidal
behaviour,
withdrawal-precipitated seizure
frequency, multi-organ
hypersensitivity [47]

DSPN-related pain relief has
been repeatedly reported
[26,42–46]

Opioids

Tapentadol
extended release Yes [52,53] 100–500 mg/d [51]

Dizziness, somnolence,
headache, fatigue,
gastrointestinal problems [51]

Inconclusive pain reduction
[5]; addiction concern [32]

Topical treatment

Capsaicin cream No [32] 0.075% four times/d [31] Skin-site reactions [63] Equal efficacy to
amitriptyline [62]

Capsaicin 8% patch No [68] One application every 3
months [66] Skin-site reactions [66]

Conflicting results in DSPN
[66]; application can be
painful [66]; monitor for
transient blood pressure
increase for at least one hour
following application [66]

5% lidocaine
plaster No [70]

Maximum 3 lidocaine
plasters 5% can be
applied to intact skin
once daily for a period of
12 h [70]

Skin-site reactions [74]

Comparable efficacy to
pregabalin, amitriptyline,
capsaicin, and gabapentin
[72,73]

Clonidine gel 0.1% No [75] Single doses of 0.65 g of
gel, three times daily [76] Skin-site reactions [76]

Pain relief in a small number
of studies of
low-to-moderate quality [75]

Pathogenesis-oriented treatment

α-Lipoic acid No [77]

600–1800 mg orally or
600 mg/d intravenously
for 3 weeks, excluding
weekends [77–81]

Nausea, vomiting, abdominal
discomfort, diarrhea [77]

FDA statement: safe and
effective treatment option
for painful DSPN [82]

Legend: FDA: Food and Drug Administration.

4. Conclusions

DSPN is a burden both from diagnostic and treatment perspectives. It is still under-diagnosed
and undertreated.

As summarized in this narrative review, first-line treatment options include pregabalin and
duloxetine, with gabapentin seeming a reasonable alternative to pregabalin treatment. Second- and
third-line drugs include opioids and topical analgesics. Indeed, opioids are an effective alternative in the
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treatment of neuropathic pain; however adverse reactions and addiction concerns limit their widespread
use. More recently, research has extended beyond symptom alleviation. Pathogenesis-oriented
treatments, including α-lipoic acid and actovegin, appear promising, but results need to be confirmed
in more extensive trials.

Author Contributions: V.A. conceived the original draft preparation. V.A., A.T., A.P.S., K.P., and N.P. were
responsible for conception and design of the review. A.T., N.P., K.P., A.P.S., C.C.D., and M.R. were responsible for
the data acquisition. A.T., K.P., V.A., N.P., A.P.S., and I.M. were responsible for the collection and assembly of
the articles/published data, and their inclusion and interpretation in this review. V.A., A.T., K.P., N.P., and A.P.S.
contributed equally to the present work. All authors contributed to the critical revision of the manuscript for
valuable intellectual content. All authors have read and agreed to the published version of the manuscript.

Funding: No funding was received.

Conflicts of Interest: A.P.S. was on advisory boards and received honoraria as a speaker for Astra Zeneca, Eli
Lilly, Merck, Novo Nordisk, and Sanofi. She is currently Vice President of the Romanian National Committee of
Diabetes, Nutrition and Metabolic Diseases. M.R. was on advisory boards for Astra Zeneca, Eli Lilly, Merck, Novo
Nordisk, and Sanofi. He is currently the Director of Clinical Medicine and Regulatory Affairs at Novo Nordisk
Europe East and South. N.P. has been an Advisory Board Member of TrigoCare International, Abbott, AstraZeneca,
Elpen, MSD, Novartis, Novo Nordisk, Sanofi-Aventis, and Takeda. He has participated in sponsored studies by Eli
Lilly, MSD, Novo Nordisk, Novartis, and Sanofi-Aventis. He has received honoraria as a speaker for AstraZeneca,
Boehringer Ingelheim, Eli Lilly, Elpen, Galenica, MSD, Mylan, Novartis, Novo Nordisk, Pfizer, Sanofi-Aventis,
Takeda, and Vianex. He has attended conferences sponsored by TrigoCare International, AstraZeneca, Boehringer
Ingelheim, Eli Lilly, Novartis, Novo Nordisk, Pfizer, and Sanofi-Aventis. The other authors declare no conflict
of interest.

References

1. Pop-Busui, R.; Boulton, A.J.M.; Feldman, E.L.; Bril, V.; Freeman, R.; Malik, R.A.; Sosenko, J.M.; Ziegler, D.
Diabetic neuropathy: A position statement by the American Diabetes Association. Diabetes Care 2017, 40,
136–154. [CrossRef] [PubMed]

2. Ziegler, D.; Papanas, N.; Vinik, A.I.; Shaw, J.E. Epidemiology of polyneuropathy in diabetes and prediabetes.
In Handbook of Clinical Neurology; Elsevier BV: Amsterdam, The Netherlands, 2014; Volume 126, pp. 3–22.

3. Papanas, N.; Ziegler, D. Risk factors and comorbidities in diabetic neuropathy: An update 2015.
Rev. Diabet. Stud. 2015, 12, 48–62. [CrossRef] [PubMed]

4. Deng, Y.; Luo, L.; Hu, Y.; Fang, K.; Liu, J. Clinical practice guidelines for the management of neuropathic
pain: A systematic review. BMC Anesthesiol. 2016, 16, 12. [CrossRef] [PubMed]

5. Finnerup, N.B.; Attal, N.; Haroutounian, S.; McNicol, E.; Baron, R.; Dworkin, R.H.; Gilron, I.; Haanpää, M.;
Hansson, P.; Jensen, T.S.; et al. Pharmacotherapy for neuropathic pain in adults: A systematic review and
meta-analysis. Lancet Neurol. 2015, 14, 162–173. [CrossRef]

6. Dowell, D.; Haegerich, T.M.; Chou, R. CDC guideline for prescribing opioids for chronic pain—United States.
MMWR 2016, 65, 1–49. [PubMed]

7. Diabetes Control and Complications Trial (DCCT) Research Group. Effect of intensive diabetes treatment
on nerve conduction in the Diabetes Control and Complications Trial. Ann. Neurol. 1995, 38, 869–880.
[CrossRef] [PubMed]

8. CDC Study Group. The effect of intensive diabetes therapy on measures of autonomic nervous system
function in the Diabetes Control and Complications Trial (DCCT). Diabetologia 1998, 41, 416–423. [CrossRef]

9. Albers, J.W.; Herman, W.H.; Pop-Busui, R.; Feldman, E.L.; Martin, C.L.; Cleary, P.A.; Waberski, B.H.;
Lachin, J.M.; Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Research Group. Effect of prior intensive insulin treatment during the Diabetes Control
and Complications Trial (DCCT) on peripheral neuropathy in type 1 diabetes during the Epidemiology of
Diabetes Interventions and Complications (EDIC) study. Diabetes Care 2010, 33, 1090–1096. [CrossRef]

92



Medicina 2020, 56, 25

10. Pop-Busui, R.; Low, P.A.; Waberski, B.H.; Martin, C.L.; Albers, J.W.; Feldman, E.L.; Sommer, C.; Cleary, P.A.;
Lachin, J.M.; Herman, W.H.; et al. Effects of prior intensive insulin therapy on cardiac autonomic nervous
system function in type 1 diabetes mellitus:the Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications study (DCCT/EDIC). Circulation 2009, 19, 2886–2893. [CrossRef]

11. Martin, C.L.; Albers, J.W.; Pop-Busui, R.; DCCT/EDIC Research Group. Neuropathy and related findings in
the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications
study. Diabetes Care 2014, 37, 31–38. [CrossRef]

12. Ismail-Beigi, F.; Craven, T.; Banerji, M.A.; Basile, J.; Calles, J.; Cohen, R.M.; Cuddihy, R.; Cushman, W.C.;
Genuth, S.; Grimm, R.H., Jr.; et al. Effect of intensive treatment of hyperglycaemia on microvascular outcomes
in type 2 diabetes: An analysis of the ACCORD randomised trial. Lancet 2010, 376, 419–430. [CrossRef]

13. Callaghan, B.C.; Little, A.A.; Feldman, E.L.; Hughes, R.A.C. Enhanced glucose control for preventing and
treating diabetic neuropathy. Cochrane Database Syst. Rev. 2012, 6. [CrossRef] [PubMed]

14. Ang, L.; Jaiswal, M.; Martin, C.; Pop-Busui, R. Glucose control and diabetic neuropathy: Lessons from recent
large clinical trials. Curr. Diabetes Rep. 2014, 14, 528. [CrossRef] [PubMed]

15. Zoungas, S.; Arima, H.; Gerstein, H.C.; Holman, R.R.; Woodward, M.; Reaven, P.; Hayward, R.A.; Craven, T.;
Coleman, R.L.; Chalmers, J. Effects of intensive glucose control on microvascular outcomes in patients with
type 2 diabetes: A meta-analysis of individual participant data from randomized controlled trials. Lancet
Diabetes Endocrinol. 2017, 5, 431–437. [CrossRef]

16. Pop-Busui, R.; Lu, J.; Brooks, M.M.; Albert, S.; Althouse, A.D.; Escobedo, J.; Green, J.; Palumbo, P.;
Perkins, B.A.; Whitehouse, F.; et al. Impact of glycemic control strategies on the progression of diabetic
peripheral neuropathy in the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D)
cohort. Diabetes Care 2013, 36, 3208–3215. [CrossRef]

17. Griebeler, M.L.; Morey-Vargas, O.L.; Brito, J.P.; Tsapas, A.; Wang, Z.; Leon, B.G.C.; Phung, O.J.; Montori, V.M.;
Murad, M.H. Pharmacologic interventions for painful diabetic neuropathy: An umbrella systematic review
and comparative effectiveness network meta-analysis. Ann. Intern. Med. 2014, 161, 639–649. [CrossRef]

18. Tesfaye, S.; Wilhelm, S.; Lledo, A.; Schacht, A.; Tölle, T.; Bouhassira, D.; Cruccu, G.; Skljarevski, V.;
Freynhagen, R. Duloxetine and pregabalin: High-dose monotherapy or their combination? The “COMBO-DN
study”—A multinational, randomized, double-blind, parallel-group study in patients with diabetic peripheral
neuropathic pain. PAIN 2013, 154, 2616–2625. [CrossRef]

19. Quilici, S.; Chancellor, J.; Lothgren, M.; Simon, D.; Said, G.; Le, T.K.; Garcia-Cebrian, A.; Monz, B. Meta-analysis
of duloxetine vs. pregabalin and gabapentin in the treatment of diabetic peripheral neuropathic pain. BMC
Neurol. 2009, 9, 6. [CrossRef] [PubMed]

20. Wernicke, J.F.; Pritchett, Y.L.; D’Souza, D.N.; Waninger, A.; Tran, P.; Iyengar, S.; Raskin, J. A randomized
controlled trial of duloxetine in diabetic peripheral neuropathic pain. Neurology 2006, 67, 1411–1420.
[CrossRef]

21. Hardy, T.; Sachson, R.; Shen, S.; Armbruster, M.; Boulton, A.J.M. Does treatment with duloxetine for
neuropathic pain impact glycemic control? Diabetes Care 2007, 30, 21–26. [CrossRef]

22. Goldstein, D.J.; Lu, Y.; Detke, M.J.; Lee, T.C.; Iyengar, S. Duloxetine vs. Placebo in patients with painful
diabetic neuropathy. PAIN 2005, 116, 109–118. [CrossRef] [PubMed]

23. Vinik, A.; Casellini, C.; Nevoret, M.L. Diabetic Neuropathies. In Endotext [Internet]; Feingold, K.R.,
Anawalt, B., Boyce, A., Eds.; Table 7, Drugs Approved by the FDA for Treatment of Neuropathic Pain
Syndromes; MDText.com, Inc.: South Dartmouth, MA, USA, 2000.

24. Max, M.B. Endogenous monoamine analgesic systems: Amitriptyline in painful diabetic neuropathy.
Anesth. Prog. 1987, 34, 113–127. [PubMed]

25. Bansal, D.; Bhansali, A.; Hota, D.; Chakrabarti, A.; Dutta, P. Amitriptyline vs. pregabalin in painful diabetic
neuropathy: A randomized double blind clinical trial. Diabet. Med. 2009, 26, 1019–1026. [CrossRef] [PubMed]

26. Morello, C.M.; Leckband, S.G.; Stoner, C.P.; Moorhouse, D.F.; Sahagian, G.A. Randomized double-blind
study comparing the efficacy of gabapentin with amitriptyline on diabetic peripheral neuropathy pain.
Arch. Intern. Med. 1999, 159, 1931–1937. [CrossRef]

27. Kaur, H.; Hota, D.; Bhansali, A.; Dutta, P.; Bansal, D.; Chakrabarti, A. A comparative evaluation of
amitriptyline and duloxetine in painful diabetic neuropathy: A randomized, double-blind, cross-over clinical
trial. Diabetes Care 2011, 34, 818–822. [CrossRef]

28. Boulton, A.J.M. Management of diabetic peripheral neuropathy. Clin. Diabetes 2005, 23, 9–15. [CrossRef]

93



Medicina 2020, 56, 25

29. Max, M.B.; Lynch, S.A.; Muir, J.; Shoaf, S.E.; Smoller, B.; Dubner, R. Effects of desipramine, amitriptyline, and
fluoxetine on pain in diabetic neuropathy. N. Engl. J. Med. 1992, 326, 1250–1256. [CrossRef]

30. Ulugol, A.; Karadag, H.C.; Tamer, M.; Firat, Z.; Aslantas, A.; Dokmeci, I. Involvement of adenosine in
the anti-allodynic effect of amitriptyline in streptozotocin-induced diabetic rats. Neurosci. Lett. 2002, 328,
129–132. [CrossRef]

31. American Academy of Neurology AAN Summary of Evidence-Based Guidelines for Clinicians: Treatment
of Painful Diabetic Neuropathy. 2011. Available online: https://www.aan.com/Guidelines/home/
GetGuidelineContent/480 (accessed on 6 August 2019).

32. Cohen, K.; Shinkazh, N.; Frank, J.; Israel, I.; Fellner, C. Pharmacological treatment of diabetic peripheral
neuropathy. Pharm. Ther. 2015, 40, 372–388.

33. Thour, A.; Marwaha, R. Amitriptyline. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,
USA, 2019.

34. Gallagher, H.C.; Gallagher, R.M.; Butler, M.; Buggy, D.J.; Henman, M.C. Venlafaxine for neuropathic pain in
adults. Cochrane Database Syst. Rev. 2015, 8. [CrossRef]

35. Rowbotham, M.C.; Goli, V.; Kunz, N.R.; Lei, D. Venlafaxine extended release in the treatment of painful
diabetic neuropathy: A double-blind, placebo-controlled study. PAIN 2004, 110, 697–706. [CrossRef]
[PubMed]

36. Cross, A.L.; Sherman, A.L. Pregabalin. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,
USA, 2019.

37. Freeman, R.; Durso-Decruz, E.; Emir, B. Efficacy, safety, and tolerability of pregabalin treatment for painful
diabetic peripheral neuropathy: Findings from seven randomized, controlled trials across a range of doses.
Diabetes Care 2008, 31, 1448–1454. [CrossRef] [PubMed]

38. Moore, R.A.; Straube, S.; Wiffen, P.J.; Derry, S.; McQuay, H.J. Pregabalin for acute and chronic pain in adults.
Cochrane Database Syst. Rev. 2009, 3. [CrossRef] [PubMed]

39. Raskin, P.; Huffman, C.; Toth, C.; Asmus, M.J.; Messig, M.; Sanchez, R.J.; Pauer, L. Pregabalin in patients with
inadequately treated painful diabetic peripheral neuropathy: A randomized withdrawal trial. Clin. J. Pain
2014, 30, 379–390. [CrossRef]

40. Ziegler, D.; Duan, W.R.; An, G.; Thomas, J.W.; Nothaft, W. A randomized double-blind, placebo, and
active-controlled study of T-type calcium channel blocker ABT-639 in patients with diabetic peripheral
neuropathic pain. PAIN 2015, 56, 2013–2020. [CrossRef]

41. Dworkin, R.H.; Jensen, M.P.; Gammaitoni, A.R.; Olaleye, D.O.; Galer, B.S. Symptom profiles differ in patients
with neuropathic versus non-neuropathic pain. J. Pain 2007, 8, 118–126. [CrossRef]

42. Wiffen, P.J.; Derry, S.; Bell, R.F.; Rice, A.S.; Tölle, T.R.; Phillips, T.; Moore, R.A. Gabapentin for chronic
neuropathic pain in adults. Cochrane Database Syst. Rev. 2017, 6. [CrossRef]

43. Backonja, M.; Beydoun, A.; Edwards, K.R.; Schwartz, S.L.; Fonseca, V.; Hes, M.; LaMoreaux, L.; Garofalo, E.;
Gabapentin Diabetic Neuropathy Study Group. Gabapentin for the symptomatic treatment of painful
neuropathy in patients with diabetes mellitus: A randomized controlled trial. JAMA 1998, 280, 1831–1836.
[CrossRef]

44. Moore, R.A.; Wiffen, P.J.; Derry, S.; Toelle, T.; Rice, A.S. Gabapentin for chronic neuropathic pain and
fibromyalgia in adults. Cochrane Database Syst. Rev. 2014, 4. [CrossRef]

45. Dallocchio, C.; Buffa, C.; Mazzarello, P.; Chiroli, S. Gabapentin vs. amitriptyline in painful diabetic
neuropathy: An open-label pilot study. J. Pain Symptom Manag. 2000, 20, 280–285. [CrossRef]

46. Simpson, D.A. Gabapentin and venlafaxine for the treatment of painful diabetic neuropathy. J. Clin.
Neuromuscul. Dis. 2001, 3, 53–62. [CrossRef]

47. Neurontin (Gabapentin) Prescribing Information; Pfizer, Inc.: New York, NY, USA, 2014.
48. Ziegler, D.; Fonseca, V. From guideline to patient: A review of recent recommendations for pharmacotherapy

of painful diabetic neuropathy. J. Diabetes Complicat. 2015, 29, 146–156. [CrossRef] [PubMed]
49. Waldfogel, J.M.; Nesbit, S.A.; Dy, S.M.; Sharma, R.; Zhang, A.; Wilson, L.M.; Bennett, W.L.; Yeh, H.C.;

Chelladurai, Y.; Feldman, D.; et al. Pharmacotherapy for diabetic peripheral neuropathy pain and quality of
life: A systematic review. Neurology 2017, 88, 1958–1967. [CrossRef] [PubMed]

50. Papanas, N.; Ziegler, D. Emerging drugs for diabetic peripheral neuropathy and neuropathic pain. Expert
Opin. Emerg. Drugs 2016, 21, 393–407. [CrossRef] [PubMed]

94



Medicina 2020, 56, 25

51. Vadivelu, N.; Huang, Y.; Mirante, B.; Jacoby, M.; Braveman, F.R.; Hines, R.L.; Sinatra, R. Patient considerations
in the use of tapentadol for moderate to severe pain. Drug Healthc. Patient Saf. 2013, 5, 151–159. [CrossRef]
[PubMed]

52. Schwartz, S.; Etropolski, M.; Shapiro, D.Y.; Okamoto, A.; Lange, R.; Haeussler, J.; Rauschkolb, C. Safety
and efficacy of tapentadol ER in patients with painful diabetic peripheral neuropathy: Results of a
randomized-withdrawal, placebo-controlled trial. Curr. Med. Res. Opin. 2011, 27, 151–162. [CrossRef]
[PubMed]

53. Vinik, A.I.; Shapiro, D.Y.; Rauschkolb, C.; Lange, B.; Karcher, K.; Pennett, D.; Etropolski, M.S. A randomized
withdrawal, placebo-controlled study evaluating the efficacy and tolerability of tapentadol extended release
in patients with chronic painful diabetic peripheral neuropathy. Diabetes Care 2014, 37, 2302–2309. [CrossRef]

54. Chong, M.S.; Hester, J. Diabetic painful neuropathy: Current and future treatment options. Drugs 2007, 67,
569–585. [CrossRef]

55. Snyder, M.J.; Gibbs, L.M.; Lindsay, T.J. Treating painful diabetic peripheral neuropathy: An update.
Am. Fam. Phys. 2016, 94, 227–234.

56. Anonymous. What role for capsaicin in diabetic peripheral neuropathy? Drug Ther. Bull. 2016, 54, 90–93.
[CrossRef]

57. Donofrio, P.; Walker, F.; Hunt, V.; Lewis, G.; Mireles, J.A.; Hoffman, J.; Scheffler, N.; Sheitel, P.; Campbell, S.;
Wendt, J.; et al. Treatment of painful diabetic neuropathy with topical capsaicin. A multicenter, double-blind,
vehicle-controlled study. Arch. Intern. Med. 1991, 151, 2225–2229.

58. Capsaicin Study Group. Effect of treatment with capsaicin on daily activities of patients with painful diabetic
neuropathy. Diabetes Care 1992, 15, 159–165. [CrossRef] [PubMed]

59. Tandan, R.; Lewis, G.A.; Badger, G.B.; Fries, T.J. Topical capsaicin in painful diabetic neuropathy. Effect on
sensory function. Diabetes Care 1992, 15, 15–18. [CrossRef] [PubMed]

60. Tandan, R.; Lewis, G.A.; Krusinski, P.B.; Badger, G.B.; Fries, T.J. Topical capsaicin in painful diabetic
neuropathy. Controlled study with long-term follow-up. Diabetes Care 1992, 15, 8–14. [CrossRef]

61. Low, P.A.; Opfer-Gehrking, T.L.; Dyck, P.J.; Litchy, W.J.; O’Brien, P.C. Double-blind, placebo-controlled study
of the application of capsaicin cream in chronic distal painful polyneuropathy. PAIN 1995, 62, 163–168.
[CrossRef]

62. Chad, D.A.; Aronin, N.; Lundstrom, R.; McKeon, P.; Ross, D.; Molitch, M.; Schipper, H.M.; Stall, G.; Dyess, E.;
Tarsy, D. Does capsaicin relieve the pain of diabetic neuropathy? PAIN 1990, 42, 387–388. [CrossRef]

63. Kulkantrakorn, K.; Chomjit, A.; Sithinamsuwan, P.; Tharavanij, T.; Suwankanoknark, J.; Napunnaphat, P.
0.075% capsaicin lotion for the treatment of painful diabetic neuropathy: A randomized, double-blind,
crossover, placebo-controlled trial. J. Clin. Neurosci. 2019, 62, 174–179. [CrossRef]

64. Biesbroek, R.; Bril, V.; Hollander, P.; Kabadi, U.; Schwartz, S.; Singh, S.P.; Ward, W.K.; Bernstein, J.E. A
double-blind comparison of topical capsaicin and oral amitriptyline in painful diabetic neuropathy. Adv. Ther.
1995, 12, 111–120.

65. Zin, C.S.; Nissen, L.M.; Smith, M.T.; O’Callaghan, J.P.; Moore, B.J. An update on the pharmacological
management of post-herpetic neuralgia and painful diabetic neuropathy. CNS Drugs 2008, 22, 417–442.
[CrossRef]

66. Derry, S.; Rice, A.S.; Cole, P.; Tan, T.; Moore, R.A. Topical capsaicin (high concentration) for chronic
neuropathic pain in adults. Cochrane Database Syst. Rev. 2017, 1. [CrossRef]

67. Van Nooten, F.; Treur, M.; Pantiri, K.; Stoker, M.; Charokopou, M. Capsaicin 8% patch versus oral neuropathic
pain medications for the treatment of painful diabetic peripheral neuropathy: A systematic literature review
and network meta-analysis. Clin. Ther. 2017, 39, 787–803. [CrossRef] [PubMed]

68. Baranidharan, G.; Das, S.; Bhaskar, A. A review of the high-concentration capsaicin patch and experience
in its use in the management of neuropathic pain. Ther. Adv. Neurol. Disord. 2013, 6, 287–297. [CrossRef]
[PubMed]

69. Mou, J.; Paillard, F.; Turnbull, B.; Trudeau, J.; Stoker, M.; Katz, N.P. Qutenza (capsaicin) 8% patch onset and
duration of response and effects of multiple treatments in neuropathic pain patients. Clin. J. Pain 2014, 30,
286–294. [CrossRef] [PubMed]

70. Mick, G.; Correa-Illanes, G. Topical pain management with the 5% lidocaine medicated plaster-a review.
Curr. Med. Res. Opin. 2012, 28, 937–951. [CrossRef] [PubMed]

95



Medicina 2020, 56, 25

71. Krumova, E.K.; Zeller, M.; Westermann, A.; Maier, C. Lidocaine patch (5%) produces a selective, but
incomplete block of Aδ and C fibers. PAIN 2012, 153, 273–280. [CrossRef]

72. Baron, R.; Mayoral, V.; Leijon, G.; Binder, A.; Steigerwald, I.; Serpell, M. 5% lidocaine medicated plaster
versus pregabalin in post-herpetic neuralgia and diabetic polyneuropathy: An open-label, non-inferiority
two-stage RCT study. Curr. Med. Res. Opin. 2009, 25, 1663–1676. [CrossRef]

73. Wolff, R.F.; Bala, M.M.; Westwood, M.; Kessels, A.G.; Kleijnen, J. 5% lidocaine medicated plaster in painful
diabetic peripheral neuropathy (DPN): A systematic review. Swiss Med. Wkly. 2010, 140, 297–306.

74. Navez, M.L.; Monella, C.; Bösl, I.; Sommer, D.; Delorme, C. 5% lidocaine medicated plaster for the treatment
of postherpetic neuralgia: A review of the clinical safety and tolerability. Pain Ther. 2015, 4, 1–15. [CrossRef]

75. Wrzosek, A.; Woron, J.; Dobrogowski, J.; Jakowicka-Wordliczek, J.; Wordliczek, J. Topical clonidine for
neuropathic pain. Cochrane Database Syst. Rev. 2015, 8. [CrossRef]

76. Campbell, C.M.; Kipnes, M.S.; Stouch, B.C.; Brady, K.L.; Kelly, M.; Schmidt, W.K.; Petersen, K.L.;
Rowbotham, M.C.; Campbell, J.N. Randomized control trial of topical clonidine for treatment of painful
diabetic neuropathy. PAIN 2012, 153, 1815–1823. [CrossRef]

77. Papanas, N.; Ziegler, D. Efficacy of α-lipoic acid in diabetic neuropathy. Expert Opin. Pharmacother. 2014, 15,
2721–2731. [CrossRef] [PubMed]

78. Leppert, W.; Malec–Milewska, M.; Zajaczkowska, R.; Wordliczek, J. Transdermal and Topical Drug
Administration in the Treatment of Pain. Molecules 2018, 23, 681. [CrossRef] [PubMed]

79. Bönhof, G.J.; Herder, C.; Strom, A.; Papanas, N.; Roden, M.; Ziegler, D. Emerging biomarkers, tools, and
treatments for diabetic polyneuropathy. Endocr. Rev. 2019, 40, 153–192. [CrossRef] [PubMed]

80. Ziegler, D.; Low, P.A.; Litchy, W.J.; Boulton, A.J.; Vinik, A.I.; Freeman, R.; Samigullin, R.; Tritschler, H.;
Munzel, U.; Maus, J.; et al. Efficacy and safety of antioxidant treatment with α-lipoic acid over 4 years in
diabetic polyneuropathy: The NATHAN 1 trial. Diabetes Care 2011, 34, 2054–2060. [CrossRef]

81. Papanas, N.; Maltezos, E. A-Lipoic acid, diabetic neuropathy, and Nathan’s prophecy. Angiology 2012, 63,
81–83. [CrossRef]

82. Ziegler, D.; Nowak, H.; Kempler, P.; Vargha, P.; Low, P.A. Treatment of symptomatic diabetic polyneuropathy
with the antioxidant alpha-lipoic acid: A meta-analysis. Diabet. Med. 2014, 21, 114–121. [CrossRef]

83. Alpha Lipoic Acid Pharmacy Compounding Advisory Committee Meeting 12 September 2018. Available
online: https://www.fda.gov/media/116311/download (accessed on 12 August 2019).

84. Ziegler, D.; Edmundson, S.; Gurieva, I.; Mankovsky, B.; Papanas, N.; Strokov, I. Predictors of response to
treatment with actovegin for 6 months in patients with type 2 diabetes and symptomatic polyneuropathy.
J. Diabetes Complicat. 2017, 31, 1181–1187. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

96



medicina

Article

A Single Site Population Study to Investigate CYP2D6
Phenotype of Patients with Persistent
Non-Malignant Pain

Helen Radford 1,2, Karen H. Simpson 2, Suzanne Rogerson 2 and Mark I. Johnson 1,*

1 Centre for Pain Research, School of Clinical and Applied Sciences, Leeds Beckett University, Leeds LS1 3HE,
UK; helen.radford2@nhs.net

2 Centre for Neurosciences, Leeds Teaching Hospitals NHS Trust, Leeds LS1 3EX, UK;
dr.karen.simpson@googlemail.com (K.H.S.); suzannerogerson@nhs.net (S.R.)

* Correspondence: m.johnson@leedsbeckett.ac.uk

Received: 29 March 2019; Accepted: 23 May 2019; Published: 28 May 2019

Abstract: Background and Objectives: Codeine requires biotransformation by the CYP2D6 enzyme,
encoded by the polymorphic CYP2D6 gene, to morphine for therapeutic efficacy. CYP2D6 phenotypes
of poor, intermediate, and ultra-rapid metabolisers are at risk of codeine non-response and adverse
drug reactions due to altered CYP2D6 function. The aim of this study was to determine whether
genotype, inferred phenotype, and urinary and oral fluid codeine O-demethylation metabolites could
predict codeine non-response following a short course of codeine. Materials and Methods: There
were 131 Caucasians with persistent pain enrolled. Baseline assessments were recorded, prohibited
medications ceased, and DNA sampling completed before commencing codeine 30 mg QDS for 5 days.
Day 4 urine samples were collected 1–2 h post morning dose for codeine O-demethylation metabolites
analysis. Final pain assessments were conducted on day 5. Results: None of the poor, intermediate,
ultra-rapid metabolisers and only 24.5% of normal metabolisers responded to codeine. A simple
scoring system to predict analgesic response from day 4 urinary metabolites was devised with
overall prediction success of 79% (sensitivity 0.8, specificity 0.78) for morphine and 79% (sensitivity
0.76, specificity 0.83) for morphine:creatinine ratio. Conclusions: In conclusion, this study provides
tentative evidence that day 4 urinary codeine O-demethylation metabolites could predict non-response
following a short course of codeine and could be utilised in the clinical assessment of codeine response
at the point of care to improve analgesic efficacy and safety in codeine therapy. We offer a scoring
system to predict codeine response from urinary morphine and urinary morphine:creatinine ratio
collected on the morning of day 4 of codeine 30 mg QDS, but this requires validation before it could
be considered for use to assess codeine response in clinical practice.

Keywords: pain; analgesics; cytochrome P-450 CYP2D6; chronic pain; codeine; pharmacogenetics;
pain management

1. Introduction

Prescriptions for codeine-based drugs increased by 10.5 percent between 2011 and 2012 in U.K.
primary care settings, with an associated net increase in drug ingredient costs of £10.3 million [1].
Codeine requires biotransformation to active metabolites (morphine) via the enzyme CYP2D6. Genetic
polymorphism of the CYP2D6 gene influences the activity of the CYP2D6 enzyme resulting in
inter-patient variability that may pose a risk of toxicity and sub-optimal analgesic response [2–17].
The phenotypic groups of CYP2D6 activity are poor metabolisers (PM, minimal or no CYP2D6 activity);
intermediate metabolisers (IM, reduced CYP2D6 activity); normal metabolisers (NM, normal CYP2D6
activity); and ultra-rapid metabolisers (UM, greater than expected CYP2D6 activity) [18–20].
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PM and IM phenotypes are at risk of sub-optimal analgesic response to codeine due to lower than
expected plasma concentrations of morphine. UM phenotypes are at risk of adverse drug reactions
(e.g., respiratory depression) due to higher than expected concentrations of morphine. The prevalence
in Caucasian adults is ~5–10% for PMs, ~2–11% for IMs, ~77–92% for NMs and ~2–11% for UMs [21].
Prevalence of UMs in North Africans, Ethiopians, and Arabs may be as high as 40% [22,23]. There does
not appear to be differences in the prevalence of CYP2D6 polymorphisms in pain patients and the
general population [24].

Combining codeine with a drug that inhibits CYP2D6 can change the phenotype of an individual
(i.e., phenocopying) due to competition for enzyme activity. For example, an NM may appear to be
an IM or a PM due to inhibition of CYP2D6 by the confounding drug [25,26]. Knowledge about the
magnitude of CYP2D6 inhibition for certain drugs aids prescribing [27–29]. Prescribing guidelines for
CYP2D6 phenotypes have been published with recommendations that PM, IM, and UM phenotypes
should be prescribed alternatives to codeine, tramadol, oxycodone, and nortriptyline [21,30,31]. The
benefits of tailoring prescribing decisions to CYP2D6 phenotype has been demonstrated [9,14,32–36].
However, CYP2D6 screening is not part of current clinical practice. We previously reported that
19.9% of patients referred by primary care physicians to a secondary care specialist pain management
clinic were at risk of drug interactions associated with co-prescription of analgesic prodrugs reliant
on CYP2D6 and CYP2D6 inhibitors [37]. A method of inferring phenotype without the need for
genotyping is needed at the point of care.

Accuracy of clinical CYP2D6 phenotyping has been explored using non-analgesic CYP2D6
prodrug drugs as urinary biomarkers of CYP2D6 phenotype. These drugs are not suitable to determine
CYP2D6 phenotype in pain patients. Tramadol would be an unsuitable CYP2D6 phenotyping agent
due to its strong opioid classification. Kirchheiner et al., [38] found that the ratio of urinary total
codeine:total morphine from a 0–6 h urine sample post 30 mg codeine dose correlated to PM, NM, and
UM phenotypes in healthy volunteers, although the study did not include any participants who were
IM phenotypes.

The aim of our study was to determine whether genotype, inferred phenotype and urinary and
oral codeine O-demethylation metabolites could predict codeine non-response in Caucasians with
persistent pain following a short course of oral codeine.

2. Materials and Methods

The objectives of the study were to: (I) determine the CYP2D6 genetic profile of codeine
non-response in self-reported Caucasians with persistent pain; (II) determine whether codeine
non-responsiveness differs between nociceptive and neuropathic pain states; and (III) determine
whether urinary and oral codeine O-demethylation metabolites predicted phenotype and
codeine response.

2.1. Study Design

A single site, population study for a clinical trial of a medicinal product (CTIMP) was designed
(http://www.legislation.gov.uk/uksi/2004/1031/pdfs/uksi_20041031_en.pdf). The primary endpoint was
codeine non-response defined as participants who did not display a reduction in pain scores of≥30% for
‘average pain during the previous 24 h’ over a course of regular codeine therapy. In addition, CYP2D6
genotype, urinary codeine O-demethylation metabolites, clinical response to codeine, and patient
reported outcomes—including brief pain inventory and global impression of health—were recorded.

The study protocol was reviewed by the research team at Seacroft Hospital, Leeds Teaching
Hospitals NHS Trust, Leeds U.K. and by two independent pain researchers. Study sponsorship was
granted by the Research and Development department and by the Quality Assurance team at Leeds
Teaching Hospitals NHS Trust. Ethical approval was granted by the Leeds East (Type 2, CTIMP flagged)
Research Ethics Committee (REC: 08/H1307/132). The study was authorised by the U.K. Medicines and
Healthcare Regulatory Agency, adopted by the National Institute of Health Research Clinical Research
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Network portfolio (UKCRN, ID 7230), and registered on the International Standard of Randomised
Controlled Trials database (ISRCTN; Trial identification number: 16874724). Amendments to study
design made after the commencement of the study were approved by the Research Ethics Committee
and the Medicines and Healthcare Regulatory Agency. The amendments included addition of a poster
advert to aid recruitment, removal of oral fluid testing following interim analysis and change to
inclusion criteria to include ‘worst pain’ in 24 h pain score.

2.2. Recruitment and Selection of Participants

A sample of 131 self-reported Caucasian persistent non-malignant pain patients were recruited
from the Pain Clinic at Seacroft Hospital, Leeds, U.K. from October 2009 to June 2014. Potential
participants were identified from the patient database held by pain service or directly from clinic by
their consultant. The research nurse (S.R.) searched the database for patients with pain of moderate
severity that had persisted for at least six months and who were suitable for the prescription of World
Health Organisation (WHO) step 2 analgesics such as codeine. Patients with uncontrolled or escalating
pain were not eligible for inclusion in the study. Each potential participant was sent a letter of invitation,
a participant information pack, and a consent form. They were contacted by telephone by the research
nurse (S.R.) 5–7 days later to discuss willingness and suitability to participate in the study.

2.3. Procedure

Potential participants were invited to attend the pain research clinic at the hospital on three
separate occasions within a 15-day period. Visit one involved consent, screening for eligibility,
enrolment and analgesic washout; visit two involved collection of samples for CYP2D6 genotyping,
analysis of urinary codeine O-demethylation metabolites and commencement of codeine treatment;
and visit three involved cessation of codeine treatment and measurement of study endpoints.

2.3.1. Study Visit One

Potential participants attended the pain clinic for approximately 1 h. The visit commenced
with a briefing about the study and taking signed informed consent prior to any trial procedures
being conducted.

Screening for Eligibility

Participants were interviewed by the pain research nurse (S.R.) or the principal investigator (H.R.)
to assess eligibility for study participation. Participants completed the modified Brief Pain Inventory
short form (BPI-sf) [39] to screen for pain severity and interference. The BPI-sf has two validated
elements for analysis: pain severity and pain interference. Pain severity is calculated as the mean
of scores (on a 0–10 numerical rating scale) for the items ‘pain at its worst in the last 24 h’, ‘pain at
its least in the last 24 h’, ‘pain on the average’, and ‘pain right now’. Pain interference reflects how
pain interferes with daily activities and is calculated as the mean of the items documenting how much
pain interfered with ‘general activity’, ‘mood’, ‘walking ability’, ‘normal work’, ‘relations with others’,
‘sleep and enjoyment of life’.

Inclusion criteria were: self-reported Caucasian; aged between 18–80 years; pain persisting greater
than 3 months as diagnosed by a pain physician and recorded on the patient database; and worst pain
in the last 24 h ≥4 points on question 3 of the BPI-sf (0 = No pain, 10 = Pain as bad as you can imagine;
i.e., moderate to severe pain).

Exclusion criteria were: known sensitivity to codeine, history of experiencing intolerable side
effects to opioids, persistent pain adequately controlled by weak opioids, history of recreational drug
or alcohol abuse within the last two years, surgery, radiotherapy, chemotherapy, or nerve blocks
less than four weeks prior to the study, pregnancy or lactation, significant anxiety or depression.
Participants were excluded if they were unable to complete questionnaires in English, had participated
in another clinical study within the previous four weeks, had been prescribed strong opioids that could
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interfere with urinalysis and who were unable to cease taking their medication for the study period.
Females who were less than two years post-menopausal who were not taking adequate contraceptive
precautions (i.e., an oral contraceptive, an approved hormonal implant, an intrauterine device or
condoms/diaphragm and spermicide) or who had not undergone hysterectomy or surgical sterilisation
(bilateral tubal ligation or bilateral oophorectomy) were excluded.

Procedures were undertaken to ensure there were no underlying medical conditions that required
further investigation. A 20 mL venous blood sample was collected and analysed. Participants were
excluded if they had inadequate renal function (i.e., serum creatinine as ≥130 μmol/L (females);
≥150 μmol/L (males)), liver enzymes aspartate aminotransferase or alanine aminotransferase more
than twice the upper limit of normal, alkaline phosphatase more than twice the upper limit of normal,
bilirubin outside of normal range, haemoglobin concentration outside normal limits, white blood
cell count below the lower limit of normal or above 12 × 109/L, and abnormal plasma electrolytes.
A urine sample was collected in a plain sterile container for dipstick analysis for pH, specific gravity,
leukocytes, nitrates, protein, glucose, ketones, urobilinogen, bilirubin, and blood using Combur Test®

(Roche Diagnostics, Risch-Rotkreuz, Switzerland) reactive strips. Participants with abnormal results
were discussed with the pain consultant (K.H.S.) to ensure that the participant was safe to continue on
the study, otherwise they were excluded. Females of childbearing potential were required to have a
negative urine pregnancy test.

Participants also completed a self-report version of the Leeds Assessment of Neuropathic Pain
Scale (S-LANSS) [40] to indicate the presence of neuropathic components of pain. A cut-point of ≥12
points on the S-LANSS was used to define the presence of neuropathic components of pain.

Analgesic Washout

At visit one, participants were asked to stop taking analgesic prodrugs requiring CYP2D6
biotransformation (codeine phosphate including combination therapies, tramadol) and CYP2D6
inhibitors identified using information from Baxter [28], Flockhart [29], and the Medicines and
Healthcare Regulatory Authority [41]. Participants were allowed to continue with prescribed
anti-depressants, anti-convulsants or non-steroidal anti-inflammatory drugs (NSAIDs) providing the
treatment was initiated at least two weeks prior to visit one and remained at a stable dose for the study
duration. Participants were allowed to continue with oral contraceptives that are a weak CYP2D6
inhibitor, and this was documented for analysis purposes.

All concomitant medication and any changes therein were recorded in the case report (data
collection) form. Participants were asked not to commence any new drug therapy throughout
the codeine treatment period (between visit two and visit three). Participants were dispensed
64 paracetamol tablets (500 mg) for breakthrough pain and instructed to take 1 g 4–6 hourly (maximum
of 4 g in 24 h) for pain relief if required throughout the study period. Participants were asked to
complete the BPI-sf and to document paracetamol consumption and any associated adverse events
every day in a pain diary before retiring to bed.

2.3.2. Study Visit Two

Visit two took place 48 h after visit one and lasted approximately 3 h. On arrival eligibility to
continue with the study was checked (i.e., results from blood and urine tests) and they completed the
BPI-sf which was used as pre-treatment baseline measure of pain severity and interference.

CYP2D6 Genotyping

CYP2D6 genotyping was performed to determine activity scores from which phenotype was
inferred. A 2 mL saliva sample was collected for CYP2D6 genotyping after a 30-min oral fast.
A Oragene•DNA Self-Collection all-in-one system (DNA Genotek, Ottawa, ON, Canada) was used for
the collection, preservation, transportation, and purification of DNA from saliva. Samples were stored
for no more than 6 months in the pain clinic at room temperature and protected from light (storage
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stability approximately 5 years: https://www.dnagenotek.com/ROW/pdf/PD-WP-005.pdf). Samples
were transported ambient in batches to KBiosciences Laboratory, Hertfordshire UK for DNA extraction
and processing. CYP2D6 allele selection and base sequencing for identification was determined from
allele frequencies for a Caucasian population from the literature [18,42]. A Kompetitive Allele Specific
PCR genotyping system (KASP™) was used for DNA extraction and processing (competitive allele
specific polymerase chain reaction) for CYP2D6 alleles *1, *2, *3, *4, *5, *6, *9, *10, *41 and a Hybeacon
assay for CYP2D6 duplication.

The genetic data was received electronically on encrypted Excel spreadsheets from the
KBiosciences Laboratory and transcribed—including deletions, duplications, and multiple SNPs/allele
identification—into a study specific worksheet designed to facilitate the process of inferring phenotype
from genotype (by H.R.). Alleles were allocated a CYP2D6 activity score using a scoring method by
Gaedigk et al. (1999) [43]. Phenotype was inferred from the total sum of activity scores of both alleles
and duplications using classifications reported by Crews et al. [44]. Worksheets were quality checked
and countersigned (by K.H.S.) to ensure correct phenotype had been inferred from genotype.

Collection and Analysis of Urinary Codeine O-demethylation Metabolites

A urine sample was obtained for analysis of urinary codeine O-demethylation metabolites to
confirm that no codeine had been consumed during the analgesic washout phase (i.e., at baseline).
In addition, participants were instructed to collect a sample of urine in sterile a universal container
1–2 h after the morning dose of codeine on the last day of treatment to store the sample in a cool
location until they returned to clinic the following day for study visit three. This sample was used
to analyse urinary codeine O-demethylation metabolites when the participant was equilibrated with
codeine. Samples were stored in the pain clinic at −20 ◦C until transported in batches to laboratories
at Leeds Teaching Hospitals NHS Trust. All samples were stored frozen at −10 to −35 ◦C until
analysis. Total urine morphine and codeine were quantified using liquid chromatography tandem
mass spectroscopy (LC-MS/MS). Gradient reversed phase liquid chromatography was performed
using a Shimadzu Prominence HPLC system (Shimadzu, Tokyo, Japan) fitted with a Thermo Hy-Purity
C8 column (Thermo Fisher Scientific, Cheshire, UK). Drugs were detected using an ABSciex API
5000 tandem mass spectrometer (ABSciex, Warrington, UK). Quantitation was achieved using the
internal standard peak area ratio method. The assay was calibrated using reference materials and
deuterated internal standards purchased from LGC (Teddington, UK). All urine samples were treated
with β-glucuronidase to hydrolyse glucuronide compounds prior to analysis to ensure that total
morphine concentration was measured. The lower limit of morphine quantification was 50 μg/L. Lower
limit of morphine detection was 10 μg/L. Results below the limit of quantification were provided with
the understanding the degree of uncertainty would be high (CV >20%). Samples that contained an
amount of morphine greater than the top calibration standard (500 μg/L) were diluted with deionised
water and re-analysed. Urine creatinine was measured by either a Beckman LX20 automated analyser
(Beckmann, High Wycombe, UK) using an alkaline picrate method or a Siemens Advia automated
analyser (Siemens, Surrey, UK) using an enzymatic method. Morphine:creatinine ratios were calculated
(μg morphine per mmol creatinine) to correct for differences in urine concentration.

Codeine Treatment

Codeine Phosphate tablets (30 mg, manufactured by TEVA U.K. Ltd. (Manufacturers Authorisation:
PL0289/506IR), Phoenix Healthcare Distribution) were procured by the pharmacy department of Leeds
Teaching Hospitals NHS Trust and stored protected from light below 25 ◦C. Participants received
28 tablets of 30 mg codeine phosphate (blister pack) and were instructed to take one 30 mg tablet
orally every four hours to a maximum of four tablets in 24 h. This would guarantee that participants
had completed three consecutive days of full dosing to ensure the participant was equilibrated with
codeine when they provided their urine sample 1–2 h after the morning dose of codeine on the last day
of treatment. Eight extra tablets were provided in the blister pack in case of loss or delayed clinic visit.
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Participants were administered their first dose of 30 mg codeine with 200 mL of water in the clinic
(dosing day 0).

Collection and Analysis of Oral Fluid O-demethylation Codeine Metabolites

Participants provided an oral fluid sample in clinic two hours after their first dose of codeine using
an Intercept® collection pad (Orasure Tech Inc, Bethlehem, PA, USA). The collection pad was placed
between the lower cheek and gums and gently rubbed back and forth along the gum line until the pad
was moist. Once moist the collection pad was left in the mouth for 2 min and then removed and placed
into a specimen vial containing 15% methanol in 4 mL ammonium acetate. Oral fluid samples were
frozen and stored at −20 ◦C. Samples were transported in batches to laboratories at Leeds Teaching
Hospitals NHS Trust for analysis of free codeine, morphine, norcodeine, and glucuronides of morphine
and codeine. Analysis of oral fluid in the first 20 participants identified only one sample as positive
for codeine metabolites. Following discussions with the laboratory undertaking the analysis, it was
concluded this method was unsuitable to be used to infer CYP2D6 phenotype post codeine dosing.
No further analysis was conducted and oral fluid sampling was removed from the study design.

At the end of study visit two, participants were issued with a pain diary to complete each day
before retiring to bed. Participants were telephoned by the research nurse (S.R.) on the day before visit
three so that adverse events could be assessed and to remind participants to collect their urine sample
to bring to clinic.

2.3.3. Study Visit Three

During visit three, participants returned their pain diary and completed the BPI-sf and the Patient
Global Impression of Change in Health. The assessors (S.R. and H.R.) completed the Clinician Global
Impression of Change Scale after reviewing the participant’s pain diary and any adverse events
reported by the participant during the visit. The Patient Global Impression of Change questionnaire
reflects the patient’s belief about treatment efficacy by rating change as ‘very much improved’, ‘much
improved’, ‘minimally improved’, ‘no change’, ‘minimally worse’, ‘much worse’, or ‘very much worse’.

Participants were asked to return all unused study medication and empty blister packs for drug
accountability and controlled destruction. Participants recommenced their regular analgesia or were
prescribed codeine if their pain has been effectively controlled at the end of the study period. All study
participants were followed up by telephone seven days later to ascertain any late adverse events.

2.4. Withdrawal of Participants from Study

Participants could withdraw from study at any time and without reason. It was planned that
data would be collected up until the time of withdrawal and used for analysis with the consent of the
participant. The investigator could to withdraw participants from the study at any time due to adverse
events, violation of the study protocol, lack of efficacy, or loss to follow-up.

2.5. Pharmacovigilance and Reporting of Adverse Events

Adverse events were captured verbally through any contact with participants or in pain diaries.
Serious adverse events were events resulting in death, a life-threatening situation, hospitalisation,
or significant disability or incapacity. Adverse events were defined as any untoward medical occurrence
observed in a participant during or following administration of codeine that did not necessarily have a
causal relationship with treatment. Adverse events could include unfavourable and unintended signs
and symptoms including abnormal laboratory findings that may or may not have a causal relationship
with the use of codeine or paracetamol. Adverse events were recorded and assessed, and the clinical
course of the adverse event was followed until resolution, stabilisation, or until it was determined that
the study treatment or participation was not the cause. Adverse events were categorised according
whether they were (‘expected’) or were not (‘unexpected’) listed on the codeine phosphate 30 mg
“Summary of Product Characteristics” [45].
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2.6. Outcome Measures

The primary endpoint in this study was codeine non-response defined as a participant who had
<30% reduction in BPI-sf pain ‘on the average’ at the end of the course of codeine therapy. This was
measured as the difference between pain ‘on the average’ at pre-codeine baseline (study visit two)
and the mean of pain ‘on the average’ during codeine therapy (day 0 to day 4). Secondary endpoints
used in this study were CYP2D6 genotype, measurements of urinary codeine O-demethylation
metabolites, patient reported outcomes (BPI-sf, Patient Global Impression of Change to Health)
assessor determined outcomes (Clinician Global Impression of Change to Health) and frequency and
severity of adverse events.

2.7. Data Management and Analysis

The protocol of statistical analyses and calculation of sample size a priori were developed
with the biomedical statistical department from Napp Pharmaceuticals. The statistical protocol was
peer reviewed by the biomedical statistics department from the University of Leeds as part of the
Research Ethics Committee and Medicines and Healthcare Regulatory Agency approval process.
The development of the database and statistical analysis of recorded data reported was undertaken by
the principal investigator (H.R.). All statistical analyses were performed using IBM SPSS Statistics 21.

2.7.1. Sample Size Calculation

It was calculated that a sample size of 121 participants would give 90% power to detect a larger
proportion of codeine non-responders than the null hypothesis of 10%, assuming the true proportion is
20%, using a 5% significance level for a one-sided test. Therefore, a recruitment target of 150 was set
based on a drop-out rate of 20% to obtain 121 evaluable participants.

2.7.2. Statistical Analysis

The population for analysis was defined as (I) participants who attended the screening visit
(enrolled population) and (II) participants who had their codeine response determined and their
CYP2D6 phenotype inferred from genotype (intention-to-treat population).

2.7.3. Analysis of Primary Outcomes

The proportion of codeine non-responders (primary outcome) was calculated with 95% confidence
intervals using the exact binomial distribution. A logistic regression analysis was conducted
to predict codeine non-response (dependent variable, dichotomous data) from CYP2D6 activity
score (independent variable, ordinal data). Analysis of variance (ANOVA) was used to compare
log-transformed levels of urinary codeine O-demethylation metabolites between CYP2D6 phenotypes.
Logistic regression was used to predict analgesic response using log-transformed urinary total morphine
and morphine:creatinine ratio as covariates. A multivariate logistic regression model was developed
to predict analgesic response using activity score and log-transformed urinary total morphine and
morphine:creatinine ratio. The suitability of the model as predictor of analgesic response was assessed
using receiver operating characteristic (ROC) curves.

2.7.4. Analysis of Secondary Outcomes

A descriptive analysis of data from BPI-sf, S-LANSS and Global Impression of Change was
performed against codeine non-response and CYP2D6 phenotype. In this study, we used ‘pain on the
average’, ‘pain severity’, and ‘pain interference’ in our statistical analysis of BPI-sf outcomes. Concurrent
medication was analysed to determine if CYP2D6 substrates impacted on codeine response through
autophenocopying. The type and number of substrates was tabulated against CYP2D6 phenotype
and codeine response status and a logistic regression analysis used to determine whether CYP2D6
substrates predicted analgesic response. CYP2D6 substrate classification was determined through
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bioinformatics and cheminformatics databases for each drug identified [46,47]. Study medication
(codeine 30 mg QDS and paracetamol 1 g PRN) was excluded from the analysis.

3. Results

3.1. Characteristics of the Sample Population at Enrolment

A total of 131 participants (age range = 23–79 years, 79 females: 52 males) were enrolled into the
study (enrolled population, Figure 1). One male participant withdrew consent following visit one
without giving a reason. Three females withdrew from the study due to adverse events. One female
(NM phenotype, CYP2D6 activity score 2) withdrew due to moderate rash and difficulty in breathing but
also experienced multiple mild adverse events such as nausea, loss of appetite, diarrhoea, restlessness,
and disturbed sleep. The other females withdrew due to stomach cramps and disturbed sleep (NM
phenotype, CYP2D6 activity score 2) and excessive belching and increased acid reflux (PM phenotype,
CYP2D6 activity score 0). The CYP2D6 genotype of two females could not be determined and
they were unable to provide an additional DNA sample for analysis. Thus, 125 participants (age
range = 23–78 years, 74 females: 51 males) had their codeine response determined and their CYP2D6
phenotype inferred from genotype (Table 1).

Table 1. Characteristics of the study from the intention to treat analysis (n = 125) participants at
pre-codeine baseline day 0.

Variable
ITT Group

Male Female Total

Number (%) 51 (40.8%) 74 (59.2%) 125 (100%)

Age (minimum–maximum) 27–78 years 23–77 years 23–79 years

Age (Mean ± SD) 57.10 ± 12.33 55.64 ± 14.74 56.26 ± 13.71

Mean ± SD BPI-sf
Pain severity 5.73 ± 1.61 6.25 ± 1.82 6.09 ± 1.75
Pain interference 4.99 ± 2.68 5.05 ± 2.59 5.02 ± 2.51
Pain ‘on the average’ 5.46 ± 1.95 5.81 ± 2.21 6.31 ± 1.76

Tally (%) S-LANSS
≥12—Neuropathic pain 18/51 (35.30%) 35/74 (47.30%) 53/125 (42.74%)
<12—Nociceptive pain 33/51 (64.70%) 39/74 (52.71%) 71/125 (57.26%)

Medication at enrolment
Prescribed CYP2D6 analgesic prodrug 29/51(56.86%) 44/74(59.46%) 73/125(58.4%)

Tally (%) Phenotype
PM (Activity Score = 0.0) 4/51 (7.84%) 7/74 (9.49%) 11/125 (8.8%)
IM (Activity Score = 0.5) 5/51 (9.80%) 1/74 (1.35%) 6/125 (4.8%)
NM (Activity Score = 1.0–2.0)
• NM (Activity Score = 1.0) 12/51 (23.53%) 20/74 (27.03%) 32/125 (25.6%)

• NM (Activity Score = 1.5) 9/51 (17.65%) 9/74 (12.16%) 18/125 (14.4%)

• NM (Activity Score = 2.0) 20/51 (39.22%) 36/74 (48.65%) 56/125 (44.8%)
UM (>2.0) 1/51 (1.96%) 1/74 (1.35%) 2/125 (1.6%)

ITT, Intention to treat; SD, Standard Deviation; BPI-sf, Brief Pain Inventory short form; NRS, Numerical Rating
Scale; S-LANSS, Self-report version of the Leeds Assessment of Neuropathic Pain Scale; PM, Poor metaboliser; IM,
Intermediate metaboliser; NM, Normal metaboliser; UM, Ultra metaboliser.

3.2. Characteristics of Pain at Enrolment (n = 131)

Data collected for withdrawn participants were included in the analysis of the enrolled group
but not the analysis of the ITT group. The mean ± SD duration of pain was 127.51 ± 133.50 months
(Median: 73 months, range 9–636 months), with majority of participants diagnosed with low back
pain. At enrolment 55/131 (42%) participants had a S-LANSS score ≥12 suggesting a predominantly
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neuropathic pain state; 76/131 (58%) participants had a S-LANSS score <12 suggesting a predominantly
nociceptive pain state.

At enrolment, 125/131 (95%) participants were taking at least one analgesic and/or pain adjuvant
(either prescribed or over-the-counter). There were 36/131 (27%) participants taking one analgesic or
pain adjuvant, 33/131 (25%) taking two, 30/131 (23%) taking three, 21/131 (16%) taking four, 2/131 (2%)
taking five, and 3/131 (2%) taking six. There were 77/131 (59%) participants taking an analgesic
prodrug that was reliant on CYP2D6 activity to obtain analgesic efficacy, with co-codamol (codeine
and paracetamol combined, 31/131 (24%) participants) and tramadol (26/131 (20%)) being the most
commonly prescribed. Only two (1.5%) participants were prescribed more than one CYP2D6 prodrug
analgesics concurrently (codeine with tramadol, and co-codamol with tramadol). There were 91/131
(70%) participants that reported they had previously failed to respond to one or more CYP2D6 analgesic
prodrugs (50/131 (38%) and 46/131 (35%) respectively), with failure to respond to tramadol being
the most commonly reported. There were 14/131 (11%) participants that reported failure to respond
to both tramadol and co-codamol and 4/131 (3%) reporting failure to respond to tramadol, codeine,
and co-codamol.

 

Figure 1. Flow diagram of the progress of participants through phases of the study, adapted from
the Consolidated Standards of Reporting Trials (CONSORT) template [48]. PGIC, Patient Global
Impression of Change to Health; CGIC, Clinician Global Impression of Change to Health.

3.3. CYP2D6 Genotyping and Inferred Phenotype at Enrolment

Two of the 131 saliva samples collected for CYP2D6 genotyping were discarded because it was
not possible to confirm the CYP2D6 activity score. In one sample, it was not possible to classify the
CYP2D6 phenotype due to undetermined allele duplication indicating UM if present or NM if absent.
In the other sample, it was not possible to determine the presence of the reduced functional allele
*41. Phenotype was inferred from 129 of the 131 enrolled participants as follows: PM = 12/129 (9%),
IM = 6/129 (5%), NM = 109/129 (85%), and UM = 2/129 (2%). The proportion of these phenotypes was
within the range estimated in a general Caucasian population by Crews et al. [21]. The majority of the
NM phenotype group (59/129, 46%) possessed full CYP2D6 activity (activity score of 2.0), with 32/129
(25%) having an activity score of 1.0, and 18/129 (14%) having an activity score of 1.5. The most common
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diplotype was CYP2D6*1/*2 (NM activity score of 2), followed by the fully functional CYP2D6*1/*1
(NM activity score of 2), CYP2D6*1/*4 (NM activity score of 1) and CYP2D6*4xN/*4 (PM activity
score of 0).

A risk of suboptimal response to codeine is likely for PM, IM, or UM phenotypes. The number of
participants from the enrolled sample that were taking prodrugs reliant on CYP2D6 activity were 10/12
(83%) PMs, 4/6 (67%) IMs, and 1/2 (50%) UMs. The number of participants from the enrolled sample
that reported they had failed to respond to prodrug analgesic medication in the past were 9/10 (90%)
PMs, 3/6 (50%) IMs, and 1/2 (50%) UMs.

3.4. Analysis of CYP2D6 Phenotype and Analgesic Response to Codeine

There were statistically significant reductions in ‘pain severity’, ‘pain interference’, and ‘pain on
the average’, between pre-codeine baseline and the end of codeine treatment when measured as the
difference between pain ‘on the average’ at pre-codeine baseline (study visit two) and the mean of pain
‘on the average’ during codeine therapy (i.e., day 0 to day 4, Table 2). However, responder analysis
revealed that 99/125 (79%) participants that did not achieve a clinically meaningful reduction of pain of
≥30% from baseline and these participants were categorised as codeine non-responders (41/51 (80%)
males, 58/74 (78%) females).

Table 2. Mean ± SD BPI-sf scores in the ITT population (n = 125).

BPI-sf
Visit 1

Pre-Analgesic
Washout

Visit 2
Pre-Codeine

Baseline Day 0

End of
Dosing Day

(Day 0)

End of
Day 1

End of
Day 2

End of
Day 3

End of
Day 4

Mean Day
0–4

Pain
severity

(composite)
6.31 ± 1.76 6.09 ± 1.75 5.93 ± 1.99 5.67 ± 2.27 5.54 ± 2.28 5.57 ± 2.40 5.62 ± 2.45 5.67±2.17 *

Pain
interference
(composite)

5.02 ± 2.51 6.14 ± 2.11 5.31 ± 2.40 5.09 ± 2.58 4.90 ± 2.59 4.91 ± 2.66 4.91 ± 2.73 5.02 ± 2.51 *

Pain ‘on the
average’ 6.09 ± 1.75 6.31 ± 1.76 6.00 ± 1.94 5.68 ± 2.28 5.55 ± 2.24 5.51 ± 2.37 5.57 ± 2.35 5.66 ± 2.11 *

The pain severity score was calculated as the mean of NRS scores for ‘worst’, ‘least’, ‘average’ and ‘right now’ pain.
The pain interference score was calculated as the mean of seven items of pain interference. * p < 0.05 indicating
statistical significance between mean day 0–4 and pre-codeine. SD, Standard Deviation; BPI-sf, Brief Pain Inventory
short form; ITT, Intention to treat; NRS, Numerical Rating Scale.

There were 53/125 (42%) participants with a S-LANSS score ≥12 suggesting a predominantly
neuropathic pain state; 72/125 (58%) participants had a S-LANSS score <12 suggesting a predominantly
nociceptive pain state. There were 26/124 (21.0%) participants categorised as codeine responders
(i.e., ≥30% reduction of pain) of which 10/26 (39%) had an S-LANSS score <12. Thus, 43/98 (44%)
of participants with an S-LANSS score <12 did not respond to codeine. There were no significant
differences in the frequency of response between participants categorised as having predominantly
neuropathic or nociceptive pain states (z = 0.496, p = 0.62, odds ratio = 1.25 (95% CI: 0.52, 3.03)).

All PMs, IMs, and UMs were categorised as codeine non-responders (19 of 125 (15%) participants)
and were negatively binomial distributed suggesting that these phenotypes would not respond to
codeine in the general population (Table 3). There were 106/125 (83%) participants categorised as NMs.
There were 80/106 NMs (76%) categorised as codeine non-responders. Of these, 39/56 (70%) NMs with
activity scores of 2 (two fully functional alleles) were categorised as codeine non-responders, 14/18
(78%) with activity scores of 1.5 were categorised as codeine non-responders and 27/32 (84%) with
activity scores of 1 were categorised as codeine non-responders.

The logistic regression analysis found that CYP2D6 activity score made a significant contribution
to the prediction of codeine response (Beta = 0.963, Wald = 5.67 p = 0.017). The model Chi-square
indicated that CYP2D6 activity score affected codeine response (Chi-sq = 6.78, df = 1, p = 0.009).
The odds ratio (95% confidence interval) was 2.62 (1.186–5.790) suggesting that individuals with a high
CYP2D6 activity score were 2.62 times more likely to respond to codeine than individuals with a low
CYP2D6 activity score.
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Table 3. Urinary codeine O-demethylation metabolites according to CYP2D6 activity score (AS) and
codeine response.

Sample
PM

(AS 0.0)
IM

(AS 0.5)
NM

(AS 1.0–2.0)
NM

(AS 1.0)
NM

(AS 1.5)
NM

(AS 2.0)
UM

(>2.0)

Total number
(% non-response
within phenotype)

11
(100%)

6
(100%)

96
(83.33%)

32
(84.38%)

18
(77.78%)

56
(69.64%)

2
(100%)

Codeine Responders 0 0 26 5 4 17 0

Codeine
non-responders 11 6 80 27 14 39 2

Mean ± SD total
morphine (μg/L)

Codeine responders
no

responders
identified

no
responders
identified

2902.65 ±
2504.43

1754.6 ±
1661.56

2523.75 ±
1634.72

3329.47 ±
2822.71

no
responders
identified

Codeine
non-responders # 44.18 ± 39.66 415.16 ±

317.83
2419.77 ±
2106.61

1444.65 ±
1342.90

2925.43 ±
2410.52

2846.08 ±
2226.72

5330.00 ±
3464.82

Mean ± SD
morphine:creatinine
ratio (μg/L)

Codeine responders
no

responders
identified

no
responders
identified

420.04 ±
346.91

271.80 ±
228.06

347.00 ±
243.93

480.82 ±
389.56

no
responders
identified

Codeine
non-responders # 6.91 ± 4.46 35.83 ± 7.14 311.94 ±

231.47
197.96 ±
150.23

307.00 ±
177.35

389.69 ±
263.18 646.50 ± 12.02

# one sample missing from NM (AS 1.0), n = 26 not 27. SD, Standard Deviation; PM, Poor metaboliser; IM,
Intermediate metaboliser; NM, Normal metaboliser; UM, Ultra metaboliser.

3.5. CYP2D6 Phenotype and Global Impression of Change

Analysis of the Patient Global Impression of Change to Health found that 20/26 (77%) participants
who obtained an analgesic response to codeine reported improvement on the global impression of
change questionnaire and 70/99 (71%) participants who did not obtain an analgesic response to codeine
reported improvement on the global impression of change questionnaire. All PMs, IMs, and UMs failed
to obtain an analgesic response yet 9/11 (82%) PMs reported improvement, 2/6 (33%) IMs reported
improvement and 1/2 (50%) UMs reported improvement. Of the NMs who did not obtain an analgesic
response 58/80 (73%) reported improvement compared with 20/26 (77%) of participants who did obtain
an analgesic response. The Clinician Global Impression of Change to Health was compared with
the self-reported Patient Global Impression of Change to Health for accuracy and was successfully
matched in 72% of the participants.

3.6. Analysis of Adverse Events

There were no reported serious adverse events during the course of the study. The most
common ‘expected’ adverse events were headache (46/125 (37%) participants), nausea (41/125 (33%)
participants), and constipation (37/125 (30%) participants), with the majority of ‘expected’ adverse
events reported by codeine non-responders. The most common ‘unexpected’ adverse events were
diarrhoea (13/125 (10%) participants), stomach cramps (11/125 (9%) participants), and flu-like symptoms
(11/125 participants (8%)), with a majority of ‘unexpected’ adverse events reported by codeine
non-responders. Separate logistic regression analyses of each of these adverse events (i.e. headache,
constipation, dry mouth, nausea, and drowsiness) with CYP2D6 activity score and responder status
were not statistically significant.

3.7. Analysis of CYP2D6 Autophenocopying

Concurrent medication was analysed to determine if CYP2D6 substrates impacted on codeine
response through autophenocopying. There were 41/125 (33%) participants not taking CYP2D6
substrates, 47 (38%) taking one CYP2D6 substrate, 23 (18%) taking two CYP2D6 substrates, 10 (8%)
taking three CYP2D6 substrates, and 4 (3%) taking four CYP2D6 substrates. Logistic regression analysis
found that the number of concurrent CYP2D6 substrates and log urinary transformed total morphine
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did not make a significant contribution to the prediction of codeine response (number CYP2D6
substrates Beta = 0.08, Wald = 0.16, p = 0.69; urinary transformed total morphine Beta = 0.000155,
Wald = 2.829208, p = 0.09).

3.8. Analysis of Urinary Codeine O-demethylation Metabolites

Urine samples were collected before the first dose of codeine on study visit two (pre-codeine
baseline day 0) and after the first dose of codeine on day 4. The sample of one participant was discarded
due to leakage in transit from the clinic to the laboratory. Thus, 124 samples were analysed for codeine
O-demethylation metabolites (Table 3). Day 4 data for each participant categorised as responder or
non-responder for each CYP2D6 phenotype/activity are shown in Figures 2–5.

Data for urinary total morphine were log transformed using a base −10 logarithm to reduce skew.
One urine sample from day 4 of a participant categorised as a PM was negative for urinary total morphine
metabolites (<50 μg/L) and was not included in the log transformed calculation. Log transformed data
was categorised according to CYP2D6 phenotype and analgesic response. There were no significant
effects of responder status in the different categories of activity score for NM phenotypes (activity
score = 1, F(1,29) = 0.12, p = 0.73: activity score = 1.5, F(1,16) = 0.59, p = 0.45: activity score = 2,
F(1,54) = 6.64E-10, p = 1.0). There were similar findings for morphine:creatinine ratio calculated to correct
for levels of hydration. One-way ANOVA on log transformed morphine:creatinine ratio found significant
effects between CYP2D6 activity scores (F(5,117) = 38.43, p < 0.001). There were no significant effects
of responder status in the different categories of activity score for NM phenotypes (activity score = 1,
F(1,28)= 0.03, p= 0.87: activity score= 1.5, F(1,16)= 0.24, p= 0.63: activity score= 2, F(1,54)= 0.43, p= 0.51).
Logistic regression analysis found that log transformed total morphine and morphine:creatinine ratio did
not make a significant contribution to the prediction of codeine response (total morphine Beta = −0.54,
Wald = 0.415, p = 0.52; morphine:creatinine ratio Beta = 1.50, Wald = 2.60, p = 0.11).

 

Figure 2. Individual value plot of day 4 urinary total morphine metabolites for each CYP2D6
phenotype/activity score of participants defined as codeine non-responders (<30% reduction in mean
day 0–day 4 ‘average pain’ 0–10 numerical rating scale (NRS) score when compared to baseline). AS,
Activity Score; PM, Poor metaboliser; IM, Intermediate metaboliser; NM, Normal metaboliser; UM,
Ultra metaboliser.
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Figure 3. Individual value plot of day 4 urinary total morphine metabolites for each CYP2D6
phenotype/activity score of participants defined as codeine responders (≥30% reduction in mean day
0–day 4 ‘average pain’ 0–10 numerical rating scale (NRS) score when compared to baseline). AS, Activity
Score; NM, Normal metaboliser.

 

Figure 4. Individual value plot of day 4 urinary morphine:creatinine ratio for each CYP2D6
phenotype/activity score of participants defined as codeine non-responders (<30% reduction in
mean day 0–day 4 ‘average pain’ 0–10 numerical rating scale (NRS) score when compared to baseline).
AS, Activity Score; PM, Poor metaboliser; IM, Intermediate metaboliser; NM, Normal metaboliser; UM,
Ultra metaboliser.
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Figure 5. Individual value plot of day 4 urinary morphine:creatinine ratio for each CYP2D6
phenotype/activity score of participants defined as codeine responders (≥30% reduction in mean
day 0–day 4 ‘average pain’ 0–10 numerical rating scale (NRS) score when compared to baseline). AS,
Activity Score; NM, Normal metaboliser.

3.9. Predicting Analgesic Response from Codeine Urinary Metabolites

We devised a simple scoring system in an attempt to predict analgesic response to codeine
(≥30% relief) for urinary total morphine ranges and morphine:creatinine ratio for different CYP2D6
activity scores based on detected urinary metabolite (Table 4) whereby;

• 0 points = Unlikely to respond to codeine (activity score = 0 (PM) and activity score = 0.5
(IM), expected urinary total morphine <500 μg/L, expected urinary morphine:creatinine
ratio = 0–100 μg/mmol);

• 1 point = Uncertain whether will respond to codeine (activity score = 1.0 (NM), expected urinary
total morphine = 500–1499 μg/L, expected urinary morphine:creatinine ratio = 101–250 μg/mmol)

• 2 points = Likely to respond to codeine (activity score = 1.5 or 2.0 (NM), expected urinary total
morphine = 1500–7500 μg/L, expected urinary morphine:creatinine ratio = 251–1000 μg/mmol)

• 3 points=Uncertain whether will respond to codeine and potential for adverse events (activity score
>2.0 (UM), expected urinary total morphine >7500 μg/L, expected urinary morphine:creatinine
ratio >1000 μg/mmol).

A multivariate logistic regression analysis was used to determine whether log-transformed mean
urinary total morphine for day 4 could predict analgesic response and a ROC curve used to assess the
suitability of the model. The test of the full model against a constant only model was significant at
p < 0.05 for predicting codeine responder status using urinary total morphine for day 4 (Beta = 2.64,
Wald = 35.46, p < 0.001). The model chi-square goodness of fit was significant (chi-sq. = 43.47, df
= 1, p < 0.001). Overall prediction success was 79% with an 82% prediction success for expected
codeine non-response and 75% prediction success for expected codeine response, with a sensitivity 0.8,
specificity 0.78. Mean urinary morphine:creatinine ratio for day 4 the test of the full model against a
constant only model was significant at p < 0.05 for predicting codeine responder status (Beta = 2.77,
Wald = 34.42, p < 0.001). The model chi-square goodness of fit was significant (chi-sq. = 44.46, df = 1,
p < 0.001). Overall prediction success was 79% with an 88% prediction success for expected codeine
non-response and 68% prediction success for expected codeine response, with a sensitivity of 0.76, and
specificity of 0.83.
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3.10. Predicting CYP2D6 Activity Score from Codeine Urinary Metabolites

We devised a simple scoring system in an attempt to predict CYP2D6 activity score from urinary
total morphine and morphine:creatinine ratio based on detected urinary metabolite (Table 5) whereby;

• 0 points = activity score = 0 (PM), expected urinary total morphine = 0–150 μg/L, expected urinary
morphine:creatinine ratio ≤20 μg/mmol);

• 0.5 points = activity score = 0.5 (IM), expected urinary total morphine 151–500 μg/L, expected
urinary morphine:creatinine ratio = 21–100 μg/mmol);

• 1 point = activity score = 1.0 (NM), expected urinary total morphine = 501–2000 μg/L, expected
urinary morphine:creatinine ratio = 101–300 μg/mmol)

• 1.5 points = activity score = 1.5 (NM), expected urinary total morphine = 2001–3000 μg/L, expected
urinary morphine:creatinine ratio = 301–375 μg/mmol)

• 2.0 points = activity score = 2.0 (NM), expected urinary total morphine = 3001–7500 μg/L, expected
urinary morphine:creatinine ratio = 376–600 μg/mmol)

• 3.0 points = activity score >2.0 (UM), expected urinary total morphine >7501 μg/L, expected
urinary morphine:creatinine ratio >601 μg/mmol).

Table 5. Points system for predicting for predicting CYP2D6 activity score from day 4 urinary
total morphine metabolites (μg/L) and morphine:creatinine ratio (μg/mmol) based on detected
urinary metabolite.

CYP2D6
Activity Score

(AS)

CYP2D6
Phenotype

Codeine
Non-Responder

Codeine
Responder

Suggested Range for
Predicting CYP2D6

Activity Score
Points Rationale

Mean total
morphine

(μg/L)

Mean total
morphine

(μg/L)

Mean total morphine
(μg/L)

0 PM 44.2 no responders
identified 0–150 0

<300 μg/L is a negative
cut off point in codeine

drug screens [49]

0.5 IM 415.2 no responders
identified 151–500 0.5

Severely reduced
function and comparable

to PMs [50]

1 NM 1444.7 1754.6 501–2000 1

Expected to respond to
codeine

1.5 NM 2925.4 2523 2001–3000 1.5

2 NM 2846.1 3329.5 3001–7500 2

3 UM 5330 no responders
identified >7501 3 Potential for ADRs

Mean morphine:
creatinine ratio

(μg/L)

Mean morphine:
creatinine ratio

(μg/L)

Morphine: creatinine
ratio (μg/L)

0 PM 6.91 no responders
identified ≤20 0

<300 μg/L is classed as a
negative cut off point in

codeine drug screens [49]

0.5 IM 35.83 no responders
identified 21–100 0.5

Severely reduced
function and comparable

to PMs [50]

1 NM 197.96 271.8 101–300 1 Expected to respond to
codeine

1.5 NM 307 347 301–375 1.5

2 NM 389.69 480.82 376–600 2

3 UM 646.5 no responders
identified >601 3 Potential for ADRs

PM, Poor metaboliser; IM, Intermediate metaboliser; NM, Normal metaboliser; UM, Ultra metaboliser; AS, Activity
score; ADR, Adverse drug reaction.

A multivariate logistic regression analysis was used to determine whether log-transformed urinary
total morphine could predict CYP2D6 activity score and a ROC curve used to assess the suitability of
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the model. Urinary total morphine and urinary Morphine:Creatinine ratio at day 4 did not make a
significant contribution to the prediction of CYP2D6 activity score.

4. Discussion

This study found that 79% of participants did not achieve a clinically significant reduction of
pain of ≥30% four days after commencement of codeine 30 mg QDS. The proportion of phenotypes
in the sample were within the range estimated for adult Caucasians [21], with 46% of NMs having a
CYP2D6 activity score of 2.0 reflecting full CYP2D6 activity. None of the PMs, IMs, and UMs, and
only 24.5% of NMs responded to codeine. CYP2D6 activity score made a significant contribution to
the prediction of codeine response with high CYP2D6 activity scores being 2.62 times more likely to
respond than low CYP2D6 activity scores. The number of concurrent CYP2D6 substrates and urinary
morphine did not make a significant contribution to the prediction of codeine response. We devised a
simple scoring system to predict analgesic response (≥30% relief) from day four urinary metabolites
and found that this had overall prediction success of 79% (sensitivity 0.8, specificity 0.78) for morphine
and 79% (sensitivity 0.76, specificity 0.83) for morphine:creatinine ratio.

At enrolment, 59% of our sample had been prescribed analgesics dependent on CYP2D6 activity
such as co-codamol and tramadol, a similar percentage to a recent service improvement project that
reviewed prescribing information provided by general practitioners (GP) for new referrals to a UK
National Health Service hospital pain clinic [37]. Prescribers are advised to review medication within
2–4 weeks after titration to identify patients that are unlikely to respond [51], although in our sample
70% of participants reported that they had previously failed to respond to one or more CYP2D6
analgesics despite still consuming such medication. Our study found no differences in the number
of adverse events (mostly headache, dry mouth, nausea, drowsiness, and constipation) between
phenotype and/or activity score. Literature on the incidence of adverse events associated with different
phenotypes is sparse and contradictory [52–55].

In our responder analysis, 79% participants did not achieve a clinically meaningful reduction of pain
of ≥30% to codeine 30 mg QDS, based on the cut-point for response consistent with current guidelines
from Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) [56,57].
Analysis of pre-post change in mean ‘pain severity’, ‘pain interference’, and ‘pain on the average’
of the BPI-sf found statistically significant improvements, although the use of mean data can be
misleading because between-group averages may hide proportions of participants that may have
responded very well, or extremely poorly to the drug [58]. This is supported by evidence from studies
of pharmacological interventions that have found that pain outcomes have U-shaped distributions with
some participants experiencing substantial reductions in pain and some minimal improvement [59–62].
We found that 43% (42/97) of non-responders scored ≥12 on S-LANSS in line with evidence suggesting
that neuropathic pain is less likely to respond to codeine than predominantly nociceptive or mixed
pain [63]. None of the PMs, IMs, or UMs responded to codeine 30mg QDS [15,17,23], although we
recognise that groups samples were small with only two UMs. If the parent drug (codeine and
tramadol) must be biotransformed to an active metabolite for therapeutic effect, then UM phenotypes
are at risk of experiencing adverse drug reactions from high levels of the active metabolite, with IM and
PM phenotypes experiencing no therapeutic effects [15,17,23]. Evidence suggests that UM phenotypes
suffer lack of efficacy due to rapid metabolism whereas PM phenotypes suffer from complications from
higher than desired plasma concentrations of the drug [64,65]. Ultra-rapid formation of morphine
would only short-term analgesia that is not maintained for 4–6 h and would pose a risk of toxicity in
UMs [23]. Therefore, codeine is not an appropriate drug for long term analgesia for persistent pain.

It is also possible that a disproportionately high number of treatment resistant participants in
the sample was a consequence of polypharmacy. Participants were allowed to maintain concurrent
prescribed medication during the study period providing medication was not a CYP2D6 inhibitor
(excluding oral contraceptives) to prevent phenocopying through enzyme inhibition. However, five
participants were taking CYP2D6 inhibitors with up to a 50% reduction in enzyme activity and all were
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NMs and codeine non-responders. Three of these participants (activity score = 2) were prescribed
oral contraceptives, one (activity score = 2) was prescribed diltiazem (weak inhibitor, [27]), and one
(activity score = 1) was self-administrating over-the-counter diphenhydramine (Benadryl®, moderate
inhibitor [29]). It is likely that CYP2D6 phenocopying occurred in these participants resulting in NMs
with CYP2D6 activity scores of 2 presenting as activity scores of 1, and those with activity scores of 1
presenting with activity scores of 0.5 (i.e., as IMs). In addition, three NMs were taking strong CYP2D6
inhibitors (paroxetine or fluoxetine) of which two (activity score = 1.5 and activity score = 2) were
codeine non-responders. These individuals down-titrated these CYP2D6 inhibitors so that they had
ceased taking the drug three days before the baseline visit, although it is possible that this wash out
period was insufficient for systemic clearance of these drugs and their metabolites.

There is debate about the combination of CYP2D6 alleles and level of CYP2D6 activity that
constitutes the IM phenotype. We used an activity score of 0.5 to infer IM phenotype in-line with
Clinical Pharmacogenetics Implementation Consortium guidelines (1 non-functional allele + 1 reduced
function allele: activity score = 0.5). The Dutch Pharmacogenetics Working Group recommend that IM
phenotype is inferred from an activity score of 0.5 or an activity score of 1 (fully functional allele +
non-functional allele or homozygous partially functional alleles) because of reduced enzyme function
compared with NM phenotypes with activity scores of 1.5 or 2 [30,31]. Commercially available CYP2D6
microarrays such as the Amplichip® infer IM phenotype from activity scores of 0.5 or 1 (homozygous
partially functional alleles) because of reduced enzyme function compared with NM phenotypes with
activity scores of 1, 1.5, or 2 [66–69]. If we had categorised IM using an activity score of 0.5–1.0 instead
of 0.5 then we would have observed codeine response in 13% participants rather than 0%. If NM
was categorised using an activity score of 1.5–2.0 we would have observed a codeine response in 28%
of participants rather than 24.5% of participants when categorised using activity scores 1.0–2.0. It is
reasonable from these findings to suggest that a CYP2D6 activity score of 1.0 should not be categorised
as an NM phenotype because codeine response was only achieved in a minority of participants.
However, an activity score of 1.0 should not be categorised IM because of increased CYP2D6 enzyme
activity and the possibility of responding to codeine compared with individuals with an activity score
of 0.5 who will not respond to codeine. Perhaps a new phenotype classification of moderate metaboliser
(MM) may be a more accurate description for an activity score of 1.0. The MM phenotype classification
would represent increased enzyme activity compared with the IM phenotype and reduced enzyme
activity compared with the NM phenotype.

One should be cautious when extrapolating our findings to the general pain population. The main
limitations of the study were the low sample of PM, IM, and UM participants and the poor analgesic
response rates in all groups. This impacts on the reliability of the predictive model. It was not possible
to enrich the cohort through additional recruitment in the present study, so we recommend that the
validity of our scoring system and predictive model is evaluated in a multi-centre study with larger
samples. The poor response rate is likely to be due to the fact that participants had been referred to a
specialist pain clinic because they were treatment resistant. Eighty individuals were excluded from
participation because they had previously experienced intolerable side effects to morphine, codeine,
co-codamol, or tramadol. Also, individuals may have declined to participate in the study because of
intolerable side effects to codeine in the past. We suspect that these exclusions would be UMs, IMs,
and PMs biasing our sample toward individuals with NM and MM phenotypes.

It was assumed that the duration of the wash-out period was sufficient to reduce potential
drug interactions with CYP2D6 inhibitors. Five participants continued to take CYP2D6 inhibitors
during codeine treatment and this may have reduced their responsiveness to codeine and affected
urinary measurements of codeine metabolites. Medication compliance was monitored by diary entries
and by counting returned medication/blister packaging at clinic visits and found to be 75–100%,
with 82% of the participants categorised as fully compliant. Nevertheless, it is possible that some
participants supplemented study medication with over-the-counter codeine at home that is likely to
elevate concentrations of codeine metabolites. Likewise, failure to collect urine samples at the time
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specified by the investigators (i.e., one to two hours after the morning codeine dose) would result in
lower than expected concentrations of codeine metabolites. A written reminder to the participant to
collect the day 4 urine sample was printed on the day 3 pain diary.

Another confounder was the selection of CYP2D6 alleles for the customised genotyping microarray
as participants may have CYP2D6 polymorphisms not included in the microarray or that are yet
to be discovered. In these individuals, the allele *1 (no polymorphisms detected) would have been
allocated indicating a fully functional allele. As scientific advancements in genotyping methodology
and knowledge about CYP2D6 polymorphisms are ongoing, it is recommended that investigators
consult the Human CYP2D6 Allele Nomenclature for an up to date overview of CYP2D6 alleles when
customising CYP2D6 microarrays [18].

5. Conclusions

This study provides tentative evidence that day 4 urinary codeine O-demethylation metabolites
could predict non-response following a short course of codeine and could be utilised in the clinical
assessment of codeine response at the point of care to improve analgesic efficacy and safety in
codeine therapy. We offer a scoring system to predict codeine response from urinary morphine and
urinary morphine:creatinine ratio collected on the morning of day 4 of codeine 30 mg QDS but this
requires validation before it could be considered for use to assess codeine response in clinical practice.
Translating CYP2D6 genotyping and/or phenotyping to clinical reality remains problematic. Whether
a urine test on day 4 has clinical utility is questionable as the response at this time-point is detectable
by patient self-report. Clearly, a pre-emptive urine test is desirable. Moreover, urinary concentrations
of morphine may be more useful than genotype when inferring phenotype in clinical practice. There
remains a need for higher standard pharmacogenomic education especially on CYP2D6 and pain
management in undergraduate and post-graduate education that is relevant to clinical practice for
all disciplines.

An adequately sized multi-centre study conducted in a primary care setting using samples from
the general population that includes CYP2D6 genotyping is needed to confirm our findings. Future
pharmacogenomic studies using codeine in persistent pain patient populations could offer genotyping
to participants who have declined to take part because of codeine intolerability. This would enable a
full analysis of the frequencies of CYP2D6 phenotypes. There is also a need for a multi-centre study
to validate the concentration range of codeine O-demethylation metabolites against activity scores.
We recommended that participants with a non-functional allele + fully functional allele (activity score
= 1) are analysed separately to those with homozygous partially functional alleles (activity score = 1)
to determine whether there is a difference between the metabolic capabilities of these individuals.
This would aid development of an accurate method to infer CYP2D6 phenotype in a clinical setting.
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Abstract: Background and Objectives: Pain is one of the most common symptoms that weighs on life’s
quality and health expenditure. In a reality where increasingly personalized therapies are needed,
the early use of genetic tests that highlights the individual response to analgesic drugs could be
a valuable help in clinical practice. The aim of this preliminary study is to observe if the therapy
set to 5 patients suffering of chronic or acute pain is concordant to the Pharmacogenetic test (PGT)
results. Materials and Methods: This preliminary study compares the genetic results of pharmacological
effectiveness and tolerability analyzed by the genetic test Neurofarmagen Analgesia®, with the results
obtained in clinical practice of 5 patients suffering from acute and chronic pain. Results: Regarding the
genetic results of the 5 samples analyzed, 2 reports were found to be completely comparable with the
evidences of the clinical practice, while in 3 reports the profile of tolerability and effectiveness were
partially discordant. Conclusion: In light of the data not completely overlapping with results observed
in clinical practice, further studies would be appropriate in order to acquire more information on the
use of Neurofarmagen in routine clinical settings.

Keywords: pain; analgesic; pharmacogenetic testing; pharmacological therapy; effectiveness;
adverse effects

1. Introduction

Pain is the most common factor motivating healthcare use, as well as one of the main health
care system spending factors. In particular, chronic pain is such a diffuse and disabling condition
that it is considered a syndrome and not merely a symptom [1,2]. Individual sensitivity and pain
perception, as well as antalgic treatment response, are influenced by numerous factors such as
duration, cultural difference, weight, age, co-morbidity, concomitant therapies, psychological factors,
and genetic predisposition [3–5]. Pain, especially chronic pain, includes a wide range of treatments
ranging from anti-inflammatory and simple analgesics to major opioids, cannabinoids, antidepressants,
antipsychotics, local anesthetics, and ketamine [6–9]. Moreover, the method of pain assessment
influences acute pain diagnosis which may lead to further chronicity of underdiagnosed pain. One of
the potential reasons for variability in observed clinical response to pain may be related to the method
of assessment and intensity measurement for different patient populations. For example, inadequate
pain evaluation may be seen in postoperative patients (assessment of pain at rest, as opposed to
pain after movement) [10] and in critically ill or non-verbal patients (inadequate use of behavioral
pain scales) [11].
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In recent years an increased interest in the genetic and epigenetic correlates of pain was observed
both for the genetic origin of pain’s sensitivity threshold, and for the individual response to analgesic
treatments [12,13]. A better understanding of individual sensitivity to drugs would allow a more
patient-targeted approach with consequent reduction of the antalgic response time, reduction of failed
treatment attempts, a remarkable reduction of healthcare costs, and therefore a more rapid improvement
in quality of life [14]. Some individuals may be less responsive to therapeutic pharmacological analgesic
treatments, while others may be unresponsive or exhibit adverse events. Consequently, the knowledge
of individual responsiveness to antalgic drugs, besides allowing one to reach the predetermined
therapeutic objective more quickly, may also reduce adverse effects [13]. The main genetic modifications
implicated in different pain responses to analgesics seem to be related to drug metabolism. Genes
coding for enzymes, many of which belong to the family of cytochrome P-450 with its multiple
isoforms (CYP2D6, CYP2C9, CYP2C8, COMT, OPRM1) often present individual variability due to
single nucleotide polymorphisms (SNPs), as confirmed by the literature [15]. The CYP2D6 gene,
located on chromosome 22 and coding for a member of the cytochrome P450 enzyme superfamily
(cytochrome P450, family 2, subfamily D, polypeptide 6), is responsible for the metabolism of about
25% of the drugs currently used in clinical practice. CYP2D6 is highly relevant to the metabolism of
minor and major opioids [16] and for several antidepressant drugs. Several variants cause a loss of
CYP2D6 function, and the homozygous subjects for these variants are called “slow metabolizers” (SM);
they present, for the same dose of drug, higher plasma levels than normal [17]. The CYP2C9 gene
is located on chromosome 10 that codes for a member of the cytochrome P450 enzyme superfamily
(cytochrome P450, family 2, subfamily C, polypeptide 9). CYP2C9 is responsible for the metabolism of
15% of commercially available drugs. Several non-steroidal anti-inflammatory drugs (NSAIDs) are
metabolized by CYP2C9 and, in some cases, the deficiency of this enzyme has been associated with
an increased risk of gastrointestinal hemorrhage in patients treated with NSAIDs [18]. The CYP2C8
gene is located on chromosome 10, which codes for a member of the cytochrome P450 enzyme
superfamily (cytochrome P450, family 2, subfamily C, polypeptide 8). Together with other enzymes,
such as CYP2C9, CYP2C8 intervenes in the metabolism of NSAIDs, including ibuprofen and diclofenac.
The gene has a variant that has been associated with a reduction in drug clearance and an increased
risk of gastrointestinal hemorrhage. The COMT gene is located on chromosome 22 that encodes
the catechol-O-methyltransferase enzyme, whose function is the degradation of the dopamine and
norepinephrine catecholamines and the consequent modulation of the levels of these neurotransmitters
in inter-synaptic space. Various polymorphisms with influence on COMT activity are known;
for example, the Val158Met polymorphism has been associated with the μ opioid system response
and the efficacy of morphine treatment both on acute and chronic pain [19]. The OPRM1 gene
is located on chromosome 6 that encodes for μ1, the main opioid receptor target of endogenous
opioid peptides (such as β-endorphin and enkephalins) and opioid analgesics (such as morphine).
Several studies indicate that post-operative and oncological patients who carry at least one copy of
the G allele of the gene have a lower pain threshold and experience an increase in opioid use [20].
Moreover, this polymorphism has also been associated with the susceptibility to opioid and alcohol
dependence [14]. In most cases the therapeutic choices of clinicians regarding analgesic drugs are
empirical, and the different individual response may represent a further step to overcome in order to
obtain an adequate analgesic response. Several attempts are in fact often necessary before obtaining
adequate analgesia. This leads to longer response times, greater patient distress and higher healthcare
costs [21]. The rationale for this study is based on the possible clinical utility of early identification of
genetic polymorphisms responsible for the different individual responses of analgesic drugs.

The aim of this preliminary study is to observe if the therapy set to 5 patients suffering of chronic
or acute pain is concordant to the pharmacogenetic test (PGT) results.
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2. Materials and Methods

2.1. Sample

This naturalistic study had foreseen a preliminary assessment of 5 patients affected by acute
and chronic pain referring to Gaetano Pini Orthopedic Institute. Patients had to fulfill the following
inclusion criteria: to be older than 18 years; to suffer from acute or chronic pain; to subscribe a generic
written informed consent.

Patients were evaluated during an outpatient visit at the Gaetano Pini Institute. All patients were
already taking pain medication at the time of assessment. The genetic test was performed by two
investigators who did not know the clinical response at the therapy, while clinicians were not aware of
the test results, carried out subsequently.

All patients provided a general written informed consent for processing personal data as part of
the routine diagnostic assessment procedure and quality check processes. Assessment tools and scales
were administered by clinicians at the patient’s facilities, as part of clinical routine practice. As patient
data was made anonymous, obscuring sensitive information used in the research to protect the
recognizability of the patients, according to the Italian legislation (D.L. 196/2003, art. 110 - 24 July 2008,
art. 13), the Provincial Health Ethical Review Board, consulted prior to the beginning of the study,
confirmed that it did not need authorization from the Board. The study was carried out in accordance
with the ethical principles of Declaration of Helsinki (with amendments) and Good Clinical Practice.

2.2. Genetic Analysis

The genetic analysis was performed by the Neurofarmagen Analgesia® kit. This test scans
the genetic polymorphisms linked to the pharmacokinetics of analgesic drugs belonging to the
NSAIDs, opioids, antidepressants, antiepileptic, triptans, 5HT-3 receptor antagonists, and ergotamine’s
derivatives. The test examines the isoforms of cytochrome CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4, which are responsible for the metabolism of each of the drugs considered.
The test allows us to determine the patient response both to peripheral analgesics like NSAIDs
and cox-2, and to central analgesics as paracetamol, tricyclics, serotonin reuptake inhibitors (SSRI),
anticonvulsants, opioids, and triptans. The genetic test’s administration is carried out by taking a
patient’s saliva sample in an amount equal to about 1 ml. Given the same possibility to obtain the
genetic information from biological material, use of saliva samples allow for greater practicality in
the execution of the test, and it is less invasive. DNA was extracted from patient saliva samples
with the genomic DNA Isolation kit (Norgen Biotek Corp. Thorold, ON, Canada). DNA quality was
evaluated by microvolume spectrometry. The sample is collected by the patient under the doctor’s
guidance through the kit provided and remains stable at room temperature for a maximum of 15 days,
the time required for sending it off to the laboratory to be analyzed. During the 30 min before sample
collection the patient should not consume food, drink or chewing gum, must not smoke and must have
completely removed the presence of any lipstick. The results are available within 10 working days from
the date of arrival of the sample at Neurofarmagen laboratory (AB-BIOTICS, Barcelona, Spain) which is
declared by the company as having the necessary authorization to operate as a health laboratory using
biological samples. Genotyping of single nucleotide polymorphisms was performed by OpenArray®

Technology on the QuantStudio™ 12K Flex Real-Time PCR System (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) using a custom designed array. Saliva samples were marked with an electronic
numerical barcode associated with the patient, and the identification code was archived at the Gaetano
Pini Orthopedic Institute in Milan. The archive in question contains the correspondences necessary to
associate the clinical and demographical data of each patient with the Neurofarmagen genetic record.
In that way no sample was sent in association of personal data. The collected data have been used
exclusively for research purposes. The test evaluates 6 different genes, putting them in relation to active
48 drugs. For each patient the report provides a table in which the molecule evaluated correspond
to a color coding: (1) green—expectation of higher likelihood of the good response to treatment or a
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good tolerability profile than average; (2) white—index of a standard response, not different from the
general population; (3) yellow—requiring more careful dose monitoring; and (4) red—for high risk of
adverse effects or not expected efficacy.

2.3. Clinical Assessment

Patients were evaluated with algometric scales:

• McGill Pain Questionnaire-Short Form—MGPQ-SF [22]: this is a rating scale developed at McGill
University by Melzack and Torgerson in 1971 and it is a self-report questionnaire that allows
patients to give a good description of the quality and intensity of the experienced pain. It is
composed of 78 words in 20 sections that are related to pain. Patients have to mark the words
that best describe their pain (multiple markings are allowed). Different sections correspond to
different pain’s features: Sensory (sections 1–10), Affective (sections 11–15), Evaluative (section 16),
and Miscellaneous (sections 17–20).

• Visual Analogue Scale—VAS [23]: the VAS scale consists of a strip of 10 cm paper which at the
ends has two end points which are defined with 0 (no pain) and 10 (the worst pain that I can
imagine). Patients have to mark the pain at a point on the scale as subjectively perceived at the
moment of evaluation.

• Numerical Rating Scale—NRS [23]: the NRS is a 11-point scale for patient self-reporting of pain.
The score is between 0 (no pain) and 10 (severe pain) and expresses the intensity of the pain
perceived subjectively at the moment of evaluation.

3. Results

Clinical characteristics of the patients and treatments prescribed are shown in Table 1. The first
patient (P1) was a 45-year-old woman suffering from fibromyalgia not responsive to diclofenac,
paracetamol and then major opioids. The result of the test suggested for diclofenac and paracetamol a
standard response without a need for dosage adjustment; the PGT highlighted a warning for the use of
minor opioids (yellow response, due to an intermediate metabolism), while suggesting the possibility
of a standard response to some major opioids.

The second patient (P2) was a 22-year-old woman suffering from chronic pain resulting from
Ewing’s femoral sarcoma resection and mega prosthesis implant replacement at the age of 16. The patient
had taken several different analgesic molecules (good response to nimesulide, ineffectiveness to
paracetamol, gastrointestinal intolerance to naproxen and ibuprofen, effectiveness to buprenorphine e
tramadol, effectiveness to pregabalin). In this case a substantial correspondence between the report
provided by the genetic analysis and effectiveness and tolerability profile observed in clinical practice
was found.

The third patient (P3) was a 45-year-old woman with a diagnosis of end stage renal failure in
systemic lupus erythematosus (SLE) with contraindication to the use of NSAIDs and a short-term
program of renal transplantation. The patient underwent a laparoscopic abdominal operation with
analgesia performed with a high dose of tramadol and without side effects, while in the post-transplant
a low dose of morphine and subsequently 2 mg/day of Paracetamol for 5 days, were successfully used.
Regarding tramadol, the test indicated the patient as a slow metabolizer (CYP2D6) and recommended
reducing the dose by 30%, along with paying particular attention to the occurrence of adverse effects
such as nausea, vomiting, constipation, respiratory depression, confusion, and urinary retention,
or to choose an alternative drug (yellow response). The drug was instead used at maximal doses
intravenously with complete response to pain and without collateral or treatment emergent adverse
events—TEAE (emesis, as potential side effect, was not evaluated for overlapping adequate coverage
with metoclopramide). With regard to the use of morphine, the test showed the presence of a variant of
COMT and OPRM1 that resulted in a reduced response to opioid agonists: the patient may have needed
higher dosage or more frequent administration of the drug for adequate pain control. The patient was
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instead subjected to post-operative therapy with morphine at minimum therapeutic doses with optimal
and rapid response. With regard to paracetamol, the PGT indicated a standard response, meaning
a risk of undesirable effects not higher than general population. The patient, instead, showed signs
of severe hepatic toxicity as a result of maximum therapeutic antalgic dose for 5 days of treatment.
The situation required clinical and instrumental hepatological monitoring; the normalization of the
liver enzyme required about 60 days. In this case some discordances between the clinical setting and
the PGT’ suggestion emerged.

The fourth patient, (P4) was a 75-year-old woman affected by persistent osteoarthritis (OA) pain
poorly responsive to common NSAIDs. The patient was clinically known as non-responsive to NSAIDs
and discreetly responsive to paracetamol-codeine combination without evidence of significant adverse
effects at a common therapeutic dosage. The result of the genetic test was indicative for standard
response to NSAIDs and highlighted the need for specific dose monitoring and/or lower probability
of positive response to codeine (yellow response). The PGT indicated the patient as an intermediate
metabolizer of codeine due to the CYP2D6 gene. For the same patient, the test suggested the possibility
of using major opioids (with specific reference to morphine).

The last patient (P5) was a 55-year-old man suffering from chronic pain caused by early OA.
The patient presented an excellent response to the analgesic drugs used (paracetamol-codeine and
NSAIDs) at the doses commonly used in clinical practice. In this case the genetic test showed a standard
profile of efficacy and tolerability for the molecules used, confirming the clinical level.

Total scores of algometric scales for pain evaluation are reported for each patient in Table 2.

Table 1. Clinical characteristics of the patients and treatments prescribed.

Patient Sex Age Diagnosis Comorbidity Therapy Test Results

P1 F 45
Widespread pain

(fibromyalgia)
Gastritis; irritable colon
syndrome; depression

Aceclofenac Not evaluated

Diclofenac Standard response

Paracetamol Standard response

P2 F 20

Chronic pain resulting
from Ewing’s femoral
sarcoma resection and

mega prosthesis
implant replacement at

the age of 16

Iatrogenic pulmonary
restrictive syndrome

caused by
chemotherapy;

dysthymia

Nimesulide Not evaluated

Paracetamol Standard response

Naproxen Not evaluated

Ibuprofen
Yellow response

(increased risk of side
effects)

Buprenorphine Standard response

Tramadol Yellow response (lower
efficacy)

Pregabalin Standard response

P3 F 45
End stage renal failure

with contraindication to
the use of NSAIDs and
a short-term program of

renal transplantation

Systemic lupus
erythematosus in

remission

Paracetamol Standard response

Tramadol
Yellow response
(increased risk of

side effects)

P4 F 75 Persistent OA pain

Arterial hypertension;
hypoacusis; recurrent

and mild gastritis;
irritable colon

syndrome; subclinical
thyroiditis

Several kinds of
NSAIDs Standard response

Tramadol Yellow response
(lower efficacy)

Buprenorphine Standard response

Codeine Yellow response (lower
efficacy)

Paracetamol Standard response

P5 M 55
Chronic pain caused by

early OA None

Several kinds of
NSAIDs Standard response

Paracetamol Standard response

Codeine Standard response

F: female, M: male, NSAID: non-steroidal anti-inflammatory drugs, OA: osteoarthritis.
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Table 2. Total score of algometric scales McGill Pain Questionnaire-Short Form (MGPQ-SF), Numerical
Rating Scale (NRS) and Visual Analogue Scale (VAS) representative of each patient.

Patient MGPQ-SF NRS VAS

Patient 1 (P1) 45 8 8.07
Patient 2 (P2) 24 6 5.4
Patient 3 (P3) 7 0 0.43
Patient 4 (P4) 30 9 4.08
Patient 5 (P5) 26 5 4.7

Mean 26.4 5.6 4.69
Standard Deviation (SD) 13.61 3.5 2.74

MGPQ-SF: McGill Pain Questionnaire-Short Form, NRS: Numerical Rating Scale, VAS: Visual Analogue Scale.

4. Discussion

Pain is a syndrome that has a major impact on life’s quality. It is intended as a complex
phenomenon characterized by a huge subjective component and dependent on different endogenous
and external factors [24,25]. An early investigation of subjective sensitivity to drug therapies could be
a useful instrument in clinical practice. Over time, genetic testing has become more accessible and less
expensive. However, currently available data are scarce and heterogeneous, and there are few clear
evidences that genetic tests are useful tools in clinical practice [26–30].

Pain treatment is a significant challenge for clinicians and could hesitate in poor outcome,
particularly among patients treated with multiple drugs, in complications and adverse drug
effects [31,32], no improvement of pain, or even worsening of it, and decline in functional status.
So, more accurate information could be useful in routine clinical practice. Moreover, pain therapies
should be monitored regularly not only for efficacy, but also for adverse effects and addiction. In this
panorama, genetic testing could be a valid tool in current practice if used in an appropriate way [30].
In pain measurement, different variables should be taken into consideration; cognitive profile of
the patient, physical limitations of the patient, psychiatric comorbidity or even simulation, ethnic
and cultural variations could play an important role [33–38]. In light of these elements, the use of
pharmacogenetic testing could be a useful contribution to objective measurement of response in pain
pharmacotherapy [30]. Our preliminary results seem to be miscellaneous. In fact, the genetic test
was concordant with the clinicians’ choice in two cases, but not completely overlapping in the other
three cases. While in patient 2 and patient 5 the efficacy and tolerability profile provided by the test
corresponded to the clinical response, in patient 1 and patient 4 the test seems to be discordant to the
clinical practice. In patient 3, the PGT would have oriented the therapeutic choice quite differently from
what done in clinical setting. Lastly, it is important to point out that in no case the results of genetic
tests were red or green, but only standard or yellow, excluding both the higher effectiveness of the
drugs and the high risk of adverse effects. Therefore, the test could be interpreted as not very sensitive
but, in any case, it is evident that the sample presented is too heterogeneous and numerically limited
in order to consider our descriptive analysis as indicative. Furthermore, possible pharmacodynamic
and pharmacokinetic interferences related to comorbidity with other pathologies are not considered
in the present study, but available in the extensive report of the pharmacogenetic test. For example,
the elderly patient suffering from arthrosis assumed, at the time of recruitment, antihypertensive and
antidiabetic drugs while the young patient who was recovering from a renal transplantation, took
immunosuppressive anti-rejection therapies and this could be a confounding factor. The young female
patient, suffering from a chronic pain syndrome consequent to the implant of femoral prosthesis, has a
positive history of emotional disorder and, as confirmed by the literature, it is known that chronic pain
and psychological discomfort can influence each other, also leading to a worsening of pain and of the
pharmacological response [39].

Limitations of this study include the small sample size due to the pilot nature of the study and a
lack of control group. The measures presented are primarily descriptive.
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There is no doubt that genetic variations that involve gene coding for enzymes involved in drug
metabolism, absorption, distribution, and elimination can significantly modify the therapeutic effects
and tolerability profile of the drugs, and that knowing these polymorphisms would potentially allow us
to customize therapy, maximize therapeutic efficacy, and minimize unwanted or adverse effects [40–46].
From the experience reached in the use of the Neurofarmagen test, it would seem that it shows a
greater efficacy in predicting the side effects and need for dosage adjustment of analgesic drugs rather
than therapeutic efficacy on pain symptoms. Pain is in fact greatly subjective and depends on several
factors, not just genomics, so that a genetic analysis may be insufficient to evaluate this symptom in its
complexity. In light of this, it seems to be desirable to intensify the studies on this subject in order to
have a larger record that can be usefully utilized to help clinicians make more targeted and ultimately
more effective therapeutic choices.
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Abstract: Background and Objectives: Currently, few studies have reported the effects of opioids during
continuous epidural infusion (CEI) to control pain owing to herpes zoster (HZ). This study aimed
to retrospectively compare the effectiveness of epidural opioids in the treatment of acute HZ pain.
Materials and Methods: We reviewed medical records of 105 patients who were divided into two
groups: R group (CEI with ropivacaine) and RF group (CEI with ropivacaine and fentanyl). Clinical
efficacy was evaluated using the numeric rating scale (NRS) score for 6 months after the procedures.
We compared the percentage of patients with complete remission in each group. We investigated the
complication rates during CEI. Results: No significant differences in the NRS scores were observed
between the two groups in the 6-month period. The adjusted odds ratio (OR) for patients included in
the complete remission was 0.6 times lower in the RF group than in the R group (95% confidence
interval: 0.22–1.71, p = 0.35). The OR for complications during CEI was higher in the RF group than in
the R group. However, the difference was not statistically significant. Conclusions: No difference was
observed in the management of HZ pain and the prevention of postherpetic neuralgia between the
two groups. The incidence of complications tended to be higher in the RF group than in the R group.

Keywords: continuous epidural infusion; fentanyl; herpes zoster; ropivacaine; postherpetic neuralgia;
neuropathic pain; intervention

1. Introduction

Neuropathic pain may be due to multiple pathologic conditions such as herpes zoster (HZ),
diabetes, cancer, and radiculopathy and affects the quality of life of elderly patients [1]. In particular,
pain owing to HZ, caused by the reactivation of the varicella-zoster virus (VZV), is known to be more
prevalent in elderly patients with reduced T-cell immunity [2]. Pain associated with HZ is defined as
acute herpetic neuralgia until 30 days after the skin rash, subacute herpetic neuralgia until 3 months
after the acute phase, and postherpetic neuralgia (PHN) afterward [3]. PHN can persist for more than
12 months, and PHN can last for 6 months in 8.5% of patients and for 12 months in 6% of patients,
despite early treatment with antiviral drugs [4,5]. Continuous or intermittent zoster-associated pain can
also affect the quality of life and the ability to work. Therefore, effective treatments for zoster-associated
pain (ZAP) are necessary to prevent negative sequelae.
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Medications such as antiepileptics, tricyclic antidepressants, lidocaine patches, and analgesics may
be effective in relieving pain [6,7]. However, interventional therapy is recommended for uncontrolled
pain or in the case of a high likelihood of transition to PHN, even with sufficient medication [6,7]. Epidural
analgesia, paravertebral block, and pulsed radiofrequency have been performed as interventional
therapies to reduce pain [6–8]. Recently, it has been reported that continuous epidural infusion (CEI)
using a catheter is effective for ZAP [9–11]. Most studies have shown that epidural administration
of local anesthetics is effective in controlling ZAP [9–11]. However, few studies have compared the
effectiveness of epidural opioids (particularly fentanyl) in controlling pain owing to HZ.

Thus, this retrospective study aimed to determine whether the addition of opioids to local
anesthetics during CEI in patients with acute HZ showed synergistic effects with previously known
local anesthetics and opioids.

2. Materials and Methods

2.1. Study Design

This study was performed after the approval by the Institutional Review Board of Korea University
Medical Center, Guro Hospital, Seoul, Republic of Korea (2018GR0057, 8 February 2018). The study
also complied with the STROBE checklist (supplementary material S1 checklist). The medical records
of patients who underwent CEI for acute HZ from April 2014 to July 2018 were collected. Patients were
divided into two groups: R group, in which patients were administered CEI containing ropivacaine
without fentanyl, and RF group, in which patients were administered CEI containing ropivacaine
with fentanyl. Inclusion criteria were patients older than 50 years with a numeric rating scale (NRS;
0 = no pain and 10 =worst possible pain) score of ≥4; patients who received only the standard drug
therapy, including antiviral agents, until the administration of CEI; and patients who underwent
follow-up for a period of 6 months after CEI. Exclusion criteria were patients with insufficient medical
records, patients who did not maintain the catheter for more than 10 days after CEI, patients who
did not receive standard medications such as antiviral agents until the procedure, and patients who
discontinued the prescribed standard medication (gabapentin or pregabalin, and analgesics such as
oxycodone) owing to the side effects of the drugs. Patients who underwent other procedures for pain
control within 6 months after the procedure were excluded from this study but were included in the
analysis of complications during the catheter maintenance period. Complication rates during the
catheter maintenance period were separately analyzed.

2.2. Procedure

After placing the patient in the prone position, an aseptic dressing was applied to the procedure
site. A Tuohy epidural needle (18-gauge) was inserted into the interlaminar space at the third or fourth
level below the target level under fluoroscopic guidance. The loss of resistance technique was used to
verify if the needle was located in the epidural space. After confirming the needle position, a 20-gauge
epidural catheter (EpiStim™, length: 800 mm, Sewoon Medical Co., Ltd, Seoul, Korea) was placed
at the target level through the Tuohy needle (Figure 1) with radiographic confirmation. This type of
epidural catheter has a built-in conductive guidewire (Nitinol, length = 1100 mm) with 800 mm inside
the catheter and 300 mm exposed for connection to an electric nerve stimulator. The cathode of the
electric nerve stimulator (Life-Tech EZstim, Stafford, TX, USA) was connected to the exposed guidewire,
and the anode was attached to an electrode on the patient’s calf. A zero to 5 mA electric current was
then delivered through the guidewire. Verbal communication with the patient confirmed that the
electric stimulation had reached the HZ-affected area. The catheter was placed in the appropriate
epidural space, and once electric stimulation was initiated, verbal communication with the patient
confirmed the sensation. After patient confirmation, further communication established that the
electric stimulus was following the HZ dermatome. If the electric stimulation was in a region other than
the HZ dermatome, the epidural catheter was adjusted under fluoroscopy, and the electric stimulation
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was repeated to confirm its presence in the HZ-affected area. Once the stimulus was established
in the correct area, the guidewire was removed. After removing the guidewire, the position of the
epidural catheter tip was confirmed using a contrast agent and fluoroscopy; 0.19% ropivacaine and
1 mg dexamethasone (total 8 mL) were then administered via an epidural catheter in the R group,
and 0.19% ropivacaine and 1 mg dexamethasone with 50 μg fentanyl (total 8 mL) were administered in
the RF group. After initial drug injection, patients in the R group were administered CEI (total 275 mL)
containing 30–45 mL of 0.75% ropivacaine (37.1 ± 4.1) and normal saline without fentanyl. Patients
in the RF group were administered CEI (total 275 mL) containing 30–40 mL of 0.75% ropivacaine
(36.1 ± 3.7) and normal saline with 200 μg fentanyl. In both groups, CEI was administered at a rate of
4 mL/h via a portable balloon infusion device (AutoFuser pump, ACE Medical Co., Ltd., Seoul, Korea).
Concentrations of ropivacaine in the portable balloon infusion device were adjusted according to the
degree of pain relief or side effects. In both groups, the epidural catheter was fixed by subcutaneous
tunneling to decrease the risk of infection and catheter migration. The inserted catheter was maintained
in its position for a minimum of 10 days and was removed after 2 weeks. Whether patients were
undergoing catheterization as inpatients or outpatients, a physician changed the dressings daily and
monitored the procedure site. Additionally, antiepileptics (pregabalin or gabapentin) and analgesics
were administered to patients in both groups. Antiepileptics were prescribed by adjusting the drug
dose according to age and renal function and were tapered according to symptoms. Oral oxycodone
was administered as an analgesic, starting with the minimum reported effective dose for PHN [12].

 
Figure 1. Fluoroscopic images of the continuous epidural block. The catheter used for the procedure
had a built-in conductive guidewire that allowed the detection of the catheter tip using radiography,
along with electrical stimulation. The arrow indicates the tip of the guidewire in the EpiStim™ catheter.

2.3. Data Collection

Data regarding age, sex, spinal level of catheterization, days from the onset of rash to CEI,
past medical history (hypertension (HTN), diabetes mellitus (DM), liver disease, kidney disease,
and asthma), and amount of 0.75% ropivacaine in the infusion device were collected. The patients’
pain was assessed using an 11-point verbal NRS (0, no pain and 10, unbearable pain). We collected the
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NRS score data at different times: immediately before the procedure (baseline NRS score); 1 h after
the procedure; 14 days after the procedure; and 1, 3, and 6 months after the procedure from patients’
medical records. Complete remission was defined as an NRS score ≤2, with no further medication
prescribed at 6 months after the procedure. The number of patients included in this category during the
6-month follow-up period was recorded. We recorded whether other interventional procedures were
performed owing to inadequate pain control during the 6-month follow-up period after CEI. We also
collected records of complications (nausea, vomiting, dysuria, hypotension, and itching) during the
epidural catheter maintenance period.

2.4. Outcome Measures

To compare analgesic effect as the primary endpoint, we compared NRS scores of the two groups
at baseline; 1 h; 14 days; and 1, 3, and 6 months after the procedure, after correcting for various
variables. As the secondary endpoint, we compared the percentage of patients with complete remission
in each group, the proportion of patients requiring additional nerve block owing to inadequate pain
control after the procedure, and the incidence of complications owing to CEI between the two groups.

2.5. Statistical Analysis

Demographic data were analyzed using the Kolmogorov–Smirnov test to assess the normality
of the distribution. Normally distributed sets of demographic data were compared between the
groups using an independent t-test, and non-normally distributed datasets were compared using the
Mann–Whitney U test. After correcting for various confounding variables (age, sex, spinal level of
catheterization, days from the onset of rash to CEI, past medical history (HTN, DM, liver disease,
kidney disease, and asthma), average amount of 0.75% ropivacaine in the infusion device, and baseline
NRS score), we analyzed the differences in NRS scores between the groups using analysis of covariance.
Multivariable logistic regression analysis was used to compare the percentages of complete remission
within 6 months after the procedure and to compare the percentages of patients who underwent
other interventional treatments between the two groups. Univariable logistic regression analysis was
performed to compare the complication rates owing to CEI. Data are presented as mean ± standard
deviation or median (interquartile range). The collected data were analyzed using Statistical Package
for the Social Sciences (SPSS) software (version 17.0; SPSS 157 Inc., Chicago, IL, USA). All statistical
tests were two-sided, and the threshold for statistical significance was set at p < 0.05.

3. Results

We reviewed the medical records of 137 patients. Five patients missed the follow-up or had
inadequate medical records in the 6 months after the procedure. Twelve patients underwent other
interventional procedures within 6 months of CEI. In six patients, the catheter could not be maintained
for more than 10 days owing to side effects associated with CEI. Two patients did not receive antiviral
drugs at the beginning of the HZ episode. During the 6-month follow-up period, one patient had other
pain-causing diseases. The medical records of these patients were excluded from the final analysis.
Moreover, six patients discontinued using antiepileptics or analgesics owing to drug-associated side
effects after the procedure. To prevent drug-induced bias, these patients were also excluded from the
final analysis. After the exclusions, the medical records of the remaining 105 patients were analyzed.
Sixty-two patients were assigned to the R group and 43 were assigned to the RF group (Figure 2).

No significant differences were observed in the demographic and clinical characteristics of the
patients between the two groups (Table 1, supplementary file S2).
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Figure 2. Flow diagram showing patient inclusion.

Table 1. Baseline demographic and clinical characteristics of the patients.

Demographic and Clinical
Characteristics

Acute HZ (≤30 Days)
R Group (n = 62)

Acute HZ (≤30 Days)
RF Group (n = 43)

p Value

Age (years) 66.2 ± 9.3 65.3 ± 7.9 0.61

Sex (male/female) 20/42 13/30 0.84

Site of HZ infection

C: 14 (22.6%) C: 7 (16.3%)
0.87T: 36 (58.1%) T: 25 (58.1%)

L: 12 (19.4%) L: 11 (25.6%)

HTN 23 (37%) 20 (47%) 0.42

DM 18 (29%) 14 (33%) 0.83

Asthma 2 (3%) 1 (2%) 1.0

Hepatic disease 3 (5%) 1 (2%) 0.64

Kidney disease 3 (5%) 2 (5%) 1.0

Baseline NRS score 8 (6–8) 7 (6.5–8) 0.87

Avg. amount of 0.75% ropivacaine
in infusion device (mL) 37.1 ± 4.1 36.1 ± 3.7 0.25

HZ: herpes zoster, Avg: average, HTN: hypertension, DM: diabetes mellitus, NRS: numeric rating scale of 0–10,
C: cervical, T: thoracic, L: lumbar, R group: local anesthetic without epidural opioid, RF group: local anesthetic with
epidural opioid. Data are presented as mean ± standard deviation, median (interquartile range), or number (%).

No significant difference was observed between the two groups with respect to post-procedure
NRS scores after correcting for confounding variables (Table 2). There was no significant difference in
the reduction ratio of NRS scores according to fentanyl use with time after CEI (Figure 3).
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Table 2. Comparison of numeric rating scale scores between the groups after correction for
confounding variables.

NRS Score
Acute HZ (≤30 Days)

R Group (n = 62)
Acute HZ (≤30 Days)

RF Group (n = 43)
p Value

Baseline NRS score 7.1 ± 1.5 7.3 ± 1.0 0.31
NRS score * 1 h after epidural procedure 2.9 ± 1.8 3.1 ± 1.3 0.26

NRS score * 14 days after epidural procedure 1.7 ± 0.8 1.9 ± 0.8 0.16
NRS score * 1 month after epidural procedure 1.9 ± 1.1 2.1 ± 0.7 0.18
NRS score * 3 months after epidural procedure 1.5 ± 1.1 1.8 ± 0.8 0.11
NRS score * 6 months after epidural procedure 1.2 ± 1.0 1.4 ± 0.9 0.18

* The NRS scores (0 = no pain and 10 =worst possible pain) are represented as means ± standard deviation, R group:
local anesthetic without epidural opioid, RF group: local anesthetic with epidural opioid. Data were analyzed for
the difference in the pain scores between the groups using analysis of covariance. Adjustments were made for age,
sex, time from the onset of rash to epidural infusion, average amount of 0.75% ropivacaine in the infusion device,
location of herpes zoster, hypertension, diabetes mellitus, asthma, hepatic disease, and kidney disease.

≤ ≤

Figure 3. Comparison of the numeric rating scale score reduction ratio according to fentanyl use with
time after continuous epidural infusion.

The proportion of patients showing complete remission was lower in the RF group than in the R
group. However, the difference was not statistically significant (adjusted odds ratio (OR): 0.62, 95%
confidence interval (CI): 0.22–1.71, p = 0.35; Table 3). The proportion of patients who underwent other
interventional procedures owing to insufficient pain control within 6 months after CEI was 3.21 times
higher in the RF group than in the R group (adjusted OR: 3.21, 95% CI: 0.56–18.24, p = 0.19; Table 4).
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Table 3. Comparison of complete remission during the 6-month follow-up period between the groups
after epidural infusion.

Complete Remission R Group RF Group
Adjusted OR (95% CI)
Reference: R Group

p Value

Acute HZ (≤30 days) 46/62 (74%) 30/43 (70%) 0.62 (0.22–1.71) 0.35

OR: odds ratio, CI: confidence interval, R group: local anesthetic without epidural opioid, RF group: local anesthetic
with epidural opioid. Complete remission is defined as a numerical rating scale score of <2 with no further
medication. Data are presented as number (%). Data were analyzed using multivariable logistic regression analysis.
Adjustments were made for age, sex, location of herpes zoster, days from the onset of rash to epidural infusion,
average amount of 0.75% ropivacaine in the infusion device, history of hypertension, diabetes mellitus, asthma,
hepatic disease, and kidney disease, and baseline pain score.

Table 4. Comparison of other interventions performed owing to insufficient pain control during the
6-month follow-up period after epidural infusion.

Performed Other
Interventions

R Group RF Group
Adjusted OR (95% CI)
Reference: R Group

p Value

Acute HZ (≤30 days) 6/68 (9%) 6/49 (12%) 3.21 (0.56–18.24) 0.19

R group: local anesthetic without epidural opioid, RF group: local anesthetic with epidural opioid. Data are
presented as number (%). Data included patients who underwent other procedures within the 6-month follow-up
period and those who did not maintain the epidural catheter for more than 7 days owing to the side effects. Data were
analyzed using multivariable logistic regression analysis. Adjustments were made for age, sex, location of herpes
zoster, days from the onset of rash to epidural infusion, average amount of 0.75% ropivacaine in infusion device,
history of hypertension, diabetes mellitus, asthma, hepatic disease, and kidney disease, and baseline pain score.

Complication rates (nausea, vomiting, dysuria, hypotension, and itching) during CEI were higher
in the RF group than in the R group (Table 5). However, these differences were not statistically significant.

Table 5. Comparison of complication rates during continuous epidural infusion between the groups.

Side Effects R Group RF Group
Unadjusted OR (95% CI)

Reference: R Group
p Value

Nausea 1/68 (1%) 5/53 (9%) 6.98 (0.79–61.67) 0.08
Vomiting 1/68 (1%) 3/53 (6%) 4.02 (0.41–39.80) 0.23
Dysuria 2/68 (3%) 3/53 (6%) 1.98 (0.32–12.30) 0.46

Itching sensation 0/68 (0%) 3/53 (6%) 9.50 (0.48–187.95) 0.14
Hypotension 0/68 (0%) 3/53 (6%) 9.50 (0.48–187.95) 0.14

R group: local anesthetic without epidural opioid, RF group: local anesthetic with epidural opioid. Data are
presented as number (%). Data included patients who underwent other procedures within the 6-month follow-up
period and those who did not maintain the epidural catheter for more than 7 days owing to the side effects. Data
were analyzed using univariable logistic regression analysis.

4. Discussion

This study determined whether there was a difference in pain reduction and complication rates
between local anesthetics alone and local anesthetics with opioids in CEI for patients with acute HZ.
No significant difference was observed in pain reduction between the two groups during the 6-month
follow-up period. Furthermore, there was no significant difference in the complete remission rate and
the proportion of patients who underwent other invasive procedures owing to inadequate pain control
within 6 months after CEI. The rates of complications such as nausea (unadjusted OR: 6.98), vomiting
(unadjusted OR: 4.02), itching (unadjusted OR: 9.50), and hypotension (unadjusted OR: 9.50) during
CEI were consistently higher in the RF group than in the R group. However, the difference was not
statistically significant.

Reactivated VZV in the sensory ganglia of the spinal cord manifests as HZ and subsequently
spreads out to the affected dermatome, thereby producing an inflammatory response and inducing
nerve damage. A serious initial nerve damage or inability to restore normal function after the loss of
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nerve function can lead to PHN [13]. Therefore, active treatment before the nerve damage occurs can
help prevent PHN and control pain. A recent meta-analysis reported that CEI in the acute phase of HZ
is effective in controlling pain and preventing PHN [14]. The rationale behind using CEI to manage
acute HZ pain and prevent PHN is that the interruption of afferent pain stimuli to the central nervous
system and the improved blood flow to nerve tissue will minimize neural damage and reduce pain to
the patient by blocking sympathetic nerves [15,16].

The analgesic effect of epidural opioids added to local anesthetics has been proven in several
studies [17–21]. Neuraxial local anesthetics and opioids function synergistically to provide analgesia
during labor [17,18]. For postoperative pain control, the addition of fentanyl to 0.1% solution of
ropivacaine enhances analgesic efficacy [19]. The coadministration of fentanyl (100 μg) and 1%
ropivacaine accelerated the onset of sensory and motor blocks during epidural ropivacaine [20] or
lidocaine [21] anesthesia, without significant side effects related to fentanyl. The analgesic effect of
epidural opioids seems to be related to the location of receptor sites in the spinal cord. These receptor
sites have been identified in many areas of the brain and central nervous system, with very high densities
in the substantia gelatinosa of the spinal cord [22]. Previous studies on epidural labor analgesia [17,18]
and postoperative epidural analgesia [19] have also reported that opioid administration in combination
with local anesthesia in the epidural space has a better effect on pain control than the administration of
local anesthetics alone. However, the pain control measures in these studies were primarily performed
for nociceptive pain.

Some studies have suggested that the effects of opioid-mediated analgesia in neuropathic pain may
be reduced by an increase in neuropeptide cholecystokinin, an endogenous inhibitor of opioid-mediated
analgesia [23]. Moreover, in neuropathic pain, the functional pool of opioid receptors is likely to be
reduced at the spinal level [24].

These factors suggest that the addition of opioids during CEI for ZAP, which is a type of
neuropathic pain, may not be more effective than the local anesthetic alone. Watt et al. concluded that
after epidural morphine administration in 11 PHN patients, the morphine was more likely to cause
side effects than pain relief [25]. In our study, no difference was observed in pain reduction between
epidural infusion using local anesthetic alone and epidural infusion using local anesthetic and fentanyl
to control ZAP.

Epidural opioid administration can cause several systemic side effects [26,27]. In the present study,
the incidence of side effects such as nausea, vomiting, dysuria, and itching tended to be higher in the
RF group than in the R group. Previous studies have reported no difference in the rate of complications
with epidural opioid administration [17–21]. However, in these studies, only young participants were
included in the trial. The average age of HZ patients included in the present study was 65.8 years.
In other words, the higher incidence of complications in the opioid group in the present study may be
because of the older age of patients.

Previous studies have reported that a single epidural block may be effective in managing ZAP;
however, it has limited efficacy in preventing PHN [28,29]. Hence, patients who could not maintain
the CEI catheter for more than 10 days were excluded from the analysis in the present study.

All patients included in the present study underwent CEI and received simultaneous antiepileptic
and analgesic medications. To avoid bias owing to drug treatments, patients who discontinued the
drugs owing to side effects were excluded from the analysis.

The complete remission rate in the present study was 74% in the R group and 70% in the RF
group. Reportedly, the greater severity of acute ZAP is associated with a greater likelihood of its
progression to PHN [30,31]. In our hospital, interventional treatments such as CEI were performed
only for patients with HZ who had an NRS score ≥4 even after oral medication. All patients included
in this study had NRS scores ≥4 (mean 7.2 ± 1.3, 7.3 ± 1.0). The higher NRS scores could be one of
the reasons for the lower rates of complete remission. Additionally, the definition we adopted for
complete remission (NRS score ≤2, no further medication prescribed) could possibly be another reason
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for the lower remission rates, as other studies have defined complete remission as a pain-free state
with an NRS score <3 or have not mentioned the withdrawal of medication [11,28].

Although CEI shows excellent pain control effect in HZ patients, it is invasive; thus, there is a
possibility of side effects (epidural hematoma, epidural abscess, etc.). However, none of the patients in
this study reported epidural infection, possibly because of daily dressing by well-trained physicians
and well-educated patients and caregivers. A previous study [6] reported a low risk of epidural
hematoma associated with epidural blocks, and in this study, epidural hematoma was not reported in
patients. However, it should be implemented considering risks and benefits.

This study had some limitations in the interpretation of the results. Since this was a retrospective
study, unmeasured confounding variables may have influenced the results. However, to control potential
confounding variables, we performed an analysis of covariance with the baseline demographics and
underlying diseases of patients as covariates. We excluded patients who were treated with other
interventional procedures within 6 months after CEI. This approach may have caused a selection bias in
this study. However, inclusion of these patients might have resulted in uncertainty regarding whether
the improvement in the patients’ symptoms was because of CEI or other interventions. We excluded
patients who received other interventions when calculating the complete remission rates and 6-month
pain scores and separately analyzed the ratios. To overcome the selection bias, we selected only patients
who underwent CEI with the same type of catheter (EpiStim™ epidural catheter) and those for whom
CEI was performed by the same anesthesiologist. The study showed no significant difference between
the two groups in terms of the degree of pain reduction or the complication rates owing to the limited
number of patients. However, the incidence of complications was consistently higher in the RF group
than in the R group. A larger sample size may result in statistically significant results, especially with
respect to the complication rates. In the present study, patients were not randomly assigned to the
groups because we analyzed medical records during normal practice. The patients’ medical records
were written without blinding. Therefore, the present study may have an inherent risk of bias.

5. Conclusions

No difference was observed in the management of ZAP and the prevention of PHN between the
group with added opioid and the one without opioid in the local anesthetic during CEI. The difference
in the incidence of complications was not significant; however, it was consistently higher in the group
with opioid added to CEI. A well-planned prospective study with a greater number of patients to
compare strategies for preventing ZAP and PHN is needed to validate the results of this study.
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Abstract: Background and Objectives: The purpose of this retrospective study was to identify predictors
of short-term outcomes associated with a lumbosacral transforaminal epidural steroid injection (TFESI).
Materials and Methods: The medical records of 218 patients, who were diagnosed with lumbosacral
radiculopathy and treated with a TFESI, were reviewed in this retrospective study. A mixture of
corticosteroid, lidocaine, and hyaluronidase was injected during TFESI. Patients with >50% pain
relief on the numerical rating scale compared with the initial visit constituted the good responder
group. Demographic, clinical, MRI, and electrodiagnostic data were collected to assess the predictive
factors for short-term outcomes of the TFESI. Results: A multivariate logistic regression analysis
demonstrated that a shorter duration of symptoms and a positive sharp wave (PSW)/fibrillation (Fib)
observed in electrodiagnostic study (EDx) increased the odds of significant improvement 2–4 weeks
after the TFESI. Conclusions: Shorter duration of symptoms and PSW/Fib on EDx were predictors of
favorable short-term response to TFESI.

Keywords: radiculopathy; epidural injection; predictor; corticosteroid; electromyography;
hyalurodinase

1. Introduction

Low back pain and radiating pain are common health conditions, with a lifetime prevalence
of about 40–60% [1–3]. However, no gold standard imaging or laboratory test is available for the
diagnosis of lumbosacral radiculopathy. Clinicians arrive at the diagnosis based on a combination of
history, physical examination, imaging, and neurophysiological studies. Decisions regarding optimal
treatment are also not easy, especially given the various therapeutic approaches available: medications,
physiotherapy, exercise, injections, and surgery.

There is controversy regarding the effect of a lumbosacral epidural steroid injection. Some studies
have demonstrated the efficacy of epidural steroid injections for the treatment of radiating pain in
patients with lumbosacral disk herniation [4–7]. Other studies have shown that the effectiveness of
this procedure is limited [8,9]. Nevertheless, lumbosacral epidural injections have been widely used to
treat radicular pain in clinical practice. In addition, this procedure has also been used to treat patients
who have undergone previous low back surgery [10].

Three different techniques, including transforaminal, interlaminar, and caudal approaches,
have been widely used in clinical practice. The transforaminal epidural steroid injection (TFESI) seems
to be better than an interlaminar or a caudal approach for radicular pain [7,11].
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Despite the widespread availability of epidural steroid injections, little is known about the factors
predicting their success. Studies investigating the predictors of lumbar epidural steroid injections have
shown conflicting results [9,12–28]. If the diagnostic information can be used to predict treatment
response, it can facilitate the treatment plan. The aim of this study was to determine the factors that
represent predictors of short-term outcomes of a lumbosacral TFESI.

2. Materials and Methods

2.1. Patients

The patients who had undergone lumbosacral TFESI procedures in the Department of
Rehabilitation, Korea University Guro Hospital, from March 2014 to October 2017, were included in this
study. The electronic medical records of symptomatic patients who were diagnosed with lumbosacral
disk herniation, that presented with radiating pain, and were treated with a TFESI, were reviewed. This
study was approved by the institutional review board of the relevant institution (Korea university Guro
hospital, Approval code: 2017GR0017, date of approval: 16 November 2017). The inclusion criteria
were: (i) patients aged over 20 years old; (ii) patients who complained of radiating pain; (iii) definitive
diagnosis of lumbosacral disk herniation, which was confirmed by MRI; and (iv) TFESI treatment.

The exclusion criteria were: (i) inadequate data including history, physical examination, and MRI
findings; (ii) failure to visit our clinic again 2–4 weeks after the TFESI; (iii) symptoms after traffic
accident or workplace injury; (iv) prior lumbosacral epidural steroid injections in the past 3 months;
(v) severe motor weakness of the lower extremity (less than a fair grade on a manual muscle test
of any the following: hip flexion, knee extension, ankle dorsiflexion, great toe extension, and ankle
plantar flexion); (vi) acute bladder or bowel symptoms; (vii) diagnosis of other diseases, such as
diabetic polyneuropathy, in addition to lumbosacral radiculopathy, diagnosed either clinically or
via electrodiagnostic study (EDx); or (viii) abnormal blood test results. Blood tests were routinely
done for all the patients before the epidural injection. Blood tests included a complete blood count,
blood chemistry, C-reactive protein, prothrombin time, and activated partial thromboplastin time.
Patients with either severe motor weakness (less than a fair grade) or acute bladder and bowel
symptoms were referred to a spine surgeon. Based on these criteria, 218 patients were included in this
study. Oral analgesia was prescribed to all patients. None of the included patients were involved in
other treatment, such as physical therapy.

2.2. TFESI

All of the procedures were conducted by two specialists experienced in spinal intervention under
fluoroscopic guidance on an outpatient basis. Blood tests, including complete blood count, blood
chemistry, erythrocyte sedimentation rate, C-reactive protein, prothrombin time, and activated partial
thromboplastin time, were carried out on all the patients before the procedure to determine infection
or bleeding risk. Patients taking anti-platelet agents or anticoagulants were asked to discontinue
them for a week before the procedure. Informed consent was obtained from each patient. All the
procedures were carried out via an extraepineural approach. With the patient lying in a prone position,
the C-arm was rotated obliquely to obtain an X-ray image of pedicle and neural foramen. An 89 mm,
23-gauge spinal needle was advanced into the safe triangle. The safe triangle was defined by the
pedicle superiorly, the lateral border of the vertebral body laterally, and the outer margin of spinal
nerve medially. The contrast agent was spread into the epidural space and externally along the spinal
nerve root. A mixture of 20 mg (0.5 cc) of triamcinolone acetonide suspension, 2 cc of 0.5% lidocaine,
and 750 IU of hyaluronidase was slowly injected at each level. This mixture has been used to treat
acute and chronic low back pain and radicular symptoms via various mechanisms. Corticosteroids
exhibit anti-inflammatory effects, as well as interfere with nociceptive C-fiber conduction [29]. Local
anesthetics impair peripheral neurotransmission of pain impulses, normalize the hyperalgesic state
of the nervous system, and prevent and reduce neuronal plasticity in the central nervous system by
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reducing the peripheral nociceptive input [30]. Hyaluronidase is a lysing enzyme that disrupts the
epidural scar tissue and adhesions. The use of hyaluronidase reduces fibrosis and facilitates the spread
of injections [31]. This enzyme is reported to be effective in treating chronic low back pain or radiating
pain [32].

All the patients were asked to visit the outpatient clinic 2 weeks after the TFESI to evaluate the
short-term therapeutic effect. However, a few patients failed to visit on the scheduled date because of
the patient’s personal circumstances. Therefore, we collected the short-term outcome based on the first
visit between 2 and 4 weeks after the TFESI.

2.3. Review of Clinical Data and Outcomes

A retrospective review of medical records was performed. The following data were reviewed:
(i) demographics, (ii) clinical characteristics, (iii) MRI, and (iv) EDx measurements. Demographic
data included age and sex. Clinical data included past medical history, symptoms, and physical
examination. Past medical history, including the presence of diabetes, hypertension, and previous
lumbosacral spine surgery, was reviewed. Any sprain or trauma associated with the low back was
assessed just before the onset of symptoms. Duration of symptoms was classified as acute (≤4 weeks),
subacute (4–24 weeks), and chronic (≥24 weeks). The nature of pain was evaluated as follows: presence
of low back pain, buttock pain, or neurogenic claudication. The straight leg raise test (SLR) and
motor and sensory examination were performed. The SLR was considered positive if the radiating
symptoms were triggered by lifting the leg less than 60 degrees. The motor exam was considered
abnormal if there was weakness associated with any of the following muscle groups on manual muscle
testing: hip flexors, knee extensors, ankle dorsiflexors, great toe extensors, and ankle plantar flexors.
The sensory exam was considered abnormal if allodynia, hypoesthesia, anesthesia, or paresthesia was
detected along the nerve root dermatome.

All the patients underwent lumbar MRI, and all the MRI data were reviewed by a single radiologist
specializing in musculoskeletal imaging at our hospital. MRI data included the level of herniated
nucleus pulposus (HNP), the presence of nerve root compression or contact, foraminal stenosis,
and moderate-to-severe central canal stenosis.

EDx, including a nerve conduction study and needle electromyography, was performed by
qualified electromyographers. We used a needle electromyography (EMG) electrode to examine
paravertebral and limb muscles, including at least six muscles: gluteus maximus, tensor fascia lata,
vastus medialis, tibialis anterior, peroneus longus, and medial gastrocnemius. We reviewed the
presence of radiculopathy based on the EDx report. The presence of a positive sharp wave (PSW) or
fibrillation (Fib) in the lower limb, and motor unit action potential (MUAP) change, were also reviewed.
A MUAP change refers to polyphasia, long duration, and/or large MUAPs in the lower limb muscles.

The short-term response of TFESI was determined by the degree of pain relief at the outpatient
clinic 2 to 4 weeks after TFESI. Pain intensity at the initial and follow-up visits was assessed using the
numerical rating scale (NRS) (0–10 points, 11 numeric scale). Good responders were defined as the
group with a reduction greater than 50% on NRS at the follow-up visit compared with the initial visit.
The others were defined as poor responders.

2.4. Statistical Analysis

Descriptive statistics were used to report the demographic and clinical data. Categorical variables
were described using absolute and relative frequencies. Continuous variables were described using
the mean and standard deviation, and discrete variables were described using the median and
corresponding ranges. We conducted the independent t-test, the Mann–Whitney test, and the
chi-squared test to demonstrate the statistical difference of clinical data between the good and poor
response groups. The independent t-test and Mann–Whitney test were used for continuous variables.
The chi-squared test was used for categorical variables.
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Univariate logistic regression analysis was first performed for the analysis of the primary outcome.
The odds ratios (ORs) and 95% confidence intervals (CIs) were determined to show the reliability
of the estimates. Multiple logistic regression analysis was used to identify individual predictors of
substantial response suggested by the univariate analysis. All p values <0.05 in the univariate analysis
were included in the multivariate analysis. Data were analyzed using SPSS software version 20.0
(SPSS Inc., Chicago, IL, USA), and a p value <0.05 was considered significant in all analyses.

3. Results

Demographic, clinical, and MRI data were collected from all the patients. However, EDx was
performed in 150 of the 218 patients. The number of patients presenting with a favorable response
2–4 weeks after TFESI was 133 (61.0%), and the number of poor responders was 85 (39.0%).
Demographics, past medical history, spinal surgery history, duration and presentation of symptoms,
physical examination, the number of TFESI levels, and MRI and EDx findings were compared between
the favorable and poor response groups (Table 1). A statistically significant difference was observed
between the two groups regarding history of lumbar surgery, duration of symptoms, neurogenic
claudication, the SLR test, PSW/Fib on EDx, and central canal stenosis on MRI.

Table 1. Summary of Results.

Variables

Values

Poor Responders
(n = 85)

Good Responders
(n = 133)

p-Value

Pain at initial visit (NRS) 7.51 ± 1.297 7.91 ± 1.048 0.003

Demographic

Sex Male 38 (44.7%) 58 (43.6%)
0.874Female 47 (55.3%) 75 (56.4%)

Age 60.31 ± 16.35 56.31 ± 14.44 0.060

Clinical

Diabetes Yes 9 (10.6%) 11 (8.3%)
0.563No 76 (89.4%) 122 (91.7%)

Hypertension Yes 26 (30.6%) 33 (24.8%)
0.349No 59 (69.4%) 100 (75.2%)

Previous spine surgery Yes 13 (15.3%) 6 (4.5%)
0.006No 72 (84.7%) 127 (95.5%)

Trauma or sprain Yes 6 (7.1%) 19 (14.3%)
0.102No 79 (92.9%) 114 (85.7%)

Duration of symptoms weeks 60.75 ± 79.14 16.53 ± 48.01 0.000
Chronic 45 (52.9%) 17 (12.8%)

0.000Subacute 15 (17.6%) 30 (22.6%)
Acute 25 (29.4%) 86 (64.7%)

Low back or buttock pain Yes 50 (58.8%) 92 (69.2%)
0.118No 35 (41.2%) 41 (30.8%)

Neurogenic claudication Yes 19 (22.4%) 15 (11.3%)
0.028No 66 (77.6%) 118 (88.7%)

SLR test Full 73 (86.9%) 94 (74.0%)
0.024Positive 11 (13.1%) 33 (26.0%)
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Table 1. Cont.

Variables

Values

Poor Responders
(n = 85)

Good Responders
(n = 133)

p-Value

Motor exam Normal 77 (90.6%) 109 (82.0%)
0.079Abnormal 8 (9.4%) 24 (18.0%)

Sensory exam Normal 72 (84.7%) 109 (82.0%)
0.598Abnormal 13 (15.3%) 24 (18.0%)

MRI

No. of HNP levels 1 14 (18.7%) 35 (28.7%)
0.1602 22 (29.3%) 39 (32.0%)

>2 39 (52.0%) 48 (39.3%)

Root compression or
contact Yes 58 (77.3%) 101 (82.8%)

0.346
No 17 (22.7%) 21 (17.2%)

Foraminal stenosis Yes 43 (57.3%) 79 (64.8%)
0.298No 32 (42.7%) 43 (35.2%)

Central canal stenosis Yes 34 (45.3%) 33 (27.0%)
0.009No 41 (54.7%) 89 (73.0%)

EDx

EDx diagnosis Normal 22 (35.5%) 26 (29.5%)
0.443Radiculopathy 40 (64.5%) 62 (70.5%)

PSW/Fib Yes
No

10 (16.1%)
52 (83.9%)

32 (36.4%)
56 (63.6%) 0.007

MUAP change Yes 37 (59.7%) 50 (56.8%)
0.727No 25 (40.3%) 38 (43.2%)

No. of levels of TFESI 2.15 ± 0.60 2.04 ± 0.41 0.093

Data are expressed as mean ± standard deviation or absolute number (percentage). Abbreviations: EDx,
electrodiagnosis; HNP, herniated nucleus pulposus; NRS, numerical rating scale; TFESI, transforaminal epidural
steroid injection; PSW, positive sharp wave; Fib, fibrillation; MUAP, motor unit action potential.

The results of univariate and multivariate logistic regression analyses are listed in Table 2.
In the univariate regression analysis, history of lumbar surgery, duration of symptoms, neurogenic
claudication, the SLR test, PSW/Fib on EDx, and central canal stenosis on MRI findings were associated
with good response. The multivariate regression analysis demonstrated that only a shorter duration of
symptoms and PSW/Fib findings on EDx were predictors of a favorable response to TFESI. In addition,
the absence of past spine surgery and central canal stenosis findings on MRI was also associated
with a good response in the multivariate regression analysis, even though the association was not
statistically significant.
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Table 2. Univariate and multivariate analysis of variables.

Univariate Multivariate

OR (95%CI) p-Value OR (95%CI) p-Value

Demographic

Sex
Male 1

Female 0.956 (0.553–1.654) 0.874

Age 0.982 (0.964–1.001) 0.061

Clinical

Diabetes
Yes 1
No 1.313 (0.520–3.317) 0.564

Hypertension Yes 1
No 1.335 (0.728–2.449) 0.350

Previous spine
surgery

Yes 1
No 3.822 (1.392–10.489) 0.009 3.496 (0.568–21.528) 0.177

Trauma or sprain Yes 1
No 0.456 (0.174–1.192) 0.109

Duration of
symptoms Chronic 1 1

Subacute 5.294 (2.299–12.189) 0.000 6.772 (2.034–22.546) 0.002
Acute 9.106 (4.459–18.594) 0.000 7.080 (2.582–19.413) 0.000

Low back or
buttock pain

Yes 1
No 0.637 (0.361–1.123) 0.119

Neurogenic
claudication

Yes 1
No 2.265 (1.079–4.751) 0.031 1.462 (0.489–4.289) 0.489

SLR test
Full 1

Positive 2.330 (1.103–4.921) 0.027 1.358 (0.413–4.464) 0.614

Motor exam
Normal 1

Abnormal 2.119 (0.904–4.967) 0.084

Sensory exam Normal 1
Abnormal 1.219 (0.583–2.550) 0.598

MRI

No. of HNP levels 1 1
2 0.709 (0.315–1.595) 0.406
>2 0.492 (0.233–1.042) 0.064

Root compression
or contact.

Yes 1
No 0.709 (0.347–1.452) 0.347

Foraminal stenosis
Yes 1
No 0.731 (0.406–1.139) 0.298

Central canalStenosis
Yes 1
No 2.237 (1.221–4.096) 0.009 2.291 (0.908–5.780) 0.079

EDx

EDx diagnosis Normal 1
Radiculopathy 1.312 (0.656–2.623) 0.443

PSW/Fib No 1
Yes 2.971 (1.330–6.641) 0.008 3.889 (1.359–11.133) 0.011

MUAP change Yes 1
No 0.889 (0.460–1.720) 0.727

Abbreviations: EDx, electrodiagnosis; Fib, fibrillation; HNP, herniated nucleus pulposus; MUAP, motor unit action
potential; NRS, numerical rating scale; PSW, positive sharp wave; TFESI, transforaminal epidural steroid injection.
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4. Discussion

In this study, we measured short-term outcomes 2–4 weeks after TFESI. Previous studies reported
that epidural steroid injections may result in improvement in lumbosacral radicular pain between
two and six weeks, which may relate to the duration of the therapeutic effect of corticosteroid [33,34].
All the procedures were extraepineural in this study, because extraepineural injections are less painful
and more effective than intraepineural injections [16,33]. The patients from traffic accidents or injuries
at industrial sites were excluded, as they were covered by auto-insurance and worker’s compensation
in South Korea. The treatment response may be affected by secondary gain [12].

The first finding was that shorter symptom duration was the strongest factor associated with
a good response. Having acute symptoms or subacute symptoms increased the odds of significant
improvement 2–4 weeks after TFESI compared with manifesting chronic symptoms. These results
are consistent with previous studies. Ahilan et al. [28] reported that symptom duration for over a
year decreased the odds of improvement 3 months after epidural lumbar steroid injection; however,
they did not describe which medication was injected. Copper et al. [13] reported that patients with
chronic symptoms tend to display worse outcomes than those with acute symptoms. A study by
Cyteval et al. [15] also showed that the symptom duration before periradicular steroid injection for
lumbar radiculopathy was highly correlated with pain relief outcomes at two weeks and at the one-year
follow-up. Corticosteroid and local anesthetics were used in the above two studies.

A longer duration of symptoms results in chronic inflammation, including fibrosis and necrosis
of nerve root fibers [35,36]. These results suggest that corticosteroids are less effective in chronic
inflammation. In this study, we added hyaluronidase to steroid and lidocaine for injections, but the
outcome was the same as in previous studies. This implies that the previously discussed mechanism of
local anesthetics and hyaluronidase, which more likely targets chronic inflammation, is not as effective
as the anti-inflammatory effect of corticosteroids.

Various management strategies have been suggested as chronic back pain and radicular pain do
not well respond to various approaches. As seen in this study, TFESI is less effective for chronic low
back pain. Therefore, we should emphasize non-pharmacologic treatment, such as exercise therapy,
especially in chronic low back pain [37].

Whether EDx findings can be a predictor of response to epidural steroid injection has been
challenged by several studies. A few studies [20,24,26] reported that radiculopathy in EDx was
associated with a favorable outcome to epidural steroid injection, whereas other studies [12,21,22]
reported a lack of association. In this study, the diagnosis of lumbosacral radiculopathy by EDx was not
a predictive factor of response to TFESI. However, PSW/Fib findings related to limb muscles in patients
diagnosed with lumbosacral radiculopathy by EDx increased the odds of improvement with TFESI.
When PSW/Fib was detected only in the paravertebral muscle without limb muscles, the findings
were not considered as radiculopathy in this study. Similar findings have been detected in 15–42% of
asymptomatic individuals, and this increased with the age of the examined population [38,39].

Several explanations are possible. First, the diagnosis of radiculopathy by EDx is limited to motor
neuron axonal damage in most cases. It is impossible to diagnose radiculopathy by EDx in the presence
of only mild injury at the nerve root, such as focal demyelination without damage to the motor axons.
The patients who were diagnosed with radiculopathy but exhibited normal findings on EDx also
responded well to TFESI. This hypothesis explains the absence of association between EDx diagnosis and
TFESI outcomes. Second, membrane instability characterized by PSW/Fib is generally detected in limb
muscles within three weeks after acute neural insult and continues until the muscle fiber is reinnervated
or atrophied completely. When the patient was diagnosed with radiculopathy without PSW/Fib, EDx
was performed after reinnervation, because completely atrophied muscle would have been excluded
from this study due to severe motor weakness. It is reported that the limb muscles are reinnervated
about three months after symptom onset. In contrast to PSW/Fib, most of the MUAP changes, including
polyphasic, large, and long duration, were found in chronic and static radiculopathy, even though
polyphasic MUAP was detected at an early stage [40,41]. Thus, the duration of PSW/Fib correlated
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with good response to TFESI. Third, the diagnosis of radiculopathy based on MUAP changes alone may
involve older and stable lesions, which may not be associated with recent symptoms. The absence of a
significant difference between good and poor response groups based on EDx radiculopathy suggests
the possibility of diagnosis unrelated to recent symptoms. Fourth, the growth of a bony spur may
gradually compress the nerve root, resulting in relatively mild damage to the nerve fibers. In this case,
collateral sprouting and denervation may occur at a similar rate with hard-to-observe PSW/Fib initially.
The effect of TFESI is limited in this case, because the majority of mechanisms involved mechanical
compression by bony spur.

The absence of spine surgery could be associated with favorable response to TFESI, even
though the association was only present in the univariate analysis. This result can be explained by
postoperative scar formation. Epidural scar from low back surgery probably induced soft tissue
adhesion and mechanical compression of the nerve root, which is resistant to the anti-inflammatory
effects of corticosteroid. The scar also mechanically prevents delivery into the epidural space
and eventually decreases the effectiveness of injection. Previous studies report conflicting results.
Sivaganesan et al. [28] reported that back surgery was associated with a poor response to epidural
steroid injection, whereas Tong et al. [12] found no significant correlation between them. Neither of
these two studies described the type of back surgery included. In this study, any type of back surgery,
such as discectomy or posterior lumbar interbody fusion, was included. The degree of scarring is
determined by the type of back surgery. Therefore, the association is also influenced by the proportion
of various types of back surgeries and requires appropriate classification in future studies.

We were unable to determine the association between MRI findings and a good response to
the TFESI in the multivariate regression analysis. However, a central canal stenosis observed on
MRI may be associated with increased odds of a positive response, even though the association
was not statistically significant in multivariate analysis. These associations have been disputed in
previous studies [19,22,23,27,28]. Other variables, including age, sex, the presence of trauma or
sprain, the location of pain, neurogenic claudication and findings of physical examination, cannot be
considered as predictors of short-term outcome after a TFESI.

In this study, the short-term success rate of a TFESI at 2–4 weeks was 61%. Previous studies
have reported that the success rate is about 34–78% and the success rate of the short-term effect is
about 50%, which is similar to our study [8,42]. One systemic review [42] reported that the level of
evidence in support of epidural steroid injections is moderate. However, many studies [9,43] have
shown controversial results about the long-term effects of the procedure.

This study has several limitations. First, the outcome was only evaluated by a change in NRS. There
are specific tools designed for evaluation of function and pain in patients with low back pain, such as
the Oswestry Disability Index and the Pain Disability Questionnaire. Because it is difficult to objectively
assess response to treatment, these tools can be also used simultaneously to assess pain, function,
or emotion in a variety of ways. This is a limitation of retrospective studies analyzing data derived
from pre-existing medical records. Second, the predictive factors suggested in this study are limited to
short-term response to TFESIs. It was impossible to accurately and reliably predict long-term treatment
response to lumbar TFESIs based on short-term pain relief [44]. Additional studies investigating
long-term response are needed. Third, the location of the TFESI was not standardized. In our clinic,
the most frequently targeted levels of TFESI were L4/L5, L5/S1, and S1 foramens, while L2/3 or L3/4
were rarely targeted. About two levels of TFESI were administered to both good and poor responders.
However, the details of the injection level were not described in this study. Fourth, the difference
between good and poor responders could be attributable to the natural course of the condition in the
patients, such as chronicity of pain. Future studies comparing the natural course between two groups
will be needed. Fifth, the patients were re-assessed in a 2–4 week range after the injection. Although
2–4 weeks is a short period of time compared to other studies [42], the pain response at two weeks
after injection can be different to the response at four weeks.
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5. Conclusions

The short duration of symptoms and the presence of PSW/Fib findings in lower limb muscles in
EDx diagnosis are likely to predict a favorable response 2–4 weeks after a TFESI in patients diagnosed
with lumbar disk herniation on MRI and who present with radiating leg pain. Clinicians should
consider these factors in the risk–benefit analysis of TFESIs. The results should be validated via
randomized prospective studies in the future.
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Abstract: Background: Many studies have reported on the causes of chronic lower back pain (CLBP).
The aim of this study is to identify if the hierarchical neural network (HNN) is superior to a conventional
statistical model for CLBP prediction. Linear models, which included multiple regression analysis,
were executed for the analysis of the survey data because of the ease of interpretation. The problem
with such linear models was that we could not fully consider the influence of interactions caused by a
combination of nonlinear relationships and independent variables. Materials and Methods: The subjects
in our study were 96 people (30 men aged 72.3 ± 5.6 years and 66 women aged 71.9 ± 5.4 years)
who participated at a college health club from 20 July 2016 to 20 March 2017. The HNN and the
logistic regression analysis (LR) were used for the prediction of CLBP and the accuracy of each
analysis was compared and examined by using our previously reported data. The LR verified the fit
using the Hosmer–Lemeshow test. The efficiencies of the two models were compared using receiver
performance analysis (ROC), the root mean square error (RMSE), and the deviance (−2 log likelihood).
Results: The area under the ROC curve, the RMSE, and the −2 log likelihood for the LR were 0.7163,
0.2581, and 105.065, respectively. The area under the ROC curve, the RMSE, and the log likelihood for
the HNN were 0.7650, 0.2483, and 102.787, respectively (the correct answer rates were HNN = 73.3%
and LR = 70.8%). Conclusions: On the basis of the ROC curve, the RMSE, and the −2 log likelihood,
the performance of the HNN for the prediction probability of CLBP is equal to or higher than the LR.
In the future, the HNN may be useful as an index to judge the risk of CLBP for individual patients.

Keywords: chronic lower back pain; hierarchical neural network; logistic regression analysis

1. Introduction

The prevalence of lower back pain (LBP) in an adult is approximately 12% [1]. In Japan, in 2013,
the proportion of LBP patients was reported as 9.2% (male) and 11.8% (female) [2]. In the Brazilian
older population, the prevalence of chronic LBP (CLBP) was 25.4% [3]. CLBP not only brings about a
surge in medical expenses, but also results in enormous economic loss in each country because patients
are prevented from participating in society. Therefore, researching the cause of CLBP is an urgent task.

Many researchers have reported on the causes of CLBP. For this study, the analysis of survey data
was performed using linear models, which included multiple regression analysis, because of the ease
of interpretation. The problem with such linear models was that we could not sufficiently consider
the influence of nonlinear relations and interactions caused by combinations between independent
variables. Needless to say, we introduced previously used nonlinear regression models such as variable
transformation, polynomials, and so on. However, during actual analysis, it was difficult to sufficiently
assume such requirements in advance.
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In this study, we verified that nonlinear coupling using the hierarchical neural network (HNN) [4,5]
is superior for predicting the possibility of CLBP as compared with predictions by a conventional
statistical model.

2. Materials and Methods

2.1. Study Design

We performed a neural network simulation study and adopted the following hypothesis: The HNN
is superior for predicting the possibility of CLBP as compared with predictions using a conventional
statistical model. The subjects for our study were 96 people (30 men aged 72.3 ± 5.6 years and 66
women aged 71.9 ± 5.4 years) who were members at a college health club, as well as prior subjects
from a previous investigation [6]. We excluded subjects with specific lower back pain.

Ethical approval for the study was obtained from the Shikoku Medical College Ethics Screening
Committee, Japan (approval number: H28-8, 25 May 2016). The decision date of the ethics committee
was 25 May 2016.

2.2. Clinical Parameters and Measurements

The data included age, gender, sleeping time, spouse, steps, BMI, and excluding ≤1.5 metabolic
equivalents (METs). We collected for 3 consecutive days during each week over the study period.
Stiff shoulder was defined as pain in the neck, shoulder, or back, and chronic stiff shoulder was pain
lasting longer than 3 months. In addition, chronic stiff shoulder was considered as a variable affecting
psychological distress. We used a visual analog scale as a measurement tool to investigate the degree
of pain experienced by each subject. The scale consisted of a straight line where the degree of pain
was expressed (scored) as a numerical value from 0 to 10 points. The left end of the straight line was
“painless”, and the right end was “the most severe pain that can be imagined”. Subjects were asked to
place a cross on the line at a point that seemed to be the degree of pain they were feeling. Assuming
that the total length of the straight line was 10, the distance from the left end to the cross indicated the
degree of pain. The closer the number was to 10, the stronger the pain. The subjects were requested to
respond by choosing either “experienced” (1, other than 0), or “not experienced” (0) [6].

2.3. Psychological Distress

For the data from a previous investigation, we used the K6 scale. The K6 is a self-written
questionnaire developed by Kessler as a screening test for psychological distress that could effectively
discriminate psychological distress [7]. It is valid and reliable. Subjects answered six items on a 5-point
Likert scale, and responses for each item were transformed to scores ranging from 0 to 4 points. The
questionnaire consisted of the following six questions: Over the last month, about how often did you
feel: (1) nervous, (2) hopeless, (3) restless or fidgety, (4) so sad that nothing could cheer you up, (5) that
everything was an effort, or (6) worthless? For each of the questions, the subjects were requested to
choose from the following responses: All of the time (4 points), most of the time (3 points), some of the
time (2 points), a little of the time (1 point), and none of the time (0 point). The total of the responses
was the evaluation level [8]. Thus, the score range was 0–24. A higher total score corresponded to
higher psychological distress.

2.4. Chronic Lower Back Pain (CLBP)

Chronic lower back pain was defined as pain localized between the 12th rib and the inferior
gluteal folds [9] lasting longer than 3 months [10]. The subjects were shown the location of the pain and
requested to respond to chronic lower back pain entered on the questionnaire by choosing from the
following: “experienced” (1), “not experienced” (0) [6]. In addition, the subjects received a definitive
diagnosis of orthopedic surgery.
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2.5. Social Participation

Using the data from a previous investigation, we evaluated social participation as established by
Haeuchi et al. [11]. The respondents were asked whether they participated in eight types of social
activities. These types were as follows: (1) local events and festivals; (2) resident and neighborhood
associations; (3) circle activities, i.e., a group activity based on a hobby or an interest such as history; (4)
golden age club; (5) volunteer activities; (6) religious activities; (7) paid work; and (8) learning in a
social environment within the past year from the date of the survey. The subjects were requested to
respond by choosing either “some kind of social activity or more than one within the past month, once
or more per week” (1) or “participates in no activities” (0) [6].

2.6. Models

2.6.1. HNN

Variables: For this study, there were two dependent variables for CLBP, i.e., absence (0, experienced)
and presence (1, not experienced). In order to carry out the comparison with the logistic regression
analysis, the number of independent variables was set to four. There were 10 possible candidates
for the independent variables which included gender [12], age [13], spouse (presence or none), BMI
(kg/m2) [14], chronic stiff shoulder (presence or none), social participation (presence or none) [15–17],
sleeping time (hours/day), the K6 scores [18–20], a rate of 1.5 METs or less [21], and number of steps
(steps/day). The relationship among these ten independent variables, in a conventional study, and the
dependent variables was discussed, and the four variables with high correlation were taken as the
independent variables. Therefore, the four independent variables selected were age, body mass index
(BMI), social participation and the K6 score.

Structure of HNN: The neural network consisted of multiple layers (input layer, hidden layer, and
output layer). The number of nodes of the input layer was the number of nodes of data 4. Moreover, by
changing the number of layers in the hidden layer and the number of nodes in each layer, we identified
how the accuracy changed. We adopted the number of layers of the hidden layer and the number of
the nodes of each layer which were higher in the system. Here, we adopted a sigmoid function as
the activation function of the hidden layer. This was the function to output by deforming the input
data (transform). For the prediction of CLBP, we determined the number of output layers to be two (2
nodes, onset as 1 =with CLBP and non-onset as 0 =without CLBP). The learning of the neural network
was conducted 10,000 times using the back-propagation method.

2.6.2. Logistic Regression Analysis (LR)

We used LR to compare with HNN, using the four independent variables discussed above.

2.7. Statistical Analyses

First, we used the HNN to determine the number of hidden layers and the number of nodes in
each layer by trial and error. Second, the HNN was used to verify the prediction rate of the onset of
CLBP. Third, the efficiencies of the two models were compared using the receiver performance analysis
(ROC), the root mean square error (RMSE), and the deviance (−2 log likelihood). In addition, we
compared the prediction accuracy rates of the two models. And finally, we increased the independent
variables to 10 by adding gender, spouse (presence or absence), shoulder stiffness, sleeping time, rate
of 1.5 METs or less, and steps. We verified the prediction rate of CLBP onset with the HNN using
the software SPSS ver. 24.0 (IBM SPSS Inc., Chicago, IL, USA) and Python 3.6.4 (Python Software
Foundation, Delaware, United States).
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3. Results

The subject characteristics are summarized in Table 1. First, the model had the highest accuracy
when the number of hierarchical layers was one and the number of nodes was seven (Figure 1). Second,
Table 2 compares the HNN and the LR. Using the case for learning, of the 33 with CLBP, 18 were
accurately predicted, and of the 33 without CLBP, 31 were accurately predicted. Of the total 66, 49
were accurately predicted. In learning, the result was accurately predicted overall (74.2%). When
the learning model was applied to the testing model, the accuracy answer rate was 73.3% and the
accuracy rates obtained for the HNN and the LR were 73.3% and 70.8%, respectively. Third, the area
under the ROC curve, the RMSE, and the −2 log likelihood for the LR were 0.7163, 0.2581, and 105.065,
respectively, and for HNN they were 0.7650, 0.2483, and 102.787, respectively (Table 3 shows the area
under the ROC between HNN and LR in detail). And finally, the predictive value rate increased from
73.3% to 84.6% using 10 variables (Table 4).

Figure 1. The rectangles indicate nodes, and weights are indicated by arrows (→) between nodes. The
number of nodes in the input layer is 4 (age, BMI, social participation (SP), and K6 scores), the number
of nodes in the hidden layer is 7 (7 hidden neurons), and the number of nodes in the output layer is 2
(1: With chronic lower back pain, 0: Without chronic lower back pain).
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Table 2. Comparison between the hierarchical neural network (HNN) and logistical regression (LR).
Classification of the results (HNN): 66 learning data, 49 (18 + 31) accurately predicted, and 30 testing
data, 22 (14 + 8) accurately predicted.

Actual Predicted

Non-Default Default Accuracy (%)

Learning Non-Default 31 2 93.9
Default 15 18 54.5

Total 74.2

Testing Non-Default 14 3 82.4
Default 5 8 61.5

Total 73.3

LR

Actual Predicted

Non-Default Default Accuracy (%)

Non-Default 38 12 76.0
Default 16 30 65.2

Total 70.8

HNN: Hierarchical neural network; LR: Logistic regression; Non-Default: Without CLBP, Default: with CLBP; HNN:
N = 30; testing; LR: N = 96.

Table 3. Comparison between HNN and LR by the area under the ROC curve.

Area Standard error Lower Bound Upper Bound p

HNN 0.7650 0.0492 0.6552 0.8315 <0.001
LR 0.7163 0.0557 0.6070 0.8255 <0.001

HNN: Hierarchical neural network; LR: Logistic regression.

Table 4. Relationship between each independent variable.

Gender Age Spouse BMI CSS SP
Sleep
Time

K6
Scores

1.5METs
or Less

Steps

Gender 1.0000 0.2000 0.2957 0.0949 0.1426 0.2372 0.0980 0.0458 0.2896 0.0265
Age 1.0000 0.0728 0.0344 0.1725 0.0959 −0.0956 0.0392 0.2285 −0.3479

Spouse 1.0000 0.0509 0.0426 0.1176 0.2946 0.1091 0.0547 0.0624
BMI 1.0000 0.0994 0.0224 0.0509 −0.0334 0.2848 −0.1740
CSS 1.0000 0.2372 0.0100 0.0721 0.1077 0.1889
SP 1.0000 0.0883 0.1034 0.0728 0.0616

Sleep Time 1.0000 0.0025 −0.2184 0.0054
K6 Scores 1.0000 0.1020 −0.2173
1.5METs
or Less 1.0000 −0.2956

Steps 1.0000

CSS: Chronic stiff shoulder; SP: Social participation; Correlation coefficient: Quantitative variable vs. quantitative
variable; Correlation ratio (η): Quantitative variable vs. qualitive variable; Coefficient of association: Qualitative
variable vs. qualitative variable.

4. Discussion

The HNN showed prediction ability equal to or greater than the LR. In the future, the HNN is
expected to be useful as an index to judge the risk of CLBP for individual patients. First, in the input
layer, when the order of the inputting variables was changed, the initial values of various patterns
were assigned, and therefore the result might be affected. Therefore, the order of various variables was
changed, and the stability of a specific solution was evaluated. We found the most accurate model
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by changing the total number of hidden layers. As a result, when looking at the accuracy with the
verification data, the model with one layer of a hidden layer has the highest accuracy. Moreover, we
examined the number of nodes with the highest accuracy with the model of the selected hidden layer
being one layer. In this case, if the number of nodes in the hidden layer increased, the accuracy with
respect to the learning data increased, but the accuracy of estimation with the testing data was not
necessarily high. As a result, seven nodes had the highest accuracy (Figure 1). Secondly, the HNN
did not require specifying a prior model and could predict from patterns learned in the data [21]. In
addition, even if there was a process with a large unexpected influence in advance, the influence could
be effectively found and detected [21,22]. Therefore, it was possible to predict more accurately than the
LR model. Finally, the independent variables were increased to 10 by adding gender, spouse (presence
or absence), shoulder stiffness, sleeping time, rate of 1.5 METs or less, and steps. The predictive value
rate increased from 73.3% to 84.6%. Improvement of the prediction rate also depended on the height of
the correlation coefficient between the dependent and independent variables.

The potential limitations of this study are as follows: First, the responses reported by the individual
participants with respect to their response of chronic lower back pain were not always accurate, and
therefore an orthopedic surgeon was contacted to act as an adviser for the health club. Although factors
such as work history, education, income, etc., are considered to be important causes of chronic lower
back pain, they could not be considered. Second, due to the small sample size, verification of this survey
was somewhat difficult. When the number of samples is small, the results obtained become unstable.
For this study, the number of samples was 96, which is considered small, and therefore the following
countermeasures were taken: Samples were randomly classified into model learning and verification
and random numbers were changed and performed 10,000 times. The average value of each sample,
which was plurality estimated, may not represent an appropriate estimated value. Future investigations
will need to increase the number of samples and conduct rigorous verification. Third, although the
HNN has high prediction ability, it cannot explain the mutual relationship between dependent and
independent variables [23]. Empirical research is necessary to explain the mutual relationship.

5. Conclusions

On the basis of the ROC curve, the RMSE, and the −2 log likelihood, the prediction probability
performance of the HNN for predicting CLBP is equal to or higher than the LR. In the future, the HNN
is expected to be useful as an index to judge the risk of CLBP for individual patients.
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Abstract: Background and objectives: Low back pain is one of the most common health problems.
In 85% of cases, it is not possible to identify a specific cause, and it is therefore called Non-Specific
Low Back Pain (NSLBP). Among the various attempted classifications, the subgroup of patients with
impairment of motor control of the lower back (MCI) is between the most studied. The objective
of this systematic review is to summarize the results from trials about validity and reliability of
clinical tests aimed to identify MCI in the NSLBP population. Materials and Methods: The MEDLINE,
Cochrane Library, and MedNar databases have been searched until May 2018. The criteria for
inclusion were clinical trials about evaluation methods that are affordable and applicable in a usual
clinical setting and conducted on populations aged > 18 years. A single author summarized data in
synoptic tables relating to the clinical property; a second reviewer intervened in case of doubts about
the relevance of the studies. Results: 13 primary studies met the inclusion criteria: 10 investigated
inter-rater reliability, 4 investigated intra-rater reliability, and 6 investigated validity for a total of
23 tests (including one cluster of tests). Inter-rater reliability is widely studied, and there are tests with
good, consistent, and substantial values (waiter’s bow, prone hip extension, sitting knee extension,
and one leg stance). Intra-rater reliability has been less investigated, and no test have been studied
for more than one author. The results of the few studies about validity aim to discriminate only
the presence or absence of LBP in the samples. Conclusions: At the state of the art, results related to
reliability support the clinical use of the identified tests. No conclusions can be drawn about validity.

Keywords: low back pain; motor control impairment; movement control disease; movement test;
reliability; validity

1. Introduction

Low Back Pain (LBP) is one of the most frequent health problems causing absenteeism and
disability, and it is the most expensive diagnosis in the Western World [1–3]. LBP is defined as pain
“strong enough to limit normal activities for more than one day” [4] in the lower part of the column,
between the 12th thoracic vertebra and the 1st sacral, with possible projection to the lower limb [5].

Temporal staging defines LBP acute when an episode occurred not more than 6 weeks previously,
subacute between 6 and 12 weeks, and chronic beyond 3 months [6].

Smoking and obesity have shown a significant association for developing LBP [7], while sedentary
lifestyle, low aerobic capacity [8], and psychological factors related to personal or professional
discomfort [9] have been indicated as highly related.

Patients with LBP generally improve in the first 6 weeks after an acute episode [10], but
approximately 70% of patients show a recurrence in the following year [11,12] while 40% develop
chronic LBP [13].

Only in 10–15% of patients with LBP is it possible to identify the triggering factor (root compressions,
vertebral fractures, tumors, infections, inflammatory diseases, spondylolisthesis and vertebral stenosis,
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or proclaimed instability [14]); in the remaining 85–90%, it is difficult to recognize the source of pain.
In these cases, the term Non-specific Low Back Pain (NSLBP) is generally used [15–17].

Since there is no clear detrimental mechanism identifiable as the source of the disorder, in the
last years, researchers focused on identification of subcategories with the aim of developing targeted
interventions. The heterogeneity of the samples of study seems to be the basis of the disappointing
results obtained in clinical trials that have investigated the management of LBP in the past [18].

The subgroup of patients with motor control impairment (MCI) was proposed for the first time by
O’Sullivan [19]. In the literature, different synonyms are used, including movement control dysfunction,
movement system impairment or clinical instability, and segmental instability [20].

Patients with MCI tend to experience pain during motor tasks that load the spine mainly in one
plane of space. They performed it with unconscious compensation strategies or with the adoption
of postures traceable to typical patterns. In order to allow for a more detailed classification and
targeted treatment, patients are categorized according to the type of posture and the direction of
provocative movement (e.g., flexion pattern and extension pattern) [21].

Strategies for conducting the objective examination are based mainly on the interpretation of
the quality of execution of specific tasks or on the use of technology through motion analysis tools.
Several tests have been proposed to diagnose MCI, but diagnostic properties have not been thoroughly
and conclusively investigated. In order for a classification system to be useful, examiners must be able
to determine a valid and reliable individual’s classification.

Reliability is the degree of agreement between a series of measurements of the same occurrence
when the measurements are made by changing one or more conditions; validity is the ability of a test
to actually measure what the author intended to measure [22].

To date, only two systematic reviews are available, limited purely to the reliability parameters [23,24].
The aim of this review is to summarize the results derived from diagnostic accuracy studies and

to update the knowledge about reproducibility in order to provide an exhaustive overview of the state
of the art of the diagnostic procedures useful to identify MCI.

2. Materials and Methods

No protocol has been previous registered. In order to ensure transparency and reproducibility of
the research results, the indications from the PRISMA statement [25] and the COSMIN checklist have
been integrated [26].

2.1. Eligibility Criteria

2.1.1. Study Design

Primary studies investigating the clinical properties of tests developed to detect MCI have been
included. The study design did not influence the decision to include it in this review. Only papers
published in English or Italian were considered, with no filters on the date of publication.

2.1.2. Participants Characteristics

The studied population is defined by the presence of NSLBP (with or without lower limb pain)
and age > 18 years, without gender distinction.

2.1.3. Test

Only evaluation methods that are easy to use in clinical practice have been considered, excluding
examinations that require complex and expensive technological instrumentation.

2.1.4. Diagnostic Values

Properties of tests taken into consideration in the synthesis are validity and reliability, described
through the typical coefficients of biomedical statistics.
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2.1.5. Data Sources and Search

A systematic search was conducted on the Medline, Cochrane Library, and MedNar (grey or
unpublished literature) databases without time filters. The selection of articles can be considered
updated to 13 May 2018. Table 1 summarizes the strategy used.

Table 1. Search strategy used for every database.

Database Search Strategy

MEDLINE—Clinical queries Low Back Pain AND motor control

(Impairment AND (motor control OR movement OR movement control OR
movement coordination OR movement system OR muscle control OR trunk motor
control)) OR (Dysfunction AND (movement control OR movement OR stability))

OR (deficit AND (movement precision OR trunk muscle timing OR trunk
movement control)) OR MCI OR altered sensory function OR segmental instability)

AND (Low Back Pain OR LBP OR non-specific low back pain OR NSLBP)

Cochrane Library—Simple Search Low Back Pain AND motor control

MedNar—Simple Search Low back pain AND motor control

2.2. Data Synthesis and Analysis

2.2.1. Study Selection

The studies obtained were initially reported in a comprehensive database, and double reports
were excluded. Only one reviewer performed the first screening following the reading of the title and
abstracts. Relevance was then assessed by reading the full text: any doubts were resolved with the
intervention of a second reviewer. The inclusion process is summarized graphically in a flowchart
in the results section (Figure 1). Hand searching has been conducted checking bibliographies of
included articles.

Figure 1. Study selection process.

2.2.2. Data Extraction and Synthesis

The relevant data were organized in a synoptic tables (Tables A1–A4) which shows author
and year of publication, objectives of the study, the characteristics of the participants (number, sex,
age, and condition), the characteristics of the examiners, the diagnostic test/examination and the
procedure followed, the statistical values, and the main results. No meta-analysis of the collected data
was performed, but a narrative synthesis in accordance with the emerging evidence was performed.
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2.2.3. Risk of Bias Assessment

The quality of each study was assessed for methodological rigor and risk of bias by one reviewer
using the tool described by Brink and Louw [27] (Table A5) and developed for the analysis of validity
and reliability studies. Doubtful opinions have been resolved with the help of a second reviewer.
This appraisal tool does not incorporate a quality score, but instead, the impact of each item on the study
design should be considered individually. This tool contains 13 items, which should be considered
according to the nature of the study: 4 are useful only for the evaluation of reliability studies, 4 are
useful only for validity studies, and 9 are useful for both. The results were summarized in a synoptic
table (Table A1), and a critical discussion of the strengths and weaknesses of the studies included
was drafted.

3. Results

The database research identified 1203 articles, while 8 others have been identified with free
research in the bibliographies of relevant studies for a total of 1211 articles; 180 articles were deleted
because they were duplicated, resulting in 1031 basic articles as a partial result. Following the reading
of the title, 386 articles were discarded; following the reading of abstract, 548 remained. Following the
reading of the full text, 13 studies were included in the review and 84 studies were excluded as
not relevant. The steps related to the selection of articles are outlined in the flow-diagram below
(Figure 1). Of the 13 studies included, 10 investigated inter-rater reliability [28–37], 4 investigated
intra-rater reliability [31–33,38], and only 6 studies analyzed validity [28,29,31,32,39,40]. Overall,
the tests showed reliability ranging from fair to excellent (K value between 0.32 and 1.00) for the
inter-rater and from moderate to excellent for the intra-rater (K value from 0.42 to 1.00). The ICC also
varied from 0.41 to 0.98, indicating a range from poor to very good (Table A1). A meta-analysis of
collected data was not conducted due to the small number of studies that have investigated the same
test. In addition to this, the highly heterogeneous nature of the descriptions and the small samples
make the calculation superfluous.

3.1. Inter-Rater Reliability

The results for inter-observer reliability are shown in Table A2.
Seventeen tests were investigated by a single author [28,30–33,36,37]. In the remaining 6 evaluated

by multiple studies, only 4 (waiter’s bow, one leg stance, sitting knee extension, and prone hip
extension) showed agreement between reliability values [29,33,34,36], while for the other 2 (bent knee
fall out and active straight leg raising), this did not happen [29,30,33,35–37].

3.1.1. Tests Described by More Than One Study that Did Not Give Consistent Results

Bent knee fall out was studied by 3 authors out of 132 patients. It was identified as having
modest reliability by Luomajoki et al. [33] (K = 0.38) and as poor-excellent by Roussel et al. [36]
(ICC = 0.61–0.91) and Enoch et al. [30] (ICC = 0.94). Active straight leg raising has been described in
3 studies on 158 total subjects. Roussel et al. [35] and Bruno et al. [29] showed good reliability (K from
0.70 left leg to 0.71 right leg for the first study and 0.79 for the second). Also, Roussel et al. in the study
of 2009 [36] provide more variable values, with an ICC from poor to excellent (ICC = 0.41–0.91).

3.1.2. Tests Described by More Than One Study that Showed Agreement between the Results

Substantial reproducibility was found for both waiter’s bow (investigated in 2 studies [33,36],
92 subjects, K = 0.62 and 0.78) and prone hip extension (investigated in 2 studies [29,34], with 112
total subjects, K = 0.72–0.76). The Sitting knee extension was analyzed in 2 studies for a total of
80 subjects. It provided a good K in the study by Luomajoki et al. [33] (K = 0.72) and was excellent in
the study by Enoch et al. [30] (ICC = 0.95). The one leg stance was described in 3 studies for a total
of 95 participants. Only Luomajoki et al. [33] identified a moderate-good reliability (K = 0.43–0.65),
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while both Roussel et al. [35] and Tidstrand and Horneij [37] obtained good-excellent values (K from
0.75 to 1.00).

3.1.3. Tests Described by a Single Study

Excellent reliability has been identified for joint position sense [30], sitting forward lean [30], and leg
lowering [30]. Substantial reliability was identified for pelvic tilt [33], rocking pelvis forwards [33],
standing back extension test [31], static lunge test [32], and dynamic lunge test [32]. Moderate reliability
was identified for knee lift abdominal test [36], rocking pelvis backwards [33], prone active knee
flexion [33], and standing knee-lift test [32]. The unilateral pelvic lift showed moderate reliability for
the left side (K = 0.47) and substantial for the right side (K = 0.61) [37]. The sitting-on-a-ball test, on the
other hand, was substantial for the right (K = 0.79) but excellent for the left (K = 0.88) [37]. The trunk
forward bending and return to upright test, described by Biely et al. [28], showed K values from 0.35
to 0.89, depending on the criterion used to define the positivity of the test. Also, static lunge test [32],
dynamic lunge test [32], and standing knee-lift test [32] showed different reliability values depending
on each component observed during the execution of the test.

3.2. Intra-Rater Reliability

A total of 13 tests were investigated for intra-examiner reliability (Table A3), all by a single author.
Waiter’s bow, pelvic tilt, one leg stance, sitting knee extension, rocking backwards, rocking forwards,
prone active knee flexion, and crook lying hip abduction were investigated by Luomajoki et al. [33] on
40 subjects; the standing back extension test was investigated by Gondhalekar et al. [31] on 50 subjects;
and the knee-lift abdominal test was investigated by Ohe et al. [38] on 60 subjects. The K value is
between 0.51 and 0.95, indicating moderate to excellent reliability; it is the same for the good ICC value
for Knee lift abdominal test (KLAT) (0.71–0.79). Standing knee-lift test, static lunge test, and dynamic
lunge test were studied by Granström et al. [32] and showed good to poor reliability (ICC from 0.54
to 0.87). In the same study, the intra-examiner reliability of different aberrant movements analyzed
during the execution of the above 3 tests was also investigated, and in this case, an extreme variability
in the results also emerged (K from 0.42 to 1.00).

3.3. Validity

A total of 10 tests (including batteries) have been reported with indicating their validity, represented
in Table A4 and all investigated by a single author. The battery of Luomajoki et al. [39], the knee-lift
abdominal test, the bent knee fall out, the prone hip extension, and the active straight leg raise showed
significant relationships between test positivity and the presence of LBP compared to healthy subjects
(all p < 0.05). The use of Judder/shake/instability catch (JUD), deviation from sagittal plane (DEV)and
aberrant movement score (AMS) as positive criteria in anterior trunk flexion movement and return to
upright position also showed significant correlations with the presence of LBP. On the contrary, for the
standing back extension test, standing knee-lift test, static lunge test, and dynamic Lunge, test there
were not enough high values of diagnostic power (AUC from 0.47 to 0.78).

3.4. Risk of Bias in Included Studies

All studies included reported a complete description of the selected sample (Table 2).
In several [29,34,37,38], however, there was no method for calculating the sample size, so we do
not know with certainty the statistical power of the results obtained. The presence of an adequate
method for calculating the sample size was not described as a parameter to be evaluated in criterion 1,
and for this reason, it was considered satisfied in all the studies. Three studies [36,38,40] did not
clarify the characteristics of the evaluators. The main source of risk of bias in 8 out of 11 studies
dealing with reproducibility was the simultaneous evaluation by the observers [34,37]. Three studies
did not clarify or carry out the randomization of the order of the patients evaluated [33,36,39]. Four
did not randomized the order of the tests administered [30,33,37,39], and one did not clarify it [36].
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In addition, in 2 studies, the blindness of the evaluators to the results between them was not clearly
explained [36,37]. In studies dealing with intra-operator reproducibility, the concealment of patients or
an adequate time gap between the two observations was adopted, except for 1 study [38], where the
assessments were re-performed in a matter of minutes. In the studies that dealt with validity, they were
not met or it was not possible to judge the criteria (3,7,9,11) because there is no shared reference in the
literature. Analyses of diagnostic accuracy were developed with respect to the presence of LBP or not.
Only 1 study [31] gave a description of the reference standard used, but in our opinion, the choice was
not appropriate. The choice of statistical methods was considered appropriate for all studies; only 1
study [34] introduced a possible distortion of the effect of the results because it presented data of a
nonparametric nature by inserting the standard deviation.

Table 2. Risk of bias summary.

Question and Nature of the Study [34] [33] [35] [39] [36] [37] [30] [40] [28] [29] [38] [31] [32]

1. Human subjects and detailed
description of the sample (validity

and reliability studies)
Y Y Y Y Y Y Y Y Y Y Y Y Y

2. Qualification or competence of
rater/s clarified (validity and

reliability studies)
Y Y Y Y N Y Y N Y Y N Y Y

3. Reference standard explained
(validity studies) N/A N/A N/A N N/A N/A N/A N N N N/A Y N

4. Blinding of raters to the findings of
other raters (inter-rater

reliability studies)
Y Y Y N/A N N Y N/A Y Y N/A Y Y

5. Blinding of raters to their own prior
findings (intra-rater reliability studies) N/A Y N/A N/A N/A N/A N/A N/A N/A N/A N Y Y

6. Variation in order of examination
(reliability studies) N N Y N N N Y N/A N N N Y Y

7. Latency between application of
reference and index test reasonably

(validity studies)
N/A N/A N/A N/A N/A N/A N/A N N N N/A Y N

8. Stability of the variable considered
before repeated measures

(reliability studies)
Y Y Y N/A Y Y Y N/A Y Y Y Y

9.Reference standard independent of
the index test (validity studies) N/A N/A N/A N N/A N/A N/A N N N N/A Y N

10. Detailed description of index test
(validity and reliability studies) Y Y Y Y Y Y Y Y Y Y Y Y Y

11. Detailed execution of reference
standard (validity studies) N/A N/A N/A N N/A N/A N/A N N N N/A Y N

12. Explanation of the withdrawals
(validity and reliability studies) Y Y Y Y Y Y Y N Y Y N Y Y

13. Appropriateness of statistical
methods (validity and

reliability studies)
N Y Y Y Y Y Y Y Y Y Y Y Y

4. Discussion

This review is the first to include and summarize results from reliability (inter- and intra-rater)
and validity studies of tests designed to detect MCI in subjects with NSLBP.

In 2013, Carlsson and Rasmussen-Barr [23] studied the reliability of tests to diagnose MCI and
found it difficult to identify consistent results because they were investigated by studies with a high
risk of bias. At the time (with a research updated to October 2011) only prone knee bend and the one
leg stance were indicated by the author as useful because they were presented in one study with a low
risk of bias. Recently, Denteneer et al. [24] identified a greater number of tests (specifically 30) but the
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limit of his research were the inclusion criteria. Studies included populations classified with functional
lumbar instability or MCI or with the association of both. This leads to sampling limits with difficult
interpretation and comparison of results.

In the present research, 15 tests have shown good inter-examiner reliability in at least one study,
but only waiter’s bow, one leg stance, sitting knee extension, and prone hip extension had almost
overlapping values in at least 2 studies.

As is well known, inter-rater reliability is just a component of the reliability of a test and take greater
importance when its context of use is characterized by the alternation of operators. NSLBP rehabilitation
process is in most cases managed by a single therapist; nevertheless, the number of studies that have
dealt with intra-rater reliability is far less than those of the inter-rater reliability.

From the few data available, there seems to be a good degree of agreement in the case of repeated
measurements by the same therapist for almost all tests. The summary of results about intra- and
inter-rater reliability shows that observing abnormal movement strategies in patients with NSLBP
seems to be possible through simple tests; anyway, positivity criteria and execution modalities need to
be standardized with precise protocols, as suggested by Enoch et al. [30].

The clinical use of the tests has to be based on consistent evidence both for the intra/inter-rater
reliability, and these conclusions must derive from at least 2 studies of good quality.

Compared to knowledge set by Carlsson and Rasmussen-Barr [23], we can still recommend the
use of the one leg stance, but we add also waiter’s bow and sitting knee extension for the low risk
of bias of the studies. These 3 tests are the only ones to have been studied both for inter-rater and
intra-rater reliability. The use of prone knee bend suggested by Carlsson and Rasmussen-Barr [23] is
less corroborated because, to date, it remains investigated only by one author and values of inter-rater
reliability are moderate. Prone hip extension cannot be recommended due to high risk of bias in one of
the two studies in which it is investigated. Moreover, there are no studies available about intra-rater
reliability for prone hip extension.

Since 2011, the literature did not add much to previous knowledge, because of both the number of
studies published and the quality of them.

As well as for the intra-rater reliability, the studies that have dealt with the validity are few in
number. There is not a single test that has been evaluated by more than one author. The studies
included in this review show that most tests are able to distinguish only subjects with LBP from
healthy subjects (knee-lift abdominal test, bent knee fall out, and trunk forward bending and return
to upright) [28,40]. This means that they do not provide any additional information to that which
may result from a well-conducted medical history. It must be said that, in general, there is a higher
sensitivity of the tests [39] towards subjects with chronic LBP, suggesting an association between the
duration of symptoms and MCI, which would require observational studies to be demonstrated. At the
same time, more patients with a history of LBP than healthy subjects [28] were positive, indicating the
possibility that MCI may persist over time despite the resolution of symptoms. Again, only the design
of ad hoc cohort studies could demonstrate the relationship between MCI and recurrence due to
possible overloading of the tissues of the lower spine.

The validity data also shows the small number of researches that dealt with the diagnostic
procedures aimed at identifying directional patterns of MCI [31]. The most important barrier to the
development of validity research is the absence of a golden standard to compare the same outcome
with different methods of investigation. Considering that tests for MCI evaluate the performance of
certain motor tasks, the use and validation of motion capture tools seems to be the most appropriate
strategy to make the evaluation as objective as possible. To date, only Wattananon et al. [41] has tried
to establish reference values for the interpretation of clinical trials through comparison between the
observation of examiners and the digital data collected.

Summarizing, only waiter’s bow, sitting knee extension, and one leg stance are assessed across
studies of good quality with good-excellent values both for intra-rater and inter-rater reliability;
therefore, their use in clinical practice may be considered. However, the main problem remains the
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lack of clarity about the validity, which today, does not allow conclusions on the accuracy of the
subgrouping procedure.

5. Conclusions

Implications for clinical practice:

• Inter-rater reliability is widely studied. Waiter’s bow, prone hip extension, sitting knee extension,
and one leg stance showed good values confirmed by at least two studies;

• Intra-rater reliability is not largely investigated. From the few studies available, good repeatability
values seem to emerge;

• Only waiter’s bow, sitting knee extension, and one leg stance are assessed across studies of good
quality with good-excellent values both for intra-rater and inter-rater reliability;

• There is a lack of evidence regarding the validity of MCI tests, which results from diagnostic
accuracy analyses aimed at discriminating only the presence or absence of LBP in the study samples;

• Final conclusions regarding the clinical and scientific use of the identified tests can be drawn only
when consistent values of reliability and validity can be found in the literature.

Review limitations:

• Processes of identification, selection, evaluation, and data collection were carried out by a single
author, contrary to the indications contained in the PRISMA statement. Intervention of a second
author was required only in case of doubt;

• Inclusion of studies published only in Italian and English;
• Absence of protocol registration procedure.

Review strengths:

• Inclusion of grey literature.

Implications for research and future research:

• Investigate further intra-rater reliability of MCI tests in patients with NSLBP;
• Indicate subgroups of patients with NSLBP having salient characteristics related to MCI and

deductibles in history. Develop an analysis of diagnostic accuracy of tests for motor control as a
function of them;

• Identify a gold standard to evaluate the diagnostic accuracy of individual tests;
• Standardize protocols for the preparation, execution, and evaluation of the tests in order to allow

a comparison between them and the generalization of the results.
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Abstract: Background and Objectives: Chronic low back pain (CLBP) is the most common occupational
disorder due to its associated disability and high risk of recurrence and chronicity. However,
the mechanisms underlying physical and psychological variables in patients with CLBP remain unclear.
The main objective of this study was to assess whether there were differences between physically
active patients with nonspecific CLBP compared with asymptomatic individuals in sensorimotor and
psychological variables. Materials and Methods: This was an observational cross-sectional design with a
nonprobabilistic sample. The sample was divided into two groups: individuals with nonspecific CLBP
(n = 30) and asymptomatic individuals as a control (n = 30). The psychological variables assessed
were low back disability, fear of movement, pain catastrophizing, and self-efficacy. The sensorimotor
variables assessed were two-point discrimination, pressure pain threshold, lumbopelvic stability,
lumbar flexion active range of motion, and isometric leg and back strength. Results: Statistically
significant differences between the groups in terms of catastrophizing levels (p = 0.026) and fear of
movement (p = 0.001) were found, but no statistically significant differences between groups were
found in self-efficacy (p > 0.05). No statistically significant differences between the groups in any
of the sensorimotor variables were found (p > 0.05). Conclusion: No sensorimotor differences were
found between patients with asymptomatic and chronic low back pain, but differences were found in
the psychological variables of catastrophizing and fear of movement.

Keywords: chronic low back pain; psychological variables; sensorimotor variables; pain catastrophizing;
fear of movement

1. Introduction

Low back pain (LBP) is the most prevalent musculoskeletal problem and one of the most common
reasons for medical consultations [1,2]. Research studies have determined that LBP is the most common
occupational disorder due to its associated disability and multifactorial character as well as its high risk
of recurrence and chronicity. Chronic LBP (CLBP) not determined by any previous pathology is called
nonspecific CLBP and is defined as “ . . . tension, soreness and/or stiffness in the lower back region for
which it is not possible to identify a specific cause of the pain. Several structures in the back, including
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the joints, discs and connective tissues, may contribute to symptoms” [3]. In addition, according to the
World Health Organization (WHO), CLBP comprises approximately 85–90% of LBP cases [3].

Previous studies have determined that the chronicity of the symptoms could involve, at the
neurophysiological level, a processing alteration at the central level. This alteration contributes to the
generation of neuroplastic maladaptive changes at the medullary and the supramedullar levels in
which psychological, somatosensory, and motor factors can be affected. [4,5]. It has been observed that
patients with nonspecific CLBP present somatosensory alterations, such as a decrease in sensitivity or a
lower pain pressure threshold [6]. The presence of tissue hyperalgesia is also common in these patients,
suggesting that central sensitization mechanisms are involved [7]. It has been suggested that ongoing
nociception is associated with cortical and subcortical reorganization and might play an important
role in the process of LBP chronification [8]. Previous studies have suggested that such alterations
could be determined by neurochemical changes produced during central sensitization processes in
addition to a potential body schema distortion at the cortical level that might lead to alterations in
tactile sensitivity [9,10]. These neurophysiological changes at the central level could be related to motor
disorders present in patients with CLBP and poorer treatment responses [11].

In addition, central sensitization mechanisms could be associated with psychosocial factors,
which play a significant role in patients with CLBP. Regarding the influence of psychosocial factors in
individuals with nonspecific CLBP, there is an important body of evidence demonstrating that negative
psychosocial attributes are strongly associated with a greater perception of pain and disability [12].
Thus, individuals with low levels of self-efficacy have greater fear of movement, which, at the same
time, might lead to a greater perception of pain and disability [13,14]. Similarly, it has been observed
that negative cognitive factors such as rumination correlate with a lower level of self-efficacy and,
together with fear of movement and catastrophism, predict symptom recurrence [12,14,15]. In addition,
it has been previously reported that motor and functional factors could be affected, such as extensor
muscle strength, which influences motor control, dynamic stability, and range of motion [16]. Along
these lines, it has been shown that patients who tend towards fear avoidance behaviors perceive
greater disability levels and have less range of motion in lumbar flexion [17]. Similarly, higher levels
of pain intensity, anxiety, depression, and fear avoidance result in negative outcomes in physical
functioning [18]. Current research findings suggest neurophysiological mechanisms to explain why
fear of pain is such a strong predictor of disability [19].

In recent years, new lines of research have emerged to identify the mechanisms underlying the
associations between physical and psychological variables in patients with nonspecific CLBP [20].
Traditionally, physical inactivity has been associated with the appearance and the onset of CLBP.
Previously, it has been shown that physical inactivity is associated with high-intensity low back
pain and disability in a dose-dependent manner [21]. Therefore, one of the most commonly used
therapeutic approaches in patients with CLBP today is therapeutic exercise and increased levels of
physical activity [22]. However, it has been suggested that patients with CLBP are no less active
than asymptomatic individuals, and that levels of physical activity are not associated with pain
intensity or disability in a direct manner [23,24]. Thus, it remains uncertain which factors beyond
activity levels participate in CLBP. Our hypothesis is that physically active patients with CLBP have
differences in both psychological and sensorimotor variables related to the onset of CLBP compared
with asymptomatic individuals.

Therefore, the main objective of this study was to assess differences between physically active
patients with nonspecific CLBP compared with asymptomatic individuals in terms of sensorimotor and
psychological variables, with both groups composed of physically active people currently participating
in a general exercise program. The secondary objective was to analyze the association between
sensorimotor variables and psychological variables in both groups.
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2. Materials and Methods

2.1. Design

An observational cross-sectional study with a nonprobabilistic sample was designed. Participants
were allocated into two groups, with the first group composed of patients with nonspecific CLBP,
and asymptomatic individuals comprising the control group (CG). The procedures were planned
following the ethical considerations of the Helsinki Declaration. The study was approved by the Local
Ethics Committee of the La Salle University Centre for Advanced Studies, Madrid, Spain (Project
identification code: CSEUL-PI-126/2016; Date: January 2016). This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology statement guidelines [25]. All participants
completed the informed consent document prior to the study.

2.2. Setting and Participants

A consecutive, nonprobabilistic convenience sample of 30 patients with nonspecific CLBP and
30 asymptomatic individuals for the CG were recruited between April 2017 and July 2017. The sample
was recruited from clients of a physical fitness center and patients of a physical therapy clinic,
both located in Pozuelo de Alarcón, Spain.

The inclusion criteria for the CLBP group were (a) low back pain in at least the prior 6 months;
(b) low back pain of a nonspecific nature; (c) men and women older than 18 years; and (d) participating
in at least 1 moderate exercise session per week. The exclusion criteria were as follows: (a) neurological
signs; (b) specific spinal pathology (e.g., inflammatory joint or bone diseases); (c) having had back
surgery; and (d) signs of acute inflammation.

The CG was recruited from among the clients of the previously mentioned fitness center using
posters, email newsletters, and social media. Asymptomatic individuals were examined and included
in the study if they met the following criteria: (a) individuals who had not had low back pain in the
last 6 months; (b) men and women older than 18 years; (c) participating in at least 1 moderate exercise
session per week.

There were common exclusion criteria for both groups: (a) cognitive deficiencies that impede
correct execution of the tests; (b) illiteracy; (c) understanding or communication difficulties or no
comprehension of the Spanish language.

2.3. Outcomes

2.3.1. Psychological Variables

Low Back Disability

The Spanish version of the Roland Morris Disability Questionnaire (RMDQ) has demonstrated
acceptable psychometric properties in measuring the perceived limitation of daily activities as a result
of low back pain, and it has a Cronbach’s alpha ranging between 0.84 and 0.93 [26,27]. The RMDQ
is a 24-item self-administered questionnaire. Its total score ranges from 0 to 24, where higher scores
indicate greater disability [28].

Fear of Movement

Fear of movement was assessed using the Spanish version of the Tampa Scale for Kinesiophobia
(TSK-11), whose reliability and validity have been demonstrated (internal consistency, Cronbach’s
alpha = 0.78) [29]. The TSK-11 is a reduced version (11-item) of the TSK-11 questionnaire that eliminates
psychometrically poor items from the original version of the TSK-11 and offers the advantage of
brevity [30]. Higher scores indicate greater fear of pain and reinjury due to movement.
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Pain Catastrophizing

Pain catastrophizing was assessed using the Spanish version of the Pain Catastrophizing Scale
(PCS). The PCS has demonstrated good psychometric properties [31]. This scale is composed of
13 items divided into 3 domains: rumination, magnification, and helplessness. Higher scores indicate
greater catastrophizing [32].

Self-Efficacy

The Spanish version of the Chronic Pain Self-Efficacy Scale (CPSS) has acceptable psychometric
properties [33] in assessing perceived self-efficacy (SE) and an ability to cope with the consequences
of chronic pain. The CPSS consists of 19 items and 3 domains that assess SE for pain management
(PSE), physical function (FSE), and coping with symptoms (SSE). Higher scores indicate greater SE
for managing pain [34]. The CPSS presented a reliability of 0.88, 0.87, and 0.90 for PSE, FSE, and SSE,
respectively [34].

2.3.2. Sensorimotor Variables

Two-Point Discrimination

Research has shown that individual clinicians can reliably assess the 2-point discrimination (TPD)
threshold at the neck, the back, the hand, and the foot using mechanical callipers [35]. Participants
were positioned in prone decubitus, and the evaluator marked 1 cm lateral of the spinous apophysis of
L3 towards the dominant side [36]. The test commenced with callipers set at 70 mm, and the evaluator
decreased the distance by 10 mm until the participant was able to perceive only 1 point instead of 2 [35].
This test presented an intraclass correlation coefficient (ICC) of 0.81 (95% confidence interval) [36].

Pressure Pain Threshold

Algometers are devices that can be used to identify the pressure and/or the force eliciting a
pressure pain threshold (PPT). Participants were positioned in prone decubitus, and the evaluator
marked at 2 different points: the tibia and the erector spinae muscle. The evaluator then pressed against
the tissue vertically, increasing the force at a constant rate of 1 kg/cm2. The researcher instructed the
individuals to express pain by saying “yes”. This procedure has shown excellent reliability for the low
back (ICC 0.86 to 0.99) and moderate to excellent reliability for the tibia (ICC 0.53–0.90). The evaluator
took 3 measurements, and the mean was employed in the data analysis [37,38].

Lumbopelvic Stability

To assess the ability of the participants to voluntarily control the motion of the lower back,
we selected the Hip Flexion Test measured with a “Pressure Biofeedback Unit” (PBU). A validation
study concluded that trained examiners can reliably perform PBU measurements for patients with
chronic LBP [39].

For this test, the participant lay supine with the hips and knees extended, and the PBU was
positioned under the lumbar spine so that the inferior border of the device was aligned with the
posterior superior iliac spine marks. After the participant was positioned, the PBU was inflated to
40 mm Hg pressure. The participant was then asked to flex their dominant hip, moving the knee
towards the chest without touching the table with the foot. Once the maximum hip flexion was
achieved, the pressure registered in the PBU was recorded by the assessor. The mean of 3 measurements
was used in the analysis.
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Lumbar Flexion Active Range of Motion

To collect this measurement, a mobile device goniometer called “Goniometer Records” was used.
It has shown high intrarater reliability with an ICC greater than 0.80 (95% confidence interval) [40].
It can be used to assess the range of motion of spinal flexion, representing uniplanar movement [41].

The clinician held the mobile device over the participant’s sacrum and maintained a slight pressure
while the participant performed a “waiter’s bow” movement. The mean of 3 measurements was
employed in the data analysis.

Isometric Leg and Back Strength

To measure the isometric strength (IS) of the leg and the back extensor muscles, a portable
dynamometer was used. The reliability of this device has been validated and can be used for
determining leg and back strength in maintained positions, provided that the measurement protocol is
standardized [42]. It is a valid and reliable test to measure muscular strength.

For the measurement, the participants let their arms hang straight down to hold the bar with both
hands with the palms facing towards the body. The chain was then adjusted so that the knees were
bent at approximately 110 degrees. Then, without bending the back, the participant pulled against
the weight steadily as much as possible, trying to straighten their legs and keeping the arms straight.
The evaluator took 3 measurements, and the mean was employed in the data analysis.

2.3.3. Physical Activity Level

The participants’ levels of physical activity were measured by using the International Physical
Activity Questionnaire (IPAQ), which divided the participants into 3 groups according to their level of
activity: high, moderate, and low or inactive [43]. This questionnaire has shown acceptable validity
and psychometric properties to measure total physical activity.

2.4. Procedure

For this study, both patients with nonspecific CLBP and the CG performed the same procedure
following the same instructions. The assessor delivering the physical tests ignored whether the
participant performing the test was from the CG or the CLBP group.

Once the participants signed the informed consent document, they received a sociodemographic
questionnaire, which collected sex, date of birth, education level, and work situation. In addition,
physical activity levels were assessed using the Spanish version of the IPAQ [44]. Once the
sociodemographic and the IPAQ questionnaires were completed, the participants completed all
4 psychological questionnaires (RMDQ, PCS, TSK-11, and CPSS) in the same order for all the participants.

Following the completion of the self-reported measures, the participants were instructed to
perform the sensorimotor tests in the same order (TPD, PPT, lumbopelvic stability (LS), lumbar flexion
active range of motion (LF-AROM) and IS).

2.5. Data Analysis

The sociodemographic and the clinical variables of the participants were analyzed. The data were
summarized using frequency counts, descriptive statistics, summary tables, and figures.

The data analysis was performed using the Statistics Package for Social Sciences (SPSS 20.00,
IBM Inc., Armonk, NY, USA). The categorical variables are shown as frequencies and percentages.
The quantitative results are represented by descriptive statistics (confidence interval, mean, and standard
deviation). For all variables, the z-score was assumed to follow a normal distribution based on the
central limit theorem because all the groups had more than 30 participants [45,46]. Student’s t-test was
used for the group comparisons. Cohen’s d effect sizes were calculated for multiple comparisons of the
outcome variables. According to Cohen’s method, the magnitude of the effect was classified as small
(0.20–0.49), medium (0.50–0.79), or large (0.80).
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The relationships between psychological measures as well as between physical measurements
were examined using Pearson’s correlation coefficients. A Pearson’s correlation coefficient greater than
0.60 indicated a strong correlation, a coefficient between 0.30 and 0.60 indicated a moderate correlation,
and a coefficient below 0.30 indicated a low or very low correlation [47].

3. Results

Table 1 shows the baseline characteristics of the sociodemographic and the activity level variables.
The total sample was 60 participants (27 women and 33 men). No statistically significant differences
between groups in relation to sociodemographic or activity variables were found (p > 0.05) except for
weight (p = 0.016). There were no statistically significant differences in age, sex, height, education,
or physical activity levels (p > 0.05).

Table 1. Descriptive demographic data and control variables.

CLBP (n = 30) CG (n = 30) p-Value

Age (years) a 49.3 ± 11.36 48 ± 10.74 0.65
Sex b 0.438

Female (%) 14 (46.7) 13 (43.3)
Male (%) 16 (53.3) 17 (56.7)

Height (cm) a 172.03 ± 7.55 169.57 ± 6.83 0.19
Weight (kg) a 73 ± 12.88 65.07 ± 11.80 0.016

Educational level b 0.64
No studies (%) 0 (0) 0 (0)

Primary education (%) 0 (0) 0 (0)
Secondary education (%) 3 (10) 2 (6,7)

College education (%) 27 (90) 28 (93.3)
IPAQ b 0.24

Low level (%) 6 (20) 2 (6.7)
Moderate level (%) 13 (43.3) 18 (60)

High level (%) 11 (36.7) 10 (33.3)

Values are presented as mean ± standard deviation or number (%). CLBP: chronic low back pain; CG: control group;
IPAQ: International Physical Activity Questionnaire. a Independent Student’s t-test. b Chi-squared test.

3.1. Psychological Variables

Table 2 shows statistically significant differences between groups in catastrophizing levels
(p = 0.026), including helplessness (p = 0.036) and magnification (p = 0.01) subscales of the PCS
questionnaire and fear of movement (p = 0.001) in both subscales of the TSK-11 (activity avoidance
and harm) (p < 0.01). No statistically significant differences between groups were found in any of the
subscales of the CPSS, showing high levels of self-efficacy in both groups (p > 0.05).
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Table 2. Comparative data for the psychological variables (Student’s t-test and Cohen’s d).

CLBP (n = 30) CG (n = 30) Mean Difference (95% CI); Effect Size (d)

RMDQ 4.467 ± 2.97 - -
PCS 12.13 ± 8.5 7.67 ± 6.48 4.47 (0.55 to 8.38) * d = 0.59

PCS-H 4.5 ± 2.85 3 ± 2.56 1.5 (0.1 to 2.9) * d = 0.55
PCS-M 3.57 ± 2.46 2.07 ± 1.84 1.5 (0.38 to 2.62) * d = 0.69
PCS-R 4.07 ± 4.05 2.6 ± 2.7 1.47 (−0.32 to 3.25) d = 0.43
TSK-11 25.57 ± 5.65 20.30 ± 5.40 5.27 (2.4 to 8.12) ** d = 0.95

TSK-AA 15.67 ± 3.74 12.37 ± 3.42 3.3 (1.45 to 5.15) ** d = 0.92
TSK-H 9.9 ± 2.82 7.93 ± 2.86 1.97 (0.49 to 3.44) * d = 0.69
CPSS 149.17 ± 21.40 153.4 ± 22.45 −4.23 (−15.57 to 7.10) d = −0.19
PSE 33.97 ± 10.70 35.83 ± 13.77 −1.87 (−8.25 to 4.52) d = −0.15
SSE 59.77 ± 12.44 61.10 ± 10.85 −1.33 (−7.37 to 4.70) d = −0.11
FSE 55.43 ± 5.09 56.47 ± 3.71 −1.03 (−3.34 to 1.27) d = −0.23

CLBP: chronic low back pain; CG: control group. RMDQ: Roland-Morris Disability Questionnaire; PCS: Pain
Catastrophizing Scale; PCS-H: helplessness subscale of the PCS; PCS-M: magnification subscale of the PCS; PCS-R:
rumination subscale of the PCS; TSK-11: Tampa Scale of Kinesiophobia; TSK-AA: activity avoidance subscale
of the TSK-11; TSK-H: harm subscale of the TSK-11; CPSS: Chronic Pain Self-Efficacy Scale; PSE: self-efficacy in
pain management; SSE: self-efficacy in coping with symptoms; FSE: self-efficacy in function. * p-value < 0.05;
** p-value < 0.01.

3.2. Sensorimotor Variables

Table 3 shows no statistically significant differences between groups in any of the sensorimotor
variables (p > 0.05).

Table 3. Comparative data for the sample of sensorimotor variables (Student’s t-test and Cohen’s d).

CLBP (n = 30) CG (n = 30) Mean Difference (95% CI); Effect Size (d)

PPT-T 4.95 ± 2.43 5.84 ± 1.9 −0.89 (−2.02 to 0.24) d = −0.41
PPT-LB 4.62 ± 2.23 5.1 ± 1.94 −0.47 (−1.55 to 0.60) d = −0.23

TPD 40.6 ± 14.89 38.17 ± 12.24 2.43 (−4.61 to 9.48) d = 0.18
IS 82.17 ± 35 77.31 ± 28.05 4.86 (−11.55 to 21.27) d = 0.15

LF-AROM 58.34 ± 14.92 63.94 ± 16.44 −5.60 (−13.71 to 2.51) d = −0.36
LS 8.76 ± 6.33 6.36 ± 3.15 2.4 (−0.20 to 5) d = 0.48

CLBP: chronic low back pain; CG: control group. PPT-T: pressure-pain threshold in tibia; PPT-T: pressure-pain
threshold in low back; TDP: 2-point discrimination; IS: isometric strength; LF-AROM: lumbar flexion active range of
motion; LS: lumbopelvic stability.

3.3. Correlation Analysis

Table 4 shows the results of the correlation analysis examining the bivariate relationships among
sensorimotor and psychological measures. The strongest correlations found in the analysis were for
the CG between fear of movement and LS. Less ability to control lumbopelvic motion was strongly
correlated with higher scores on the TSK-11 (r = 0.524; p < 0.01). In the CG, a positive correlation was
also found between higher FSE and higher LF-AROM (r = 0.406; p < 0.05) and low back pressure pain
threshold (PPT-LB) (r = 0.412; p < 0.05). In the nonspecific CLBP group, a higher SSE was positively
correlated with higher PPT both in the tibia (r = 0.382; p < 0.05) and the low back (r = 0.415; p < 0.05).
Finally, a positive correlation between higher scores in the PPT-LB and the RMDQ was found (r = 0.368;
p < 0.05).
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Table 4. Pearson correlation analysis.

PPT-T PPT-LB TPD IS LF-AROM LS

RMDQ
CLBP 0.329 0.368 * 0.078 −0.228 0.123 0.010

CG −0.312 −0.090 −0.016 −0.260 0.191 0.052
PCS

CLBP 0.035 −0.161 0.267 0.019 −0.130 −0.120
CG −0.232 −0.307 0.116 −0.120 −0.268 −0.002

PCS-H
CLBP 0.072 −0.133 0.209 0.038 −0.062 −0.181

CG −0.159 −0.223 0.230 −0.036 −0.222 −0.014
PCS-M
CLBP 0.004 −0.140 0.245 0.026 −0.257 0.045

CG −0.172 −0.272 0.001 −0.224 −0.309 −0.002
PCS-R
CLBP 0.019 −0.159 0.265 −0.002 −0.074 −0.152

CG −0.289 −0.340 0.059 −0.100 −0.223 0.009
TSK-11
CLBP 0.037 −0.058 0.335 0.030 −0.194 −0.014

CG −0.128 −0.165 0.199 0.204 −0.207 0.524 **
TSK-AA

CLBP 0.015 −0.047 0.301 −0.007 −0.230 0.005
CG −0.107 −0.102 0.204 0.190 −0.187 0.406 *

TSK-H
CLBP 0.054 −0.053 0.273 0.069 −0.085 −0.035

CG −0.114 −0.189 0.130 0.157 −0.166 0.502 **
CPSS
CLBP 0.221 0.149 −0.061 −0.001 −0.014 −0.076

CG 0.044 −0.091 0.135 0.038 0.276 0.030
PSE

CLBP −0.045 −0.175 −0.136 −0.028 −0.175 0.114
CG −0.077 −0.165 0.199 −0.106 0.104 0.040
SSE

CLBP 0.382 * 0.415 * −0.060 −0.044 0.114 −0.224
CG 0.077 −0.120 0.072 0.098 0.300 0.059
FSE

CLBP 0.091 −0.020 0.178 0.163 0.032 −0.010
CG 0.328 0.412 * −0.132 0.337 0.406 * −0.138

CLBP: chronic low back pain; CG: control group. RMDQ: Roland-Morris Disability Questionnaire; PCS: Pain
Catastrophizing Scale; PCS-H: helplessness subscale of the PCS; PCS-M: magnification subscale of the PCS; PCS-R:
rumination subscale of the PCS; TSK-11: Tampa Scale of Kinesiophobia; TSK-AA: activity avoidance subscale of the
TSK-11; TSK-H: harm subscale of the TSK-11; CPSS: Chronic Pain Self-Efficacy Scale; PSE: self-efficacy for pain
management; SSE: self-efficacy for coping with symptoms; FSE: self-efficacy for function. PPT-T: pressure-pain
threshold in tibia; PPT-T: pressure-pain threshold in low back; TDP: 2-point discrimination; IS: isometric strength;
LF-AROM: lumbar flexion active range of motion; LS: lumbopelvic stability. * p < 0.05. ** p < 0.01.

4. Discussion

The primary objective of this study was to determine the differences between psychological
and sensorimotor measures between two physically active populations, one group with nonspecific
CLBP and another group that was asymptomatic. Our results suggest no significant differences in
somatosensory and functional variables. There were statistically significant differences in catastrophism
and kinesiophobia but not in self-efficacy.

Numerous studies support the influence of various psychological factors in patients with chronic
pain conditions. Among the most influential is the fear of movement, which, according to the fear
avoidance model, is associated with catastrophic conditions and disability. Thus far, it has been
determined that physical activity can act as a mediator, reducing disability and pain and therefore
the fear of movement. Previous studies have shown that interventions based on physical activity can
lead to changes in the fear of movement variable, despite the fact that the size of the effect has been
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small to medium. [48,49] On the other hand, other authors show that there are no significant changes
in fear avoidance after an active intervention model, but instead in pain and disability. [50,51]. These
results might suggest why the active population with nonspecific CLBP presents significant differences
in psychological variables compared with asymptomatic individuals. In fact, Marshall et al. (2017)
indicated that the best option for an intervention in the psychological factors that are not modified by
regular physical activity is probably therapeutic education. [52].

Our results showed no significant differences between groups for the psychological variable
of self-efficacy or for somatosensory and functional variables. This unusual characteristic of the
nonspecific CLBP group can be explained by the socioeconomic context of the participants. Our sample
reflects an active population with higher sociocultural and economic levels and patients who did not
seek help for their condition. A higher socioeconomic status has been associated with lower disability
in patients with CLBP [53]. The sample was recruited from among the clients of a physical activity
facility where the individuals participate in two to four supervised exercise classes every week. There
has been a considerable increase in the body of evidence showing the beneficial effects of physical
activity and exercise in the management of CLBP in terms of certain psychological variables and, above
all, on sensorimotor variables, which could justify our results, given both groups performed regular
therapeutic exercise every week. [54,55].

According to our findings, patients with various conditions of chronic musculoskeletal pain who
seek help present an external locus of control, which could be correlated with a lack of self-efficacy [56].
In addition, it has been shown that lack of self-efficacy correlates with greater pain intensity and greater
disability, which is a predictive variable of chronic pain recovery [57–59]. This might be one of the
reasons why our results did not provide significant differences between groups for the variable of
self-efficacy and sensorimotor character, given we had patients with nonspecific CLBP who were not
in active search of health care.

As for the results of the correlation analysis, only one large-magnitude association was found in
our analysis. In healthy individuals, the greater the precision in controlling the lumbopelvic movement
was, the less fear of movement existed. Physical activity, including motor control exercises, produces
hypoalgesic effects [60]. The positive association between movement and psychological wellbeing in
patients is key to reducing movement-related fear in patients with chronic pain. It is likely that the
sense of stability and control in the lumbopelvic area in those patients facilitates positive behaviors
that increase their confidence and reduce their fear of movement.

With respect to the nonspecific CLBP group, the strongest positive correlations were found between
PPTs and lumbar disability and between PPTs and coping with symptoms subscales. Along these lines,
Immura et al. found a correlation between PPTs in the lumbar region and the level of disability in
patients with nonspecific CLBP [61]. In addition, a study performed by Falla et al. determined that the
reduction in pain thresholds in patients with LBP was associated with different functional alterations,
which suggests it could indirectly have an impact on perceived disability and level of self-efficacy [62].

Limitations

The most important limitation of this study is its cross-sectional design. Our findings are valid for
suggesting new hypotheses but not for establishing causal relationships. In addition, no corrections
have been made for multiple comparisons, which should be considered in the interpretation of the
results. Future longitudinal research is recommended to confirm the hypothesis of this study. Therefore,
other sensorimotor measures such as dynamic trunk movement, acceleration, or resistance would
be necessary to obtain more consistent conclusions and to confirm these results. It would also be
interesting to increase the sample size to confirm whether the obtained results could be extrapolated to
larger populations.
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5. Conclusions

The results of the present study suggest no sensorimotor differences between asymptomatic and
physically active patients with CLBP. However, differences were found in the psychological variables
of catastrophizing and fear of movement. No significant correlation was found between sensorimotor
and psychological variables except for lumbopelvic stability and less fear of movement in healthy
individuals. These results highlight the relevance of psychological variables in patients with CLBP and
suggest that these variables should be considered clinically for the management of these patients.
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Abstract: Background and objective: This study investigated the therapeutic effect of applying local body
vibration (LBV) with built-in vibroacoustic sound on patients who had an anterior cruciate ligament
(ACL) reconstruction. Materials and Methods: Twenty-four participants were randomly classified
into a LBV group (LBVG; n = 11) or a non-LBV group (nLBVG; n = 13). Both groups received the
same program; however, the LBVG received LBV. Psychological measures included pain, anxiety, and
symptoms; physiological measures included systolic blood pressure (SBP), diastolic blood pressure,
heart rate (HR), breathing rate (BR), sympathetic activation (SA), parasympathetic activation (PSA),
range of motion (ROM), and isokinetic muscle strength at Weeks 0, 4, and 8. Results: Among the
psychophysiological variables, pain, anxiety, symptoms, SBP, BR, and SA were significantly reduced
in both groups, whereas HR, PSA, isokinetic peak torque (PT) of the knee joint, and ROM were
significantly improved only in the LBVG. Comparing both groups, a significant difference appeared in
pain, symptom, SA, PSA, isokinetic PT, and ROM at Weeks 4 and 8. Conclusions: The results indicate
that the LBV intervention mitigated the participants’ pain and symptoms and improved their leg
strength and ROM, thus highlighting its effectiveness.

Keywords: vibration; pain; symptoms; peak torque; parasympathetic activation; range of motion

1. Introduction

In recent years, various researchers have developed new therapeutic methods using body sounds
and have employed techniques such as vibroacoustic sound therapy (VAST) [1]. VAST is a viable
form of therapy since bodies are always in motion and the microvibrations that are generated in cells
are energy-intensive and involved in an individual’s immune response. These microvibrations not
only heal damaged cells, but also constantly express energy at the cellular level. These biological
phenomena cause immediate vibrations in a human body, which can decrease recovery time from
intense stress or fatigue after injury [2]. One study showed that applying vibrations for 30 min with
frequency ranges of 10–100 Hz to PC12 cells, which are used to find what prion protein fragments cause
neuronal dysfunction, resulted in a significantly higher neurite outgrowth due to the activation of p38
mitogen-activated protein kinases [3]. Another study confirmed the clinical efficacy of VAST when
compared to laser and ultrasound therapy [4]. In that study, participants who had a heel spur were
classified into two groups to observe differences in pain. One group received VAST, while the other
group was treated with ultrasound and laser therapy. The results showed a tentative confirmation of
the analgesic effectiveness of VAST in musculoskeletal overload conditions [4]. Another study also
observed the effects of VAST among patients with various medical problems by performing a rest
program for pain and symptom relief. The authors concluded that the 22-min VAST session had a

Medicina 2019, 55, 659; doi:10.3390/medicina55100659 www.mdpi.com/journal/medicina

193



Medicina 2019, 55, 659

53% cumulative reduction in pain and symptoms. Other side effects such as pain, tension, fatigue,
headache, and nausea were also reported to have reduced post-treatment [2].

Recently, the development of medical technology has made it easier for people to surgically
treat various diseases and injuries. However, rehabilitation often takes a long time because patients
feel pain and anxiety post-surgery. This is especially true for patients who have had surgery due
to joint disease, and temporarily lose strength and range of motion (ROM). Although an aggressive
rehabilitation program including flexibility, strength, and balance training is effective at maintaining
or enhancing muscle strength and ROM [5], it may not be easy to apply such measures to patients
immediately post-operation.

In general, whole body vibration (WBV) is a rather passive approach to active exercise. It has been
suggested that this is similar to common types of exercise that people are accustomed to [6]. There
are indications of the positive effects from WBV in immobilized patients. Moreover, VAST waves
provide a similar effect to WBV [7]. Additionally, WBV induces improvements in muscular strength
and performance and changes in peripheral circulation [8].

Local body vibration (LBV) devices with built-in VAST have been developed in Korea, and they
are designed to be hand-operated. Unlike most sonic motors, a new device called Evocell has vibration
patterns that are consistent and offer a wide range of sound waves, which change according to the flow
of music. Therefore, there is a dual effect in that patients can listen to music while receiving stimuli to
injured areas by the synchronized vibrations. Although this technique has been employed in a few
hospitals in Korea, its effects have not yet been confirmed. LBV is designed to restore damaged tissue
by transmitting vibrations and sound waves in the form of music to specific parts of the body, unlike
WBV, where patients must stand on the vibrator to receive stimuli throughout the body. LBV is likely
to have an additional psychological effect; however, the mechanisms are not clear.

Therefore, this study hypothesized that LBV penetrates deep into muscle tissues, affects systemic
circulation and the autonomic nervous system (ANS), and potentially improves psychological condition.
Consequently, such an intervention could lead to decreased pain and anxiety and greater joint flexibility
and muscle strength. This study examined a group of patients with an anterior cruciate ligament (ACL)
reconstruction in a randomized controlled trial and assessed the psychophysiological effect of a LBV
intervention using vibroacoustic sound.

2. Materials and Methods

2.1. Study Design and Participants

This study took place in a research center from 1 December 2017 to 6 February 2018. The first
assessment was conducted from 1 to 2 December 2017, the second assessment from 2 to 3 January 2018,
and the last assessment from 5 to 6 February 2018. Participants were recruited through the
recommendation of a surgeon familiar with LBV. Prior to the study, participants received detailed
explanations regarding the study procedures and were then asked to complete questions. The included
criteria required that participants underwent an ACL reconstruction no more than seven days before
the start of the study. Participants were evaluated by clinical and radiological criteria, level of knee pain
during the past month, and pain or difficulty in standing from a sitting position or climbing stairs [9]. All
participants were patients who did not exercise regularly for over six months. Additionally, participants
were also included if they had not received treatment/medication for weight loss or anything known
to affect body composition, and if they did not have any internal metallic materials. The participants’
mean (SD) age was 29.25 (14.51) years. After excluding three participants (one had cardiac surgery
three years prior and two refused to participate because their homes were too far from the hospital
or research center) of fifty-five eligible participants, the remaining fifty-two participants belonged to
one of two groups by lot and were randomly allocated to each group as shown in Figure 1. Of the
26 participants in the experimental group who were allocated to the LBV group (LBVG), one did not
receive the assessment, two were lost in the follow-up phase, eight underwent arthroscopic surgery for
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complex injuries to their ACL or posterior cruciate ligament, and four underwent ACL arthroplasty.
Therefore, eleven participants of the LBVG who underwent ACL reconstruction were analyzed in
our study. Furthermore, of the 26 patients in the control group who were allocated to the non-LBV
group (nLBVG), two did not receive the assessment, two were lost in the follow-up phase, and nine
underwent arthroscopic surgery with a simple ACL rupture. Therefore, thirteen participants in the
nLBVG who underwent ACL reconstruction were analyzed in our study. Exclusion criteria consisted
of having a history of impairment of a major organ system or psychiatric disease. Participants with
tumors, vascular inflammation, or kidney stones were also excluded. The LBVG received vibroacoustic
pulses, whereas the nLBVG received massages by a VAST device without vibroacoustic pulses as a
placebo. This study investigated psychological measures such as pain, anxiety, and symptoms; and
physiological measures such as systolic blood pressure (SBP), diastolic blood pressure (DBP), heart
rate (HR), breathing rate (BR), sympathetic activation (SA), parasympathetic activation (PSA), range of
motion (ROM), and isokinetic peak torque (PT) in the quadriceps and hamstrings at Weeks 0, 4, and 8.
Finally, twenty-four participants were interviewed and informed about the rehabilitation program they
would receive. As shown in Figure 1, the participants were allocated as follows: LBVG (n = 11) and
nLBV (n = 13). All participants were assigned using random number tables and assigned identification
numbers upon recruitment. Participant characteristics, which indicate homogeneity, are presented in
Table 1.

Figure 1. Participant allocation (consolidated standards for reporting of trials flow diagram).

Table 1. Characteristics of the participants.

Items
Groups

Z p *
LBVG (n = 11) nLBVG (n = 13)

Age, year 26.82 ± 12.08 31.31 ± 16.49 −0.150 0.910
Height, cm 173.00 ± 4.02 174.23 ± 2.35 −0.703 0.494
Weight, kg 74.00 ± 5.37 75.50 ± 6.54 −0.321 0.776

Muscle mass, kg 36.04 ± 5.99 36.94 ± 4.26 −0.933 0.361
Fat mass, kg 14.09 ± 5.38 15.38 ± 3.60 −1.341 0.186

Body mass index, kg/m2 24.72 ± 1.57 24.85 ± 1.72 −0.349 0.733

All data represent the mean ± standard deviation. LBVG and nLBVG mean local body vibration group and non-local
body vibration group, respectively. Symbol * was analyzed by the Mann–Whitney U test.
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2.2. Research Ethics

This study was conducted in accordance with the Declaration of Helsinki and was approved by
the Institutional Review Board at Sahmyook Univ. (2-7001793-AB-N-012018034HR). All subjects were
recruited through advertisements and a written informed consent was obtained before enrollment.
First, all of the subjects arrived at the research center to sign an informed consent form and to complete
a self-reported questionnaire about their health status. After this procedure, all subjects participated in
the experiment conducted by an expert.

2.3. Anthropometric Measurements

To measure body composition, all subjects were weighed while wearing light clothes and without
shoes. The bioelectrical impedance analysis method was employed using BMS 330 and InBody 320 Body
Composition Analyzer (Biospace Co. Ltd., Seoul, Korea), respectively. The analyzer was a segmental
impedance device measuring voltage drops in the upper and lower body. Eight tactile electrodes were
placed on the surfaces of the hands and feet. The precision of the repeated measurements expressed as
a coefficient of variation was, on average, 0.6% for the percentage of fat mass [7].

2.4. Psychological Condition: Pain, Anxiety, and Symptom

A visual analogue scale (VAS) was used to measure psychological concerns. Each subject was
asked to rate how they felt as they received LBV using a bipolar rating scale, which was a 5 × 10
cm bar-shaped box. The pain scale ranged from no pain (close to “0”) to severe pain (close to “10”).
After participants marked within the box, a transparent paper with a score indicator was placed on top
of the boxes to obtain a numerical score. The scales for measuring the levels of anxiety and symptoms
were similar to the pain scale. In other words, the anxiety or symptom scale ranged from no anxiety
or no symptom (close to “0”) to severe anxiety or symptom (close to “10”) [10]. Participants were
evaluated by a professional psychologist at the beginning and end of the study. The reliabilities of the
scales were measured by calculating Cronbach’s α, representing internal consistency. The Cronbach’s
α of pain, anxiety, and symptom were 0.722, 0.816, and 0.799, respectively.

2.5. Physiological Conditions

2.5.1. Blood Pressure and Heart Rate Measurement

The examiner placed an adjustable cuff on each participant’s upper arm and electronically pumped
air into the cuff by pressing the start button on the digital BP monitor (HEM-741C-C1, Omron Co.
Ltd., Seoul, Korea). SBP, DBP, and HR were measured between 1 and 2 min after the air was released
automatically once a pressure of 200 mmHg was reached. Thirty minutes before the measurement,
participants were not allowed to smoke or consume caffeine. During the measurement, they were
placed in a sitting position with their arms raised to their heart height. If a participant’s upper arm
circumference was more than 33 cm, a larger cuff was used. After two measurements, the mean value
was used as data.

2.5.2. Autonomic Nervous System Measurement

ANS was measured by HR variability (HRV). To obtain an accurate measure of HRV, participants
were asked to refrain from exercising or consuming alcohol the day before the experiment. Food or
caffeine were not consumed for 3 h prior to the measurement. On the day of measurement, HRV was
tested twice at 10:00 am and 3:00 pm, and the mean values were recorded. Thirty minutes before the
start of the measurement, the participants were asked to sit on a chair and rest. Then, the measurement
was taken during the participants’ resting HR. HRV was measured for 2.5 min and factors affecting
the measurement such as conversation, coughing, and deep breathing were controlled. uBioMacpa
(Biosensecreative Co. Ltd., Seoul, Korea) and its embedded software was used for HRV measurements
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and analyses. HRV is the most commonly used for time domain and frequency domain analyses [11,12].
In the time domain analysis, the interval between normal QRS complexes or the instantaneous HR at a
specific point is measured to calculate a normal-to-normal interval (NN interval) between consecutive
normal QRS complexes. The standard deviation of NN interval (SDNN) can be determined using the
NN interval. SDNN reflects all the cycle elements contributing to HRV. A decrease in SDNN means
that the ability to cope with stress is reduced, and the overall health status and ANS control capacity
are impaired. The RMSSD (square root of mean squared differences of successive NN intervals) is
the square root of the square mean of successive NN interval differences, reflecting the short-term
change in HR. This correlates well with the high-frequency index values of the frequency domain
analysis and mainly reflects parasympathetic activity. When parasympathetic activity decreases,
the RMSSD value also decreases. In general, the larger the RMSSD value, the more physiologically
healthy and relaxed one is. Frequency domain analysis of HRV provides information on the HRV
spectral components, high frequency, and low frequency range, which reflect the sympathetic and
parasympathetic nervous system branches [11,12]. This spectral component is calculated mainly
through short-term measurements (i.e., 2–5 min).

2.5.3. Range of Motion Measurement

The ROM of an operated knee joint with an ACL reconstruction was measured using a goniometer
in the extended and flexed positions [13]. During the measurement, the ROM of the injured side was
measured twice when the participants were actively extended or flexed. Then, the mean values of the
two measurements were recorded.

2.5.4. Isokinetic Strength Measurement

Participants were positioned in the isokinetic dynamometer (HUMAC®/NORM™ Testing and
Rehabilitation System, CSMi, Stoughton, MA, USA) according to the manufacturer’s guidelines for
evaluating knee flexion/extension. Each participant sat in an adjustable seat and the tested limb
was fixed in place with a Velcro strap on a support over the quadriceps while the knee joint was
positioned at their flexed knee angle. The testing apparatus was set up and the participants were
positioned and stabilized uniformly while sitting. Testing was performed on the uninjured side first
and then performed on the operated side to diminish the possible apprehension of the participants.
The designated movement patterns were assessed at a 60◦/s concentric protocol. The data were
evaluated and analyzed on the operated side. Before each joint measurement, participants were
allowed to practice the movement pattern four times as they preferred to become familiar with the
movement before performing five maximal test repetitions. All tests were supervised by one trained
expert [14].

2.6. Rehabilitation Program and Local Body Vibration Administration

Participants completed a supervised progressive rehabilitation program for eight weeks (Table 2).
All participants agreed not to change their daily activity patterns—outside of their participation in this
study—or their dietary habits.

Participants performed workout sessions with Evocell (Shinoo Medison, Gangwon-do, Korea;
Figure 2). The vibration patterns of Evocell are consistent and have a wide range of sound waves
that change frequency according to the flow of music. This device has a maximal impulse of 1658 Hz,
which has been developed to reduce pain by delivering stimuli below the skin. To reduce the friction
of skin caused by equipment and to relieve pain, an exogenous gel (menthol-based material) was used
with a starting impulse intensity at 20% of the maximum impulse for 30 min, similar to protocols from
Lundeberg and colleagues [15].
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Table 2. Rehabilitation program for the local body vibration group.

Type (Length) Program Type Intensity/Time

Warm-up
(1 day–8 weeks)

Cycling RPE 13/15 min

Upper and lower leg stretching RPE 13/20 min

1st workout phase
(Week 0–2)

Vibroacoustic intervention (331.6 Hz) 20% × 1658 Hz × 30 min

Q-set 5 s × 10 reps × 3 sets

Straight leg raise 12 reps × 3 sets

Ball adduction 6 s × 10 reps × 3 sets

Half squat 10 reps × 3 sets

Weight shift 15 reps × 3 sets

Weight bearing 15 reps × 3 sets

Calf raise 10 reps × 3 sets

Balance on floor 2 min × 3 sets

2nd workout phase
(Week 3–5)

Vibroacoustic intervention (663.2 Hz) 40% × 1658 Hz × 30 min

Q-set 10 s × 10 reps × 3 sets

Straight leg raise 15 reps × 3 sets

Ball adduction 8 s × 10 reps × 4 sets

Leg press 10 reps × 3 sets

Leg extension 15 reps × 3 sets

Leg curl 15 reps × 3 sets

Half squat 12 reps × 3 sets

Calf raise 12 reps × 3 sets

Balance on pad 4 min × 3 sets

3rd workout phase
(Week 6–8)

Vibroacoustic intervention (994.8 Hz) 60% × 1658 Hz × 30 min

Ball adduction 10 s × 10 reps × 4 sets

Leg press 12 reps × 3 sets

Leg extension 15 reps × 3 sets

Leg curl 15 reps × 3 sets

Half squat 15 reps × 3 sets

Calf raise 15 reps × 3 sets

Balance on air-pad 6 min × 3 sets

Cool-down
(1 day–8 weeks)

Upper and lower leg stretching RPE 13–15/20 min

Icing 10 min

Note: RPE, ratings of perceived exertion or Borg scale.

Figure 2. Vibroacoustic intervention applied on an anterior cruciate ligament reconstruction.

The goal of the first stage focused on decreasing pain, tolerating weight bearing, and improving
ROM and gait pattern. The goal of the second stage focused on tolerating full weight bearing, increasing
passive ROM, and improving neuromuscular control. Finally, the goal of the third stage focused on
increasing leg strength, maintaining balance ability, and improving proprioception. The rehabilitation
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exercises, along with their repetitions and the sets used in this study, were extracted from a study and
applied as a method of managing knee problems and preventing reinjury [14].

2.7. Data Analysis

All data were reported as mean (SD). The sample size was determined using G*Power v 3.1.3,
considering an a priori effect size f2(V) = 0.35 (medium size effect), α error probability = 0.05, and power
(1—β error probability) = 0.95. Although a sample size of 30 was recommended, the current sample
included 24 participants. Based on the results of the Kolmogorov–Smirnov test, the non-parametric
Mann–Whitney U test and Friedman test were used to examine the differences of variables between
groups and to examine the changes of variables among times. Significance was set at p < 0.05. SPSS
version 18.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

3. Results

3.1. Effect of Local Body Vibration on Psychological Condition

The rehabilitation program applied in this study improved the psychological measures of LBVG
and nLBVG. As shown in Table 3, although the anxiety was not significantly different between the
groups at all times, the pain of the LBVG was significantly lower than that of the nLBVG at Week 8 and
the symptoms of the LBVG were significantly lower than those of the nLBVG at Weeks 4 and 8. In other
words, a significant effect of the LBV-intervention concerning pain and symptoms was evident.

Table 3. Differences and changes in psychological scales.

Item (Points)
Groups

Week LBVG (n = 11) nLBVG (n = 13) Z (p) *

Pain

0 7.56 ± 1.21 7.70 ± 1.58 −0.511 (0.649)
4 4.10 ± 1.44 4.53 ± 1.20 −0.503 (0.649)
8 2.13 ± 0.90 4.54 ± 1.33 −3.661 (0.001)

X2 (p) ** 20.150 (0.001) 17.280 (0.001)

Anxiety

0 6.39 ± 1.09 6.10 ± 1.24 −1.000 (0.361)
4 3.72 ± 0.64 4.08 ± 0.95 −1.193 (0.277)
8 3.01 ± 0.91 3.58 ± 0.95 −1.230 (0.252)

X2 (p) ** 17.714 (0.001) 17.522 (0.001)

Symptom

0 7.04 ± 1.46 7.12 ± 1.89 −0.353 (0.733)
4 3.50 ± 1.16 6.71 ± 1.10 −4.119 (0.001)
8 2.31 ± 0.90 3.95 ± 1.21 −3.090 (0.002)

X2 (p) ** 18.558 (0.001) 12.875 (0.002)

All data represent the mean ± standard deviation. LBVG and nLBVG are the local body vibration group and
non-local body vibration group, respectively. Symbols * and ** were analyzed by the Mann–Whitney U test and the
Friedman test, respectively.

3.2. Effect of Local Body Vibration on Physiological Condition

3.2.1. Effect of Local Body Vibration on Cardiorespiratory Variables

The rehabilitation program applied in this study somewhat improved the cardiorespiratory
measures of the LBVG and nLBVG. As shown in Table 4, SBP, HR, and BR were significantly changed
in the LBVG, whereas only SBP and BR were significantly changed in the nLBVG from the baseline
to the end of the experiment. However, all of the cardiorespiratory measures were not significantly
different between the groups at all times. In other words, a significant effect of the LBV-intervention
was not found concerning the cardiorespiratory variables of physiological condition.
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Table 4. Differences and changes in cardiorespiratory variables.

Item (Units)
Groups

Week LBVG (n = 11) nLBVG (n = 13) Z (p) *

Systolic blood
pressure (mmHg)

0 135.09 ± 5.17 134.69 ± 12.59 −0.351 (0.733)
4 127.09 ± 12.99 126.23 ± 7.17 −0.350 (0.733)
8 123.45 ± 5.63 124.31 ± 4.85 −0.235 (0.820)

X2 (p) ** 13.905 (0.001) 7.714 (0.021)

Diastolic blood
pressure (mmHg)

0 80.55 ± 7.15 81.38 ± 12.49 −0.991 (0.331)
4 79.73 ± 7.73 79.08 ± 11.11 −0.872 (0.392)
8 79.09 ± 7.11 81.15 ± 11.01 −1.546 (0.134)

X2 (p) ** 0.800 (0.670) 0.792 (0.673)

Heart rate
(beats/min)

0 77.09 ± 6.47 71.08 ± 8.30 −1.887 (0.063)
4 73.45 ± 6.22 78.62 ± 9.99 −1.457 (0.150)
8 69.09 ± 7.71 73.69 ± 7.22 −1.484 (0.150)

X2 (p) ** 11.538 (0.003) 3.720 (0.156)

Breathing rate
(reps.)

0 29.61 ± 7.16 27.65 ± 5.54 −1.251 (0.228)
4 19.85 ± 4.19 19.14 ± 3.06 −0.611 (0.569)
8 19.60 ± 4.34 18.94 ± 3.48 −0.669 (0.531)

X2 (p) ** 13.818 (0.001) 16.769 (0.001)

All data represent the mean ± standard deviation. LBVG and nLBVG are the local body vibration group and
non-local body vibration group, respectively. Symbols * and ** were analyzed by Mann-Whitney U test and Friedman
test, respectively.

3.2.2. Effect of Local Body Vibration on Autonomic Nervous System

The rehabilitation program in this study somewhat improved the measures of autonomic nervous
system in the LBVG and nLBVG. As shown in Table 5, SA and PSA were significantly changed in the
LBVG, whereas only SA was significantly changed in the nLBVG from the baseline to the end of the
experiment. Specifically, the SA measure of LBVG was significantly different when compared with that
of the nLBVG at Week 4. The PSA measure of LBVG was significantly higher than that of the nLBVG at
Weeks 4 and 8. In other words, a significant effect of the LBV-intervention was found concerning a
decreased SA and increased PSA of physiological condition.

Table 5. Differences and changes in autonomic nerve system variables.

Item
Groups

Week LBVG (n = 11) nLBVG (n = 13) Z (p) *

Sympathetic
activation

0 7.61 ± 0.72 7.23 ± 0.51 −1.352 (0.186)
4 6.32 ± 0.63 7.69 ± 1.15 −3.023 (0.002)
8 5.77 ± 0.57 6.46 ± 1.33 −1.257 (0.228)

X2 (p) ** 14.727 (0.001) 7.882 (0.019)

Parasympathetic
activation

0 3.55 ± 0.40 3.42 ± 0.38 −0.849 (0.424)
4 4.49 ± 0.36 3.58 ± 0.40 −4.003 (0.001)
8 4.96 ± 0.28 3.50 ± 0.46 −4.162 (0.001)

X2 (p) ** 22.000 (0.001) 2.923 (0.232)

All data represent the mean ± standard deviation. LBVG and nLBVG are the local body vibration group and
non-local body vibration group, respectively. Symbols * and ** were analyzed by the Mann–Whitney U test and
Friedman test, respectively.

3.2.3. Effect of Local Body Vibration on Strength and Range of Motion

The rehabilitation program in this study improved the measures of isokinetic strength and ROM
only in the LBVG. As shown in Table 6, the PTs of the extensor and flexor were significantly changed
in the LBVG, but there were no significant changes in the nLBVG from the baseline to the end of the
experiment. Specifically, the extensor PT of the LBVG was significantly higher than that of the nLBVG
at Week 8. The flexor PTs of the LBVG were also significantly higher than those of the nLBVG at Weeks
4 and 8. The ROM of the LBVG was also significantly higher than those of the nLBVG at Weeks 4 and 8.
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In other words, a significant effect of the LBV-intervention was found concerning increased isokinetic
strength and improved ROM of the operated knee joint.

Table 6. Differences and changes in strength and range of motion in the knee joint.

Item (Units)
Groups

Week LBVG (n = 11) nLBVG (n = 13) Z (p) *

Extensor peak
torque
(Nm)

0 77.82 ± 12.91 70.00 ± 6.53 −2.311 (0.022)
4 123.09 ± 35.18 100.15 ± 33.83 −1.574 (0.119)
8 178.73 ± 27.45 110.23 ± 53.88 −3.229 (0.001)

X2 (p) ** 13.273 (0.001) 1.385 (0.500)

Flexor peak torque
(Nm)

0 52.36 ± 5.24 47.08 ± 10.47 −1.196 (0.252)
4 63.91 ± 6.24 43.08 ± 16.27 −3.286 (0.001)
8 68.00 ± 10.26 50.23 ± 19.43 −2.052 (0.041)

X2 (p) ** 17.636 (0.001) 3.231 (0.199)

Range of motion
(◦)

0 94.55 ± 16.05 86.00 ± 15.35 −1.279 (0.207)
4 121.73 ± 14.36 89.62 ± 17.47 −3.604 (0.001)
8 127.82 ± 12.46 92.38 ± 27.65 −2.970 (0.002)

X2 (p) ** 19.860 (0.001) 1.385 (0.500)

All data represent the mean ± standard deviation. LBVG and nLBVG are the local body vibration group and
non-local body vibration group, respectively. Symbols * and ** were analyzed by Mann-Whitney U test and Friedman
test, respectively.

4. Discussion

This study provided evidence that the LBV application on an operated knee joint can improve the
patients’ psychological condition and physiological capacity including reduced pain and symptoms,
improved ANS activity, and increased leg strength and ROM. These positive results may be related to
a neurological effect through listening to music and to an improvement in ANS through sound stimuli.
Specifically, an increase in vascular circulation during the rehabilitation program played a key role in
the healing of the operated knee joint.

Petrofsky and Lee reported that blood circulation plays a vital role in tissue healing and that a
richly vascularized area heals faster than a poorly vascularized area [16]. Muscle contractions evoked
by imposed vibrations on the body can induce changes in peripheral circulation [13]. In fact, music
produces a certain amount of vibration. Objective research has validated the healing effects of combined
music and vibrations [17]. In VAST, the relaxing effect of music on the mind is amplified by the relaxing
effect that acoustic vibromassage has on the body, producing a deep state of relaxation. VAST converts
musical melodies and rhythms into waves that can be felt within a patient’s body [17,18]. VAST has
long been recognized as a more complex intervention than music alone, and it uses physical stimuli in
the form of a pulsed sinusoidal low frequency wave to produce mechanical vibrations that are applied
directly to the body [19].

Lane and colleagues reported that the neural correlates of vagal tones developed from the tenth
cerebral neuron involve mental stresses that included cognitive and emotional elements such as surgery.
The vagal (high frequency) component of HRV predicts survival in patients with post-myocardial
infarction, and it reflects the vagal antagonism of sympathetic influences. The results of their research
showed the neural correlates of vagal-HRV during various emotional states in real time. They correlated
vagal-HRV with measures of regional cerebral blood flow derived from positron emission tomography
and 15 O-water in 12 healthy women during diverse emotional states [11]. The heart is dually
innervated by the ANS such that relative increases in SA are associated with HR increases and relative
increases in PSA are associated with HR decreases; thus, relative sympathetic increases cause the time
between heart beats (inter-beat interval) to become shorter and relative parasympathetic increases
cause the interval between beats to become longer [11]. One way to index the central control of the
heart via the vagal nerve is the use of HRV [20]. Consequently, HRV largely reflects the respiratory
gating of the output of the vagal nerve on the sinoatrial node of the heart [21–23].
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In this study, psychological problems (i.e., pain, anxiety, and symptoms) from surgery and
recovery time improved in the nLBVG and LBVG from the baseline to Week 8. However, the pain and
symptoms improved more in the LBVG when compared with the nLBVG at Week 8, highlighting the
effects of the rehabilitation program. These results are comparable to those of Lane and colleagues [11].
Moreover, we think that the improvement of psychological problems was affected by ANS, but not
by the cardiorespiratory system. As shown in the results of this study, although SBP, HR, and BR
were significantly lowered in the LBVG, these cardiorespiratory measures were not significantly
different between LBVG and nLBVG from the baseline to the end of the experiment. However,
significant effects of the LBV-intervention were found concerning decreased SA and increased PSA
of physiological condition in the LBVG. In other words, the positive changes in ANS contributed to
improved psychological stability, which may have led to the reduction of pain and symptoms.

Similarly, Lundeberg and colleagues reported that vibrations reduced acute or chronic pain that
had a musculoskeletal origin [15]. Moreover, they argued that various modes of electrical stimulation
could be used as alternatives to analgesics and surgical procedures. In fact, many authors have
suggested that stimulation activates the natural self-healing abilities of the body and its capacity to
recover as well as bringing the body and mind into balance, which can reduce inflammation and chronic
pain [2,24–26]. Warth and colleagues investigated nine participants with advanced cancer who took
part in single-sessions of music therapy, lasting for 30 min [27]. From their results, VAS was feasible;
although, a graphical and statistical examination revealed only marginal mean changes between
pre- and post-testing. While HRV parameters differed between individuals, mean changes over
time remained relatively constant. Examination of individual trajectories revealed that vibroacoustic
stimulation may impact the autonomic response. The results above are very similar with the results of
our study.

Many patients with osteoarthritis are seeking help with disease management from alternative
therapy. When used along with allopathic medicine, these types of therapy may increase a patient’s
quality of life [28]. The music vibrations harmoniously combine to produce a new type of relaxation
for patients. Lundqvist and colleagues reported that vibroacoustic sound waves reduce anxiety
and aggression in some patients, thus reducing the need for medical treatment [29]. Koike and
colleagues reported that VAST improved the psychological symptoms of 15 nursing home residents
with symptoms of depression [30]. Those participants received VAST for 30 min per day for 10 days, and
their depression levels were measured using the dementia mood assessment scale (DMAS). Tympanic
temperature, pulse, BP, and SpO2 were also measured as physiological indexes of relaxation. Based
on DMAS scores, depression was mitigated after participants received VAST. Moreover, significant
decreases in tympanic temperature and pulse were observed post-treatment. In their conclusion, VAST
provided relaxation effects and reduced depressive symptoms for older patients.

The current study supports and validates the efficacy of VAST, providing additional evidence for
the value of these therapies for acute patients who have had ACL reconstruction surgery. The application
of LBV improved the patients’ muscle strength and ROM as well as fostering psychological stability.
Concerning leg strength, extensor and flexor PT were significantly increased only in the LBVG;
moreover, the extensor PT of the LBVG was higher than that of the nLBVG at Week 8 and flexor
PTs of the LBVG were higher than those of the nLBVG at Weeks 4 and 8. These results were similar
for ROM. In other words, the results showed that the vibroacoustic intervention strengthened the
quadriceps and hamstrings and expanded the ROM of the operated knee joint. The strength of the tonic
vibration reflex tends to increase with increasing muscle length, thus yielding an elastic resistance to
slow stretch, similar to the type of resistance encountered in weaker muscles [26,31]. This explanation
that the vibration-induced afferent discharge increases with muscle length has been used by many
scholars [3,5,6].

In one study, massages using music vibrations were effective in facilitating the release of
by-products produced by cells, thereby enabling muscles and organs to improve their function [32].
The development of the muscular vibration provides a means for studying the role played by muscle
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afferents in motor control, and the technique seems to have therapeutic applications. In this study,
not only was LBV highly motivational and relaxing for patients, it also encouraged self-confidence,
reduced pain and symptoms, and increased leg strength and ROM. Ultimately, LBV was an effective
treatment for pain and symptom management, muscle activation, and ROM expansion in patients who
recently underwent an ACL reconstruction operation.

5. Conclusions

This study confirmed that the LBV built-in vibroacoustic sound on an ACL reconstruction could
improve patients’ psychological condition including pain and symptoms and physiological capacity
including ANS activity. These positive changes in psychophysiological conditions may lead to increased
leg strength and ROM. Eventually, the results may be related to a neurological effect through listening
to music and to an increase in vascular circulation during the rehabilitation program, playing a key
role in the healing of the ACL reconstruction of the knee joint.
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of vibroacoustic therapy treatment of patients with so-called “heel spur”. A preliminary report.
Ortop. Traumatol. Rehabil. 2013, 15, 77–87. [CrossRef] [PubMed]

5. Bautmans, I.; Van Hees, E.; Lemper, J.C.; Mets, T. The feasibility of whole body vibration in institutionalised
elderly persons and its influence on muscle performance, balance and mobility: A randomised controlled
trial. BMC Geriatr. 2005, 22, 17. [CrossRef]

6. Jackson, K.J.; Merriman, H.L.; Vanderburgh, P.M.; Brahler, C.J. Acute effects of whole-body vibration on
lower extremity muscle performance in persons with multiple sclerosis. J. Neurol. Phys. Ther. 2008, 32,
171–176. [CrossRef] [PubMed]

7. Zheng, A.; Sakari, R.; Cheng, S.M.; Hietikko, A.; Moilanen, P.; Timonen, J.; Fagerlund, K.M.; Kärkkäinen, M.;
Alèn, M.; Cheng, S. Effects of a low-frequency sound wave therapy programme on functional capacity, blood
circulation and bone metabolism in frail old men and women. Clin. Rehabil. 2009, 23, 897–908. [CrossRef]

8. Kerschan-Schindl, K.; Grampp, S.; Henk, C.; Resch, H.; Preisinger, E.; Fialka-Moser, V.; Imhof, H. Whole-body
vibration exercise leads to alterations in muscle blood volume. Clin. Physiol. 2001, 21, 377–382. [CrossRef]

9. Altman, R.; Asch, E.; Bloch, D.; Bole, G.; Borenstein, D.; Brandt, K.; Christy, W.; Cooke, T.D.; Greenwald, R.;
Hochberg, M.; et al. Development of criteria for the classification and reporting of osteoarthritis. Classification
of osteoarthritis of the knee. Arthritis Rheum. 1986, 29, 1039–1049. [CrossRef]

10. Jee, Y.S. The efficacy and safety of whole-body electromyostimulation in applying to human body: Based from
graded exercise test. J. Exerc. Rehabil. 2018, 14, 49–57. [CrossRef]

11. Lane, R.D.; McRae, K.; Reiman, E.M.; Chen, K.; Ahern, G.L.; Thayer, J.F. Neural correlates of heart rate
variability during emotion. Neuroimage 2009, 44, 213–222. [CrossRef]

203



Medicina 2019, 55, 659

12. White, D.W.; Raven, P.B. Autonomic neural control of heart rate during dynamic exercise: Revisited. J. Physiol.
2014, 592, 2491–2500. [CrossRef]

13. Kilinc, B.E.; Kara, A.; Celik, H.; Oc, Y.; Camur, S. Is anterior cruciate ligament surgery technique important in
rehabilitation and activity scores? J. Exerc. Rehabil. 2016, 12, 232–237. [CrossRef] [PubMed]

14. Park, J.S.; Oh, H.W.; Park, E.K.; Ko, I.G.; Kim, S.E.; Kim, J.D.; Jin, J.J.; Jee, Y.S. Effects of rehabilitation program
on functional scores and isokinetic torques of knee medial plica-operated patients. Isokinet. Exerc. Sci. 2013,
21, 19–28. [CrossRef]

15. Lundeberg, T.; Nordemar, R.; Ottoson, D. Pain alleviation by vibratory stimulation. Pain 1984, 20, 25–44.
[CrossRef]

16. Petrofsky, J.S.; Lee, S. The effects of type 2 Diabetes and aging on vascular endothelial and autonomic function.
Med. Sci. Monit. 2005, 11, CR247–CR254.

17. Henry, L.L. Music therapy: A nursing intervention for the control of pain and anxiety in the ICU: A review
of the research literature. Dimens. Crit. Care Nurs. 1995, 14, 295–304. [CrossRef]

18. Boyd-Brewer, C.; McCaffrey, R. Vibroacoustic sound therapy improves pain management and more.
Holist. Nurs. Pract. 2004, 18, 111–118. [CrossRef]

19. Hooper, J. An introduction to vibroacoustic therapy and an examination of its place in music therapy practice.
Br. J. Music Ther. 2001, 5, 69–77. [CrossRef]

20. Thayer, J.; Brosschot, J. Psychosomatics and psychopathology: Looking up and down from the brain.
Psychoneuroendocrinology 2005, 30, 1050–1058. [CrossRef]

21. Saul, J. Beat-to-beat variations of heart rate reflect modulation of cardiac autonomic outflow. Am. Physiol. Soc.
1990, 5, 32–37. [CrossRef]

22. Grossman, P. Respiratory and cardiac rhythms as windows to central and autonomic biobehavioral regulation:
Selection of window frames, keeping the panes clean and viewing the neural topography. Biol. Psychol. 1992,
34, 131–161. [CrossRef]

23. Zahn, D.; Wenzel, M.; Kubiak, T. Response: Commentary: Heart rate variability and self-control—A
meta-analysis. Front. Psychol. 2016, 7, 1070. [CrossRef] [PubMed]

24. Skille, O.; Wigram, T.; Weeks, L. Vibroacoustic Therapy: The therapeutic effect of low frequency sound on
specific physical disorders and disabilities. Br. J. Music Ther. 1989, 3, 6–10. [CrossRef]

25. Ekhtiari, S.; Horner, N.S.; de Sa, D.; Simunovic, N.; Hirschmann, M.T.; Ogilvie, R.; Berardelli, R.L.;
Whelan, D.B.; Ayeni, O.R. Arthrofibrosis after ACL reconstruction is best treated in a step-wise approach
with early recognition and intervention: A systematic review. Knee Surg. Sports Traumatol. Arthrosc. 2017, 25,
3929–3937. [CrossRef] [PubMed]

26. Zhang, X.; Hu, M.; Lou, Z.; Liao, B. Effects of strength and neuromuscular training on functional performance
in athletes after partial medial meniscectomy. J. Exerc. Rehabil. 2017, 28, 110–116. [CrossRef] [PubMed]

27. Warth, M.; Kessler, J.; Kotz, S.; Hillecke, T.K.; Bardenheuer, H.J. Effects of vibroacoustic stimulation in
music therapy for palliative care patients: A feasibility study. BMC Complement. Altern. Med. 2015, 15, 436.
[CrossRef] [PubMed]

28. Dottie, R. Alternative therapies for arthritis treatment: Part 2. Holist. Nurs. Pract. 2004, 3, 167–174.
29. Lundqvist, L.O.; Andersson, J.; Viding, J. Effects of vibroacoustic music on challenging behaviors in

individuals with autism and developmental disabilities. Res. Autism Spectr. Disord. 2009, 3, 390–400.
[CrossRef]

30. Koike, Y.; Hoshitani, M.; Tabata, Y.; Seki, K.; Nishimura, R.; Kano, Y. Effects of vibroacoustic therapy on
elderly nursing home residents with depression. J. Phys. Ther. Sci. 2012, 24, 291–294. [CrossRef]

31. Imai, R.; Osumi, M.; Ishigaki, T.; Kodama, T.; Shimada, S.; Morioka, S. Effects of illusory kinesthesia by tendon
vibratory stimulation on the postoperative neural activities of distal radius fracture patients. Neuroreport
2017, 28, 1144–1149. [CrossRef] [PubMed]

32. Skille, O.; Wigram, T. The effect of music, vocalization and vibration on brain and muscle tissue: Studies
in vibroacoustic therapy. In The Art and Science of Music Therapy: A Handbook; Wigram, T., Saperston, B.,
West, R., Eds.; Harwood Academic Press: London, UK, 1995.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

204



medicina

Case Report

Pain and Function in the Runner a Ten (din) uous Link

Peter Francis 1,2,*, Isobel Thornley 2, Ashley Jones 2 and Mark I. Johnson 2,3

1 Department of Science and Health, Institute of Technology Carlow, Carlow, Ireland
2 Musculoskeletal Health Research Group, Leeds Beckett University, Leeds LS13HE, UK;

i.thornley@leedsbeckett.ac.uk (I.T.); Ashley.D.Jones@leedsbeckett.ac.uk (A.J.);
m.johnson@leedsbeckett.ac.uk (M.I.J.)

3 Centre for Pain for Research, Leeds Beckett University, Leeds LS13HE, UK
* Correspondence: peter.francis@itcarlow.ie; Tel.: +353-59917-5000

Received: 28 November 2019; Accepted: 27 December 2019; Published: 7 January 2020

Abstract: A male runner (30 years old; 10-km time: 33 min, 46 s) had been running with suspected
insertional Achilles tendinopathy (AT) for ~2 years when the pain reached a threshold that prevented
running. Diagnostic ultrasound (US), prior to a high-volume stripping injection, confirmed right-sided
medial insertional AT. The athlete failed to respond to injection therapy and ceased running for a
period of 5 weeks. At the beginning of this period, the runner completed the Victoria institute of
sports assessment–Achilles questionnaire (VISA-A), the foot and ankle disability index (FADI), and
FADI sport prior to undergoing an assessment of bi-lateral gastrocnemius medialis (GM) muscle
architecture (muscle thickness (MT) and pennation angle (PA); US), muscle contractile properties
(maximal muscle displacement (Dm) and contraction time (Tc); Tensiomyography (TMG)) and
calf endurance (40 raises/min). VISA-A and FADI scores were 59%/100% and 102/136 respectively.
Compared to the left leg, the right GM had a lower MT (1.60 cm vs. 1.74 cm), a similar PA (22.0◦ vs.
21.0◦), a lower Dm (1.2 mm vs. 2.0 mm) and Tc (16.5 ms vs. 17.7 ms). Calf endurance was higher in
the right leg compared to the left (48 vs. 43 raises). The athlete began a metronome-guided (15 BPM),
12-week progressive eccentric training protocol using a weighted vest (1.5 kg increments per week),
while receiving six sessions of shockwave therapy concurrently (within 5 weeks). On returning to
running, the athlete kept daily pain (Numeric Rating Scale; NRS) and running scores (miles*rate of
perceived exertion (RPE)). Foot and ankle function improved according to scores recorded on the
VISA-A (59% vs. 97%) and FADI (102 vs. 127/136). Improvements in MT (1.60 cm vs. 1.76 cm) and PA
(22.0◦ vs. 24.8◦) were recorded via US. Improvements in Dm (1.15 mm vs. 1.69 mm) and Tc (16.5 ms
vs. 15.4 ms) were recorded via TMG. Calf endurance was lower in both legs and the asymmetry
between legs remained (L: 31, R: 34). Pain intensity (mean weekly NRS scores) decreased between
week 1 and week 12 (6.6 vs. 2.9), while running scores increased (20 vs. 38) during the same period.
The program was maintained up to week 16 at which point mean weekly NRS was 2.2 and running
score was 47.

Keywords: chronic pain; pain management; Achilles; tendon; running

1. Introduction

Achilles tendinopathy (AT) is the 2nd most common running injury [1,2]. It is primarily located
in the mid-portion of the tendon or at the insertion with the calcaneus (insertional tendinopathy) [3].
The stages of tendinopathy have been characterized as reactive (a non-inflammatory cellular response
to acute loading that results in tendon thickening), dysrepair (failed healing that demonstrates greater
matrix breakdown and the separation of collagen) and degenerative (increased cell death, matrix
breakdown, neuronal and capillary in growth) [4]. Pain can be present or absent at any stage of the
tendon pathology continuum. Furthermore, tendons can have discrete regions at different stages of the
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pathology-continuum at the same time [4,5]. Pathological findings as a result of imaging the tendon do
not always correlate with patient symptoms [6].

The majority of running injuries are characterized by repetitive overuse and are usually to tissues
ill-equipped for load absorption (i.e., non-contractile) [1]. The insidious onset of pain at a threshold
(e.g., <5/10 on a Numeric Rating Scale; NRS) [7] below that experienced during traumatic insults
often allows the runner to continue to run. In other words, there is a dissociation between pain and
function in chronic injuries [8]. There are several pharmacological (e.g., NSAID’s, injection therapy)
and non-pharmacological (e.g., heavy isometric loading, shock-wave therapy, cross-training) aids
that produce short-term analgesic effects in tendinopathy [9–13]. However, chronic pain can reach a
threshold whereby it is more akin to that experienced in traumatic pain (>5/10 on an NRS). This can
force the athlete to stop running and seek longer-term resolutions.

The strongest evidence for the long-term resolution for Achilles tendon pain comes from exercise
protocols [14]. Variations of the Alfredsson protocol (straight and bent knee eccentric exercise on
the edge of a step) [15,16] appear to be most effective in patients with mid-portion tendinopathy.
Excessive dorsi-flexion on the edge of a step is thought to increase the compressive load at the tendon
insertion and therefore, straight leg exercises on a flat surface appear to be more effective for those with
insertional tendinopathy [17]. These protocols have been further enhanced by a greater understanding
of the other neuromuscular deficits that occur as a result of Achilles tendon injury. For example,
externally paced eccentric exercise using a metronome standardizes the time the muscle is under
tension and enhances neural plasticity [18].

The reasons pain and function respond positively to this form of training are multi-factorial [19].
To the best of the authors’ knowledge, there are no scientific reports which capture self-reported
function (Victoria institute of sports assessment–Achilles questionnaire; VISA-A, the foot and ankle
disability index FADI, and FADI Sport) [20–22], muscle architecture (Ultrasonography; US), muscle
contractile properties (Tensiomyography; TMG), muscle endurance (Calf Endurance Test) and pain
(Numeric Rating Scale; NRS) pre and post conservative Achilles tendon management.

2. Case Report

2.1. Case History

The patient provided written informed consent for the publication of this case report. A male
runner (30 years, 10-km time: 33 min 46 s) had been running with suspected insertional AT for
110 weeks (~2 years) having had the symptoms for the previous 5 years. The average miles per week
for the 2-year period was 30. The average miles per week during phases of race preparation was ~40
and the maximum miles per week was 50. During this period, pain (~≤5/10; NRS) and or stiffness
was present every morning during the first steps on walking. Pain usually subsided as running
progressed and returned after periods of prolonged rest. The runner used a 4-day-per-week running
schedule and a 3-day-per-week cross-training schedule to manage running loads applied to the tendon
and to lower the risk of other injury. Occasionally, pain increased (≥5/10; NRS) and was relieved
using heavy double-legged isometric exercise (~85 kg) and reducing running from four days to three.
No structured Achilles tendon rehabilitation was undertaken other than calf raise exercises on days the
runner attended the gym (maximum 2*per week). The above summarises the training and pain status
of the runner for much of the 2 years prior to cessation. This period included personal bests over 5 km
(16:10), 10 km (33:46) and half-marathon (78:00).

Nine weeks before cessation (week 101/110), the runner began to increase the volume and
sometimes intensity of one weekly run in an attempt to train for a marathon. This elevated daily
pain to 7/10 and to a point where conservative self-management (as above) was no longer effective.
The runner attended a sports medicine physician for an ultrasound guided high-volume stripping
injection as prescribed in Humphreys et al. [10]. The diagnosis of right-sided medial insertional AT
was made by a qualified medical doctor using ultrasonography. The doctor had ~20-years’ experience
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in the diagnosis of musculoskeletal conditions, diagnostic ultrasound and steroid injection therapy.
The doctor was a member of the British Association of Sports and Exercise Medicine. Diagnosis was
obtained by palpating the painful site on the medial calcaneus and using ultrasonography to image the
same area (Figure 1). Over the course of 1 week (no running), the runner failed to respond to injection
therapy and ceased running.

 

Figure 1. Identification of right-sided medial insertional tendinopathy.

2.2. Assessment

The runner reported to the laboratory (Figure 2) at Leeds Beckett University and completed
the Victoria institute of sports assessment-Achilles questionnaire (Victoria institute of sports
assessment-Achilles questionnaire; VISA-A), the foot and ankle disability index (FADI and FADI Sport),
prior to undergoing an assessment of bi-lateral gastrocnemius medialis (GM) muscle architecture
(muscle thickness (MT) and pennation angle (PA); US), muscle contractile properties (maximal
muscle displacement (Dm) and contraction time (Tc); Tensiomyography (TMG)) and calf endurance
(40 raises/min).

   

(a) (b) (c) 

Figure 2. The use of ultrasonography (US), tensiomyography (TMG) and the calf endurance test in the
assessment of (a) muscle architecture, (b) contractile properties, and (c) endurance.

VISA-A and FADI scores were 59%/100% and 102/136, respectively. Compared to the left leg, the
right GM had a lower MT (1.60 cm vs. 1.74 cm), a similar PA (22.0◦ vs. 21.0◦), a lower Dm (1.2 mm vs.
2.0 mm) and Tc (16.5 ms vs. 17.7 ms). Calf endurance was higher in the injured leg (right) compared to
the left (48 vs. 43 raises).
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2.3. Intervention

The athlete ceased running for 5 weeks and began a metronome guided (15-BPM), 12-week
progressive eccentric training protocol (3 sets, 12 reps, 2*day) on a flat surface, using a weighted-vest
(1.5 kg increments per week). The exercise was performed by bilaterally plantar flexing both legs and
lowering unilaterally on the affected leg to a count of 4 s (15 BPM). The athlete also received six sessions
of shockwave therapy (2000 shocks per session at a pressure and frequency of 1.8–2.2 bar and 10 Hz,
respectively) concurrently within the first 5 weeks. The athlete recorded daily pain scores (NRS) [23]
throughout the intervention (Figure 3). On return to running (after 5 weeks), the athlete also recorded
a score composed of miles * rate of perceived exertion (RPE) [24]. Running miles* rate of perceived
exertion (RPE) was recorded in order to provide a crude estimate of running load. Running began with
a 2.5-mile jog, barefoot and on a hard grass surface (British Summer Time). This was progressed (week
6–13) until the athlete could run 8 miles, three times per week at an RPE of 11 (light). The laboratory
measures were re-assessed at the 12-week point. The athlete continued to perform the eccentric training
protocol and record pain and running load data up to week 16 (Figure 3). Between week 13 and 16, the
three 8-mile runs were replaced with an 8-mile run over an undulating surface (shod; RPE: 13), a track
session that began with 4 × 400 m and progressed to 16 × 400 m (shod; RPE 15) and a long run that
progressed to 12 miles (barefoot and occasionally shod; RPE 11).

Figure 3. The intervention for the management of medial insertional Achilles tendinopathy.

2.4. Outcomes

The athlete had a compliance of 80.4% (135/168 possible sessions) to the 12-week eccentric training
protocol. At the 12-week point, foot and ankle function improved according to scores recorded on the
VISA-A (59% vs. 97%) and FADI (102 vs. 127/136). Figure 4 displays pre and post left–right differences
in gastrocnemius muscle architecture and contractile properties.

 

(a) (b) 

Figure 4. Cont.
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(c) (d) 

Figure 4. Changes in gastrocnemius muscle architecture ((a) muscle thickness and (b) pennation angle)
and contractile properties ((c) muscle displacement and (d) contraction time) pre and post intervention.

In the injured leg, improvements in MT (1.60 cm vs. 1.76 cm) and PA (22.0◦ vs. 24.8◦) were recorded
via US. Improvements in Dm (1.15 mm vs. 1.69 mm) and Tc (16.5 ms vs. 15.4 ms) were recorded via
TMG. Calf endurance was lower in both legs and the asymmetry between legs remained (L: 31, R: 34).
Pain intensity (mean weekly NRS scores) decreased between week 1 and week 12 (6.6 vs. 2.9), while
running scores increased (20 vs. 38) during the same period. The program was maintained up to week
16 at which point mean weekly NRS was 2.2 and running score was 47 (Figure 5).

Figure 5. Weekly pain (numeric rating scale; NRS) and function (miles*rate of perceived exertion;
RPE) response to intervention. Weekly mileage totals began with 9.5 on week 5 and ended with 26 on
week 16.

3. Discussion

The runner in this case report ran for ~2 years with persistent pain and achieved several personal
bests. This demonstrates, in this athlete at least, that pain can be managed in a way that allows a high
level of athletic function. This underscores the title of this paper which suggests that pain and function
are not as closely linked in chronic pain as they may be in pain resulting from traumatic insult. In fact,
baseline results of the calf endurance test appear to demonstrate a compensatory mechanism whereby
calf endurance in the injured leg was higher than that of the non-injured [25]. Calf endurance, and to a
lesser extent PA, may have helped to compensate for the asymmetry in MT and Dm reported.

This athlete did not respond to a high-volume stripping injection, which may suggest that this
type of intervention is not as effective in insertional tendinopathy as it appeared to be for mid-portion
tendinopathy [10]. It may also reflect intra-individual responses to injection therapy. Overall, pain and
function appeared to respond positively as a result of the combined shockwave therapy and eccentric
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loading protocol administered over the 16-week period. It is difficult to know from a case report
whether the effects demonstrated were due to one or both interventions. It should be noted that
pain did not begin to lower on a consistent basis until week 7, and all shockwave therapy had been
administered by week 5. These findings, combined with the rise in function and fall in pain from ~week
10, suggest that the eccentric loading protocol was the dominant factor in recovery. This suggestion is
underpinned by the substantial improvements in neuromuscular function reported.

In the injured leg (right), there were improvements in gastrocnemius medialis MT (~10%) and
PA (~12.7%), as measured by US, which appeared to be reflected by the relative improvement in Dm
(~47%) and, to a lesser extent, Tc (~6.7%). These findings were expected, as they mirror improvements
in muscle size and function in response to resistance exercise [25]. Strength increases prior to changes in
muscle size and is usually proportionally greater, i.e., modest gains in muscle size are usually associated
with 3–4 times the relative strength gains [26,27]. In the early stages of resistance training, this is
suggested to be as a result of an increase in the neural drive to muscle [28]. Häkkinen and colleagues
reported the largest motor units to be recruited within the first 7 weeks of resistance training [29].
The force output of a muscle increases in response to the number of sarcomeres in parallel. An increase
in PA facilitates more sarcomeres in parallel, i.e., an increase in physiological cross-sectional area (CSA)
without a change in anatomical CSA [30]. It is likely that the increase in PA and the overall increase
in contractile mass (MT) contributed to the increase in Dm reported in this athlete. However, Dm is
not a measure of force but of stiffness and therefore, it is likely to be heavily influenced by the tendon
aponeurosis complex and intramuscular connective tissue. These are the structures which transfer
muscle force to the bone. Increases in musculotendinous stiffness have previously been reported in
response to resistance training [31,32] and likely contribute to changes reported in Dm. These changes
in connective tissue stiffness are thought to be primarily driven by an increase in type I collagen
synthesis [33].

This interpretation of an increase in Dm representing an increase in stiffness is somewhat at
odds with researchers in the field who suggest a lower Dm to be associated with a greater muscle
stiffness [34]. These interpretations are based primarily on cross-sectional studies comparing power
and endurance athletes [35] and founded on what remains a limited understanding of the physiology
that underpins measures obtained from Tensiomyography. In our laboratory, we are still optimizing
the standard operating procedures [36,37] in order to obtain stable measurements prior to a more
in-depth interpretation of what the data might indicate physiologically. Our experience from this case
report and on-going investigations in our laboratory suggest that differences in Dm are dependent on
the context in which they are reported. We suggest that in the case of cross-sectional comparisons, as
mentioned above, lower Dm is indeed indicative of higher muscle stiffness. However, in the case of
training or detraining we suggest that the increase or decrease in contractile mass and PA can lead to
an increase in or decrease in Dm. We advise caution in the interpretation of these findings and others,
as interpretation of the data obtained from Tensiomyography remains in its infancy.

The modest reduction in Tc might be expected from an intervention that did not challenge the
speed of muscle contraction. The improvements reported are likely due to an increase in the number
of sarcomeres in series [38] and the increase in PA, which would allow sarcomeres to operate closer
to their optimum length [25]. Calf endurance appeared to decline during the 12-week period, which
we suggest is due to the initial 5 weeks without running and the gradual buildup of running up to
week 12. It is likely that the removal of a stimulus that had been there for ~2 years led to this reduction.
The asymmetry between legs remained, suggesting that some of the adaptations which occurred in the
painful leg over time remained.

There are several limitations we would like to acknowledge related to the interpretation of this
case report. Firstly, although tendon structural abnormalities are present on ultrasound, this cannot be
inferred to represent pathology [39]. In fact, the link between findings on imaging and pain in runners
is weak for several musculoskeletal conditions [40–42]. That being said, the presence of loading specific
pain and pain on palpation suggest an accurate diagnosis was received. Secondly, although we suggest
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the eccentric exercise protocol was the primary driver behind improvements demonstrated in this case,
the influence of the injection and the shockwave therapy cannot be ruled out. Recent evidence suggests
that high-volume image-guided injections, as used in this case, demonstrate improvements in pain and
function with or without steroid in mid-portion AT [43]. This did not appear to be the case in this report.
Although pain did not decrease on a consistent basis until week 7, a significant dose of shockwave
therapy was administered during the first 5 weeks. Furthermore, there are promising results in terms
of medium and long-term follow-up in mid-portion AT following shockwave therapy [44]. There are
several mechanisms by which shockwave is speculated to have an effect on pain and tissue healing.
The short-term effects on pain are thought to occur due to hyper stimulation analgesia [45]. In the
medium term, it has been suggested that a sharp rise in substance P release and a subsequent long
decrease may lead to longer lasting relief from pain [46]. Tendon repair is speculated to be promoted
post shockwave therapy via an increase in tenocyte proliferation and an induction of growth factors [47].
Finally, tendinopathy is a condition associated with chronic pain. Disability levels associated with
chronic musculoskeletal pain are more closely associated with cognitive and behavioral aspects of pain
than sensory and biomedical ones. Positive outcomes are associated with changes in psychological
distress, fear avoidance beliefs, self-efficacy in controlling pain and coping strategies [48]. Therefore,
in this case, the break from running, and the knowledge of a combined shockwave therapy and exercise
intervention coupled with an expected timeline of improvement may have had just as big an impact as
the intervention itself.

4. Conclusions

This athlete ran at a high level for 2 years with persistent Achilles pain. Even after an evidence-based
rehabilitation programme and a gradual return to running, this athlete was never entirely pain-free.
The findings in this runner appear to underscore the need for greater awareness among clinicians about
the dissociation between pain and function in Achilles tendinopathy. Pain education and limiting
fear avoidance may be as important as physical rehabilitation. The neuromuscular adaptations in this
study were substantial and the physiology which underpins them is multifactorial. To what extent
these neuromuscular adaptations contribute to the reduction in pain and increase in running specific
function is unknown and it will perhaps always be an almost impossible research question to answer.
However, it is likely that the combination of neuromuscular adaptations and structural adaptations
within the tendon itself help to better balance stress on biological tissue preventing overload of a
specific portion of tendon.
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Abstract: Background: Deep friction massage (DFM) is a widely used technique by physical therapists
worldwide for chronic pain management. According to Dr. James Cyriax, compliance with the
proposed guidelines is vital to obtain the desired therapeutic results. Objectives: This study explored
the beliefs and attitudes of Cypriot physical therapists to DFM and their compliance with the
suggested guidelines to identify any empirical-based application patterns and compare them to the
suggestions of Cyriax. In addition, the prevalence of DFM use in clinical practice in Cyprus was
investigated. Methods: Questionnaires, consisting of 18 multiple choice questions and a table of six
sub-questions, were distributed to 90 local physical therapists. Results: A total of 70% of respondents
declared that they perform DFM in their daily practice. The respondents answered 11 out of the
19 technical questions in compliance with the guidelines. Conclusion: The study revealed the DFM
application pattern of Cypriot physical therapists. The compliance percentage of this pattern to
Cyriax guidelines was 58% in general and 62.5% for patients with chronic conditions.

Keywords: Cyriax method; transverse frictions; deep friction massage; deep transverse massage;
friction massage; chronic pain; chronic musculoskeletal pain

1. Introduction

Physical therapists worldwide treat chronic pain on a daily basis. A widely known technique
for treating chronic musculoskeletal pain is deep friction massage (DFM) [1]. Although Mennell
proposed a special massage technique called “frictions” in 1982 [2], DFM was officially introduced
to and popularized in the clinical world by Dr. James Cyriax in 1984. According to Cyriax, DFM
can be distinguished from general massage as it reaches the deep structures of the body, such as the
ligaments, tendons, and muscles [1]. DFM has four key aims: (1) To induce pain relief, (2) to produce
therapeutic movement, (3) to produce traumatic hyperemia in chronic lesions, and (4) to improve
function [3–5]. The technique can be found in the literature under several names. However, incorrect
terminology may negatively affect the results of the technique through differences in execution [1,6].
In the authors’ opinion, the general term should be transverse friction massage (TFM) with individual
terms used according to the chronicity of the injury. Specifically, the terms gently transverse massage
(GTM) for acute injuries and deep transverse friction (DTF) for chronic injuries are apt descriptions of
the procedure that must be followed in each case [7].

However, the effectiveness of DFM has not been clearly documented [4,5]. A considerable number
of reviews concluded that sample sizes and methodological limitations were the main limiting factors.
One such limitation is the lack of standardization of the DFM protocol [3–6].

In 2017, Chaves et al. conducted a cross-sectional study of 478 respondents to determine the
prevalence of DFM in clinical practice in Portugal. Further, they aimed to characterize the application

Medicina 2019, 55, 472; doi:10.3390/medicina55080472 www.mdpi.com/journal/medicina

215



Medicina 2019, 55, 472

parameters used by local physical therapists and identify empirical model-based patterns of DFM
application in degenerative tendinopathy. The study concluded that Portuguese physical therapist
application patterns were in conflict with the rules of Cyriax. As alluded to above, the aim of their
study [8] was not to identify the effectiveness of DFM, but to measure their subjects’ compliance to
Cyriax guidelines, as according to the proposed guidelines, absolute compliance is vital for successful
therapeutic results.

Taking the above-mentioned study into consideration, we designed and conducted the present
study on the Cypriot therapeutic community. The purpose of the study was to explore the beliefs and
attitudes of Cypriot physical therapists on DFM. The results will be beneficial on a local level, as they
could help to highlight whether there is a need to improve application patterns locally. Furthermore,
helpful conclusions may be deducted through comparisons with similar studies conducted in other
countries. As an example, non-compliance to Cyriax’s protocol in clinical practice may translate into a
need for revised, more comprehensive guidelines or into a need for improvement and modernization
of the current guidelines [7]. Furthermore, the results of the study will add to the existing body of
evidence on DFM. The present study is innovative as no other work in the literature has explored this
particular issue in Cyprus.

2. Materials and Methods

2.1. Aims of the Study

The aims of this study were firstly, to determine the prevalence of DFM used in clinical practice in
Cyprus, secondly, to explore the application of parameters used by local physical therapists, and more
specifically, to check if the guidelines proposed by Cyriax were being applied by Cypriot physical
therapists, and finally, to identify any empirical model-based patterns.

2.2. Questionnaire Design

The questionnaire was designed as part of a postgraduate degree research project based on the
relevant literature. Following corrections from the student’s advisor, the questionnaire was finalized. It
was then distributed to five physical therapists to confirm that the questions were easily comprehensible;
subsequently, some amendments were made. The questionnaire used closed-ended questions with an
open comments section at the end of each question.

2.3. Questionnaire Sharing

The questionnaire was distributed to 90 of the 943 registered Cypriot physical therapists. The
process started on 28 November 2018 and ended on 28 January 2019. Some of the questionnaires were
completed by local physical therapists who were present at the annual meeting of the Cyprus Physical
Therapists’ Association. The rest were distributed by the author to private physical therapy clinics.

In order to be considered eligible to take part in the study, one had to be a registered physical
therapist. Physical therapy students or physical therapy assistants were not eligible to participate.
Once the questionnaire was distributed, no further verbal communication between the participants and
the author was allowed. The questionnaire was completed in the presence of the author to minimize the
likelihood of the results being altered by copying or searching for the correct answer using the internet.

2.4. Ethics

All questionnaires were completed anonymously. Precautions were taken to ensure that all
participating physical therapists were fully informed of the purpose and parameters of the questionnaire
and consented to the completion of the questionnaire. Relevant information concerning the exact
purpose of the study, information on the authors, and the fact that the results might be published were
provided on the first page of the questionnaire. Any participant could decline to take part in the survey
after consenting, if they so wished.
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2.5. Questionnaire Content

The first page of the questionnaire described the purpose and subject of the survey. It further
clarified the anonymity of the answers. The first column of Table 1 below lists the 18 multiple-choice
questions and a table of 6 sub-questions related to Question 7 contained in the questionnaire.

Table 1. Professional characteristics of the sample (n = 90). DFM: Deep friction massage.

Question Final Sample

Academic qualifications n %

BSc 62 69
Master 26 29

PhD 2 2
Other 0 0

Total 90 100

Years of experience

1–3 16 18
3–5 16 18
5–10 21 23

Other 37 41

Total 90 100

Field of specification

Cardiorespiratory 9 7.5
Musculoskeletal 74 61.6

Neurological 25 20.9
Other 12 10

Total 120 100

Use of DFM in daily practice

Yes 63 70
No 27 30

Total 90 100

Learned the technique from:

Book 14 16
University 51 59

Seminar 17 20
Other 4 5
Total 86 100

2.6. Data Management and Analysis

The data were tallied by simple counting of the responses for every possible answer in each
question. Due to the fact that the respondents were allowed to choose more than one answer or even
skip a question, the total number of given answers was also counted for every question individually.
The percentage of every answer was calculated in relation to the total number of collected answers to
that specific question. The number of each answer was multiplied by one hundred and then divided
by the sample size of that question.

3. Results

Table 1 summarizes the participants’ professional characteristics. Table 2 displays the answers
to all the questions answered by respondents. Table 3 consists of three columns, which display (1)
the questions, (2) the most frequent answer, and (3) a comparison of this study’s results with the
guidelines proposed by Cyriax (shown in the following column). The majority of participants were
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graduate physical therapists (BSc) with more than 10 years of experience who claimed to specialize in
musculoskeletal rehabilitation. Most participants (63 out of 90, 70%) also declared that they used DFM
in their daily practice. A total of 59% (51 out of 81) of the sample were taught the technique in their
pre-graduate education.

Table 2. Questions and answers given by participants (n = 90).

Question
Final Sample

n %

6. Do you use the technique as . . . ?

A single treatment 3 5
In combination with another technique (which one) 43 52

In combination with physical modalities 33 40
Other 2 3

Total 81 100

7a. Acute phase (friction intensity)

Gentle 48 77.4
Deep 2 3.3
Other 12 19.3

Total 62 100

7b. Acute phase (frequency)

Daily 8 11.4
Every 48 h 33 47

Once per week 9 12.8
Other 9 12.8

Total 69 100

7c. Acute phase (duration)

Until analgesia plus 10 maneuvers more 23 38.2
10 min after analgesia 17 28.8

Other 19 32

Total 59 100

7d. Chronic phase (friction intensity)

Gentle 3 4.8
Deep 57 90.4
Other 3 4.8

Total 63 100

7e. Chronic phase (frequency)

Daily 15 23.4
Every 48 h 36 56.3

Once per week 9 14
Other 4 6.3

Total 64 100

7f. Chronic phase (duration)

Until analgesia plus 10 maneuvers more 27 43.5
10 min after analgesia 26 42

Other 9 14.5

Total 62 100
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Table 2. Cont.

Question
Final Sample

n %

8. Where do you apply DFM?

Around the point of pain 27 32
On the exact point of pain 54 64

Other 3 4

Total 84 100

9. What is the direction of the applied force?

Transverse 51 74
Parallel 12 17
Other 6 9

Total 69 100

10. What is the ideal depth?

Enough to ensure the compression and friction of the target tissue 40 60
Until pain reaches 3/10 on a Visual Analog Scale (VAS) 21 31

Other 6 9

Total 67 100

11. What criteria do you use to choose the applied depth?

Injury phase 35 37
Pain scale 39 41

Experience 19 20
Other 2 2

Total 92 100

12. Speed of application

Slow, gradually increase 46 72
Fast 8 12

Other 10 16

Total 64 100

13. Patient positioning

Comfortable position 46 67
With the area of application stretched 18 26

Other 5 7

Total 69 100

14. If the target tissue is a muscle, it should be positioned

Stretched 27 37
Accessible 39 53
Shortened 4 5

Other 3 5

Total 73 100

15. If the target tissue is a ligament, it should be positioned

Stretched 24 35
Accessible 37 54
Shortened 7 10

Other 1 1

Total 69 100
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Table 2. Cont.

Question
Final Sample

n %

16. If the target tissue is a tendon, it should be positioned

Stretched 27 38
Accessible 35 49
Shortened 7 10

Other 2 3

Total 71 100

17. If the target tissue is a tendon with sheath, it should be
positioned

Stretched 31 49
Accessible 26 41
Shortened 5 8

Other 1 2

Total 63 100

18. What grip do you use?

With the edge of the last phalanx and the last interphalangeal joint bent 24 28.5
With the edge of the last phalanx and the last interphalangeal joint in

flexion 31 37

With tools 24 28.5
Other 5 6

Total 84 100

19. Intermediate material

Oil 24 28
Gel 10 12

Anti-inflammatory cream 22 25
Other 30 35
Total 86 100

Table 3. Questions, answers, and guidelines.

Question Respondents n % Cyriax

6. Application of DFM in combination with
any other technique/single therapy/physical

modalities.

In combination with another
technique 43 52 Combined with manual

therapy

7a. Acute injury, friction intensity Gently 48 77.4 Gently

7b. Acute injury, frequency Every 48 h 33 47 Daily

7c. Acute injury, friction duration Until analgesia plus 10
maneuvers more 23 38.2 Until analgesia plus 10

maneuvers more

7d. Chronic injury, friction intensity Deep 57 90.4 Deep

7e. Chronic injury, frequency Every 48 h 36 56.3 Every 48 h minimum

7f. Chronic injury, friction duration Until analgesia plus 10
maneuvers more 27 43.5 Until analgesia plus 10 min

more

8. Spot of application Exact spot of pain 54 64 Exact spot of pain

9. Applied force direction Transverse 51 74 Transverse

10. Ideal depth of friction That ensures tissue
compression 40 60 That ensures tissue

compression

11. Criteria for ideal depth Injury chronicity and patient
pain. 39 41 Injury chronicity and patient

pain.

12. Application speed Slow, gradually increasing 46 72 Slow
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Table 3. Cont.

Question Respondents n % Cyriax

13. Patient position Comfortable 46 67 Comfortable

14. Muscle position while applying DFM Accessible 39 53 Shortened

15. Ligament position while applying DFM Accessible 37 54 Accessible

16. Tendon position while applying DFM Accessible 35 49 Accessible

17. Tendon with sheath position while
applying DFM Stretched 31 49 Stretched

18. Preferred hand grip 2 out of 6 suggested by
Cyriax 31 37 Cyriax suggested 6 hand

grips

19. Intermediate material Anti-inflammatory gel 22 25 No intermediate material

4. Discussion

4.1. General Discussion

Out of the 90 questionnaires distributed, 27 were not completed beyond Question 4. This most
likely suggests that 30% of the sample did not perform DFM in their daily practice or they did not
specialize in musculoskeletal injuries. However, is not possible to say that all of those who did not
proceed beyond Question 4 did not use the technique, as they may have chosen to stop for other
reasons, such as lack of motivation. We believe that asking our subjects if they wished to participate
before we shared the questionnaire minimized this possibility.

Seventy percent of our sample declared that they performed the technique and specialized in
musculoskeletal injuries. The remaining 63 questionnaires were analyzed in order to investigate the
beliefs of Cypriot physical therapists on DFM.

The majority of respondents were graduate physical therapists who mainly specialized in
musculoskeletal treatments and applied DFM in their daily practice. Respondents were mainly taught
the technique during their university studies.

One of the aims of the study was to identify the presence of any empirical model-based patterns.
The questionnaire results revealed that DFM was applied by local physical therapists in a different
way to the technique proposed by Cyriax. This empirical model-based pattern is described in the
“Respondents” column in Table 3.

The local application pattern differed as compared with the guidelines for seven parameters.
Firstly, local physical therapists combined DFM with a variety of other techniques, not only manual
therapy, as proposed. Secondly, Cypriot physical therapists applied the technique every 48 h in cases of
acute injury, rather than daily. In addition, a stricter interval (every 48 h) than that suggested by Cyriax
(48 h minimum) was preferred for chronic conditions. With regard to the speed of application, Cypriot
physical therapists claimed to use a slow but gradually increasing speed, whereas Cyriax suggests a
slow speed and clarifies that a faster speed mostly affects the superficial tissues [1,3]. When a muscle is
the target, local physical therapists preferred to apply DFM with the tissue in an accessible rather than
a shortened position. Attention must be given to the therapist’s hand position to avoid fatigue. Out of
the six hand positions proposed by Cyriax, only two were used by Cypriot physical therapists. The
last difference identified concerned the intermediate material used. The respondents stated that they
preferred to use an anti-inflammatory gel instead of not using anything, as suggested by Cyriax.

Apart from Questions 7a–c, the survey could be analyzed as an independent questionnaire for
chronic pain treatment. In such a case, sixteen technical questions concerned the beliefs and attitudes
of local physical therapists regarding chronic pain management. The results of a questionnaire in this
scenario would lead us to the same conclusions as the original questionnaire used in the study. In
more detail, 10 out of the 16 questions would be in compliance with the suggested guidelines. Even if
chronic pain management was investigated in isolation, a substantial percentage of physical therapists
in Cyprus did not comply with the suggested guidelines.
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Similar to a study published [8] in Portugal, our results demonstrate that the daily application of
DFM in Cyprus is not in complete compliance with the proposed instructions of Cyriax. This could be
interpreted in different ways. Firstly, it could be that the guidelines need to be revised and improved.
The second reason could be that better instructions are needed with regard to this particular technique.
Alternatively, the technique proposed by Cyriax may not provide clinicians with adequate therapeutic
results, leading to modifications to the technique during daily practice.

The observed non-compliance with the instructions suggested by Cyriax is not only observed
among Cypriot physical therapists. As mentioned previously, Portuguese physical therapists were also
found to apply DFM in their own ways [8]. In addition, a lack of awareness or differentiation between
some technical details of DFM can be observed in the literature. For example, in chronic conditions, the
technique must be applied for 10 min after analgesia [1]. However, this proposed duration was neither
used by the subjects of this study nor by the authors of previous studies related to DFM [6,9–18].

To date, the effectiveness of this technique has not been documented sufficiently [4,5]. Combined
with the observed tendencies of clinicians from different countries, the question of whether the
suggested guidelines need to be modified or whether this technique should be used at all has been
raised. It is the authors’ opinion that DFM should undergo important modifications and a thorough
investigation on its effectiveness should be made before it can be recommended to the clinical world [7].

DFM is an old technique, thus, its characteristics are strongly challenged by the better
understanding of certain pathologies [7]. For example, the currently suggested technique for
tendinopathy is considerably different from that suggested by Cyriax. The use of DFM in such a
condition would only result in the breakage of any adhesions, thereby producing traumatic hyperemia.
This approach, in cases of tendinopathy, does not target the ability of tendons to store and release
energy [19] or their neuroplasticity [20], both of which are vital in tendon rehabilitation.

Our study adds to the body of evidence on DFM. It is the second study to reveal non-compliance
of physical therapists to the guidelines. Further, in addition to the observed lack of awareness or the
differentiation of some technical details of DFM in the literature, we conclude that physical therapy
professionals may have to move on from this traditional technique.

Bearing in mind the insufficiently documented effectiveness of DFM and having observed that
physical therapists in different countries tend to change the proposed guidelines—possibly in an
effort to improve their therapeutic results—the authors conclude that DFM should, at present, not be
included as a first-line treatment.

4.2. Study Limitations

This study is not free of limitations. It concerns the beliefs of Cypriot physical therapists and,
therefore, the results cannot be generalized to other countries. Another limitation is that there was no
randomization. A third limitation might be the fact that respondents were allowed to choose more
than one answer in some questions or even skip one. Despite the use of an equation to calculate the
percentage of each answer in relation with the sample size of each question individually, this might
have introduced bias associated with double-counting responses.

5. Conclusions

In the current study, 58% of respondents were found to apply DFM in compliance with
the suggestions of Cyriax. However, when treating chronic pain, 62.5% complied with the
suggested guidelines.

The study revealed the application pattern of DFM followed by Cypriot physical therapists. This
pattern differs from the suggestions of Cyriax for seven of the measured parameters.
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Appendix A

Questionnaire translated to English.

(1) Academic qualifications?

1. BSc
2. MSc
3. PhD
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(2) Years of experience?

1. 1–3
2. 3–5
3. 5–10
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(3) Field of specificity?

1. Cardiorespiratory
2. Musculoskeletal
3. Neurological
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(4) Do you use DFM in your daily practice?

YES/NO

If in question 3 your answer was NOT «Musculoskeletal» or/and in question 4 your answer was
NO, please do not complete the questionnaire further.

(5) How did you learn the technique?

1. From a book
2. University
3. Seminar
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(6) Do you use the technique as

1. A single treatment
2. In combination with another technique (which one)
3. In combination with physical modalities
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(7) Choose an answer in each section of the table (
√

).

Choose what is correct in every question (
√

). There may be more than one correct answer. In case you
chose other, please clarify.
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Injury Phase Friction Intensity Frequency Duration

Acute

� Gentle
� Deep
� Other . . . . . . . . . . . . . . . . . .

� Daily
� Every 48 h
� Once per week
� Other . . . . . . . . . . . . . . . . . . .

� Until analgesia plus 10
maneuvers more

� 10 min after analgesia
� Other . . . . . . . . . . . . . . . . . . . . . .

Chronic

� Gentle
� Deep
� Other . . . . . . . . . . . . . . . . . .

� Daily
� Every 48 h
� Once per week
� Other . . . . . . . . . . . . . . . . . . .

� Until analgesia plus 10
maneuvers more

� 10 min after analgesia
� Other . . . . . . . . . . . . . . . . . . . . . .

(8) Where do you apply DFM?

1. Around the point of pain
2. At the exact point of pain
3. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(9) What is the direction of the applied force?

1. Transverse
2. Parallel
3. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(10) What is the ideal depth?

1. Enough to ensure the compression and friction of target tissue
2. Until pain reaches 3/10 on the VAS scale
3. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(11) What criteria you use to choose the applied depth?

1. Injury phase
2. Pain scale
3. Experience
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(12) Speed of application?

1. Slow but gradually increasing
2. Fast
3. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(13) Patient positioning?

1. Comfortable position
2. With the area of application stretched
3. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(14) If the target tissue is a muscle, where should it be positioned?

1. Stretched
2. Accessible
3. Shortened
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4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(15) If the target tissue is a ligament, where should it be positioned?

1. Stretched
2. Accessible
3. Shortened
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(16) If the target tissue is a tendon, where should it be positioned?

1. Stretched
2. Accessible
3. Shortened
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(17) If the target tissue is a tendon with sheath, where should it be positioned?

1. Stretched
2. Accessible
3. Shortened
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(18) What grip do you use?

1. With the edge of the last phalanx and the last interphalangeal joint bent
2. With the edge of the last phalanx and the last interphalangeal joint in flexion
3. With tools
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

(19) Intermediate material?

1. Oil
2. Gel
3. Anti-inflammatory cream
4. Other . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
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Abstract: Background and objectives: Cyriax friction massage is a widely known and used technique in
the field of chronic pain management. Despite its frequent use in daily clinical practice, the technique
lacks evidence to support its therapeutic value. While this might be due to various factors, the authors
of this paper suggest that the technique might need to be improved and/or modernized according to
the recent literature. The purpose of this letter is to further analyze our point of view. Materials and
Methods: Using the most relevant methods to the subject literature, the authors intended to point out a
few technical details that might need reconsideration and/or modernization. Results: An appropriate
terminology is suggested in the text. Further, suggestions are made regarding the technique’s interval
time, a possible addition of self-treatment, a discussion of the combination with Mill’s manipulation,
tendon positioning and other parameters. Conclusions: As a therapeutic value has not yet been clearly
documented, and since the modernization and/or improvement of the technique might be needed,
we suggest that this technique should not be used as a first-line treatment for the management of
chronic pain.

Keywords: Cyriax method; transverse frictions; deep friction massage; deep transverse massage;
friction massage

1. Introduction

Deep friction massage (DFM) has been promoted and popularized by Cyriax to the clinical world,
even though Mennell first suggested the use of specific massage movements called frictions [1,2]. To
date, the efficiency of the technique has not been documented, despite the fact that DFM is a widely
known technique. Relevant reviews have been hampered by deterrent factors such as sample sizes as
well as several methodological limitations of the included studies, such as the lack of standardization
of the DFM protocol [3–5]. We believe that is indeed a possibility that the therapeutic results of the
method have not been documented yet due to the factors found by the authors of the previously
mentioned reviews. On the other hand, we suspect that the inability to record the therapeutic results
of DFM might be due to technical faults of the instructions proposed by Cyriax.

2. Terminology

Incorrect terminology may have negative effects on the results of the technique, as it appears to
affect how it is executed [6]. This observation has been made by other researchers as well [7], but a
proposal for an appropriate terminology cannot be found in the published literature as far as we know.
The only discrimination we could find is the one between an acute and a chronic injury in the latest
edition of Cyriax’s book, but this only describes the grade of the technique that has to be applied [6].
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Considering firstly that the correct application depends on proper friction intensity, duration and
frequency, and secondly that nonspecific terms might be a deterrent factor, we believe that setting
specific terms might influence clinical results.

In our opinion, the general term of the technique should be transverse friction massage (TFM).
We believe that previously suggested terms are not completely correct. Any term that includes the
word “deep” should not be used. We believe that any term with this characteristic cannot include the
application that has to be done for an acute injury, since it will have to be mostly superficial to the
tissue, and only six sweeps should be performed on the target tissue [6]. The word “friction” should be
included in our opinion. Even though, in an acute stage, the friction on the target tissue is limited to six
sweeps, we suggest that the word “friction” should be part of the general terminology of the technique.
Our suggestion comes from the fact that friction on the target tissue is the aim of the technique, and
thus this has to be clear in the general terminology. The term “massage” has to be included as well. In
this way, a new reader will understand that that technique does not only involve friction. Thus, in an
acute phase, transverse massage is applied until analgesia and from that point, once target tissue is
reached, six sweeps (frictions) more. Additionally, as in chronic injuries transverse massage is applied
until analgesia, and from that point 10 minutes of friction is applied to the target tissue, we suggest as
a general term the one mentioned above, transverse friction massage (TFM).

In an acute injury, we suggest the term gentle transverse massage (GTM). The differentiation from
the term suggested in Cyriax’s book is the word “massage” instead of “friction”. We believe massage
is a better term to describe the procedure performed at an acute stage, which is a gentle transverse
massage of the area until analgesia and then six sweeps more.

On the other hand, we are in agreement with the suggestion made in the book for chronic injuries.
We support the term deep transverse friction (DTF) since it is what is mostly performed in this situation.

3. Interval between Sessions

We believe that the instructions concerning the interval between interventions in a chronic stage
are incorrectly left to the discretion of the therapist. While a comparison of different intervals between
TFM sessions does not exist, the instruction of a minimum 48 h [6] is not enough in our opinion. We
believe that basic biological differences between the tissues that the technique could be applied to
are ignored.

Specifically, oxygen consumption by tendons and ligaments is 7.5 times lower than skeletal
muscles. Given their low metabolic rate and well-developed anaerobic energy generation capacity,
tendons are able to carry loads and maintain tension for long periods while avoiding the risk of
ischemia and subsequent necrosis. However, a low metabolic rate results in slow healing after injury [8].
Thus, we believe that guidelines should be suggested according to the target tissue. We suggest that
tendons and ligaments are treated every third day, securing a balance between collagen synthesis
and degradation [9]. Another reason that leads to this suggestion is the slower healing after micro
injuries due to the technique, due to the aforementioned biological differences. We believe tendons and
ligaments should be treated every third day due to the fact that type I collagen’s response to high load
in a normal tendon peaks at around 3 days after intense loading [10–12]. This response to load appears
to be greater in pathological tendons than normal tendons, with a lower resting level and elevated
response to loading [10]. We believe that, during the interval time, the tendon should still be somehow
loaded to favor the healing process. A possible way to follow this is suggested and further analyzed in
the following paragraph. It is also important to mention that the biological tendon response to TFM
on humans has not been reported yet, and our suggestions come as a result of studies investigating
changes induced by exercise [9,11,12].

4. Self-Treatment

We believe that the technique as proposed by Cyriax does not include the element of self-treatment.
It is in our opinion impossible to compare a method that loads the affected tissue for a minimum of
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10 min every 48 h (current Cyriax suggestion) to any other technique that loads the same tissue in a
more logically structured way [13]. In such a comparison, the results might not support TFM. This
might be due to the loading frequency and not the efficiency of the technique itself, since the healing
process will be favored by light loading in the interval between sessions. By concluding our thinking,
we believe that educating the patient to self-execute GTM between sessions may improve TFM results
and offer more equality in the comparison of the technique with others. Training the patient to execute
GTM might be beneficial in an acute injury. Since the analgesic effect of TFM can last from 0.3 min to
48 h [14], the patient will be given a way to control their pain, at least for those in which the analgesic
duration would have been below the mean (24 h). Unfortunately, only one previous study [14] has
examined the duration of the TFM analgesic effect. Due to this lack of evidence, we are unable to
recommend a possible dosage of GTM to control pain.

With all this in mind, we suggest that the patient should be taught to control their pain by gently
massaging the affected area only until analgesia. In this way, in the case of an acute injury, better pain
control will be offered. In the case of a chronic injury, a moderated load will be applied on the tissue
in the interval between sessions, positively affecting the new tissue produced by the caused micro
injuries during the physiotherapy session, aiding the healing process.

5. Mill’s Manipulation for Lateral Elbow Tendinopathy (LET)

In our opinion, Cyriax’s suggestion that TFM should always be followed by Mill’s manipulation
when faced with lateral elbow tendinopathy (LET) is wrong and restrictive for the results of the method.
The only reason that the technique is followed by this specific manipulation in the case of LET is
because of Cyriax’s suggestion [15]. With no evidence supporting the idea that the combination of the
technique with Mill’s manipulation is superior to a combination with another manipulation or TFM
alone [15], we believe that such a restriction is anecdotal.

It is our belief that LET should be either treated similarly to other tendinopathies, or that specific
manipulations should be combined in every tendinopathy treatment. To answer this, well-designed
RCTs should be designed.

6. Tendon Position

Another point that we believe needs modernization is the position of the tendon during the
application of the technique. In our opinion, tendons should be placed in a stretched position, which
should be determined by the perception of discomfort and not pain. It has been shown that when the
muscle–tendon unit is stretched, most of the stretching occurs in the muscle [16]. A percentage of the
force exerted on the tendon during the TFM is possibly absorbed by the muscle. A greater stretch, in
our opinion, might be translated into better therapeutic results, as it would correspond to a higher
probability of the alignment of the tendon fibers.

7. Other Parameters

As described by Cyriax [6], the guidelines are largely based on clinical opinion. In terms of
application duration and sessions, we believe as much as necessary should be used to produce the
required therapeutic results. In order to suggest a proper treatment time and number of sessions, we
believe that relative RCTs should be designed.

It is widely known and supported by evidence that treating a musculoskeletal disorder is not
simply about breaking adhesions and promoting collagen alignment (if this effect is indeed produced
by TFM). A good rehabilitation should also address specific tissue characteristics. In the example of
tendons, energy storage and release are essential and vital [7]. TFM does not affect this parameter,
and so we disagree with Cyriax that TFM combined with manual therapy can efficiently rehabilitate a
tendon. Another tissue-specific parameter that is not addressed by TFM is tendon neuroplasticity [17].

We believe that, at the moment, TFM is not supported by sufficient evidence, which creates
difficulties for proper parameters to be suggested. This might be a reason that the technique’s efficacy
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has not yet been shown [1,2]. It is also a possibility this is the origin of the non-compliance with
Cyriax’s protocol in clinical practice, where physiotherapists undertake their clinical reasoning based
on the patient’s specific needs, adjusting the recommended dose to their interpretation of the clinical
condition [1,2].

We believe that there is a reasonable theoretical background behind the theory of TFM, but that it
needs modernization and further investigation. A better application of the technique will be translated
not only to a better management of pain, but also to a better rehabilitation of musculoskeletal injuries.

8. Conclusions

While there is not sufficient evidence regarding the efficacy of TFM, it is our personal opinion that
it should not be in the first line of musculoskeletal treatments.
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Abstract: Background and Objectives: Pain affects psychological stress and general health in the
working population. However, the factors affecting psychological job stress related to chronic pain are
unclear. This study aimed to clarify the structural differences among factors affecting psychological
job stress in workers with chronic pain and those without pain. Materials and Methods: A stepwise
multiple regression analysis revealed the differences in structure between the psychological stress of
workers with chronic pain and those with no pain. Psychological job stress by the Brief Job Stress
Questionnaire was used as the dependent variable, with psychological state (depression and anxiety),
specifically that characteristic of chronic pain (pain catastrophizing); information on the nature of
the pain (intensity and duration); and number of years of service as independent variables. Selected
independent variables were evaluated for collinearity. Results: In the model with psychological stress
as a dependent variable (chronic pain: r2 = 0.57, F = 41.7, p < 0.0001; no-pain: r2 = 0.63, F = 26.3,
p < 0.0001), the difference between the experiences of workers with chronic pain and those with no
pain was that chronic pain was associated with depression (Beta = 0.43, p < 0.0001) and no pain with
anxiety (Beta = 0.34, p < 0.0001). In the model with chronic pain-related depression as a dependent
variable (r2 = 0.62, F = 41.7, p < 0.0001), job-life satisfaction (Beta =−0.18, p = 0.0017) and magnification
(a dimension of pain catastrophizing; Beta = 0.16, p < 0.0001) were significant. Conclusions: The results
of this study suggest that the psychological characteristics of chronic pain, such as depression and
magnification, should be considered when evaluating and intervening in the job stress of workers
with chronic pain.

Keywords: mental health; psychological stress; chronic pain; job stress; medical staff

1. Introduction

A focus on the practical implications of an aging population, driven mainly by an increase in
average life expectancy and a decline in birthrate, has become a conspicuous feature of the 21st century.
While the focus is usually on increases in this population, the situation affects a number of societal
aspects, including the decline of the workforce and its downstream effects [1]. The Japanese population
started its decline following the recording of its largest population in 2015; however, the country’s
workforce has been on the decline, from 53% in 1995—the country’s largest workforce on record—to
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48% in 2015 [2]. The 5% drop in workforce means that the population supporting social security is
declining while the number of elderly people receiving social security is increasing, and the burden on
workers is increasing. The continued decline in the size of the working population demonstrates the
lack of effective interventions to address this issue, even though it has been recognized for more than
20 years. Furthermore, psychosocial and work environments can contribute to health damage caused
by mental stress and physical burden, which highlights the socio-economic importance of healthy
work conditions [3–5]. Thus, it has been shown that improving the health of workers is an important
issue not only for individuals but also for society.

Work-related stress is an occupational health challenge and has been identified as a significant
contributing factor to burnout syndrome [6], high staff turnover [7], absenteeism [8], and low labor
productivity [9]. To counter this, the Japanese government increased its focus on workers’ mental health by
launching an occupational health policy, the Stress Check Program, in 2015 [10]. However, since job stress
and related psychological states are affected by a number of factors, its uniform evaluation is difficult.

Pain is one of the factors affecting psychological stress in workers, and the cost of pain-related
lost productivity ranged from $299 to $335 billion in a large-scale survey using 2008 data on economic
loss from pain in the United States; the annual cost of pain is greater than lifestyle-related diseases
(heart disease, cancer, diabetes), which are considered to drive large economic losses [11]. Current pain
measures often fail to take into account deterioration caused by various factors, including psychological
and cognitive aspects, in addition to the sensory experience of noxious stimuli. Since the characteristics
of chronic pain are intensified, its assessment should take into account psychological state, such as the
presence of anxiety and depression, and level of pain catastrophizing, as evidenced through rumination,
helplessness, and magnification of symptoms [12]. Work in the field of chronic pain has shown that
psychological states affect pain experience; for example, low social support in the workplace and low
job satisfaction are risk factors for back pain [13], while work stress is an independent predictor of
chronic neck and shoulder pain [14]. Work-related psychosocial factors are critical in the assessment
of health-related quality of life for chronic pain patients [15]. However, thus far the investigation of
mental health as it relates to pain is inadequate. We reported on psychological job stress and depression
related to chronic pain, as well as psychological stress and anxiety related to the absence of pain, in
a previous study on rehabilitation workers [16]. However, a detailed structural explanation for this
difference has not yet been provided. The purpose of this cross-sectional study, therefore, was to clarify
differences between the factors affecting psychological job stress in hospital workers with chronic pain
and in those without pain, using a structural model and multiple regression analysis.

2. Materials and Methods

2.1. Study Design

This study utilized a cross-sectional design. The sample was recruited from medical staff at a core
hospital, and data was collected in February 2018 using questionnaires. The questionnaire survey was
distributed to medical staff in all departments who had worked at least 6 months, with the exception of
the department in charge of all physicians, which did not provide consent for their staff to participate.
Valid questionnaire responses were used to divide the sample into two groups based on duration of
pain: a chronic pain group (CPG) and no pain group (NPG). The CPG was defined by continuing or
intermittent pain lasting ≥6 months, while the NPG was defined by no pain at the time of the survey
and no repetitive pain in the past month. Although previous studies have defined chronic pain as pain
lasting longer than 3, or in some cases, 6 months and of at least moderate intensity [17–19], our study
builds on the notion that chronic pain cannot be evaluated uniformly. We therefore adopted a pain
duration of over 6 months as characteristic of chronic pain.

The procedures were fully explained to participants, in accordance with the Declaration of
Helsinki, before the survey, and informed consent was obtained from all subjects prior to participation.
The participants were identified by a randomly assigned identifier. This study was conducted with
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the approval of the Research Ethics Committee of Fuefuki Central Hospital on the 15 August 2017
(Fuefuki, Japan; approval number, 17-4).

2.2. Outcome Measure

Job stress was evaluated with the Brief Job Stress Questionnaire (BJSQ), which is used as part
of Japanese policy [10]. The BJSQ evaluates job stressors (nine subscales, namely quantity of work,
quality of work, physical burden, interpersonal factors, work environment, job control, use of skills,
job fit, and job value); psychological stress (five subscales: vigor, irritability, fatigue, feelings of
anxiety, and depressed mood); physical stress, based on an evaluation of somatic symptoms; support
(three subscales: support from superiors, from colleagues, and from family and friends); and job-life
satisfaction. The main outcome was used to evaluate psychological stress [20]. Scores were calculated
by summing the outcome scores of the four-point Likert scale (1 = low stress to 4 = high stress); some
items were reverse-scored.

One of the chronic pain models [21] suggests pain catastrophizing, anxiety, and depression
worsen pain symptoms; additional measures were therefore used to evaluate psychological state
and pain-related psychological factors. With this in mind, we used the Hospital Anxiety Depression
Scale (HADS), which includes 14 items rated according to a four-point Likert scale and is used to
measure anxiety and depression. Physical symptoms are not assessed by HADS, positioning it as
a useful measure of chronic pain-related anxiety or depression independent of insomnia or deep
symptoms caused by chronic pain. The Pain Catastrophizing Scale (PCS) [22] was used to evaluate
pain catastrophizing—a psychological state characteristic of chronic pain. The scale contains 13 items
scored on a five-point Likert scale. A subscale assessing rumination, magnification, and helplessness
was developed based on the Japanese version of the PCS [23]. Pain characteristics were evaluated
as follows: pain intensity was measured using a visual analog scale (VAS) for pain—a subjective
evaluation of pain on a scale of 0–100, indicated on a 100 mm line; pain-related disability was measured
using the Brief Pain Inventory (BPI), specifically related to the impact of pain on the participant’s life
and job; pain duration, measured in number of weeks; and site of pain.

2.3. Statistical Analysis

First, the differences between the two groups in terms of basic characteristics, performance on the
five scales of the BJSQ, and psychological state were measured and compared using Mann–Whitney
U and chi-square tests. Second, the structural model was verified. Structural model analysis
can usually be done using path analysis or structural equation modeling. There are two ways to
analyze path models; one of them uses multiple regression analysis. The multiple regression strategy
for computing a path analysis employs the ordinary least squares method to calculate the path
coefficients [24]. In this approach, the path coefficient is the beta weight of the independent variable,
and usually, several multiple regression analyses are used. In this way, an analysis that models multiple
independent variables and multiple dependent variable relationships is expressed as multivariate
multiple regression [25]. Based on this analysis method, multiple regression analyses were performed
twice for each group. A first multiple regression analysis was conducted using psychological stress
as dependent variable; analyses were conducted in a stepwise manner according to p-value and
Bayesian information criterion instead of Akaike’s information criterion, as the emphasis was on
model fitness rather than predictive accuracy. Number of years of service, job stress subscales (except
that of psychological stress), depression, and anxiety were introduced as independent variables to
test for collinearity. The results of the VAS, BPI, and PCS subscales, along with pain duration, were
also included into chronic pain as independent variable. Third, another iteration of the multiple
regression analysis was performed with the extracted independent variables from the second analysis
as dependent variables. The independent variables introduced in the third round were set to the
same conditions as for the second analysis, with the exception of the subscale for psychological stress.
Furthermore, the validity of model structure in each group was verified through a comparison with
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the alternative model (AM), which used multiple regression analysis with psychological stress as the
independent variable and the dependent variable in a second multiple regression (intragroup-AM).
Moreover, the validity of the independent variable in the first multiple regression analysis was verified
by comparing the AM, which swapped independent variables between groups (intergroup-AM).

Unless otherwise specified, variables were expressed according to median (lower quartile (LQ) to
higher quartile (HQ)). JMP software (version 11.2; SAS Institute, Inc., Cary, NC, USA) was used to
conduct the statistical analyses. The indices of multiple regression analysis results were r2, F-value,
and standardized coefficients (Beta). Beta was used as a value representing the degree of influence of
the relevant structure. The critical value for significance was set at p value < 0.05.

3. Results

The number of participants is depicted in Figure 1. Out of 284 medical staff members initially
contacted, 205 responded with valid answers, resulting in a response rate of 72%. A total of
97 respondents (47%) were included in the CPG, 68 (33%) in the NPG, and 40 participants (20%) could
not be included in either group (sub-chronic and acute pain). This division occurred per the criteria
discussed previously. The characteristics of the two groups and comparisons between them are shown
in Table 1. Mean age in the CPG was 34 years (range: 29.5–41 years). NPG mean age was 34 years
(range: 27–37 years; p = 0.11). There was no significant difference in gender between the two groups
(p = 0.083), although the number of females in the CPG was 13% more than in the NPG. The number of
years of service showed a similar trend to age, with both the CPG and NPG at 6 years (with ranges of
3–11 and 3–9 years, respectively). There was no difference between office position (p = 1) and type of
labor contract (p = 1). In terms of professional registration or licensing, most participants were nurses
(CPG: 47%; NPG: 37%), followed by respondents with no professional registration (CPG: 12%; NPG:
17%). Differences between the two groups were observed for professional registration; however, it was
difficult to verify the significance of this difference due to the sample size and research design.

Figure 1. Classification of participants by pain duration. We classified participants according to pain
duration. Those included in the no pain group were not experiencing pain at the time of the survey
and had not experienced repeated pain in the same site within one month. Acute pain was classified as
pain experienced for less than three months, sub-chronic pain was experienced for three to six months,
and chronic pain was experienced for over six months. The incidence of chronic pain was the highest,
at 47%.
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Table 1. Comparison between groups.

Chronic Pain Group No Pain Group

n = 97 n = 68 p-Value

Age Median (LQ–HQ) years 34 (29.5–41) 34 (27–37) 0.11
Gender Female (%) 74 (76) 43 (63) 0.083

Years of service Median (LQ–HQ) years 6 (3–11) 6 (3–9) 0.26
Office Position None (%) 81 (84) 57 (84) 1
Labor contract Regular workers (%) 87 (89) 61 (90) 1

License Nurse (%) 46 (47) 25 (37)
None (%) 12 (12) 12 (17)

Physical therapist (%) 9 (9) 4 (6)
Medical Social worker (%) 6 (6) 2 (3)

Pharmacist (%) 5 (5) 5 (7)
Occupational therapist (%) 4 (4) 8 (12)

Radiologist (%) 4 (4) 1 (6)
Other (%) 12 (13) 11 (12)

LQ: lower quartile. HQ: higher quartile.

The pain characteristics of the CPG are contained in Table 2. Pain intensity (according to VAS
scores) was 48 mm (Interquartile range: 30.5–63.5 mm); BPI-life and BPI-job were 3 (range: 1–5); PCS
was 20 (range: 8.5–27); and duration of pain was 208 weeks (range: 91–520). The median for pain
persistence experienced as “always” was 22%; 58% of respondents reported that pain affected their
work performance; and 13% reported absenteeism. Approximately half had a history of consultation
with healthcare providers, and 5% had undergone surgery. The majority of pain sites were reported as,
in order, lower back (61%), shoulder (55%), and neck (30%); where multiple pain sites were reported,
all were recorded.

Table 2. Pain characteristics of the chronic pain group (CPG).

Evaluation Item Measured Value

Visual analog scale median (LQ–HQ) mm 48 (30.5–63.5)
Brief pain inventory-life median (LQ–HQ) 3 (1–5)
Brief pain inventory-job median (LQ–HQ) 3 (1–5)
Pain catastrophizing scale median (LQ–HQ) 20 (8.5–27)
Rumination median (LQ–HQ) 10 (6–13)
Helplessness median (LQ–HQ) 5 (2–9)
Magnification median (LQ–HQ) 4 (1–6)
Duration of pain median (LQ–HQ) week 208 (91–520)
Recalled trigger A not reported (%) 51 (55)
Pain persistence B always (%) 21 (22)

often (%) 44 (47)
sometimes (%) 21 (22)

Consultation history reported (%) 51 (53)
Surgical history not reported (%) 92 (95)
Influence at work reported (%) 41 (58)
Absenteeism not reported (%) 84 (87)
Pain site C low back (%) 59 (61)

shoulder (%) 53 (55)
neck (%) 29 (30)
head (%) 11 (11)
knee (%) 10 (10)
groin (%) 9 (9)
other (%) 18 (19)

A Missing value was five. B Missing value was three. C The site of pain was added respectively. LQ: lower quartile.
HQ: higher quartile.
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The result of the comparison between group outcomes is shown in Table 3. In terms of BJSQ
scores, significant differences were found for psychological stress [CPG: 40 (34–47); NPG: 38 (32–42); p
= 0.039]; physical stress [CPG: 22 (18–25); NPG: 16 (13–19.8); p < 0.0001]; and job-life satisfaction [CPG:
6 (5–6); NPG: 6 (5–7); p = 0.043]. Differences between job stressors and support were not significant. A
significant difference on the scale of psychological states was found for depression [CPG: 6 (3.5–9); NPG:
4.5 (2–8); p = 0.037]. Anxiety tended to be higher in the CPG [CPG: 7 (4–9); NPG: 5 (3–8); p = 0.054].

Table 3. Comparison between the chronic pain and no pain groups.

Chronic Pain Group No Pain Group
p-Value

Median (LQ–HQ) Median (LQ–HQ)

BJSQ
Psychological stress 40 (34–47) 38 (32–42) 0.039 A

Physical stress 22 (18–25) 16 (13–19.8) p < 0.0001
Job stressors 64 (56–68) 63 (57–67) 0.83

Support 26 (23–30) 26 (23–28) 0.39
Job-life satisfaction 6 (5–6) 6 (5–7) 0.043 A

HADS
Anxiety 7 (4–9) 5 (3–8) 0.054

Depression 6 (3.5–9) 4.5 (2–8) 0.037 A

LQ: lower quartile. HQ: higher quartile. BJSQ: Brief Job Stress Questionnaire. HADS: Hospital Anxiety Depression
Scale. A: p < 0.05.

The factors affecting psychological stress in the CPG, as determined by multiple regression
analysis, are shown in Table 4. In the model with psychological stress as a dependent variable (r2 = 0.57,
F = 41.7, p < 0.0001), depression (Beta = 0.43, p < 0.0001), physical stress (Beta = 0.37, p < 0.0001), and
interpersonal factors (Beta = 0.25, p = 0.0005) were independent variables. The result of a multiple
regression analysis with these independent variables as dependent variables showed that depression as
dependent variable (r2 = 0.62, F = 41.7, p < 0.0001) affected anxiety (Beta = 0.41, p < 0.0001), vigor (Beta
= −0.35, p < 0.0001), job-life satisfaction (Beta = −0.18, p = 0.0017), and magnification (a dimension of
pain catastrophizing; Beta = 0.16, p < 0.0001). Physical stress as dependent variable (r2 = 0.40, F = 20.3,
p < 0.0001) had an impact on depressed mood (Beta = 0.35, p = 0.0003), fatigue (Beta = 0.30, p = 0.0016),
and VAS (Beta = 0.26, p = 0.002). Interpersonal factors as dependent variable (r2 = 0.28, F = 12.0, p <
0.0001) was linked to depressed mood (Beta = 0.35, p = 0.0003), job control (Beta = −0.22, p = 0.020),
and number of years of service (Beta = −0.20, p = 0.028). The structure created by multiple regression
analysis of CPG data is shown in Figure 2.
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Figure 2. The factor effect model for psychological job stress related to chronic pain. The factor effect
model was developed using the results of the stepwise multiple regression analysis using the Bayesian
information criterion and p-values. The arrow direction moves from the independent variable to
the dependent variable, and its numerical value indicates the standardized estimated value. The
psychological stress related to chronic pain was most affected by depression, with satisfaction and pain
catastrophizing associated through depression.

In the intragroup-AM of the CPG, the AM with an independent variable of depression (r2 = 0.55,
F = 28.1, p < 0.0001) showed that anxiety (Beta = 0.42, p < 0.0001) and vigor (Beta = −0.46, p < 0.0001)
were higher than Beta in the original model; moreover, job-life satisfaction (Beta = −0.08, p = 0.31) and
magnification (Beta = −0.012, p = 0.88) were lower than Beta in the original model, with no significant
difference in p-value. The AM with an independent variable of physical stress (r2 = 0.89, F =245.5, p <
0.0001) showed that depressed mood (Beta = 0.70, p < 0.0001) and fatigue (Beta = 0.39, p < 0.0001) were
higher than Beta in the original model; moreover, pain intensity (Beta = 0.01, p = 0.69) was lower than
Beta in the original model, with no significant difference in p-value. The AM with an independent
variable of interpersonal (r2 = 0.77, F = 105.7, p < 0.0001) showed that depressed mood (Beta = 0.86, p <
0.0001) was higher than Beta in the original model; moreover, years of service (Beta = 0.03, p = 0.51)
and job control (Beta = −0.072, p = 0.17) were lower than Beta in the original model, with no significant
difference in p-value. This result of intragroup p-AM was compared to the original model fit (r2) and
to the independent variable Beta to determine the appropriate model. The r2 of some intragroup-AMs
showed a higher increase than in the original model because the intragroup-AM included a subscale of
psychological stress as an independent variable. This model was not appropriate because the sum of
the subscales was psychological stress. Furthermore, Beta of job-life satisfaction and magnification (a
dimension of pain catastrophizing) reduced further than in the original model. This showed that the
original model of the CPG was a better model to explain the influential factors than intragroup-AM.

The effect factors of psychological stress in the NPG, as determined by multiple regression analysis,
are shown Table 5. In the model with psychological stress as a dependent variable (r2 = 0.63, F =
26.3, p < 0.0001), physical stress (Beta = 0.45, p < 0.0001), anxiety (Beta = 0.34, p < 0.0001), quality of
work (Beta = 0.25, p = 0.0002), and job fit (Beta = −0.21, p < 0.0001) were independent variables. The
result of multiple regression analysis with physical stress as dependent variable (r2 = 0.41, F = 26.3, p <
0.0001) had depressed mood (Beta = 0.43, p < 0.0001), irritability (Beta = 0.28, p = 0.0085), and support
from coworkers (Beta = −0.21, p = 0.036) as independent variables. Where anxiety was the dependent
variable (r2 = 0.63, F = 26.5, p < 0.0001), depression (Beta = 0.37, p = 0.0003), feelings of anxiety (Beta
= 0.33, p = 0.0004), vigor (Beta = −0.14, p = 0.0041), and work environment (Beta = 0.19, p = 0.015)
were affected. Quality of work as dependent variable (r2 = 0.51, F = 16.1, p < 0.0001) was associated
with quantity of work (Beta = 0.34, p = 0.0022), feelings of anxiety (Beta = 0.30, p = 0.0036), physical
burden (Beta = 0.28, p = 0.0063), and support from family and friends (Beta = 0.19, p = 0.044). Job fit as
dependent variable (r2 = 0.51, F = 16.1, p < 0.0001) was linked to job value (Beta = 0.62, p < 0.0001) and
job-life satisfaction (Beta = 0.29, p = 0.0012). The structure created by multiple regression analysis of
the NPG is shown in Figure 3.
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Figure 3. The effect factor model for psychological job stress with no pain. The effect factor model was
created through stepwise multiple regression analysis with the Bayesian information criterion and
p-value. The arrow direction flows from the independent variable to the dependent variable, and its
numerical value indicates the standardized estimated value.

In the intragroup-AM of the NPG, the AM with an independent variable of physical stress
(r2 = 0.89, F = 165.8, p < 0.0001) showed that depressed mood (Beta = 0.82, p < 0.0001) and irritability
(Beta = 0.26, p < 0.0001) were higher than Beta in the original model; moreover, support from coworkers
(Beta = −0.037, p = 0.39) was lower than Beta in the original model, with no significant difference in
p-value. The AM with an independent variable of anxiety (r2 = 0.83, F = 75.4, p < 0.0001) showed that
feelings of anxiety (Beta = 0.71, p < 0.0001) and vigor (Beta = −0.29, p < 0.0001) were higher than Beta in
the original model; moreover, depression (Beta = 0.036, p = 0.55) and work environment (Beta = −0.063,
p = 0.23) were lower than Beta in the original model, with no significant difference in p-value. The AM
with an independent variable of quality of work (r2 = 0.75, F = 48.4, p < 0.0001) showed that feelings of
anxiety (Beta = 0.84, p < 0.0001) was higher than Beta in the original model; moreover, quantity of work
(Beta = 0.032, p = 0.47), support from family and friends (Beta = −0.040, p = 0.55), and physical burden
(Beta = −0.032, p = 0.65) were lower than Beta in the original model, with no significant difference in
p-value. The AM with an independent variable of job fit (r2 = 0.11, F = 4.1, p = 0.007) showed job-life
satisfaction (Beta = −0.33, p = 0.007) to be slightly higher than Beta in the original model; moreover,
job value (Beta = −0.025, p = 0.84) was lower than Beta in the original model, with no significant
difference in p-value. A comparison of this result with the original model fit (r2) and independent
variable Beta showed a similarity with the results of the CPG. The r2 of some intragroup-AMs of the
NPG showed a higher increase than the original model because the intragroup-AM included a subscale
of psychological stress as an independent variable. This model was not appropriate because the sum
of the subscales was psychological stress. Furthermore, the r2 of job fit was reduced further than in the
original model. This showed that the original model for the NPG was also a better model to explain
the affecting factors than the intragroup-AM.

In the intergroup-AM, the model fit for the CPG was lower than in the first multiple regression
model of the CPG (r2 = 0.47, F = 20.6, p < 0.0001), and this model showed physical stress (Beta = 0.36, p
< 0.0001), anxiety (Beta = 0.40, p < 0.0001), quality of work (Beta = 0.068, p = 0.46), and job fit (Beta =
−0.13, p = 0.10). Moreover, the model fit for the NPG was lower than in the first multiple regression
model of the NPG (r2 = 0.50, F = 21.2, p < 0.0001), and this model showed depression (Beta = 0.35, p <
0.0001), physical stress (Beta = 0.56, p < 0.0001), interpersonal (Beta = 0.079, p = 0.38), and job fit (Beta
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= −0.13, p = 0.10). This result differed from the original model in that the most influential independent
variable of the intergroup-AM for the CPG was anxiety, not physical stress, and the main independent
variable of the intergroup-AM for the NPG was physical stress, not depression.

4. Discussion

4.1. Participant Characteristics

This cross-sectional study investigated the factors affecting psychological stress in hospital workers
with and without chronic pain. The study had a high response rate (72%) and groups, classified based
on the presence or absence of chronic pain, had a median age of 34 years, in line with trends among
the labor population. Focusing on the feature of pain in the CPG, 75% of respondents experienced
moderate or higher pain, based on the LQ of pain intensity at 30.5 mm on the VAS [26]. However,
studies have shown that VAS scores do not coincide with verbal ratings of intensity of chronic pain,
and VAS evaluation alone is considered inadequate in the later stages of chronic pain [27]. The median
pain duration for CPG participants was 208 weeks—meeting the criteria for chronic pain. Site of pain
in the CPG was consistent with the findings of an epidemiological survey in Japan, which also found
that the lower back was the most frequent site of chronic pain, followed by the neck and shoulders,
respectively [28]. However, the degree of pain-related interference in life and work assessed by two
BPI scales had a score of five in the HQ, and more than moderate interference was 25% [29,30]. Based
on our results, we can assume that chronic pain affects younger medical staff. Moreover, disability due
to chronic pain was not that prevalent.

4.2. Validation of Outcome Comparison between Two Groups

The outcome was nonparametric in that there were many mild cases and few severe cases in
this study design, and comparison of both groups needed a suitable statistical test. Thus, outcome
comparisons were considered along with medians and quartiles. In the comparison of job stress,
psychological stress and physical stress were significantly high in the CPG. The difference between
psychological stress in the two groups was five points for the HQ and two points for the LQ, suggesting
that chronic pain is linked to higher levels of psychological stress. It was considered that the difference
of 6 points in the median score for physical stress was caused by the inclusion of pain-related items in the
scale. We considered it unlikely that the work-related environment differed among the groups because
there was no significant difference in job stressors and support structures. Job-life satisfaction was
significantly lower in the CPG, but the degree of difference was small: the HQ in the NPG was only one
point higher. In terms of psychological state, the depression levels of the CPG were significantly higher,
confirming findings linking high depression to chronic pain in previous studies [31,32]. However, at
least approximately 25% of participants in both groups had symptomatic depression, based on their
high HADS scores [33]. This suggests that chronic pain is a significant contributor to job stress, in
particular psychological and physical stress, regardless of the presence of job stressors or support.

4.3. Validation of Structure Model by Multiple Regression Analysis

The multiple regression analysis showed that each group had different factors affecting
psychological stress. Our findings positioned depression as an independent variable in the CPG
and anxiety as an independent variable in the NPG. In addition, in the multiple regression analysis,
CPG-depression had anxiety as an independent variable, and NPG-anxiety had depression as an
independent variable. This finding emphasizes earlier findings that depression is important to consider
in cases of chronic pain, while anxiety is an important consideration in the absence of pain [16].
However, this finding may also simply involve the effects of participants’ differential abilities to deal
with high stress, as CPG scores were significantly higher in the comparison of the two groups.

In the second multiple regression analysis, CPG-depression had job-life satisfaction and
magnification (a dimension of pain catastrophizing) as independent variables. There was a difference
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in job-life satisfaction between the CPG and NPG, and NPG satisfaction had the independent variable
of job fit, which is a subscale of job stressors. We interpreted the satisfaction effects of job fit to be
appropriate, as the biggest determinant of job satisfaction in epidemiological studies has been found
to be an “interesting” job [34]. Furthermore, a job satisfaction and health meta-analysis reported
stronger relationships with psychological stress than physical distress [35]. Accordingly, the results
of the present study contribute to the understanding of differences in job-life satisfaction affecting
job-related psychological stress between people with chronic pain and those with no pain. Our
interpretation that magnification increases depression is appropriate; while the differences regarding
the PCS subscales were slight, several studies have reported the importance of magnification as a
psychological factor [16,36]. Furthermore, pain catastrophizing and depression have additive and
adverse effects on the impact of pain, hence both are important assessment measures for chronic
pain [31].

The validation process of intragroup-AM reflected that the original model by repeated regression
analysis was valid because Beta in the intragroup-AM decreased more than in the original model,
except in the independent variable of the psychological stress subscale in both groups. Thus, depression
in the CPG and physical stress in the NPG, extracted by the first multiple regression analysis, were
the most influential independent variables for each group. This finding was also emphasized in the
comparison results between intergroup-AM and the original model. Consequently, our findings are
reasonable and suggest that pain catastrophizing, which is a psychological condition that exacerbates
chronic pain, can also aggravate psychological job stress by mediating depression.

4.4. Highlight of This Study

A highlight of our findings is that workers with chronic pain who had low satisfaction and a high
rate of pain catastrophizing show an increase in psychological stress through depression. This is very
different to the group with no pain and implies that mental health interventions for medical workers
with chronic pain need to consider the psychological conditions characteristic of chronic pain.

The epidemiological investigation of chronic pain in Japan showed that professional workers had
the highest chronic pain prevalence of several occupation types [28]. Participants in this study included
many professional hospital workers, about half of whom had chronic pain. Thus, hospital workers
are responsible for the patient’s health, but they may also themselves be suffering from pain. The
health and working environment of hospital workers may be important considerations for ensuring
proper quality of medical care. If a mental health improvement program, as a worker health policy, is
verified without considering chronic pain, the effect on psychological stress may be overestimated
or underestimated. Therefore, the assessment and treatment of chronic pain may also be effective in
patients who face high levels of psychological stress.

4.5. Limitations

There were some limitations that should be considered in the interpretation of this study.
Participants were workers at the medical center but doctors were not included, thus the study cannot
explain the situation with doctors. Moreover, the study did not consider the severity of chronic pain or
physical and joint function, and the index of satisfaction was one scale for both groups. Furthermore, it
is possible that insufficient evaluations contributed to the low r2 for physical stress in both groups
and in the interspersion of NPG scores (e.g., physical functions that are the origin of physical stress,
and pain-related interpersonal factors such as role clarity and recognition) [37]. In addition, it is
possible that more specific models could be developed by examining the factors affecting pain and job
stress, such as the effort—reward imbalance [38], demand and control [39], and job characteristics [40].
In addition, model verification to burnout, absence, retirement, and chronic pain requires research
utilizing different designs, including longitudinal and intervention research. However, the findings of
the present study show that the factors affecting job psychological stress differ between workers who
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experience chronic pain and those who are pain-free, and we consider our findings to be important for
future studies of workers’ mental health and chronic pain.

5. Conclusions

This cross-sectional study investigated the effect of various factors on psychological stress
in hospital workers with chronic pain and those without. Chronic pain is associated with high
psychological job stress and physical stress, regardless of the absence or presence of job stressors
or support. Furthermore, depression was found to affect psychological job stress in those with
chronic pain, while anxiety affected psychological job stress of those with no pain. Moreover, workers
with chronic pain, through the effects of job satisfaction and pain catastrophizing, showed increased
psychological job stress related to depression. Additionally, the structural model developed for the
CPG differed from that developed for the NPG.

Chronic pain is multifaceted in terms of its socio-psychological effects, and this should be
considered when evaluating the issue. Based on the results of the present study, it is important to
consider the psychological conditions characteristic of chronic pain in order to evaluate and improve
the job stress of workers with chronic pain.
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Abstract: Background and Objectives: The attentional bias and information processing model explained
that individuals who interpret pain stimuli as threatening may increase their attention toward
pain-related information. Previous eye tracking studies found pain attentional bias among individuals
with chronic pain; however, those studies investigated this phenomenon by using only one stimulus
modality. Therefore, the present study investigated attentional engagement to pain-related information
and the role of pain catastrophizing on pain attentional engagement to pain-related stimuli among
chronic pain patients by utilizing both linguistic and visual stimulus. Materials and Methods: Forty
chronic pain patients were recruited from the rehabilitation center, the back pain clinic, and the
rheumatology department of Chung-Ang University Hospital in Seoul, Korea. Patients observed
pictures of faces and words displaying pain, presented simultaneously with neutral expressions,
while their eye movements were measured using the eye tracking system. A t-test and ANOVA
were conducted to compare stimulus pairs for the total gaze duration. Results: Results revealed
that chronic pain patients demonstrated attentional preference toward pain words but not for pain
faces. An ANOVA with bias scores was conducted to investigate the role of pain catastrophizing on
attentional patterns. Results indicated that chronic pain patients with high pain catastrophizing scores
gazed significantly longer at pain- and anger-related words than neutral words compared to those
with low pain catastrophizing scores. The same patterns were not observed for the facial expression
stimulus pairs. Conclusions: The results of the present study revealed attentional preference toward
pain-related words and the significant role of pain catastrophizing on pain attentional engagement to
pain-related words. However, different patterns were observed between linguistic and visual stimuli.
Clinical implications related to use in pain treatment and future research suggestions are discussed.

Keywords: attentional preference; linguistic; visual stimuli; chronic pain

1. Introduction

Attentional bias toward pain-related information is well established [1]. However, the evidence
for attentional bias toward pain stimuli has not always been supported and authors argued that the
inconsistency in results is due to differences in the methodologies [1,2]. These meta-analytic studies
found consistent evidence for attentional engagement toward pain-related information for maintained
attention at the supraliminal level (i.e., presentation time longer than 1250 ms) but inconsistent results
at the subliminal level (i.e., presentation time shorter than 500 ms). These results indicated a need for
researchers to consider a stimulus presentation time that is longer than 1250 ms in order to examine
maintained attention to pain-related stimuli. Furthermore, to address limitations associated with the
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visual-probe task (i.e., attentional bias to specific stimuli can only be observed at certain specified
time points), an eye tracker was used to observe attentional patterns toward pain-related stimuli
continuously across time in recent attentional bias studies.

Previous studies utilizing eye tracking methods [3–5] found that individuals with chronic pain
have a tendency to gravitate toward pain stimuli in their attentional process. However, literature
indicated that attentional bias is “a complex process”, which includes not only attentional engagement
toward threatening stimuli but also attentional avoidance from threatening stimuli [6]. Previous
studies [6,7] found attentional avoidance from threat-related information when facing real threatening
and painful conditions (e.g., operation, dental treatment). This result indicates that when the degree
of threat is high (i.e., situations where individuals anticipate high levels of acute pain), individuals
may turn their attention away from threatening stimuli in order to manage anxiety. When a threat
becomes chronic, chronic pain patients demonstrated difficulty in disengaging their attention from
pain stimuli [3–5].

Maintaining attention toward pain-related information shown in chronic pain patients [3–5]
may be an attentional process similar to the rumination process observed in depressed individuals.
This implies that repetitive negative thoughts related to pain increase and maintain the attention
of pain suffers to pain-related information [1]. Pain catastrophizing is defined as cognitive and
emotional responses (i.e., rumination, exaggeration, and helplessness) to actual or anticipated pain.
Pain catastrophizing is known to be one of the important psychological factors associated with
frequency and severity of chronic pain [8–10]. Previous eye tracking studies [3,4] implied attentional
engagement toward pain-related information could be influenced by pain catastrophizing, however,
those studies were conducted with a non-clinical population. The current study investigated the role of
pain catastrophizing on maintained attention toward pain-related information in a clinical population
in order to confirm previous results obtained from non-clinical sample studies.

Meta-analytic studies mentioned above suggested that one of the reasons why attentional bias
studies demonstrated inconsistent results was due to different stimulus types [1,2]. People may
respond to visual and linguistic stimuli differently. According to the dual-coding theory, visual and
linguistic information are processed through distinct channels in the human brain [11]. The results
of previous studies [12–14] support the notion suggested by the dual-coding theory (i.e., differences
in the processing between visual and verbal information). Those studies found not only functional
differences but also anatomical differences in processing visual and linguistic stimuli in human brain.
Although previous studies found evidence for attentional engagement toward pain-related linguistic
stimuli [1,2] and attentional engagement toward pain-expression pictures [3–5] among chronic pain
individuals, similarities and differences in the attentional engagement of chronic pain individuals
toward different pain stimulus modalities have rarely been compared using eye tracking methodology.
Studies, such as ours, that directly compare different pain stimulus modalities as part of investigating
the pain attentional bias of chronic pain patients will provide valuable information to develop the most
effective psychological intervention for chronic pain patients.

In summary, the present study examined how the attentional engagement toward pain-related
information differs depending on different stimulus modalities (word vs. facial expression) and a
psychological factor, particularly pain catastrophizing levels. Moreover, to investigate pain-specific
attentional patterns, anger-related information pairs (anger vs. neutral stimuli) were included and
compared with pain-related stimuli pairs. Inconsistent results in previous attentional bias studies
among individuals with chronic pain might have occurred due to a diversity of chronic pain conditions,
therefore the current study only recruited patients who were diagnosed with musculoskeletal disorders.
Based on previous studies, the present study proposed that (1) chronic pain patients would demonstrate
attentional engagement toward pain-related information regardless of types of stimuli presented
(i.e., word and pictorial stimuli); (2) attentional engagement toward pain-related information would
be maintained across 3000 ms for both pain-related word and pictorial stimuli; and (3) attentional
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engagement toward pain-related information would be influenced by pain catastrophizing levels for
both pain-related word and pictorial stimuli.

2. Materials and Methods

2.1. Participants

We conducted the power analysis of repeated measure ANOVA with within-subjects using
G*Power 3.1 program and 28 participants (effect size = 0.25, type I error = 0.05, power of test =
0.80) were the minimum sample size. To account for a possibility of a minimum 10% dropout rate,
we increased the sample size to 40. Forty patients with chronic pain that was diagnosed by medical
doctors were recruited from the rehabilitation center, the back pain clinic, and the department of
rheumatology in Chung-Ang University Hospital in Seoul, Korea. Inclusion criteria were: (1) aged
18 years or older; (2) having no cognitive disability; (3) having no difficulty in understanding and
completing the survey; (4) having no eye diseases such as glaucoma and cataract; (5) experiencing
chronic pain for more than 3 months; and (6) experiencing musculoskeletal pain as a major source of
pain. After medical doctors referred patients to research assistants, the aims and design of the study
were explained to patients and informed consent obtained from those who agreed to participate in the
present study. This study was approved by the Institutional Review Board of Chung-Ang University
Hospital and conforms to the Ethical Guidelines of the 1975 Declaration of Helsinki (approval number
IRB#: 1813-002-313, approved on 28 November 2018).

2.2. Measures

Participants completed a questionnaire that contained demographic questions (i.e., age, gender,
smoking and drinking) and pain-related questions (i.e., current pain level, levels of pain in the past
month, and levels of pain in past 3 months). Regarding pain-related questions, the participants
rated their pain on an 11-point numeric rating scale (NRS). In addition to the brief survey regarding
demographic and pain-related questions, the following measures were administered.

A Korean-language version of the pain catastrophizing scale (PCS) has been translated and
standardized in Korean population [15]. The original PCS was developed by Sullivan et al. [16].
The PCS has 13 items that assess three components of pain catastrophizing: rumination (e.g., “I can’t
seem to keep it out of my mind”), magnification (e.g., “I wonder whether something serious may
happen”), and helplessness (e.g., “There is nothing I can do to reduce the intensity of pain”). Participants
were asked to rate their responses on a five-point Likert scale ranging from 0 (not at all) to 4 (always).
Cronbach’s alpha of K-PCS was 0.93 [15] and internal consistency of this study was 0.91.

The pain disability index (PDI) that was originally developed by Pollard [17] and the present
study utilized the Korean-language version of the PDI which was translated by Hong [18]. PDI is a
questionnaire that measures the degree of subjective disruption experienced due to chronic pain in seven
different domains of life (e.g., home, social, recreational, occupational, sexual life, self-management,
and life-support). For each life domain, participants were asked to provide disability ratings on
11-point scales from 0 (no disability) to 10 (total disability). The higher score represents pain interfering
more with life. Cronbach’s alpha was 0.87 [18] and internal consistency of this study was 0.91.

2.3. Stimulus Materials

2.3.1. Photo Stimulus

As an experimental stimulus, photos displaying facial expressions were obtained by the Korea
University Collection (KUFEC) [19] that contained different facial expressions such as anger, happiness,
and neutral. Since facial expressions displaying pain were not included in the KUFEC, 32 photos
displaying pained expressions were obtained from the previous study [3]. Two pilot studies were
conducted to validate photos displaying pained expressions. In pilot studies, 15 participants (five male
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graduate students, 10 female graduate students) rated the extent manufactured photos are related to pain
expression and valence of each photo on a 7-point scale. Based on the results of pilot studies, eight photos
(four male, four female) were selected. The mean of rating for pained facial expression was M = 5.67, SD
= 0.51 and the mean of rating for valence of pained facial expressions was M = 4.79, SD = 0.30.

Regarding photos displaying anger-related and neutral expression, pictures from the KUFEC
corresponding to the selected painful faces were selected. A total of 24 pictures were used in this study
(eight pain, eight anger, eight neutral).

2.3.2. Word Stimulus

As another visual experimental stimulus, words describing different emotions including the state
of experiencing pain (8 sensory pain words, 8 anger-related words, and 8 neutral words) were utilized
in the present study. Total 24 sensory pain words were extracted from the previous studies [20,21].
The present study only included sensory pain words because previous studies including a meta-analysis
study indicated that attentional bias was reliably established only to sensory pain words [2,22]. Two pilot
studies (9 pain patients, 30 undergraduate and graduate students) were performed to select and validate
sensory pain words. Participants rated the degree each word is related to sensory pain expression and
rated valence for each word on a 7-point scale. As a result, 8 sensory pain words were selected (Degree
each word is related to pain expression: M = 5.26, SD = 0.25; valence of pain words: M = 5.11, SD = 0.33).

Eight anger-related and neutral words were selected from the National Korean Language Institute
and anger-related and neutral words were comparable in terms of their word lengths with pain words.
All word stimuli were noun forms.

2.3.3. Experimental Design

The paradigm of the experiment in the present study was based on previous studies [3,23–25].
Pairs of photos and words displaying different emotions were presented side by side on the gray
background. The eye movements during viewing the stimuli were measured by the Tobii TX300 eye
tracker system, which included an LCD 22-inch monitor screen and a camera attached to the bottom of
the screen. The word and the picture stimuli were presented in the following order: a central fixation
point (1000 ms), picture and word stimuli (3000 ms), and the blank screen (1000 ms). After sitting on a
chair, the participants were asked to hold their head still to minimize head movement and view the
stimuli through a monitor which was located 60 cm away from the chair. All words and photos were
presented with a resolution of 1920 × 1080 pixels and the viewing angle was 38◦.

In terms of stimuli, in total 32 picture pairs and word pairs (i.e., 16 pairs of ‘pain–neutral’, 16 pairs
of ‘anger–neutral’) were shown. Each photo and word appeared equally on the left and right side to
control the position bias (i.e., the habit of reading from the left to the right) [3]. To prevent the effect of
learning influencing the gaze behaviors of the participants, the presentation sequence of picture and
word stimuli was randomized for each participant. The Tobii TX300 eye tracker system defined fixation
as the amount of time participants did not deviate their gaze from a defined area of interest (AOI). AOI
for the photo and word stimuli was established based on the previous studies [3,21]. To assess the
attentional engagement to different stimuli, the total gaze duration for each stimulus (i.e., the averages
of total fixation durations within an AOI during the specified time) was calculated. The 3000 ms
presentation time was selected to observe maintained attention [3].

2.4. Procedure

After arrival at the laboratory, participants completed the written consent. Prior to the experiment,
participants were told to view photos and words on the screen as if they were watching television or
reading a magazine. During the experiment, research assistants instructed participants to minimize their
head motion and avoid talking for the entire experiment, which lasted 25 min. After the experiment,
participants completed the questionnaires. The debriefing of the present study and monetary reward
were provided after participants completed the questionnaire. Before each participant left the
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laboratory, handouts containing information regarding some relaxation techniques (i.e., diaphragmatic
breathing, guided imagery) were provided and participants were assisted in learning and practicing
relaxation techniques by two research assistants if participants expressed their interest in practicing
those techniques.

2.5. Statistical Analysis

Correlational analyses among demographic information, pain-related outcomes, psychological
factors, and total fixation durations toward pain, anger, neutral linguistic and pictorial stimuli
were conducted. Pain and anger stimuli were compared with neutral stimuli by performing t-tests,
and similarities and differences between the pictorial stimuli and linguistic stimuli were examined.
Repeated measurement analyses of variance (ANOVAs) with the within-factors ‘time’ (0–500 ms vs.
500–1000 ms vs. 1000–1500 ms vs. 1500–2000 ms vs. 2000–2500 ms vs. 2500–3000 ms) and ‘stimulus
type’ (pain vs. neutral, anger vs. neutral) were conducted for pictorial stimuli and linguistic stimuli to
investigate the time-course of matained attentional patterns toward pain and anger stimuli. Lastly,
ANOVAs were performed to test the role of pain catastrophizing on pain attentional bias for the
pictorial and linguistic stimuli separately.

3. Results

3.1. Participant Characteristics

Table 1 shows descriptive statistics for the demographic characteristics of the participants (i.e.,
age, gender, smoking, drinking), pain-related variables (i.e., usage of pain medications, chronic pain
durations, current and 3-month pain intensity, pain days per month, pain disability index, chronic pain
locations), and pain catastrophizing.

Table 1. Descriptive statistics of demographic information, pain-related variables, and psychological
variables.

Variables Mean (SD)

Age 46.58 (16.26)

Gender
Male 37.5%

Female 62.5%

Smoking
Yes 20.0%
No 80.0%

Drinking
Yes 42.5%
No 57.5%

Pain Medication
Yes 60.0%
No 40.0%

Chronic pain duration (months) 57.51 (79.92)

Current pain intensity (1–10) 5.40 (2.31)

Average pain intensity in past 3 months (1–10) 6.75 (1.86)

Pain days per month 16.42 (7.40)

Pain disability index 38.38 (14.01)

Pain catastrophizing 25.68 (11.26)

Chronic Pain Location
Arm 10%
Leg 15%

Shoulder 2.5%
Back 50%
Neck 12.5%
Pelvis 5%

Entire body 5%
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We conducted inter-correlation analyses among demographic information (i.e., age, gender),
pain-related variables (i.e., pain duration, pain frequency, pain disability index), pain catastrophizing,
and gaze duration variables (i.e., total gaze duration toward pain stimulus in pain–neutral facial
expression pairs and anger stimulus in anger–neutral facial expression pairs, total gaze duration toward
pain words in pain–neutral word pairs and anger words in anger–neutral word pairs). The results
revealed no significant correlations between demographic variables (i.e., age, gender) and other
variables including pain catastrophizing, pain-related variables, and gaze duration variables; except
age was positively correlated with pain duration (r = 0.347, p = 0.028). Pain catastrophizing was
positively correlated with pain duration (r = 0.383, p = 0.015), total gaze duration for pain-related
words in pain–neutral pairs (r = 0.376, p = 0.018) and total gaze duration for anger-related words in
anger–neutral pairs (r = 0.381, p = 0.017). These results indicated that participants who reported high
levels of pain catastrophizing were more likely to report longer pain duration and display higher total
gaze duration for pain-related words and anger-related words compared to participants with low
levels of pain catastrophizing.

ANOVA and chi-squared tests were performed to determine whether there were significant
differences in demographic information and pain-related variables between high catastrophizing group
and low catastrophizing group. Table 2 shows that no significant differences were found except for
pain catastrophizing scores.

Table 2. Descriptive statistics of demographic information and pain-related variables by two pain
catastrophizing scale (PCS) groups.

Variables
Mean (SD)

F/χ2

Low PCS (n = 19) High PCS (n = 21)

Age 42.84 (16.02) 49.95 (16.11) 1.953
Gender 0.327/0.567

Male 42.10% 33.30%
Female 57.90% 66.70%

Chronic pain duration
(month) 34.79 (38.39) 78.07 (100.97) 3.082

Pain frequency 19.63 (9.34) 17.19 (9.83) 0.645
Average pain intensity in
past 3 months 6.53 (2.09) 6.95 (1.66) 0.5158

Pain catastrophizing 16.00 (4.40) 34.43 (7.79) 82.459 ***
Pain disability index 34.84 (12.64) 41.57 (14.71) 2.383

Note: low PCS = low catastrophizing group; high PCS = high catastrophizing group. *** p < 0.001.

3.2. Total Gaze Patterns toward Different Pairs: Comparison between Pictorial and Linguistic Stimuli

As shown in Table 3, opposite attentional patterns were observed between facial expressions and
word stimuli. For facial expressions, attentional preferences toward neutral stimuli in pain–neutral
and anger–neutral pairs were observed, while the reverse was seen in word stimuli with preferential
attentional patterns toward threat-related stimuli in pain–neutral and anger–neutral pairs.
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Table 3. Means/SD and t-test results of the gaze durations.

Expression t p Cohen’s D

ST Pain M (SD)
Neutral M

(SD)

Picture 1.1899 (0.351) 1.3661 (0.417) −2.017 0.051 0.401
Word 1.2366 (0.447) 1.0718 (0.388) 2.507 0.017 * 0.403

Anger M (SD)
Neutral M

(SD)
t p

Picture 1.2117 (0.348) 1.3679 (0.397) −2.128 0.040 * 0.340
Word 1.1945 (0.386) 1.1030 (0.380) 1.222 0.229 0.204

Note: ST = Stimulus type. * p < 0.05

In order to further investigate any potential interactions between stimulus type (word vs. picture)
and expression type (pain vs. neutral, anger vs. neutral), ANOVA was conducted. Table 4 revealed
that a significant result was found only for the interaction effect (F (1, 152) = 7.018, p < 0.001, η2 = 0.044)
for pain and neutral pairs. Regarding anger and neutral pairs, a significant main effect for stimulus
type (F (1, 152) = 5.427, p < 0.05, η2 = 0.034) and an interaction effect (F (1, 152) = 4.184, p < 0.05,
η2 = 0.027) were found.

Table 4. Summary of ANOVA with 2 stimulus type (word vs. picture) × 2 expressions (pain vs. neutral,
anger vs. neutral).

Total Gaze (Pain–neutral) F p η2

Stimulus type 3.696 0.056 0.024
Expression type 0.008 0.929 0.000

Stimulus × Expression type 7.018 0.000*** 0.044

Total Gaze (Anger–neutral) F p η2

Stimulus type 5.427 0.021* 0.034
Expression type 0.286 0.593 0.002

Stimulus × Expression type 4.184 0.043* 0.027

Note: Stimulus type (word vs. picture). Expression type (pain vs. neutral; anger vs, neutral). * p < 0.05, *** p < 0.001.

As shown in Figures 1 and 2, the interaction effects were plotted. These plots showed that chronic
pain patients gravitated significantly more toward pain- or anger-related words compared to neutral
words while the opposite pattern was true for facial expressions (i.e., participants gravitated significantly
more toward neutral facial expressions compared to pain- or anger-related facial expressions).

Figure 1. Interaction plot between stimulus type and expression type for pain–neutral pairs.
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Figure 2. Interaction plot between stimulus type and expression type for anger–neutral pairs.

3.3. Time Course of Gaze Durations

Repeated measure ANOVAs with within-factors ‘time’ (0–500 ms vs. 500–1000 ms vs. 1000–1500 ms
vs. 1500–2000 ms vs. 2000–2500 ms vs. 2500–3000 ms) and ‘stimulus type’ (pain–neutral vs.
anger–neutral) were performed separately for different facial expression and word pairs. As shown in
the Table 5, a significant effect was found on time (F (5, 185) = 37.058, p < 0.001, η2 = 0.500) for pain and
neutral facial expression pairs. Regarding anger–neutral facial expression pairs, a significant effect was
found on time (F (5, 190) = 38.800, p < 0.001, η2 = 0.505) and interaction between time and stimulus
type (F (5, 190) = 2.715, p < 0.05, η2 = 0.067). For word stimulus, there were significant effects on time
for pain–neutral word pairs (F (5, 185) = 13.486, p < 0.001, η2 = 0.267) and for anger–neutral word pairs
(F (5, 185) = 11.300, p < 0.001, η2 = 0.234).

Table 5. Summary of repeated measure ANOVA for pain–neutral pairs and anger–neutral pairs.

Face (Pain–Neutral) F p η2

Time 37.058 0.000 *** 0.500
Stimulus type 4.079 0.051 0.099

Time × Stimulus type 1.772 0.145 0.046

Face (Anger–Neutral) F p η2

Time 38.800 0.000 *** 0.505
Stimulus type 3.444 0.071 0.083

Time × Stimulus type 2.715 0.034* 0.067

Word (Pain–Neutral) F p η2

Time 13.486 0.000 *** 0.267
Stimulus type 1.381 0.247 0.036

Time × Stimulus type 0.455 0.757 0.012

Word (Anger–Neutral) F p η2

Time 11.300 0.000 *** 0.234
Stimulus type 0.034 0.854 0.001

Time × Stimulus type 0.481 0.754 0.013

Note: * p < 0.05, *** p < 0.001.

Figure 3 shows that participants gazed at facial expressions displaying pain- and anger-related
information less than neutral stimuli although participants gazed at anger expressions more than neutral
expressions during the initial phase of attention (500–1000 ms). Figure 4 revealed that participants
gazed at pain-related words more than neutral words whereas in anger–neutral word pairs, this pattern
was not as distinct: From the initial to mid phase of attention (i.e., 0–1500 ms), participants gazed at
anger-related words more than neutral words, however, they gazed at both word stimulus in a similar
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degree from the mid to later stage of attention (i.e., 1500–3000 ms). In general, attentional engagement
toward all facial expression stimuli tended to gradually increase during the entire attentional process
but for word stimuli, attentional engagement increased from the early stage to middle stage of attention
and was maintained during the later stage of attention.

Figure 3. Means of gaze durations for pain and anger faces compared with neutral faces over six times.

Figure 4. Means of gaze durations for pain and anger-related words compared with neutral words
over six times.

ANOVA was performed with dependent variables: bias scores (pain–neutral word bias score,
anger–neutral word bias score, pain–neutral facial expression bias score, anger–anger facial expression
bias score) and an independent variable (pain catastrophizing group). Bias scores were calculated by
subtracting the total fixation durations of neutral stimuli from the total fixation duration of either pain-
or anger-related stimuli. To investigate the role of pain catastrophizing on attentional bias toward
pain stimuli, participants were divided into a high pain catastrophizing group (n = 21) and a low
pain catastrophizing group (n = 19) using the median split of scores obtained by pain catastrophizing
scale (PCS). As shown in Table 6, significant effects were found on pain–neutral word bias score
(F (1,38) = 5.183, p < 0.05) and anger–neutral word bias score (F (1,38) = 4.432, p < 0.05). These results
indicated that the high pain catastrophizing group gazed significantly more at pain- or anger-related
words rather than neutral words compared to the low pain catastrophizing group.
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Table 6. Summary of ANOVA with pain catastrophizing group as an independent variable, and
pain–neutral bias scores and anger–neutral bias scores as dependent variables.

BS M (SD) BS Std. Error M (SD) M (SD) F p

Pain–Neutral W Pain–Neutral W Pain W Neutral W

High CATA 0.3033 (0.5185) 0.12097 1.3585 (0.5377) 1.0552 (0.4808)
5.183 0.029 *Low CATA 0.0190 (0.1684) 0.03864 1.1083 (0.2869) 1.0893 (0.2692)

Anger–Neutral W Anger–Neutral W Anger W Neutral W

4.432 0.042 *High CATA 0.2384 (0.5319) 0.12516 1.3199 (0.4373) 1.0815 (0.4355)
Low CATA −0.0633 (0.3359) 0.07705 1.0624 (0.2767) 1.1257 (0.3226)

Pain–Neutral F Pain–Neutral F Pain F Neutral F

High CATA −0.0578 (0.5516) 0.12914 1.2399 (0.4109) 1.2977 (0.4908)
1.983 0.167Low CATA −0.3009 (0.5247) 0.12037 1.1372 (0.2749) 1.4381 (0.3188)

Anger–Neutral F Anger–Neutral F Anger F Neutral F

High CATA −0.1169 (0.4204) 0.09898 1.2138 (0.4255) 1.3308 (0.4777)
0.296 0.590Low CATA −0.1976 (0.5035) 0.11552 1.2094 (0.2531) 1.4070 (0.2966)

Note: CATA = catastrophizing; BS = bias Score, W =word stimuli; F = facial expression stimuli. * p < 0.05.

4. Discussion

The current study investigated the attentional engagement to pain-related stimuli for different
types of pain-related stimuli among chronic pain patients with musculoskeletal disorders. Results
revealed attentional preference toward pain-related words when those stimuli were paired with neutral
words, which was consistent with previous studies. Previous studies [26,27] discussed attentional
inclination toward threat-related information including pain- and anger-related stimuli for healthy
individuals and described this attentional pattern as a natural response to threat. In the present
study, results also revealed the attentional preference toward anger-related words when those stimuli
were paired with neutral words. However, this result did not reach to the level of significance.
The discrepancy in gaze durations between threat-related word stimuli and neutral stimuli was greater
for pain–neutral linguistic stimuli pairs compared to anger–neutral linguistic stimuli pairs. This result
may indicate that chronic pain patients gravitate toward pain-related words because pain word
stimuli were relevant to their pain experience and pain-related word stimuli, like negative thoughts in
rumination process among depressed patients, might have activated the attentional process where
chronic pain patients had difficulty disengaging from pain-related word stimuli. However, follow-up
studies should be conducted to support for the pain-specific attentional bias for the word stimuli
among chronic pain patients with musculoskeletal disorders.

The first hypothesis of the present study was only partially supported because the attentional
pattern observed for facial expression stimuli (i.e., attentional preference toward neutral stimuli) when
pain and anger facial expression stimuli were paired with neutral stimuli, was the opposite pattern
observed in previous studies [3,28]. This was a puzzling result particularly because our previous
studies [3] utilized similar research methods (i.e., same pictorial stimuli and similar experimental
design) as the current study. There were few differences between our previous study [3] and the
current study. First, in the previous study [3], subjects were young college students who reported
various chronic pain issues whereas the subjects in the present study were an older population who
were in treatment for their musculoskeletal disorders in the outpatient clinics of the university hospital.
Even though seeing photos that contain pained and angry facial expressions on the computer screen is
not as anxiety-provoking and threatening as being in situations where individuals anticipate high levels
of pain, visual stimuli that evoke immediate responses may increase fear and anxiety of pain more
rapidly for chronic pain patients who are in treatment for their chronic pain. Chronic pain patients
in the present study may have diverted their attention away from threat-related facial expression
stimuli in order to decrease their distress because they struggled more with pain management and
experienced higher level of concerns about their pain than young college students who were not in
the treatment for their chronic pain in the previous study [3]. However, current results revealed no
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significant difference between pain and neutral facial expression stimuli, so the evidence for attentional
avoidance from pain-related information is inconclusive based on current results. Second, participants
in current study had to view both pictorial stimuli and linguistic stimuli for the viewing trials whereas
the previous study [3] only had to view pictorial stimuli. Even though the sequence of presenting
two types of stimuli was randomized for each participant and the participants had a break between
trials, fatigue may have influenced the attentional process of participants (who were older and more
physically challenged due to their chronic pain) in the present study.

A previous study [26] argued that presenting pain-related stimuli longer than 2000 ms could
provide an opportunity for researchers to observe an attentional pattern to pain-stimuli more clearly,
however, studies that examined maintained attention to pain-related information over 2000 ms by
utilizing eye tracking methods are lacking. Thus, the present study investigated the time course of
attentional engagement toward pain-related information between pictorial and linguistic stimuli across
3000 ms by utilizing an eye tracking method. Consistent with the previous study [3], the attentional
engagement toward threat-related information, particularly pain-related information, was maintained
across 3000 ms regardless of stimulus type. This result supported the second hypothesis of the present
study and provided evidence for the maintained attention toward pain-related information among
individuals with musculoskeletal disorders who are in treatment for their chronic pain in the hospital.

The current study showed that higher pain catastrophizing levels are related to greater levels
of attentional engagement to pain- and anger-related words. This result may not be consistent
with fear-avoidance attentional patterns shown among individuals with chronic pain in previous
studies, however, this result may reflect the tendency of chronic pain patient with high levels of pain
catastrophizing to ruminate threat-related thoughts. High levels of ruminations for threat-related
thoughts may increase attentional engagement to pain- and anger-related words. The maintaining
of attention toward pain-related information shown in previous studies is an attentional bias (e.g.,
rumination process) similar to the negative thoughts observed in depressed individuals [1]. This implies
that repetitive negative thoughts related to pain among chronic pain patients with high levels of pain
catastrophizing can intensify and maintain the attention of threat-related information. This is an
interesting result as the present study only used sensory pain words and excluded emotional pain
words for word stimuli, which indicates that high levels of pain catastrophizing may increase attention
toward not only word stimuli that suggest threat or negative emotions but also word stimuli that
indicate sensory pain.

The same patterns were not observed for the facial expression stimuli. This result was not
consistent with previous research suggesting that pain catastrophizing influences pain perceptions
by increasing attention toward pain-related facial expression stimuli [10,29]. Either those who were
recently diagnosed as chronic pain [10] or those who were suffering from chronic pain but were not
seeking treatment (community or college sample) [3,4] may be differently affected by visual stimuli
such as facial expressions of pain than those who were experiencing more severe pain and were
receiving treatment in a hospital setting for their musculoskeletal disorders. The greater severity,
or perhaps the more prolonged experience of pain may cause altered response to pain stimuli compared
to community or college samples.

The current research may inform pain psychology therapy by allowing therapists to provide
psychoeducation to chronic patients, informing them that their brain may naturally focus more on
pain related words. Once patients are made aware, they may be able to alter this automatic reactive
response. We can encourage patients to monitor their observation of pain terms and in the future,
potentially implement other empirically validated interventions such as cognitive thought stopping,
meditation, distraction, mindfulness to non-pain related stimuli, or some new intervention that has yet
to be developed to retrain the brain’s response to pain words. Clinicians or health care providers who
treat chronic pain patients with musculoskeletal disorders should also be mindful that patients with
high levels of pain catastrophizing may experience in difficulty in disengaging from repetitive negative
thoughts about pain. Interventions that target to decrease rumination (e.g., behavioral techniques,
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cognitive restructuring, acceptance and commitment therapy, mindfulness exercises) can be helpful to
assist these individuals in decreasing their distress levels and in increasing their capacity to cope with
their chronic pain.

Despite the contributions of the present study, there are limitations. First, the study’s limited
sample size requires a cautious interpretation of results. However, a power analysis was conducted
prior to data collection, and the result indicated that 28 participants were sufficient to address the
primary study question. Also, the present study differed from previous studies that investigated
attentional bias of non-clinic samples with a variety of chronic pain conditions. The present study
focused on chronic pain patients with musculoskeletal disorders in the hospital. Second, chronic
pain groups were divided according to their scores of pain catastrophizing, and the statistical method
utilized was a median split. Researchers raised concerns about using this method because it can
increase type I errors and make it harder to detect possible interaction effects [30]. Recent research has
found, however, that the median split is a legitimate statistical method when independent variables
are uncorrelated [31]. Lastly, the present study did not include a pain-free control group. Previous
studies utilizing eye tracking method either found no attentional bias to pain-related information
among healthy individuals [5] or found that healthy individuals reduced their attentional engagement
to pain-related stimuli significantly during the later stage of attention [26]. However, future studies
may confirm this finding further by including a pain-free control group to compare with a chronic pain
group to determine whether the maintained attention toward pain-related information is specific to
chronic pain groups.

5. Conclusions

The present study expanded previous studies by directly comparing pictorial stimuli (i.e., pained
facial expressions) with that of linguistic visual stimuli (i.e., pain-related words) in investigating
attentional engagement to pain-related information and the role of pain catastrophizing on attentional
engagement to pain-related information. Studies that investigate the time course of maintained
attention toward pain-related information on both linguistic and pictorial stimuli were lacking.
The current results may underscore the importance of investigating how different modalities of stimuli
can differently influence attentional engagement to pain-related information for chronic pain patients.
Lastly, consistent with previous studies, the present study supported the role of pain catastrophizing
on attentional engagement to pain-related information. The results of the present study can provide
useful information for both clinicians and researchers to develop effective psychological interventions
for the chronic pain patients with musculoskeletal disorders.
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Abstract: Background and objectives: Social factors have demonstrated to affect pain intensity and
quality of life of pain patients, such as social support or the attitudes and responses of the main informal
caregiver. Similarly, pain has negative consequences on the patient’s social environment. However,
it is still rare to include social factors in pain research and treatment. This study compares patient
and caregivers’ accuracy, as well as explores personality and health correlates of empathic accuracy
in patients and caregivers. Materials and Methods: The study comprised 292 chronic pain patients
from the Pain Clinic of the Vall d’Hebron Hospital in Spain (main age = 59.4 years; 66.8% females)
and their main informal caregivers (main age = 53.5 years; 51.0% females; 68.5% couples). Results:
Patients were relatively inaccurate at estimating the interference of pain on their counterparts (t = 2.16;
p = 0.032), while informal caregivers estimated well the patient’s status (all differences p > 0.05).
Empathic accuracy on patient and caregiver status did not differ across types of relationship (i.e.,
couple or other; all differences p > 0.05). Sex differences in estimation only occurred for disagreement
in pain severity, with female caregivers showing higher overestimation (t = 2.18; p = 0.030). Patients’
health status and caregivers’ personality were significant correlates of empathic accuracy. Overall,
estimation was poorer when patients presented higher physical functioning. Similarly, caregiver had
more difficulties in estimating the patient’s pain interference as patient general and mental health
increased (r = 0.16, p = 0.008, and r = 0.15, p = 0.009, respectively). Caregiver openness was linked to
a more accurate estimation of a patient’s status (r = 0.20, p < 0.001), while caregiver agreeableness
was related to a patient’s greater accuracy of their caregivers’ pain interference (r = 0.15, p = 0.009).
Conclusions: Patients poorly estimate the impact of their illness compared to caregivers, regardless
of their relationship. Some personality characteristics in the caregiver and health outcomes in the
patient are associated with empathic inaccuracy, which should guide clinicians when selecting who
requires more active training on empathy in pain settings.

Keywords: empathic accuracy; chronic pain; informal caregiver; spouse; health status; personality

1. Introduction

According to epidemiological studies, chronic pain, which is defined as recurrent pain lasting for
long periods of time (i.e., over three months according to the literature) [1], is becoming alarmingly
frequent. Specifically, this disease is currently estimated to affect between 20 and 30% of the population
globally [2–5] and, with the age distribution changing towards the elderly, the incidence of chronic pain
is likely to raise in the coming years due to the increased prevalence of this disease in the elderly [6].
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Historically, chronic pain research and theories have embraced different perspectives, from
clearly reductionist considerations to complex multidimensional approaches to the pain experience [7].
The more traditional view considered pain as a symptom of illness and assumed that pain severity was
proportional to the amount of tissue damage. This reductionist approach has now been substituted by
a more comprehensive view of pain as a complex and unpleasant sensory and emotional experience [8]
that can only be understood as an interplay between sensory, cognitive, emotional, and social
components [9]. As a consequence of this, a biopsychosocial approach to pain is currently considered
the gold standard model to understand the pain experience [10–12] and interdisciplinary treatments of
chronic pain have become the recommended approach to this disease [10,13,14].

Indeed, important milestones have been reached in the development and incorporation of the
psychological perspective in this biopsychosocial approach to pain and the importance of psychological
therapies for pain management is well-supported [15–17]. The literature investigating the role of the
“social” part has also received attention, but not to the same extent. There is evidence to suggest that
environmental elements, such as social support [18–21] and spouse-patient interactions [22–25], are
important factors associated with patient outcomes, including functioning despite pain, emotional
well-being, and quality of life, among others.

Another interesting line of research into the social determinants of patient adjustment to pain is the
study of empathic accuracy, which has some tradition in the chronic pain literature. Empathic accuracy
is conceptualized as an individual’s interpersonal ability to judge the other person’s status and differs
from the traditional affective form of empathy [26]. Research into empathic accuracy can be included
in a tradition of studies exploring the experience of pain from a caregiver’s perspective, which includes
not only spouse appraisals about the other’s status (i.e., empathic accuracy) but also perceptions about
one’s status (i.e., caregiving burden) and emotional and behavioral reactions to pain (e.g., validating or
critical responses) [27,28]. Two types of empathic accuracy have been traditionally tested, both relying
on self-reports. On the one hand, correlational accuracy indicates how well self-reported patient pain
is associated with the observer’s perception of a patient’s pain. This perspective is frequently used
when patient and observer ratings are based on different response scales, but its interest is limited
because it does not provide information about the size and the direction of inaccuracy. An alternative
to this is the paired comparison accuracy, which evaluates the extent to which observers are accurate
at estimating the other’s status (i.e., overestimation and underestimation) [29]. As noted earlier, this
requires the use of the same response scale in patients and observers, but provides more detailed
information about empathic accuracy. Thus, the latter will be preferred in the present investigation.

In the chronic pain field, empathic accuracy has been usually defined as the caregiver’s or,
more frequently, the spouse’s accuracy to decode the patient’s pain severity; it. is considered to
be an important interpersonal process in the patient’s adaptation to chronic pain [28]. Accordingly,
most research into empathic accuracy in chronic pain settings has focused on the exploration of
health and adaptation correlates of empathic accuracy in a couple’s context. So far, the literature
suggests that spouses are quite accurate in estimating their partner’s pain levels [30] irrespective of
spousal sex characteristics [31] and supports the aforementioned idea that a spouse’s accuracy in
estimating a patient’s pain levels is associated with positive outcomes in the patient, such as emotional
well-being [32–34] and patient satisfaction with spousal support [35]. A recent meta-analysis also
indicated that informal caregivers are more accurate than physicians and revealed that pain is more
frequently underestimated in male patients [29].

The existing literature that has looked into the relationship between empathic accuracy and patient
outcomes is encouraging, but important questions in this field remain unanswered. For instance,
spouse and patient predictors of accuracy in the field of pain have rarely been investigated. So far,
some examples of spousal characteristics that have been related to (poorer) empathic accuracy are
depression in the spouse, being a male spouse rating a female patient, and reporting high levels of
spousal catastrophizing [36,37]. An additional gap in pain literature is that the most research has
focused on spouses as important sources of interaction, while the role of other relatives and even friends
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that are known to play a central role in informal caregiving in chronic patients [38] have been ignored.
In chronic pain, because the prevalence of the disease raises dramatically with age [6], being a widow
or being in a relationship with a partner that is also disabled is frequent [39], which boosts the need
for informal caregivers other than spouses and makes the study of empathic accuracy in populations
other than spouses important. Finally, empathic accuracy has traditionally been conceptualized from a
patient’s perspective (i.e., patient as a recipient of empathy). Because pain is also known to impact
negatively on the family [40], investigating the patient’s ability to estimate the consequence of pain on
their significant others might also render important service to pain literature.

The present study aims to contribute to the social aspect of biopsychosocial literature by exploring
how chronic pain correlates with empathic accuracy for both patienst and informal caregivers, including
spouses and other main caregivers. According to Goubert et al. [28], empathic accuracy is determined
by contextual factors (e.g., type of relationship and affinity), top-down mechanisms (e.g., the observer’s
personality characteristics and past learning experiences), and bottom-up influences (e.g., the observed
person’s characteristics). In the present study, contextual, top-down and bottom-up mechanisms will
be included. Specifically, the explored correlates of empathic accuracy will include the personality
characteristics of patients (i.e., bottom-up factor) and informal caregivers (i.e., top-down factor) because
there is a large tradition of research showing a relationship between personality and empathy in
social psychology research, but not in chronic pain [31,37,41]. While many personality characteristics
exist, we chose to evaluate the five core dimensions of the Five Factor Model of personality because
this model is cross-culturally robust and has been repeatedly and reliably associated with important
study variables (i.e., health status and empathy) across different populations [42,43], including chronic
pain [44]. In doing so, we will also explore the association between empathic accuracy and patient (i.e.,
bottom-up factor)/caregiver (i.e., top-down factor) health status in order to investigate whether existing
findings are replicated in our sample. Specifically, we expect to replicate, for empathic accuracy in
the patient’s pain severity and interference, the correlations between certain personality traits (i.e.,
agreeableness and openness to experience) and empathy and to find empathic accuracy in the patient to
be associated with the patient’s health status. We also anticipate that informal caregivers will be quite
accurate in estimating a patient’s pain and interference levels. Patients’ empathic accuracy in relation
to the pain’s impact on the caregiver, patient and caregiver empathic accuracy differences as a function
of the type of relationship (i.e., contextual factor), and the relationship between patient and spouse
empathic accuracy and the caregivers’ health status will be investigated in an exploratory manner.

Ultimately, with the current investigation, we expect to help guide interdisciplinary interventions
in a more effective manner by exploring social factors that could be incorporated in current treatments
for pain. Including empathic accuracy training in such interventions would be beneficial for a number
of reasons. Empathic accuracy is argued to lead to prosocial and support-related behaviors [45],
proximity feelings in a relationship [46], and adaptive solution of conflicts in romantic relationships [47].
In fact, empathic accuracy has been argued to have a survival value for the patient as it would enhance
assistance from others in the presence of pain (i.e., affective and behavioral responses) [28,31]. On the
contrary, poor estimation by spouses might lead to inadequate support from a caregiver [48], which
might ultimately exert a negative impact on a patient’s ability to manage pain [32]. By exploring
contextual, bottom-up, and bottom-down correlations of empathic accuracy, the present study aims at
contributing to the important existing literature on social factors involved in the chronic pain experience.

2. Materials and Methods

2.1. Sample and Procedures

In this study, potential participants were patients with a prospective appointment from the
beginning of 2014 to the end of 2015 at the pain clinic of a tertiary hospital in Spain (Vall d’Hebron
Hospital in Barcelona) and their informal caregivers. Participants were recruited via postal mailing.
A letter was sent to patients’ home approximately one month prior to their medical consultation
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at the pain clinic. The letter included two protocols: one for the patient and one for the main
informal caregiver. Each protocol included a study information sheet, an informed consent form,
and questionnaires. Patients and informal caregivers were asked to complete the questionnaires
separately and were given two additional envelopes. The completed questionnaires had to be returned
separately in the corresponding sealed envelope the day of the prospective consultation, together with
the signed informed consent forms, either to a physician or to the lead researcher, Carlos Suso-Ribera.
Participants were officially enrolled at this stage by collecting the informed consent form and ensuring
that eligibility was met.

In total, 335 dyads were willing to participate and returned the signed informed consent form.
However, when revising the questionnaires, 81 protocols were found to contain incomplete data.
Missing information from 38 of these dyads could be obtained with phone calls, but 53 cases were lost
due to difficulties in contacting informal caregivers. As a result of this, the final sample with complete
data was composed of 292 patients and their main informal caregivers.

Inclusion criteria for patients included experiencing recurrent pain over the last three months (i.e.,
chronic pain), being aged 18 or over, completing the questionnaires separately from the caregiver, and
providing written informed consent to participate. Eligibility criteria for informal caregivers were being
over 18 years of age, acting as the main informal caregiver for the patient, completing the questionnaires
separately from the patient, and returning the written informed consent. We verified that caregivers
were indeed the main informal caregivers when the patient or both returned the questionnaires during
the medical appointment. Because the information letter was very clear at this stage, all patients
confirmed that their main caregiver responded to the questionnaires. We also verbally confirmed that
the questionnaires were completed separately and ensured that the questionnaires were returned in
separate and sealed envelopes.

The Ethics Review Committee of the Vall d’Hebron Hospital in Barcelona approved the present
study and all its procedures (PR(ATR)59/2010; approval date 8 May 2010).

2.2. Measures

Pain severity and pain interference in the last 24 h were measured with a numerical rating scale
(NRS) ranging from 0 = no pain/interference to 10 = worst possible pain/interference, which was
adapted from the Brief Pain Inventory [49]. Regarding pain severity, patients were asked to rate their
own pain and informal caregivers were requested to estimate the pain of the patients. Pain interference
was rated by both the patient and the caregiver as perceived interference on oneself and estimated
interference of the patient’s pain on the other.

The personality of patients and informal caregivers was evaluated with the NEO-Five-Factor-
Inventory (NEO-FFI) [50,51], which evaluates the five core traits of the Five Factor Model of personality,
namely neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness.
This comprehensive personality model is the most widely used in different settings [42], including
chronic pain [44]. Neuroticism refers to a tendency to experience negative emotional states, such
as depression, anxiety, and anger. Extraversion reflects a predisposition to be talkative, lively,
enthusiast, and dynamic. Openness to experience characterizes curious, untraditional persons with a
variety of interests and high sensitivity to arts. Agreeableness defines altruistic, honest, and helpful
individuals. Finally, high conscientiousness scores are obtained by individuals prone to hard work,
achievement-directed, and meticulous [50]. The Five Factor Model comprises 60 statements (12 per
personality dimension) using a 5-point Likert scale that range from 0= totally disagree to 4= completely
agree. For each personality dimension, scores range from 0 to 48. The NEO-FFI has obtained good
internal consistency indices in previous (0.66 < α < 0.81) [51], as well as in the present study for both
patients (0.70 < α < 0.85) and informal caregivers (0.67 < α < 0.84).

The health status of patients and informal caregivers was assessed with the Short Form-36, which
contains 36 items referring to eight dimensions of an individual’s perceived health [52,53]. These
include physical functioning (i.e., the ability to perform in daily activities), physical role (i.e., the
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capacity to perform in work-related duties), bodily pain (i.e., average pain severity in the last four
weeks), general health (i.e., perception of present and future health), vitality (i.e., perceived personal
energy), social functioning (i.e., interference of health in interpersonal relationships), role emotional (i.e.,
interference of emotions on functioning), and mental health (i.e., overall mental well-being) [54]. Two
composite scores (i.e., overall physical and mental health) can be computed with the aforementioned
subscales [53]. However, the use of subscales was preferred in the present study due to a number
of reasons. First, because being retired or unemployed is frequent in chronic pain populations [55],
including the present one, the physical role scale is of little relevance. Additionally, the use of the physical
composite score would also be problematic because it would contain the measure of bodily pain, which
would contaminate the relationship between the dependent variable (i.e., empathic accuracy in pain
severity) and the independent variable (i.e., physical health status). To minimize the number of statistical
comparisons, which is important to reduce type I errors, we selected three of the eight indicators of
patient and spouse health status that represent different dimensions of perceived health, namely physical
functioning, general health, and mental health [54]. In the Short Form-36, all scales are standardized and
scores range from 0 to 100, with higher rating indicating better health. Previous research had evidence
good internal consistency estimates of these scales (0.78 < α < 0.94) [52], which was replicated for both
patients (0.78 < α < 0.90) and informal caregivers (0.87 < α < 0.95) in the present investigation.

2.3. Data Analysis

The analytic strategy included a descriptive analysis of the sample, followed by an analysis of
differences in patient and caregiver empathic accuracy by means of Student t-tests and a series of
Pearson bivariate correlations between patient and caregiver empathic accuracy, personality, and
health status both from the patient and the caregiver perspective. Specifically, differences in patient
and caregiver empathic accuracy were investigated between patients and caregivers and between
partners and non-partners, as well as between men and women because the existing literature shows
the importance of sex in the pain experience [56,57].

Several measures of patient and caregiver empathic accuracy were calculated, which is in line with
past research [58]. First, we calculated the disagreement in patient pain severity (patient self-perceived
pain severity and informal caregiver’s perception of patient pain severity), disagreement in patient pain
interference (patient self-perceived interference of pain and informal caregiver’s perception of pain
interference on the patient), and the disagreement in informal caregiver pain interference (informal
caregiver self-perceived interference of pain and patient’s perception of pain interference on the
caregiver). In all cases, a positive score reflected underestimation of the other’s status, while a negative
value were interpreted as overestimation of the other person’s status. These three variables will be the
main outcomes in the study. However, we calculated three additional variables for each of these three
outcomes (i.e., disagreement in patient pain severity, disagreement in patient pain interference, and
disagreement in informal caregiver pain interference). Namely, the three additional variables were the
absolute value of each difference (i.e., poor estimation irrespective of the direction of the disagreement)
and a dichotomous variable for overestimation and underestimation (where “0 = disagreement lower
than 1 SD from the average score” and “1 = estimation with a disagreement of over 1 SD from the
average disagreement score above and below the mean, respectively”). These additional outcomes
were used in the correlation analyses to facilitate the interpretation of the relationship between patient
and caregiver empathic accuracy and personality and health status. Finally, a linear multivariate
regression analysis was computed to explore the unique associations between study predictors and the
three main outcomes (i.e., empathic accuracy on patient pain severity and interference and empathic
accuracy on caregiver pain interference). For each of the three regressions, the multivariate regression
included sex and the patient and spouse personality and health characteristics that are found to
significantly correlate with study outcomes.

Because of the large number of comparisons made in the Pearson correlation analyses, a more
conservative p value of 0.01 was used as a cut-off for the interpretation of the bivariate associations to
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minimize the risk of type I errors and to reduce overestimation of unimportant correlations. The new
alpha level was calculated using a Holm-Bonferroni sequential correction, a less restrictive correction
than the original Bonferroni correction [59]. Because multiple comparison corrections often leads to rare
occurrences of significant values, effect sizes (Cohen’s d) were reported to facilitate the interpretation
of mean differences analyses (t-tests) and the strength of the bivariate correlations (r values) and
multivariate regressions (standardized β coefficients and explained variance) will be discussed too [60].
All analyses were conducted with SPSS version 25 [61].

3. Results

3.1. Sample Characteristics

Table 1 shows the demographic characteristics of the sample. In total, 584 individuals provided
complete dyadic data (292 patients and 292 main informal caregivers). The majority of patients were
characterized by experiencing musculoskeletal pain, mostly in the low back and the neck, but patients
with any type of non-cancer pain were included in the study (i.e., to obtain a representative sample of the
population treated at a specialized pain clinic). An analysis of sex distribution revealed that the majority
of patients were females (66.8%), while men and women were similarly represented in the sample of
informal caregivers (51.0% of females and 49.0% of males). The most frequent relationship between
patients and informal caregivers was being a couple (68.5%). Other frequent relationships included
being the patient’s child (20.2%), being a sibling (4.1%), and being the patient’s parent (2.7%). Overall,
patients were slightly older than informal caregivers (59.35 years vs. 53.52 years, t = 4.63, p < 0.001).
Informal caregivers had a higher educational level (25.3% of patients and 34.6% of informal caregivers
had more than 12 years of education, χ2 = 16.60, p < 0.001) and were more likely to be working at the
time of assessment (32.5% of patients and 52.4% of caregivers were active workers, χ2 = 18.56, p < 0.001).
The majority of patients and informal caregivers were Spanish (95.2% and 95.5%, respectively).

Table 1. Sociodemographic characteristics of the sample (n = 292).

Patient n (%) Caregiver n (%)

Sex

Women 195 (66.8) 149 (51.0)

Men 97 (33.2) 143 (49.0)

Age Mean (SD) 59.35 (15.76) 53.52 (14.69)

Marital Status

In a relationship 202 (69.2) 226 (77.4)

Not in a relationship 90 (30.8) 66 (22.6)

Educational level

<12 years 218 (74.7) 191 (65.4)

>12 years 74 (25.3) 101 (34.6)

Employment

Working 95 (32.5) 153 (52.4)

Not working 197 (67.5) 139 (47.6)

Nationality

Spanish 278 (95.2) 279 (95.5)

Non-Spanish 14 (4.8) 13 (4.5)

Relationship

Partner/Spouse - 200 (68.5)

Other 1 - 92 (31.5)
1 Other =Child (20.2%), sibling (4.1%), parent (2.7%), friend (1.0%), grandchild (0.7%), nephew (0.7%), mother-in-law
(0.3%), aunt (0.3%), and child-in-law (0.3%).
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3.2. Empathic Accuracy in Patients and Informal Caregivers

Differences between self and other reported pain severity and interference (i.e., empathic accuracy)
are reported in Table 2. Informal caregivers were good at estimating a patient’s pain severity (t = 0.57,
p = 0.573) and interference (t = −0.24, p = 0.814). Conversely, patients underestimated the interference
of pain in the life of their caregiver (t = 2.16, p = 0.032).

Table 2. Pain severity and interference characteristics and differences in empathic accuracy between
patients and caregivers (n = 292).

Patient Report
Mean (SD)

Caregiver Report
Mean (SD)

t p d

Patient pain severity 7.80 (1.66) 7.87 (1.57) 0.57 0.573 0.04

Patient pain interference 8.15 (1.58) 8.12 (1.59) −0.24 0.814 0.02

Caregiver pain interference 7.02 (2.39) 7.42 (2.09) 2.16 0.032 0.18

Next, we compared patient and caregiver empathic accuracy according to the type of
caregiver-patient relationship (Table 3). There were no significant differences in empathic accuracy of
patients and caregivers depending on whether the main caregiver was the partner or not (all p > 0.050).

Table 3. Empathic accuracy as a function of partner relationship (n = 292).

Partner/Spouse
n = 200

Mean (SD)

Not Partner
n = 92

Mean (SD)
t p d

Disagreement in patient pain severity −0.16 (1.40) 0.10 (1.37) −1.44 0.150 0.19

Disagreement in patient pain interference <0.01 (1.52) 0.10 (1.30) −0.54 0.593 0.06

Disagreement in caregiver pain interference 0.39 (2.19) 0.43 (2.48) −0.17 0.863 0.02

Note. Disagreement is calculated by subtracting the other’s estimation to self-report (i.e., patient’s report of patient
pain severity-caregiver’s report of patient pain severity). Values close to “0” indicate a good estimation.

3.3. Sex Differences in Empathic Accuracy

The results on male-to-female differences in patient and caregiver empathic accuracy are indicated
in Table 4. Male and female patients were similarly accurate at estimating the interference of their own
pain on the caregiver (t = 1.76, p = 0.080). This was also the case of male and female caregivers when
patient pain interference was the outcome (t = 0.85, p = 0.394). Conversely, female caregivers were
more prone to overestimate their pain severity compared to male caregivers (t = 2.18, p = 0.030).

Table 4. Empathic accuracy as a function of sex (N = 292).

Male Estimator
Mean (SD)

Female Estimator
Mean (SD)

t p d

Estimator = caregiver n = 143 n = 149

Disagreement in patient pain severity −0.10 (1.43) −0.25 (1.34) 2.18 0.030 0.11

Disagreement in patient pain interference 0.10 (1.62) −0.04 (1.27) 0.85 0.394 0.10

Estimator = patient n = 97 n = 195

Disagreement in caregiver pain interference 0.73 (2.01) 0.24 (2.39) 1.76 0.080 0.22

Note: Disagreement is calculated by subtracting the other’s estimation to self-report (i.e., patient’s report of patient
pain severity-caregiver’s report of patient pain severity). Values close to “0” indicate a good estimation.
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3.4. Personality Correlates of Empathic Accuracy and Associations with Health Outcomes

Personality and health associations with empathic accuracy outcomes are presented in Table 5.
As noted earlier, four dimensions of empathic accuracy were computed: (i) overall disagreement,
which can range from −10 (maximum overestimation) to +10 (maximum underestimation) and is
calculated as the difference between self-reported pain severity/interference and the other’s estimate;
(ii) disagreement in absolute value, which can take values between 0 and +10 and reflects poor
estimation irrespective of the direction of the misestimation; (iii) overestimation, which reflects the
amount of individuals for whom disagreement was over 1 SD below the mean of disagreement; and
(iv) underestimation, which reflects the amount of individuals for whom disagreement was over 1 SD
above the mean of disagreement.

Overall, the patient’s personality was not associated with any form of empathic accuracy (all
p > 0.01). We found a number of associations between patient health status and patient and caregiver
empathic accuracy. Overall, estimation was more difficult as patient status, mostly physical functioning,
improved. Specifically, the quality of estimation (i.e., disagreement in absolute value) of patient pain
severity (r= 0.20; p< 0.001), patient pain interference (r= 0.29; p< 0.001), and caregiver pain interference
(r = 0.19; p = 0.001) worsened as patient physical functioning increased. Similarly, the estimation of
patient pain interference (i.e., disagreement in absolute value) was also more challenging as patient
overall health status (r = 0.16; p = 0.008) and mental health (r = 0.15; p = 0.009) improved. The most
frequent judgment error when patient pain status was favorable was overestimation. For instance,
good physical functioning was associated with higher overestimation of patient pain severity (r = 0.15
p = 0.009) and patient pain interference (r = 0.17; p = 0.005), while general health (r = 0.16; p = 0.008) and
mental health (r = 0.19; p = 0.002) were positively linked to overestimation of patient pain interference.

Contrary to patient personality, spouse personality characteristics, notably openness to experience,
were related to empathic accuracy. Caregiver openness to experience was associated with a better
estimation of the patient’s pain severity (i.e., less disagreement in absolute value; r = −0.17; p = 0.004),
as well as negatively linked to overestimation (r = −0.27; p < 0.001). The positive association between
disagreement in pain ratings and caregiver openness to experience (r = 0.20; p < 0.001) should be
interpreted as showing that caregivers reporting high openness were more likely to underestimate
a patient’s pain reports compared to caregivers with a low openness profile, who were more prone
to overestimate a patient’s pain severity. In addition to caregiver’s openness, the analyses also
revealed that estimation of the interference of pain on the caregivers varied as a function of caregiver
agreeableness. Similar to openness, the positive association between disagreement in caregiver pain
interference and caregiver agreeableness (r = 0.15; p = 0.009) should be interpreted as indicating that
underestimation of the caregiver’s pain interference was more frequent when caregivers reported high
agreeableness, compared to caregivers with a low agreeableness profile, with whom overestimation of
pain interference was more frequent. Again, contrary to the patient findings, caregiver health status
was not linked to empathic accuracy (all p > 0.01).

3.5. Multivariate Associations between Patient and Caregiver Predictors and Outcomes

As revealed in the bivariate analyses, estimation of patient and caregiver status was mostly
associated with patient health status (i.e., physical functioning, general health, and mental health) and
caregiver personality (i.e., openness and, to a lesser extent, agreeableness). Sex differences in empathic
accuracy were also revealed in Table 3. Therefore, patient and caregiver sex, patient health status, and
caregiver personality (i.e., openness and agreeableness) were included in the regression predicting (i)
empathic accuracy towards the patient’s pain severity, (ii) empathic accuracy towards the patient’s
pain interference, and (iii) empathic accuracy towards the caregiver’s pain interference. The findings
are reported in Table 6.
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Even though different forms of inaccuracy have been calculated in the study (i.e., overall
disagreement, disagreement in absolute value, overestimation, and underestimation), we computed
the linear multivariate regressions with disagreement in absolute value only (i.e., any form of poor
estimation). This decision was based on the fact that this was the type of estimation with which most
simultaneous bivariate associations occurred and because this represents well a general measure of
poor empathic accuracy irrespective of the direction of such disagreement.

Overall, the explored models contributed significant variance to the prediction of |disagreement|
in patient pain status, namely pain severity (R2 = 5.8%, F = 3.57, p = 0.001) and pain interference
(R2 = 6.6%, F = 3.95, p < 0.001), but not in the prediction of caregiver status (R2 = 1.7%, F = 0.10,
p = 0.102).

Regarding the contribution of predictors on outcomes, the analyses revealed that patient (increased)
physical functioning was associated with all study outcomes, namely poor empathic accuracy towards
patient’s pain severity (B = 0.01, t = 2.96, p = 0.003, 95% CI = 0.003, 0.015) and interference (B = 0.01,
t = 3.94, p < 0.001, 95% CI = 0.006, 0.018) and empathic inaccuracy towards the caregiver’s pain
interference status (B = 0.01, t = 2.61, p = 0.009, 95% CI = 0.003, 0.023). Additionally, (increased)
caregiver openness was uniquely associated with more accurate estimation of the patient’s pain severity
status (B = −0.03, t = −3.41, p < 0.001, 95% CI = −0.045, −0.012).

4. Discussion

In this study, we wanted to contribute to the body of literature that examines how social factors
are involved in the chronic pain experience. In the current investigation, we explored how patient
and caregiver personality correlates to empathic accuracy. Further, we investigated differences in
empathic accuracy between partners and other main caregivers and across sex groups, including
not only patients but also informal caregivers as recipients of empathic accuracy. First, the study
revealed that chronic pain patients are likely to be less accurate in estimating the interference of pain
on the others than informal caregivers. Additionally, it showed that empathic accuracy is comparable
irrespective of the type of partnership (i.e., couple or not a couple) and indicated that sex differences
should be considered in empathic accuracy of pain severity. Finally, the results indicated that patient
but not spouse health status is associated with empathic accuracy and, on the contrary, it revealed
caregiver but not patient personality correlations with the accuracy of estimations.

Past research has associated poor empathic accuracy and non-empathic spouse responses with
deleterious outcomes in the pain patient, such as lower perceived social support, emotional distress,
and marital satisfaction [30,35,62], which suggests that empathic accuracy is an important variable to
be considered in pain research. Consistent with the present study, there is research to suggest that
informal caregivers (i.e., spouses in existing previous studies) are good at estimating the patient’s
pain severity [30–32] or at least better than other observers, including healthcare professionals [29].
However, contrary to the current investigation findings, there are also a number of other studies that
have indicated an overall overestimation of patients’ pain severity and disability [36] and a poor
estimation of the patient’s interference of pain [30]. While many factors, including smaller sample
sizes compared to the present investigation (84 ≤ n ≤ 109) or differences in sample characteristic (i.e.,
ethnic or age differences, among others), might influence the discrepancies in empathic accuracy across
investigations, an interesting finding in the present study was that caregiver personality, particularly
openness to experience, was linked to precision in pain severity estimations. Therefore, it is possible
that differences in the distribution of caregiver openness profiles in the studied samples might as well
contribute to discrepancies in empathic accuracy of pain severity ratings.

To the best of our knowledge, this is the first investigation to explore personality correlates
of empathic accuracy in pain literature. Past research associated empathy with agreeableness,
conscientiousness, and openness, but not with neuroticism [63]. The same pattern of associations was
found between the FFM of personality and perspective taking, which, similar to empathic accuracy,
requires taking another perspective and viewing things from their point of view [64]. While the
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traditional view of empathy might slightly differ from empathic accuracy in pain research, they both
certainly bear important similarities, such as the emphasis on interpersonal perspective-taking [26].
Contrary to the aforementioned literature findings, which revealed that conscientiousness was
significantly associated with empathy, our study showed how only openness to experience and
agreeableness were related to empathic accuracy. Importantly, the association between openness
and empathic accuracy towards the patient’s pain severity status remained significant even after
controlling for the contribution of sex and patient health status. These findings are consistent with a
recent meta-analysis showing a significant association between openness and interpersonal sensitivity,
which suggests that openness to experience might be an important factor associated with empathic
accuracy [65]. Openness to experience defines individuals with a great variety of interests, who tend to
be curious, original, and sensitive to art. On the contrary, people who scored low in openness are more
traditional and conservative in their values. Regarding agreeableness, high scores in this personality
trait are obtained by altruist, careful, and cooperative individuals. On the opposite pole, we found
hostility, egoism, and dominance [66]. Different to openness, the aforementioned meta-analysis [65]
failed to obtain a robust association between agreeableness and interpersonal sensitivity, which would
explain why agreeableness was only weakly and not uniquely associated with empathic accuracy in
our study. While agreeableness has been argued to be a prosocial personality characteristic [67], there
seems to be something unique in open individuals that is important for empathic accuracy and not
necessarily shared by agreeable persons. Ultimately, what the present study findings suggest is that
the personality profile of informal caregivers should not be ignored due to its potential association
with empathic ability. Specifically, in the light of the study findings caregivers characterized by a low
openness and, to a lesser extent, low agreeableness profile should be considered as target populations
for empathic training in pain settings.

Different to the aforementioned conclusion about caregiver personality, the present study did not
reveal a set of personality characteristics in the patient that were associated with empathic accuracy,
which suggests that good estimates can be reached irrespective of patient personality characteristics
and places the focus on caregiver personality traits in empathic accuracy research. Interestingly, though,
associations between empathic accuracy and patient characteristics did emerge for patient health status
(i.e., poorer estimation of patient pain severity and patient and caregiver pain interference emerged
as patient physical functioning improved and the associations were robust to the inclusion of other
covariates). So far, the literature has revealed that spousal accuracy in estimating a patient’s pain
severity decreased as patient status (i.e., pain severity, pain interference, and disability) improved [31].
Thus, it is possible that estimating the patient status becomes more challenging when a patient is less
physically impaired by pain. Another possibility, though, is that empathic accuracy is perceived as
less important when patient status is favorable. Accurately inferring the feelings or states of the pain
patient implies an important physical and emotional exhaustion in the caregiver [68], which could be
minimized by being imprecise if the situational demands are low (i.e., patient status is better). Due to
the non-experimental and cross-sectional nature of the data, it is not possible to conclude whether
these associations occurred because better health impacts perceptions of pain, the other way around,
or both. Therefore, the proposed interpretations of these findings remain speculative at this stage and
require more investigation as the findings may have important implications for care (i.e., whether
empathic accuracy should be encouraged or not).

Contrary to patient health status, caregiver health characteristics were not associated with precision
of pain severity and interference estimates. There has been scarce research into the caregiver health
contributors of empathic accuracy. So far, distressed spouses have been found to overestimate the
patient’s pain severity and interference [30,33], but not its physical and psychosocial disability [30].
Our results are in line with the latter study indicating a lack of association between caregiver health
status and their empathic accuracy. Further research with larger sample sizes (i.e., sample sizes before
the present study completion have been relatively small) and exploring empathic accuracy of important
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caregivers other than spouses will be needed to clarify whether imprecision is indeed associated with
caregiver health status so that this is used to select couples at risk for poor empathic outcomes.

In addition to the study of personality and health correlates of empathic accuracy, important
contributions of the present investigation included the study of sex differences in precision and
the inclusion of partners and other main caregivers altogether. In relation to sex differences, it has
been argued that women are more precise in estimating the physical and emotional states of their
counterparts, arguably due to differences in motivation and socialization but not in ability [26,69].
Consistent with this idea, male spouses of chronic pain patients have been found to underestimate
the patient’s physical disability, while female spouses have been shown to accurately estimate such
disability [36]. Contrary to this idea, another investigation indicated that male and female spouses
were comparably good at inferring the care recipient’s pain severity [31] and a recent experimental
study revealed that male-to-female differences in accuracy are more likely to be due to stereotypes
than to real differences [70]. In our investigation, men and women were very similar at estimating
the interference of pain on the other (both when the recipient of empathic accuracy was the patient
and the caregiver), which would be in line with research indicating no sex differences in empathic
accuracy [31]. If, indeed, motivational reasons are key predictors explaining sex differences in empathy,
one possible explanation for male-to-female similarities in judgment is that, in situations where
empathy is perceived as important (i.e., in the presence of illness), men and women might become
similarly motivated to estimate the status of their counterparts, thus leading to comparable empathic
accuracy estimates. Surprisingly, though, our study revealed that female caregivers were more likely
to overestimate the severity of a patient’s pain compared to male caregivers. Research has shown that
spouse catastrophizing, which is a tendency to worry and focus on the worst possible pain-related
scenarios [71], is associated with increased perceptions of patient pain severity [72]. This tendency to
ruminate and magnify the threat value of pain is more marked in women [73], which might provide
with a tentative explanation for the higher tendency to present increased pain severity estimates of
female caregivers in the sample. Again, because of the novelty of these findings and the differences in
sample composition, sample size, and together with other methodological differences between the
current and past similar research (i.e., measures and constructs evaluated), replication studies will be
crucial to obtaining a reliable body of research into the social components into pain research.

As noted in the previous paragraph, the inclusion of caregivers other than spouses is novel in
empathic accuracy literature. Past research has already highlighted the important supportive role of
informal caregivers other than spouses in pain settings [74]. However, the study of informal caregiver
associations with patient outcomes is dominated by research on spouses [27]. Similar to the literature
into other chronic conditions [75], the present study indicated that, while spouses of chronic pain
patients are likely to play a key role in daily care of pain patients, other actors, particularly children,
are also likely to gain prominence in pain research studies. Interestingly, our results evidenced similar
empathic accuracy estimates across partners and non-partners, even though both groups are likely to
differ in a number of important characteristics (i.e., age, sex distribution, working status, and number
of hours spent together, among others). As noted before, it is possible that high motivation to help
a person in need might explain that all agents were similarly effective in estimating the patient’s
pain status. However, the information available in the present study does not allow us to draw
further conclusions and they only provide initial interesting findings in relation to empathic accuracy
similarities between partners and other relatives/friends acting as main caregivers of pain patients.

While acknowledging the aforementioned strengths of the present investigation, there are also
shortcomings in the study. First, because this is a cross-sectional and observational study, causal
and temporary inferences cannot be derived from the results and should be interpreted with caution.
The same conclusion applies to the novelty of some of the questions investigated in the study, which will
need further replication. Additionally, the patient sample was characterized by experiencing chronic
musculoskeletal pain. While this is a frequent practice in pain research into empathic accuracy due to
the representativeness of such samples of the populations attending specialized pain clinics [31,33,39],
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this clearly prevents us from generalizing the findings to specific pain populations. Another limitation
of this study is that the list of variables that might be associated with empathic accuracy is far from
complete. For instance, time spent together could be an interesting variable to be explored in empathic
accuracy research, but our question (“What is the average number of hours you spend with the patient
daily?”) was left blank by many caregivers and was misinterpreted by others (i.e., some people reported
“24 h” to reflect that they spent all day together, while others did not count sleeping hours or were
more conservative and reported less hours despite spending all day together). Another variable that
has been linked with empathy in the literature but has not been investigated in the present study is
depression [36]. An additional shortcoming has been that we could not visually confirm that patients
and caregivers indeed completed to the questionnaires separately. While we did visually confirm
that the questionnaires were returned in separate, sealed envelopes and we observed differences in
patient-to-caregiver estimates (i.e., patients slightly underestimated the caregivers’ status), which
would suggest that the measures were indeed completed separately, we cannot firmly conclude this.
As a final remark, the reader should note that all effect sizes were small (i.e., significant correlations
and Cohen’s d were all <0.03) and the explored multivariate models contributed little variance to the
prediction of empathic accuracy (i.e., less than 7%), so the strength of the presented associations and
mean differences should not be overestimated.

While acknowledging the aforementioned shortcomings, it should be noted that the present
investigation explored important contextual, bottom-up and top-down correlates of empathic accuracy
described in the empathic accuracy model of pain by Dr. Goubert and her team [28]. Specifically, we
found support for top-down mechanisms (i.e., the observer’s openness to experience and, to a lesser
extent, agreeableness) and bottom-up factors (i.e., patient health status, mostly physical functioning)
associations with empathic accuracy. Conversely, empathic accuracy differences were not revealed as a
function of the type of relationship (i.e., contextual factor). As noted earlier, replicating these findings
and exploring different sets of mechanisms will be fundamental to provide more robust evidence for
the model proposed by Goubert et al. [28]. However, the present study findings make a significant
contribution into the literature on empathic accuracy and provide further support for the need of pain
models that account for both personal and interpersonal mechanisms that are activated to respond
to pain.

5. Conclusions

This study contributes to the existing literature on the social context of chronic pain in a number
of ways. First, because it revealed that empathic accuracy, which has been argued to be a protective
factor for patient well-being, should not only consider patients as recipients of empathy but also
caregivers. Next, because it highlighted that sex differences in empathic accuracy might take unexpected
directions when considering larger sample sizes and indicated that informal caregivers other than
spouses should be incorporated in research into social contributors of the pain experience. Last
but not least, an important finding in the present investigation was that caregiver characteristics
(i.e., low openness and low agreeableness) and patient health status (notably increased physical
functioning) might be significant factors associated with difficulties in empathic accuracy in pain
settings. Ultimately, the importance of these findings lies in their applicability in clinical settings.
For instance, in light of our results, target populations for empathic training would be non-agreeable
and non-open caregivers, together with dyads in which the patient status is favorable, irrespective
of the type of relationship between patients and caregivers (i.e., couples or non-couples). Thus, the
present study findings might help guide biopsychosocial interventions in a more effective manner by
providing a set of recommendations to be included in the social part of multidimensional treatments
for pain management.
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